
FROM POST EARTHQUAKE WASTE 
TO RESOURCE

PhD student: ing. Stefania De Gregorio

Thesis	  supervisor:	  Prof.ssa	  M.	  C.	  Forlani	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Università	  degli	  Studi	  “G.D’Annunzio”	  Chie -‐Pescara	  	  
Thesis	  supervisor:	  Prof.	  L.	  Palmero
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Universitat	  Politècnica	  de	  València
Co-‐supervisor:	  	  	  	  	  	  	  Prof.	  P.	  De	  Berardinis	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Università	  degli	  Studi	  dell’Aquila	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Università	  degli	  Studi	  dell’Aquila	  

April 2016

Università degli Studi “G.D’Annunzio” Chieti-Pescara
Scuola superiore “G.D’Annunzio”
Dottorato di ricerca in “Progettazione ed ingegneria del sottosuolo e 
dell’ambiente costruito, curriculum ”Building Technology and Environment”, 
XXVIII ciclo

Universitat Politècnica de València
Escuela de doctorado Escuela de doctorado 
Doctorado en Arquitectura, Edificación, Urbanística y Paisaje

JOINT RESEARCH PHD THESIS





UNIVERSITA’ DEGLI STUDI “G. d’Annunzio”Chieti-Pescara

SCUOLA SUPERIORE “G. d’Annunzio”

Dottorato di ricerca in 

“Progettazione ed Ingegneria del Sottosuolo e dell’Ambiente costruito” 

curriculum “Building Technology and Environment”

Ciclo XXVIII ciclo

Title:

FROM POST EARTHQUAKE WASTE 
TO RESOURCE

JOINT RESEARCH DOCTORAL THESIS

UNIVERSITAT POLITÈCNICA DE VALÈNCIA

ESCUELA DE DOCTORADO

Dipartimento di Architettura

Settore scientifico disciplinare ICAR/12

Discussion: April 2016

PhD student

Ing. Stefania De Gregorio

Coordinator Ud’A 

Prof.Nicola Sciarra

Thesis supervisor Ud’A

Prof. Maria Cristina Forlani

Thesis supervisor UPV

Prof. Luis Palmero

Co-supervisor Co-supervisor 

Prof. Pierluigi De Berardinis

Doctorado en Arquitectura, Edificación, Urbanística y Paisaje

Academic years 2013/2015



 
 
 
 
 
 
 
 
 
 

All rights reserved 



A mia madre, mio padre e mio fratello Fabrizio



FROM POST EARTHQUAKE WASTE TO RESOURCE

The research was funded by the “Fondazione Ferdinando Filauro”

Università degli Studi de L’Aquila
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Abstract

ABSTRACT_en

The international debate on the environmental crisis, 

known since the 70’s, pushes to review priorities in light of 

today’s time to safeguard the future.

The theory of the bio-economy holds the logical assump-

tion that the opportunity to use a material is established by 

the impact that it has on the balance of the environment. It 

is necessary to pay attention to the monetary compensa-

Ì����LiÌÜii����y�ÜÃ�>�`��ÕÌy�ÜÃ]�VÀi>Ì��}�V��Ãi`����«Ã]�
where the “wastes” of a loop feed another cycle. In this 

regard, the problem of waste disposal takes on a great 

importance, especially from the construction sector.

At the same time, it is necessary to revamp the Italian ar-

chitectural heritage (especially post-war) because of the 

bad state of conservation and obsolescence in the com-

ponents of the construction system. There is also the addi-

tional requisite to respond to changing needs at the time 

of construction.

/�i� ÀiÃi>ÀV�� �`i�Ì�wiÃ� Ì�i� ��«�i�i�Ì>Ì���� �v� Ài}i�iÀ>-
tion building through the transformation of waste into re-

sources for the area. The local dimension combined with 

the waste reduction are guarantors for the sustainability of 

the regeneration process. This progression starts from the 

territory and reaches the building.

/�i�ÃÌÕ`Þ��v�Ài}Õ�>Ì�ÀÞ��>ÜÃ�>�`�LiÃÌ�«À>VÌ�ViÃ����Ì�i�wi�`�
of construction make it possible to identify effective ways 

of reusing components.

In addition, the methods, tools and techniques of dem-

olition are analysed to ensure the uniformity of the mer-

ceologic fraction and the integrity of the elements.  The 

analysis of selective demolition cases allows us to iden-

tify the possible ways to organise and manage demolition 

phases aimed at achieving environmental and economic 

Li�iwÌÃ°�,iÌÕÀ�Ã�>Ài�i>À�i`�LÞ��«iÀ>Ì��}�>Ì�Ì�i�Ài}���>��
level, which results in urban regeneration. This progres-

sive development creates a sustainable local supply chain 

based on closed cycles of matter.

In the goal to promote the exploitation of the residual per-

formances of materials that derive from selective demoli-

tions, such as wood and steel, methodological and op-

erational processes aimed at maximizing their reuse are 

further explained.

In regard to wooden elements, the methodological-

operative lines take into account degradation, potential 

treatments (preventive and curative), durability depend-

ing on the species and the climatic conditions, in which 

the elements are placed and the minimum requirements 

for structural reuse. For the latter, the carried out lab tests 

`i���ÃÌÀ>Ìi�Ì�i���>`iµÕ>VÞ��v�Û�ÃÕ>��}À>`��}����Ì�i�`iw-
nition of the mechanical properties of the elements un-

der investigation. The visual rating, albeit cautionary, does 

not always provide results that are adequate with the real 

properties of the element. This often results in an underes-

timation of the mechanical properties. The proposed pro-

cess takes into account the information generated from 

Ì�i�wÀÃÌ���viVÞV�i�����À`iÀ�Ì��iÝ«���Ì�Ì�i�ÌÀÕi�«iÀv�À�>�Vi�
of the element and not the supposed. This ensures the 

environmental sustainability of the reuse process. Depend-

��}����Ã«iV�wV�V�>À>VÌiÀ�ÃÌ�VÃ��v�Ì�i�i�i�i�Ì�>�`�ÃÕ�Ì>L�i�
ÌÀi>Ì�i�ÌÃ]��iÛi�Ã��v�ÀiÕÃi�>Ài�`iw�i`°�/�i�«À�ViÃÃ�>���ÜÃ�
the technician to evaluate the conditions and actual re-

quirements at the time of reuse and the possible modes of 

reuse. It starts from a maximum threshold of exploitation 

of the element until it reaches a minimum threshold, which 

V���V�`iÃ�Ü�Ì��Ì�i��>�`w����}°
As for the steel elements, the international standards 

currently in force are analysed and the methodological-

�«iÀ>Ì�Ûi�«À�ViÃÃ�Ã«iV�wV�v�À�ÀiÕÃi��Ã�iÝ>���i`°�Ûi�����
this case, the optimization of reuse involves the analysis 

of information obtained from previous life cycles, such as 

the analysis of the level of steel corrosion and degrada-

Ì�����v��ÌÃ�«À�ÌiVÌ����ÌÀi>Ì�i�Ì°�/�i��`i�Ì�wV>Ì�����v�«�Ã-
sible treatments can be performed according to the class 

of environmental corrosion and a precise estimation of the 

durability, in order to program maintenance.

The developed theories have been tested in the territory 

of L’Aquila, Italy. The city was severely damaged by the 

earthquake on the 6th of April, 2009. The reconstruction 

is an opportunity for the regeneration and development of 

the whole territory; however, it has many logistical, envi-

ronmental and economical problems.

In fact, the need to quickly overcome the state of emergen-

cy created by the earthquake and act in large scale on the 

entire territory of L’Aquila have produced functional solu-

tions exclusively for the occurring moment. The restoration 

of the roads and the preservation of buildings necessitated 

the construction of safety systems.  When reconstruction 

operations of a building begin, safety systems should be 

gradually dismantled. At present, end-life scenarios are 

not programmed and the materials that constitute the 

safety systems are temporarily stored or transported to the 

�>�`w��°�/�i�i��À��ÕÃ�µÕ>�Ì�ÌÞ��v�Ü>ÃÌi]��>���Þ�ÃÌii��>�`�
wood components, results in economic and environmental 

damage, along with logistical disruptions. 

/�i� ÀiÃi>ÀV�� `iw�iÃ� �iÌ��`���}�V>���«iÀ>Ì�Ûi� ���iÃ� Ì��
reuse and recycle the materials that make up the safety 

systems, identify ways to pursue the optimization and 

sustainability of the rebuilding process and develop short 

chains of secondary raw materials to promote new local 

economies.

-«iV�wV>��Þ]�«Ài�����>ÀÞ�>�>�ÞÃ�Ã�V��Ã�ÃÌi`��v�L�L���}À>«��V�
research and standards in carrying out several inspections 

in the seismic crater aimed at identifying modes of secur-

ing installed safety systems and components.

With respect to the collected data, starting from the ob-

ligation of the laws and the optimization methods of the 

`ÕÀ>L���ÌÞ��v�Ì�i�ÃÌii��>�`�Ü��`����Ì�i�ÀiÕÃi]��Ì��>Ã�̀ iw�i`�
>�«À�ViÃÃ�v�À�Ì�i�Ã«iV�wV�ÀiÕÃi����Ì�i�Ãi�Ã��V�VÀ>ÌiÀ°�/Ü��
lines of research developed from the data, and they are 

detailed below. 

U� Endogenous reuse:  the materials that are derived 

from the dismantling of safety systems are immedi-

ately reused in sites for the construction of tempo-
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Abstract

À>ÀÞ�LÕ��`��}Ã]��°i°�V��ÃÌÀÕVÌ����Ã�Ìi��vwViÃ]�V�>�}��}�
rooms, refectories, toilets, etc. Temporary endog-
enous reuse is included in the reconstruction project 
with the matching function of structural or technologi-
cal adjustment. Endogenous permanent reuse occurs 
through the improvement for the installations or re-
`iw��Ì�����v�Ì�i���ÌiÀ�>��Ã«>Vi°

U� Exogenous reuse: the materials that are derived from 
the dismantling of safety systems, are reused in neigh-
bouring reconstruction sites within a radius of 100 km. 
The materials can also be used for the construction of 
temporary structures designed to accommodate the 
functions related to the community, such as school, 
�vwViÃ]�ÀiÃ�`i�ViÃ]�iÌV°

Both lines of research have been supported by design ex-
periments, in particular regarding:
U� the study of selective demolition of safety systems at 

the Civic Museum of Santa Maria dei Raccomandati. 
The experiment centred on the residual performance 
and the potential reuse of materials and components 
`iÀ�Ûi`�vÀ����Ì°�/�i�`iw��Ì�����v�>�V������V��ÃÌÀÕV-
tion site area where the site services are built with ma-
ÌiÀ�>��«À�`ÕVi`�vÀ���Ãi�iVÌ�Ûi�̀ i����Ì���Ã��vwViÃ]�Ì��-
lets, changing rooms, etc.) in the nearby Santa Maria 
Paganica square for simultaneous and programmed 
use by companies operating in the reconstruction was 
also created;

U� Ì�i� `iw��Ì���� �v� Ì�i� «À�ViÃÃ��}� ÃÌi«Ã� �iViÃÃ>ÀÞ� v�À�
the renovation of a post-war building and the consid-
iÀ>Ì�����ii`i`�Ì��V>ÀÀÞ��ÕÌ�Ì�i�Ü�À��v�À�y��ÀÃ�>�`�Ì�i�
shelter of users in temporary sustainable modules with 
��}��i�iÀ}Þ�ivwV�i�VÞ�Ü��Ãi�V��«��i�ÌÃ�>Ài�̀ iÀ�Ûi`�
from the dismantling of safety systems.

Finally, through the use of the prices present in the Region 
Abruzzo Price List and by using the data previously ob-
tained, a spread sheet for the assessment of the economic 
and environmental gain resulting from the reuse by busi-
nesses and public administrations was created. 
/�i�ÀiÃi>ÀV��Ü>Ã�ÕÃi`�Ì��`iw�i�>�`�`iÛi��«�ÃÕÃÌ>��>L�i�
methods for regeneration building, which also apply to 
the reconstruction of L’Aquila, to promote local resources 
and to resolve logistical, economical and environmental 
issues related to this process. This transforms the lack of 
programming the end-of-life scenarios of materials result-
ing from the dismantling of the safety systems into an op-
portunity for innovation.
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Abstract

ABSTRACT_it

Il dibattito internazionale sulla crisi ambientale, sviluppato-

si a partire dagli anni Settanta, spinge a rivedere le priorità 

del tempo odierno per salvaguardare il futuro. 

La teoria della bioeconomia trova un’evoluzione logica 

nell’assunto che l’opportunità di utilizzo di un materia-

le venga stabilita dall’impatto che esso ha sull’equilibrio 

dell’ambiente. Bisogna, dunque, porre attenzione alla 

V��«i�Ã>â���i�ÌÀ>�yÕÃÃ�����i�ÌÀ>Ì>�i����ÕÃV�Ì>]�}i�iÀ>�`��
cicli chiusi, dove gli “scarti” di un ciclo ne alimentano un 

altro. A riguardo assume una notevole rilevanza la proble-

�>Ì�V>� Ài�>Ì�Û>� >���� Ã�>�Ì��i�Ì�� `i�� À�wÕÌ�]� ��� «>ÀÌ�V��>Ài�
quando essi derivano dal settore delle costruzioni. 

*>À>��i�>�i�Ìi� iÃ�ÃÌi� �>� �iViÃÃ�ÌD� `�� À�µÕ>��wV>Ài� ��� «>ÌÀ�-
monio edile italiano (soprattutto post-bellico) a causa del 

cattivo stato conservativo e dell’obsolescenza dei compo-

nenti del sistema costruttivo, ma anche della necessità di 

rispondere ad esigenze mutate rispetto al momento della 

costruzione. 

La ricerca individua le modalità di attuazione della rige-

nerazione edilizia attraverso la trasformazione degli scarti 

in risorse per il territorio. La dimensione locale unita alla 

À�`Õâ���i�`i��À�wÕÌ��Ã����}>À>�Ì��`i��>�Ã�ÃÌi��L���ÌD�`i��«À�-

cesso di rigenerazione, che parte dal territorio per arrivare 

>��½i`�wV��°����ÃÌÕ`�����À�>Ì�Û��i�`i��i�LÕ��i�«À>Ì�V�i����
ambito edile hanno consentito di individuare le modalità 

di riuso dei componenti. Inoltre, sono stati analizzati i me-

todi, gli strumenti e le tecniche di demolizione tali da ga-

rantire l’uniformità della frazione merceologica e l’integrità 

degli elementi. L’analisi di casi di demolizione selettiva ha 

consentito di individuare le possibili modalità di organiz-

â>â���i�i�}iÃÌ���i�`i��i� v>Ã���«iÀ>Ì�Ûi�w�>��ââ>Ìi�>�� À>}-

giungimento della convenienza economica ed ambientale. 

Queste ultime sono condizionate dall’operare a livello ter-

ritoriale, che provoca, nel mentre della rigenerazione urba-

�>]�Õ��«À�}ÀiÃÃ�Û��ÃÛ��Õ««��`i��>�w��iÀ>�Ã�ÃÌi��L��i���V>�i°
Con l’obiettivo di promuovere lo sfruttamento delle pre-

stazioni residue di materiali che derivano dalle demolizioni 

selettive, per il legno e per l’acciaio sono stati elaborati 

iter metodologici-operativi volti all’ottimizzazione del loro 

riuso. 

Per ciò che concerne gli elementi in legno, le linee meto-

dologiche-operative prendono in considerazione il degra-

do, i trattamenti potenziali sia di tipo curativo che preven-

tivo, la durabilità in funzione della specie e della condizioni 

climatiche in cui gli elementi vengono posti in opera e i 

requisiti minimi per il riuso strutturale. Per quest’ultimo, 

le prove di laboratorio effettuate hanno dimostrato l’ina-

`i}Õ>Ìiââ>� `i��>� V�>ÃÃ�wV>â���i� Û�ÃÕ>�i� �i��>� `iw��â���i�
delle caratteristiche meccaniche dell’elemento indagato, 

µÕ>�`��Ã��ÌÀ>ÌÌ>�`��i�i�i�Ì��ÕÃ>Ì�°��>�V�>ÃÃ�wV>â���i�Û�ÃÕ>-
le, seppur sempre cautelativa, non fornisce risultati pie-

namente rispondenti con le proprietà reali dell’elemento, 

causando spesso una sottostima delle proprietà meccani-

che. L’iter proposto prende in considerazione le informa-

zioni derivanti dal primo ciclo di vita in modo da sfruttare 

le reali prestazioni dell’elemento e non quelle supposte, 

garantendo la sostenibilità ambientale del processo di riu-

so. In funzione delle caratteristiche proprie dell’elemento e 

`i��ÌÀ>ÌÌ>�i�Ì��>««��V>L���]�Ã����ÃÌ>Ì��`iw��Ì��Ã«iV�wV����Ûi����
di riuso, che consentono al tecnico di valutare le possibili 

modalità di riuso, da una soglia massima di sfruttamento 

`i��i�«�Ìi�â�>��ÌD�`i��½i�i�i�Ì��w���>`�Õ�>�Ã�}��>������>]�
coincidente con il conferimento a discarica. 

Per ciò che concerne gli elementi in acciaio sono state 

messe a sistema le normative internazionali vigenti ed è 

ÃÌ>Ì�� À�V>Û>Ì�� Õ�� �ÌiÀ� �iÌ�`���}�V���«iÀ>Ì�Û�� Ã«iV�wV��
per il riuso. Anche in tale caso, l’ottimizzazione del riuso 

coinvolge l’analisi delle informazioni ricavabili dai cicli di 

vita precedenti, l’analisi del livello di corrosione dell’accia-

io e del degrado del trattamento di protezione presente, 

l’individuazione dei trattamenti effettuabili e delle presta-

zioni raggiungibili in funzione della classe di corrosività 

ambientale e una precisa stima della durabilità presunta, 

onde programmare l’effettuazione di interventi di manu-

tenzione. 

Le teorie elaborate sono state sperimentate nel territorio 

de L’Aquila (Italia), gravemente provato dal terremoto del 

6 aprile 2009. La ricostruzione è, infatti, un’opportunità di 

rigenerazione e sviluppo dell’intero territorio, ma allo stato 

attuale presenta numerose problematiche logistiche, am-

bientali ed economiche. 

Infatti, la necessità di superare con rapidità lo stato di 

emergenza generato dal terremoto e di agire a larga scala 

hanno prodotto soluzioni funzionali solo ed esclusivamen-

te per il momento contingente e non ragionate in funzione 

degli sviluppi futuri del territorio. Il ripristino della viabilità 

stradale e la salvaguardia dei fabbricati hanno necessitato 

l’esecuzione di operazioni di messa in sicurezza. Nel mo-

mento in cui iniziano le operazioni di ricostruzione su un 

fabbricato tali sistemi devono essere smontati. 

Allo stato attuale non sono stati programmati scenari di 

w�i�Û�Ì>�i����>ÌiÀ�>���V�i�V�ÃÌ�ÌÕ�ÃV������Ã�ÃÌi���`���iÃÃ>����
Ã�VÕÀiââ>�V��yÕ�ÃV���]�«iÀÌ>�Ì�]����`i«�Ã�Ì��Ìi�«�À>�i��
�� >�`�ÃV>À�V>°��>Ì>� �½i��À�i�µÕ>�Ì�ÌD�`�� À�wÕÌ�� «ÀiÛ>�i�-

temente componenti in acciaio e legno) ne conseguono 

danni di tipo economico e  ambientale oltre che disagi di 

tipo logistico. 

���«À�}iÌÌ��`��À�ViÀV>�`iw��ÃVi����ii��iÌ�`���}�V���«iÀ>-
tive di riutilizzo/recupero dei materiali che costituiscono i 

sistemi di messa in sicurezza e individua le modalità per 

perseguire l’ottimizzazione e la sostenibilità del processo 

`��À�V�ÃÌÀÕâ���i�i����ÃÛ��Õ««��`��w��iÀi�V�ÀÌi�`���>ÌiÀ�i�«À�-
me seconde, tali da promuovere nuove economie locali.

 i����Ã«iV�wV�]� �i�>�>��Ã��«Ài�����>À��Ã����V��Ã�ÃÌ�Ìi����À�-
ViÀV�i� L�L���}À>wV�i� i� ��À�>Ì�Ûi� i� �i��½ivviÌÌÕ>â���i� `��
numerosi sopralluoghi nel cratere sismico volti ad indivi-

duare le modalità di messa in sicurezza, i sistemi utilizzati 

e i componenti che li costituiscono. Rispetto ai dati risul-

tanti, alla normativa e alle modalità di ottimizzazione della 

durabilità dell’acciaio e del legno come precedentemente 

>««À�v��`�Ìi]�m�ÃÌ>Ì��`iw��Ì��Õ���ÌiÀ�`��À�ÕÌ���ââ��Ã«iV�wV��
per il cratere sismico, sviluppando due linee di ricerca: 
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U� riutilizzo endogeno: i materiali che derivano dallo 

smontaggio dei sistemi di messa in sicurezza vengono 

immediatamente riutilizzati all’interno del cantiere per 

la costruzione di opere temporanee, ovvero i servizi 

`��V>�Ì�iÀi�V��i�ÕvwV�]�Ã«�}��>Ì��]�ÃiÀÛ�â���}�i��V�]�iÌV°�
(riutilizzo endogeno temporaneo) o vengono inseriti 

nel progetto di ricostruzione con funzione di adegua-

mento/miglioramento strutturale, impiantistico, tec-

����}�V����«iÀ��>�À�`iw��â���i�`i��>�Ã«>â�>��ÌD���ÌiÀ�>�
(riutilizzo endogeno permanente);

U� riutilizzo esogeno: i materiali che derivano dallo smon-

taggio dei sistemi di messa in sicurezza vengono riu-

Ì���ââ>Ì�����V>�Ì�iÀ��`��À�V�ÃÌÀÕâ���i�����ÌÀ�w��i��À>}}���
di 100 Km) o per la costruzione di strutture tempora-

nee atte ad ospitare le funzioni legate alla collettività 

ÃVÕ��>]�ÕvwV�]�ÀiÃ�`i�âi]�iÌV°®°�
Entrambe le linee di ricerca sono state supportate da spe-

À��i�Ì>â�����«À�}iÌÌÕ>��]�À�}Õ>À`>�Ì���i����Ã«iV�wV�\
U� lo studio delle modalità di demolizione selettiva dei 

sistemi di messa in sicurezza del Museo Civico di San-

ta Maria dei Raccomandati e lo studio delle prestazio-

ni residue e del potenziale di riuso dei materiali/com-

«��i�Ì��`>�iÃÃ>�`iÀ�Û>�Ì��i� �>�`iw��â���i�`��Õ�½>Ài>�
comune di cantiere i cui apprestamenti sono costru-

iti con i materiali derivanti dalle limitrofe demolizioni 

Ãi�iÌÌ�Ûi� ÕvwV�]� ÃiÀÛ�â�� �}�i��V�]� Ã«�}��>Ì��]� iÌV°®� �i��>�
limitrofa Piazza di Santa Maria Paganica per l’uso con-

temporaneo e programmato da parte delle imprese  

che operano nella ricostruzione; 

U� �>�`iw��â���i�`i��i�v>Ã��`���>Û�À>â���i��iViÃÃ>À�i�«iÀ����
recupero di un fabbricato appartenente al patrimonio 

immobiliare post-bellico considerando l’effettuazione 

di lavorazioni per piani e il ricovero degli utilizzatori in 

��`Õ���Ìi�«�À>�i��Ã�ÃÌi��L����>`�>�Ì>�ivwV�i�â>�i�iÀ-
getica, i cui componenti derivano dallo smontaggio 

dei sistemi di messa in sicurezza.

��w�i]�>ÌÌÀ>ÛiÀÃ���½ÕÌ���ââ��`i��«Àiââ��«ÀiÃi�Ì���i��*Àiââ>À���
della Regione Abruzzo e utilizzando i dati precedentemen-

te ricavati, è stato realizzato un foglio di calcolo per la valu-

tazione del guadagno economico ed ambientale derivante 

dal riutilizzo ad opera delle imprese e delle Pubbliche Am-

ministrazioni. 

�>� À�ViÀV>��>�V��Ãi�Ì�Ì��`��`iw��Ài���`>��ÌD�`�� À�}i�iÀ>-
zione edilizia sostenibile applicabili anche alla ricostruzio-

ne attualmente in corso nel territorio de L’Aquila, volte a 

promuovere le risorse del territorio e al contempo a risol-

vere le problematiche logistiche, economiche ed ambien-

tali legate con tale processo, trasformando la mancanza 

`��«À�}À>��>â���i�`i}���ÃVi�>À��`��w�i�Û�Ì>�`i���>ÌiÀ�>���
derivanti dallo smontaggio dei sistemi di messa in sicurez-

za in un’opportunità di innovazione.
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Abstract

ABSTRACT_esp

El debate internacional sobre la crisis ambiental, desarro-

llada desde los años setenta, anima  a revisar las priorida-

des de la época actual para salvaguardar el futuro.

La teoría de la bio-economía encuentra una evolución ló-

gica en cuanto a la oportunidad de utilizar un material y el 

impacto que tiene sobre el equilibrio del medio ambiente. 

Por tanto, debemos prestar atención a la compensación 

i�ÌÀi���Ã�yÕ��Ã�`i�i�ÌÀ>`>�Þ�Ã>��`>]�}i�iÀ>�`��V�V��Ã�Vi-

rrados, donde los “residuos” de un ciclo alimenten a otro 

ciclo. En este sentido tiene una gran importancia el pro-

blema de la eliminación de residuos, especialmente cuan-

do provienen del sector de la construcción.

Paralelamente existe la necesidad de renovar el patrimo-

nio arquitectónico italiano, (especialmente aquel construi-

do después de la guerra), debido no solo al  mal estado 

de conservación y obsolescencia de los componentes del 

sistema de construcción empleado, sino también de dar 

respuesta a las cambiantes necesidades respecto al mo-

mento de su construcción.

�>� ��ÛiÃÌ�}>V���� �`i�Ì�wV>� �>Ã���`>��`>`iÃ�`i�i�iVÕV����
en cuanto a la regeneración de las construcciones a través 

de la transformación de los residuos en recursos medioam-

bientales o sostenibles. La dimensión local combinada con 

la reducción de los residuos son garantes de la sostenibi-

lidad del proceso de regeneración, que comienza desde 

ÃÕÃ����V��Ã��>ÃÌ>���i}>À�>��i`�wV��°
El estudio de las normas y de las buenas prácticas en el 

campo de la construcción, ha hecho posible determinar 

modalidades de actuación para la reutilización de compo-

nentes.

Además,  se han analizado los métodos, herramientas y 

técnicas para la demolición garantizando la uniformidad 

de los materiales y la integridad de los elementos. El aná-

��Ã�Ã�`i� ��Ã�V>Ã�Ã�`i�`i����V����Ãi�iVÌ�Û>��>� �`i�Ì�wV>`��
los posibles modos de organización y gestión de los pasos 

�«iÀ>Ì�Û�Ã�i�V>���>`�Ã�>� ��}À>À�i��Li�iwV���>�L�i�Ì>�°�
Estos están condicionados por su gestión  a nivel local, lo 

que hace que, mientras se efectúa la regeneración urba-

na, se desarrolle progresivamente la cadena de suministro 

local sostenible.

Con el objetivo de promover la explotación de las presta-

ciones residuales de los materiales resultantes de la demo-

lición selectiva, en el caso de la madera y el acero fueron 

elaborados procesos metodológicos-operativos para la 

optimización de su reutilización.

Por lo que concierne a los elementos de madera, las líneas 

metodológicas-operativas tienen en cuenta la degrada-

ción, los tratamientos potenciales de tipo curativo y pre-

ventivo, la durabilidad respecto a la especie en cuestión  

y a las condiciones climáticas en las que este material se 

coloca en la construcción, así como los requisitos mínimos 

para su reutilización estructural. En este último caso, las 

pruebas de laboratorio realizadas han demostrado la in-

>`iVÕ>V����`i��>�V�>Ã�wV>V����Û�ÃÕ>��i���>�`iw��V����`i��>Ã�
propiedades mecánicas del elemento bajo investigación, 

cuando los elementos ya han sido usados  o provienen 

`i� �>� ÀiVÕ«iÀ>V���°� �>� V�>Ã�wV>V���� Û�ÃÕ>�]� >Õ�µÕi� Ã�i�-

pre segura, no proporciona resultados coincidentes con 

las propiedades reales del elemento, causando a menudo 

una subestimación de las propiedades mecánicas. El pro-

ceso propuesto tiene en cuenta la información resultante 

del primer ciclo de vida para aprovechar el verdadero ren-

dimiento del elemento y no el supuesto, asegurando la 

sostenibilidad ambiental del proceso de reutilización. En 

función de las características del elemento y de los trata-

��i�Ì�Ã�>«��V>L�iÃ]�Ãi��>��`iw��`����Ã���Ûi�iÃ�iÃ«iV�wV�Ã�
de reutilización, que permiten al técnico evaluar los posi-

bles modos de re-uso, a partir de un umbral máximo de 

explotación del potencial del elemento hasta un umbral 

mínimo, que coincide con el depósito en vertederos.

En cuanto a los elementos de acero, se han puesto en co-

ÀÀi�>V�����>Ã���À�>Ã���ÌiÀ�>V���>�iÃ�Û�}i�ÌiÃ�Þ�Ãi��>�`iw-
��`��Õ��«À�ViÃ���iÌ�`���}�V���«iÀ>Ì�Û��iÃ«iV�wV��«>À>�
su reutilización. También en este caso, la optimización de 

reutilización implica el análisis de la información derivada 

de los ciclos de vida anteriores, el análisis del nivel de la 

corrosión y de la degradación del tratamiento de protec-

V���]��>��`i�Ì�wV>V����`i���Ã�ÌÀ>Ì>��i�Ì�Ã�µÕi�«Õi`i��ÃiÀ�
realizados y de las prestaciones alcanzables respecto a la 

corrosividad ambiental y una estimación precisa de la du-

À>L���`>`�«ÀiÃÕ�Ì>]� V���i�� w��`i�«À�}À>�>À� �>� i�iVÕV����
del mantenimiento.

Las teorías desarrolladas han sido experimentadas en el 

territorio de L’Aquila (Italia), severamente dañado por el 

terremoto ocurrido el día 6 de abril de 2009. La reconstruc-

ción es, de hecho, una oportunidad para la regeneración 

y el desarrollo de todo el territorio, pero en la actualidad 

tiene muchos problemas de orden logístico, ambiental y 

económico.

De hecho, la necesidad de intervención urgente creada 

por el terremoto y la forma de actuar a gran escala han 

producido soluciones funcionales exclusivamente para el 

momento contingente y no pensadas a la luz de los futuros 

desarrollos de la zona. La recuperación de la viabilidad y la 

«ÀiÃiÀÛ>V����`i���Ã�i`�wV��Ã��>���iViÃ�Ì>`���«iÀ>V���iÃ�
`i�V��Ã���`>V����`i���Ã�i`�wV��Ã°�
Õ>�`��V���i�Vi���>Ã�
�«iÀ>V���iÃ� `i� ÀiV��ÃÌÀÕVV���� `i�� i`�wV��]� iÃÌ�Ã� � Ã�ÃÌi-

mas deben ser desmantelados. En la actualidad no han 

sido programados escenarios contemplen la viabilidad del 

w�>��`i��V�V���`i�Û�`>�Þ���Ã��>ÌiÀ�>�iÃ�µÕi�V��«��i����Ã�
Ã�ÃÌi�>Ã�`i�Ãi}ÕÀ�`>`]�«�À� ��� Ì>�Ì�]�Û>��>�V��yÕ�À�i��i��
almacenamiento o el vertedero temporal. Dada la enor-

me cantidad de residuos (principalmente componentes de 

acero y madera) resulta un daño muy importante tanto a 

nivel económico, como ambiental y logístico.

��«À�ÞiVÌ��`i���ÛiÃÌ�}>V����`iw�i����i>Ã��iÌ�`���}�V��
operativas para la reutilización/recuperación de los ma-

teriales que componen los sistemas de seguridad de los 

i`�wV��Ã�i��`i�Ì�wV>��>�iÀ>Ã�`i�V��Ãi}Õ�À��>��«Ì���â>V����
y la sostenibilidad del proceso de reconstrucción y desa-

rrollo de cadenas locales de materias primas secundarias, 

que promuevan nuevas economías.
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En concreto, el análisis preliminar consistió en la investi-
}>V����L�L���}À?wV>]�`i��>���À�>Ì�Û>�Þ�i���>�Ài>��â>V����`i�
varias inspecciones en el territorio del terremoto, dirigi-
`��>� �`i�Ì�wV>À� �>Ã���`>��`>`iÃ�`i�V��Ã���`>V����`i� ��Ã�
i`�wV��Ã]���Ã�Ã�ÃÌi�>Ã�V��ÃÌÀÕVÌ�Û�Ã���ÃÌ>�>`�Ã�Þ���Ã�V��-
ponentes que los constituyen. Comparando los datos, las 
normas y los métodos de optimización de la durabilidad 
del acero y de la madera como se detalla anteriormente, 
Ãi��>�`iw��`��Õ��«À�ViÃ��`i�ÀiÕÌ���â>V����iÃ«iV�wV��«>À>�
el territorio de L’Aquila, desarrollando dos líneas de inves-
tigación:
U� reutilización endógena: los materiales provenientes 

del desmantelamiento de los sistemas de seguridad 
que son inmediatamente reutilizados dentro de la 
�LÀ>�«>À>� �>�i`�wV>V����`i�V��ÃÌÀÕVV���iÃ� Ìi�«�À>-
�iÃ���ÃiÀÛ�V��Ã]�V�����wV��>Ã]�ÛiÃÌÕ>À��Ã]�>Ãi�Ã]�iÌV°�
(reutilización endógena temporal) o se insertan en el 
proyecto de reconstrucción con función de ajuste/me-
joría de las estructuras, de las instalaciones o de los 
>Ã«iVÌ�Ã����>�Ài`iw��V����`i��iÃ«>V�����ÌiÀ���ÀiÕÌ���-
zación endógena permanente);

U� reutilización exógena: los materiales que derivan del 
desmantelamiento de los sistemas de seguridad se 
reutilizan en las obras de reconstrucción vecinas (en 
un radio de 100 km) o para la construcción de estruc-
turas temporales que albergan las funciones relacio-
�>`>Ã�V��� �>�V��Õ��`>`�iÃVÕi�>Ã]��wV��>Ã]� ÀiÃ�`i�-
cias, etc.).

Ambas líneas de investigación han sido apoyadas por ex-
perimentos de diseño, en relación en particular con:
U� el estudio de los métodos de demolición selectiva de 

los sistemas de consolidación en el Museo Civico de 
Santa Maria dei Raccomandati, el estudio de las pres-
taciones residuales y del potencial de reutilización de 
los materiales/componentes que derivan de ella y la 
`iw��V����`i�Õ��iÃ«>V���V��Ö��`i��>��LÀ>�`��`i���Ã�
ÃiÀÛ�V��Ã��wV��>Ã]�>Ãi�Ã]�ÛiÃÌÕ>À��Ã]�iÌV°®]�Ãi>��V��Ã-
truidos con materiales procedentes de demoliciones 
selectivas cercanas a la vecina plaza de Santa Maria 
Paganica para el uso  programado y simultáneo de las 
empresas que operan en la reconstrucción;

U� �>�`iw��V����`i��«À�ViÃ>��i�Ì��`i���Ã�«>Ã�Ã��iViÃ>-
À��Ã�«>À>� �>� Ài��Û>V����`i�Õ��i`�wV���«iÀÌi�iV�i�Ìi�
al patrimonio post-guerra, considerando la realización 
trabajando en cada planta singularmente y la hospita-
lización de los usuarios en  estructuras temporales con 
i�iÛ>`>�iwV�i�V�>�i�iÀ}jÌ�V>]�VÕÞ�Ã�V��«��i�ÌiÃ�Ãi�
derivan del desmantelamiento de los sistemas de la 
seguridad.

Por último, a través de la utilización de la lista de precios 
de la Regione Abruzzo y el uso de los datos obtenidos 
previamente, ha sido elaborada una hoja de cálculo para 
iÛ>�Õ>À�i��Li�iwV���>�L�i�Ì>��Þ�iV�����V��ÀiÃÕ�Ì>�Ìi�`i�
la reutilización para las empresas y para las administracio-
nes públicas.
La investigación ha permitido desarrollar métodos de re-

generación de la construcción sostenible, que pueden ser 
aplicados también a la reconstrucción en curso en la zona 
de L’Aquila, para promover los recursos locales y al mismo 
tiempo para resolver los problemas logísticos, económi-
cos y ambientales relacionados con este proceso, transfor-
�>�`���>�v>�Ì>�`i�iÃVi�>À��Ã�`i�«�>��wV>V����`i��w�>��`i��
ciclo de vida de los materiales resultantes del desmante-
lamiento de los sistemas de seguridad en una importante 
oportunidad para la innovación.
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Abstract

ABSTRACT_val

El debat internacional sobre la crisi ambiental, 
desenvolupada des dels anys setanta, anima a revisar les 
prioritats de l’època actual per salvaguardar el futur.
La teoria de la bio-economia troba una evolució lògica 
quant a l’oportunitat d’utilitzar un material i l’impacte que 
té sobre l’equilibri del medi ambient. Per tant, hem de 
«>À>À�>Ìi�V���>��>�V��«i�Ã>V���i�ÌÀi�i�Ã�yÕÝ�Ã�`½i�ÌÀ>`>�
i sortida, generant cicles tancats, on els “residus” d’un 
cicle alimentin un altre cicle. En aquest sentit té una 
gran importància el problema de l’eliminació de residus, 
especialment quan provenen del sector de la construcció.
Paral·lelament existeix la necessitat de renovar el patrimoni 
arquitectònic italià, (especialment aquell construït 
després de la guerra), degut no solament al mal estat de 
conservació i obsolescència dels components del sistema 
de construcció emprat, sinó també a donar resposta a 
les canviants necessitats respecte al moment de la seva 
construcció.
�>���ÛiÃÌ�}>V����`i�Ì�wV>��iÃ���`>��Ì>ÌÃ�`½iÝiVÕV���µÕ>�Ì�
a la regeneració de les construccions a través de la 
transformació dels residus en recursos mediambientals o 
sostenibles. La dimensió local combinada amb la reducció 
dels residus són garants de la sostenibilitat del procés 
`i� Ài}i�iÀ>V��]�µÕi�V��i�X>�`iÃ�`i�Ã� ÃiÕÃ� ���V�Ã� w�Ã�>�
>ÀÀ�L>À�>��½i`�wV�°
L’estudi de les normes i de les bones pràctiques en el camp 
de la construcció, ha fet possible determinar modalitats 
d’actuació per a la reutilització de components.
A més, s’han analitzat els mètodes, eines i tècniques per 
a la demolició garantint la uniformitat dels materials i la 
integritat dels elements. L’anàlisi dels casos de demolició 
Ãi�iVÌ�Û>��>��`i�Ì�wV>Ì��iÃ�«�ÃÃ�L�iÃ��>�iÀiÃ�̀ ½�À}>��Ìâ>V���
i gestió dels passos operatius encaminats a aconseguir el 
Li�iwV��>�L�i�Ì>�°�ƂµÕiÃÌÃ�iÃÌ>��V��`�V���>ÌÃ�«iÀ��>�ÃiÛ>�
gestió a nivell local, la qual cosa fa que, mentre s’efectua 
la regeneració urbana, es desenvolupe progressivament la 
cadena de subministrament local sostenible.
Amb l’objectiu de promoure l’explotació de les prestacions 
residuals dels materials resultants de la demolició selectiva, 
en el cas de la fusta i l’acer van ser elaborats processos 
metodològics-operatius per a l’optimització de la seva 
reutilització.
Pel que concerneix als elements de fusta, les línies 
metodològiques-operatives tenen en compte la 
degradació, els tractaments potencials de tipus curatiu i 
preventiu, la durabilitat respecte a l’espècie en qüestió i 
a les condicions climàtiques en les quals aquest material 
es col·loca en la construcció, així com els requisits mínims 
per a la seva reutilització estructural. En aquest últim 
cas, les proves de laboratori realitzades han demostrat 
�>� ��>`iµÕ>V��� `i� �>� V�>ÃÃ�wV>V��� Û�ÃÕ>�� i�� �>� `iw��V���
de les propietats mecàniques de l’element sota recerca, 
quan els elements ja han estat utilitzats o provenen 
`i� �>� ÀiVÕ«iÀ>V��°� �>� V�>ÃÃ�wV>V��� Û�ÃÕ>�]� i�V>À>� µÕi�
sempre segura, no proporciona resultats coincidents 
amb les propietats reals de l’element, causant sovint 

una subestimació de les propietats mecàniques. El 
procés proposat té en compte la informació resultant del 
«À��iÀ� V�V�i� `i� Û�`>�«iÀ� >«À�wÌ>À� i�� ÛiÀ�Ì>L�i� Ài�`��i�Ì�
de l’element i no el suposat, assegurant la sostenibilitat 
ambiental del procés de reutilització. En funció de les 
característiques de l’element i dels tractaments aplicables, 
Ã½�>�� `iw��Ì� i�Ã� ��Ûi��Ã� iÃ«iV�wVÃ� `i� ÀiÕÌ���Ìâ>V��]� µÕi�
permeten al tècnic avaluar les possibles maneres de re-
uso, a partir d’un llindar màxim d’explotació del potencial 
`i��½i�i�i�Ì�w�Ã�>�Õ������`>À������]�µÕi�V���V�`i�Ý�>�L�i��
dipòsit en abocadors.
Quant als elements d’acer, s’han posat en correlació les 
��À�iÃ� ��ÌiÀ�>V���>�Ã� Û�}i�ÌÃ� �� Ã½�>� `iw��Ì� Õ�� «À�VjÃ�
�iÌ�`��¢}�V��«iÀ>Ì�Õ�iÃ«iV�wV�«iÀ�>��>�ÃiÛ>�ÀiÕÌ���Ìâ>V��°�
També en aquest cas, l’optimització de reutilització 
implica l’anàlisi de la informació derivada dels cicles de 
vida anteriors, l’anàlisi del nivell de la corrosió i de la 
`i}À>`>V��� `i�� ÌÀ>VÌ>�i�Ì� `i� «À�ÌiVV��]� �>� �`i�Ì�wV>V���
dels tractaments que poden ser realitzats i de les 
prestacions assolibles respecte a la corrosivitat ambiental i 
una estimació precisa de la durabilitat presumpta, amb la 
w�>��Ì>Ì�`i�«À�}À>�>À��½iÝiVÕV���`i���>�Ìi���i�Ì°
Les teories desenvolupades han estat experimentades 
al territori de L’Aquila (Itàlia), severament danyat pel 
terratrèmol ocorregut el dia 6 d’abril de 2009. La 
reconstrucció és, de fet, una oportunitat per a la regeneració 
i el desenvolupament de tot el territori, però en l’actualitat 
té molts problemes d’ordre logístic, ambiental i econòmic.
De fet, la necessitat d’intervenció urgent creada 
pel terratrèmol i la forma d’actuar a gran escala han 
produït solucions funcionals exclusivament per al 
moment contingent i no pensades a la llum dels futurs 
desenvolupaments de la zona. La recuperació de la 
Û�>L���Ì>Ì� �� �>� «ÀiÃiÀÛ>V��� `i�Ã� i`�wV�Ã� �>�� �iViÃÃ�Ì>Ì�
�«iÀ>V���Ã�`i�V��Ã���`>V���`i�Ã�i`�wV�Ã°�+Õ>��V��i�V���
�iÃ� �«iÀ>V���Ã� `i� ÀiV��ÃÌÀÕVV��� `i� �½i`�wV�]� >µÕiÃÌÃ�
sistemes han de ser desmantellats. En l’actualitat no han 
estat programats escenaris que contemplen la viavilitat 
`i� �>� w� `i�� V�V�i� `i� Û�`>� �� i�Ã� �>ÌiÀ�>�Ã� µÕi� V��«�Ãi��
i�Ã� Ã�ÃÌi�iÃ� `i� Ãi}ÕÀiÌ>Ì]� «iÀ� Ì>�Ì]� Û>�� >� V��yÕ�À� i��
l’emmagatzematge o l’abocador temporal. Donada 
l’enorme quantitat de residus (principalment components 
d’acer i fusta) resulta un dany molt important tant a nivell 
econòmic, com ambiental i logístic.
�� «À��iVÌi� `i� ÀiViÀV>� `iw�i�Ý� ����iÃ� �iÌ�`��¢}�V�
operatives per a la reutilització/recuperació dels 
materials que composen els sistemes de seguretat dels 
i`�wV�Ã� �� �`i�Ì�wV>� �>�iÀiÃ� `½>V��Ãi}Õ�À� �½�«Ì���Ìâ>V���
i la sostenibilitat del procés de reconstrucció i 
desenvolupament de cadenes locals de matèries primeres 
secundàries, que promoguin noves economies.
En concret, l’anàlisi preliminar va consistir en la recerca 
L�L���}ÀDwV>]� `i� �>� ��À�>Ì�Û>� �� i�� �>� Ài>��Ìâ>V��� `i�
diverses inspeccions al territori del terratrèmol, dirigit 
>� �`i�Ì�wV>À� �>� ��`>��Ì>ÌÃ� `i� V��Ã���`>V��� `i�Ã� i`�wV�Ã]�
els sistemes constructius instal·lats i els components 



JOINT RESEARCH PhD THESIS 

BETWEEN THE UNIVERSITY “G.D’ANNUNZIO” OF CHIETI-PESCARA AND THE  POLYTECHNIC UNIVERSITY OF VALENCIA 

Abstract

que els constitueixen. Comparant les dades, les normes 

i els mètodes d’optimització de la durabilitat de l’acer i 

`i� �>� vÕÃÌ>� V��� iÃ� `iÌ>��>� >�ÌiÀ��À�i�Ì]� Ã½�>� `iw��Ì� Õ��
«À�VjÃ�`i�ÀiÕÌ���Ìâ>V���iÃ«iV�wV�«iÀ�>��ÌiÀÀ�Ì�À��`i��½ƂµÕ��>]�
desenvolupant dues línies de recerca:

U� reutilització endogena: els materials provinents del 

desmantellament dels sistemes de seguretat que 

són immediatament reutilitzats dins de l’obra per 

>� �½i`�wV>V��� `i� V��ÃÌÀÕVV���Ã� Ìi�«�À>�Ã� �� ÃiÀÛi�Ã]�
V��� >� �wV��iÃ]� ÛiÃÌÕ>À�Ã]� L>�ÞÃ]� iÌV°� ÀiÕÌ���Ìâ>V���
endogena temporal) o s’insereixen en el projecte 

de reconstrucció amb funció d’ajust/millora de les 

estructures, de les instal·lacions o dels aspectes o la 

Ài`iw��V���`i��½iÃ«>����ÌiÀ��ÀiÕÌ���Ìâ>V���i�`�}i�>Æ
U� reutilització exògena: els materials que deriven del 

desmantellament dels sistemes de seguretat es 

reutilitzen en les obres de reconstrucció veïnes (en un 

radi de 100 km), o per a la construcció d’estructures 

temporals que alberguen les funcions relacionades 

>�L��>�V��Õ��Ì>Ì�iÃV��iÃ]��wV��iÃ]�ÀiÃ�`m�V�iÃ�]�iÌV°®°
Ambdues línies de recerca han estat recolzades per 

experiments de disseny, en relació en particular amb:

U� l’estudi dels mètodes de demolició selectiva dels 

sistemes de consolidació al Museo Civico de Santa 

Maria dei Raccomandati, l’estudi de les prestacions 

residuals i del potencial de reutilització dels materials/

V��«��i�ÌÃ� µÕi� `iÀ�Ûi�� `½i��>� �� �>� `iw��V��� `½Õ��
iÃ«>��V��Ö�`i� �½�LÀ>����i�Ã�ÃiÀÛi�Ã� �wV��iÃ]�L>�ÞÃ]�
vestuaris, etc.), siguin construïts amb materials 

procedents de demolicions selectives properes a 

la veïna plaça de Santa Maria Paganica per a l’ús 

programat i simultani de les empreses que operen en 

la reconstrucció;

U� �>�`iw��V���`i��«À�ViÃÃ>�i�Ì�`i�Ã�«>ÃÃ�Ã��iViÃÃ>À�Ã�
«iÀ�>��>�Ài��Û>V���`½Õ��i`�wV��«iÀÌ>�Þi�Ì�>��«>ÌÀ������
post-guerra, considerant la realització treballant en 

cada planta singularment i l’hospitalització dels usuaris 

i�� iÃÌÀÕVÌÕÀiÃ� Ìi�«�À>�Ã� >�L� i�iÛ>`>� iwV�m�V�>�
energètica, els components de la qual es deriven del 

desmantellament dels sistemes de la seguretat.

Finalment, a través de la utilització de la llista de preus 

de la Regione Abruzzo i l’ús de les dades obtingudes 

prèviament, ha estat elaborat un full de càlcul per avaluar 

i��Li�iwV��>�L�i�Ì>����iV��¢��V�ÀiÃÕ�Ì>�Ì�̀ i��>�ÀiÕÌ���Ìâ>V���
per a les empreses i per a les administracions públiques.

La investigació ha permès desenvolupar mètodes de 

regeneració de la construcció sostenible, que poden 

ser aplicats també a la reconstrucció en curs a la zona 

de L’Aquila, per promoure els recursos locals i al mateix 

temps per resoldre els problemes logístics, econòmics i 

ambientals relacionats amb aquest procés, transformant 

�>� v>�Ì>� `½iÃVi�>À�Ã� `i� «�>��wV>V��� `i�� w�>�� `i�� V�V�i� `i�
vida dels materials resultants del desmantellament dels 

sistemes de seguretat en una important oportunitat per a 

la innovació.





PHASe 1_ LImItS to tHe fIeLd of reSeArcH.

/�i� wÀÃÌ� «�>Ãi� �v� ÀiÃi>ÀV�� �Ã� Ì�� `iw�i� Ì�i� wi�`]� �°i°�
Ì�i� «À�L�i�>Ì�V� ÃV�«i� ��� }i�iÀ>�� ÌiÀ�Ã� >�`� Ã«iV�wV�
application. Starting from the international debate on the 
environmental crisis, there are critical issues relating to the 
exhaustibility of resources, which can be summarized in 
the categories of air, climate protection, water, soil, and 
food. Housing regeneration, highlighted as a necessity of 
modern architecture, becomes a tool for the promotion 
of local resources. The study of territory and of present 
and potential local supply chains allow us to identify 
Ã«iV�wV�ÃÌÀ>Ìi}�iÃ�Ì�>Ì�«À�`ÕVi�Ì�i�`iÛi��«�i�Ì��v��iÜ�
economies. In particular, the awareness of the potential of 
the waste, with a view to repackage it and exploit residual 
performance, encourages the development of a market for 
secondary raw materials and reduces the environmental 
��«>VÌÃ�ÀiÃÕ�Ì��}�vÀ����>�`w����}°�
/�iÀi� >Ài� �Õ�iÀ�ÕÃ� iÝ>�«�iÃ� ��� Ì�i� ��ÌiÀ�>Ì���>�� wi�`�
for reuse or recycling of materials, with changes in the use 
>��i`� >Ì� �«Ì���â��}� «iÀv�À�>�ViÃ°� /�iÀi� >Ài� Ã�}��wV>�Ì�
V�>��i�}iÃ�Ü�Ì����Ì�i�LÕ��`��}�wi�`]�Ü�iÀi�Ì�i�vÕ�VÌ�����v�
V��«��i�ÌÃ�ÀiÃÕ�Ì��}�vÀ����Ì�iÀ�wi�`Ã�«>��iÌÃ]�V��Ì>��iÀÃ]�
etc.) is revolutionized or materials resulting from selective 
demolitions are reconditioned.

The increase in the number of years of use for an element 
allows the exploitation of embodied energy present. 
It also has advantages in terms of reducing land use and 
Ì�i���«>VÌÃ��v��>�`w����}°
The territory of L’Aquila is currently dealing with the 
reconstruction after the earthquake of April 6, 2009. This 
is a sui generis situation]� Ü�iÀi� Ã�}��wV>�Ì� v>VÌ�ÀÃ� >Ài�
involved in terms of the regeneration of the land, building 
renovation and construction and the limitation of logistical,
environmental and economic costs related to the end-of-
life reconstruction waste. One of the most relevant issues 
currently is the end-of-life of materials constituting the 
safety systems, after the building recovery, they cease to 
vÕ�w�� Ì�i�À� vÕ�VÌ���°�/��Ã� ÀiÃi>ÀV��«À��iVÌ� ��ÛiÃÌ�}>ÌiÃ� Ì�i�
possibilities of reusing materials/components that are 
derived from the selective demolition of safety systems 
with the aim of triggering closed cycles of matter in order 
to stimulate the development of the L’Aquila region 
through the regeneration of damaged or obsolescent 
buildings. The operative-methodological process allows 
us to accelerate the reconstruction operations and to 
transform criticalities into an incentive for local operators 
by promoting the development of new economies.
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����A(TCOKPI�VJG�UEKGPVKƂE�RTQDNGO��
        Building renewal through the 
        enhancement of local resources.
 
The international debate on the environmental crisis, 
known since the 1970’s, pushes to revise priorities in light 
of today’s time combined with catastrophic future scenar-
ios. If the current graph line continues to rise unchanged 
��� Ì�i� wÛi� �iÞ� >Ài>Ã� «�«Õ�>Ì���]� ��`ÕÃÌÀ�>��â>Ì���]� «���Õ-
tion, food production, consumption of natural resources), 
humanity will reach its natural limits. A sudden, uncontrol-
lable decline in the level of population and the industrial 
system will occur. This dire conclusion, made explicit in 
“The Limits to Growth” in 1972, is our present course. 
While this scenario is cataclysmic, it also requires a re-
newed commitment among various institutions to plan in-
terventions that encourage changes in people’s lifestyles, 
and sensitize the public on the effects that individual ac-
tion has not just on the current system, but also the future. 
The theory of the bio-economy, developed by Georgescu 
Roegen, is based on the principle that the material in the 
economic process degrades irreversibly. Raw materials 
may be used in the economic cycle with a lower potential 
than present prior to extraction. It is a logical evolution in 
the present attempt to protect non-renewable resources in 
iÝV�>�}i�v�À�Ì�i�Li�iwÌ�>�`�ÕÃi��v�Ài�iÜ>L�i�ÀiÃ�ÕÀViÃ°�
The exploitation of renewables is potentially controllable, 
i.e. in the assumption that the opportunity to use a mate-
rial is established by the impact that it has on environmen-
tal balance.
Environmental sustainability means maintaining the natural 
V>«�Ì>��
>ÀÌ>�`��Ƃ>�L�À}]�£��{®°��Ì�v����ÜÃ�Ì�>Ì�Ì�i�À>Ìi��v�
consumption of renewable material resources, water and 
energy resources, does not exceed the rate of reconstruc-
tion respectively ensured by natural systems. It also holds 
that the rate of consumption of non-renewable resources 
does not exceed the replacement rate of sustainable re-
newable resources.

From an environmental perspective, sustainability also 
means that the rate of emitted pollutants does not exceed 
the capacity of the atmosphere, water, and soil to absorb 
and process these substances.1

Therefore, to control or prevent this environmental crisis 
means paying attention to the netting of monetary in-
y�ÜÃ�>�`��ÕÌy�ÜÃ]�>�`�VÀi>Ì��}�V��Ãi`����«Ã]�Ü�iÀi�Ì�i�
“waste” of a loop cycle feeds differently within the same 
macro-system. This is according to a complex pattern 
found in nature where every action has a balanced reac-
tion. It is possible to safeguard fundamental resources for 
survival. Air, climate protection, water and food are clas-
Ã�wi`�>Ã�>� vÕ�VÌ�����v� Ì��i]�`ÕÀ��}�Ü��V��Üi�V>���Ì� ��Ûi�
without.2 In the categories of climate protection and food, 
soil protection is also implied. 
In fact, mobility, water, sanitation services, clean energy, 
v��`]��i>�Ì�]�Ã����>�`�`i�Ã�wV>Ì���]�ÕÀL>��`��i�Ã����>�`�
the capacity of local government are some of the current 
topics in international law that emphasize the role of the 
city in response to the environmental crisis through the 
pursuit of sustainable development. 
-«iV�wV>��Þ]� Ì�i� V��ÃÌÀÕVÌ���� ÃiVÌ�À� �Ã� Ã�}��wV>�Ì� `Õi� Ì��
the strong impact it has in terms of land use, consump-
Ì�����v��>ÌÕÀ>��ÀiÃ�ÕÀViÃ�i�iÀ}Þ�>�`��>ÌiÀ�>�Ã®]�i��ÃÃ���Ã]�
and waste production. Therefore, it is necessary to revise 
the paradigms underlying construction with the aim to in-
troduce a methodology that is concrete in strategies and 
V��ÃiµÕi�Ì�>VÌ���Ã� Ì�� Ài`iw�i�Ì�i� Ài�>Ì���Ã��«�LiÌÜii��
the territory, production system, city and building, in terms 
of sustainability.
From the perspective of reducing land consumption and 
limiting environmental pollution, the problem of waste dis-
posal holds great importance, especially from the construc-
tion sector. In Europe, the production of waste amounts to 
about 1.3 billion tons per year. Nearly 39% comes from the 
construction sector, 32% from manufacturing sector, 15% 
from municipal waste, 10% from the power and water sec-
tor and 4% consists of hazardous waste.3.
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In connection, Italian architectural heritage, especially 
post-war, is in a bad state of conservation. The Italian 
building is, in fact, mostly a legacy prior to 1980. Con-
ÃÌÀÕVÌ����}À�ÜÌ���>Ã�Lii��ÃÌÀ��}�Þ���yÕi�Vi`�LÞ�«�«Õ�>-
tion growth that affected Italy between 1950 and 1980.  
However, since 1980, the upward trend of birth has greatly 
slowed. The period of construction also provides informa-
tion on the age and is also indicative of the construction 
techniques and materials used. Anti-seismic regulations 
came into force in 1974. Since then, buildings have under-
gone many changes. The buildings constructed prior to 
this legislation are about 70% of total assets. About 7 mil-
lion buildings have exceeded 50 years of life. Only 4.3% of 
the buildings were built after 2001. Analysing the state of 
conservation of residential buildings, the situation is alarm-
ing. An average of 20.3% of homes are in a mediocre state 
of conservation, and 2.3% are in a very bad state. 
In reference to buildings constructed before 1971, 27% are 
in mediocre state and 3.4% are in a bad state4.
The need to restore existing buildings does not stem only 
from the bad state of conservation and obsolescence of 
the components in the building system, but also by the 
need to respond to changing needs at the time of the 
building construction. 
The growing demand for compliance with environmen-
Ì>��ÀÕ�iÃ�>�`�i�iÀ}Þ�ivwV�i�VÞ]�Ì�i�V��«��i�ÌÃ�>��i`�>Ì�
increasing automation systems and changes in the family 
structure and way of living need to be considered. 
��ÕÃ��}�Ü�Õ�`�Ì�i��ÀiµÕ�Ài������Õ��Ã«>ViÃ�Ì�>Ì�>Ài�yiÝ-
ible and customizable in the same way. 
The combination of such critical issues suggests solutions 
related to recognition and promotion of local resources.
The search for environmental sustainability in construction 
starts with the awareness of existing problems and chang-
iÃ�Ì>���}�«�>Vi�}��L>��Þ°����>``�Ì���]�Ì��Ã�µÕiÃÌ�>�Ã��̀ iw�iÃ�
common objectives to achieve these answers through 
strategies implemented locally. To think globally and act 
locally requires an integrated and consistent “change of 
scale” that makes every action responsible for the effects 
that develop in the systems connected to it and locates its 
foundation and reason to exist.
The building regeneration, therefore, starts from the 
knowledge of the problems and resources and creates 
an opportunity to trigger a cascade of noble processes 
aimed at increasing the quality of life. The transformation 
of waste into resources at zero distance through appro-
priate reconditioning and re-use as a component in the 
redevelopment building allows us to trigger regeneration 
processes to the entire territory in the following ways:
U� we can reduce the impact of waste disposal, both in 

terms of energy and soil consumption;
U� we can enhance the performance of residual materi-

>�Ã]�«À���Ì��}�Ì�i���V>��ÃÕ««�Þ�V�>����v��*-�ÃiV��`-
ary raw materials), the birth of new closed cycles of 
matter and their integration with the existing supply 
chains;

U� we can capitalize on the existing building by limiting 
land use and energy consumption;

U� we can trigger new industrial economies by promot-
ing technological innovation.  

Solutions aimed to transform critical points into strengths 
>Ài�Ì�i��iÞ�Ì��Ài}i�iÀ>Ì���°�/�iÞ�ÃÌ>ÀÌ�vÀ���Ã«iV�wV���ÌiÀ-
ventions and have global repercussions. 

����A�.KOKVCVKQP�QH�VJG�TGUGCTEJ�ƂGNF��������������������
       The reconstruction of L’Aquila through   

the reuse of safety system components 
to secure existing buildings.   

The reconstruction of the city of L’Aquila, severely dam-
aged by the earthquake on the 6th of April, 2009, is an 
opportunity for regeneration and development of the 
whole territory through localized operations. Inspection 
checks on the state of the property have provided alarm-
ing outcomes.  Only 45.7% of the buildings in outcome A 
�>`� >� ÃÕVViÃÃvÕ�� V��À`��>Ì��}� ��Ã«iVÌ���� �°� �ÈÈn� LÕ��`-
ings viable). While 17.3% of the buildings present in out-
come B: n. 3661 buildings are temporarily uninhabitable 
but useable with emergency measures. The 2.4% presents 
�ÕÌV��i�
��°�x£{�«>ÀÌ�>��Þ�Õ�ÕÃ>L�i�LÕ��`��}Ã®Æ�Ì�i�ä°£¯�
«ÀiÃi�ÌÃ��ÕÌV��i����°Óä�LÕ��`��}Ã�Ìi�«�À>À��Þ�Õ�ÕÃ>L�i�
v�À����`i«Ì��ÀiÛ�iÜ®]�>�`�Î{°x¯�«ÀiÃi�ÌÃ��ÕÌV��i�É���°�
7314 buildings are not useable).5

This data emphasizes the need for numerous building re-
newals due to earthquake damage and additional energy 
ivwV�i�Ì��i>ÃÕÀiÃ�v�À�>�Ã�>Ài��v�ÕÃ>L�i�LÕ��`��}Ã°
It is necessary, however, to move away from the logic of 
rebuilding “as it was, where it was”, towards measures to 
restore to the city its identity as an expression of its nature, 
which enhances the story and also accepts the changes 
arising from progress. This is the new paradigm of society. 
Identity and development are intertwined and complete 
expression of the genius loci: “To respect the genius loci 
does not simply mean recopying ancient models, but to 
highlight the identity of place and interpret it in a new 
way”.6

The L’Aquila earthquake crater creates numerous logisti-
cal, environmental and economical problems in relation 
Ì��Ì�i�ÀiV��ÃÌÀÕVÌ���]�Ü��V��V��ÃÌ�ÌÕÌiÃ�>�v�À��`>L�i�wi�`�
of research and testing. In fact, the state of emergency 
caused by the earthquake created the need to quickly act 
in a large scale across the entire territory of L’Aquila. This 
has produced functional solutions exclusively for the exist-
ing moment. Due to structural damage, the restoration of 
road conditions and the preservation of buildings for artis-
tic and historical value are needed. It became necessary to 
perform the tasks of securing the buildings.        
Temporary safety systems were provided and set in place 
v�À�>�Ã�>���«>ÀÌ�LÞ�wÀiw}�ÌiÀÃ��>���Þ�Ü��`�ÃÞÃÌi�Ã®�>�`�
the remainder from private companies through proposals 
issued by municipalities. The contractor’s agreements did 
not provide the rent of safety systems, but instead, the 
purchase.
When reconstruction operations of a building begin, safety 
systems should be gradually dismantled. The box-shaped 
casing is no longer needed to perform their function. As a 
result, these materials come from construction and demo-
��Ì����
E�®�Ü>ÃÌi°
The Deputy Commissioner Circle for Reconstruction on 
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April 28, 2011, Prot. 1712/STM determined that the provi-
sional systems to secure existing buildings taken by public 
entities are owned by municipalities. 
They evaluated the properties and quantity from the same 
company that offered to dismantle and deliver materials to 
>�Ã«iV�wV�«�>Vi°���À�Ì��Ã�Ài>Ã��]�«ÕL��V�>ÕÌ��À�Ì�iÃ��>Ûi�Ì��
bear the economic and logistical burden of disassembly, 
ÌÀ>�Ã«�ÀÌ]�Ìi�«�À>ÀÞ�ÃÌ�À>}i�>�`��>�`w���`�Ã«�Ã>�°����>``�-
tion to this, we must also consider the environmental im-
pact of transport, most especially the disposal of materials 
that have undergone a life cycle well below the expected 
durability, which are in most cases high residual perfor-
mance. The environmental impact of the production of 
such materials is reduced over a number of years. It must 
be reduced and the environmental impact of the produc-
tion of the same amount of material must be added. If they 
are not being reused, the materials must be produced ex 
��Û��vÀ���ÃVÀ>ÌV�®°�Ûi���v��Ì��Ã�«�>Vi`����Ìi�«�À>ÀÞ�ÃÌ�À-
age, the lack of use lowers performance levels depend-
ing on the class of environmental risk, which renders this 
operation unsustainable. We must also consider that both 
Ìi�«�À>ÀÞ�ÃÌ�À>}i�>�`�`i«�Ã�ÌÃ�ÌÀ>�Ã«�ÀÌi`�Ì���>�`w��Ã�Ài-
quire land, which is a non-renewable resource.
This is a unique situation due to the enormous amount of 
material that ceases in a limited amount of time to perform 
the function for which it has been put in place. 
The ordinance prot. 55444 of the 17 of June, 2014, signed 
by the head of the Reconstruction and Heritage of Public 
ƂÃÃiÌÃ]�>��Ã�Ì��`iw�i�ÀÕ�iÃ�v�À�V��ÃÌÀÕVÌ�����>�>}iÀÃ�>�`�
companies that are involved in the dismantling of safety 
systems. The aim is for them to identify and supervise the 
quantities of materials. 
-«iV�wV>��Þ]��Ì��À`iÀÃ�Ì�i�V��ÃÌÀÕVÌ�����>�>}iÀÃ�v�À���ÌiÀ-
ventions in the progress “of repair, recovery, renovation 
>�`� ÀiV��ÃÌÀÕVÌ���� >vÌiÀ� Ì�i� i>ÀÌ�µÕ>�i� °°°®� >vviVÌi`� LÞ�
temporary safety works made by public entities” to make 
a transcript of consistency with information on the type, 
quantity and size of the amount of each element resulting 
from the removal of safety systems. 
Also, it mandates to companies that deal with the disman-
tling to weigh the materials categorized by type and con-
fer them to the points of storage indicated by the town 
council. 
This ordinance establishes a virtuous control cycle. Pres-
ently, there are no more further documents regulating dis-
assembly and direct end-of-life scenarios of the materials 
that constitute the safety systems. 
The absence of programming implies that the safety sys-
tems, although a very high public expenditure, are re-
quired. Upon disassembly, they are soon destined to be-
come residual waste materials without a precise location. 
This forms a huge burden to the community economically, 
environmentally and logistically.                    
/�i� �`i�Ì�wV>Ì���� >�`� Ài}Õ�>Ì�����v� i�`��v���vi� ÃVi�>À��Ã�
results in a much more noble dismantling of safety systems 
Ì�À�Õ}��ÀiÕÃi]�ÀiVÞV���}]�ÀiV�ÛiÀÞ���V�Õ`��}�i�iÀ}Þ®�>�`�
identifying ways of demolition to increase the recoverable 
fraction. 
This would alleviate logistical, economic and environmen-
tal charges.

1.3 _ The purposes and objectives

The problems related to the lack of planning scenarios for 
end-of-life materials in the dismantling of safety systems 
transforms into an opportunity for innovation.
/�i�«ÕÀ«�Ãi��v�Ì�i�ÀiÃi>ÀV��«À��iVÌ��Ã�Ì��`iw�i�Ì�i��iÌ�-
odological-operative lines of reuse and recycling of mate-
rials that make up the safety systems, in order to facilitate 
and speed the process of reconstruction and building re-
generation.
It is assumed that the true knowledge of the logistical, eco-
nomic, and environmental potential of the recovery opera-
tion of materials/components and how to develop these 
potential incentives and voluntary mechanisms will stimu-
�>Ìi�Ã«iV�wV��i}�Ã�>Ì�Ûi�Ài}Õ�>Ì���Ã����Ì��Ã�Ài}>À`°�
The possibilities of recovery transforms the enormous 
amount of steel and wood that is currently wasted, into 
a local and sustainable resource. Waste materials can be 
enhanced by entering their process of reconditioning/
treatment in the local supply chain, namely enhancing the 
cyclical nature of the product within the cyclical process 
of making the reuse/recycling more sustainable with re-
spect to its implementation in a wider dimension. In fact, 
the sustainability of reuse/recycling and the local supply 
chain have a common assumption that is cyclic nature. We 
cannot say “a priori” that the waste has value, but it can 
become a resource at zero distance in a local dimension, 
i.e. when their reuse/recycling contributes to the reduction 
�v��>�`�ÕÃi�>�`�ÀiÃ�ÕÀViÃ������i�Ã«iV�wV�ÌiÀÀ�Ì�ÀÞ°
To recover the materials from the safety systems would 
produce economic advantages for both municipalities and 
companies. Since the municipalities own the materials with 
a market value, they may derive gains from the sale, ob-
taining both the relief of the burden of dismantling and 
the disposal. For companies, they could buy materials at 
competitive and “going out of business” prices. 
In the regeneration building, they will have available ma-
terials and components with high levels of performance at 
a reduced cost.
Ƃ�Ã�]� Ì�i�i�Û�À���i�Ì>��Li�iwÌÃ�>À�Ãi� vÀ���Ì�i�v>��ÕÀi��v�
ÌÀ>�Ã«�ÀÌ�Ì�� �>�`w��ÉÃÌ�À>}i�>�`�`�Ã«�Ã>���v�Ì�i��>ÌiÀ�>�]�
from the exploitation of grey energy and the residual per-
formance and development of the recovery process in a 
local dimension.  
The aim of the research project is to identify ways to pur-
sue the optimization and sustainability of the rebuilding 
«À�ViÃÃ�`iw�i`�>Ã�Ì�i�«iÀ��`�LiÌÜii��Ì�i��VVÕÀÀi�Vi��v�
the earthquake and the restoration of the buildings) and 
the development of short chains of secondary raw materi-
als that promote new local economies.
The optimization process of reconstruction is achieved 
through: 
U� the reduction of the time and costs of supply to a 

portion of necessary materials in the reconstruction 
project; the companies can use the materials that are 
already on the site of reconstruction;

U� the reduction of the logistical and economic burdens, 
currently imposed on municipalities, resulting from 
the transport and subsequent storage of the materials 
that make up the safety systems in deposits;  only a 
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portion of those materials will have to be transport-
ed to disposal, as their residual performance will be 
Li��Ü� Ì�i� Ì�ÀiÃ���`� Ì�>Ì� �Ã� V��Ã�`iÀi`� ÃÕvwV�i�Ì]� >Ã�
these materials cannot be used; this reduces the num-
ber of areas necessary for storage;

U� Ì�i�`iw��Ì�����v���}�ÃÌ�V>��Ã�Ìi�>Ài>Ã�v�À�V������ÕÃi�
by multiple enterprises through the establishment of 
timelines of work is required to correlate the amount 
of material available from the progressive dismantling 
of building safety systems with the simultaneous need 
for temporary construction site works, built with the 
same materials;

U� Ì�i� `iw��Ì���� �v� >� «À�ViÃÃ� Ì�� ÀiV�ÛiÀ� Ì�i� LÕ��`��}Ã�
without structural damage, which allows the execu-
tion of plans and processes and the refuge of users in 
ÃÕÃÌ>��>L�i]�Ìi�«�À>ÀÞ]�i�iÀ}Þ�ivwV�i�Ì���`Õ�iÃ°�/�i�
components are derived from the removal of the safe-
ty systems, which can speed up regeneration building 
interventions.

The sustainability of the reconstruction process is achieved 
in the following ways:
U� the reduction of the environmental impact caused by 

end-of-life scenarios other than the recovery in terms 
of the materials that comprise the safety systems;

U� the development of local sources through the reuse 
of materials at zero distance; the local supply chain 
will reduce the environmental impact of transport; 
companies use materials that can be set to zero me-
ters; during the reconstruction process, the materials 
resulting from the demolition of the safety systems are 
used; therefore, they already exist in the same site or 
neighbouring yard;

U� the incentive to apply building regeneration interven-
tions aimed at reducing the consumption of land and 
energy expenditures;

U� the sustainable management of the reconstruction 
process, with programming on how to of recover 
materials, is designed to facilitate the control of the 
whole process and to limit arbitrary choice by com-
panies.

The methodological-operative lines can be applied to all 
cases where there are considerable quantities of unused 
steel or wood components. The lines also used when the 
regeneration building interventions are urgent. Not just at 
the reconstruction site in the seismic crater, but also at all 
construction sites where safety systems have been used 
similar to those in L’Aquila, such as in Emilia Romagna.
The development of new local economies are achieved 
through these methods:
U� the encouragement of voluntary mechanisms of crea-

tion by companies to market secondary raw materials, 
which places a commercial value on the material de-
rived from selective demolition;

U� the entering of the market for the secondary raw ma-
terials in a territorial dimension in the short chain, 
which becomes the input and the output of the life 
cycles of materials;

U� the component performance implementation, through 
reused elements derived from the short chain, inte-
grates local materials and materials for reuse.

 1.4 _ The methodology

The research path has been developed in progression by 
using data obtained from a phase of analysis as a basis for 
the next step. 
/�i�i�`��v�i>V��«�>Ãi��v� ÀiÃi>ÀV��Ü>Ã�ÛiÀ�wi`�>�`� Ì�i�
congruence between the preventive and subsequent con-
nections was found. 
/�i�ÀiÃi>ÀV��«>Ì���>`�>����i>À�ÌÀi�`]�Ü���i�Ì�i�ÛiÀ�wV>Ì����
of congruence showed a cyclical trend. 
-«iV�wV>��Þ]�«Ài�����>ÀÞ�>�>�ÞÃ�Ã�V��Ã�ÃÌi`��v�L�L���}À>«��V�
and standards research in carrying out several inspections 
in the seismic crater aimed at identifying ways of securing 
installed systems and components that constitute them. 
In addition, visits were carried out at selective demoli-
tion sites designed to evaluate the logistics, economics 
and environmental impact of this building deconstruction 
method.
Compared to resulting data, starting from the information 
«À�Û�`i`�LÞ�Ì�i�Ài}Õ�>Ì���Ã]��Ì��`i�Ì�wi`��iÌ��`Ã�Ì���«-
timize the durability of steel and wood in the reuse. The 
materials in their technological aspects have been studied 
and include the residual performance, the environmental 
risk class performance and potential achievable through 
treatment. 
Concerning the elements in wood for structural use, analy-
sis was carried out in an experimental laboratory on ele-
ments of reuse. 
The congruence was checked between the resistant class 
`iw�i`� LÞ� Ì�i� Û�ÃÕ>�� V�>ÃÃ�wV>Ì���� >�`� >VÌÕ>�� ÀiÃ�ÃÌ>�Vi�
values.
Thanks to this method, it was possible to create a reuse 
manual for steel and wood elements that implements the 
evaluation process currently described in the legislation.
The performance potential’s reach allows us to identify 
the hypothesis for the reuse of the elements within the 
recovery project, through the realization of possible inter-
ventions, in function to the building element on which it 
operates. This brings back the phases and variants of re-
alization.
Based on the designed experiments and analysis of the 
components studied at the proposed construction systems 
with elements of reuse, technology and assessments for 
thermal comfort and environmental impact. 
Through comparison with the temporary prefabricated 
building systems present on the market, it has been pos-
sible to identify the convenience in terms of technology, 
comfort and environmental impact arising from the use of 
building systems made from recovered components. 
/�i�V��ÃÌÀÕVÌ���� ÃÞÃÌi�Ã� V�>À>VÌiÀ�âi`�LÞ�yiÝ�L���ÌÞ� >�`�
ÀiÛiÀÃ�L���ÌÞ]� >Ã� V��«>Ài`� Ì�� Ì�i� Ã«iV�wV� V�>À>VÌiÀ�ÃÌ�VÃ]�
can be used as a temporary function inside the reconstruc-
tion yard or outside of it.
Through the use of the prices present in the Region Abru-
zzo 2014 Price List and by using the previously obtained 
data, a spread sheet assessing the economic gain resulting 
from the reuse for the company and for public administra-
tion has been made. 
/�i��iÌ��`���}�V>���«iÀ>Ì�Ûi�«À�ViÃÃ��`i�Ì�wi`��>Ã�Lii��
ÛiÀ�wi`�Ì�À�Õ}��Ì�i�>««��V>Ì�������ÌÜ��V>Ãi�ÃÌÕ`�iÃ°
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1.5 _ The content

The research project is structured in the following parts: 
«Ài�����>ÀÞ�>�>�ÞÃ�Ã]� Ì�i�Ã«iV�wV�>�>�ÞÃ�Ã��v�LÕ��`��}�i�i-
ments, and the possibilities for reuse.
The preliminary analysis includes: 
U� the law of end of life scenarios and the design experi-

ments to reuse both of elements from sectors differ-
i�Ì�Ì��Ì�i�V��ÃÌÀÕVÌ����wi�`�>�`�i�i�i�ÌÃ�Li���}��}�
to the construction industry;

U� the analysis of methods, techniques and tools of dem-
olition increase the reusable commodity fraction; this 
ensures their homogeneity and promotes the integrity 
of the elements; the samples were analysed elements 
of selective demolition carried out in the international 
wi�`Æ�Ü�i��«�ÃÃ�L�i]�Ì�i�iV�����V�>�`�i�Û�À���i�Ì>��
V��Ûi��i�Vi�ÜiÀi��`i�Ì�wi`°

/�i�Ã«iV�wV�>�>�ÞÃ�Ã�V��ViÀ�\
U� Ì�i��`i�Ì�wV>Ì�����v�Ì�i�V�ÃÌÃ�«>�`�LÞ�Ì�i�«ÕL��V�>`-

ministration for the temporary systems of safety; the 
study of the mechanism that they oppose, and the 
analysis of the operation and components of each sys-
tem, with dimensional and performance indications;

U� Ì�i� �`i�Ì�wV>Ì����>�`�>�>�ÞÃ�Ã��v�iÝi�«�>ÀÞ�«À��iVÌÃ�
Ü�Ì���� Ì�i� ��ÌiÀ�>Ì���>�� wi�`� �v� LÕ��`��}� ÀiÃÌ�À>Ì���Æ�
temporary projects that use materials and compo-
nents in an innovative way, similar to those used for 
the safety in the city of L’Aquila, are also noted. 

The analysis of the building elements concern:
U� the optimization of the reuse of wood elements, 

Ì�À�Õ}�� Ì�i� `iw��Ì���� �v� � `ÕÀ>L���ÌÞ� >�`� ÀiÃ�`Õ>��
«iÀv�À�>�ViÃ]� Ì�i� �`i�Ì�wV>Ì�����v�VÕÀ>Ì�Ûi�>�`�«Ài-
ventive treatments,  the evaluation of the potential 
ÃÌÀÕVÌÕÀ>��ÀiÕÃi]��Ì�i��`i�Ì�wV>Ì�����v�V��ÃÌÀÕVÌ�Ûi�>�`�
preventive methods against  degradation and the 
`iw��Ì�����v�>��iÌ��`���}�V>���«iÀ>Ì�Ûi�«À�ViÃÃ� v�À�
reuse;

U� the optimization of the reuse of steel elements, 
Ì�À�Õ}�� Ì�i� �`i�Ì�wV>Ì���� �v� V�ÀÀ�Ã���� �iÛi�� >�`� Ài-
Ã�`Õ>�� «iÀv�À�>�Vi]� Ì�i� �`i�Ì�wV>Ì���� �v� «Ài«>Ài`-
�iÃÃ�>�`�«ÀiÛi�Ì����ÌÀi>Ì�i�ÌÃ]�Ì�i�`iw��Ì�����v�`�-
�i�Ã���>�� Ì��iÀ>�Vi]� Ì�i� �`i�Ì�wV>Ì���� �v� V�ÀÀ�Ã����
«ÀiÛi�Ì���� V��ÃÌÀÕVÌ�����iÌ��`Ã� >�`� Ì�i� `iw��Ì����
of a methodological and operational process of reuse.

The possibilities of reuse are divided into:
U� endogenous reuse:  the materials that are derived 

from the dismantling of safety systems are immediate-
ly reused within the site for the construction of tempo-
rary buildings; endogenous temporary use is for yard 
ÃiÀÛ�ViÃ�ÃÕV��>Ã��vwViÃ]�V�>�}��}�À���Ã]�ÀiviVÌ�À�iÃ]�
toilets, etc.; endogenous permanent use includes the 
reconstruction project with matching function given to 
structural or technological adjustment and improve-
�i�Ì��v���ÃÌ>��>Ì���Ã��À�Ì�i�Ài`iw��Ì�����v�Ì�i���ÌiÀ�>��
space;

U� exogenous reuse: the materials that are derived from 
dismantling the safety systems are reused in neigh-
bouring reconstruction yards within a radius of 100 
km; the construction of temporary structures is de-
signed to accommodate the functions related to the 
V���Õ��ÌÞ�ÃV����]��vwViÃ]�ÀiÃ�`i�Vi]�iÌV°®°

1.6 _ The impact on the territory of L’Aquila

The application of the methodological-operative lines 
�`i�Ì�wi`� ��� Ì�i�ÀiÃi>ÀV��«À��iVÌ�VÀi>ÌiÃ��Õ�iÀ�ÕÃ�«�Ã�-
tive effects in the seismic crater area.  In particular:
U� it reduces the economic, logistic and environmental 

issues related to disassembly, transport, storage and 
end-of-life scenarios for safety systems paid by mu-
nicipalities; by planning its end of life, the waste be-
comes a resource for new business, modelled on a 
similar reference to the reuse of resources in a zero 
Ü>ÃÌi�ÃÞÃÌi�]�>Ã��««�Ãi`�Ì��Ì�i�ÌÀ>`�Ì���>���>�`w��Æ

U� it enhances the invested economic capital invested by 
the public; the enormous costs incurred by the Public 
Administration for the safety of unsafe buildings are 
even more apparent in reference to the short time of 
use for the security systems and their required fre-
quent maintenance;

U� it speeds up the reconstruction operations by optimiz-
ing the logistics of the process through the planning 
of assistance and the organization of the construction 
site with areas for common use by multiple compa-
nies;

U� it ensures a process of sustainable reconstruction; the 
programming of sustainable reuse of materials from 
Ì�i�`iV��ÃÌÀÕVÌ�����v�Ì�i�Ã>viÌÞ�ÃÞÃÌi�Ã�w�`Ã�>��iiÌ-
ing point with the needs of recovery and regeneration 
building, which reduces environmental burdens;

U� it implements the local supply chain and specialization 
of workers in the technological-building industry; this 
also promotes the development of new economies.
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html updated on 07/07/2012. According to the “Or-

dinance 3753/2009: Earthquake events in the prov-

ince of L’Aquila, 6 April 2009. DICOMAC Function 1 

�6GEJPKECN�CPF�5EKGPVKƂE��%NCTKƂECVKQP�QP�VJG�TGUWNVU�QH�
inspections carried out on properties under seismic 

GXCNWCVKQP�q� FGƂPKVKQP� QH� QWVEQOGU� QH� EQQTFKPCVKPI�
inspection are:

A- Usable building - The building can be used in all 

its parts without endangering the lives of residents, 

even without making some emergency measures. This 

does not imply that the building was not damaged, 

but only that the repair is not a necessary element for 

the maintenance period throughout the building. In 

the case of a usable building, housing units are not 

uninhabitable, and families and persons do not have 

to be evacuated. Obviously, the particular conditions 

of stress caused by a sequence of shocks can lead citi-

zens to independently make the decision to not use 

the building.

B- Temporarily unusable building (all or part), but ac-

cessible with emergency measures - The building,  in 

the state in which it is located, it is at least partially un-

WUCDNG��DWV�KV�KU�UWHƂEKGPV�VQ�RGTHQTO�UQOG�GOGTIGPE[�
measures for reuse in all its parts, without danger to 

residents. In this case, the inspector offers the meas-

ures deemed necessary to continue using the building 

CPF�PQVKƂGU�VJG�OWPKEKRCNKV[��YJKEJ�YKNN�EJGEM�VJCV�VJG�
measures recommended were actually carried out, in-

cluding the receipt of a professional report, and pro-

vide for the delisting of inaccessibility.

C- Partially unusable building - The status of limited 

portions of the building can be judged to entail high 

risk to their occupants and point to a judgement of 

inaccessibility. In case it may be considered that pos-

UKDNG�HWTVJGT�FCOCIG�KP�VJG�CTGC�FGENCTGF�WPƂV�HQT�WUG�
does not compromise the stability of the remainder 

of the building, and does not constitute a danger to 

the safety of residents, then it is possible to issue a 

judgement of partial inaccessibility. In the case of a 

partially unusable building, the detector indicates and 

notes which portions of the building are not consid-

ered usable. He brings these to the attention of the 

municipality.

D- Temporarily unusable building requiring a deeper 

review - The building has characteristics that make the 

judgement of the inspection process by the detector 

uncertain. It prompts a further, more thorough inspec-

VKQP�QH�VJG�ƂTUV��7PVKN�VJG�VKOG�QH�KPURGEVKQP��VJG�DWKNF-

KPI�KU�EQPUKFGTGF�WPƂV�HQT�WUG�
E, F- Unusable building.- For the needs of organiza-

tion, it is distinct in the case of effective inaccessibility 

of building for structural risk, non-structural or geo-

VGEJPKECN�
'��D[�WPƂVPGUU��HQT�UGTKQWU��GZVGTPCN�TKUM��QT�

(���KP�VJG�CDUGPEG�QH�UKIPKƂECPV�FCOCIGU�VQ�VJG�DWKNF-

ing. In the case of outcome E, the building cannot be 

used in any of its parts, not even as a result of emer-

gency measures. This not to say that the damages are 

not repairable, but only that the repair requires action 

via project activities. Therefore, the outcome of un-

ƂVPGUU�OC[�DG�CVVTKDWVGF�VQ�UKVWCVKQPU�EJCTCEVGTK\GF�
by different levels of intensity and extent of damage. 

This is even in the absence of damages reported by 

the structural elements inspection. In the case of out-

come F, for example, cases such as a heavily damaged 

bell tower, with possible partial collapses, loom on 

the building subject to inspection. Also, cases where 

the threat comes from rocks that can break away from 

rocky ridge or from slopes by landslide. In these cas-

es, the inspection process is linked to the safety of the 

building, or from the side or slope that determine the 

conditions of risk.

6.    Alessi A “Intervista con Christian Norberg Schulz.” 

http:// www.albertoalessi.com/ 1992





PHASe 2_ PreLImInAry cognItIve-AnALytIc PHASe. 
                 InternAtIonAL refLectIonS About 
                 tHe PotentIAL of wASteS.

The second phase seeks to identify and analyse the potential 
for waste according to experiments at the international 
level. This is understood as a potential opportunity that, 
Õ�Ì���Ì�`>Þ]�Ü>Ã�Õ�Ì>««i`°�/�i�`iw��Ì�����v�ÃVÀ>«��À�Ü>ÃÌi�
is generally characterized as an object that is considered 
to be unusable, since it does not satisfy the minimum 
performance requirements. The reuse allows us to escape 
this logic and identify reconditioning treatments that 
}Õ>À>�Ìii�V��«��>�Vi�Ì��Ã«iV�wV�ÀiµÕ�Ài�i�ÌÃ��À�V�>�}i�
Ì�i�vÕ�VÌ�����v�Ì�i�i�i�i�Ì�À>�}��}�����À`iÀ��v�̀ iVÀi>Ã��}®�
performance levels. Historically, the reuse occurred under 
two different and opposing forces: a push from the bottom 
dictated by the lack of economic resources, which persist 
today as testimony to the slums, and a push from the top 
dictated by the desire to characterise the architecture’s 
symbolic value to the architecture of the past.

ÕÀÀi�Ì�Þ]� Ì�i� ��ÌiÀ�>Ì���>�� �i}�Ã�>Ì���� �`i�Ì�wiÃ� �ÌÃ�
objectives as saving resources, and formalising as 
virtuous choice the attention to materials that have always 
characterised the modus operandi of people before 
globalisation.
A hierarchy is introduced in waste management that 
�`i�Ì�wiÃ�vÀ���Ì�i��i>ÃÌ�Ì��Ì�i�}Ài>ÌiÃÌ���«>VÌ\�«ÀiÛi�Ì���]�

preparation for re-use, recycling, other type of recovery 
i°}°]� i�iÀ}Þ� ÀiV�ÛiÀÞ®� >�`� `�Ã«�Ã>�°� /��Ã� Ìi�`i�VÞ� �Ã�
>�Ã�� ÀiyiVÌi`� ��� ��ÌiÀ�>Ì���>�� `iÃ�}�� iÝ«iÀ��i�ÌÃ� Ì�>Ì�
concern building organisms whose components are made 
of pallets, tires, bottles, cans, containers, railway sleepers 
and waste from neighbouring industries.
The variation of the concept of waste generates a different 
v�VÕÃ�>Ì� Ì�i�w�>��«�>Ãi��v� Ì�i� ��vi� VÞV�i��v� >���L�iVÌ°� ���
Ì�i� V��ÃÌÀÕVÌ���� wi�`]� Ì�i� �iViÃÃ>ÀÞ� V��`�Ì���� v�À� Ì�i�
reuse/recycling of materials is the programming and 
management of demolition phases to ensure the integrity 
of the materials and the uniformity of the product fraction.
The selective deconstruction of the building does not 
ÀiµÕ�Ài�Ì�i�ÕÃi��v�Ã«iV�wV�>�`�«Ài`iÌiÀ���i`�`i����Ì����
tools and methods, but it implies procedural phases.
Through the analysis of cases of selective demolition in 
an international area, and, in particular, the analysis of an
experimental demolition made in the Valencian community, 
Üi� �`i�Ì�wi`� Ì�i� Ài�>Ì���Ã��«Ã� >���}� Ì�i� «�>ÃiÃ]� Ì�i�
methods and the timing of the demolition, the site 
organisation, the storage, and the end- of-life scenarios. 
7i� Ì�i�� �Õ�iÀ�V>��Þ� µÕ>�Ì�wi`� Ì�i� i�Û�À���i�Ì>�� >�`�
economic advantages.
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2_ ELEMENTS AND PARAMETERS FOR THE ENHANCEMENT
    OF COMPONENTS AT END OF LIFE

2.1_ The value of the wastes

7�>Ì�Õ�`iÀ��iÃ�>���i�Û�À���i�Ì>��V��Ã�`iÀ>Ì���Ã��Ã�w�`��}�
the problems inherent in the consumption of resources 
that is expressed in the broad categories of energy, water, 
�>ÌiÀ�>�Ã]� >�`� Ã���� Ƃ}i�`>�Ó£����-ÕÃÌ>��>L�i�
��ÃÌÀÕV-
tion-CIB). In particular:
U� energy: introducing energy-saving measures, such as 

using cooling and passive cooling technology, the op-
timization of natural lighting, the use of renewable en-
ergy sources and the reduction of transport in favour 
of the local production chain;

U� water: to reduce the consumption of water through 
the reuse of rain water and grey water, use sanitary 
low water consumption and drought-resistant plants.

U� materials: to use recyclable materials and reduce the 
extraction of raw materials;

U� soil: to regenerate the existing assets and prevent ur-
L>��`iV>Þ]�i�ÃÕÀ��}�Ì�i�yiÝ�L���ÌÞ�>�`�>`>«Ì>L���ÌÞ��v�
buildings.

>V��V>Ìi}�ÀÞ��>Ã�Ã«iV�wV�ÃÕL��ÃÃÕiÃ]�Ì�i�Ài«iÀVÕÃÃ���Ã��v�
which are found on the environmental balance of the ter-
ritory of the building. While pursuing common objectives, 
strategies for change must be implemented with different 
modalities.
/�i�«À�ÌiVÌ�����v��>ÌiÀ�>��ÀiÃ�ÕÀViÃ�>�`��v��Ì�iÀ�ÀiÃ�ÕÀV-
es to a lesser extent) leads to the enhancement of the 
performance of residual elements that have already un-
dergone other material lifecycles through reuse/recycling. 
In fact, the limitation of production and disposal through 
the exploitation of grey material with recovery operations 
contributes to the achievement of the balance between 
��y�ÜÃ�>�`��ÕÌy�ÜÃ����Ì�i�i�Û�À���i�Ì>��ÃÞÃÌi�°
In the Conference of the United Nations RIO+20 in 2012, 
there are issues discussed concerning the green economy, 

i.e. an economy capable of producing a better quality and 
more equitably extended state of well-being that improves 
the quality of the environment and safeguards the natural 
capital1. 
It should be able to ensure well-being and employment 
of the entire working-age world population, in spite of the 
natural and environmental resources becoming increas-
ingly scarce and affected by pollution. 
Ƃ���}�Ì�i�ÃÌÀ>Ìi}�V�«À��À�Ì�iÃ��`i�Ì�wi`�v�À�Ì�i�`iÛi��«-
ment of a green economy is the recycling of waste. Con-
sumption of water, soil, material resources and increased 
emissions are, in fact, the problems associated both with 
Ì�i�«À�`ÕVÌ�����v�>��>ÌiÀ�>��>�`�Ü�Ì���ÌÃ��>�`w����}°
The value of waste was reiterated with different modali-
ties and systems throughout history. The concept of reuse 
was always part of the mindset of man, sometimes oper-
ated for lack of new resources, sometimes with symbolic 
purpose and sometimes the spontaneous result of human 
activity. Just think of the reuse of the votive materials in 
the Greek temples, the accumulation of million of shards 
of amphorae from the river port on the Tiber that gener-
ated the Mount Testaccio in Rome, a high hill of 45 metres, 
or the reuse of coating in bronze and gold removed and 
transported from the Pantheon to Constantinople by Con-
stantine II in the seventh century.
The reuse is tied to a limited number of operations. This 
has always allowed them to be used in spontaneous and 
programmed form, for similar or different uses to those of 
initial intention.
The Readymade of M. Duchamp, in the early twentieth 
Vi�ÌÕÀÞ]� `À>ÜÃ� Ì�i� �L�iVÌÃ� ÕÃi`� iÛiÀÞ`>Þ� �>�}iÀÃ]� À���
of a bicycle, urinal, etc.) and turns them into works of art. 
The reuse consists exclusively in the change of function, 
in the reversal of the idea that every object underlies. This 
Dadaist sense of reuse inspires the transformation of an 
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object into another.
In the reuse, the residual performances of the material/
component and performances potentially achievable must 
wÀÃÌ�Li�>�>�ÞÃi`°��i«i�`��}����Ì�i��iÛi���v�`i}À>`>Ì���]�
the material/component can be reused in a similar way to 
Ì�i�wÀÃÌ�VÞV�i��v���vi��À�>VV�À`��}�Ì��>��iÌ��`�Ì�>Ì�ÀiµÕ�ÀiÃ�
less performance. The reuse is characterized by a close link 
with the boundary conditions, i.e.  the possibilities present 
in one particular time in a particular territory, which must 
be made to system with the mode of reuse that optimizes 
performance and potential residual elements.
The concept of recycling is primarily the result of a post-
industrial attitude due to concern about the exhaustion of 
resources and it was born from the need to reuse materials 
that had undergone profound changes in factory. 
Materials that, without undergoing a further process of 
transformation, could not have a second life. The treat-
ments must make the material/component competitive 
on the open market, by the achievement of similar per-
formance to those of the elements produced ex novo and 
at the same time at competitive prices. The material/com-
ponent can be recycled in the end to ensure performance 
similar to the element of origin or with slightly reduced 
performance. The convenience of recycling is measured 
by the relationship between the economic and environ-
mental impact that present interventions of transformation 
and the impact of a possible production ex novo.

Both in cases of reuse and recycling, it is possible to de-
ÌiVÌ�`�vviÀi�Ì� �iÛi�Ã��v�V��Ûi��i�Vi°�Ƃ�Ã«iV�wV��«iÀ>Ì����
may be convenient only from an economic point of view, 
only from an environmental point of view or under both 
points of view. In consideration of the fact that the objec-
tive of conservation of resources arises from environmental 
concerns, when the operation is convenient only from an 
economic point of view, it loses its reasons for being. 
Otherwise, when it is convenient only from an environmen-

Fig. 1 _ “Orinatoio fontana” Marcel Duchamp, 1917

Ì>��«���Ì��v�Û�iÜ�>�Ì��Õ}��Û>��`����}i�iÀ>��ÌiÀ�Ã®�Ì�iÀi��Ã�
>�`�vwVÕ�ÌÞ��v�«iÀv�À�>�Vi�V>ÕÃi`�LÞ�Ì�i�«ÀiÛ>����}�iV�-
nomic mechanisms. Thus, reuse and recycling can trigger 
virtuous mechanisms globally only when the environmen-
tal aspects are combined with economic ones.
The sensitisation of communities to the value of the waste 
goes through the awareness of the environmental risks 
that loom and the economic incentive for the continuation 
of ways to act virtuous. The international regulations are 
moving in this direction.

2.2 _ The regulations

In the face of highly complex legislation, we traced the 
process of EU directives and of related national legislation 
that has revolutionised the approach to the issue of waste 
management by promoting environmental protection 
through a proper utilisation of natural resources.
The Framework Directive 75/442/EEC has introduced  leg-
islation on waste. In particular, the Annex I to the 75/442/
EEC directive introduces the European Waste Catalogue, 
which contains the codes C.E.R. or numerical sequences of 
six-digits that identify the refuse.
The codes have been inserted inside the List of Waste, es-
tablished by a decision of the European Union 2000/532/

°�/�i�Ã�Ý�̀ �}�ÌÃ�>Ài�̀ �Û�`i`���Ì��«>�ÀÃ�88�99�<<®°�/�i�wÀÃÌ�
«>�À� 88®� Ài«ÀiÃi�ÌÃ� Ì�i�V>Ìi}�ÀÞ��À� Ì�i�LÕ��`��}�>VÌ�Û�ÌÞ�
Ì�>Ì�}i�iÀ>ÌiÃ�Ì�i�Ü>ÃÌi°�/�i�ÃiV��`�«>�À�99®�Ài«ÀiÃi�ÌÃ�
the building process activity that generates the waste. The 
Ì��À`�«>�À�<<®��`i�Ì�wiÃ�Ì�i�Ã��}�i�Ü>ÃÌi°�Ƃ��>ÃÌiÀ�Ã����`�-
cates a possible dangerous waste.
The Directive 2006/12/EC has replaced the previous 
75/442/CEE, forcing the member States to prohibit the 
abandonment, dumping and uncontrolled disposal of 
waste while promoting prevention, recycling and trans-
formation of waste with the aim of re-use. Cooperation is 
planned between states, designed to create an integrated 
and adequate network of disposal plants.
The Directive 2008/98/EC of the European Parliament and 
of the Council has reviewed the Directive 2006/12/EC in 

QTFGT�VQ�ENCTKH[�UQOG�DCUKE�UWDLGEVU�UWEJ�CU�VJG�FGƂPKVKQPU�
of waste, recovery, and disposal, to strengthen measures 

to prevent waste, to introduce an approach that takes into 

account the entire life cycle of products and materials not 

only at the stage where they become waste and to focus 

on reducing the environmental systems related to produc-

tion and waste management, thereby strengthening the 

economic value of the latter. It should also favour the re-

covery of waste and the reuse of recovered materials to 

conserve natural resources.2  
���Ì�i�Ã>�i��i}�Ã�>Ì����>Ài�`iw�i`\
U� waste: any substance and object which the holder dis-

cards or intends or is required to discard;
U� hazardous waste: waste that displays one or more haz-

ardous characteristics;
U� waste producer:  aanyone whose activities produce 

waste;
U� �À�}��>��Ü>ÃÌi�«À�`ÕViÀ®� �À� >�Þ��i�Ü��� V>ÀÀ�iÃ� �ÕÌ�

pre- processing operations, mixing or other opera-
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tions resulting in a change in the nature or composi-
tion of the waste;

U� waste management: the collection, transport, recov-
ery, and disposal of waste, the supervision of such op-
erations, the after- care of disposal sites and actions 
taken as a dealer or broker;

U� reuse: any operation by which products or compo-
nents that are not waste are used again for the same 
purposes for which they were conceived; 

U� recovery: any operation the principal result of which 
is to allow waste serving a useful purpose by replac-
ing other materials which would otherwise have been 
ÀiÕÃi`�Ì��vÕ�w��>�«>ÀÌ�VÕ�>À� vÕ�VÌ�����À�«Ài«>Ài�Ì�i��
Ì��vÕ�w��Ì�>Ì�vÕ�VÌ���]����Ì�i�«�>�Ì��À����Ì�i�Ü�`iÀ�iV��-
omy;

U� recycling: any recovery operation by which waste ma-
terials are reprocessed into products, materials or sub-
stances to be used for their original function or other 
purposes;

U� disposal: a substance or object resulting from a pro-
cess of production whose primary purpose is not the 
production of that article;

U� by-product: a substance or object, resulting from a 
production process whose primary purpose is not the 
production of that item.

���>ÀÌ�V�i�È��v�Ì�i�Ã>�i��i}�Ã�>Ì����>Ài�`iw�i`�Ì�i�V��`�-
Ì���Ã�v�À�ÌiÀ���>Ì�����v�Ü>ÃÌi°�-«iV�wV>��Þ]��Ì�Ã>ÞÃ]�“certain 

waste ceases to be waste when they are subjected to a 

TGEQXGT[�QRGTCVKQP��KPENWFKPI�TGE[ENKPI��CPF�OGGV�URGEKƂE�
criteria to be established according to the following con-

ditions:     

a) the substance or the object is commonly used  for spe-

EKƂE�RWTRQUGU�
b) a market or a demand exists for such substance or ob-

LGEV�
c) the substance or the object meets the technical require-

OGPVU�HQT�VJG�URGEKƂE�RWTRQUGU�CPF�TGURGEVU�VJG�NGIKUNC-

VKQP�CPF�VJG�GZKUVKPI�UVCPFCTFU��CRRNKECDNG�VQ�RTQFWEVU�
d) the use of the substance or object will not lead to over-

all adverse environmental or human health impacts.”

The construction industry uses about half of the material 
taken3 and generates about a third of all wastes4. 
/�iÀiv�Ài]�Ì�i�ÀiÕÃi��v�Ü>ÃÌi��>ÌiÀ�>�Ã�LÞ�
E���Ã�V��w}-
ured as a key operation in achieving the objectives of envi-
ronmental sustainability under international rules. 
In fact, in reference to waste by C&D, in the above Di-
rective, in article 11, paragraph 2b we read: “In order to 

comply with the objectives of this Directive, and move to-

wards a European recycling society with a high level of 

TGUQWTEG�GHƂEKGPE[��/GODGT�5VCVGU�UJCNN� VCMG�VJG�PGEGU-
sary measures designed to achieve by 2020, the preparing 

for re-use, recycling and other material recovery, includ-

KPI�DCEMƂNNKPI�QRGTCVKQPU�WUKPI�YCUVG�VQ�UWDUVKVWVG�QVJGT�
materials, of non-hazardous construction and demolition 

YCUVG� GZENWFKPI� PCVWTCNN[� QEEWTTKPI� OCVGTKCN� FGƂPGF� KP�
category 17 05 04 in the list of waste shall be increased to 

a minimum of 70 % by weight.”

In Italy, the waste sector has been regulated organically for 
Ì�i�wÀÃÌ�Ì��i�Ü�Ì��Ì�i��>Ü��}°�ÎÈÈÉ£�{£]�Ì�>Ì�Ü�Ì��Ì�i�>���

“of protection of hygiene, economy, and decorum” has 
�`i�Ì�wi`�ÃiÀÛ�ViÃ��v�V���iVÌ���]�ÌÀ>�Ã«�ÀÌ]�>�`�`�Ã«�Ã>���v�
municipal solid waste that have the public interest.
Such legislation has been inadequate in the face of a rising 
population connected with industrial development.
���iÝiVÕÌ�����v�ÕÀ�«i>��`�ÀiVÌ�ÛiÃ�ÇxÉ{{ÓÉ
]�ÇÈÉ{äÎÉ
EEC, 78/319/EEC) the DPR 915/1982 was issued, which 
has introduced the principle “polluter pays”. That is the 
principle according to which the burden of remedying of 
the environmental damage must be paid by who is respon-
sible for such damage.
Therefore, the public programming has been introduced 
for the discipline of the activities of waste disposal, the 
permissions for entities that deal with the disposal of waste 
and the waste reduction through the rationalisation of 
management.
The DPR 915/1982 has not promoted the possibility of 
waste material reuse and recycling, but is primarily con-
cerned with the handling of the same waste material and 
is inspired by a prevailing logic of emergency and urgen-
cy, not prevention. To deal with emergencies, the DPR 
915/1982 has undergone many changes and additions, 
that often weighed down by the administrative complexity 
and inconsistent with each other and with the community 
legislation. 
With the aim of overcoming the limitations of this legisla-
tion, the Parliament with the delegation laws 52/1996 and 
146/1994 has delegated the government to the adjust-
�i�Ì��v�Ü>ÃÌi��i}�Ã�>Ì���°��Ì��ÃÃÕi`�Ì�i��°�}Ã°�ÓÓÉ£��Ç���-
plementation of directives) known as the Ronchi Decree, 
“aimed to ensure a high level of environmental protec-

tion, liability all persons who are part of the life cycle of 

products from which originate the waste and promotes 

the recovery and recycling.”

D.Lgs. 389/1997 subsequently amended the Ronchi De-
cree. The Ronchi Decree has replaced the disposal man-
agement concept as it constitutes an activity of public in-
terest and includes the collection, transport, and recovery, 
���>``�Ì����Ì��w�>��`�Ã«�Ã>�°
It introduced the priorities of the recovery by reusing and 
ÀiVÞV���}]� V��«>Ài`� Ì�� �>�`w����}°� /�i�Ü>ÃÌi� �Ã� Ì�i�� ��-
serted in cyclical logic.
The Ronchi Decree was repealed by art. 264 of 
�°�}Ã°£xÓÉÓääÈ]� º �À�i� ��� �>ÌiÀ�>� >�L�i�Ì>�i»� ,Õ�iÃ�
on environmental matters)
The D.Lgs 152/2006 is derived from the enabling law 
308/2004, which provided for a review of the entire body 
of law in Italian environmental theme. It had the purpos-
es of “promotion of levels of quality of human life to be 

achieved through the protection and improvement of en-

vironmental conditions and the prudent and rational utili-

zation of natural resources.” It has introduced:
U� procedures for strategic environmental assessment 

6Ƃ-®]�i�Û�À���i�Ì>����«>VÌ�>ÃÃiÃÃ�i�Ì�6�Ƃ®�>�`���-
Ìi}À>Ìi`�i�Û�À���i�Ì>��>ÕÌ��À�â>Ì�����**
®Æ

U� ÀÕ�iÃ����Ã����V��ÃiÀÛ>Ì���]�V��L>Ì��}�`iÃiÀÌ�wV>Ì���]�
water protection, pollution and water management;

U� rules on waste management and remediation of con-
taminated sites;
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U� rules of air and reduction of atmosphere emissions;
U� rules on compensation claims against  the environ-

mental damages.
The issue of waste is placed inside the environmental leg-
�Ã�>Ì���]�V��wÀ���}�Ì�i�V��Ãi�V�ÀÀi�>Ì����>�`���ÌiÀ`i«i�`-
ence of waste management with the protection of natural 
resources.
Waste management should be carried out “in accordance 

with the principles of precaution, prevention, sustainabili-

ty, proportionality, accountability, and cooperation of eve-

ryone involved in the production, distribution, in the use 

and consumption of goods giving rise to the waste, as well 

as the principle the polluter pays”�>ÀÌ°£Çn®°
In Italy, the transposition of the Directive 2008/98/CE is 
made through the D.Lgs. 3 December 2010 n.205, which 
amended the D.Lgs. 3 April 2006, n.152, leaving un-
V�>�}i`�Ì�i�`iw��Ì�����v�Ü>ÃÌi]�LÕÌ�Ài`iw���}�Ì�i���iÀ>À-
chy of waste management in:
1. prevention,
2. preparation for reuse, 
3. recycling, 
4. �Ì�iÀ�ÌÞ«iÃ��v�ÀiV�ÛiÀÞ�ÃÕV��>Ã�ÀiV�ÛiÀÞ��v�i�iÀ}Þ®]
5. disposal. 
In annex D of the D.Lgs 205/2010, it proposes the waste 
V�>ÃÃ�wV>Ì����>VV�À`��}�Ì��Ì�i�V�`iÃ�
,°�
�`i�£Ç��`i�Ì�-
wiÃ�Ü>ÃÌi�vÀ���V��ÃÌÀÕVÌ����>�`�`i����Ì����
E�®°
For that which concerns waste from C&D in Abruzzo are 
of particular relevance the OPCM n.3923 del 18.02.2011 
“Ulteriori interventi urgenti a fronteggiare gli eventi sismici 
ÛiÀ�wV>Ì�Ã���i��>�,i}���i�ƂLÀÕââ�� ���}��À���È�>«À��i�Óää�°�
 �À�i�����>ÌiÀ�>�`��Ã�>�Ì��i�Ì��`i��i��>ViÀ�i°»��ÕÀÌ�iÀ�
urgent measures to address the seismic events that oc-
curred in the Abruzzo region on 6 April 2009. Rules on 
disposal of rubble.) and OPCM n.4014 del 23.03.2012 
“Ulteriori interventi urgenti a fronteggiare gli eventi sismici 
ÛiÀ�wV>Ì�Ã���i��>�,i}���i�ƂLÀÕââ�����}��À���È�>«À��i�Óää�°»�
�ÕÀÌ�iÀ� ÕÀ}i�Ì� �i>ÃÕÀiÃ� Ì�� >``ÀiÃÃ� Ì�i� Ãi�Ã��V� iÛi�ÌÃ�
that occurred in the Abruzzo region on April 6 2009). These 
regulations introduce important procedural requirements.  
According to the article 1 paragraph 1 of the OPCM n.4014 
del 23.03.2012 “resulting materials from the collapse of 

public and private buildings, from demolition and abate-

ment activities of unsafe buildings, as well as, by building 

work, however denominated, carried out on behalf of the 

Government as a result of the earthquake of 6 April 2009, 

they are managed by Municipalities understanding with 

the implementing body of article 2. Public Administration, 

in commending work, directory to have the appointed 

persons to conduct selective demolition and/or selective 

collection to group these markets in similar categories, 

characterize them and identify them with the correspond-

ing code CER to put them...in sites of temporary storage 

and selection...or to waste recovery and/or authorized dis-

posal or at public areas...”

At paragraph 2 of the same article we read: “the materials 

referred to in paragraph 1 that for technical, economic, 

or management reasons, are not in the collection phase, 

grouped by homogeneous categories, characterisable 

CPF� KFGPVKƂCDNG� YKVJ� VJG� EQTTGURQPFKPI� EQFG� %'4�� CTG��

considered municipal waste with code CER 20.03.99, lim-

ited to the stages of collection and transport to temporary 

storage or storage sites.” 

Also in paragraph 3 of the same article we read: “the Mu-

nicipalities to optimize the collection of materials...are al-

lowed to locate and organize, with positioning of contain-

ers divided into homogeneous material, for the duration 

of the state of emergency, public areas for their contribu-

tion by the persons in charge of the work.”

There is an incentive by the regulatory practices to in-

crease the possibility of reuse of materials, thereby reduc-

ing the level of waste production.

It should be noted that while the concept of matters, 

substance, and secondary product provides in its interior 

the existence of a refusal, i.e. an object or a substance of 

which the holder is undone. Otherwise, the concept of a 

product does not include within the concept of waste, as 

it implies a program that replaces, in the context of fur-

ther industrial processing, a resulting product from previ-

ous processing.

9KVJ� VJG� CKO� VQ� GUVCDNKUJ� VJG� FGƂPKVKQP� QH� TGWUG� TCVJGT�
than recycling, it is necessary to assume a waste; how-

ever, if in this context careful planning was present, the 

QDLGEV� QT� UWDUVCPEG� KP� SWGUVKQP�YQWNF� PQV� DG� ENCUUKƂGF�
CU�YCUVG�� UKPEG� KV�YQWNF�PQV�FGƂPG�C�EQPFKVKQP� KP�YJKEJ�
the holder discards the object, but would incur a condi-

tion of exchange or a transition from one cycle to another.

6JG�YCUVG�YQWNF�DG�FGƂPGF� KP� C� NQPIGT� VKOG� URCP� CPF�
would represent the end-of-life phase of an object or a 

substance that, after having undergone many cycles of life 

and having performed different functions, does not pre-

UGPV�OQTG�EJCPEGU�DWV�QPN[�VQ�NCPFƂNNKPI�
The substance or the object would be thereby included 
conceptually in a cyclical process that in nuce assumes the 
«�ÃÃ�L�i�ÌÀ>�Ãv�À�>Ì���Ã�>�`�`iw�iÃ���i�i�`��v���vi\�Ì�i�
�>�`w��°�/��Ã��Ã�>�ÕÌ�«�>��«iÀÃ«iVÌ�Ûi�Ì�>Ì�LÀ��}Ã�Ü�Ì���Ì�>�
question about the reasons that induce a holder to dis-
pose of an object or a substance.
It becomes reality only if there is present an environmen-
tal and/or economic convenience. Not only for the com-
munity, but also for the holder in retaining the object or 
the substance in question and in establishing an exchange 
that brings an advantage rather than a deprivation, in lieu 
of solely that a virtuous cycle process that feeds on itself 
can be generated. 
�>�Þ�V��«>��iÃ��«iÀ>Ìi����Ì��Ã�«À��V�«�i�ÃÕV��>Ã���8�
- Industrial Materials Exchange in Washington). An online 
management platform picks up materials from whomever 
wants to undo them and sells them to whomever is able 
to reuse or recycle them. This frees the holder from the 
economic burden of disposing and favours the buyer with 
competitive prices.
Similarly, the collection and compaction of packaging and 
wrappings, present in many European cities, for every ob-
�iVÌ�V���iVÌi`�}À>�ÌÃ���Vi�Ì�ÛiÃ�v�À�iÝ>�«�i]�}�>ÃÃ]�«�>ÃÌ�V�
bottles, or tin) for recycling.
Thus, the concept of “polluter pays” is integrated with 
“who does not pollute, earns”.
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2.3 _ Best practices in construction

In construction, from the turn of the millennium, we saw 
the development of project experimentations that have 
a large part of recovered materials/components that are 
used or recycled elements. Such experimentations some-
times take even a function of environmental pollution com-
plaint.
This is the case for the project “The Big Crunch,” made 
in 2001 by Raumlabor in Darmstadt. In cosmology, the 
Big Crunch is one of the possible scenarios for the end 
of universe, where space expansion is reversed and the 
universe collapses into a black hole. “The Big Crunch” is 
a project that aims to raise awareness of the community 
to the value of reusing materials that are typically thrown 
away. The structure has two openings that allow access to 
an interior room, a place of meeting and discussion. The 
architectural work seems to be the result of the passage 
of a tornado and it appears to roll toward the adjacent 
theatre. A metal frame in multidirectional scaffolding, cov-
ered by a wood pattern, constitutes the central part of the 
>ÀV��ÌiVÌÕÀ>��Ü�À�°�Ƃ� À>�}i��v�Ü>ÃÌi��>ÌiÀ�>�Ã� Ü��`�ÜÃ]�
doors, refrigerators, furniture, chairs and tables, etc.) that 
Ì�iÞ��>Ûi�ÀiV�ÛiÀi`�vÀ���>��>`�>Vi�Ì��>�`w���>Ài��Õ�}�Ì��
it and are arranged so as to deliberately create an atmos-
phere of chaos.
-����>À�Þ]�Ì�i�«À��iVÌ�º"vwV��>�,��>]»�V>ÀÀ�i`��ÕÌ����Óä££�
by Raumlabor, within the RECYCLE exhibition staged at 
MAXXI, aims to denounce the modern way of life and raise 
awareness to the community to waste reduction.
º"vwV��>�,��>»��Ã�>� ��Û��}���`Õ�i�V��«�Ãi`��v�>���Û��}�
room, kitchen, bedroom and a bathroom. It was erected 
using exclusively waste materials derived from previous 
exhibition installations from the museum.
A collage of pieces including doors, wardrobe, glass bot-
tles, windows, multi-layer panels, car doors, barrels of oil, 
form the horizontal and vertical closures. The reuse of 
waste materials has made it possible to experiment on 
Ì�i�À�«iÀv�À�>�ViÃ]�Ã��Vi�Ì�i���ÕÃi��>`�Ì���iiÌ�Ã«iV�wV�
safety requirements as it is built in a public place.
To make a material/component suitable for reuse, it is nec-
essary that in its phase of reuse it is not subject to undue 
wear and that a possible lowering of the traditional per-
formance is in any case compatible with the new function. 
-��iÌ��iÃ�>��>ÌiÀ�>�ÉV��«��i�Ì�����ÌÃ�ÌÀ>`�Ì���>��wi�`��v�
use no longer presents the minimum requirements; how-
iÛiÀ]����>�`�vviÀi�Ì�wi�`��v�ÕÃi]�Ì�ÕÃ�«iÀv�À���}�>�`�vviÀi�Ì�
function to a different request for performance, is still able 
to meet minimum requirements of its new function. In the 
construction industry are several ongoing experiments, in 
which materials that are not equipped with a high eco-
����V�Û>�Õi�>Ài�>VµÕ�Ài`�vÀ����Ì�iÀ�wi�`Ã°�/�iÃi��>ÌiÀ�>�Ã�
are used with the aim of achieving the same performance 
�v�ÌÀ>`�Ì���>���>ÌiÀ�>�ÃÉV��«��i�ÌÃ�Ài�>Ìi`�Ì��Ì�i�wi�`��v�
construction, but they present a substantially higher cost. 
The simplicity of components and construction techniques 
used often favours homemade mechanisms. The reuse is 
presented as a virtuous operation, not only from an envi-
ronmental point of view, but also economic.
"�i��v�Ì�i�wÀÃÌ�iÝ«iÀ��i�ÌÃ��Ã�Ì�i�«À��iVÌ�º,>Þ�Ü>Þ�-�ii«-

Fig. 2 _ “The Big Crunch” Raumlabor, 2011

��}°�Î�Ú�º"vwV��>�,��>»�,>Õ��>L�À]�Óä££

��}°�{�Ú�º"vwV��>�,��>»�,>Õ��>L�À]�Óä££
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er House,” made in 1980 by Takasuga in Miyakejima, an is-
�>�`����Ì�i�*>V�wV�"Vi>�°��Ì�Ü>Ã�`iÃ�}�i`�LÞ�Ì�i�ÃÌÕ`i�ÌÃ�
of New Left and by members of the “Peace Movement”, 
>Ã�>�«�>Vi�Ì��ÃÌÕ`Þ�>�`�Ì��ÀiÌ�Ài°��Õi�Ì��w�>�V�>��«À�L�i�Ã]�
its future inhabitants utilized homemade mechanisms to 
build their house. The common areas are on the ground 
y��À�L>Ì�À���Ã]���ÌV�i�]���Û��}�>Ài>]�iÌV°®�>�`�«ÀiÃi�Ì�>À-
eas to the entire height. The rooms and the ancillary rooms 
>Ài����Ì�i�Õ««iÀ�y��À°�/�iÞ�ÕÃi`���`�Ü��`i��À>��À�>`�Ì�iÃ]�
Ü��V���>Ûi�>�}Õ>À>�Ìii`���viÌ��i�iµÕ>��Ì��wÛi�Þi>ÀÃ°�/�i�
interlocking building system resembles construction sys-
tems made in traditional Japanese architecture. The roof 
is covered with tiles and wood. The innovation consists 
in re-use of railroad ties, especially in the use of a single 
standardized component for the construction of the whole 
structure and both of the vertical and horizontal closures.
Another example of enhancement of the residual perfor-
�>�ViÃ��v��>ÌiÀ�>�Ã�vÀ����Ì�iÀ�wi�`Ã����V��ÃÌÀÕVÌ�����Ã�Ì�i�
project “Corrugated Cardboard Pod,” carried out in 2001 
by Rural Studio at Newbern in Alabama.
The home has a structure with supporting partitions con-
sisting of “bricks” made with compressed bales of card-
board, taken from local discharges.
In fact, the type of carton used could not have been sub-
jected to recycling due to the presence of wax, such as 
from sandwich panels where a corrugated cardboard sheet 
is interposed between two sheets of paperboard. On the 
contrary, this characteristic has decreased the permeabil-
ity of the material and the walls of the house. They are 
guaranteed to casing and also have excellent energy per-
formance. The roof was anchored on wooden elements 
placed at the summit of vertical closures. For the founda-
tions, bales of cardboard have been used, wrapped in a 
plastic sheet and covered in cement. The weight of the 
bales of cardboard varies between 750 and 1250 pounds. 
The success of the experimentation has prompted farmers 
and local entrepreneurs to use the material for stables and 
sheds.
The “Paper House” designed by Ben and Daniel Dratz, 
created in 2010 in Essen, uses with the function of “brick” 
compressed bales of recycled paper, coming from super-
markets in the area. To ensure better adhesion they have 
been glued together. The modularity of the bales has al-
��Üi`�v�À���}��yiÝ�L���ÌÞ����Ì�i�>ÀV��ÌiVÌÕÀi°���Ài�ÛiÀ]�Ì�i�
��ÃÕ�>Ì��}�«>«iÀ��>Ã�«À�Û�`i`�Li�iwÌÃ]�iÃ«iV�>��Þ����ÃÕ�-
mer conditions, causing a lowering of the internal temper-
ature of 10 degrees compared to the outer.
A unique experiment is the hotel “Dasparkhotel,” built 
by Andreas Strauss in Ottensheim, which reuses sewage 
pipes as casing for housing space of the rooms. Each tube 
has a length of 2.27 metres, an internal diameter of 2.02 
metres, an outer diameter of 2.5 metres, and weighs 9.5 
tons. They can be used from June to September, as they 
do not have heating systems. The cement provides good 
thermal and acoustic comfort.
Another example of reusing is “Pallet House,” designed 
by Andreas Schnetzer and Gregor Pils and realized for the 
wÀÃÌ�Ì��i����Óään°�/�i���`Õ�i��>Ã�V��ÃÕÀiÃ��>`i�i�Ì�ÀiÌÞ�
of pallets and has an area of 5 square metres. It can be 
ÕÃi`�>Ã�>�wÀÃÌ�i�iÀ}i�VÞ����i�>�`�v�À��Ì�iÀ�ÕÃiÃ�Ìi�«�-

Fig. 5 _ “Raylway Sleeper House” Shin Takasuga, 1980

Fig. 6 _ “Corrugated Cardboard Pod” Rural Studio, 2001

Fig. 8 _ “Dasparkhotel” Andreas Strauss, 2004

Fig. 7 _ “Paper House” Bem e Daniel Dratz, 2010
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À>ÀÞ���ÃÌ>��>Ì���Ã]�wÀÃÌ�>�`�iÌV°®�>V��«>��iÌ��>Ã�>�V�ÃÌ��v�fx]�
>�`�Ì�i�i�Ì�Ài���`Õ�i��>Ã�>�V�ÃÌ��v�f££ÉÃµ°�°
*>��iÌÃ� �>Ûi� ÃÌ>�`>À`� `��i�Ã���Ã� £ÓäÝnäÝ£{°x®� Ü�À�`�
wide. In addition to being easily transportable, they are 
“universal” components that can be integrated with local 
ÀiÃ�ÕÀViÃ°� /�i���`Õ�i� �Ã� iÝÌÀi�i�Þ�yiÝ�L�i�L�Ì�� vÀ���>�
functional and dimensional point of view. The construction 
system provides that, in the cavity of the pallet, intended 
in the common use for lifting by means of the insertion of 
forklift blades, pass the support posts, the isolation, and 
the installations.
�i�i�ÌÃ��v�ÀiÕÃi�V>��>�Ã��Li�iÝ«���Ìi`�Ì��V��w}ÕÀi�>�Þ�
�«i��Ã«>Vi�v�À�V���iVÌ�Ûi�ÕÃi°�/�i�«À��iVÌ�,1�,iVÞV���}�
Urban Space), of the collective Basurama in 2009 in Lima, 
combines the reuse of waste materials with the recov-
ery of a degraded urban area. The infrastructure, which 
should have allowed the transit of trams through the city 
for several kilometres, although begun in 1968, was never 
completed. It is elevated from the ground and is 9 metres 
wide. The project gives life to this abandoned space, turn-
ing it into a space for the enjoyments of the community. 
The used tires and other parts of the machines, symbols 
�v�Ì�i��>ÃÃ�Ûi�ÕÃi��v�V>ÀÃ����Ì�i�ÌÜi�ÌÞ�wÀÃÌ�Vi�ÌÕÀÞ]��>Ûi�
been turned into games for the community. The support 
pylons of the road way are covered with colours that cre-
ate a playful atmosphere. The games are connected by 
ropes to the side of the roadway or to columns. The latter 
remained incomplete, showing the steel reinforcement.
/���LÌ>���>��>VÌÕ>��i�Û�À���i�Ì>��Li�iwÌ]��Ì��Ã���«�ÀÌ>�Ì�
to act with the reuse when the material/component has 
reached its end-of-life phase, i.e. when it no longer meets 
the requirements.
Consider, for example, the countless cases of containers 
Ì�>Ì� >Ài� ÀiÕÃi`� ��� Ì�i� V��ÃÌÀÕVÌ���� wi�`� Ì�>��Ã� Ì�� Ì�i�À�
modularity. If the containers that are reused in the con-
ÃÌÀÕVÌ���� wi�`� Ì�À�Õ}�� >««À�«À�>Ìi� «À�ViÃÃiÃ� ÜiÀi� ÃÌ����
able to perform their original function of storage of mate-
rial for transportation and were subtracted from such use, 
we should be provided for their new production. On the 
��i��>�`]� Ì�iÀi�Ü�Õ�`�Li�>��i�Û�À���i�Ì>��Li�iwÌ�`Õi�
to the reduction of the environmental impact of the pro-
duction of the materials needed for traditional building 
construction. On the other hand, there would still be an 
environmental impact due to the reconditioning needed 
to make a container that meets the necessary comfort re-
quirements in buildings and for the new production of the 
container taken away from its original function.
There are numerous examples of reuse of shipping con-
tainers in construction. Among all, it describes for architec-
tonical quality and for consistency in the use of materials. 
The project “Freitag Flagship Store,” designed by Spill-
mannechsle and realized in 2006 in Zurich consists of a 
tower of decommissioned containers. It is located in a sub-
urban industrial area, located between the motorway ramp 
and the railway viaduct adjacent the factory. The building 
V��Ã�ÃÌÃ��v����i�ÃÌ>V�i`�V��Ì>��iÀÃ]�ÓÈ��iÌÀiÃ���}���>Ý�-
mum allowed) and recognizable from the highway, repre-
senting a sign of regional scale. The short walls of four 
V��Ì>��iÀÃ�ÜiÀi�Ài«�>Vi`�Ü�Ì��Ü��`�ÜÃ�Ó°xäÝÓ°Çä��iÌÀiÃ®�
that provide a view of the highway.

Fig. 9 _ “Pallet House”, A. Schnetzer e G. Pils, 2008

Fig. 10 _ Building system of “Pallet House” 

Fig. 11 _ Assembly diagram of project “REU” 

Fig. 12 _ “REU” Basurama, 2009
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At the last level, there is an observatory on the city, 
equipped with binoculars, open to all and accessible 
through an iron industrial staircase, located outside of the 
wÀÃÌ�v�ÕÀ��iÛi�Ã��v�Ì�i�LÕ��`��}°��Ì��Ã�V��«�Ãi`��v�ÃiÛi�Ìii��
rusty containers that arrived in the construction site by rail 
from Hamburg to Zurich. It has a dry constructive system 
>�`�Ì�i�V��Ì>��iÀÃ�ÜiÀi�ÃiÌ�LÞ�i�i�i�ÌÃ�vÀ���Ì�i�wi�`��v�
maritime expeditions. In front, the Sant’Andrea crosses are 
visible, which counterbalance the structure and anchor the 
modules together.
7�Ì���]� Ì�i�V��Ì>��iÀÃ�>Ài�w��Ã�i`�Ü�Ì��>�V���ÕÀ�V��ÌÀ>ÃÌ�
LiÌÜii��Ì�i�y��À����`>À��Ü��`i��L�>À`Ã�>�`�Ü��Ìi�Ü>��Ã°
An extreme case of reuse is, unfortunately, what happens 
in the slums where the inhabitants use materials that have 
Lii�� `Õ�«i`� ��� �>�`w��� �>«Ã]� Ã�iiÌÃ]� V��Ì�iÃ]� «�>ÃÌ�V�
panels etc.), but that retain their grey energy, to build 
makeshift shelters because of their poverty. Such reuse 
does not meet the requirements of comfort or healthiness, 
LÕÌ�ÃÕÀi�Þ�Ì��Ã��>Þ�Li�`iw�i`�ÃÕÃÌ>��>L�i�>Ã�Ì�iÀi�>Ài����
present processes or work reconditioning the material as 
the sourcing is local and it uses materials effectively taken 
vÀ���Ì�i��>�`w��]�Ì�>Ì�Ü�Õ�`���Ì��>Ûi�>�ÃiV��`�V�>�Vi��v�
life. It is a sad case of “sustainably inhuman” utilisation.
A positive evolution of the “need for reuse” in the slums 
is made up of the project experiments that pay attention 
to the origins of the local supply chain of reused materials, 
thus combining the environmental sustainability operation 
of reuse with that resulting from short chain.
The 2010 project “Villa Walpeloo”, made in Enshede by 
2012 Architeckten, is a house built for a couple of art col-
lectors. The project starts from a detailed study of the con-
struction site and retrieval of materials within 15 kilome-
tres. Thus, they are reused elements that have an original 
function that are no longer able to meet the requirements, 
but which have characteristics such that they can be re-
used with another aim. The materials used externally are 
60% derived from reuse and the materials used internally 
are a staggering 90% derived from reuse. The structure 
consists of metal sections taken from the deconstruction 
of a machine of a nearby textile factory.
The wooden facades constitute central elements of 1000 
unused bobbins for winding cables. The panes of windows 
are made thanks to waste from a nearby factory. The poly-
styrene insulation comes from a nearby factory that pro-
duces caravans. For the interior, they have used waste ma-
terials such as the structure of broken umbrellas for lamps 
and advertising board for furniture. The elevator used in 
the yard was integrated into the house.          
����ii«��}�Ü�Ì��Ì�i�Ã«�À�Ì�Ì�>Ì��>Ã��i`�Ì��Ì�i�`iw��Ì�����v�
this project, only highly reversible connections have been 
used, preferring bolting to welding.
The reuse may also occur in a programmed way, i.e. hy-
pothesising during the production an element’s future pos-
Ã�L���Ì�iÃ���Vi�Ì�i�wÀÃÌ�VÞV�i��v���vi��Ã�w��Ã�i`°
The component is packed with features and performances 
to create a real possibility of reuse.
An early example of programmed reuse was made by 
A.F. Heineken, owner of the namesake brewery that, in a 
1957 trip to the Netherlands, Heineken realized that the 
area presented both a shortage of building materials and 

Fig. 13 _ “Freitag Flagship Store” Spillmannechsle, 2006

Fig. 14 _Building system  of “Villa Welpeloo” 
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a large amount of bottles abandoned on the beach. On 
his post, J. Habraken studied a bottle with a rectangular 
Ã�>«i�Ü�Ì�� ÌÜ��y>Ì� v>ViÃ]� ÌÜ��V��V>Ûi�>�`� ÌÜ��V��ÛiÝ]�
Ã��>Ã�Ì��Li�i>Ã��Þ�ÃÌ>V�>L�i°�	�ÌÌ�iÃ]���Vi�Ì�i�À�wÀÃÌ�VÞV�i�
of life as beer containers was completed, could be used 
as a building material. Each bottle was a “brick” and the 
particular form it guaranteed the possibility of interlocking 
with other similar elements.
Although such testing was not as successful as hoped, he 
introduced the concept of programming of the end-of-life 
in a perspective of sustainability.
Recycling, instead, generally produces a higher environ-
�i�Ì>����«>VÌ�Ì�>��ÀiÕÃi]�LÕÌ�V��w}ÕÀiÃ��ÌÃi�v�iµÕ>��Þ�>Ã�>�
virtuous of end-of-life scenario.
The recycle symbol is formed by three faces arranged in a 
circular manner. An arrow indicates the act of separation 
at source i.e. the materials are separated from waste and 
placed in the recycling, an arrow indicates the treatment 
of the material through different processes of working and 
an arrow indicates the reintroduction of the new product 
into the market.
Recycling is closed when, thanks to the working process-
es, it gets the same material. Otherwise recycling is open 
when it gets a different material.
Depending on the type of material and its CER code, they 
use different cycles of work. These differences in process-
ing are among the main causes of the lack of possibility of 
recycling components that have different materials made 
integral by means of connections that are not reversible. 
It follows that the reversibility of the elements that form 
the component is one of the prerequisites both to increase 
the possibility of recycling and to improve the quality of 
secondary raw material. 
Given the current focus on the sustainability of the prod-
ucts, numerous companies experience new products with 
a higher percentage of recycled material. They also intro-
`ÕVi`� i�Û�À���i�Ì>�� «À�`ÕVÌ� ViÀÌ�wV>Ì���Ã� �-"� £{äÓ£]�
ISO 14024 , ISO 14025) through which it is possible direct 
consumer choices towards products that are more respect-
ful of the environment and can be either compulsory or 
voluntary.
In construction, there are numerous tests to verify the com-
«��>�Vi��v�>�ÀiVÞV�i`��>ÌiÀ�>�É�V��«��i�Ì�Ì��Ã«iV�wV�Àiµ-
uisite and to verify the real performances.
The experimental project “Recyhouse,” made in 2001 in 
Limelette and designed by the Belgian Building Research 
Institute, aims to demonstrate that it is possible to con-
struct a building almost entirely from recycled materials. In 
addition to a modest price, the building also offers appro-
priate technical and aesthetic performances. Throughout 
the building, with the exclusion of the structural part, there 
exists a high-level reversibility, allowing the replacement 
of some materials with others just as they come out in the 
market. This permits the study of the deterioration of recy-
cled materials over time.
Thus, the correspondence of the actual materials to in-
`�V>Ìi`� «iÀv�À�>�Vi� LÞ� LÕ��`iÀÃ� �>Ã� Lii�� ÛiÀ�wi`°� /�i�
roof of the buildings covered both with roof tiles made 
of plastic materials or paper/fabric, with each element be-
ing derived from either recycled tires or corrugated pa-

Fig. 15 _ “Villa Welpeloo”, 2012Architekten, 2010

Fig. 16 _ Bottle Heineken, J. Habraken, 1957

Fig. 17 _ Realization of prototype with Heineken bottles

Fig. 18 _ International symbol of recycling
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per/cardboard impregnated with bitumen, respectively. 
The windows are obtained from the recycling of polyvinyl. 
Insulation is in rock- recycled wool. The panels are made 
from concrete and glasses of crushed computers. Even the 
downspouts are made of recycled zinc. Inside the building 
there are about 150 different materials resulting from recy-
cling. Materials containing a substantial portion of material 
resulting from the recycling of materials that already had 
suffered a life cycle have been mainly used.
���Ì�i�Ã>�i�Þi>À�Óää£®]�>��Ì�iÀ�iÝ«iÀ��i�Ì>��«À��iVÌ�º�>-
nil Visitors Center” was made in Danyang and designed 
by the study BCHO Architects-Byoung Soo Cho to iden-
tify the potential of recycled concrete. The latter has been 
used in various ways, showing the possible applications. 
In the South part, the concrete, after being crushed, was 
inserted into metal gabions. The East prospectus was real-
ized in collaboration with a Canadian company specializ-
ing in textile formwork, with the aid of tubes and strips of 
polyethylene, giving the facade a lively look. The facade 
to the West and North have instead been realized with 
traditional formwork in wooden boards, inside which is po-
sitioned the reinforcing steel and cast with concrete.
The Westborough School made in 2011 in Westcliff on Sea 
and designed by ACottrell & Vermeulen Architecture with 
the aim of enhancing paper and cardboard as recycled 
and recyclable building materials. Before building, the fea-
Ã�L���ÌÞ� �v� Ì�i� ÌiV�����}�V>�� ÃÞÃÌi��Ü>Ã� ÛiÀ�wi`� Ì�À�Õ}��
an experimental prototype form, which resulted in several 
��`�wV>Ì���Ã� �v� ÌiV���V>�� Ã«iV�wV>Ì���Ã°� ��� Ì�i� «À��iVÌ]�
the structural characteristics and mechanical strength of 
the paperboard to form due to folding sheets were meas-
ured. The project required two years of work, one year for 
research, six months for the prototype and six months for 
realization on-site. It has a total cost of 177.157 pounds. 
The cycle of life expected for the building is 20 years, at 
the end of which, the materials may again be subjected to 
recycling.

NOTES

1. &GƂPKVKQP�QH�70'2��7PKVGF�0CVKQPU�'PXKTQPOGPV�2TQ-

gram.

2. Directive 2008/98/EC of the European Parliament 

and of the Council of 19 November 2008 on waste 

and repealing certain Directives

3. COM (2011) 571

4. Study “Management of CDW in the EU”: ec.europa.

eu/environmemnt/waste/pdf/2011_CDW_Report.pdf

Fig. 19 _ “Recyhouse” 
                Belgian Building Research Institute, 2001

Fig. 20 _ “Hanil Visitors Center” 
                 BCHO Architects, Byoung Soo Cho, 2001

Fig. 21 _ “Westborough School”
                ACottrell & Vermeulen Architecture, 2011
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3.1 _ The C&D waste

The withdrawal of resources higher than their renewal has 
produced and continues to produce an amount of waste 
greater than the capacity of absorption for the environ-
mental system.
The waste C&D includes:
U� waste from construction and demolition, with code 

CER 17, excluding soil from contaminated sites;
U� waste from code CER 20, different from 17, which 

may be produced in the activities of C&D, such as 
packaging;

U� special hazardous waste resulting from C&D activities 
>ÃLiÃÌ�Ã]��i>`]�iÌV°®Æ

U� waste from road construction activities.
There is an evident increase in production of the waste 
from C&D in all European countries, with the sole excep-
tion of Germany. The European average is about 3.5 tons/
inhabitant, only 28% of waste from C&D is reused/recy-
V�i`]�Ì�i�Ài�>����}�«>ÀÌ��Ã�ÌÀ>�Ã«�ÀÌi`�Ì��Ì�i��>�`w��1. 
Only seven states apply a tax on inert waste. The Neth-
erlands and Denmark, which have the highest values of 
fees for waste disposal from C&D, are the states that have 
the highest level of recycling for this waste. With reference 
to the demolition waste in the Netherlands and Denmark, 
the release of “demolition permits” is subject to a control 
system for the recovery/recycling of the material.
International experiences show that an organized network 
�v� «�>�ÌÃ]� Ài}Õ�>Ì�ÀÞ� V��ÃÌÀ>��ÌÃ� >�`� iV�����V� Li�iwÌÃ�
derived from the recovery/recycling of C&D waste, create 
a behavioural imperative. From an environmental and eco-
nomic point of view, this is a virtuous operation, both on 
the part of construction/demolition companies from treat-
ment plants.
IIn Italy there are many factors that limit the recovery/recy-

cling of materials from C&D.
First of all, it should be noted that the prevailing sector is 
��VÀ���`i����Ì�����ä¯®2 which originates piecemeal inter-
Ûi�Ì���Ã�Ì�>Ì�>Ài�`�vwVÕ�Ì�Ì��Li�V��ÌÀ���i`°�
��VÀ��`i����Ì����>�Ã���>Ã� ��}�ÃÌ�V>��`�vwVÕ�Ì�iÃ� ���«Ài«>À-
ing areas for storing separate waste, as its groups must be 
homogeneous. 
This type of demolition also lacks an organized network 
needed to spread throughout the country, which involves 
treatment plants for industrial production of secondary raw 
materials. In particular, there is a numerical imbalance be-
ÌÜii�� Ì�i� ÌÀi>Ì�i�Ì�«�>�ÌÃ�>�`� �>�`w��� Ã�ÌiÃ� ��� �ÀÌ�iÀ��
Italy and those present in the Centre and South, which are 
far less in number.3

���>``�Ì���]��Ì>�Þ��>Ã�>�Ã�}��wV>�Ì�>��Õ�Ì��v�µÕ>ÀÀ�iÃ�Ì�>Ì�
supply a low-cost production of aggregates that discour-
age recycling.

Fig.1 _ Origin of C&D waste in Italy

3_ ELEMENTS AND PARAMETERS FOR THE ENHANCEMENT 
    OF DEMOLITION OPERATIONS  
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The C&D activities mainly produce non-hazardous waste, 
LÕÌ����Ã�}��wV>�Ì�µÕ>�Ì�Ì�iÃ]�>�`�Ü�Ì��«À�`ÕVÌ�vÀ>VÌ����Û>À�-
ables such as wood, metals, ceramics, bricks, cement, etc. 
It is a complex nature that requires careful management.
Waste can be reused on site after being treated or it can 
Li�ÌÀ>�Ã«�ÀÌi`�Ì��«�>�ÌÃ�v�À�ÀiV�ÛiÀÞÉÀiVÞV���}��À��>�`w��°
They can be divided into three categories:
U� reusable components: integral elements that can be 

ÕÃi`�>}>���>Ã�>�ÀiÃÕ�Ì��v�����À�Ài«À�ViÃÃ��}�V�i>���}]�
ÛiÀ�wV>Ì�����v�«iÀv�À�>�ViÃ®Æ�Ì�iÃi�V��«��i�ÌÃ�V>��
be used as windows, beams, grates, tiles, etc.;

U� recyclable materials: material fractions that have not 
maintained the original shape and function; they con-
sist mainly from the litoide inert fraction, which un-
dergoes operations of crushing, screening by other 
organic components, and is subject to incineration;

U� waste for disposal: hazardous or polluting materials, 
or excessively heterogeneous waste that precludes 
selective operations.

In the demolition, such distribution is closely related to the 
activities of material separation and storage. The aim is to 
simplify the construction yard operations and, at the same 
Ì��i]�`iw�i�ÃÕ�Ì>L�i�i�`��v���vi�ÃVi�>À��Ã°
C&D waste are mainly made up of standardized catego-
ries. Although found in different percentages, they are 
conditioned by prevailing materials and by construction 
techniques.
The categories of waste that are most frequently found 
in the construction and demolition yards, when they 
are separating and sorting are as follows: iron and steel 
CER 17.04.05; mixed metals CER 17.04.07; wood CER 
17.02.01; building material CER 17.01.07; materials based 
on gypsum contaminated with dangerous substances 

,�£Ç°än°ä£Æ��>ÌiÀ�>�Ã�L>Ãi`����}Þ«ÃÕ��`�vviÀi�Ì�vÀ���
CER 17.08.01) CER 17.08.02.; mixed construction and 
`i����Ì����Ü>ÃÌi�`�vviÀi�Ì�vÀ���Ì��Ãi��i�Ì���i`����
,�
17.09.01, CER 17.09.02, CER 17.09.03) CER 17.09.04; 
bulky waste CER 20.03.07; WEEE waste CER 20.01.23, 
CER 20.01.35, CER 20.01.36; insulation materials CER 
17.06.03, CER 17.06.04; electrical cables CER 17.04.11; 
accumulator batteries CER 20.01.33., CER 20.01.34; non-
recyclable waste not CER 20.03.99; if resulting from me-
chanical sorting CER 19.12.12.

3.2 _ Methods, tools and 
         techniques of demolition

The demolition is the “operation and also the effect of 
breaking down and dismantling”4 a building in whole or 
partial way. 
The partial demolition is an intervention that does not in-
volve the totality of the building and requires the use of 
small machinery that is easily transportable.
Total demolition involves the entire building. The tech-
��µÕiÃ�ÕÃi`�`i«i�`����Ì�i�Ã�>«i��v�Ì�i�LÕ��`��}��Õ�LiÀ�
�v�y��ÀÃ]�V�ÕÌÌiÀi`�y��À�«�>�]�V��ÃÌÀÕVÌ����vi>ÌÕÀiÃ]�iÌV°®]�
and from the boundary conditions, such as the distance of 
surrounding buildings. It is a function that requires a prior 
knowledge of the building and the careful planning of all 
phases. This also includes the variability due to the pres-
ence of different construction systems that depend on the 
time, place and building location. 
/�i� V��ÃÌÀÕVÌ���� �>Þ� �>Ûi� ÃÕvviÀi`� ÃÌÀÕVÌÕÀ>�� ��`�wV>-
tions or levels of adjustment compared to the original de-
Ã�}��>�`��>ÌiÀ�>�Ã��>Þ��>Ûi�`i}À>`i`�i°}°�Ì�i��Ý�`>Ì����
of steel). The demolition is also a phase of extreme im-
portance, since its programming and management affect 
the possibility of reuse and recycling of the materials and 
components that constitute the building.
Regardless of the type of demolition, techniques, and in-
ÃÌÀÕ�i�ÌÃ�ÕÃi`]�Ì�i�wÀÃÌ�ÃÌi«��Ã�Ì�i�Ài��Û>���v��>â>À`�ÕÃ�
materials. This ensures safeguards for the environment and 
operators.
C&D waste can be dangerous5 for the following reasons:
U� they contain a portion of materials considered to be 

hazardous, such as asbestos, lead, tar, adhesives, etc.
U� they can become dangerous after a long period of 

Ì��i����Ì�i�i�Û�À���i�Ì����Ü��V��Ì�iÞ�>Ài���V>Ìi`�>Ã�
the surface reaction between materials and the chemi-
cal agents due to pollution);

U� Ì�iÞ�>Ài�ÃÕL�iVÌ�Ì��Ã«iV�>��V��`�Ì���Ã�ÃÕV��>Ã�Ü��`�
treated with pesticides and the combustion emits 
toxic gases);

U� are contaminated by other hazardous materials, such 
as lead paint.

/�i�`>�}iÀ�ÕÃ�iÃÃ��v�Ü>ÃÌi�vÀ���
E���Ã�`iw�i`�LÞ�Ì�i�
leaching test. It consists of a gradual release of contami-
nants carried out by placing into contact for a set time a 
Ã���`� Ì�i�Ü>ÃÌi]� Ì�i�V��Ì>���>Ìi`�Ã�����À� Ì�i�>ÀÌiv>VÌ� ���
}i�iÀ>�®�Ü�Ì��>��i>V���}�ÕÃÕ>��Þ�>��>µÕi�ÕÃ�Ã��ÕÌ���®]�>�`�
evaluating the concentration of pollution that the waste is 
able to release through percolation. 
Depending on the concentration of certain substances 
considered dangerous, the waste can be transported to 
>� �>�`w��� v�À��>â>À`�ÕÃ�Ü>ÃÌi]� v�À������>â>À`�ÕÃ��À� ��iÀÌ�
waste or transformed into a secondary raw material. 
When it is not possible to remove the hazardous materials 
prior to demolition hazardous because of their placement, 
Ì�i� V��ÃÌÀÕVÌ���� VÀiÜ� Ü���� �>Ûi� Ì�� ÃV�i`Õ�i� >� Ã«iV�wV�
phase for techniques and devices that ensure the safety 
of the workers.
The most common hazardous materials used in construc-
tion are listed below .6

��}°�Ó�Ú�7i�}�Ì�V��«�Ã�Ì�����v�Ì�i�Ü>ÃÌi�>ÛiÀ>}i�¯®
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Product  Prevalent use Treatment / Disposal

Asbestos ,��w�}]�«�«iÃ]�Ì>��Ã]�«�>ÃÌiÀÃ]�Ü>ÌiÀ-
«À��w�}]�iÝ�>ÕÃÌ�«�«iÃ

Controlled conditions of removal for special disposal

Lead Pipes, paints, slabs acoustic insulation Removal and separation for special disposal

Hydrocarbon solvents 
i�i�Ì�>``�Ì�ÛiÃ® Return to supplier / Recycling /
Removal for special disposal

Bituminous solvents 7>ÌiÀ«À��w�}]� >`�iÃ�ÛiÃ]� «�ÌV���}]�
y��À��}

Return to supplier / Pre-disposal treatment/
Removal for special disposal

Isocyanates solvents Adhesives, sealants, resins Return to supplier / Pre-disposal treatment/
Removal for special disposal

Treated wood Boards, beams, elements Reuse/Ricycling

Drywall Partitions, ceilings Return to supplier / Recycling / Removal for special 
disposal

The traditional demolition involves the deconstruction of 
the building without attention to the various product frac-
tions nor the integrity of the components, with the excep-
tion to hazardous materials.
It is fast type of demolition with tools and techniques that 
produce mixed waste.
The waste cannot be recycled due to its excessive hetero-
}i�i�ÌÞ�>�`��Ã�ÌÀ>�Ã«�ÀÌi`�Ì���>�`w��°�
The heterogeneous portion that presents the prevalence 
of a material fraction is transported to the selection facili-
ties. By means of different techniques and variables, de-
pending on the type of waste present, the material frac-
tions that can be recycled are separated and packaged. 
After this, they are transported to the treatment plants.
Depending on the quality of the material, it is recycled to 
produce elements with similar or lower performance re-
quirements.
Selective demolition; however, is a sustainable mode of 
building deconstruction that achieves homogeneous 
groups and preserves the integrity of materials/compo-
nents that convert waste into resources, which make them 
reusable and/or recyclable.
It increases the share of reusable components and recy-
V�>L�i��>ÌiÀ�>�Ã]�>�`�Ã�}��wV>�Ì�Þ�`iVÀi>ÃiÃ�Ì�i�«�ÀÌ�����v�
waste for disposal.
It is a noble practice from an environmental perspective. 
,iÃÌÀ�VÌ���Ã���«�Ãi`����Ì�i��>�`w���>�`��>�`�ÕÃi�i��>�Vi�
the residual performance of materials and components, 
which increases the potential for reuse.This also increases 
the quality of secondary raw materials. It decreases the 
possibility of pollution by recovery or recycling of poor 
quality, such as the cases of soil contamination due to un-
V��ÌÀ���i`�w��Ã�}i�iÀ>Ìi`�LÞ���L��i�VÀÕÃ�iÀÃ°
Both traditional and selective demolitions can be per-
formed using different methods and techniques. 
They are conditioned by machinery, facilities, and tools 
used to carry out the demolition.
The choice of instruments depending on the boundary 
conditions, uses simple or a combination of tools, and 
Ì�i�V�>�}i����Ì�i��À}>��â>Ì�����v�Ì�i�`i����Ì��������Ì��À�
Ã«iV�wV�«�>ÃiÃ®�«À�`ÕViÃ�>�Û>À�>Ì�������Ì�i�«iÀVi�Ì>}i��v�
recoverable materials and components.

The selective demolition, in fact, does not require the use 
�v� Ã«iV�wV]� «Ài`iÌiÀ���i`� ��ÃÌÀÕ�i�ÌÃ� >�`� V��ÃiµÕi�Ì�
methods of demolition. 
Rather implies procedural stages carried out through the 
use of different means, which allow the division of the 
building material into homogeneous categories, and pre-
serves the integrity of the elements. 
Thus it is possible to improve the recovery and recycling.
Therefore, the tools and methods of demolition depend 
on the boundary, structural conditions, and state of pres-
ervation.
The relationship between the demolition tools, solicitation 
or induced action, the advantages and disadvantages is 
shown below.

Selective demolition Traditional demolition

Mixed waste
Separated waste

Inerts

Wood

Steel

Glass

°°°®

Reuse Recycle

Waste selectionTrasport in 
>��>�`w��

Fig. 3 _ Comparison between selective demolition 
             and traditional demolition

Recycle
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Instruments Actions Prevalent use Advantages Disadvantages

Explosive Impact Total 
demolitions

- Speed of execution - Heterogeneous material fractions
- Need of safety of the area.
- Poor versatility
- High pollution

Steel sphere
`�ÃÕÃi`®

Impact Total 
demolitions

- Speed of execution - Heterogeneous material fractions
- Need of ample area
- High pollution

Bucket Impact Total 
demolitions

- Speed of execution
-Mechanical arm with 
high extension
- Top action

- Heterogeneous material fractions
- High pollution

Hammer 
«�iÕ�>Ì�V��À
hydraulic)

Impact Total and 
partial
demolitions

- Good versatility
- Speed of execution

- High mechanical vibrations
- High noise pollution

Hydrodemolition Impact Total and 
partial
demolitions

- High versatility - High cost
- Average time

Expansive 
mortars

Impact Demolitions of 
concrete

- Minimal
   environmental impact

- Poor versatility

Coring machine Impact Demolition of 
large thickness 
and /or against 
ground walls

- High penetration 
  thickness
- Good accuracy
- Average cost

- High noise pollution
- Average versatility

Shears Impact Total and 
partial
demolitions

- Speed of execution
- Lateral action
- Good accuracy

- Mechanical arm with limited height
- Average pollution

Saw 
`�ÃV��À�V�>��®

Impact Partial 
demolitions in 
case of cutting 
of walls.

- High accuracy 
- Low vibration 
- Low pollution of dusts

- Long-time average
- Average cost

Diamond wire Impact Partial or total 
demoliions 
in casse of 
cutting of 
building  

-Discreta accuracy
-Stroke average

- Poor versatility

Pliers Compression Total and 
partial
demolitions

- Speed of execution
- Lateral action
- Good accuracy

- Mechanical arm with limited height
- Average pollution
- Poor versatility

Thermal nozzle 
}>Ã�Ì�ÀV�®

Thermal 
action

Matal cutting - High precision
- No mechanical effects
  in building
- Low environmental 
  pollution

- Poor versatility
- High cost

Manual 
instruments

Impact, cut, 
comprssion

Total and 
partial
demolitions

- High accuracy
- Homogenous and 
  integrates product 
  fraction
����}��yiÝ�L���ÌÞ
- Low environmental
  impact

- Average-long time
- Average costs
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The advantages and disadvantages described in the table 
are generally valid, considering that the demolition takes 
«�>Vi�ÕÃ��}����Þ�Ì�i�Ã«iV�wV�Ì����`iÃVÀ�Li`°
When tools and techniques that increase the speed of ex-
iVÕÌ�����v�̀ i����Ì����>Ài�ÕÃi`]��Ì��Ã���Ài�̀ �vwVÕ�Ì�Ì��V���iVÌ�
homogeneous categories, unlike when the deconstruc-
tion happens with more time. Therefore, the demolitions 
carried out with explosives, the steel ball and the bucket 
have been traditionally used without attention given to the 
possibilities of reuse/recycling of components, while the 
publishing of a deconstruction manual has encouraged the 
development of new life cycles.
Currently; however, we are witnessing a research of com-
bined methods that preserve the integrity of elements and 
the division in homogeneous categories. This in turn in-
creases the rapidity of execution of demolition.
One of the reasons for this attitude can be found in the in-
creasing presence of regulations aimed at reducing waste, 
and consequently, also at the selection of materials.
An extension to the traditional demolition for the need 
to separate materials into homogeneous categories, after 
the demolition or when it is more complex, is also intro-
duced.The act of demolition, in fact, undoubtedly requires 
shorter time in the case of traditional demolition, which is 
generally equal to half compared to selective demolition. 
However, if the evaluation is made as a whole, i.e., the sum 
time for the demolition and sorting and the time between 
the traditional demolition and selective demolition, then 
the time becomes comparable. Consider, for example, the 
��}�ÃÌ�V>��`�vwVÕ�ÌÞ�>�`�Ì�i�Ì��i��ii`i`�Ì��«iÀv�À��>�ÌÀ>`�-
tional demolition. The division from the rest of the debris 
of materials crumbles as easily as the insulation or drywall.
To obtain a quality product from this case, it is necessary to 
transport materials to plants that are provided with equip-
ment capable of separating the materials, with subsequent 
economic and environmental charges.
Therefore, it is clear that the search for selective demoli-
tion methods must combine with the use of mechanical 
hand tools. 
It arises from the need to reduce the timing of the con-
ÃÌÀÕVÌ���� Ã�Ìi� >�`� Ì�i� V�ÃÌÃ� �v� �>�`w��� >�`]� >Ì� Ì�i� Ã>�i�
time, increase the percentage of recoverable materials.
The use of mixed techniques can be used even when the 
LÕ��`��}� �>Ã� Ã�}��wV>�Ì� ÃÌÀÕVÌÕÀ>�� «À�L�i�Ã� Ì�>Ì� Ü�Õ�`�
compromise the safety of workers in the event of decon-
struction phases of the load-bearing part. 
This is the case of the selective demolition, carried out 
in the Municipality of Ocre, a hamlet in the province of  
L’Aquila7 of a post-war building that had been severely 
damaged by the earthquake.
First, they removed the hazardous materials and all-mov-
ing parts: doors, railings, insolation, etc.
Then, there was a controlled demolition with category II 
micro explosives.
Approximately 150 micro explosives, for a total of about 
8 kg, have been used with 80 detonators offset by 25 mil-
liseconds of each other, along with 100 detonating cords.
The area has been restricted and banned for 150 metres 
around the building. The arrangement of micro explosives 
favours subsidence own of the building. The vibration 

were measured with 3 seismographs placed in 3 buildings 
that were closer. The highest value is around 4 mm/s. In-
ternational laws provides that the neighbouring buildings 
bear up to 18 mm/s. 
A sorting on the ground of materials, such as tiles, was 
subsequently carried out, which for safety issues could not 
be previously recovered. In the selective demolition, the 
Ã�Ìi��À}>��â>Ì�����Ã�ÃÌÀ��}�Þ���yÕi�Vi`�LÞ�Ì�i�`�ÃÌ>�Vi��v�
the neighbouring buildings and roads present. In general, 
the need to separately store multiple materials requires 
the presence of appropriate areas and their organization, 
as a function of the phases of demolition and of the quan-

��}°�{�Ú��i����Ì����Ü�Ì��iÝ«��Ã�Ûi�V�>À}iÃ�Ƃ+®
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tity of materials present. In view of the Italian building and 
most used construction techniques, the area of greatest 
dimension will have to be that intended for inert waste. 
/�i�>Ài>Ã�>�`�Ì�i��iÌ��`Ã��v�ÃÌ�À>}i��ÕÃÌ�Li��`i�Ì�wi`�
taking into account the following:
U� the amounts and types of materials,
U� the interference of simultaneous processing,
U� the height of the storage with the aim to prevent tip-

ping and overlapping,
U� the viability of the site and accessibility,
U� the paths for load handling,
U� Ì�i�`�ÃÌ>�Vi� vÀ���«ÀiV>À��ÕÃ� Ã�ÌÕ>Ì���Ã� v�À�iÝ>�«�i�

the edge of the excavations near the building).
With the aim to avoid the double operation of deposit-
ing and subsequent loading for transport, it is possible to 
directly store the demolished materials within roll on/off 
containers. In such a case it is appropriate to consider the 
standard dimensions of containers within the site organiza-
tion. They vary depending on the nominal volume, with a 
maximum value of 40 mc.
While stressing that every building needs a programming 
of the demolition on the basis of the boundary conditions 
Ì��i��v�`i����Ì���]�V���>Ìi]��i�}�L�ÕÀ��}�LÕ��`��}Ã]�iÌV°®�
Ì�>Ì�Ì�i����iÀi�Ì�V�>À>VÌiÀ�ÃÌ�VÃ��c��v�y��ÀÃ]�LÕ��`��}�ÃÞÃ-
tem, % material fraction, etc.) of the same selective demo-
��Ì����>Ài�L>Ãi`����Ã«iV�wV�>�`�«À�}ÀiÃÃ�Ûi�ÃÌ>}iÃ°
ƂÌ�wÀÃÌ]��Ì��Ã��iViÃÃ>ÀÞ�Ì��«À�Vii`�Ì����Ã«iVÌ���Ã�`iÃ�}�i`�
to detect the construction equipment and the evolution/
Û>À�>Ì���Ã��v�Ì�i�Ã>�i�Ü�Ì��ÀiÃ«iVÌ�Ì��Ì�i����Ì�>��V��w}ÕÀ>-
tion. The decomposition technology is indeed necessary 
to identify the modes of demolition to ensure the separa-
tion of homogeneous categories.
The construction equipment is assumed on the basis of the 
time of creation and, consequently, on the assumption that 
Ì�i�LÕ��`��}�Ü>Ã�LÕ��Ì�Ü�Ì��>�Ã«iV�wV�V��ÃÌÀÕVÌ����ÃÞÃÌi�°�
In Italy, especially for the buildings constructed before the 
obligatory deposit under Llaw 10/91, which is not subject 
to historical-artistic restrictions, it is appropriate to pro-
ceed with punctual destructive tests in order to verify the 
correct stratigraphy. That is to plan the demolition and de-
w�i�Ì�i�i�`��v���vi�ÃVi�>À��Ã��v��>ÌiÀ�>�Ã�>VÌÕ>��Þ�«ÀiÃi�Ì�
in the building.
Sometimes the building may have only partially changed. 
The essays do not provide enough information.
For this, the phase programming of demolition, even if 
Üi���`iw�i`]��ÕÃÌ�}Õ>À>�Ìii�ÃÕ�Ì>L�i�yiÝ�L���ÌÞ°����v>VÌ]����
the separation of materials, the lack of attention in one of 
the phases can invalidate the work performed in the previ-
ous steps.
The level of degradation and the residual performance af-
fect the chances of reuse. Preliminary analysis allows the 
planner to attentively evaluate the convenience for the 
integrity of the material. One example of this would be 
a wooden beam whose degradation prevents a structural 
reuse.
Assuming that it is recycled for the production of parti-
cle boards, it will not be necessary to ensure the integrity 
of the beam itself during disassembly, which aids in the 
demolition speed.
According to the ANPAR study, the maximum distance that 

waste has to travel from the place of production to point of 
treatment, with the aim to make this operation convenient, 
is equal to 40 km. 
Therefore, according to the treatments plants present in 
the area, the end-of-life scenarios for the materials can be 
evaluated more expediently, compared to the most com-
����Þ��`i�Ì�wi`��iÌ��`��v�`i����Ì���°
In general the selective demolition must be carried out 
with progression from the top downwards.
Typically, the removal of hazardous materials/components 
before starting demolition must be carried out. First, the 
crew proceeds with the disassembly of internal mobile 
components that can be removed “without destruction,” 
such as doors, radiators, switches, sockets, sanitation, etc., 
and disassembly of the external components of similar na-
ÌÕÀi�>Ã�Ã�ÕÌÌiÀÃ]�wÝÌÕÀiÃ]�}ÕÌÌiÀÃ°�/�i���Ì�«À�Vii`Ã�Ì��Ì�i�
Ài��Û>���v�Ì�i�y��À��}Ã�>�`�Ì��iÃ°�/�i��iÝÌ�«�>Ãi���Û��ÛiÃ�
the demolition of internal partitions, the cover and the ex-
ÌiÀ�>��V�>``��}�>�`�y��ÀÃ°�/�iÃi�«�>ÃiÃ�>�Ã��«À�Vii`�Ì��
the progressive demolition of the plants, whose pipes pass 
in the wall. At the end, the supporting structure and foun-
dations are demolished.
There is a relationship between the integrity of the com-
«��i�ÌÃ�>�`�Ì�i�ÃÌ>}iÃ��v�`i����Ì���°��Ì�Ã�>���Li�Ì>�i��wÀÃÌ�
to the deconstruction of the parties whose members can 
remain intact and after, while remaining high homogeneity 
within the categories, which progressively decreases the 
integrity level of the elements.
The attention to the relationship between the phases of 
demolition and the integrity of the materials/components, 
ensures second raw materials of a good quality.
The integrity of the components depends on the tech-
nique of the deconstruction, the construction system and 
on the materials used.
For example, a masonry built with solid bricks, theoreti-
cally can be broken without attention to the integrity of 
the elements, i.e. through shock leading to crushing of the 
elements and obtaining a material mixture of bricks and 
mortar. It can also be deconstructed by manually removing 
the individual elements and obtaining two distinct product 
fractions and reusable bricks. 
The latter method is usable only when the mortar does not 
�>Ûi�Ì�i�wÀ��iÃÃ�Ì��«ÀiÛi�Ì�Ì�i�Ãi«>À>Ì����LiÌÜii��Ì�i�
elements.

Fig. 5 _ The relationship between the phase of demolition 
             and the integrity of the elements
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"�i��v�Ì�i�wÀÃÌ�ÕÀ�«i>��iÝ>�«�iÃ��v�Ãi�iVÌ�Ûi�̀ i����Ì����
was carried out as part of the recovery of the “Residenze 
Taviel” in Saint Omer in France8. The complex was built in 
the 16th century to accommodate a hospital for women in 
need. In the 17th century it was transformed into a prison 
until 1990. In 1997, it was recovered and turned into 49 
social houses, with the aim of repopulating the city centre. 
The project of Grobelny and Carlier, keeps the volume of 
the building complex, but the perimeter wall was demol-
ished to make a garden.
The contractor was a laboratory of social reintegration. 
/��ÀÌÞ�wÛi� «i�«�i� Ü�À�i`� ��� Ì�i� `iV��ÃÌÀÕVÌ���� �v� Ì�i�
complex by recovering and making an inventory of the 
following material: electrical wiring, ducts, copper pipes, 
Ü��`i��y��ÀÃ�>�`�ÌÀÕÃÃiÃ°�/�i� ��Ûi�Ì�ÀÞ�>�Ã��iÃÌ��>Ìi`�
1.2 million bricks, of which 30% remained intact after the 
deconstruction operations. 4,000 bricks were reused in the 
reconstruction project and the remaining were sold.
The cost of deconstruction was 350,000 FTTC. The recov-
ered materials include: 89,000 yellow bricks, 310,000 red 
bricks, 17 trusses, 483 metres of elm planks and beams, 
8.5 cubic metres of different wood, 19,350 units of slate, 
ÓxÓ�ÃµÕ>Ài��iÌÀiÃ��v�ÃÌ��i�y��À��}]�i�iVÌÀ�V>��>�`�Ã>��Ì>ÀÞ�
material.
Another selective demolition was carried out within the re-
construction of the Centre for the elderly in Porretta Terme, 
which was the former Ferrohotel. It was made by the CISA 
in agreement with the city municipality9. It was built in the 
1970’s and was used as a dormitory for staff FF.SS. 
The building consisted of residential modules composed 
of rooms with an attached bathroom and the building in-
V�Õ`i`�>��iââ>���i�v�À�V������ÃiÀÛ�ViÃ� Ì���iÌ]���ÌV�i�]�
`����}��>��®����Ì�i�wÀÃÌ�y��À°�/�i�«�ÌV�i`�À��v��Ã�>ÃÞ��iÌÀ�-
cal. 
The project provides for distribution of the Senior Centre 
���Ì�i�wÀÃÌ�y��À�Ü�Ì��>��iÝÌi�Ã����v�À�ÃiÀÛ�Vi���V>�Ã°�

��ÃÌÀÕVÌ����«�>�Ã�v�À�Ì�i�wÀÃÌ�y��À�Ü����Li�Ì�i�V��ÃÌÀÕV-
Ì�����v��vwViÃ�v�À�Ì�i���V>Ì���Ã��v�VÕ�ÌÕÀ>��>ÃÃ�V�>Ì���Ã°
The project, carried out in 2007, provides numerous inter-
ventions aimed at a new spatial distribution, seismic ad-
�ÕÃÌ�i�ÌÃ�>�`���«À�Û��}�i�iÀ}Þ�ivwV�i�VÞ]�L�Ì�����ÌiÀ�Ã�
�v�«�>�ÌÃ�«�>�Ì�Õ«}À>`iÃ�>�`�ÕÃ��}�Ài�iÜ>L�i�i�iÀ}Þ�Ài-
Ã�ÕÀViÃ®�>�`���ÕÃ��}�iÝÌiÀ�>����ÃÕ�>Ì�����v�Ì�i�«iÀ��iÌiÀ�
Ü>��Ã�>�`���ÃÕ�>Ì�����v�Ì�i�>ÌÌ�V�y��À®°
The demolition of all internal dividers and plasters, as well 
as demolitions of gates for opening new entries and re-
moval of existing plants. 
The selective demolition of the building required a pro-
grammed organisation of the site, with the aim of tempo-
rarily storing the material for homogeneous categories to 
facilitate the start for reuse/recycling. 
The demolition stages took place in a planned order for 
the building, with the purpose of optimizing the times to 
simultaneously recover materials present. 
From the month of November, they concurrently per-
formed demolition works and structural adjustments, while 
working on different portions of the building. 
The following list shows the order of operations involving 
only the selective demolition.
     

��}°�È�Ú�,iÃ�`i�âi�/>Û�i�]�`iV��ÃÌÀÕVÌ����v�À�i>V��y��À

Fig. 7 _Residenze Taviel, manual deconstruction of the wall

Fig. 8 _ Residenze Taviel, manual cleaning of the bricks

Fig. 9 _ Centro Porretta Terme, aggregate storage area
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 c Processing Euros

1 Removal of plants  present in the area. 240,00

2 Demolition of the steel portal and 
removal of the tank.

---

3 Removal of the electrical equipment 
V>L�iÃ]�ÃÜ�ÌV�iÃ]���}�Ì
wÝÌÕÀiÃ]�V�>�`i��iÀÃ]�iÌV°®

---

4 Removal of doors and interior sub-
frames.

3200,00

5 ,i��Û>���v�L>Ì�À����wÝÌÕÀiÃ° 2014,00

6 Removal of radiators. 1650,00

7 Removal of central heating installation. 380,00

8 Demolition of internal masonry. 16544,00

9 Demolition of internal ceramics liners. 1064,25

10 �i����Ì���� �v� y��ÀÃ� >�`� ÃÕLÃÌÀ>Ìi�
bedding.

5250,00

11 Removal of pipes of water-sanitary 
systems and of heating.

---

12 Cutting the sandstone pallets. 120,00

13 Elimination of interior plaster. 16181,44

14 Demolition of the outer sandstone 
coverings.

1584,00

15 Demolition of the lower outer wall in 
concrete blocks.

1363,00

16 Demolition of the external steps, 
landing, and guard.

520,00

17 Demolition of the chimney. 750,00

18 �i����Ì�����v�Ó�wLiÀ}�>ÃÃ�L�ÝiÃ° ---

19 *>ÀÌ�>�� `i����Ì�����v� Ì�i�iÝ�ÃÌ��}�y��À�
in beams type Varese and hollow clay 
tiles for structural adjustment.

---

20 Removal of roof covering in tiles of 
sandblasted.

---

21 Elimination of external plaster. ---

22 "«i���}��À���`�wV>Ì�����v��«i���}Ã° ---

23 Complete removal of the exterior 
doors.

---

24 "«i���}��À���`�wV>Ì�����v��«i���}Ã° ---

25 *>ÀÌ�>��`i����Ì�����v�iÝ�ÃÌ��}�y��ÀÃ° ---

Fig.10 _ Centro Porretta Terme. Within some walls, glass 
wLÀi���ÃÕ�>Ì�����Ã�«ÀiÃi�Ì]�Ü��V��Ü>Ã���Ì�Ãii�����
the survey carried out in the preliminary phase.

��}°� ££� Ú� 
i�ÌÀ�� *�ÀÀiÌÌ>� /iÀ�i°� �i����Ì���� �v� y��À��}�
>�`�ÃÕLy��À�Ü�Ì��>��>V��>��iÀ°

Fig. 12 _ Centro Porretta Terme. Reuse of the joists in the 
new horizontal structure
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An important project from a methodological point-of-view 
is the European project VAMP10�6>��À�ââ>â���i��>ÌiÀ�>���i�
Prodotti di Demolizione) that was created between 1990 
and 2000. The project manages waste from C&D, which 
helps companies to locate the destination of materials and 
waste components and to select recycled materials to be 
used in the site that have been offered by other compa-
nies. As a result, companies or individuals can receive free 
software from the online registration to identify potentially 
reusable materials and components and draw up a plan to 
demolish. 
The software is connected with the database, which helps 
to identify where to take the materials and the compo-
�i�ÌÃ�«ÀiÛ��ÕÃ�Þ��`i�Ì�wi`°�
ƂvÌiÀ�`iw���}� Ì�i�LÀi>�`�Ü���v� Ì�i�LÕ��`��}]� Ì�i�iÛ>�Õ-
ation of residual materials/components is carried out ac-
V�À`��}�Ì��wÛi�V�>À>VÌiÀ�ÃÌ�VÃ�11:
U� functionality: the capacity of the component to meet 

the typical functional performance that does not dis-
tinguish the nature of its own function;

U� appearance: analysis of the surface to verify the pres-
ence of degradation no higher than those caused by 
normal wear;

U� geometry: analysis of the changes and deformations 
of the geometrical characteristics which must not be 
greater than those caused by normal wear;

U� merit: analysis on the “antiquity” and marketability of 
the element;

U� evaluation for aggregate component: a rough evalua-
tion that takes into account both the component in its 
>}}Ài}>Ìi�v�À��i°}°]����>�Ü>���Ì�i�Üi>Û��}®]�>�`�Ì�i�
Ã��}�i�i�i�i�Ì�����ÌÃ�`�Ã>}}Ài}>Ìi�v�À��i°}°����>�Ü>��]�
the single brick, to which the residue performance cri-
teria is applied as set forth in the remaining cards).

Thus it is possible to assess the stages of demolition ben-
iwÌÌ��}�Ì�i�V��«��i�ÌÃ�Ì�>Ì��>Ûi�Ì�i���}�iÃÌ�ÀiÃ�`Õ>��«iÀ-
formance.
From an operational point of view, the work done by the 
group Rotor12, is relevant. Since 2005, Rotor has analysed 
Ì�i� y�ÜÃ� �v� Ü>ÃÌi� vÀ��� V��ÃÌÀÕVÌ���� >�`� `i����Ì���� ���
Brussels, conducting analysis on about n.80 construction 
Ã�ÌiÃ°�/�i�ÃÌÕ`Þ��Ã�>��i`�>Ì�`iw���}�Ì�i�«À>VÌ�ViÃ��v�ÀiÕÃi°�
In fact, Belgium, boasts good recycling practices, but the 
latter is a partial answer to the problem of unsustainable 
waste. Recycling operations often require a considerable 
input of resources, along with the loss of intrinsic and pri-
mary properties of the material. 
The Rotor group study places the focus on conditioning 
that the time of demolition/construction has on the adop-
tion of a correct methodology of deconstruction. 
In fact, the need to begin the rebuild in a short time often 
comes at the expense of a demolition that is attentive to 
reuse of materials. 
Some experiences in the United States, for example, show 
that legislation enables the activities of dismantling before 
obtaining the demolition permit favouring the recovery of 
higher quality materials. 
In addition, they analysed scenarios for end-of-life materi-
als mainly used in construction with attention to the spe-
V�wV�>Ài>�V��`�Ì���Ã°

Fig. 15 _Storage after deconstruction performed by the   
Rotor group

Fig. 14 _ Centro Porretta Terme. Removal of plaster on 
the outer portion of the wall, where the building 
expansion was made.

Fig. 13 _ Centro Porretta Terme. Removal of the roof 
covering, which is necessary to isolate and 
waterproof the roof. The tiles are stacked on the 
roof and then reassembled.
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Fig. 17 _Front view of building located in Massamagrell

Fig. 18 _Rear view of building located in Massamagrell

Fig. 16 _Storage of  doors inside the deposit of 
MERCADERRIBO company located in Valencia

3.3 _ Case study: experimentation
         in the Valencian Community13

Currently, new organisations can recognize the evolution 
of the concept of selective demolition.
An investigation in Spain, for example, found a recon-
w}ÕÀ>Ì���� �v� V��ÃÌÀÕVÌ���� V��«>��iÃ� Ü�Ì�� >� «>ÀÌ�VÕ�>À�
i�À�V��i�Ì��v� Ã����Ã� Ì�>Ì�i��>�Vi`� Ì�i�iV�����V�Li�iwÌ�
of material reuse. The companies that deal with the de-
construction, in fact, also open a niche market of products 
derived from demolition. This is going to build a “short 
chain,” where products of demolition, generally carried 
out in the territories of belonging to the enterprise, are 
stowed in local stores so as to limit the impact of transport. 
It sets up an innovative approach that helps to offset the 
economic limits of the selective demolition, which triggers 
types of materials and components in a new local green 
economy. Spanish legislation has certainly contributed to 
the development of the market for secondary raw materi-
>�Ã� LÞ� ��VÀi>Ã��}� Ì�i� �>�`w��� V�ÃÌÃ°� ƂVV�À`��}� Ì���>À�iÌ�
«À�ViÃ�«À�Û�`i`�����6�Óä£x��v�6>�i�V�>]�V�>À}iÃ�Ì���>�`w��Ã�
of undifferentiated material amounted to about double of 
charges of homogeneous categories.
The legislation has also stimulated practices of building 
regeneration, which sometimes require obligatory inter-
ventions of demolition. The Real decree 8/2011 requires 
a technical inspection in buildings with antiques over 50 
years old and, depending on the conditions of degrada-
tion detected, must carry out recovery works more or less 
relevant.
A selective demolition in the village of Massamagrell, 
near Valencia, had been carried out14, using deconstruc-
tion techniques in order to guarantee the resale of the 
materials by the same company in the near village of La 
Pobla de Farnals, located at a distance of about 1.5 km. 
The building, constructed around 1930, is spread over two 
y��ÀÃ�>�`��>Ã�>�v��Ì«À��Ì��v�nä�ÃµÕ>Ài��iÌÀiÃ�Ü�Ì��>�v>Vi�
width of 6 m. With the neighbouring buildings it formed a 
continuous front and shared the two side walls with them. 
The presence of a continuous front was a further incen-
tive for the demolition manual, because it increased the 
safety of neighbouring buildings. The initial phase of the 
demolition contained the performing of tests for identify-
ing the construction equipment and the presence of criti-
cal issues in order to secure the safety of the operation. In 
particular, the wooden beams were punched with a steel 
shaft to verify the integrity and the absence of biological 
degradation. The vertical closures were made with plas-
tered solid bricks, the intermediate horizontal closure was 
made with wooden beams with laterally nailed wooden 
elements supporting brick vaults, which act as formwork 
v�À�Ì�i�V��VÀiÌi�w����}°�ƂL�Ûi��Ì]�`iV�À>Ìi`�y��À�Ì��iÃ�ÜiÀi�
placed. The pitched roof was made of wooden beams 
with wooden joists that support the bricks and roof tiles. 
A false ceiling made of local woven reeds was hung at the 
wooden beams. Interior partitions were made of plastered 
solid-cut bricks.
"�� Ì�i� wÀÃÌ� y��À]� Ì�i� «ÀiÃi�Vi� �v� ÌÜ�� >``�Ì���Ã� >``i`�
later, that at the time of demolition, were dangerous, due 
to the low anchoring with the original building.
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Fig. 19 _Demolition of internal partitions with a hammer

Fig. 20 _Demolition of the additions.

Fig. 21 _Initial phase of dismantling the roof.

After the preliminary tests, the demolition was made ac-
V�À`��}�Ì��Ã«iV�wV�ÃÌi«Ã]�����À`iÀ�Ì���«Ì���âi�Ì�i�Ì��i�>�`�
to ensure the safety of the workers.
First, the external components of the electrical system 
ÃÜ�ÌV�iÃ]� Ã�V�iÌÃ� iÌV°®]� ��ÌiÀ��À�`��ÀÃ� >�`�L>Ì�À����wÝ-
ÌÕÀiÃ� Ã���Ã]� Ì���iÌÃ�iÌV°®�ÜiÀi�Ài��Ûi`°� iÝÌ�Ì�i��À�}��>��
y��À��}]� V��Ã�ÃÌ��}� �v� Vi�i�Ì� Ì��iÃ]� Ü>Ã� Ài��Ûi`°� /�i�
presence of mortar on one side of the tiles made them 
easily reusable. After the transport to storage, the tiles 
were cleaned. Moreover, the historical importance of the 
tiles designates a higher market value and greater rev-
enue for the company. Subsequently, the false ceiling of 
the horizontal closure was disassembled. The reeds were 
piled separately to be delivered to another company that 
handles recycling.
Later, the company proceeded to create holes in the inter-
mediate horizontal closure, taking care not to damage the 
wooden beams. The holes were aimed to place the un-
differentiated debris, arising from demolition in the lower 
level. The next step entailed the demolition of the interior 
Ü>��Ã��v�Ì�i�Õ««iÀ�y��À�ÕÃ��}��>��iÀÃ°
The recovery of the bricks occurred only partially due to 
Ì�i� `�vwVÕ�ÌÞ� �v� �>�Õ>��Þ� `i����Ã���}� Ì�i� Ü>��� Ü�Ì��ÕÌ�
causing their destruction and for the time needed to clean 
the mortar and plaster on all sides, which made it not con-
venient from an economic view. Therefore, the solid bricks 
were recovered only when they contained mortar on one 
Ã�`i°�"�Vi�Ì�i�`iLÀ�Ã�vÀ���Ì�i�y��À�Ü>Ã�V�i>Ài`]�Ì�i�`i�-
���Ì�����v�Ì�i�ÌÜ��>``�Ì���Ã�Ì�>Ì�Ì�iÀi�ÜiÀi����Ì�i�wÀÃÌ�y��À�
became possible.
The danger of the additions made the operators pay at-
tention to safety by preparing harnesses connected to 
Ì�i� ÃÌÀÕVÌÕÀ>�� i�i�i�ÌÃ��v� Ì�i�LÕ��`��}°� /�i�wÝÌÕÀiÃ� >�`�
Ü��`i��Ã�ÕÌÌiÀÃ�ÜiÀi�wÀÃÌ�Ài��Ûi`°�/�i��Ì�i�À��v��>`i�
�v� ÃÌii�� Ã�iiÌ� «>�i�ÃÆ� w�>��Þ]� Ì�i� Ü>��Ã� �>`i� �v� �����Ü�
bricks were demolished. The demolition of the walls to the 
additions was made by overturning their planes, which was 
encouraged by the mechanism already in place.
After the previous demolitions, scaffolds were mounted to 
the roof. An opening in the roof was made to facilitate 
access. Starting from the outermost layer, the ducts, tiles, 
bricks, wooden joists, wooden beams and ridge beam 
were removed. All components were recovered. After re-
��Û��}� Ì�i� À>����}Ã���� Ì�i�wÀÃÌ�y��À]� Ì�i�Õ««iÀ��>Ã��ÀÞ�
facade was demolished. Even in this case, the same con-
Ã�`iÀ>Ì���Ã�ÜiÀi��>`i�Ài}>À`��}�Ì�i�`�vwVÕ�ÌÞ��v�Ì�i�ÀiÕÃi�
for the bricks that constituted the internal partitions.
ƂÃ� Ì�i�`i����Ì�����v� Ì�i�wÀÃÌ� y��À�i�`i`]� Ì�i� V��«>�Þ�
then proceeded tto the progressive deconstruction of the 
intermediate horizontal closure, starting from the most dis-
Ì>�Ì�«>ÀÌ�vÀ���Ì�i�ÃV>�i°���À�Ì�i�}À�Õ�`�y��À]�Ì�i�`i����-
tion process was similar, namely the steps for the decon-
ÃÌÀÕVÌ�����v�Ì�i���ÌiÀ�>��«>ÀÌ�Ì���Ã]�Ì�i�Ài��Û>���v�wÝÌÕÀiÃ]�
windows, and the walls, both scale and perimeter.
"��Ì�i�}À�Õ�`�y��À]�Ì�iÀi�ÜiÀi�Ü>��Ã�Ü�Ì���iÜiÀ�Ì��iÃ°�/�i�
non- historicity of these elements, and the strong anchor-
ing of mortar, did not make had the reused convenient in 
terms of time.
With the demolition of the walls, the pipes were separated 
from debris. They can be reused when intact. Otherwise, 
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��}°�ÓÓ�Ú�i����Ì�����v���ÌiÀ�i`�>Ìi�y��À

Fig. 23 _Debris removal with mechanical means

Fig. 24 _Area after the demolition

they are recycled. The demolition was carried out com-
«�iÌi�Þ�ÕÃ��}�����i�iVÌÀ�V��>�`�Ì���Ã��>��iÀ]�Ã>Ü]�V��Ãi�]�
iÌV°®Æ����Þ�Ì�i�Ài��Û>���v�Ì�i�ÃÌÀ>�`i`�̀ iLÀ�Ã�V��Ã�ÃÌ��}��v�
bricks, mortar and plaster) had been made using mechani-
cal tools at the end of the demolition.
The small size of roadway and the shape of the lot neces-
sitated the progressive transport of recovered materials 
from the deposit of resale of the company, because the 
piling of the construction material was possible only for a 
limited amount.
The materials that can be reused are listed below: 
U� n. 1700 solid bricks 25x25x12 cm, 
U� n.1800 roof tiles, 
U� n.270 solid bricks 5x25x12 cm, 
U� n.900 decorated  cement tiles 20x20x2 cm, 
U� Ó°{��V� Ü��`i�� Li>�Ã� Ü�Ì�� ÃiVÌ���� £ÇÝÇ� V�� À��v®�

>�`�Ü�Ì��ÃiVÌ����ÓÓÝÇ°x�y��À®]�
U� 210 ml of wooden joist with section 6x3 cm, 
U� 0.5 cubic meters of wooden beams with section 17x25 

cm, 
U� n.2 window with two wooden door leaves, 
U� n. 1 wooden door with two door leaves, 
U� n.1 wooden door with one door leave,
U� n. 2 wooden windows with two door leaves, 
U� n.3 wrought iron railings.
/�i�>��Õ�Ì��v��>ÌiÀ�>��`�Ã«�Ãi`��v�>Ì�Ì�i��>�`w���Ü>Ã����Þ�
about 85 cubic meters.
Therefore, 22%15 of the materials resulting from selective 
demolition can be reused, with the remainder given to the 
�>�`w��°� ,iVÞV���}� ÃVi�>À��Ã� Ü���� Li� V��Ã�`iÀi`� `i«i�`-
ing on the quality and homogeneity of the material frac-
tion. The amount of demolition time made with two skilled 
workers totalled 7 working days.

Economic assessment16

The selective demolition has reduced the quantity of 
�>ÌiÀ�>�� ��� Ì�i� �>�`w��� nx� VÕL�V��iÌÀiÃ®]� V��Ã�ÃÌ��}� �v� >�
homogeneous material fraction attributable to CER code 
170100.
/�i�ÌÀ>�Ã«�ÀÌ�>�`��>�`w���V�ÃÌ��v�Ì��Ã��>ÌiÀ�>�� �Ã�>««À�Ý�-
mately 820 euros. If a selective demolition is carried out 
>�`�Ì�i��>ÌiÀ�>�Ã�>Ài���Ì�ÀiÕÃi`�LÕÌ��>�`w��i`]�Ì�i�i�`��v�
life cost amounts to almost 1050 euros.
Finally, if a traditional demolition is performed, without 
separation of the materials in homogeneous fractions, the 
�>�`w���V�ÃÌ�v�À�£ä��VÕL�V��iÌÀiÃ��v�Ü>ÃÌi��Ã�>««À�Ý��>Ìi-
ly 1800 euros. In addition to these costs, the cost of the 
workers and machinery rental must be added. In the case 
of a selective demolition we have to consider 1 site direc-
tor and 2 skilled workers for 7 working days and the rent 
of a bulldozer for 4 hours, for a total of about 3050 euros.
Unlike in case of a traditional demolition, we have to con-
sider the cost of 1 site director and 2 skilled workers for 2 
working days, the rent of an excavator with hammer for 1 
working day and the rent of a bulldozer for 1 working day; 
the cost is approximately 2000 euros. Similar processing 
V�ÃÌÃ� v�À� L�Ì�� Ì�i� `i����Ì���� ÃÕ««�Þ� >�`� ��ÃÌ>��>Ì���� �v�
yard fencing, signage etc.) are approximately 250 euros.
The total company cost for the selective demolition case 
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amounts to 4090 euros, while the same demolition made 
with traditional method costs 4050 euros. The traditional 
demolition and selective demolition have a comparable 
cost. However, we have to consider that in the traditional 
demolition, the time gained by the company can be used 
in other jobs. The resale of materials will help to recover 
the full costs incurred for the selective demolition and to 
obtain a greater gain. Considering the market value of 
these materials in the territory near Valencia, the selective 
`i����Ì����«À�`ÕViÃ�>�«À�wÌ�}>����v�>L�ÕÌ��Î¯�V��«>Ài`�
to the earnings obtained from the traditional demolition. 
This gain offsets the extra time required for the selective 
demolition, which amounts to 5 days.

Environmental assessment17

The selective demolition causes an environmental damage 
approximately equal to 3.3 tons CO2-eq, including 1 ton 
CO2-eq for the transport of materials to storage and the 
�>�`w��]�>L�ÕÌ�ä°{�Ì��Ã�
"Ó�iµ�v�À�Ì�i�ÕÃi��v�Ì�i�LÕ��`�âiÀ�
���Ì�i�w�>��«>ÀÌ��v�`i����Ì���]�>�`�>���ÃÌ�£°��Ì��Ã�
"Ó�iµ�
ÀiÃÕ�Ì��}�vÀ���Ì�i��>V���v�ÀiÕÃi�>�`�Ì�i��>�`w����}��v�nx�VÕ-
L�V��iÌÀiÃ��v��>ÌiÀ�>��LÀ�V�Ã]���ÀÌ>À]�>�`�«�>ÃÌiÀ®°�7i�V>��
also consider the environmental damage that results from 
the need of to produce new materials, since the recovered 
�>ÌiÀ�>�Ã� �>Ûi�Lii�� ÌÀ>�Ã«�ÀÌi`� Ì�� Ì�i� �>�`w��]�Ü��V�� �Ã�
approximately equal to 37 tons CO2- eq.
The environmental damage from a traditional demoli-
tion of the same building; however, would approximately 
amount to 6.3 tons CO2-eq. Included within that total 
is 1.2 tons CO2-eq for the transport of materials in the 
ÃÌ�À>}i�>�`����Ì�i��>�`w��]�>L�ÕÌ�Ó°n�Ì��Ã�
"Ó�iµ�v�À�Ì�i�
ÕÃi��v��>V���iÀÞ����Ì�i�`i����Ì����LÕ��`�âiÀ]�`i����Ì����
hammer, and demolition grab) and about 2.3 tons CO2-
iµ�V>ÕÃi`�LÞ�Ì�i������ÀiÕÃi�>�`�Ì�i��>�`w����}��v�>L�ÕÌ�
109 cubic metres of materials. We can also consider the 
environmental damage resulting from the production of 
the same amount of material that is not reused, which is 
approximately equal to 48 tons CO2 eq.
Therefore, if we consider the environmental damage re-
sulting from the demolition, the transport and the land-
w����}]�Ì�i�Ãi�iVÌ�Ûi�`i����Ì�����>Ã�>���ÜiÀ�i�Û�À���i�Ì>��
impact of 47.6% versus the same demolition, if it is com-
pleted in the traditional way. In this case, the portion of 
materials that cannot be reused is produced ex novo, us-
ing materials that perform the same function as discarded 
materials, but that are more sustainable in accordance 
with the techniques currently used. Otherwise, if it is as-
sumed that both in the case of selective demolition and 
traditional demolition, that the portion of materials cannot 
be reused is identically produced ex novo, the selective 
demolition has a lower environmental impact of approxi-
mately 25.8% compared to the traditional demolition of 
the same building.
For a comparative purpose, we also consider the case 
where we proceed to remove the plaster in the walls and 
manually deconstruct the brick by gradual removal of the 
mortar from the top to the bottom of the wall. Even in the 
case of a demolition with entirely manual techniques that 
require a longer lead time, we have to consider that the 
percentage for the integrity of the bricks is equal to 60%.

Ideal selective 
demolition

Real selective
demolition

Traditional 
demolition

Fig.25 _ Environmental impact including machinery, 
ÌÀ>�Ã«�ÀÌ�Ì��Ì�i��>�`w����À�ÃÌ�À>}i�>�`�`�Ã«�Ã>�°

Fig.26 _ Environmental impact including machinery, 
ÌÀ>�Ã«�ÀÌ� Ì�� Ì�i� �>�`w��]� ÃÌ�À>}i]� `�Ã«�Ã>� and 
the new production of the materials that cannot 
be reused.

Traditional 
demolition

Real selective
demolition

Ideal selective 
demolition

The time required for the demolition, in this case, is 
approximately equal to 25 working days with 2 skilled 
workers.
The environmental impact of an ideal selective demoli-
tion that completely saves the building materials, even 
if the execution time is greater, amounts to 2.3 tons 
CO2-eq, for which about 0.6 ton CO2-eq for the trans-
«�ÀÌ��v��>ÌiÀ�>�Ã����Ì�i�ÃÌ�À>}i�>�`����Ì�i��>�`w��]�>L�ÕÌ�
0.5 ton CO2-eq for the use of mechanical equipment 
in the deconstruction, about 1.2 tons CO2-eq caused 
LÞ� Ì�i� ����ÀiÕÃi� >�`� Ì�i� �>�`w����}� �v� >L�ÕÌ� Î{� VÕ-
bic metres of material consisting of bricks, mortar and 
plaster. If we consider the new production of materials 
that cannot be reused, the environmental impact of this 
production is approximately 22 tons CO2-eq.
Therefore, considering only the impact of demolition 
>�`� �>�`w����}]� Ì�i� �`i>�� Ãi�iVÌ�Ûi� `i����Ì���� Ü��V��
almost completely reuses the materials) has a lesser 
environmental impact by about 30.3%, compared to 
the selective demolition performed. It also has a lower 
environmental impact of about 63.5%, in contrast to 
traditional demolition.
Otherwise, considering the impact of the new produc-
tion of non- reusable materials, the demolition, and the 
�>�`w����}]�Ì�i��`i>��Ãi�iVÌ�Ûi�`i����Ì�����>Ã��iÃÃ�i�Û�-
ronmental impact of about 39.7% than the performed 
selective demolition and a lower environmental impact 
of about 55.3% compared to traditional demolition.
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The convenience of selective demolition
The assessments illustrate the cost-effectiveness and envi-
ronmental impact of selective demolition.
The economic convenience is strongly increased by the 
resale of the material. Consequently, the development of 
a market for reused materials is a prerequisite for encour-
aging voluntary mechanisms of selective demolition. It is 
clear that the price of reused materials has to be competi-
tive with the price of new materials, including the cost of 
transportation and any cleaning or reconditioning. For ex-
ample, the resale of hand-painted ceramic tile that has a 
historic-artistic value can be sold at a price even higher 
than an industrially manufactured tile that is normally pre-
sent on the market. Therefore, the cost of cleaning is com-
pensated by the historical and artistic value. The resale of 
used industrially manufactured tiles without a particular 
value has to be a lower price than the same product that 
is new. The cost of cleaning, especially when the mortar 
is present on more than one side, is often greater than 
the new production cost of the component, resulting in a 
lack of convenience for the resale. Also, in the described 
example, the execution of the demolition in a site that is at 
a distance of 1.5 km from the resale storage minimizes the 
incidence of the transport costs on the resale price.
Therefore, the development of a market of reused materi-
>�Ã�>�`�ÃiV��`>ÀÞ�À>Ü��>ÌiÀ�>�Ã��Ã���yÕi�Vi`�LÞ�Ì�i�V�ÃÌ��v�
these new materials, by the cost of reconditioning opera-
tions and by historical or artistic value.
The selective demolition is itself a noble, sustainable ac-
tion because it allows us to recover or recycle the materials 
>�`�Ài`ÕVi�Ì�i� ��«>VÌ��v� ÌÀ>�Ã«�ÀÌ�>�`� �>�`w���`�Ã«�Ã>�°�
The environmental convenience comes mainly from the 
lack of necessity to produce new materials due to reuse of 
the same materials. Higher is the recovered fraction and 
greater is the convenience of reuse. In the described ex-
ample, the environmental convenience is increased by re-
ducing the impact of transport from the site of demolition 
to the place of reconditioning and resale or by limiting the 
interventions to a local level.
Although some materials are not reused because faster 
manual demolition techniques are prioritized. The homo-
geneity of the fraction allows for the acquisition of second-
ary raw material of good quality through recycling.
Assuming the need for the building regeneration, based 
on policies aimed at reducing the consumption of land 
and resources, in some cases, it is necessary to do a partial 
or total demolition.
The achievement of a balance between affordability and 
sustainability, as in the case of described selective demoli-
Ì���]��Ã�Ì�i�wÀÃÌ�ÃÌi«����i�V�ÕÀ>}��}�Û��Õ�Ì>ÀÞ��iV�>��Ã�Ã�
for the reuse of materials. This will trigger honourable pro-
ViÃÃiÃ]�L�Ì�����Ì�i�wi�`��v�`i����Ì����>�`����Ì�i��>À�iÌ��v�
building materials.
The strength of the described process is the dependence 
of the economic and environmental convenience from 
operating at the regional level, thus causing progressive 
urban regeneration in the contemporary development of 
a local sustainable supply chain based on closed cycles of 
matter.
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PHASe 3_ SPecIfIc AnALytIcAL LeArnIng PHASe. 
cHArActerIzAtIon of wASte eLementS ArISIng 
from tHe SeLectIve demoLItIon of SAfety SyStemS 
In L’AquILA.

/�i� Ì��À`� «�>Ãi� �Ã� >L�ÕÌ� Ì�i� Ã«iV�wV� V>Ãi� �v� ÀiLÕ��`��}�
��� �½ƂµÕ��>]� Ü��V�� V��Ì>��� Ì�i� `iw��Ì���� >�`� >�>�ÞÃ�Ã�
of systems used for the safety of damaged buildings. 
The quantitative data, needed to assess the extent of 
the problem, are derived from the costs incurred by the 
government for safety operations in the entire area around 
Ì�i� Ãi�Ã��V� VÀ>ÌiÀ°� /�i� ÃÞÃÌi�Ã� >Ài� V�>ÃÃ�wi`� >VV�À`��}�
to the contrasting mechanisms, which are important in 
the reconstruction for the proper coordination between 
disassembly and consolidation operations. Then we 
analyse the construction systems used and identify the 
dimensional characteristics and weight of all the elements 
that compose them. The availability of an abacus of 
reference allows us to quickly locate properties of 
elements and design reuse according to them. For each 
type of system used, assessments are made in reference to 
ÀiÛiÀÃ�L���ÌÞ]�yiÝ�L���ÌÞ�>�`�i>Ãi��v�>ÃÃi�L�ÞÉ`�Ã>ÃÃi�L�Þ°�
��� >``�Ì���� Ì�� «À���Ì��}� Ì�i� V�ÀÀiVÌ� �`i�Ì�wV>Ì���� �v�
disassembly, this data is used to decide whether to reuse 
the construction system and its elements in the manner 
of origin, i.e. the function for which they were originally 
«�>Vi`����Ì�i��>À�iÌ��À�Ü�iÌ�iÀ�Ì��w�`���Ài�V��«>Ì�L�i�
Ü>ÞÃ�Ì��ÀiÕÃi�ÀiÃ�`Õ>��«iÀv�À�>�ViÃ�>À�Ã��}�>vÌiÀ�Ì�i�wÀÃÌ�
use.  

The comparison between the characteristics of various 
systems also makes it possible to evaluate, for purposes 
of a subsequent reuse, the opportunity to associate a 
«>ÀÌ�VÕ�>À� ÃÞÃÌi�� Ì�� >� Ã«iV�wV� ��Ìi�`i`� ÕÃi]� ÃÕV�� >Ã�
identifying the main categories of reuse as temporary or 
stable.
We present and analyse from a technological point of view 
��ÌiÀ�>Ì���>��«À��iVÌÃ����Ì�i�wi�`��v�LÕ��`��}�Ài}i�iÀ>Ì����
�À� Ìi�«�À>ÀÞ� ÃÌÀÕVÌÕÀiÃ� Ì�� w�`� >�� ����Û>Ì�Ûi� >�`� ��L�i�
method. The described projects use components similar 
to those used for the safety systems in L’Aquila and present 
with them typological dimensions, geometric or textured 
similarities. The research and analysis provides interesting 
ideas for design reuse. They also identify the relationship 
between building systems and destinations of use, with 
particular regard to the correlation between the achievable 
performance thanks to the system, and the priority 
ÀiµÕ�Ài�i�ÌÃ�v�À�>�Ã«iV�wV�vÕ�VÌ���°� �Ì� �Ã�>�Ã��«�ÃÃ�L�i�Ì��
establish a correlation between the construction system 
and the formal architectural possibilities.
/�iÀiv�Ài]�Ì�i��ÕÌV��i��v�Ì�i�Ã«iV�wV�>�>�ÞÌ�V>���i>À���}�
phase is the knowledge of technological potential and 
composition of the elements arising from the selective 
demolition of safety systems in L’Aquila.
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4 _ SAFETY SYSTEMS IN L’AQUILA

4.1 _ Costs of temporary safety systems

The temporary safety systems were provided and set in 

RNCEG�D[�ƂTGƂIJVGTU��OCKPN[� KP�YQQF�CPF�YKVJ�RQN[GUVGT�
bands and the remainder from private companies through 

public procurement tenders. However, in procurement 

contracts it is expected that the safety systems are pur-

chased rather than rented. Therefore, municipalities at 

the moment of settlement essentially become owners in 

all respects of the provisional works on the territory. The 

analysis of the amounts paid by the government to com-

panies that have dealt with the safety of buildings made 

it possible to identify the public capital invested for each 

municipality contained within the seismic crater area1. 

Each intervention has been taken into account and record-

ed by the company, including the type of provisional work, 

the location by address, the date of execution of the work, 

the amount paid and to be paid and the settlement date 

with the SAL reference. A total of about 212 million euros 

was spent for the well-being of all of the unsafe buildings 

in the seismic crater in L’Aquila. The municipality where 

they made the largest number of interventions is L’Aquila: 

about 900 interventions for a total of approximately 188 

million euros. In other municipalities of minor extension, 

the number of interventions and consequently the costs 

of safety are considerably reduced. 

They spent about 4.5 million euros in Paganica, 3 million 

euros in Bagno Piccolo and Bagno Grande, 2.5 million 

euros in Coppito, in Tempera, Roio Poggio, and Bazzano 

about 1.6 million euros each, 1 million euros in Colle-

HTCEKFQ�CPF�5CP�)TGIQTKQ�CPF�ƂPCNN[�CDQWV���OKNNKQP�GWTQU�
were spent in the other municipalities and villages.

The temporary safety systems consists mostly of tube-

LQKPV�U[UVGOU��OWNVK�FKTGEVKQPCN�U[UVGOU��UVGGN�RTQƂNGU�CPF�
cables, modular towers, prefabricated wood systems and 

mixed systems. 

Through numerous inspections carried out on site, it was 

RQUUKDNG� VQ�SWCNKVCVKXGN[�FGƂPG� VJG�RGTEGPVCIG�QH� UCHGV[�
systems, namely: 

r� shoring with the use of timber: 10%, 

r� shoring with tubular elements and steel clamps: 30%,

r� UJQTKPI�CPF�JQQRU�YKVJ�UVTWEVWTCN�UVGGN�RTQƂNGU������
r� polyester ratchet bands: 5%,

r� UJQTKPI�QH�ƃQQT�YKVJ�UVGGN�CPF�YQQF������
YJKEJ�YCU�
considered a share of 9% for steel and a share of 6% 

for wood),

r� UJQTKPI�QH�QRGPKPIU�YKVJ�UVGGN�RTQƂNGU�����
r� shoring of openings with wood elements 6%. 

These percentages were applied to the total expenditure 

that each municipality has carried out for the safety of 

buildings, therefore obtaining the expense for each type 

of safety system. Subsequently, using the “Prezzario Re-

IKQPCNG�FGNNC�4GIKQPG�#DTW\\Q�����q�
2TKEG�NKUV�QH�#DTW-

zzo Region 2013), the unit process of used systems was 

derived 2. 

Dividing the total spending that each municipality has car-

ried out depending on the type of safety for the unit cost, 

CU�FGƂPGF�D[�VJG�RTKEG�NKUV��KV�FGNKXGTGF�VJG�SWCPVKV[�QH�OC-

VGTKCNU�
YQQF��UVGGN��CPF�RQN[GUVGT�DCPFU���6JG�WUG�QH�VJG�
2013 price list makes the calculation of the approximate 

amount of materials at fault because the updating of pric-

es took place when the earthquake occurred in the year 

2009, which led to an increase in the unit cost. In addition, 

the volume of work is not considered in the estimation as 

it has a higher unit price depending on the function of the 

contained quantity of work.

In light of the made calculations in the municipalities of 

the territory of L’Aquila for the safety of the buildings they 

have been used with approximation at fault:

r� 47.100.000 Kg of wood

r� 19.400.000 Kg ol steel

r� 440.000 ml of polyester bands.
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Municipality Cost of 
safety 
system

Euros

Wood 
L�>À`Ã]��
elements)

Mc

Wood 
to 
prop 
y��ÀÃ
Sqm

Wood 
to prop 
openings

Sqm

Steel 
tubulars

Cad

Steel 
«À�w�iÃ

Kg

Steel 
to 
prop 
y��ÀÃ
Sqm

Steel 
to prop 
openings

Sqm

Polyester 
bands

Ml

L’Aquila 188.096.424 24.755 51.810 164.997 2.048.981 6.749.872 77.715 72.254 393.080

Arischia 35.730 5 10 31 389 1.282 15 14 75

Assergi 449.150 59 124 394 4.893 16.118 186 173 939

Bagno piccolo 
e grande

3.014.851 397 830 2.645 32.842 108.188 1.246 1.158 6.300

Bazzano 1.630.182 215 449 1.430 17.758 58.499 674 626 3.407

Camarda 429.068 56 118 376 4.674 15.397 177 165 897

Cese di Preturo 50.356 7 14 44 549 1.807 21 19 105

Civita di 
Bagno

625.917 82 172 549 6.818 22.461 259 240 1.308

Collebrincioni 625.917 53 112 355 4.411 14.532 167 156 846

Collefracido 1.014.222 133 279 890 11.048 36.369 419 390 2.119

Collemare 427.737 56 118 375 4.659 15.349 177 164 894

Coppito 2.519.748 332 694 2.210 27.448 90.422 1.041 968 5.266

Filetto 148.292 20 41 130 1.615 5.321 61 57 310

Gignano 366.236 48 101 321 3.989 13.142 151 141 765

Monticchio 546.394 72 151 479 5.952 19.607 226 210 1.142

Onna 70.444 9 19 62 767 2.528 29 27 147

Paganica 4.475.107 589 1.233 3.926 48.748 160.590 1.849 1.719 9.353

Pescomaggiore 17.251 2 5 15 188 619 7 7 36

Pettino 156.574 21 43 137 1.706 5.619 65 60 327

Pianola 258.633 34 71 227 2.817 9.281 107 99 540

Poggio S.Maria 38.981 5 11 34 425 1.399 16 15 81

Preturo 310.584 41 86 272 3.383 11.145 128 119 649

Roio Colle 65.088 9 18 57 709 2.336 27 25 136

Roio Piano 927.805 122 256 814 10.107 33.294 383 356 1.939

Roio Poggio 1.637.090 215 451 1.436 17.833 58.747 676 629 3.421

San Benedetto 
di Bagno

271.112 36 75 238 2.953 9.729 112 104 567

San Giacomo 27.673 4 8 24 301 993 11 11 58

San Gregorio 1.175.036 155 324 1.031 12.800 42.166 485 451 2.456

San Marco 
di Preturo

138.093 18 38 121 1.504 4.955 57 53 289

Sant’Angelo 
di Bagno

198.825 26 55 174 2.166 7.135 82 76 416

Sant’Elia 363.596 48 100 319 3.961 13.048 150 140 760

Santi di Preturo 40.037 5 11 35 436 1.437 17 15 84

Sassa 333.443 44 92 292 3.632 11.966 138 128 697

Tempera 1.647.296 217 454 1.445 17.944 59.113 681 633 3.442

Vallesindola 
di Bagno

151.668 20 42 133 1.652 5.443 63 58 317



FROM POST EARTHQUAKE WASTE TO RESOURCE

44 4_Safety systems in L’Aquila

����A�6JG�ENCUUKƂECVKQP�QH�VGORQTCT[�
         safety systems

The safety systems were put in place with the aim of pre-
venting and combating any structural failure risks related 
to the damage found. It is possible to classify temporary 
works with respect to contrasting failure and/or function 
Ì�>Ì�>Ài�vÕ�w��i`����Ã��À��}]����«Ã]�À�`Ã]����iÀÃ�>�`�V�ÛiÀÃ°

Shorings
The shorings may have a replacement, precautionary, 

or protective function (...) The proppant is realised usu-

ally from a mixed structure constituted from a dam-

aged structure and from the shoring system working 

together(...) The shore in the earthquake is subject to 

vibrations,decompression, and detachment in danger of 

losing its position and fall, or hammering of the part it 

had to hold. To avoid these risks, it is necessary to bind 

it to the structure on which it rests3. They can be created 
with steel tubes connected by metal union joints, clamps 
or jaws, to form a lattice structure or wood material.
The “retention shorings” aim to contain any failure that 

may occur with rotations or overturning of structural 

parts.4 

They have the purpose of reducing the length of the wall 
elements that counteract the bulging of the wall towards 
Ì�i��ÕÌÃ�`i��À�«ÀiÛi�Ì�Ì�i�Ì�««��}��v�Ì�i�y��À��v�Ì�i��>-
sonry wall due to cracks or compression at the union point 
of the perimeter or transverse walls.
Therefore, the oblique arrangement in contrast between 
the damaged element and the element of discharge gen-
erates a compression stress of props, which apply to an 
action with normal components to the plane of the wall.
It is convenient to place the props at the connection points 
LiÌÜii���>Ã��ÀÞ�Ü>��Ã]�ÕÃ��}���À�â��Ì>��i�i�i�ÌÃ�Ì>L�iÃ�
or vertical and horizontal currents) to ensure the load dis-
tribution. 

Fig. 1 _Kinematic mechanism of overturning or bulging 
            that can be contrasted with retention shorings

Fig. 2 _System scheme of inclined props

The base must have a remarkable capacity for resistance 
and rigidity to ensure that the system has the possibility to 
discharge the actions on the ground.
According to a construction scheme with a support base, 
the inclined props can be made when the area in front of 
Ì�i�LÕ��`��}��Ã�y>Ì��À�VÀÕÌV���À�Ü�i��Ì�i�>Ài>����vÀ��Ì��v�Ì�i�
building is sloped or has scales.
���Ì�i�wÀÃÌ�V>Ãi]��Õ�Ì�«�i�«À�«Ã�V>��Li�«�Ã�Ì���i`�L�Ì��Ì��
converged beams and to parallel beams. In the second 
case, the props can be based both on a point and on a 
supporting area.

In case of wooden props, the nodes between the base, 
the upright and the strut are created by means of join-
ing screws and metal staples. The contrast at the base, 
instead, depends on the nature of the ground surface or 
Ì�i�À�>`�ÃÕÀv>Vi�>�`��Ì��Ã�ÃiVÕÀi`�LÞ�>�V��w}ÕÀ>Ì����Ü�Ì��
V�Õ«�i`� «�V�iÌÃ� �À� >� V��w}ÕÀ>Ì���� Ü�Ì�� V��ÌÀ>ÃÌi`� `Õ>��
beams.
In addition to the tubes and clamps systems or systems 
in wood, they can also utilize metal structural carpentry. 
These structures are prefabricated and modular, the ele-
ments of which are joined by bolting or welding, with the 
foundation in concrete plinths. The beams are arranged 
perpendicular to the wall and tightened using ribbed 
plates equipped with worm screws.
The schematics include the following steps: mounting and 
positioning the support surface to the wall, the predisposi-
tion of the ground anchorages and assembly of inclined 
elements.

Fig. 3 _Props with a support base and converged or 
            parallel beams and props with crutch based 
            on a point or a supporting area

Fig. 4 _Wooden retention shoring
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The “counteracting shorings” are used when it is neces-
sary to counteract the phenomena of tilting or bulging of 
the walls of buildings located at a distance less than twice 
the height of interstory.

Fig. 5 _Kinematic mechanism of overturning or bulging
           that can be contrasted with counteracting shorings

In case of a seismic event, they run the risk of triggering 
the phenomena of pounding and generating cracks if the 
masonry is not able to withstand the thrust. To respond to 
this critical position, it is convenient to place counteract-
ing props in correspondence to the transverse walls and 
to the horizontal elements of two buildings. Otherwise, in 
proximity to the building that has to be counteracted, it 
can be done with a scaffold that ensures the support. If 
the horizontal elements have different heights of the hori-
zontal elements, it is necessary to use a vertical element 
that ensures the distribution of the forces. When the walls 
of the buildings placed at limited distance have an equal 
height, an equal contrast system is used; if they have a 
different height, a contrasting system of discharge is used.
On the one hand, the counteracting props favour the dis-
tance of the road. On the other, they do not permit a rapid 
evacuation of the area in case of danger.
The implementation phase involves the construction of 
trellises for distribution, their connection with transoms, 

��}°�È�Ú
��w}ÕÀ>Ì�����v�Ã>viÌÞ�ÃÞÃÌi��Ü�Ì����À�â��Ì>��
            element at the same height or at different height. 

and completion with elements of contrast with braces.
The support shorings are intended to avoid the vertical 
ÌÀ>�Ã�>Ì�����v���À�â��Ì>��i�i�i�ÌÃ�y��ÀÃ�>�`�Li>�Ã®����Ì�i�
v����Ü��}�Ü>ÞÃ\�Ì��ÃÕ««�ÀÌ�«>À>��i��ÛiÀÌ�V>��i�i�i�ÌÃ�Ü>��Ã�
and columns) that have lost their bearing capacity, to avoid 
the fall of a heavy mass on an opening and to prevent the 
bulging of the masonry sides due to an opening.
The props are vertically arranged, and generate a transfer 
load onto the prop that is stressed in compression. There-
fore, it is necessary that the mass subject to intervention is 
not able to guarantee the absorption of localized actions 
generated by the shore and that they use distribution ele-
ments of force, such as wooden boards. 

Fig. 7 _Counteracting shoring with tubes-clamps system

Fig. 8 _Kinematic mechanism of the fall of the above wall 
           or side bulging side to counter

Concerning the safety work of the opening, the purpose 
is to support the vertical loads by transferring them to the 
L�ÌÌ��� >�`� Ì�� ÀiÃ�ÃÌ� �>ÌiÀ>�� `iv�À�>Ì���°� /�� vÕ�w�� Ì�iÃi�
tasks immediately upon construction, the safety system 
must be subjected to an action of compression. Thus, it 
is imperative VQ�FGƂPG�C� UVCVG�QH� VGPUKQP� UKOKNCT� VQ� VJCV�
existing before the collapse by stiffening elements of the 

opening5 by stiffening elements of the opening. 
The construction scheme varies according to the height, 
width and thickness of an opening.
���iÝ>�����}�Ì�i�ÃÕ««�ÀÌ��v�y��ÀÃ��À�L>�V���iÃ]� Ì�i�«ÕÀ-
pose of the provisional work is to discharge the load 
weighing on the element and counteract their translation, 
Ü��V����ÜiÀÃ�iÝViÃÃ�Ûi���yiVÌ���°
Through the creation of new lines of discharge or restoring 
Ì�i�ÌÀ>�ÃviÀ��v�Ì�i���>`�Ü���i�Ì�i�V>ÀÀ�iÀ�i�i�i�ÌÃ�>Ài�ÃÌ����
unharmed), the possible cracks are counteracted with the 
intrados at the middle or extrados at the top end. 
The construction scheme varies depending on the struc-
ÌÕÀ>���i�}Ì���v�Ì�i�y��À]����Ì�i��i�}�Ì��v���ÌiÀÃÌ�ÀÞ�>�`����
the transverse distance of props.

Fig. 9 _Creation of new lines of discharge or restoring 
            the transfer of the load
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Fig. 10 _Support shoring with props

Focusing on the crowning of arches and vaults, the pur-
pose of the provisional work is to support the load weigh-
ing on the arc by discharging it to the ground and reduce 
stress on the piers. This method prevents breakage of the 
arch or vault.
The centring frame can be made in a closed or opened 
way, based on the need to maintain the passage.
The constructed scheme varies in function of the dimen-
sion, depending on the height of the arc or vault, the dis-
tance between the uprights, and the thickness of the wall. 
A particularly critical issue to handle is the one connected 

to the fact that the supporting zone of the centring frame 

may suffer deformation or excessive sagging due to the 

new loads transmitted by the provisional work.6 
That critical issue can be resolved by checking the bearing 
capacity of the base before mounting the centring frame, 
possibly using elements of load distribution.
In addition to the systems with tube-joint or wood, they 
may also use metal telescopic props or iron props.

Fig. 11 _Centering with multidirectional system

Hoopings
The hooping has a containment function and serves to 
counteract effects of compression and/or shear, in order to 
prevent the phenomena of bulging or swelling. The larger 
the plan dimensions of the structure are the smaller the 
containment capacity of the hoop is.
This safety system is particularly effective for compact ele-
�i�ÌÃ�V��Õ��Ã]�Ì�ÜiÀÃ]�Li���Ì�ÜiÀÃ]��>Ã��ÀÞ�LÕ��`��}Ã��v�
small size), in which limiting the cross delay generates a 
state of tri-axial compression. This increases the ductility 
and the collapse load due to normal stresses. 

Fig. 12 _Kinematic mechanism of bulging and lateral 
              expulsion that can be contrasted with hoop 

Furthermore, the system is widely used in cases where it is 
��«�ÃÃ�L�i�Ì��}>�����Ã�`i�>VViÃÃ�v�À�Ã>viÌÞ���`�wV>Ì���Ã°
Depending on the area being safeguarded, the type of 
movement to counter and the geometric and constructive 
characteristics of the building, the hoop can be:
U� total external: completely surrounding the building
U� partial passing: it wraps a part of the building by pass-

ing through aligned side openings 
U� bound: anchoring to the side walls.

Fig. 13 _Total external, partial passing and bound hoop

Fig. 14 _Total hoop with mixed system
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The hoopings are made by: 
U� bands in polyester: the stringing takes place by means 

of pawls with manual adjustment preparing of angles 
with rounded edges to eliminate the risk of abrasion 
of the fabric;

U� tubes and clamps integrated with steel cables in 
strands: a structure formed by tubes and clamps is 
placed in contact with the compromised wall and is 
subsequently anchored to the building by means of 
steel cables in strands put in tension;

U� �iÌ>��«À�w�iÃ�>�`�ÃÌii��V>L�iÃ\�>�ÃÌÀÕVÌÕÀi�v�À�i`�LÞ�
horizontal and vertical metal beams is placed in con-
tact with the compromised wall and is subsequently 
anchored to the building by means of steel cables put 
in tension through of plates stuck in the wall;

U� wood and steel cables: a structure formed by posts 
and wooden crosspieces is placed in contact with the 
compromised wall and subsequently anchored to the 
building by means steel cables put in tension through 
plates stuck in the wall. 

Tie rods
The chains and anchors provide a box-like behaviour of 
building and have the purpose of counteracting the con-
tinuation of the reversal or bulging of one or more walls of 
the building due to a lack of clamping between the walls 
�À�LiÌÜii��Ì�i�Ü>��Ã�>�`�y��ÀÃ��À�`Õi�Ì��Ì�i�«ÀiÃi�Vi��v�
horizontal elements pushing.

Fig. 15 _Kinematic mechanism of overturning or bulging 
             that can be contrasted with tie rods

It applies a localized containment action distributed 
through the uprights and crosspieces in contrast with the 
wall being supported.
Therefore, these elements have the function of struts 
and allow the wall structure to repel the shot by bending 
stresses. The tie rods are brought into traction using key 
i�i�i�ÌÃ�«�>ÌiÃ��À�L>ÀÃ®°� �Ì� �Ã�>««��i`����>�«iÀ«i�`�VÕ�>À�
direction to the wall being guarded and when it is pos-
Ã�L�i]����V�ÀÀiÃ«��`i�Vi��v�Ì�i�y��ÀÃ�Ã��Ì�>Ì�Ì�iÃi�>VÌ�>Ã�
resistant elements of contrast.
Depending on the area to guard, and the type of move-
ment to counteract the geometrical and constructive char-
acteristics of the building, the hoop may be:
U� outer side: tie rods of opposing walls and passage of 

tie rods parallel to the transverse walls;
U� inner passing: tie rods of opposing walls and passage 

of the tie rods inside the building;
U� side bound: tie rods of a wall by means of crossbars 

anchored to the side walls of the building.

These safety systems are made by steel beams and tie 
rods, tubes- clamps and tie rods, wooden elements and 
tie rods and modular metal prefabricated structures and 
tie-rods. The structure is contrasted to the wall to be sup-
ported by post-tensioned bars made in ordinary steel or 
high elastic bars limit bounded to the ends by and plates 
and stakes.

Jacketings
The jacketings have the purpose of counteracting the 
transverse deformations or bulging of the wall panels 
due to excessive vertical loads. The element is “jacked” 
through formworks or wooden structures connected by tie 
rods passing in holes in the masonry. The brickwork must 
not be particularly rough in that it must be resistant to the 
vibrations due to the predisposition of the holes.
The implemented scheme provides for the resulting stag-
es: the perforation of the walls insert steel bars, the mount-
ing and positioning of a structure for distribution of loads 
on both faces of the wall, the placements of pairs of wood-
en elements on both walls, the threading of the contrast 
plates, the stringing of the bars and terminal tightening.

Fig. 16 _Outer side, inner passing and side bound tie rods  

Fig. 17 _Inner passing tie rods

Fig. 18 _Kinematic mechanism transverse deformation or 
bulging that can be contrasted with jacketing
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Coverings
The coverings are designed to protect buildings from at-
mospheric agents that have suffered the partial collapse 
of the original hedge. They are constituted by a steel 
supporting structure, tubes-clamps or wooden elements, 
often independent of the building, which supports light 
closure elements in sheet metal, sheeting or plastic.
The choice of the type of structure and materials is strong-
�Þ���yÕi�Vi`�LÞ�Ì�i�V��`�Ì���Ã��v�Ì�i�LÕ��`��}Ã�>�`��v�Ì�i�
duration of the intervention.

��}°�£��Ú
�ÛiÀ�Ü�Ì��ÃÌii��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�

����A�&GƂPKVKQP�CPF�CPCN[UKU�QH�VJG�
        safety systems 

/�i�`iw��Ì����>�`�>�>�ÞÃ�Ã��v�Ì�i�«À�Û�Ã���>��Ã>viÌÞ�ÃÞÃÌi��
>���ÜÃ�v�À�Ì�i��`i�Ì�wV>Ì�����v�Ì�i�V��ÃÌÀÕVÌ�Ûi�V�>À>VÌiÀ�Ã-
tics, the assembly time, the durability of the components 
and the residual performance, with the aim of optimizing 
their reuse. 
/�i�ÕÃi��v�Ã«iV�wV�«À�Û�Ã���>��ÃÞÃÌi�Ã����Ã>viÌÞ��«iÀ>Ì���Ã�
is dictated by the geometric and constructive character-
istics of the building, the function to which the safety has 
Ì��«iÀv�À��Ài«�>Vi�i�Ì]�V>ÕÌ���>ÀÞ]�>�`�«À�ÌiVÌ�Ûi®]� Ì�i�
type and severity of the damage the building has suffered, 
«�i���i�>�Ì��V�Õ�ÌiÀ>VÌ�LÕ�}��}�>�`��ÛiÀÌÕÀ���}®]�vÀ���
the constraints/restrictions dictated by the context since 
the time available for the intervention. In addition, they 
have imposed the use of systems already widely available 
on the market because of the extraordinary need to act in 
a short time under the aim not only to protect the safety 
of workers and restore viability, but also to safeguard the 
historical-artistic value and limit further damage caused by 
aftershocks. 

��Ã�`iÀ]�v�À�iÝ>�«�i]�Ì�i�ÕÃi��v�ÃÌii��«À�w�iÃ��>���Þ��v�
the UPN type. This choice depends not only on the type of 
«À�w�i�Ì�>Ì]�Ì�>��Ã�Ì���ÌÃ��«i��Ã�>«i]�>���ÜÃ�i>ÃÞ��«iÀ>-
tions of welding and bolting, but depends above all by the 
availability of the steelworks that, post- earthquake, were 
able to respond to the large demand for steel elements 
Ì�À�Õ}�� Ì��Ã� Ã«iV�wV� «À�w�i°� 
ÕÀÀi�Ì�Þ]� Ì�i� ����}i�i�ÌÞ�
of the used components, although not programmed, ap-
«i>ÀÃ�>Ã�>� ÀiÃ�ÕÀVi�>Ã� �Ì�Ã��«��wiÃ�>�Þ� ÀiÕÃi��«iÀ>Ì���Ã]�
which narrows the scope of possible interventions. There-
v�Ài]��Õ�Ì�«�i� v>VÌ�ÀÃ��>Ûi� ��yÕi�Vi`� Ì�i�ÕÃi��v� Ã«iV�wV�

safety systems, herein described and analysed individually. 
It must be emphasised that the use of a system does not 
exclude the temporary use of another system on the same 
building. 
Sometimes we proceed to the integration of two or more 
systems that work together to perform the same function 
other time, although the intervention guarantees global 
security of the same building, different systems work in-
dependently.

Steel systems
For safety systems that have been used in the majority of 
systems that consist of steel elements, the dimensional 
and structural characteristics of this material, the possibil-
�ÌÞ��v�ÀiÛiÀÃ�L�i�V���iVÌ���Ã�L��Ì��}]���ÌiÀ��V���}®�>�`�Ì�i�
rapidity of assembly are exploited.
The systems can be divided into:
U� modular systems: they perform a certain formal and 

constructive logic, both in reference to components 
that connect; they are constituted by prefabricated 
modular elements, their conformation may undergo 
variations limited in the range of possibilities provided 
by the system, can be, therefore, closed systems; be-
long to this type:

       - tubes-clamps system
       - multidirectional system;
U� combinable modular systems: they consist of prefab-

ricated elements and can be assembled according to 
different conformations that give rise to many possi-
L���Ì�iÃÆ�Ì�iÞ�V>��Li�`iw�i`]�Ì�iÀiv�Ài]�>Ã�º�«i��ÃÞÃ-
tems”;

U� systems with steel cables: they are constituted by 
steel cables, which contrast and tighten elements. 
The components remain unchanged by type but un-
dergo dimensional changes. The distributed elements 
of the load are often used in conjunction. In this sense, 
the modular systems and steel structures can be inte-
}À>Ìi`� ��Ì�� Ì�i�ÃÞÃÌi��Ü�Ì��ÃÌii��V>L�iÃ]�Ü��V�� vÕ�w��
the function of distributing the loads with the view to 
perform operations of putting on safety through wrap-
ping and hoops. With the same purpose, the warping 
of distribution can be formed also with steel elements 
mixed with wooden elements and more rarely, only 
of wood.

Fig. 20 _Integration of systems with different functions
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 Tubes-clamps system (Innocenti tubes system)
The system consists of two main elements: the tubes and 
the clamps that connect them. They are made with steel, 
painted and/or with hot dip galvanized or electrolytic. 
The type of steel used for the tubes is predominantly 
S253JR, while for clamps S355MC and S355JR.
The components7 that constitute the system are:

Tube

diameter ext.: 48,30 mm
thickness: 3,20 mm

length

mm 

weight 
«>��Ìi`®
daN

750 1,65

1000 2,48

1200 3,30

1500 3,96

1800 4,95

2000 5,94

2500 6,60

2750 8,25

3000 9,08

3600 9,90

4000 11,88

4500 13,20

5000 14,85

5400 16,50

6000 17,82

,�}�Ì� >�}�i� V�>�«\� �Ì� >���ÜÃ� V���iVÌ���Ã� � Ì�� �äc� Ü�Ì��
capacity up to 1000 Kg

weight: 1,35 daN
dimensioni: 130x80 mm

Traction clamp: tube connection that guarantees a 
traction resistance of  4500 Kg

weight: 1,80 daN
dimensions:  130x80 mm

Swivel clamp: it allows connection according to variable 
>�}�iÃ��v�£näc����ÀiviÀi�Vi�Ì��ÌÜ��«�>�iÃ]�Ü�Ì��V>«>V�ÌÞ�
up to 700 kg

weight: 2,40 daN
dimensions: 130x80 mm

Sealing clamp: it strengthens the union of the tubes 
along the same line 

weight: 0,70 daN
dimensions: 130x80 mm

/iÀ���>��V�>�«\�w�>��«>ÀÌ��v�Ì�i�ÃÞÃÌi�

weight: 1 daN
dimensions: 150x80mm

Cross  pin: it allows the connection head to head of the 
tubes

weight: 0,60 daN
dimensions: 200x40 mm

Clamp cover in polypropylene:  covering elements of 
the node

weight: 0,1 daN
dimensions: 150x150 mm
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Base plate: element used for anchoring the tube to the 
ground

wÝi`��i�}�Ì
weight 0,88 daN
dimensions 145 x 112 mm

adjustable height

dimensions 
mm

weight 
daN

480 mm x 
q 145 mm

2,40

715 mm x 
q 145 mm

3,00

1000 mm x 
q 145 mm

4,00

adjustable and inclinable 
height
weight: 3,5 daN
dimensions: 600 mm

Dowel: it allows anchoring to wall

weight: 0,50 daN
dimensions: q 50 mm

Anchoring: it allows anchoring to the dowel

with pin
weight: 1,7 daN
dimensions: 300 mm

with hook
weight: 2,6 daN
dimensions: 600 mm

with tube
weight: 1,9 daN
dimensions: 300 mm

The standard pattern of mounting for construction/mainte-
nance works, involves a variable interest from 1800 mm to 
2500 mm and a width of 1100 or 1200 mm. The maximum 
permissible load is 300 daN/sqm.
The assembly is completed from the bottom up by placing 
wÀÃÌ�Ì�i�L>Ãi�«�>ÌiÃ����Ì�i�}À�Õ�`��iÛi�]�Ì�i��V���iVÌ��}�
Ì�i��Ü�Ì�� Ì�i�VÕÀÀi�ÌÃ�>�`� vÕÀÌ�iÀ�LÞ���Õ�Ì��}� Ì�i�wÀÃÌ�
scaffold. Using the latter, it is possible to place the uprights 
and the upper scaffolding. The disassembly takes place in 
ÀiÛiÀÃi°�/�i�V�>�«Ã�>Ài�wÀÃÌ�«�>Vi`����Ì�i�ÌÕLi�>�`�Ì�}�Ì-
ened through n.4 bolts, headnuts and washers.
The tightening of the bolts must be realized as a torque 
movement not exceeding to 600 kg cm, controlled 
through wrench keys. The system has a high reversibility 
>�`�>���}��yiÝ�L���ÌÞ]�Ã��Vi]�LÞ�Ãi«>À>Ì��}�Ì�i�V�>�«�vÀ���
the tube, it is possible cut the tube according to the neces-
sary dimensions without compromising the ability of con-
nection and it is possible to vary the height of positioning 
of the clamps along the tube. This allows their use in any 
situation such as in the presence of arches and vaults or 
of a well-articulated planimetric conformation. The high 
weight, in comparison to other systems present on the 
market, has a negative impact on the timing of assembly/
`�Ã�>�Ì���}�>�`�V��ÃiµÕi�Ì�Þ����Ì�i�V�ÃÌÃ®Æ�Ì�iÀiv�Ài]��Ì�
requires specialized workers. The time of installation of a 
ÃÌ>�`>À`�ÃÞÃÌi��£°£ä��Ý�£°nä�®��Ã�iµÕ>��Ì��Óä����ÉÃµ�]�
V��Ã�`iÀ��}�Ì�i�ÕÃi��v�£�Ã����i`�Ü�À�iÀ]�£�µÕ>��wi`�Ü�À�iÀ�
and 1 common worker. The time of disassembly is equal 
to the time of installation, considering a reduction factor 
equal to 0,9, namely, it is equal to 18min/sqm.

Fig. 21 _Standard scheme to assembly
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Multidirectional system (multicom system)
The system consists of three main elements: tubular up-
rights with jack rosette, tubular beams and tubular diago-
nal elements. The types of steel used are mainly S235JR, 
S355JR and S355MC, with galvanized hot-dip. The upright 
is equipped with a jack/rosette welding every 50 cm, con-
sisting of an octagonal plate with 8 shaped punctures to 
receive the connecting devices to quick coupling located 
at the ends of the beams and diagonals. The butt joint is 
inserted into the perforated plate and lowers the wedge 
sliding it into the slot of the perforated plate, which is then 
wÝi`�Ü�Ì��>��>��iÀ�L��Ü°
A rivet placed at the far end of the wedge prevents the re-
moval of the wedge. Otherwise, the connection between 
uprights takes place with interlocking by insertion.

Fig. 22 _Detail of the interlocking by inserting

The components8 that constitute the system are:      

Upright with pin: vertical element with integrated joint

diameter ext.: 48,30 mm
thickness: 3,20 mm

length
 mm

weight 
daN

250 1,50

500 2,70

1000 5,40

1500 7,70

2000 9,80

2500 12,00

3000 14,30

4000 18,70

Upright without pin: vertical element with integrated 
joint

diameter ext.: 48,30 mm
thickness: 3,20 mm

length
mm

weight 
daN

250 1,30

500 2,00

1000 4,60

1500 6,90

2000 9,00

2500 11,20

3000 13,50

4000 17,90

Current: horizontal element

diameter ext.: 48,30 mm
thickness: 3,20 mm

length
mm

weight
daN

413 1,90

750 3,20

1000 4,30

1050 4,40

1130 4,60

1500 6,00

1800 7,10

2000 7,80

2500 9,60

3000 11,40

Reinforced truss: for horizontal union

length
mm

weight 
daN

1500 9,50

1800 12,40

2000 13,70

2500 16,80

3000 19,70
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Diagonal of plan

diameter ext.: 48,30 mm
thickness: 3,20 mm

width x 
length
mm

weight
daN

1000x1000 5,50

1000x2000 8,30

1500x1500 8,40

1500x2500 10,90

1800x1800 9,80

2000x2000 11,50

2000x2500 13,20

2500x2500 14,60

2500x3000 15,00

Diagonal of prospectus

diameter ext.: 48,30 mm
thickness: 3,20 mm

height x 
length
mm

weight

daN

Óäää�£xää��
1000- 500) 
x750

n]Èä�È]�ä��
5,30- 3,90)

Óäää�£xää��
1000- 500) 
x1000

n]�ä�Ç]Óä��
5,80- 4,60)

Óäää�£xää��
1000- 500) 
x1050

�]ää�Ç]{ä��
5,90- 4,80)

Óäää�£xää��
1000- 500) 
x1130

�]£ä�Ç]xä��
6,10- 5,10)

Óäää�£xää��
1000- 500) 
x1500

�]Çä�n]Îä��
7,10- 6,30)

Óäää�£xää��
1000- 500) 
x1800

£ä]{ä��]£ä��
8,00- 7,30)

Óäää�£xää��
1000- 500) 
x2000

£ä]nä��]Èä��
8,60- 8,00)

Óäää�£xää��
1000- 500) 
x2500

12,20 
££]£ä��
10,20- 9,70)

Óäää�£xää��
1000- 500) 
x3000

13,50 
£Ó]Èä��
11,9-11,40)

Truss with latching wedge: for horizontal union

height : 500 mm

length
 mm

weight
daN

2000 36,00

2500 39,00

3000 46,00

4000 51,90

5000 63,10

6000 71,80

Shelf: for reinforcement

length
mm

weight
daN

400 3,40

750 6,00

Base plate: element for supporting the upright

adjustable height

dimensions 
mm

weight
daN

350
�>Ý�Óxä®

4,00

500 
�>Ý�Îxä®

5,50

800 
�>Ý�xxä®

7,00

1000 
�>Ý�Çää®

8,50

adjustable  and inclinable 
height

dimensions 
mm

weight
daN

500 
�>Ý�Îxä®

2,80

1000 
�>Ý�Çää®

5,10

Starting element: connected with the base plate

diameter ext.: 48,30 mm
thickness: 3,20 mm
height: 23,5 cm
weight: 1,60 daN
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Starting intermediate element: for the phase displace-
ment with respect to the main lines of the uprights

weight: 2,30 daN

Galvanized table: decking supported on currents

width x 
length
mm

weight 

daN

Îä��ÎÎä��
360) x 750

x]ÈÇ�ÚÚ��
18,10)

Îä��ÎÎä��
360) x 1050

Ç]£x�££]£È��
18,10)

Îä��ÎÎä��
360) x 1500

�]ÎÈ��]È{��
18,10)

Îä��ÎÎä��
360) x 1800

££]Î£�££]£�
18,10)

Îä��ÎÎä��
360) x 2000

£Ó]Îx�£Ó]Ó��
18,10)

Îä��ÎÎä��
360) x 2500

£{]�{�£x]{��
18,10)

Îä��ÎÎä��
360) x 3000

£n]Î{�£n]���
18,10)

Cross head

�i�}�Ì\� xää���� �>Ý� Îxä�
mm)
weight: 5,00 daN

Head joint: between horizontal elements on the same 
line

weight: 2,80 daN

Parallel joint: at variable height between vertical 
elements

weight: 2,10 daN

Obliged parallel joint: at obliged height with step from 
50 cm between vertical elements 

weight: 1,50 daN

Ramp aluminium ladder

length: 2500 mm 
Ài�>Ìi`�Ì��Ì�i�`�ÃÌ>�Vi�Li-
tween the uprights)
height: 2000 mm
width: 612 mm
weight: 26,00 daN

Side of the ramp 

height x 
width
mm

weight

daN

500 x 1000 14,00

1000 x 2000 27,00

1500 x 3000 32,00

Mobile hinged rosette:  for hooking variable currents 
along the upright

dimensions: 120x120 mm
weight: 1,0 daN



FROM POST EARTHQUAKE WASTE TO RESOURCE

54 4_Safety systems in L’Aquila

In their traditional use for construction/maintenance, the 
standard spans of mounting are 1800x1050 mm. 
The elevation is variable with the step of 500 mm and is 
generally 2000 mm. The maximum permissible load is 300 
N/sqm, evenly distributed. 
The assembly begins with the positioning of the bases on 
which are mounted the elements of departure, joined by 
means of currents. Thereafter, they are inserted into the 
Õ«À�}�ÌÃ�>�`�Ì�iÞ�Ì�i��«À�Vii`�Ü�Ì��Ì�i�>ÃÃi�L�Þ�wÀÃÌ��v�
the transom and then they lean on galvanized boards.
The system is stiffened by diagonal elements.
/�À�Õ}��Ì�i�V���iVÌ����i�i�i�ÌÃ��v�VÀ�ÃÃ��i>`��À�v�À�®]�
the multidirectional system is used with a shoring sup-
port system by building towers that support a warping of 
beams. Depending on the size of the span of the tower, 
the number of stiffeners, the height of the supported plan, 
the distance of the towers and the type of the transoms 
ÃiVÌ����>�`��>ÌiÀ�>�®]�Ì�i�ÃÞÃÌi��V>��Ü�Ì�ÃÌ>�`�`�vviÀi�Ì�
loads. The following are typically used:

U� Wooden beam IPE
        Height: 20 cm, Peso: 5 Kg/m
        Elastic module: 1030 kN/cm2
        Moment of inertia: 4383 cm4
        Shear stress amm.: 11,0 kN
        Bending moment amm.: 5 kNm

U� Steel beam S355LL with double C
        Height: 20 cm
        Width:15 c.
        Weight: 22 Kg/m
        Elastic module: 20600 kN/cm2
        Moment of inertia: 1237 cm4
        Resistance module: 123,0 cm3

From a structural point of view, the engagement between 
uprights and the horizontal element is the weaker point, 
but the type of connection makes assembly possible with-
out a specialized workforce.
The cost of the component within the system is highest 
compared with the “innocenti tubes” system.
The multi-com system has a high reversibility, but the pres-
ence of joints incorporated on the uprights with predeter-
���i`�«�ÌV���>�iÃ�Ì�i�ÃÞÃÌi����yiÝ�L�i�LiV>ÕÃi��Ì��Ã���Ì�
possible to cut the tubes according to the needs or make 
V���iVÌ���Ã�>Ì�>�}�iÃ��Ì�iÀ�Ì�>���äc°�"��Ì�i�V��ÌÀ>ÀÞ]�Ì�i�
presence of incorporated joints and the type of interlock-
ing connections speed up the operation of assembly and 
disassembly. In fact, the time for assembling a system in 
�iÃ��ÃÌ>�`>À`�£°£ä���Ý£°nä��®]�V��Ã�`iÀ��}�Ì�i�ÕÃi��v�£�
Ã����i`�Ü�À�iÀ]�£�µÕ>��wi`�Ü�À�iÀ�>�`�£�V������Ü�À�iÀ�
is equal to 15 min/sqm. The time for disassembly is equal 
to the time of assembly, considering a factor of reduction 
equal to 0.9, namely equal to 13.5 min/sqm.

Fig. 23 _Standard scheme to assembly Fig. 25 _Scheme of tower of shoring

Fig. 24 _Details of support shoring, L’Aquila,  
             Corso Vittorio Emanuele, april 2013
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Combinable modular systems 
/�iÞ�>Ài�V��ÃÌ�ÌÕÌi`�LÞ�ÃÌii��«À�w�iÃ]�}i�iÀ>��Þ�«iÀv�À>Ì-
ed, which are joined to form a spatial structure with differ-
ent conformations by bolting. In addition, any joint ele-
ments are perforated in order to simplify the union.
In the case of the realization of coverages, they are in-
tegrated with corrugated plastic material or corrugated 
sheeting. With respect to the function for which they per-
form, the characteristics of the building and to the con-
straints of the context, they can be combined or separated 
from the building.
Generally, this type of structure needs a suitable ballast or 
ground anchor.
/�i�ÃÞÃÌi����`Õ�>À�ÌÞ�>�`�Ì�i�ÕÃi��v�«iÀv�À>Ìi`�«À�w�iÃ�
on all sides allows for the production of complex struc-
tures with different shapes and sizes, so the system has 
ÛiÀÞ� ��}�� yiÝ�L���ÌÞ°� 	��Ì��}� >�Ã�� >���ÜÃ� ��}�� ÀiÛiÀÃ�L���ÌÞ]�
ensuring the perfect integrity of all components after dis-
mantling. Rarely, the structures are made of welded steel 
«À�w�iÃ�ÌÞ«i�1* ��À��Ƃ�Ì��v�À���iÌ>��ÃÌÀÕVÌÕÀiÃ�Ì�ÀÕÃÌ�
�À�V�ÛiÀ>}i°����Ì��Ã�V>Ãi]�Ì�i�ÃÞÃÌi���Ã�yiÝ�L�i]�LÕÌ�«��À�Þ�
reversible.
�Ì��Ã�`�vwVÕ�Ì�Ì��iÃÌ��>Ìi�Ì�i�>ÛiÀ>}i�Ì��i��v�>ÃÃi�L�ÞÉ`�Ã-
assembly due to multiple conformations that are achiev-
>L�i°�7�iÀi>Ã�Ì�i�ÕÃi��v�£�Ã����i`�Ü�À�iÀ]�£�µÕ>��wi`�Ü�À��
and 1 common worker, the time in case of complex con-
formations is equal to 60 min/sqm and in case of simple 
conformations is equal to 30 min/sqm.

Systems with steel cables
The systems with steel cables consist of the following main 
elements:
U� tie: can be made with a drawn, smooth or threaded 

bar, depending on the requirements; in case of emer-
gency, to facilitate the supplying they often use drawn 
bars in steel and strengthen with improved adherence 
}i�iÀ>��Þ�ÕÃi`�v�À�Ì�i�Ài��v�ÀVi`�V��VÀiÌi®�«À�Û�`��}�
to weld on the terminal part of a threaded bar, with 
overlapping welded at least 20 cm; generally, they 
present a variable diameter in the range between q12 
and q24;

U� end element: it is a retaining element which can be 
constituted by a bollard of length including between 
80 and 120 cm, positioned according to an angle of 
{xc� �À� LÞ� À�LLi`� «�>ÌiÃ� }i�iÀ>��Þ� V�ÀVÕ�>À� �À� ÃµÕ>Ài�
shaped with a diameter or side between 30 and 50 
cm;  alternatively, they can also be used in nut locking 
systems for metal shuttering used in construction; this 
enables an easy mechanical mounting;

U� wing nut/tensioning joint: it is the element that is used 
for tightening through wrenches in the case of rods 
and through hydraulic jacks in the case of strands; the 
joint can be positioned at the far end of the tie rod 
or in an intermediate position, acting as a connec-
tion between the two arms of the tie rod; for terminal 
joints, they use nut and key elements applied on the 
key elements through a threaded lug; otherwise, for 
joints of intermediate tensioning, they use a tension-
ing sleeve having at its ends hooking systems to an 
eye, fork or rod; 

U� elements to distribute loads: they are present only 
when it is necessary to contain the entire wall and 
maximize the area that is affected by the tie rod by 
spreading the effort evenly; they are constituted by a 
grid of uprights and crossbeams; the type of structure 
and allocation may be made from:
U� Õ«À�}�ÌÃ�Ü�Ì��1* �Ã��}�i�«À�w�iÃ�>ÀÀ>�}i`�Ü�Ì��

the web in adherence to the building made in-
tegral through welded or bolted shelves with 
��À�â��Ì>�� 1* �«À�w�iÃ� V�Õ«�i`� ��� Ì�i� Ã�`i� �v�
Ì�i�y>�}i]����Ü��V�� �Ã�«�Ã�Ì���i`�Ì�i�ÀiÌi�Ì����
element; sometimes there are additional outer 
Õ«À�}�ÌÃ� V��ÃÌ�ÌÕÌi`� LÞ� Ã��}�i�1* �«À�w�iÃ� >�-
chored by double plates bolted to the cross-
beams;

U� Õ«À�}�ÌÃ�Ü�Ì��1* �«À�w�iÃ�V�Õ«�i`���� Ì�i� Ã�`i�
�v� Ì�i� ÜiL� >�`� «�>Vi`� Ü�Ì�� Ì�i� y>�}iÃ� ��� >`-
herence to the building, made integral through 
welded or bolted shelves with horizontal UPN 
«À�w�iÃ�V�Õ«�i`����Ì�i�Ã�`i��v�Ì�i�ÜiLÆ�Ì�i�Ài-
tainer elements sometimes present bracing sys-
tems with “innocenti tubes”;

��}°�ÓÈ�Ú�iÌ>���V�V>À«i�ÌÀÞ�Ü�Ì��Üi�`i`�«À�w�iÃ Fig. 27_Bolted plate resting on UPN coupled beams
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U� VÀ�ÃÃLi>�Ã� Ü�Ì�� 1* � «À�w�iÃ� V�Õ«�i`� ���
Ì�i�Ã�`i��v�Ì�i�ÜiL�>�`�«�>Vi`�Ü�Ì��y>�}iÃ�
in adherence to the building, made integral 
through welded or bolted shelves with verti-
V>��1* �«À�w�iÃ�V�Õ«�i`����Ì�i�Ã�`i��v�Ì�i�
web, the retainer elements are placed both 
on uprights that on crossbeams;

U� Õ«À�}�ÌÃ�Ü�Ì��ÃÌii�� �*�«À�w�iÃ]�«�>Vi`�Ü�Ì����i�
�v�Ì�i�y>�}i����>`�iÀi�Vi�Ì��Ì�i�LÕ��`��}�>�`�Ì�i�
other welded with the web of beams by single 
1* �«À�w�iÃ]����Ü��V���Ã�«�>Vi`�Ì�i�ÀiÌ>��iÀ�i�i-
ment;

U� VÀ�ÃÃLi>�Ã� Ü�Ì�� 1* � «À�w�iÃ� V�Õ«�i`� ��� Ì�i�
Ã�`i��v�Ì�i�ÜiL�>�`�«�>Vi`�Ü�Ì��Ì�i�y>�}i����>`-
herence to the building, on which is placed the 
retainer element;

U� VÀ�ÃÃLi>�Ã�Ü�Ì���Ƃ�Ã��}�i�«À�w�iÃ�«�>Vi`�Ü�Ì��
Ì�i�y>�}i����>`�iÀi�Vi�Ì��Ì�i�LÕ��`��}]��>`i���-
tegral through welding with uprights with coupled 
�Ƃ�«À�w�iÃ]�Ì�i�ÀiÌ>���i�i�i�Ì��Ã�«�Ã�Ì���i`����
the uprights;

U� Õ«À�}�ÌÃ�Ü�Ì��V�Õ«�i`�ÃÌii���Ƃ�«À�w�iÃ]�«�>Vi`�
Ü�Ì����i��v�Ì�i�y>�}i����>`�iÀi�Vi�Ì��Ì�i�LÕ��`-
��}�>�`�Ì�i��Ì�iÀ�Üi�`��}�Ü�Ì��Ì�i�y>�}iÃ��v�Ì�i�
transoms constituted by HE coupled beams, the 
retainer element is placed on the transoms and 
on the uprights;

U� Õ«À�}�ÌÃ�Ü�Ì��Ã��}�i��Ƃ�«À�w�iÃ]�«�>Vi`�Ü�Ì����i�
�v�Ì�i�y>�}i����>`�iÀi�Vi�Ì��Ì�i�LÕ��`��}�>�`�Ì�i�
other welding on crossbeams constituted by cou-
«�i`�1* �«À�w�iÃ����Ü��V��Ì�iÀi� �Ã� Ì�i�ÀiÌ>��iÀ�
element;

U� coupled HEA uprights, placed on with one of the 
y>�}i����>`�iÀi�Vi�Ì��Ì�i�LÕ��`��}]�Ü�Ì��ÀiÌ>��iÀ�
elements;

U� welding single UPN uprights and crossbeams, 
with retainer elements on the beams, placed with 
the web parallel to the front of the building;

U� single UPN uprights with retainer elements on the 
ÜiL��v�Ì�i�«À�w�iÃ°

It should be noted, however, that the wrapping of dis-
tribution may also be constituted by integrating ele-
ments of wood or in steel. In particular:
U� uprights in wood with shelves in wood or in steel 

ÃÕ««�ÀÌ��}�VÀ�ÃÃLi>�Ã����1* �V�Õ«�i`�«À�w�iÃ]�
or reticular truss on which is placed to contrast the 
retainer element;

U� uprights in wood coupled with retainer elements, 
with steel shelves supporting crossbeams in UPN 
«À�w�iÃ� V�Õ«�i`� >�Ã�� Ì�i�� Ü�Ì�� ÀiÌ>��iÀ� � i�i-
ments;

U� uprights and crossbeams in wood, with coupled 
elements and connection shelves in steel;

U� uprights with wood coupled elements with steel 
Ã�i�ÛiÃ� >�`� Li>�Ã� Ü�Ì�� �Ƃ� «À�w�iÃ]� � «�>Vi`�
Ü�Ì�� ��i� �v� Ì�i� y>�}i� ��� >`�iÀi�Vi� Ì�� Ì�i� Õ«-
rights, the retainer element is placed drilling the 
wings;

U� single upright in wood joined by nailing with 
beams with double elements in wood.

��}°�Ón�Ú1«À�}�ÌÃ�>�`�VÀ�ÃÃLi>��Ü�Ì��1* ��«À�w�iÃ�
              coupled on the site of web plate, steel shelf

��}°�Ó�Ú1«À�}�ÌÃ�Ã��}�i�1* �«À�w�iÃ]�VÀ�ÃÃLi>�Ã�Ü�Ì�
�������������1* �V�Õ«�i`�«À�w�iÃ]�ÃÌii��Ã�i�v]�Ã��}�i�1* �Li>�Ã

��}°�Îä�Ú�1«À�}�ÌÃ�>�`�VÀ�ÃÃ�Li>�Ã�Ü�Ì��1* �«À�w�iÃ�
               coupled on the side of the web plate

��}°�Î£�Ú1«À�}�ÌÃ�>�`�VÀ�ÃÃ�Li>�Ã�Ü�Ì��1* �«À�w�iÃ�
             coupled on the side of the web plate, steel shelf,
             upwinds with tubes-clamps system
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��}°�ÎÓ�Ú1«À�}�ÌÃ��*�«À�w�iÃ]�
�������������VÀ�ÃÃLi>�Ã�Ã��}�i�1* �«À�w�iÃ�

��}°�ÎÎ�Ú
À�ÃÃLi>�Ã�1* �V�Õ«�i`�«À�w�iÃ

��}°�Î{�Ú
À�ÃÃLi>�Ã�Ã��}�i���«À�w�iÃ]�Õ«À�}�ÌÃ��Ƃ�
�������������V�Õ«�i`�«À�w�iÃ

��}°�Îx�Ú1«À�}�ÌÃ�>�`�VÀ�ÃÃLi>�Ã��Ƃ�V�Õ«�i`�«À�w�iÃ ��}°�Î��Ú1«À�}�ÌÃ�Ã��}�i�1* �«À�w�iÃ

Fig. 38 _Uprights and crossbeams single welded 
��������������1* �«À�w�iÃ

��}°�ÎÇ�Ú1«À�}�ÌÃ��Ƃ�V�Õ«�i`�«À�w�iÃ

��}°�ÎÈ�Ú1«À�}�ÌÃ��]�VÀ�ÃÃLi>�Ã�V�Õ«�iÃ�1* �«À�w�iÃ
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	iÌÜii��Ì�i�Õ«À�}�ÌÃ��À��>���Li>�Ã�>Ã�`iÃVÀ�Li`�>L�Ûi®�
and the wall, wooden planks are placed to ensure the co-
planarity and perfect adherence with the vertical plane. 
This placing overcomes the uneven share derived from 
frames, window, sills or other objects. 
Depending on the present damage and the type of failure 
to counteract, the aim is to further maximize the area of 
action of the tie rod. 
The planks of wood can also be placed perpendicular 
to the elements closer to the facade. Depending on the 
needs, further components can be used: spacing elements 
���V>Ãi��v�ÕÃ��}�V�Õ«�i`�ÃÌii��«À�w�iÃ]��>���Þ�V��Ã�ÃÌ��}��v�
steel tubulars; steel brackets of anchor, both for the con-
�iVÌ����LiÌÜii��Õ«À�}�ÌÃ�>�`�Li>�Ã]� Ì�>Ì� v�À�`iw��Ì����
of the corner point in the event of curvature of the tie rod, 
plates, screws and bolts that for the connection of the steel 
and the wood  and that for the connection of the tie rod 
to the wall.
The dimensioning of the elements takes place according 
Ì�� Ì�i� ÌÞ«i� �v� v>��ÕÀi� Ì�� V�Õ�ÌiÀ>VÌ� Ì�À�Õ}�� Ì�i� À�`Ã� �À�
hoopings), to the constructive characteristics of the build-
ing and to the type of the damages, to the length and 
height of the wall to guard, to the passage of the rods and 
to the wheelbase of uprights and beams.
The constructive elements always maintain dimensional 
coordination. For example, depending on the rod, it is 
possible to identify the size of other elements. 
For what concerns the distribution elements, they have 
Lii��ÕÃi`��Ƃ�«À�w�iÃ�vÀ����Ƃ�£{ä�Ì���Ƃ�ÓÈä®]�1* �
«À�w�iÃ�vÀ���1* �£Èä�Ì��1* �Óää®]�Ü��`�i�i�i�ÌÃ�ÃiV-
Ì���� vÀ���£äÝ£ä� Ì��ÓäÝÓä� V�®� >�`�Ü��`� Ì��LiÀ� Ó°xÝ£Ó�
and 5x20 cm).

The reversibility of the system depends on the type of un-
ion that was utilized. Steel cable exclusive systems and the 
V��«��i�ÌÃ�V��Ãi�Þ�Ài�>Ìi`�Ì���Ì�V�>�«]�ÌÕÀ�LÕV��i]�Ã�>V�-
le, etc.), presents high reversibility as there are unions for 
bolting. Otherwise, for this, which concerns the distribu-
Ì����i�i�i�ÌÃ]�Ü�i�� Ì�i�«À�w�iÃÉi�i�i�ÌÃ� >Ài� ����i`�LÞ�
bolted plates through bolts or dowels, the system presents 
a high reversibility. However, it contrarily presents a low 
ÀiÛiÀÃ�L���ÌÞ�Ü�i��Ì�i�«À�w�iÃ�>Ài�Üi�`i`����«�>Vi°
For a deeper analysis of the reversibility of the distribution 
system it is necessary to evaluate the following connec-
tions:

Fig. 40 _The table provides a schematization of the dimensional coordination of the components in depending on 
              the diameter of the steel cable

Union of the beams horizontally or 
uprights vertically 

Union of the corner 
of the beams

1������v�Ì�i�V�Õ«�i`�«À�w�iÃ� Union between uprights 
and beams

The assessment must be carried out according to the fol-
lowing scale of reversibility: 

welding                   nailing           screwing             bolting  
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It proposes the comparison between 3 safety systems that 
use steel cables with the aim to highlight the incidence of 
the type of connection on the reversibility. The chosen ex-
amples present very different levels of reversibility, which 
will affect not just the time and the cost of dismantling, but 
also the integrity of the components.
���Ì�i�wÀÃÌ�V>Ãi]�Ì�i�«À�w�iÃ�>Ài�V�Õ«�i`�LÞ�Üi�`��}�Ü�Ì��
a step of about 1 ml; therefore, during disassembly they 
will have to cut transversely. The beams will maintain the 
coupled conformation and the node between uprights 
and beams and the corner point will remain in solidarity. 
Therefore, the product of disassembly will consist of pro-
w�iÃ��v�Ài`ÕVi`�Ã�âi�Õ«�Ì��Ó��iÌÀiÃ®�V�Õ«�i`�Ì�}iÌ�iÀ�>�`�
by node and angle elements, greatly limit the possibility 
of reuse.
In the second and third case, instead, thanks to the reuse 
of connections for bolting, after the disassembly, intact 
components that maintain their size and their original and 
geometrical conformation will be available, which can be 
easily reused.

SYSTEM 1

SYSTEM 2

SYSTEM 3

The time for disassembly undergoes variations depending 
on the type of distribution and connection elements and is 
included in ranges between 40 and 50 min/sqm, consider-
��}� Ì�i�ÕÃi��v�£�Ã����i`�Ü�À�iÀ]�£�µÕ>��wi`�Ü�À�iÀ�>�`�£�
common worker.
The time for disassembly is equal to the time of assembly. 
It considers a reduction factor equal to 0.9, which is in-
cluded in the range between 45 and 35 min/sqm.
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Polyester bands           
The polyester bands are usable to make ligatures rings in 
Ì�i�V>Ãi��v�ÛiÀÞ�V��«>VÌ�i�i�i�ÌÃ�>Ã�V��Õ��Ã��À�«�ÀÌ���Ã�
of building). The step of the bands varies depending on 
the damage and the geometry of the section of the ele-
ment that have to be hooped. The step on a circular ele-
ment is greater than the step on a rectangular element that 
has the same area. 
7���i� ��� Ì�i�wÀÃÌ�V>Ãi]� Ì�i�L>�`Ã�«À�`ÕVi�Õ��v�À��«ÀiÃ-
sure on the whole lateral surface, in the second case, they 
produce concentrated forces on the edges. Generally, the 
step varies between 13 cm and 81 cm in the case of the 
circular section and between 15 cm and 51 cm in the case 
of a rectangular section.
The bands, having a height of 50 mm or 70 mm, are po-
sitioned and subsequently induce and maintain a pulling 
load by means of ratchets and manual adjustment. The 
L>�`Ã�>Ài�«�>Vi`����ÃÌii��i�i�i�ÌÃ� y>Ì��À�>�}Õ�>À®�Ü�Ì��
the task of reducing damage and are protected with paints 
containing antioxidants and of a light colour to decrease 
absorption of solar radiation. These are arranged in trans-
versal position, which, in turn, are positioned on wooden 
boards with a minimum thickness of 2.5 cm in order to 
compensate for the irregularities of the contact surface. 

Phase 1: insertion of the tape from the bottom upwards 
Phase 2:  recovery of the excess tape
Phase 3: tensioning of the tape through lever 

Generally, the bands with a minimum height of 75 mm pre-
sent an exercise load equal to 10,000 kg and a breaking 
load equal to 20,000 kg. The bands with a height of 50 mm 
present, an exercise load equal to 5000 kg and a breaking 
load equal to 10,000 kg.
The ratchets are steel elements ranging in size depending 
on the width of the polyester band.
For bands having a height of 50 mm, the ratchet has di-
mension of 78 x 325 x 105 mm9. 
/�i�yiÝ�L���ÌÞ��v�Ì�i�ÃÞÃÌi���Ã�V��`�Ì���i`�LÞ���Ì����Þ�Ì�i�
length and height of the bands, but on the type of con-
w}ÕÀ>Ì���°� ��� v>VÌ]�Ü>�Ì��}� ÀiÕÃi� Ì�i� Ã>�i�L>�`Ã�Ü�Ì�� >�
V��w}ÕÀ>Ì����`�vviÀi�Ì�vÀ���Ì�>Ì�À��}]�Ì�iÞ�Ã��Õ�`�Õ�`iÀ}��
major changes in the sewing of small loops for the prepa-
ration of hooks or delta brackets.
The system is highly reversible, since the ratchet through a 
simple manual operation can be opened freeing the rope.

��Ã�`iÀ��}�Ì�i�ÕÃi��v�£�Ã����i`�Ü�À�iÀ]�£�µÕ>��wi`�Ü�À�iÀ]�
and 1 common worker, for bands with length less than 5 
metres, the time for disassembly is equal to 40 min/cad. 
For bands with length between 5 metres and 10 metres, 
the time of assembly is equal to 48 min/cad. 
Bands with length exceeding 10 metres, the time of as-
sembly is equal to 55 min/ca. Respectively, the time for 
disassembly is equal to 36min/cad and 50 min/cad.

Fig. 41 _Hooping with polyester bands

Fig. 42 _Hooking of the hoop

Fig. 43 _Hooping of a building with polyester bands
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Systems in wood
As previously described, wooden boards, primarily of sec-
tion 2.5 x 12 cm and 5 x 20 cm, are used for the distribu-
tion of loads in combination with the steel systems.
/�i� Ü��`i�� L�>À`Ã� >Ài� wÝi`� Ü�Ì�� Ì�i� ÀiviÀi�Vi� «�>�i�
Ü>����À�y��À®�Ì�>��Ã�Ì��Ì�i�«ÀiÃÃÕÀi�iÝiÀÌi`�LÞ��Ì�iÀ�V��-
ponents of steel systems. They are then connected for ad-
herence, which ensures a high reversibility of the system in 
a short time. The dismantling of steel components causes 
the simultaneous uncoupling of the timber from the refer-
ence plane. Safety elements comprised entirely of wood 
are constituted by elements of variable sections dimen-
sioned in function of the thickness of the wall and of the 
warping and are united through dry connections to form 
structures with different conformations: retention, counter-
acting, support shoring and centrings of vaults and arches. 
Generally, for the uprights and beams, elements with a 
square section are used, while the for the ground attach-
ment and for the upwind diagonals, the elements with a 
rectangular section are utilized.
They are connected by means of screws, nails or staples, in 
coordination with dimensional wooden elements. Wooden 
elements have been used with variable sections in shape 
and in size, but the elements mainly used are described 
below: 

Element Screw Nail Pin

Morale 8x8 cm q�6x160 150 ---

Morale 10x10 cm q�6x160 150 ---

Trave 13x13 cm q�10x150 --- q�16

Trave 15x15 cm q�12x180 --- q�16

Trave 18x18 cm q�12x200 --- q�16

Trave 20x20 cm q�12x200 --- q�16

Tavola 2,5x12 cm q�5x100 80 ---

Tavola 5x20 cm q�5x100 100 ---

The sizing of the clips or staples is also strongly affected by 
the angle of inclination. 
Therefore, it is not possible to outline it. They have stand-
ardized variable dimensions between 200 and 500 mm 
Ü�Ì��>�Û>À�>L�i�`i«Ì���v���yiVÌ���°
The wood connections dry with a medium-high level of 
ÀiÛiÀÃ�L���ÌÞ]�Û>À�>L�i� ���Ì�i�v����Ü��}��À`iÀ� vÀ����i>ÃÌ� Ì��
most reversible): stapling, nailing, screwing and pinning.
The wooden systems have at the time of their construction 
}��`�yiÝ�L���ÌÞ>Ã� Ì�i�i�i�i�ÌÃ�«ÀiÃi�Ì����Ì�i��>À�iÌ��v�
variable dimension between 2 m and 5 m, can be cut with 
extreme ease and adapted to multiple needs. 
"Ì�iÀÜ�Ãi]���Vi�ÕÃi`]�Ì�i�À�yiÝ�L���ÌÞ��Ã�Ài`ÕVi`]�Ã��Vi]�>Ã-
suming a new use, we have available elements with smaller 
dimensions than that original commercial. 
/�iÀiv�Ài]� �Ì� Ài`ÕViÃ� Ì�i� �Õ�LiÀ� �v� V��w}ÕÀ>Ì���Ã� >�`�
conceivable uses.
Concerning the reuse of connection elements, the screws 

cannot be reused due to the torque applied and is im-
pressed and in a similar way to nails and staples due to the 
folds that undergo in their extraction from wood. Other-
wise, the pins can be reused if they do not present forms 
�v�`i}À>`>Ì����ÃÕV��>Ã�ÀÕÃÌ®°

��Ã�`iÀ��}�Ì�i�ÕÃi��v�£�Ã����i`�Ü�À�iÀ]�£�µÕ>��wi`�Ü�À�iÀ]�
and 1 common worker, the time for the assembly for more 
complex work is about 5 h/m of materials and for less com-
plex work, 3h/m of materials.

Fig. 44 _Constructive example of a counteracting 
              shoring in wood  
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4.4 _ Systems to compare

In light of what was analysed and undertaken, a summary 
`�>}À>�� Ài}>À`��}� Ì�i� ÀiÛiÀÃ�L���ÌÞ� ,®]� Ì�i� yiÝ�L���ÌÞ� �®]�
are both evaluated with a scale, ascending from 1 to 10, 
>�`�Ì��Ì�i�Ì��i��v�>ÃÃi�L�Þ�/°�°®É`�Ã>ÃÃi�L�Þ�/°-°®�iÛ>�Õ-
ated in minutes and hours.

System R. F. T.
      M.                   S.

Tubes-clamps 10 10 20
min/sqm

18
min/sqm

Multidirectional 10 4 15
min/sqm

13,5
min/sqm

Modular 
prefabricated 
towers

8 8 60-30 
min/sqm

60-30 
min/sqm

With steel cables

Bullonatura 10 8 50-40 
min/sqm

45-35 
min/sqmScrewing 8 8

Nailing 5 6

Welding 2 5

Polyester bands

0-5 meters 10 6 40min/cad 36min/cad

5-10 meters 48min/cad 43min/cad

> 10 meters 55min/cad 50min/cad

Wooden systems

£c�ÕÃi

Pinning 10 8 5-3 h/mc 5-3 h/mc

Screwing 8 8

Nailing 5 6

Stapling 4 6

Óc�ÕÃi
and subsequent

Pinning 10 4 5-3 h/mc 5-3 h/mc

Screwing 8 4

Nailing 5 3

Stapling 4 3

The systems that have a greater reversibility are tube-
clamp, multidirectional, systems with steel cables joined 
by means of bolting, the polyester bands and wooden sys-
tems joined by pins. The steel cable systems whose ele-
ments are joined by welding have minimum reversibility. 
/�i���ÃÌ� yiÝ�L�i� ÃÞÃÌi�� �Ã� ÌÕLi�V�>�«°� �Ì�LÞ� V�>�Vi]�
it has found a wide application in safety works, while the 
�i>ÃÌ�yiÝ�L�i�ÃÞÃÌi�Ã�>Ài�Ì�i��Õ�Ì�`�ÀiVÌ���>�]�LiV>ÕÃi��v�
their technological characteristics and the wood systems at 
their second use or next, due to the successive reduction 
of the size of the elements. The system that has a greatest 
rapidity in assembly and disassembly is multidirectional.

NOTES

1. Dates are are updated to 23/03/2013

2. In the Prezzario Regionale Abruzzo 2013 (Price list of 

Abruzzo Region 2013) we have been taken into ac-

count the prices P.02.10.20.a, P.02.10.30, P.02.10.50, 

P.02.10.70, P.02.10.100.a, P.02.10.120.a, P.02.10.120.d 

3. Le opere provvisionali nell’emergenza sismica – Mario 

Belizzi –Agenzia di protezione civile, Servizio Sismico 

Nazionale – 2000.

4. Terremoto Abruzzo: procedura per la messa in 

sicurezza di manufatti edilizi in emergenza sismica – 

Prot. DICOMAT VVF n.860 del 06/05/2009 – Capo del 

Dipartimento della Protezione Civile.

5. Schede Tecniche Opere Provvisionali – Ministero 

dell’Interno – Corpo Nazionale dei Vigili del Fuoco 

-  Nucleo Coordinamento Opere Provvisionali.

6. Manuale delle opere provvisionali urgenti post-sisma 

– M.Dolce – Convenzione tra il Dipartimento Pro-

VG\KQPG� %KXKNG� 7HƂEKQ� 5GTXK\KQ� 5KUOKEQ� 0C\KQPCNG� G�
l’Università degli Studi della Basilicata.

7. Reference data: www.fracasso.it, www.pilosio.com

8. Reference data: www.condorteam.com. We empha-

sise that while in elevation the step of the joint is al-

ways of 50 cm, for what concerns the horizontal ele-

ments, they undergo minimum dimensional changes 

according to the manufacturer. It has been taken to 

refer the Condor as it has a very large components 

and, therefore, it contemplates the many possibilities 

present in L’Aquila. Reference images:  www.condor-

team.com, www.mercegaglia.com

9. Reference data: www.ceccantini.it
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5_EXAMPLIFYING INTERNATIONAL PROJECTS

5.1_The situation of international research

After studying the methods of selective demolition and 
identifying construction systems used for safety, good ex-
amples were sought in international projects using com-
ponents similar to those used for safety. The analysis does 
not cover only works made with elements of reuse, but the 
choice was made based on typological, geometric, dimen-
sional and material analogies of the components used.
In particular, examples both of interventions aimed at the 
restoration of existing buildings and of temporary struc-
tures were analysed. This research elucidates possible 
ways to reuse materials resulting from the selective demo-
lition of safety systems in L’Aquila and to also identify the 
design potential of components both from a composition-
al and technological point of view. The choice of building 
systems is inherent to the requirements that the interven-
Ì�����ÕÃÌ��iiÌ����ÌiÀ�Ã��v�yiÝ�L���ÌÞ]�ÀiÛiÀÃ�L���ÌÞ]�V��ÃÌÀÕV-
tion time and comfort. Among the cases analysed, there is, 
however, the reuse of elements especially when the con-
formation of the constructive system and its components 
�Ã���}��Þ�ÀiÛiÀÃ�L�i�iÝ>�«�iÃ���V�Õ`i�ÌÕLi�V�>�«�ÃÞÃÌi�Ã�
or multidirectional systems). Therefore, the reversibility is 
an incentive to reuse as it facilitates the dismantling op-
erations, increases the possibility of separation between 
different materials and ensures the integrity of the compo-
nents, thereby increasing their residual performance. Even 
in case of recovery or reinforcement, especially for inter-
ventions made in recent years, there is attention to design 
and the reversibility of the system.
Since 2010, the trend is to use the building systems typi-
cally employed in construction sites such as formwork, 
telescopic props, tube-clamp system and multidirectional 
ÃÞÃÌi�� v�À� Ì�i� `iw��Ì���� �v� >ÀV��ÌiVÌÕÀiÃ� Ü�Ì�� `�vviÀi�Ì�
functions. In some cases, it is a change of function in the 
Ìi�«�À>ÀÞ�wi�`�>Ã�Ì�iÞ�ÀiÌ>���Ì�i�À�Ìi�«�À>ÀÞ��>ÌÕÀi]�ÃÕV��
as in the case for the following projects: Eat House, Pa-
vilion Humanidade and Studio East Dining. The use of 
these systems allows for the combination of reversibility, 

typically a characteristic of temporariness, with the facil-
ity and speed of assembly, which are typical of the sys-
tems used on construction sites where time represents 
>� Ã�}��wV>�Ì� iV�����V� }>��� �À� ��ÃÃ°� ��� v>VÌ]� V��«>À��}�
these systems with systems traditionally used in temporary 
ÃÌÀÕVÌÕÀiÃ� i°}°� Ìi�ÌÃ�>�`�V��Ì>��iÀÃ®� Ì�>Ì��>Ûi� Ì�i�Ã>�i�
characteristics in terms of reversibility, facility, and speed 
of assembly, the systems used in-site have a higher per-
v�À�>�Vi� ��� ÌiÀ�Ã��v�Li>À��}�V>«>V�ÌÞ]�V��ÃÌÀÕVÌ����yiÝ-
ibility, adaptability and versatility for implementation with 
elements that are different from them. For example, the 
multidirectional system is used as a supporting structure 
in many of the case studies described, but the horizon-
tal and vertical closures are made differently: in the Eat 
��ÕÃi�Ì�iÞ�>Ài��>`i�Ü�Ì��«�>ÃÌ�V�VÀ>ÌiÃ�w��i`�Ü�Ì��Ã>V�Ã�
of earth, whereas in the project Les Grandes Tables de l’Ile 
they are made with wooden planks, in temporary pavilion 
GJL Architekten they are made with aluminium foil fabric. 
These closures ensure a comfortable environment that is 
different from the function that houses the building and 
the time of use. In other cases, constructive systems typi-
cally employed on construction sites are used with stable 
function in the recovery of existing buildings in order to 
Ài`iw�i�Ì�i���ÌiÀ��À��v�Ì�i�Ã«>Vi°�/�i���Ì�Û>Ì����Ì�Ü>À`Ã�
sustainable design is combined with a change of the con-
Vi«Ì�����v� Ì�i���ÕÃi� �i>`��}� Ì�� Ì�i�`iw��Ì�����v� Ã«>ViÃ�
that can be subject to dimensional changes depending on 
their intended use and changing needs of the users. The 
yiÝ�L���ÌÞ��v�ÕÃi�Ã�Õ}�Ì����Ì�i�Ã«>Vi�w�`Ã�>��>�ÃÜiÀ����Ì�i�
V��ÃÌÀÕVÌ�Ûi�yiÝ�L���ÌÞ��v�Ì�i�ÃÞÃÌi�Ã�}i�iÀ>��Þ�ÕÃi`����Ì�i�
construction site. For example, in the project House Rot by 
��i��	iÀ}��v��°�6Þ�`iÀ]��°�6��V�]�>�`��°�/>����iÕ]�Ì�i�yiÝ�L���ÌÞ�
allows a different use of space in the winter and summer 
months, thereby increasing comfort for the users through 
the transformation of the greenhouse into an open space. 
Conversely, in the project The difference of Ebitsuka of 
403 Architecture, the use of modular systems with tubes-
clamps allows for the expansion of space, thanks to the 
ÌÀ>�Ãv�À�>Ì�����v�Ì�i�Õ�`iÀÃ�`i��v�Ì�i�y��À����Ü>À`À�LiÃ°
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GILMOUR ROAD, R. MURPHY, EDINbURGO, 1994
The intervention consists of the expansion of a two-family 
Victorian style house. 
A partial demolition of an area was made in order to insert 
a new volume, which houses the kitchen. 
The new roof rests on steel beams and vertical walls are 
made with western red cedar panels.
The former kitchen was transformed into a dining room.
The extension is also equipped with a balcony and with a 
scale, which allows access to the underlying garden.

Winter temperatures:
���\�£c�

�>Ý\�xc�

Summer temperatures:
���\�£äc�

�>Ý\�£Çc


Flexibility of building system:

Reversibility of building system:

Time of assembly/disassembly:

Facility of assembly/disassembly:

0 10

0 10

0 10

0 10
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1-Preexisting part
2-Metal sheet for covering
3-UPN edge beam
4-Support strut
5-Red cedar panel
6-Sliding window
7-Metal railing
8-Coupled UPN for supporting the balcony

1 2 3
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CENTRO DI ARTI vISIvE, JOAO MENDES RIbEIRO, COIMbRA, 2003
Winter temperatures:
���\�È]xc�

�>Ý\�£xc�

Summer temperatures:
���\�£xc�

�>Ý\�Ónc


Flexibility of building system:

Reversibility of building system:

Time of assembly/disassembly:

Facility of assembly/disassembly:

0 10

0 10

0 10

0 10

The College of Visual Arts, built in 1548, is attributed to 
Diogo Castiho. The College of Visual Arts concentrates in 
the west part of the Arts Centre of Coimbra. Until 1821, 
�Ì�Ü>Ã��VVÕ«�i`�LÞ�Ì�i�
�ÕÀÌ��v�Ì�i����Þ�"vwVi°�ƂvÌiÀ�Ì�i�
liberal revolution, it became a Republican Centre and was 
then converted into a military base. In 1996, the Municipal-
ity of Coimbra commissioned Ribeiro for the preparation 
of exhibition “Heaven and Hell” by Joel Peter Witkin to 
Li� «Ài«>Ài`� ��� Ì�i� }À�Õ�`� y��À°� /��Ã� iÝ��L�Ì���� �i`� Ì��
the recovery process of the building. Ribeiro on the one 
hand gives new force to the history of the building, and 
on the other hand, makes the new interventions recognis-
able. The project is physically separated from the exist-
ing building and many spaces are eliminated by wooden 
partitions. The historical remains present on the ground 
y��À� �>Ûi� Lii�� «ÀiÃiÀÛi`�Ü�Ì�� À>�Ãi`�Ü��`i�� y��À��}]�
which is easily reversible. In the regeneration of the west 
part, the construction systems and the original materials 
v�À��w��Ã�iÃ�Ì��V�>Ì��}Ã�Ì�>Ì��>Ûi�Lii��«ÀiÃiÀÛi`�ÕÃ��}�
traditional building techniques. Even the trusses, when 
damaged, were strengthened with wooden pine elements.
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1-Pine boards, 22 mm
2-IPE 140 beam
3-Wooden compensation element 
4-Wooden beam
5-Wooden compensation element
6-IPE 140 beam
7-HEA 100 pillars
8- Reinforced concrete foundation 40x40x20 cm
9- Pre-existing wall

1-Pine boards, 22 mm
2-Wooden element
3-Wooden beam, 12 x 24 cm
4-Steel plate 
5-Steel bracket 
6-HEA 100 beam 
Ç�
i����}�
�«À�w�i�
8-Countertop
9- Pre-existing wall

HORIZONTAL LOWER CLOSURE

HORIZONTAL INTERMEDIATE CLOSURE

HORIZONTAL UPPER CLOSURE

INTERNAL PARTITION

1-Covering
2-Wooden common rafters 
3-Wooden purlins
4-Wooden bottom chord 
5-Wooden web
6- Reinforced wooden beam
7-Perimetral wooden beam 
8-Stone shelf
9-Galvanized steel plate
10-Part of wooden bottom chord

1-HEB 180 beam
2-Steel plate, 12 mm
3-Pillar reinforcement with steel tubular 140,
   thickness 8 mm
4-Steel structure made with tubular 60x30x3
   and 30x30x3 mm
5- Birch plywood, 9 mm 
6-Plasterboard
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INTERMEDIAE MATADERO MADRID, FRANCO E vAN TESLAAR, MADRID, 2007
Winter temperatures:
���\�£]nc�

�>Ý\\��c�

Summer temperatures:
���\�£È]xc�

�>Ý\�Ónc


Flexibility of building system:

Reversibility of building system:

Time of assembly/disassembly:

Facility of assembly/disassembly:

0 10

0 10

0 10

0 10

The old slaughterhouse of Madrid consists of a complex 
with more than 20 depots, designed by Luis Bedillo in 
1907. The depot 17c has been converted into a Contem-
porary Culture Centre, thanks to the intervention designed 
by Arturo Franco and Fabrice Van Teslaar.
Materials arising from industry are used. The UPN 180 
ÃÌii��«À�w�iÃ�ÜiÀi�ÕÃi`���Ì����Þ�Ü�Ì��ÃÌÀÕVÌÕÀ>��vÕ�VÌ���]�
LÕÌ�>�Ã��Ì��v�À��vÕÀ��ÌÕÀi�>�`�w��Ã�iÃ°
The intervention was made with a budget of 700000 euros. 
The design choice was to leave the breaches on the walls, 
the cork insulation and the retouches on the pillars. 
The technical implants are left outside.



JOINT RESEARCH PhD THESIS 
BETWEEN THE UNIVERSITY “G.D’ANNUNZIO” OF CHIETI-PESCARA AND THE  POLYTECHNIC UNIVERSITY OF VALENCIA 

695_Exemplifying international projects

B
U

IL
D

IN
G

RE
ST

O
RA

TI
O

N

DET 1a DET 1b DET 1c DET 2

1-Preexisting bearing wall
Ó��*�£nä�«À�w�i
Î�1* �Îää�«À�w�i
{�1* �£nä�«À�w�i
5-Plasterboard, 12,5 mm
6-Insulation, 85 mm

7-Insulating glass 8+8+8
n�-Ìii��y>Ì]�£ä���
��
�ÃÌii��«À�w�i
10-Electrical installation
££�*À�w�i�v�À�i�iVÌÀ�V>����ÃÌ>��>Ì���
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HOUSE ROT ELLEN bERG, vYLDER vINCk TAILLIEU, OUDENAARDE, 2011
Winter temperatures:
���\�£c�

�>Ý\�x]xc�

Summer temperatures:
���\�£Ó]xc�

�>Ý\�Ó£c


Flexibility of building system:

Reversibility of building system:

Time of assembly/disassembly:

Facility of assembly/disassembly:

0 10

0 10

0 10

0 10

The recovery of this Flemish building made with bricks is 
expressed in the evolution of space according to the dif-
ferent ways of living in summer and winter, thanks to the 
yiÝ�L���ÌÞ��v�ÕÃi�>�`�V��ÃÌÀÕVÌ����yiÝ�L���ÌÞ°
A greenhouse inside the building becomes an open space 
in the warmer months.
/À>`�Ì���>��Ìi�«�À>ÀÞ�ÃÞÃÌi�Ã�ÃV>vv��`��}]�v�À�Ü�À�]�iÌV°®�
were used in a permanent way in order to increase the 
sustainability of the intervention through the reduction of 
the number of processes/works.

GROUND FLOOR

FIRST FLOOR

SECOND FLOOR
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1-Wooden beam
2-Double glazing 
3-Insulating tile 
4-Rainwater collection 
5-Formworks
6-Wooden support beam 
7-Reinforced concrete kerb 
8-Pre-existing wall
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THE  DIFFERENCE OF EbITSUkA, 403 ARCHITECTURE, HAMAMATSU, 2011
Winter temperatures:
���\�Óc�

�>Ý\��]xc�

Summer temperatures:
���\�Ó£c�

�>Ý\�Ónc


Flexibility of building system:

Reversibility of building system:

Time of assembly/disassembly:

Facility of assembly/disassembly:

0 10

0 10

0 10

0 10

The project concerns an apartment located in a ground 
y��À� ��� >� ÀiÃ�`i�Ì�>�� V��«�iÝ��v� Î� y��ÀÃ]� Ã�ÌÕ>Ìi`�>���}�
Ì�i�À�ÛiÀ°�/�i�`�ÃV�ÛiÀÞ��v�>�v>�Ãi�y��À�>���Üi`�Ì�i�iÝ«>�-
sion of volume of 3.5 cubic metres. The room is divided 
on two levels. The used materials are derived from previ-
ous demolitions. For example, the scale that connects two 
y��ÀÃ� V��Ã�ÃÌÃ� �v� Ü��`i�� i�i�i�ÌÃ� Ì�>Ì� «ÀiÛ��ÕÃ�Þ� ÃÕ«-
«�ÀÌi`�Ì�i�v>�Ãi�y��À°
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1-Reinforced concrete pre-existing wall
2-Wire guide for curtain 
3-Aluminium frame 
{�
��VÀiÌi�y��À��}]�Èä����
5-Rubberized sheet 3 mm 
6-Wooden boards 
7-Tube-joint system 
8-Sliding drawer

���>«�i�Ü��`�y��À��}�
10-Adjustable plastic support 
11-Double plywood panel, 12,5 mm 
£Ó���>ÃÃ�wLÀi���ÃÕ�>Ì����
13-Waterproof sheet
14-Reinforced concrete 
15-Compacted gravell
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EGG 333 REMODELING, JOHO ARCHITECTURE, HwAYANG, 2012
Winter temperatures:
���\�ä]xc�

�>Ý\�nc�

Summer temperatures:
���\�ÓÎc�

�>Ý\�Îäc


Flexibility of building system:

Reversibility of building system:

Time of assembly/disassembly:

Facility of assembly/disassembly:

0 10

0 10

0 10

0 10

The restoration of the building introduces a new skin for the 
façade, made with wooden elements of two sizes, framed 
Ü�Ì��>��iÌ>��«À�w�i°�-����>À�Þ]� Ì�i�V�ÕÀÌÞ>À`� �Ã� Ài`iw�i`°�
The outdoor space formed by the accessible roof and by 
the courtyard are in geometric relation to one another. The 
��`i��v�VÕÌÌ��}�Ü��`i��i�i�i�ÌÃ�>���ÜÃ�Ì�i�w�ÌiÀ��}��v�
light while simultaneously protecting from introspection.
In the courtyard, the existing reinforced concrete slab is 
V�ÛiÀi`�Ü�Ì��Ü��`i��«À�w�iÃ]�Ü���i�Ì�i�i�V��ÃÕÀi�V��Ã�ÃÌÃ�
�v�ÛiÀÌ�V>��ÃÌii��«À�w�iÃ�v�À�Li>À��}���À�â��Ì>��Ü��`i��i�i-
ments.

BEFORE AFTER
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1-Steel sandwich panel
2-Wooden element, 18x90 mm
3-Wooden element, 39x39 mm,
    cut to 39 x 20 mm
4-Windows with low-e glass

EVOLUTION OF THE COUTYARD

EVOLUTION OF THE FAÇADE

USED ELEMENTS CUTTING MODE

POSITIONING

SCHEME OF INTROSPECTION
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PADIGLIONE, GJL ARCHITEkTEN, FREIbURG, 1998
Winter temperatures:
���\��Îc�

�>Ý\�Îc�

Summer temperatures:
���\�££c�

�>Ý\�Ó£c


Flexibility of building system:

Reversibility of building system:

Time of assembly/disassembly:

Facility of assembly/disassembly:

0 10

0 10

0

0 10

The Pavilion was designed to host exhibitions, shows and 
events about architecture. It remembers the shape of the 
archetypal house.
A double skin covers the bearing structure, built with 
multidirectional system: one skin is internal and the other 
external. The type of connections, inherent to the building 
system used, guarantees the reversibility of the building 
and the reuse of elements. Screw piles form foundations.
The structure has a wheelbase of 2.57x2.57 m.
The double skin is made from a fabric impregnated and 
V�>Ìi`�Ü�Ì��>��>�Õ����Õ��w��°�/�i��ÕÌiÀ�Ã���� �Ã�ÃiVÕÀi`�
with wooden joints, and the interior covering with clips.

PLAN

WEST ELEVATION
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1-Multidirectional System, 
   diameter 48.3 mm, thickness 3.2 mm 
2-Fabric protected with aluminium foil
3-Wooden element, 9/98 mm
4-Transverse reinforcement element
5-Connection with multidirectional ring
6-Fabric protected with aluminium foil
7-Fixing clip for interior membrane 
8-Multidirectional base plate with height adjustment 
9-Anchor base
10-Flooring with formwork boards
11-Heating

1 2

3 4

CROSS SECTION
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EAT HOUSE, ATELIER GRAS, ROTTERDAM, 2010
Winter temperatures:
���\�ä]nc�

�>Ý\�x]xc�

Summer temperatures:
���\�£Óc�

�>Ý\�£�]nc


Flexibility of building system:

Reversibility of building system:

Time of assembly/disassembly:

Facility of assembly/disassembly:

0 10

0 10

0

0 10

The project aims to encourage a direct relationship be-
tween producers and consumers and transform, thanks to 
the presence of a vegetable garden, a temporary home 
into an edible house. Eathouse is a modular system where 
the frame in tubes of tube-clamp system and of multidi-
rectional system is dimensionally coordinated with plastic 
boxes, which are commonly used in collecting and selling 
fruits and vegetables. The system introduces a new way of 
thinking about the garden that can be accessible to every-
one and everywhere, due to its temporary and reversible 
nature.
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1-Multidirectional system, 
   diameter 48.3 mm, thickness 3.2 mm
2-Plastic case
3-Soil

4-Metal mesh
5-Metal scaffolding table
6-Multidirectional base plate 
   with height adjustment

Vegetables

Containment mesh

Growth sack with topsoil

Plastic box
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STUDIO EAST DINING, CARMODY GROARkE, LONDRA, 2010
Winter temperatures:
���\�Óc�

�>Ý\�n]Îc�

Summer temperatures:
���\�£Ó]xc�

�>Ý\�ÓÓc


Flexibility of building system:

Reversibility of building system:

Time of assembly/disassembly:

Facility of assembly/disassembly:

0 10

0 10

0

0 10

The temporary restaurant designed by Carmody Groake 
during the 2012 Olympic Games in London consists of a 
vÀ>�i� ��� ÌÕLiÃ� >L�ÕÌ� Îxää®]� ��À�â��Ì>�� >�`� ÛiÀÌ�V>�� V��-
ÃÕÀiÃ�>�`�wÌÌ��}Ã�Ì�>Ì�V��Ã�ÃÌ��v� v�À�Ü�À��L�>À`Ã�>L�ÕÌ�
2000). Outside, the metal structure is covered with indus-
trial polyethylene translucent sheets.
The shape of the restaurant is designed to create privi-
leged optical cones over the city. Three of the seven exist-
ing volumes host the kitchens and services.
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1-Industrial polyethylene translucent cloth
2-Tube-clamp system
3-Swivel clamp

4-Wooden board for formwork
5-Base plate with height adjustment
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LES GRANDES TAbLE DE L’ILE, 1024 ARCHITECTURE, PARIGI, 2011
Winter temperatures:
���\�£]Îc�

�>Ý\�È]xc�

Summer temperatures:
���\�£Îc�

�>Ý\�Ó{c


Flexibility of building system:

Reversibility of building system:

Time of assembly/disassembly:

Facility of assembly/disassembly:

0 10

0 10

0

0 10

The bar-restaurant is built with a multidirectional system, 
ÌÕLi�V�>�«�ÃÞÃÌi�]�Ü��`�wLiÀ�«>�i�Ã�>�`�V��Ì>��iÀÃ°�
It can accommodate up to 120 guests, offering an area of 
about 300 square metres.
The structure rests on the bases of the multidirectional 
ÃÞÃÌi�°�/�i�}À�`� �Ã���Õ�Ìi`�wÀÃÌ�>�`]� Ì�i�]�ÛiÀÌ�V>��>�`�
horizontal closures are placed inside. These are made with 
Ã>�`Ü�V��«>�i�Ã� Ü��`i��V�ÛiÀ��}�>�`�>�Õ����Õ��ÃÌÀÕV-
ture). The wooden struts, which are nailed sandwich pan-
els, are anchored through the eyelets of the multidirec-
tional system to the bearing structure.

PIANTA

SEZIONE LONGITUDINALE
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1-Polycarbonate panel 
2-Truss beam of the roof 
3-Container
4-Truss beam 
5-Multicom system 
6-Wire grid 
7-Tube-clamp system
8-Polycarbonate panel
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THE wALL OF ZUDAJI, 403 ARCHITECTURE, HAMAMATSU, 2011
Winter temperatures:
���\�Óc�

�>Ý\��]xc�

Summer temperatures:
���\�Ó£c�

�>Ý\�Înc


Flexibility of building system:

Reversibility of building system:

Time of assembly/disassembly:

Facility of assembly/disassembly:

0 10

0 10

0

0 10

/�i� «À��iVÌ� `iw�iÃ� >� Ü>Ài��ÕÃi� v�À� Ì�i� �i�}�L�ÕÀ��}�
restaurant and is made with wooden elements. The wood 
comes from waste material of three previous interventions 
and from unusable pallets. The impermeability to water 
and wind is guaranteed from corrugated plastic panels an-
chored to the outside of the vertical closures. 
The cover is made from a sheet of galvanized steel.
Wooden elements were secured with screws, thus forming 
both pillars and vertical partitions.

SECTION

PLAN
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1-Corrugated sheet coated 
   with asphalt
2-Vapour barrier
3-Structural timber, 12 mm
4-Polycarbonate panel
5-Wall made with wooden 
   elements securely united 
   with screws
È�*���>À�£Óä���®��>`i�Ü�Ì��
   wooden elements securely 
   united with screws

DETAIL OF PLAN

DETAIL OF CROSS SECTION
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PAvILION HUMANIDADE, JUACAbA, LESSA, RIO DE JANEIRO, 2012
Winter temperatures:
���\�Ó£]nc�

�>Ý\�Ó�c�

Summer temperatures:
���\�£È]nc�

�>Ý\�Ó{]nc


Flexibility of building system:

Reversibility of building system:

Time of assembly/disassembly:

Facility of assembly/disassembly:

0 10

0 10

0

0 10

The Pavilion was built with recycled multidirectional scaf-
folding, thanks to the type of connections. The material 
can be reused again.
It consists of 5 structural walls approximately 170 metres 
long and 20 metres high, with a distance of approximately 
5.40 metres, creating paths addressed to the city.
Within a spatial grid, there are “container spaces” that 
host exhibition halls and conference rooms, built with 
wood particleboard and plywood. The bearing frame sys-
Ìi�]�`Õi�Ì���ÌÃ�V��w}ÕÀ>Ì���]�v>V���Ì>ÌiÃ�Ì�i��>ÌÕÀ>����}�Ì��}�
and ventilation of all rooms.
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1-Multidirectional System, 
  diameter 48.3 mm, 
  thickness 3.2 mm
2-Connection with 
   multidirectional ring

NATURAL VENTILARION/LIGHTING SCHEME

SECTION DETAIL

3-Truss multidirectional beam
4-Prefabricated panels with 
   wooden structure and 
   particle board





PHASe 4_ reSeArcH ProceSSIng PHASe. 
oPtImIzAtIon of tHe reuSe of mAterIALS reSuLtIng 
from SeLectIve demoLItIon of SAfety SyStemS In 
L’AquILA.

/�i� v�ÕÀÌ�� «�>Ãi� V��ViÀ�Ã� Ì�i� `iw��Ì���� �v� �«iÀ>Ì�Ûi�
methodological procedures aimed at maximizing the 
reuse of wood and steel, which are prevalent materials in 
L’Aquila’s safety systems.
/�i� ÀiÃi>ÀV�]� Ài}>À`�iÃÃ� �v� Ì�i� >�>�ÞÃi`� wi�`]� v����ÜÃ�
Ì�i�Ã>�i���}�V>��«>Ì�\�Ì�i� �`i�Ì�wV>Ì�����v�Ì�i�V>ÕÃiÃ��v�
degradation, health and preventive treatments and their 
>ÌÌ>��>L�i�«iÀv�À�>�ViÃ]�Ì�i�`iw��Ì�����v�Ài�ÕÃi�>�`�Ì�i�
�`i�Ì�wV>Ì���� �v� }��`� V��ÃÌÀÕVÌ���� «À>VÌ�ViÃ°� /�i� ÀiÃÕ�Ì�
of research allows the engineer to evaluate the residual 
performance of materials, the potential degradation 
in relation with environmental class and the accessible 
performances by treatments. If these parameters are 
implemented into the system, we can identify the potential 
modes of reuse to optimize the durability and maximize 
the characteristics of the element at the same time. The 
potential modes of reuse should then be compared with 
>VÌÕ>��ÀiÕÃi����>�Ã«iV�wV�ÌiÀÀ�Ì�ÀÞ�>�`����>�����Ìi`�Ì��i°�
For the structural use of wood, experimental laboratory 
tests are made, which aim to identify the suitability of 
the visual grading method and the attribution of values 
established by the legislation for the elements that have 

already undergone a life cycle. On the basis of the results, 
V��L��i`� Ü�Ì�� Ì�i� ��ÌiÀ�>Ì���>�� �i}�Ã�>Ì���]� >� Ã«iV�wV�
grading process is proposed for used wooden elements, 
without prejudice to security, which takes into account 
Ì�i� ��v�À�>Ì����>À�Ã��}� vÀ���Ì�i�wÀÃÌ� ��viVÞV�i� ����À`iÀ� Ì��
exploit the real performance of the element and not those 
suppositories. This method guarantees the environmental 
sustainability of the process of reuse.
In the non-structural wood system, the method detects 
how to optimize the durability depending on the species 
and the climatic conditions in which they are placed.Even 
in this case, the knowledge of correspondence of the 
i�i�i�Ì�Ì��L�Õ�`>ÀÞ�V��`�Ì���Ã����wÀÃÌ���vi�VÞV�i�«À�Û�`iÃ�
useful information for reuse.
��� Ì�i� wi�`� �v� ÃÌii�� i�i�i�ÌÃ]� Ì�i� �Ã�ÌÀ�«Þ� �v� �>ÌiÀ�>��
>���ÜÃ� v�À� Ì�i�`iw��Ì�����v� >���Ài� ÃÌÀ>�}�Ìv�ÀÜ>À`� ÀiÕÃi�
process, based on current international standards. 
/�i���v�À�>Ì����ÀiÌÀ�iÛi`�vÀ���Ì�i�wÀÃÌ���vi�VÞV�i�>�`�Ì�i�
type of treatment performed and carried out allow the 
design of maintenance plans to prevent degradation, 
V��`�Ì���i`�LÞ�Ì�i�ÀiÕÃi���`i�ÃÌÀÕVÌÕÀ>���À���Ì®�>�`�Ì�i�
corrosiveness of the environment.
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6 _ wOODEN ELEMENTS: OPTIMIZATION OF REUSE

6.1 _ The durability of the wood

/�i�`ÕÀ>L���ÌÞ��v�Ü��`��Ã�ÃÌÀ��}�Þ���yÕi�Vi`�LÞ�Ì�i�`iÌi-
rioration which it undergoes, as a function of the boundary 
V��`�Ì���Ã��v��ÌÃ�VÞV�i��v���vi�ÌÞ«i��v�ÕÃi]�Ìi�«iÀ>ÌÕÀi]��Õ-
midity, accidental events etc.). The degradation therefore 
can be from one or more of the following:
1. physical:
U� wÀi�V>ÕÃ��}��ÌÃ�V��LÕÃÌ����>�`��i�Vi]�`iÃÌÀÕVÌ���Æ
U� elements that do not compromise the under layers, 

causing cosmetic surface discoloration and an altera-
tion of the structure and of the surface layers: solar 
À>ÞÃ�16®�Ì�>Ì�>VÌ�Û>Ìi�>�V�i��V>��«À�ViÃÃ��v��Ý�`>Ì����
�v�Ì�i�Ü��`�Ì�>Ì��Ã�ÌÕÀ���}�}ÀiÞ�ÃÕÀv>Vi�>}��}�LÞ�«��-
tolysis); rain sliding on the wood that penetrates in the 
cracks creating a wetland which over time leads to rot 
in the wood; more generally the water and the humid-
ity have a crucial role in the preservation of the wood 
by keeping it hydrated, but when in direct contact or 
by thermo-osmosis, they can cause areas of moisture 
and consequently, rot;

U� lesions and cracks that cause changes in mechanical 
properties, which can be caused by traumatic events 
��}�Ì���}]� Ã��V�]� iÌV°®� Ì�>Ì� «À�`ÕVi� >� `�ÃV��Ì��Õ�ÌÞ�
in the woody tissue, by alternating the balance of in-
ternal tensions that are released in the fresh timber 
immediately after harvesting or volumetric shrinkage 
of wood when the humidity falls below the point of 
Ã>ÌÕÀ>Ì���� >L�ÕÌ� Îä¯� ��� Ì�i�Ü��`� >��Þ`À�ÕÃ®°� /�i�
most common values for the withdrawal of fresh wood 
are between 0.2-0.5 % axially, between 3-9 % radially, 
between 7-19% in a tangential  direction1, therefore, 
they shall run in the direction of the grain of the wood 
following its indentations and irregularities; also, dur-
ing the drying, tensions are created which cause de-
formations as well as distortions, buckles, cracks and 
shrinkage cracks;

2.   chemical: when it is attached by basic products due to 
its acidic nature;

3.   biological: when it is attacked by mushrooms and in-
sects that feed on organic substances which constitute 
the wood;

U� vegetal attack: the fungi are aerobic organisms and 
are called “parasites” when they settle on living plants 
and “saprophytes” when they settle on cut down 
plants, they are divided in:

-  dry rot fungi: generally, these attack the wood when 
the humidity is higher than the 20%, feed on cell wall 
components of wood, they attack both sapwood and 
heartwood; there are brown rot fungi that mainly at-
tach the cellulose, giving a brown colour, generate 
���}�ÌÕ`��>��>�`��>ÌiÀ>��VÀ>V�Ã�>Ã«iVÌ����i�VÕLiÃ®]�>�`�
make the wood brittle; the white rot fungi, which at-
Ì>V��Ì�i�Vi��Õ��Ãi�>�`�Ì�i���}���]�}�Ûi�>�Ü��Ìi�>�`�w-
brous aspect; the soft rot fungi give a dark colour and 
����]�>Ì�wÀÃÌ�ÜiÌ�>�`�ÃÕLÃiµÕi�Ì�Þ�`ÀÞ�>Ã�Ì�i�Ü��`�
undergoes consequent hardening and cracking;
���ÃÌ>����}�vÕ�}�\�Ì�iÃi�ÀiµÕ�Ài�>���}���Õ��`�ÌÞ��Îä¯®]�

feed on the substances present in the sapwood 
ÃÌ>ÀV�]�«À�Ìi��Ã]� >�`� ÃÕ}>ÀÃ®� >�`�`����Ì�>ÌÌ>V�� Ì�i�
cell wall of the wood and cause an alteration of the 
colour without causing structural damages; a good 
iÝ>�«�i� �Ã� Ì�i�L�Õi�ÃÌ>����}�vÕ�}�� }�Ûi�>�}ÀiÞ�L�Õi�
colour);

- imperfect fungi: these are surface molds that do not 
penetrate the wood, but remain on surface; examples 
include Aspergillus, Penicillum, and Trichoderma;

U� animal attack: the presence of wood boring insects 
is recognisable by the presence of holes; the beetles 
Ƃ��L��`Ã]�	�ÃÌÀ�V��`>i]�
iÀ>�LÞV�`>i]��ÞV�`>i]�*�>Ì-
ypodidae, Scolytidae and Curculionidae) the isoptera 
,���ÌiÀ��Ì�`>i]� �>��ÌiÀ��Ì�`>i®� >�`� Ì�i� �Þ�i��«-
ÌiÀ>�-�À�V�`>i]���À��V�`>i�®�>Ài�Ì�i��À`iÀÃ��v� ��ÃiVÌÃ�
that attack the cut down wood; they dig tunnels in the 
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wood causing loss of mechanical strength; the same 
insects attack the fresh wood and others the seasoned 
wood2, in reference to the latter case  it is possible to 
distinguish:
��>��L��`Ã� ºÜ��`Ü�À�»®\� ��ÃiVÌÃ��v�VÞ���`À�V>��Ã�>«i�

of 2-9 mm, with brown colour, whitish larvae pen-
etrate the wood, digging tunnels and, once adults, 
the insects emerge from circular holes with diameter 
from 1 to 3 mm, their attack only being visible outside 
when the holes begin to appear, i.e. when the insects 
are already adults and the wood is severely compro-
mised; the time for this process is variable, between 
2 and 3 years;
��ViÀ>�LÞV�`>i�ºV>«À�V�À��LiiÌ�iÃ»®\���ÃiVÌÃ��v�£�Ó�V��

with brown colour, the female lays her eggs in the 
crevices of the wood and the larvae dig tunnels to 
the heartwood to become adults and leave the holes. 
The timing for that process is variable between 4 and 
8 years, creating holes are oval with a diameter from 
5 to 10 mm;

- curculionidae: insects of 3-5 mm with a brown colour 
with rostrum, both the larvae and the adults dig tun-
nels with a diameter less than 1 mm and come from 
the oval hole;
�� À���ÌiÀ��Ì�`>i� >�`� �>��ÌiÀ��Ì�`>i� ºÌiÀ��ÌiÃ»®\�

winged insects that base their organisation on three 
V>ÃÌiÃ\�Ì�i�Ài«À�`ÕVÌ�Ûi�V>ÃÌ�V>��Li�>VÌ�Ûi����}�>�`�
µÕii�®�>�`�«�Ìi�Ì�>�]�Ì�i�Ã��`�iÀÃ��V�Ài�V���ÕÀ®��>Ûi�
the task of defending the colony from predators and 
Ü�À�iÀÃ�Ü��Ìi�V���ÕÀ®�>Ài�ÃÌiÀ��i�>�`�Ì>�i�V>Ài��v�Ì�i�
operation of the colony. The subterranean termites 
also attack wood up to tens of meters from the nest. 
Otherwise, the dry wood termites have their nest 
inside the wood and expel their excrement through 
holes on the surface of the wood.

The correlation between the agents of degradation, ef-
fects, consequences and damages is made explicit in the 
following table3:                                  

Agents Effects Consequences Damages

Fire Fire Burning Destruction of the wood

Sun- 
short wave UV 
radiation

Photochemical attack 
of the wood
Depolymerisation of 
the cellulose

��ÃV���À>Ì����Þi���Ü��}]�LÀ�Ü���}®
Possible increase of the absorption 
capacity of the surface
Attack of staining and lichen fungi

Sun- 
short wave UV 
radiation and 
temperature change

Swings of 
temperature and 
humidity
Drying caused by 
the reduction of the 
humidity
Size variation due to 
swelling and shrinkage
Mechanical solicitation

��ÃV���À>Ì����Þi���Ü��}]�LÀ�Ü���}®
��À�>Ì�����v�wÃÃÕÀiÃ�>�`�VÀ>V�Ã
Possible increase of humidity
Biological attack

Rot
Decrease of structural 
characteristics
Destruction of the wood

Wind Erosion
Aging of the sealant 

Lack of tightness, mild cracks

Rain
Humidity of the soil 
and/or of the air

Increased of moisture
Size variation due to 
swelling and shrinkage
Thermo-osmosis

��ÃV���À>Ì����Þi���Ü��}]�LÀ�Ü���}®
��À�>Ì�����v�wÃÃÕÀiÃ�>�`�VÀ>V�Ã
Biological attack

Rot
Decrease of structural 
characteristics
Destruction of the wood

Internal tensions Rebalancing  of the 
tensions

��À�>Ì�����v�wÃÃÕÀiÃ�>�`�VÀ>V�Ã Decrease of structural 
characteristics

Basic products Chemical reaction ��ÃV���À>Ì����Þi���Ü��}]�LÀ�Ü���}®
Weakening

Destruction of the wood
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The humidity of the air conditions, as seen previously, the 
risk of the development of fungi, in particular, the Euro-
pean standard4� �`i�Ì�wiÃ�wÛi�V�>ÃÃiÃ�Ì�>Ì�Ài�>Ìi�Ì�i�ÌÞ«i�
�v�ÕÃi�Ü�Ì��Ì�i�À�Ã���v�>ÌÌ>V���>À}iÀ��Ã�Ì�i�V�>ÃÃ]�}Ài>ÌiÀ��Ã�
the risk):
U� class 1: situation where the wood or the wood-based 

product is repaired, fully protected from the elements, 
and not exposed to moisture;

U� class 2: situation where the wood or the wood product 
is repaired and fully protected from the elements, but 
where high environmental humidity can determine an 
�VV>Ã���>���Õ��`�wV>Ì����iÛi�Ì�LÕÌ��Ã���Ì�«iÀÃ�ÃÌi�ÌÆ

U� class 3: situation where the wood or the wood product 
is not repaired and is not in contact with the ground; it 
is continually exposed to atmospheric agents or, while 
being protected against atmospheric agents, is sub-
ject to frequent wetting;

U� class 4: situation where the wood or the wood product 
is in contact with the ground and with fresh water and 
�Ì��Ã�Ì�iÀiv�Ài�«iÀ�>�i�Ì�Þ�iÝ«�Ãi`�Ì���Õ��`�wV>Ì���Æ

U� class 5: situation where the wood or the wood product 
is permanently exposed to salt water.

Therefore, the wood used in safety systems belongs pri-
marily to class 3 and sometimes to class 4. 
Such classes of use correspond to the service class n.3, in 
accordance with the European standard EN 1995-1-1 “De-
sign of timber structure- Part.1-1: General- Common rules 
and rules for buildings.” 
Concerning attacks by fungi, in function of the risk class 
and durability the standard5�̀ iw�iÃ�Ì�i��ii`��v�«ÀiÃiÀÛ��}�
ÌÀi>Ì�i�ÌÃ]�>Ã�Ài«�ÀÌi`����Ì�i�Li��Ü�Ì>L�i���}°£®°
The possibility of application of a treatment both in cases 

of attack by fungi and insects is closely correlated with the 
impregnability of the wooden element in the sapwood 
and in the heartwood, i.e. with facility of penetration of the 
treatments and of the water within the wooden element. 
���«>ÀÌ�VÕ�>À�Ì�i�ÃÌ>�`>À`È�`iw�iÃ�Ì�i�v����Ü��}�V�>ÃÃiÃ��v�
impregnability:
1. impregnable: easy to impregnate; the lumber can be 

«i�iÌÀ>Ìi`�V��«�iÌi�Þ]�Ü�Ì��ÕÌ�`�vwVÕ�ÌÞ�LÞ�«ÀiÃÃÕÀi�
treatment;

2. moderately impregnable: enough easy to impregnate; 
normally it is not possible a complete penetration but 
with a pressure treatment of 2 or 3 hours it can be 
achieve a lateral penetration of 6 mm in conifers and a 
of large proportion of the vessels in broad leafs;

3. Ã��}�Ì�Þ� ��«Ài}�>L�i\�`�vwVÕ�Ì� Ì�� ��«Ài}�>Ìi]�>�«ÀiÃ-
sure treatment for 3 or 4 hours allows a lateral pen-
etration between 3 mm and 6 mm;

4. not impregnable: virtually impossible to impregnate, 
poor quantity of preserving absorbed even after 3-4 
hours of pressure impregnation; minimum lateral and 
longitudinal penetration.

While in risk class 1 the possibility of insects attack is pri-
mary, due to the low level of humidity that is detrimental 
to the survival of fungi, risk classes 2, 3, 4  and 5 the pos-
sibility of fungi attach is of primary concern. Therefore, the 
choice of species and eventual treatments must be consid-
ered as well as the geographic localisation and the preva-
lent risks of biological attack. Each species is more suitable 
v�À�>�Ã«iV�wV�«ÕÀ«�Ãi]�L�Ì��v�À�`��i�Ã���>��V�>À>VÌiÀ�ÃÌ�VÃ�
of the stem and for the material characteristics of wood 
`ÕÀ>L���ÌÞ]���«Ài}�>L���ÌÞ��v��i>ÀÌÜ��`�>�`�Ã>«Ü��`®°
In function of the natural durability of wood specie to the 

Fig. 1 _Wood boring fungi- Classes of durability of wood species for the use according to the risk classes.
            UNI EN 460:1996 “Durabilità del legno e dei prodotti a base di legno. Durabilità naturale del legno massiccio. 
           Guida ai requisiti di durabilità per legno da utilizzare nelle classi di rischio”
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Fig. 2 _Natural classes of durability  to fungi and insects and classes of impregnability with respect to the specie.
            UNI EN 350-2:1996 “Durabilità del legno e dei prodotti a base di legno. Durabilità naturale del legno massiccio.
            Guida alla durabilità naturale e trattabilità di specie legnose scelte di importazione in Europa.”

attack of fungi and insects mainly located in the place of 
installation and of the impregnability of the heartwood and 
sapwood, it is possible locate the treatments required and 
the maximum use class in which the element can be used.
For each species, the classes of durability and impregna-
L���ÌÞ�V>��Li�`iw�i`°�
/�i� Ì>L�i�Li��Ü� ��}°Ó®� Ã��ÜÃ� Ì�i�`>Ì>� v�À� Ì�i��>��� ��-
ported species of wood in Europe. It is important to know 
Ì�i�Ã«iV�wV�ÀiÃ�ÃÌ>�Vi��v�>�Ü��`�Ã«iV�iÃ�V��«>Ài`�Ì��Ì�i�
attack of certain species of insects, as some species only 
damage the sapwood while other attack both sapwood 
and heartwood. 
Comparing to the type of insects predominantly present 
in the area of installation to the natural durability of wood 
>VV�À`��}�Ì��Ì�i�Ã«iV�wV�«ÀiÃi�Ì�>ÌÌ>V��>�`�Ì��Ì�i���«Ài}-
�>L���ÌÞ��v�Ì�i���ÃÌ�ÃÌÀiÃÃi`�«>ÀÌ�Ã>«Ü��`]��i>ÀÌÜ��`]��À�
both), it is possible evaluate the possibility of reuse of the 
wooden element.
/�i�wÀ� Ü��Ìi�>�`�Ài`®� �Ã���Ì�ÀiÃ�ÃÌ>�Ì�Ì�� vÕ�}�]�>��L��`Ã]�
capricorn beetles, and termites. Firs are, however, resistant 

to lycidae. Firs have moderate permeability in the sap-
wood and low permeability in the heartwood.
The larch is little to moderately resistant to fungi attack, 
but it is not resistant to anobiids, capricorn beetles and 
termites, while it is resistant to lycidae. It presents a low 
permeability in the sapwood and no permeability in the 
heartwood.
/�i� «��i� ÃV�ÌÃ� >�`� L�>V�®� «ÀiÃi�ÌÃ� >� Ã>«Ü��`� Ì�>Ì� �Ã�
not resistant to fungi, anobiids, Capricorn beetles and 
termites, but it is resistant to lycidae. The heartwood is 
moderately resistant to fungi and termites and resistant to 
anobiids, capricorn beetles and lycidae. Pine presents a 
high permeability in the sapwood and zero permeability in 
the heartwood. Otherwise, the above-mentioned species 
have comparable characteristics. The chestnut is durable 
to fungi attack and it is resistant to Hylotrupes bajulus and 
not resistant to Hesperophanes cinereus, anobiids, capri-
corn beetles and termites. Chestnut presents a moderate 
impregnability in the sapwood and no permeability in the 
heartwood.
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 6.2 _ The treatments for the wood

The treatments for the wood are divided into:
U� preventive: when applied to healthy wood before it 

is used to prevent it being attacked by wood boring 
organisms;

U� curative: when they are applied on wood that has al-
ready been attacked by wood-boring organisms.

In cases of reuse of wood that has already lived a life cycle, 
it is necessary, once performing an analysis on the type of 
present degradation, to make curative treatments in order 
to eliminate the factors that caused the deterioration and 
lowering of performance.
The application of curative treatments is necessary only in 
cases in which the wood element has undergone a low-
ering of the structural characteristics or in cases in which 
degradation phenomena are in place that will decrease 
performance over time. In cases in which, instead, the 
Ü��`��>Ã�ÃÕvviÀi`�`�ÃV���À>Ì����`Õi�Ì��ÃÌ�vvi���}��À�vÕ�}�®�
that have caused aesthetic damage, for the purpose of re-
use, curative treatments are not necessary.
Then, once the causes of degradation are arrested, before 
putting back in place the wooden elements, it is necessary 
evaluate, if necessary, the application of preventive treat-
ments, with the aim that the wood does not suffer a further 
reduction of its performance.
The aim of the preventive treatment is to provide to the 
wood durable characteristics similar to naturally durable 
wood.
The choice of the type of the treatment to be carried out 
depends on various factors:
U� the condition of deterioration of the element and the 

possible presence of active attacks;
U� the use or the reuse that it is intended;
U� the impregnability of the element object of the treat-

ment;
U� Ì�i�ivwV>VÞ��v�Ì�i�ÌÀi>Ì�i�ÌÆ
U� the timing and the costs of the application;
U� theenvironmental impact of the treatment.
The wooden treatments through chemical means are:
U� water-borne preservatives: these are consist of a mix-

ture of inorganic salts dissolved in water. In Europe, 
V�««iÀ� V�À��i� >ÀÃi��V� 

Ƃ®� �Ã� Ü�`i�Þ� ÕÃi`°� 

Ƃ�
reacts in contact with the wood and give rise to in-
soluble compounds, allowing to the wood a greater 
durability even when it is used outside. In addition to 
CCA, the preservatives of this type most used are the 
v����Ü��}\�V�À��>Ìi`�â��V�V���À�`i�
<
®]�>�����Õ��
V�««iÀ�>ÀÃi�>Ìi�Ƃ
Ƃ®]�>V�`�V�««iÀ�V�À��>Ìi�Ƃ

®]�
V�À��i� V�««iÀ� L�À��� 
	
®]� >�����>� V�««iÀ� â��V�
>ÀÃi�>Ìi� Ƃ
<Ƃ®]� ���À}>��V� L�À>ÌiÃ� >�`� µÕ>ÌiÀ�>ÀÞ�
ammonium salts;

U� oil vehicle preservatives: these are mixture which 
are derived from the distillation of tar from coal at 
>� Ìi�«iÀ>ÌÕÀi� V��«À�Ãi`� LiÌÜii�� Óää� c
� >�`� {ää�
c
Æ�Ì�>��Ã�Ì��Ì��Ã����Þ��>ÌÕÀi�Ì�iÃi�>Ài�Ü>ÌiÀ�Ài«i��i�Ì�
and reduce the chances of cracks and deformation 
of wood and are typically used for external applica-
Ì���Ã�>�`]����V>ÃiÃ��v�V��Ì>VÌ�Ü�Ì��Ì�i�}À�Õ�`�VÀ�ÃÃ�

members of rails, buried poles, earthworks, etc.), the 
preservatives of this type most frequently used are the 
creosote and oil of tar;

U� curatives/ preservatives in an organic medium: these 
are made by fungicidal and/or insecticidal substances 
dissolved in solvents such as diesel, kerosene, solvent 
naphtha, etc; the active substance most commonly 
used is copper naphthenate; zinc naphthenate, pen-
tachlorophenol, and tributyl tin oxide are also used.

The curatives/preservatives made of chemical products 
can be applied:
U� «ÀiÃÃÕÀi����«�>�Ì�>ÕÌ�V�>Ûi®\�i�ÃÕÀiÃ�>���}�É�i`�Õ��

penetration of the preservative in the wood and is ap-
plied to the wood which will be used in the risk classes 

3, 4 and 5; the methods most used are:
- impregnation with pressure: after the wooden ele-

ments are hermetically sealed, a preservative liquid 
is introduced into the autoclave at a pressure variable 
between 7 and 14 bar, which is maintained for a vari-
>L�i�«iÀ��`�vÀ���£�Ì��È���ÕÀÃÆ�Ì�i�vÕ���Vi���«À�ViÃÃ���
Bethell) consists of applying a depression of air into 
the autoclave, before the insertion of the liquid, dif-
viÀi�Ì�Þ�Ì�i�i�«ÌÞ�Vi���«À�ViÃÃ���,Õi«��}®]�V��Ã�ÃÌÃ�
of applying a compression of air into the autoclave 
before the insertion of the liquid;

- low pressure: after the wood elements are hermeti-
cally sealed into the autoclave, the preservative liquid 
is introduced with a variable pressure between 0,7 
and 1,3 bar through a cushion of compressed air in 
the upper part of the autoclave which is maintained 
for a variable period between 1-4 hours;

- double vacuum: the autoclave, after the wood was 
>``i`]��Ã�ÃÕL�iVÌi`�Ì��>�Û>VÕÕ��>�`��Ì��Ã�w��i`�Ü�Ì��
the preservative, thereafter the autoclave is reported 
to the atmospheric pressure that acts by pushing the 
preserving agent inside the wood;

U� pressure in site and in plant:
�� VÕÀ>Ì�Ûi� «���Ìi`� ���iVÌ���Ã\� ���iÃ� >Ài� `À���i`� Î� Ì�� x�

holes per meter) with a depth equal to about 2/3 
the thickness of the element; nozzles equipped with 
non-return valves are inserted into the holes through 
which the curative is forced with pressure;

U� without pressure in site and in plant:
- fumigation:  a curative action, the wooden elements 

are exposed to toxic gases for a variable time, up 
to 24 hours and the fumes penetrate deep into the 
wood in order to eliminate the larvae and are often 
hydro reactive products;

- immersion: the wood is immersed in a tank contain-
ing the curative/preservative, in function of the time 
Û>À�>L�i�vÀ���>�viÜ���ÕÀÃ�Ì��ÃiÛiÀ>��`>ÞÃ®�>�`��v�Ì�i�
degradation of the impregnability;

- roller, brush and spry: the wood element is brushed 
or sprayed with curative/preservative products using 
machinery in the plant and by hand on site;

- rain or fog: the element is sprayed with curative/pre-
servative products in a special room, in plant or by 
hand on site.

>V��«À�`ÕVÌ�«ÀiÃi�ÌÃ�>VV�À`��}�Ì��Ì�i��i}�Ã�>Ì����ÕÀ�-
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«i>���i}�Ã�>Ì���� �Îx£�£\ÓääÈ®]�>�«i�iÌÀ>Ì����V�>ÃÃ� *£�
NP2-NP3-NP4- NP5-NP6-), that expresses a requisite of 
penetration, in function of the wooden species and the 
class of use. Such reactions are shown in the below table.
Wood treatments can also occur through physical means 
as:
U� thermo-curative treatment through microwaves: 

based on selective or differential heating of the ma-
terials according to their dialectical characteristics; 
Ì�i� �ÃV���>Ì��}��>}�iÌ�V� wi�`� }i�iÀ>Ìi`� LÞ� Ì�i���-
crowaves drive the water molecules to move quickly, 
their friction generating heat, devitalizing biological 
��viÃÌi`� v�À�Ã� V��ÃÌ�ÌÕÌi`� �v� Ü>ÌiÀ� >L�ÕÌ� £x¯®Æ� �Ì�
used a frequency of oscillation of 2450 MHZ, raising 
�v�Ì�i��ÕÌÃ�`i�Ìi�«iÀ>ÌÕÀi�>L�ÕÌ�xx�Èx�c
�>�`]�V��-
ÃiµÕi�Ì�Þ]���Ã�`i�>L�ÕÌ�£ää�£{ä�c
�>««��i`�v�À�Îä�Èä�

minutes7, guarantees the destruction of biological 
organisms. It can be performed both in reverberant 
À���Ã��°i°]�i�V��Ãi�Ã«>ViÃ�Ü�iÀi�Ì�iÞ�>Ài�«�>Vi`®]�
and on site through portable machines;

U� thermo-curative treatment by heater air: the 
wooden elements are placed in isolated rooms, or 
wrapped in thermal insulation if the operation is 
made on site, and hot air is blown with the purpose 
of heating the wood and reaching mortal tempera-
tures for the biotic organisms. In this type of op-
eration, it is appropriate to adequately control the 
temperature in order to avoid thermal stress of the 
wood and to control the loss of relative humidity 
LÞ�V��ÌÀ���i`��Õ��`�wV>Ì���]�iÃ«iV�>��Þ�Ü�i��Ü�À�-
ing on wooden elements that already have evident 
cracks, in order to avoid their increase.

Class of 
use

Wooden 
species

Class of 
penetration

Requirement 
of penetration

Schematic illustration

1 All NP1 absent

2 All NP1 absent

3 Resistant NP2 3 mm of sapwood on the 
lateral faces and  40 mm of 
sapwood in axial direction

Permeable8 NP3 6 mm of sapwoof on lateral 
faces

4 Resistant NP3 3 mm of sapwoof on lateral 
faces

Permeable NP4 
�i}���Ì��`�®

25 mm of sapwood

NP5 All the sapwood

5 Permeable NP6 All the sapwood and 
minimum 6 mm oh hardwood
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At preventive level, in addition to applying with pressure 
or chemical products, it is possible to make also additional 
treatments in the plant that have a less impact on the envi-
ronment and that have the aim to change the wood struc-
ture in some characteristics with the purpose of increasing 
the durability. Between these:
U� thermo treatment: the wood undergoes a thermal 

process that leads to a temperature between 160 
>�`�Ó{ä� c
]�Ü�Ì�� V��ÃiµÕi�Ì� V�i��V>����`�wV>Ì����
of the components of the cell wall, with improvement 
of the characteristics in terms of dimensional stabil-
ity, increase of durability, but worsening in terms of 
ÃÌÀi�}Ì��>�`�yiVÌ���Æ

U� oleothermic treatment: the wood is soaked in vegeta-
L�i� ���Ã� >Ì� Ìi�«iÀ>ÌÕÀi� �v� >L�ÕÌ� £Èä� c
]� LiV����}�
hydrophobic and thereby limiting the dimensional 
stability and the shrinkage cracks while simultaneously 
preserving the timber from leaching tannins.

It drew up a summary table that divide the treatments in 
«ÀiÛi�Ì�Ûi�/*®�>�`�VÕÀ>Ì�Ûi�/
®]�Ã«iV�vÞ��}�Ì�i�À�>««��V>-
L���ÌÞ����«�>�Ì�-®��À����Ã�Ìi�
®°

Treatments TP TC S C

Impregnation with pressure 
full cell process

Impregnation with pressure 
empty cell process

Low pressure impregnation

Double vacuum impregnation

Immersion

Roller, brush and spry

Rain or fog

Piloted injections

Fumigation

Thermo treatment through 
microwaves

Thermo treatment by heater air

Thermo treatment

Oleothermic treatment

In the reuse of the wooden elements of the safety systems, 
it is convenient to favour the operations of reconditioning 
that take place on site in order to speed the reconstruc-
tion operations. Notwithstanding attention to the environ-
mental impact of treatment, it then proceeds to a further 
Ã«iV�wV>Ì�����v�Ì�i�Ã>�i]����ÌiÀ�Ã��v��«iÀ>Ì�Ûi���`i]�`i-
ÃVÀ�L��}�Ì�i���`�Û�`Õ>��ÃÌ>}iÃ����ÌiÀ�Ã��v�ivwV>VÞ]�>�>�ÞÃ�Ã]�
and of the advantages and disadvantages. These assess-
ments allow to the companies, or to the Public Administra-
tion that deals with the removal and subsequent reuse, of 
identifying, in function of the phenomena of degradation 
in place, the workers, and available tools, execution times 
>�`�«À�ViÃÃ��}�V�ÃÌÃ]�Ì�i���Ài�ivwV�i�Ì�ÌÀi>Ì�i�Ì]�����À-
der to enhance the effective potentials of the reuse of the 
individual elements.

Treatment with immersion Preventive/curative

Operating modes:
U� Wire brushing and 

scraping
U� Preparation tank with 

curative/preservative 
product

U� Immersion of elements 
Û>À�>L�i� Ì��i\� >� viÜ�
hours/a few days)

U� Drying

Effectiveness:
U� 3/6 mm of 
       impregnation

Disadvantages:
U� Use of chemical 
       products
U� Effectiveness only for 

adult insects
U� ��vwVÕ�Ì� Ài>��â>Ì���� ���

sites in case of large 
elements

Advantages:
U� low-middle costs

Treatment with roller, 
brush, spray, rain or fog

Preventive/curative

Operating modes:
U� Wire brushing and 

scraping 
U� Treatment by hand 

with roller, brush, spry, 
fog

U� Drying

Effectiveness:
U� Impregnation of all 

zones with biological 
attack

Disadvantages:
U� Use of chemical 
       products
U� Effectiveness only for 

adult insects

Advantages:
U� Low costs

Treatment with 
pilot injections

Curative

Operating modes:
U� Pickling
U� Wire brushing and 

scraping
U� �À�����}�Ü�Ì�����iÃ�ÎÉx�

holes for each meter)
U� Insertion of nozzles
U� Injection by pressure 

of liquid
U� External treatment 

with spry

Effectiveness:
U� Impregnation of all 

zones with biological 
attack

Disadvantages:
U� Use of chemical 
       products

Advantages:
U� Middle costs
U� Effectiveness for all 

type of biological 
       attack

Treatment with fumigation Curative

Operating modes: 
U� Wire brushing and 

scraping 
U� Predisposition of 
        hermetic area
U� Removal of people 

and animals 
U� Activation of the 
       fumigant product
U� Elapsed the time 

needed, ventilation 
area 

Effectiveness:
U� 6 mm of impregnation

Disadvantages:
U� Use of chemical 
       products
U� High environmental 

pollution

Advantages:
U� Low costs
U� Effectiveness for all 

type of biological 
      attack
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Thermal microwaves Curative

Operating modes:
U� Use of acoustic 

detector for the 
presence of organisms

U� Preparation 
equipment

U� Emission of oscillation 
frequency of 2450 
MHZ

U� Treatment for about 
60 minutes and 
monitoring through 
electronic control 
ÃÕVViÃÃ���� �v� >L�ÕÌ�
30 minutes of surface 
each 15 minutes )

U� Dismantling 
equipment

Effectiveness:
U� Total action

Disadvantages:
U� Possible danger for 

�Õ�>�Ã��Ì��Ã��iViÃÃ>ÀÞ�
to operate in 
conditions of extreme 
safety)

U� Long time of 
application

Advantages:
U� High cost
U� It do not alter the 

wood 
U� Effectiveness for all 

types of biological 
       attack

Thermal with hot air Curative

Operating modes:
U� Preparation of ther-

mally insulated area 
U� Preparation of ma-

V���iÀÞ� �v� ��ÃÕvy>Ì����
and control instru-
�i�Ì>Ì���� Ìi�«iÀ>-
ture / humidity)

U� ��ÃÕvy>Ì������Ì�>�À�
U� Controlled
���������Õ��`�wV>Ì���
U� Dismantling 
       machinery

Effectiveness:
U� Total action

Disadvantages:
U� Average time of appli-

cation
U� Potential damage to 

wood

Advantages:
U� Middle costs
U� Effectiveness for all 

type of biological 
      attack

The class of use gives the optimal use of both a kind and 
mode of preventive treatment. Otherwise, the chance of 
a curative treatment depends on the intensity and on the 
position of the biological attack. When the attack is serious 
and the wood has already lost its characteristics of mini-
mum resistance considered necessary for a non- structural 
use, it should proceed to the removal of the deteriorated 
part.  When the deteriorated part is closest to the cylinder 
head, it is appropriate to proceed to the cut while mini-
mising the impact on the length of the element. When in-
stead, the attack of a severe form is in intermediate parts 
of the attack, the removing of the diseased part will result 
in a substantial reduction in the length of the element, 
which will be divided into more, smaller elements.
Otherwise, when there is an attack in mild form, depend-
ing on the environmental, economic and logistic conveni-
ence and depending on the characteristics of the wooden 
element, it will be necessary to assess the opportunity of a 
VÕÀ>Ì�Ûi�ÌÀi>Ì�i�Ì��À�Ì��i�����>Ìi����Þ�Ì�i�ÃÕ«iÀwV�>��«>ÀÌ]�
reducing the section of the element. The opportunity of 
such intervention also occurs when the wooden element is 
ÃÕL�iVÌ�Ì��>�Ã«Ài>`�>ÌÌ>V���v�L����}�V>��i�i�i�ÌÃ�ÃÕV��>Ã�
cerambycidae) that act predominantly on the outside part.

POSSIBLE OPERATING MODES IN THE EVENT OF 
BIOLOGICAL ATTACK

Severe attack at the head 

1) Cut of the diseased part with reduction of length.

Severe attack intermediate  

1) Cut of the diseased part with reduction of length and 
division into two or more elements

Spread and surface attack.

1)  Surface removal of the diseased part with reduction 
of the section
2) Curative treatment 

Surface attack at the head

1)  Surface removal of the diseased part, with reduction 
of the section
2)  Cut of the diseased part with reduction of length 
3) Curative treatment
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6.3 _ Analysis of elements in wood arising 
        from selective demolition

Purposes of the analysis
The analysis carried out and below further detailed accord-
ing to wooden elements that have already suffered a life 
cycle, present two main objectives:
1. to assess the correspondence between the charac-

ÌiÀ�ÃÌ�V� Û>�ÕiÃ� `iw�i`� LÞ� Û�ÃÕ>�� }À>`��}� >�`� Û>�ÕiÃ�
`iw�i`�LÞ�iÝ«iÀ��i�Ì>�� >�>�ÞÃ�Ã]� iÃ«iV�>��Þ� v�À� Ì�>Ì�
which concerns the volumetric mass, the modulus of 
elasticity and the bending strength, from which it is 
possible to extract the derived values;

2. to compare the correspondence between the visual 
grading and the mechanical characteristics of new el-
ements with the correspondence of the same grading 
with the mechanical characteristics of used elements, 
to assess the similarities and the divergences.

/�i� iÛ>�Õ>Ì���Ã�Ü���� `iw�i� Ì�i� «�ÃÃ�L���Ì�iÃ� Ì�� ÀiÕÃi� Ì�i�
wooden elements to structural use or non-structural roles 
>�`� Ì�� >ÃÃiÃÃ� Ì�i� >««��V>Ì���� �v� Ì�i� «À�ViÃÃ� �v� Ã«iV�wV�
V�>ÃÃ�wV>Ì���� v�À� Ì�i� ÕÃi`� i�i�i�ÌÃ� ÃÕ�Ì>L�i� Ì�� ��VÀi>Ãi�
the safety of reuse and at the same time to ensure environ-
mental sustainability.

Method and mode of analysis
/�i�Ü��`i��i�i�i�ÌÃ�ÕÃi`�v�À�Ì�i�>�>�ÞÃ�Ã]�`iw�i`�Li-
low in detail, derive from selective demolitions made in 
the Valencian Community. The use of elements that derive 
from demolitions has allowed the investigation of residual 
performances of wooden beams that have already had a 
lifecycle up to 50 years. In fact, although it is not possible 
to estimate precisely the age of wooden elements, they 
mainly constituted the beams of decks with vaults in brick, 
according to a constructive system typically used in the 
Valencian Community9 up to about 1920s. There is, how-
ever, the use of such a system in the 1960s, because of the 
unavailability of construction materials aside from wood 
due to the Civil War.
The constructive system provides for the use of wooden 

Fig. 3 _Constructive system, 
            tipical in Valencian Community    

beams that, thanks to other nailed wooden elements, sup-
«�ÀÌ�LÀ�V��Û>Õ�ÌÃ�Ì�>Ì�V��ÃÌ�ÌÕÌi�v�À�Ü�À�Ã�v�À�w����}�V��-
crete; in the bottom a system of braided ropes is prepared 
by nailing, holding up a braided which acts as a false ceil-
ing. The analysis are carried out on championed massive 
beams in wood pine with cross section of 17.50 x 5.8 cm 
and of variable length.  In the case of softwood, especially 
in the case of used elements, that in the majority of cases 
Ã��Ü�Ã�}�Ã��v�`iÌiÀ��À>Ì���]��Ì��Ã�ÛiÀÞ�`�vwVÕ�Ì�Ì��`iÌiÀ���i�
the species only through visual analysis because the silver 
wÀ�>�`�Ã��i�«��i�Ã«iV�iÃ��>Þ������Ì�i�Ã>�i�Ì��Ì�i�iÞi°�
/�iÀiv�Ài]�Ì��`iw�i�«ÀiV�Ãi�Þ�Ì�i�Ã«iV�iÃ��v�Ì�i�i�i�i�ÌÃ�
in the interests of proper mechanical characterisation were 
performed by microscopic analysis10. 
Thanks to the use of dichotomous keys, it has been pos-
sible to identify the membership of the wood to the fol-
lowing family: Pinus sylvestris L., Pinus nigra Arnold, Pinus 

mugo Turra. These species have, anatomically, indistin-
guishable features, but it is possible to distinguish the 
presence of elements of Pinus mugo Turra due to the lim-
ited length of the logs and the consequent lack of applica-
tion in construction, while Pinus sylvestris L. e il Pinus nigra 
Arnold present similar mechanical features11.
In L’Aquila, for safety, they have used mainly wood ele-
�i�ÌÃ��v�Ã�vÌÜ��`�«��i�>�`�Ü��Ìi�wÀ®�����>À}i�«>ÀÌ�v�À�Ì�i�
fact that they are economically advantageous and, only in 

Fig. 4 _Transversal view- element n.8

Fig. 5 _Radial view - element n.8
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limited cases, in the wood of more expensive broad leaf 
species. From the analysis carried out in the laboratory on 
«��i�i�i�i�ÌÃ� � Pinus sylvetris L. , Pinus nigra Arnold), it 
will be possible through comparative method to perform 
similar considerations also on other species, with the aim 
Ì��`iw�i�>�«À�ViÃÃ��v�Û>��`�«À�Vi`ÕÀiÃ]�Ài}>À`�iÃÃ��v�Ì�i�
species. The used elements for the analysis present a lifecy-
cle well above that currently in progress for the constituent 
elements of the safety systems, which allows the assump-
tion of realistic scenarios for the future. It should be noted 
that, although the analysed elements have lived most of 
Ì�i�À���ÛiÃ����V��Ãi`�i�Û�À���i�Ì>��V��`�Ì���Ã��>Û��}�Ì�i�
functions of beams); in recent years they have been stored 
at the outdoor storage areas of the demolition enterprise 
and exposed to external atmospheric conditions. There-
v�Ài]�Ì�i�À�ÕÃi�v�À�Ì�i�`iw���}��v�ÀiÃ�`Õ>��«iÀv�À�>�ViÃ��v�
wood elements represents a protective condition in refer-
ence to the safety elements used in L’Aquila.
The analyses have followed the procedure below de-
ÃVÀ�Li`°���ÀÃÌ�ÃÌi«�Ü>Ã�Ì�i�Û�ÃÕ>��V�>ÃÃ�wV>Ì�����v�Ì�i�Ü��`-
en elements that establishes a relationship between the 
characteristics, defects and resistant properties, identify-
ing the critical point causing a lowering of the mechanical 
characteristics and assuming the possible modes of failure 
as a function of the applied load. This correlation has the 
>���Ì��`iw�i�Ì�i�V�>ÃÃ��v�>�ÀiÃ�ÃÌ>�Ì�i�i�i�Ì�ÕÃivÕ��v�À�Ì�i�
structural calculation, ensuring, however, a cautionary as-
sessment of the actual resistant properties. 
The eligibility of a useful element for the structural use 
Ü�Ì��ÀiVÌ>�}Õ�>À�ÃiVÌ�����ÕÃÌ�Li�ÛiÀ�wi`�>Ã�`iÃVÀ�Li`����
European Standard EN 14081- 1:2005+A1:2011 “Timber 
structures. Strength graded structural timber with rec-
tangular cross section. Part 1: General requirements.” In 
compliance with the resistant classes as established by 
the European Standard EN 338:2009 “Structural Timber. 
Strength Classes,” and with the European Standard EN 
1310:1997 “Round and sawn timber. Method of meas-
urement of features,” for the method of evaluation of the 
V�>À>VÌiÀ�ÃÌ�VÃ��v�Ì�i�i�i�i�Ì����ÌÃ]�Ü>�i]�Ã��«i��v�}À>��]�
wÃÃÕÀiÃ]�iÌV°®°�/�i�ÕÀ�«i>��-Ì>�`>À`��Ã�Ã«iV�wi`�LÞ��>-
tional regulations in relation to the prevalent species and 
construction and techniques of processing. In Italy, the 
visual grading of solid wood can be made by the Standard 
1 ��££äÎx\Óä£ä�º�i}���ÃÌÀÕÌÌÕÀ>�i°�
�>ÃÃ�wV>â���i�>�Û�ÃÌ>�
`i���i}�>���ÃiV��`���>�ÀiÃ�ÃÌi�â>��iVV>��V>°»�-ÌÀÕVÌÕÀ>��
Ü��`°�
�>ÃÃ�wV>Ì�������Û�iÜ��v�Ì�i�Ì��LiÀ�>VV�À`��}�Ì���i-
chanical strength.) or with the Standard UNI 11119:2004 
“Beni culturali. Manufatti lignei. Strutture portanti degli 
i`�wV�°� �Ã«iâ���i� ��� Ã�ÌÕ� «iÀ� �>� `�>}��Ã�� `i}��� i�i�i�Ì��
����«iÀ>°»� 
Õ�ÌÕÀi>���iÀ�Ì>}i°�7��`i��>ÀÌ�v>VÌÃ°�	i>À��}�
structures of buildings. Inspection in situ for the diagnosis 
of the elements in work.) The fundamental difference con-
sists in the form of the obtained results. The Standard UNI 
11035 can be applied to both the new wood and in work, 
«À�Û�`i`�Ì�iÞ�>Ài�Ã>Ì�Ãwi`�Ì�i�Û�ÃÕ>��V��`�Ì���Ã��v�>���ÃÌ�
Î� v>ViÃ� >�`�£� �i>`]� ��� Ì�i� V�>ÃÃ�wV>Ì���� Ì�>Ì� �Ã��>`i� ���
reference to the worst defect and are determined classes 
�v�ÀiÃ�ÃÌ>�Ì�«À�w�iÃ�Ì�>Ì�`iw�i�V�>À>VÌiÀ�ÃÌ�V�Û>�ÕiÃ��v�Ì�i�
i�i�i�Ì� -£�-Ó�-Î®°�"Ì�iÀÜ�Ãi]� Ì�i� -Ì>�`>À`�1 �� ££££��
can be applied in all cases of inspection “in situ” and refers 

to the concept of the “critical zone”, providing categories 
�v�ÀiÃ�ÃÌ>�Ì�«À�w�i����ÌiÀ�Ã��v�>���Ü>L�i�ÃÌÀiÃÃ�>�`�>ÛiÀ>}i�
Û>�ÕiÃ��v�yiÝÕÀ>��i�>ÃÌ�V���`Õ�ÕÃ���������®°
It should be emphasized that the NTC 200812 enable the 
ÛiÀ�wV>Ì���� �iÌ��`� �v� Ì�i� >���Ü>L�i� ÃÌÀiÃÃ� ���Þ� v�À� Ì�i�
construction of type 1 and 2 and use class I and II, lim-
ited to locations that fall in Zone 4; therefore, it is more 
convenient for the purposes of a subsequent structural 
ÛiÀ�wV>Ì����Ì�i�ÕÃi��v� Ì�i�1 ��££äÎx°� ���>``�Ì���]� ��� Ì�i�
case of wood, that constitutes the safety system, in most 
cases, 3 faces and both heads are visible or in any case, 
after dismantling the element can be used on all sides. In 
the light of these considerations, it is appropriate the use 
of the Standard UNI 11035 for the visual grading, pointing 
out that this legislation relates to timber from Italy. Only if, 
in the reconstruction project, it is decide to maintain the 
wooden element in the same position in which is located 
��� Ã>viÌÞ]� v�À� iÝ>�«�i� ��� V>Ãi� �v� ÃÌÀi�}Ì�i���}� >� `iV�®]�
without carrying out its dismantling and the visibility condi-
Ì���Ã��v�Ì�i�1 ��££äÎx�>Ài���Ì�Ã>Ì�Ãwi`]��Ì�V>��Li�ÕÃi`�Ì�i�
standard UNI 11119. In Spain, the visual grading of conif-
erous wood is carried out according to the Standard UNE 
xÈx{{\Óä££� º
�>Ã�wV>V���� Û�ÃÕ>�� `i� �>� �>`iÀ>� >ÃiÀÀ>`>�
«>À>�ÕÃ��iÃÌÀÕVÌÕÀ>�°��>`iÀ>�`i�V���viÀ>Ã»�6�ÃÕ>��}À>`��}�
of sawn timber for structural use. Softwood.) that allows 
the establishment of two classes for the elements of height 
ć�Çä������£�i���Ó®�>�`�>�Ã��}�i�V�>ÃÃ�v�À�i�i�i�ÌÃ��v�
�i�}�Ì� �� Çä���� ��®°� /�À�Õ}�� Ì�i� ÃÌ>�`>À`�1 �  �
1912: 2005 “Madera estructural. Clases resistentes. Asig-
�>V����`i�V>��`>`iÃ�Û�ÃÕ>�iÃ�Þ�iÃ«iV�iÃ°»� -ÌÀÕVÌÕÀ>�� Ì��-
ber, strength classes, assigning visual quality and species.) 
�Ì� �Ã�«�ÃÃ�L�i� Ì��`iw�i� Ì�i�V�ÀÀiÃ«��`i�Vi�LiÌÜii�� Ì�i�
visual classes and resistant classes in function of wood spe-
cies. The parameters taken into account for visual grading 
are described below.
U� Measurement of the element: length, width, and 

height. The width and the height were measured at 
the ends and in the centre lines.

U� Rate of growth: measurement on the heads of the av-
erage length of the growth rings, drawing a perpen-
`�VÕ�>À�Ãi}�i�Ì�Ì��Ì�i�Ã��iÆ����Ì�i�V�>ÃÃ�wV>Ì����>V-
V�À`��}�Ì��Ì�i�ÃÌ>�`>À`�1 �xÈx{{]�Ì�i�wÀÃÌ�wÛi�À��}Ã�
vÀ���>�`�ÃÌ>�Vi��v�Óx����vÀ���Ì�i�«�Ì��>Ã�«ÀiÃi�ÌÃ®�
>Ài�V��Ã�`iÀi`�>�`� ���Ì�i�V�>ÃÃ�wV>Ì����>VV�À`��}�Ì��
the standard UNI 10035, it was considered a breadth 
of 75 mm.

U� ���ÌÃ\����V>Ãi��v�V�>ÃÃ�wV>Ì����>VV�À`��}�Ì��Ì�i�ÃÌ>�`-
ard UNE 56544, the diameter of the knots has been 
measured in a perpendicular direction to the length 
of the element. The knots with a smaller diameter 
of 10 mm have not been take into account, with the 
exception of knots that pass on the another face. In 
case of a corner knot, the measurement was carried 
out on the side where it is most unfavourable in rela-
tion between dimensions of the knot measured in per-
pendicular direction to the length of the element and 
to the width of the facade, they were considered as 
groups of knots. The knots whose centres are less than 
150 mm apart or when the grain does not recover the 
�À�}��>�� `�ÀiVÌ���� ��� Ì��Ã� V>Ãi� Ì�i�`�ÃÌ>�Vi�LiÌÜii��
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Ì�i����ÌÃ��Ã���Ã�}��wV>�Ì®�>Ài�V��Ã�`iÀi`�>�Ã��}�i����Ì�
>Ã�«iÀ�Ì�i�V�>ÃÃ�wV>Ì����ÃÌ>�`>À`�1 ��£ääÎx]�LÕÌ����ÌÃ�
with a diameter less than 5 mm were ignored. It was 
considered the largest knot of the lumber and calcu-
lated the relationship between its minimum diameter 
and the width of the facade on which such diameter 
is considered. In cases of groups of knots, the sum of 
minimum diameters of knots comprised in a stretch 
of 150 mm and the width of the facade on which they 
appear was considered.

U� Slope of grain: it was determined on the basis of the 
visible shrinkage cracks, measuring the projection in 
horizontal and in vertical.

U� ��ÃÃÕÀiÃ\�Ì�i�ÌÞ«i��v�«ÀiÃi�Ì�wÃÃÕÀiÃ�Ã�À���>}i�VÀ>V�Ã]�
lightning cracks, frost cracks or cracks) were identi-
wi`�>�`����Þ�Ì�i�wÃÃÕÀiÃ�Ü�Ì��>�}Ài>ÌiÀ��i�}Ì��Ì��Ì�i�
smaller size between 1/4 of the length and 1 meters 
were taken into account. In this case, the evaluation 
was performed by dividing the maximum depth for 

the length.
U� Ring shakes: the type of ring shakes have been de-

tected and has been measured the radius and the ec-
centricity.

U� Wanes: they have the length measured, the central 
point with respect to the reference axis and the pro-
jection size of the wanes on both sides, the report has 
been calculated between the difference of size of the 
side without wanes and the side with wanes and the 
dimension of the side without wanes.

U� Resin pockets: the dimension in parallel direction to 
the length of the element was measured.

U� Deformations: bow, crook, twist, and cup were meas-
ured, and the measurement has been carried to the 
extremes of the element.

U� Degradation: evaluation of the presence of physical, 
chemical and biological degradation with an indica-
tion of exact position of the type of degradation and 
description of their characteristics.

Dimensions of element Shakes

Knots Rate of growth

Deterioration Wane

Slope of grain Deformations

Fig. 6 _ Main parameters considered in visual grading
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1 ��££äÎx�Ó��Ì>��>®

/>L�i�Ó��� ��`�V>ÌiÃ�Ì�i�V�>ÃÃ�wV>Ì����VÀ�ÌiÀ�>�Û>��`�v�À\�ƂLiÌi�L�>�V��ƂL�iÃ�Ƃ�L>�����®]�ƂLiÌi�À�ÃÃ��*�Vi>�ƂL�iÃ��>ÀÃÌ°®]�
�>À�Vi��>À�Ý��iV�`Õ>�����°®]�*����-��>���*��ÕÃ���}À>��°�°]�*��ÕÃ��>À�V��®]�*����-��ÛiÃÌÀi�*��ÕÃ�-Þ�ÛiÃÌÀ�Ã®]�*�����iÀ��*��ÕÃ�
 �}À>�ƂÀ�°®]�*�����>À�ÌÌ����*��ÕÃ�*��>ÃÌiÀ�-��°®]�*����`��iÃÌ�V��*��ÕÃ�«��i>��°®]�*����ÃÌÀ�L��*��ÕÃ�ÃÌÀ�LÕÃ®°
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Table 5- Characteristic values for type of timber. For timber constituent systems safety can be used the columns: “Abete/
Italia” and “Altre conifere/Italia.”
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1 �xÈx{{�-«>}�>®

/>L�i�Ó��-«iV�wV>Ì���Ã�v�À�Ì�i�Û�ÃÕ>��}À>`��}��v�i�i�i�ÌÃ��v�Ü��`�Ü�Ì���i�}�Ì�ćÇä���°
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/>L�i�Î��-«iV�wV>Ì���Ã�v�À�Ì�i�Û�ÃÕ>��}À>`��}��v�i�i�i�ÌÃ��v�Ü��`�Ü�Ì���i�}�Ì��Çä���°

1 � �£�£Ó�-«>}�>®

Relation between the visual grading and the resistance class

Pine laricio ME-1 C30 ME-2 C18 MEG C22

Pine silvestre ME-1 C27 ME-2 C18 MEG C22

Pine radiata ME-1 C24 ME-2 C18 ---

Pine pinaster ME-1 C24 ME-2 C18 ---
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The visual grading is performed according to both stand-
ards, for rigor of analysis should be carried out only with 
Spanish standard, but the additional use of the Italian 
standard provides useful data for comparative purposes 
for the reuse of elements that constitute the safety systems 
in L’Aquila.
Also, with the aim of identifying a fail process of applica-
tion of the standard, the elements with a length greater 
then the minimum length required for destructive tests 
ÜiÀi�À>��i`�wÀÃÌ�>Ã�Õ��µÕi�i�i�i�Ì�Ì�i��`�Û�`i`���Ì��ÌÜ��
«>ÀÌÃ�>�`�ÀiV�>ÃÃ�wi`°
In this way, in some cases, they obtained different visual 
categories for elements that are derived from the division 
of a same beam, as reducing the length also reduces the 
presence of defects, which are sometimes shared evenly 
on two elements and sometimes, instead, they focus only 
on one part.
This type of analysis was carried out to simulate the re-
use conditions of wooden elements which no longer have 
their original dimension because in their use have been 
cut. Think, for example, to the reuse of the elements that 
constitute the safety system of the openings, having gen-
erally a length of less than 1.50 m.
In addition, this type of analysis could provide useful input 
to evaluate the advantages to reuse a wooden element, 
such as how it is after the dismantling of the safety sys-
tem or to evaluate the possibility of cutting a part of it 
in order to grow the category of the visual grading and, 
consequently, the resistant class.
After experimental analyses were carried out in the labo-
ratory to identify the moisture content, volumetric mass, 
yiÝÕÀ>�� ��`Õ�ÕÃ� �v� i�>ÃÌ�V�ÌÞ� >�`� Ì�i� Li�`��}� ÃÌÀi�}Ì��
from which it is possible to obtain the derived sizes. At 
wÀÃÌ]��Ì�Ü>Ã�Ì>�i��Ì������`iÃÌÀÕVÌ�Ûi�ÌiÃÌÃ�>�`�ÃÕLÃiµÕi�Ì-
ly to destructive tests.
/�i�ÌiÃÌÃ]�����À`iÀ�Ì��̀ iw�i�Ì�i���`Õ�ÕÃ��v���V>��>�`�}��L-
al elasticity and the bending strength, were carried out ac-
cording to the indications of the standard EN 408:2010 
“Timber structures. Structural timber and glued laminated 
timber. Determination of some physical and mechanical 
properties.” The elements were subjected to mechanical 
tests with the largest side parallel to the ground and with 
the load applied in the worst condition.
Reference lines were traced on the wooden elements, aid-
ing in the positioning of support points and for the appli-
cation of loads and sensors, locating the area of maximum 
load and the neutral axis. The support points of the sample 
were placed at a distance of 18 times the height of the 
element, while the load was applied over a length equal to 
6 times the height and at a distance equal to 6 times the 
height by supports.
For the measurement of the bending modulus of elasticity, 
metal supports were mounted and sensors were placed 
such that there were two in line with the neutral axis and 
one below the wooden element to compute the local 
modulus and the global modulus, respectively. In effect, 
for the local modulus of elasticity we have to consider the 
`iyiVÌ�����v�Ì�i�Li>����Ì��Ì�i��i�}Ì���v�ÀiviÀi�Vi����Ì�i�
neutral axis, while for the global modulus it is important 
Ì��V��Ã�`iÀ� Ì�i�>LÃ��ÕÌi�`iyiVÌ�����v� Ì�i�Li>�� À�}�Ì� ���

Fig. 7 _Drawings of reference lines for the application 
           of loads and of sensors

Fig. 8 _Monting of metal supports and positioning of 
           sensors for the measurement of local modulus 
           of elasticity

Fig. 9 _ Positioning of the sensor for the measurement of
            the global modulus of elasticity
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Fig. 10 _Positioning of the distribution plates for the 
             application of the loads

Fig. 11 _Application of the load

Fig. 12 _Dismantling of sensors and application of the load 
             till break

the middle, which includes the shear deformation of the 
beam and any localised deformation corresponding to the 
supports.
After placing the element on supports, a steel plate was 
placed to allow sharing of the load. Afterwards, a load with 
a speed of 0.174 mm/s and reaching a maximum of 16 
MPa was applied. A graph load/deformation was plotted 
and the part between 4 and 16 Mpa was used. A correla-
Ì����V�ivwV�i�Ì��v�ä°����À�}Ài>ÌiÀ�Ü>Ã�`iÌiVÌi`�>�`� Ì�i�
modulus of elasticity was calculated using the formulas 
below.

Local modulus of elasticity:

Em,l r�>��
2

1�2 – F1®®É�È����Ü2 – w1 ))

where:
a: distance between a loading position and the nearest 
ÃÕ««�ÀÌ���®
l1 : gauge length to determine the modulus of elasticity 
��®
�\�Ì�i����i�Ì��v���iÀÌ�>���4)
F2 - F1 : increment of the load on the straight line portion of 
Ì�i���>`�`iv�À�>Ì����VÕÀÛi� ®]
w2 - w1: increment of deformation corresponding to F2-F1 
��®

Global modulus of elasticity:

Em,gr�Î>�
2-4a3®ÉÓL�3IÓIÜ2 – w1®É�2 – F1®®�È>Éx�L�®®®

where:
a: distance between a loading position and the nearest 
ÃÕ««�ÀÌ���®�
L\�Ü�`Ì���v�Ì�i�VÀ�ÃÃ�ÃiVÌ������®
�\�`i«Ì���v�VÀ�ÃÃ�ÃiVÌ������®
�\�Li�`��}��i�}Ì����®
G: shear modulus, equal to 650 N/mm2
F2 - F1 : increment of the load on the straight line portion 
�v�Ì�i���>`�̀ iv�À�>Ì����VÕÀÛi�Ü�Ì��>�V�ÀÀi�>Ì����V�ivwV�i�Ì�
iµÕ>��Ì��ä]���� ®
w2 - w1 : increment of the deformation corresponding to 
�Ó��£���®
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-ÕLÃiµÕi�Ì�Þ]�Ì�i�Ãi�Ã�ÀÃ�ÜiÀi�Ài��Ûi`�>�`�Ì�i�yiÝ����
test was performed. The support and load points remained 
unchanged, but the load was applied at a constant speed 
to achieve the maximum load within 300 ± 120 seconds. 
The bending strength was calculated using the formula:

Bending strength:

fm= a FmaxÉÓ7®

where:
a: distance between a loading position and the nearest 
ÃÕ««�ÀÌ���®
Fmax�\��>Ý��Õ����>`� ®
7�\�ÃiVÌ����ÀiÃ�ÃÌ>�Vi���`Õ�ÕÃ���3)

/�i�yiÝÕÀ>��Li�>Û��ÕÀ��v�Ì�i�Ì��LiÀ�Ü>Ã�Ì�iÀiv�Ài���ÛiÃ-
tigated, considering the static scheme of a supported 
beam.

The next step was the calculation of the media volumetric 
mass, calculated as the reaction between the mass and the 
volume of a sample element, determining both values with 
the some moisture of the element. For the measurement, 
they used precision instruments. Later, it was decided to 
calculate the reference moisture according to the indica-
tions present in the standard EN 13183-1:2002, “Moisture 
content of a piece of sawn timber. Determination by oven 
dry method.”
/�i����ÃÌÕÀi]� ��� v>VÌ]� ��yÕi�ViÃ�L�Ì��`ÕÀ>L���ÌÞ�>�`��i-
chanical characteristics of the timber.
The mechanical tests for the determination of the char-
acteristics are carried out by taking the reference values 
v�À����ÃÌÕÀi�Èx¯�´x¯®�>�`�v�À�Ì�i�Ìi�«iÀ>ÌÕÀi�Óäc�´Óc®�

Fig. 14 _Structural failure of element n.8, view from above

Fig. 13 _Diagram force-displacement, element n.8

Fig. 16 _Measurement of the mass of a specimen for the 
             calculation of the density

Fig. 15 _Structural failure of element n.8, view frontal
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For the calculation of the reference moisture, 2 layers sam-
ple of maximum cross-section and minimum size of 20 mm 
were obtained, by cutting in the direction of the grain at a 
distance of 0.3 m from one end of the piece. Immediately 
after cutting, the layer sample was weighed. After then 
layer sample was placed into the oven at a temperature 
�v� � £äÎ�´�Ó®� c
]� Õ�Ì��� Ì�i��>ÃÃ�`�vviÀi�Vi�LiÌÜii�� ÌÜ��
successive weightings spaced of two hours was minor to 
0,1%; the moisture was calculated in mass percentage as 
average between two sample layers.

Fig. 17 _Cut of the specimens

Fig. 18 _Weighing after cutting

Fig. 19 _Drying of specimens in the oven

Fig. 20 _Weighing after drying

such that the humidity of the wood is equal to 12%. In 
v>VÌ]�Ì�i�Ü��`i��V�>À>VÌiÀ�ÃÌ�VÃ�>Ài�ÃÌÀ��}�Þ���yÕi�Vi`�LÞ�
these two factors. Variation of humidity above the satura-
Ì����«���Ì��v� Ì�i�wLÀiÃ� >ÛiÀ>}i�Û>�Õi��v��Õ��`�ÌÞ\�Ón¯®�
�>Ã� ��ÌÌ�i� ��yÕi�Vi� Ì�i� �iV�>��V>�� V�>À>VÌiÀ�ÃÌ�VÃ� �v� Ì�i�
timber; otherwise, below the saturation point will highlight 
a strong conditioning of the properties from the moisture 
level, caused by the greater degree of crystallisation of the 
��VÀ�wLiÀÃ�Ì��>L�ÕÌ�Ì�i�ÕÀ�«i>��-Ì>�`>À`� �Î{n\Óää{]�
“Structural timber – Determination of characteristic values 
of mechanical properties and density,” provides variations 
on values calculated through mechanical tests in function 
of the present moisture. In particular, the elements tested 
whose humidity is between 8% and 18%, must be correct-
ed to 12% humidity as follows:
U� for bending strength and tensile strength; no correc-

tion is needed;
U� v�À�V��«ÀiÃÃ����ÃÌÀi�}Ì��«>À>��i�� Ì��wLÀi\�V�ÀÀiVÌ����

of 3% for each variation of  1% of the moisture con-
tent;

U� for modulus of elasticity: correction of 1% for each 
variation of 1% of he moisture content;

U� v�À�V��«ÀiÃÃ�Ûi�ÃÌÀi�}Ì��«>À>��i��Ì��wLÀi�>�`�v�À�Ì�i�
modulus of elasticity: the corrections have to be made 
so that the properties are increased, if the data are 
correct, to greater moisture content and vice versa.

The specimens with moisture content exceeding 18% 
must be corrected to a value equal to 18% and not to a 
value equal that real.
For most conifers the range of variation of the resistances 
in reference to the relation between these parameters 
measured in standard conditions and measured in addi-
tion to the saturation point, they are:14:
a) Parallel tension strength ............................……..1,1- 1,4
b) Bending strength..................……..................…..1,4 -2,0
c) Parallel compression strength .........…................1,7 -2,3
d) Perpendicular compression strength ..................2,8 -3,2
e) Perpendicular tension strength............................1,0 -1,1
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Results and discussion.
It is shown in the following two summary tables of the 
ÀiÃÕ�ÌÃ� �v� Û�ÃÕ>�� V�>ÃÃ�wV>Ì���]� Ã«iV�vÞ��}� Ì�>Ì� Ì�i� ����
consecutive derived from the exclusion in the process of 
analysis of certain elements, not congruent for species or 
size and that a random selection of the tested elements 
had brought initially to consider.
/�i����ÕÃÌÀ>Ìi�Ì>L�i�Ã��ÜÃ�Ì�i�ÀiÃÕ�ÌÃ��v�Ì�i�V�>ÃÃ�wV>Ì�����v�
the elements without having undergone cuts13, i.e. follow-
ing the selective demolition.

Element UNI 10035-2 UNE 56544

n.1 Rejected Rejected

n.2 Rejected Rejected

n.3 Rejected Rejected

n.4 Rejected Rejected

n.5 Rejected Rejected

n.7 S3 ME-2

n.8 S1 ME-1

n.10 Rejected Rejected

n.11 S3 Rejected

n.12 S3 ME.2

n.13 Rejected Rejected

n.14 Rejected Rejected

Otherwise, the subsequent table shows the results of the 
visual grading obtained by dividing the wooden element 
>Ã�«�ÃÃ�L�i®����ÌÜ��«>ÀÌÃ��°�Ƃ��£�i��°�Ƃ�Ó®°��Ì�«ÀiÃi�ÌÃ�>��
improvement of the visual class and, consequently, of the 
alleged resistant class, when the defects which negatively 
V��`�Ì����Ì�i�V�>ÃÃ�wV>Ì���13 are placed in one of the two 
parts of the element.

Element UNI 10035-2 UNE 56544

n.1-1 S3 Rejected

n.1-2 Rejected Rejected

n.2-1 Rejected Rejected

n.2-2 S2 ME-2

n.3-1 Rejected Rejected

n.3-2 S3 Rejected

n.4-1 Rejected Rejected

n.4-2 Rejected Rejected

n.5-1 S2 ME-2

n.5-2 Rejected Rejected

/�i�i�i�i�Ì��°£�V��Ã�`iÀi`�����ÌÃ�i�Ì�Ài�Þ��i�}Ì��Î°ä��i-
tres) cannot be used for structural use, according to the 
Spanish standard, presents a group of knots, the diameter 

of which is greater then expected limits by the standard 
and a ring shakes on one of two heads and two wanes. 
��Û�`��}�Ì�i�i�i�i�Ì����ÌÜ��«>ÀÌÃ��i�}Ì��£°xä��iÌiÀÃ®]�Ì�i�
group of knots and one of two wanes are placed on an 
i�i�i�Ì�£�£®]�Ü���i�Ì�i�À��}�Ã�>�iÃ�>�`�Ì�i��Ì�iÀ�Ü>�iÃ�
���Ì�i��Ì�iÀ�i�i�i�Ì�£�Ó®°����Ì�i�i�i�i�Ì��°£�Ó]��Ã�«ÀiÃi�Ì�
also another group of knots with a total diameter less than 
Ì�>Ì� �`i�Ì�wi`� ��� Ì�i� V�>ÃÃ�wV>Ì�����v� Ì�i� ��Ì>VÌ�i�i�i�Ì]�
but does not return in the normative range. 
Therefore, as the Spanish standard both cannot be used 
for a structural use; however, according to Italian standard, 
the wanes and the cracks affect the visual class of the ele-
ment n.1, defects that in cutting operations are located on 
the element n.1-2. Similar considerations can be made for 
the elements n.3 and n.4. 
According to the Spanish standard, both considered in 
Ì�i�À�i�Ì�ÀiÌÞ��i�}Ì��Î°ä��iÌÀiÃ®�>�`�`�Û�`i`����ÌÜ��«>ÀÌÃ�
�i�}Ì��£°xä��iÌÀiÃ®]�Ì�i�«ÀiÃi�Vi��v�`iviVÌÃ��v�`�vviÀi�Ì�
types conditioning the visual category and the widespread 
«�Ã�Ì�����}��v� Ã��i]�V>ÕÃiÃ� Ì�i�����ÃÕ�Ì>L���ÌÞ�V�>ÃÃ�wV>-
tion for structural use. 
The element n.3 is discarded due to a knot and to two 
wanes. In division, the element 3-1 is discarded due to 
wanes and the element n.3-2 due to the knot. When an 
element presents one of more wanes, in function of the 
breadth of the some it is possible to evaluate the possibil-
ity of a longitudinal cutting of the element at the height 
of the wanes, reducing the section of the element, but, at 
the same, time eliminating the wanes which condition the 
visual category. 
In the case of element n.3-1, assuming to make a longitu-
dinal cut to eliminate the wanes, it would result in an ele-
ment with length 1.50 metres with section of 12x5.8 cm, 
ÃÕ�Ì>L�i]�>VV�À`��}�Ì��Ì�i�Û�ÃÕ>��V�>ÃÃ�wV>Ì���]�v�À�>�ÃÌÀÕV-
tural use. 
/�iÀiv�Ài]�>�>�ÞÃ��}�Ì�i�i�i�i�Ì��°Î�����ÌÃ�i�Ì�ÀiÌÞ�£Ç°xÝ�
5.8x300 cm), considering the positioning of the knot that 
conditions the visual category, placed at a distance equal 
to 108 cm from one of two heads and the breadth of the 
wanes, by performing a transversal cut and two longitudi-
nal cuts it is possible obtain an element with size 12x5.8x 
192 cm, reusable for structural purposes.
According to the Italian standard, the element n.3, after 
cutting, give rise to the element n.3-2, suitable for a struc-
tural use as the wanes are ranked in the element n.3-1.
According to the Spanish standard, the element n.4 is dis-
carded due to the presence of a group of single knots, the 
widespread positioning of the same which rank taking as 
a reference one of two heads to the distance of 55 cm, 70 
cm, 100 cm and 190 cm, it prevents cutting operations 
to improvement the visual category since any cut would 
compromise the length of the element, to the point of not 
making it usable. 
Also, according to the Italian standard, the knots negative-
ly affect the structural reuse.
/�i�i�i�i�Ì��°Ó��i�}Ì��Î]ä��iÌiÀÃ®��Ã�Ài�iVÌi`��v�V��Ã�`-
ered in its entirety because of the presence of a group of 
���ÌÃ�>�`��v�ÌÜ��Ü>�iÃ°��v��Ì��Ã�`�Û�`i`����ÌÜ��«>ÀÌÃ��i�}Ì��
1.50 metres), the defects which affect the visual category 
are localized into the element n.2-1, while the element n.2-



FROM POST EARTHQUAKE WASTE TO RESOURCE

110 6_Wooden elements: optimization of reuse

2 does not have defects that compromise his structural use 
and presents a visual category ME-2 for the Spanish stand-
ard and S2 for the Italian standard.
���Ã����>À�Ü>Þ�Ì�i�i�i�i�Ì��°x��i�}Ì��Î]ä��iÌiÀÃ®�V��Ã�`-
ered in its entirety is deleted because of a group of knots 
>�`�>�Ã��}�i����Ì°����Ì�i�`�Û�Ã�����i�}Ì��£°xä��iÌÀiÃ®�Ì�i�
defects are localised only on the element n.5-2, while on 
element n.5-1, only defects whose parameters are re-
turned in accordance with the structural use are present. 
The analyses results indicate that in some cases the cut of 
a part of the element causes an increase of the visual cat-
egory and, consequently, of the resistant class. 
The reduction of the dimension of the element decreases, 
in fact, in some cases, the incidence of defects.
When the defects that affect the visual category are knots, 
Ü>�iÃ]�wÃÃÕÀiÃ]�À��}�Ã�>�iÃ��À�L����}�V>��>�ÌiÀ>Ì���Ã�«�Ã�-
tioned in a localised way, the elimination of the part con-
taining the defects generates an increase in performance 
of the part free from defects or that present minor defects. 
Otherwise, when the same defects that affect the visual 
category are present in a widespread way or the visual cat-
egory is determined by the width of rings, the slope of 
grain, deformation and/or by reaction wood, any cuts do 
not produce an improvement of the resistant class.
The cuts may be carried out with the aim of increasing the 
visual category of the element.
When the defects are eliminated, it is possible to use, for 
structural use, an element that would otherwise be dis-
carded or to improve the visual category of an element 
whose defects fall within the expected range of the stand-
ard. The element n.7 presents the visual category ME-2 
for the Spanish standard and S3 for the Italian standard 
because of the presence of knots, but also the rate of 
growth, any cut would not improve the visual category. 
The element n.10 is discarded because of the presence of 
>�wÃÃÕÀi�Ì�>Ì��>Ã�>��i�}Ì��iµÕ>��Ì��{x�V�]�Ü��V��ÃÌ>ÀÌÃ����
correspondence as one of two heads.
/�i�ÀiÌ�V>��Þ]� Ì�i�VÕÌ��v� Ì�i�wÃÃÕÀi`�«>À�Ü�Õ�`�>���Ü�Ì�i�
reuse of the remaining part that is free from defects such 
as to prevent a structural reuse. 
/�i�VÕÌ��v�Ì�i�i�i�i�Ì�v�À�Ài��Û>��Ì�i�wÃÃÕÀi`�«>ÀÌ�Ü�Õ�`�
cause, however, a reduction of the length of the element 
to 0.80 cm, such as to decrease considerably the reuse 
possibility of the same.
Generally, in selective deconstruction, it is necessary to 
maintain the integrity of the wooden element with the aim 
of increasing the potential of reuse. If, however, these ele-
�i�ÌÃ�«ÀiÃi�Ì�V�i>À�`iviVÌÃ�Ì�>Ì���yÕi�Vi�Ì�i�Û�ÃÕ>��V>Ìi-
gory already found before disassembly, the deconstruction 
will also take into account the possibility to carry out cuts 
that speed the disassembly and at the same time do not 
affect the reuse of the element. 
The cutting of wooden element into more parts to facili-
tate the operations of deconstruction can be made only 
when the resulting dimensions are greater or equal to 1.50 
metres, i.e. they do not invalidate the potential of reuse. 

��Ã�`iÀ]� v�À�iÝ>�«�i]�Ì�i�`�Ã>ÃÃi�L�Þ��v�>�y��À]�Ü��Ãi�
beams present biological degradation, the cut of the same 
in the degraded part will take place already in the process 
of demolition without affecting the reuse of elements.

ELIMINATION OF THE WORST DEFECTS TO 
IMPROVE THE MECHANICAL PERFORMANCE
Ü�i��`iviVÌÃ�>Ài����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ]�

ring shakes or biological alterations)

Localized defects in central position 

Cut of the defect in central position, two elements of 
lesser length are obtained.

Defects spread on one part 

Cut of the part where many defects are present, an 
element of lesser length is created.

Defects located at one end 

Cut of the end of the element, an element of lesser 
length is created.

Defects spread on one side 


ÕÌ��v�Ì�i�Ã�`i�v�À�iÝ>�«�i�Ü>�iÃ®]�>��i�i�i�Ì��v���ÜiÀ�
section is created.
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The experimental analysis have produced the following results:13 

Element 

n.

Density

Kg/m3

Moisture

%

Local 
modulus of 
elasticity 
Mpa

Local 
modulus of 
elasticity
t12% )Mpa

Global 
modulus of 
elasticity
Mpa

Global 
modulus of 
elasticity
t12%) Mpa

Bending 
strength  

Mpa

1-1 520,98 10,52 9.272,66 9.409,90 8.635,36 8.763,16 37,42

1-2 526,47 9,26 10.953,88 11.254,02 10.927,52 11.226,93 57,78

2-1 483,44 10,26 14.715,58 14.971,63 12.049,56 12.259,22 46,66

2-2 527,26 8,73 8.404,21 8.679,02 9.162,46 9.462,07 37,87

3-1 503,80 9,98 13.062,74 13.326,61 10.548,63 10.761,71 30,74

3-2 499,54 9,49 9.137,13 9.366,47 8.865,06 9.087,57 26,79

4-1 529,84 10,68 7.592,62 7.692,84 7.898,91 8.003,18 26,99

4-2 520,33 9,77 8.373,61 8.560,34 7.457,21 7.623,51 28,79

5-1 493,66 10,24 9.682,79 9.853,20 10.315,60 10.497,16 46,84

5-2 477,85 10,51 6.774,19 6.875,13 6.974,39 7.078,31 16,31

7 531,71 9,86 8.734,63 8.921,56 8.896,36 9.086,74 47,33

8 577,88 9,54 8.504,19 8.713,39 8.257,74 8.460,88 38,22

10 577,74 10,97 18.480,35 18.670,70 12.020,95 12.144,77 56,11

11 541,59 9,56 7.379,56 7.559,62 8.519,69 8.727,57 31,85

12 491,64 9,37 10.508,04 10.784,40 9.443,50 9.691,86 35,33

13 456,73 9,39 10.502,73 10.776,85 8.039,97 8.249,81 14,95

14 440,51 10,96 5.481,31 5.538,32 5.835,50 5.896,19 23,79

/�i����iÀi�Ì�V�>À>VÌiÀ�ÃÌ�VÃ��v�Ì�i�i�i�i�Ì�Ã�}��wV>�Ì�Þ�>v-
viVÌ�Ì�i�yiÝÕÀ>��Li�>Û��ÕÀ°����v>VÌ]�>����VÀi>Ãi��v�Ì�i�Û��Õ-
metric mass corresponds, generally, to an increase of the 
strength and stiffness of the element that grows; other-
wise, increasing the water content and the deviation of the 
grain, decreases the resistance.
The internal knots and these in the compressed part have 
�iÃÃ� ��yÕi�Vi� Ì�i�� Ì�i� iÝÌiÀ�>�� ���ÌÃ� >�`� Ì�iÃi� ��� Ì�i�
tensile part, it being understood the conditioning of the 
dimension of the knots with respect to the section of the 
element.
/�i�Ã�À���>}i�VÀ>V�Ã��i}>Ì�Ûi�Þ�>vviVÌ� Ì�i�yiÝÕÀ>�� ÀiÃ�ÃÌ-
ance when they are orientated vertically in areas with maxi-
mum bending moment.
���yiÝÕÀ>��`iv�À�>Ì���]�Ì�i�Ì�Ì>��`iyiVÌ�����v�Ì�i�i�i�i�Ì�
was also affected by the deformability of the cut15 and in-
crease with increasing of the ratio between h and l.
/�i����}�ÌÕ`��>��wLÀiÃ�Õ�`iÀ}��>�Ã��vÌ�iµÕ>��Ì��Ì�i�À>Ì���
between the tangential tensions and the modulus of tan-
gential elasticity, the maximum variation of the angle be-
ÌÜii��Ì�i���À�Ã��Ì>��wLÀiÃ�>�`�ÛiÀÌ�V>��wLÀiÃ� �Ã� v�Õ�`� ���
correspondence of the maximum tangential tensions, i.e., 
in neutral axis16.
/�i�ÃÌÀÕVÌÕÀ>��v>��ÕÀi]�«ÀiVi`i`�LÞ�«>ÀÌ�>��vÀ>VÌÕÀiÃ��`i�-
Ì�wi`� LÞ� >V�ÕÃÌ�V� «�i���i�>®]� V>�� �VVÕÀ� LÞ� `�vviÀi�Ì�
mechanisms which may also manifest simultaneously, i.e. 
LÞ�ÌÀ>VÌ�����v�Ì�i�wLÀiÃ����Ì�i�iÝÌÀ>`�Ã]�LÞ�V��«ÀiÃÃ�������

Ì�i���ÌÀ>`�Ã]�LÞ�«>À>��i��Ã�i>À�Ì��wLÀiÃ����Ì�i��iÕÌÀ>��>Ý�Ã�
À>Ài�V>Ãi®°� ���V>Ãi��v�>LÃi�Vi��v�`iviVÌÃ]��À�V�i>À�Ü��`]�
the structural failure may occur17:
U� LÞ�ÌÀ>VÌ����>®]
U� by traction in presence 
��������v�`iÛ�>Ì���Ã��v�Ì�i�wLiÀÃ�L®]�
U� in splintered way  in case 
��������v����Ü�Ü>ÌiÀ�V��Ìi�Ì�V®]
U� in fragile way  in case of 
�������>L��À�>�����iVÕ�>À�ÃÌÀÕVÌÕÀi�`®]
U� LÞ�V��«ÀiÃÃ����i®
U� LÞ�Ã�i>À�v®°

���Ì�i�i�i�i�ÌÃ�Ì�>Ì�ÜiÀi�ÃÕL�iVÌi`�Ì��yiÝÕÀ>��ÌiÃÌ��}]�Ì�i�
breakdown occurred, in most cases, in correspondence of 
the zone of maximum load or middle third, where time 
takes on maximum value and shear is worth less.
The failure was caused, in particular, by the present knots 
���Ì��Ã�>Ài>]�Ì�>Ì��>Ûi��>`�>�}Ài>ÌiÀ���yÕi�Vi�Ì�>���Ì�iÀ�
defects as wanes and deformations.
From experimental analyses, it shows that about the 33% 
�v�Ì�i�`�ÃV>À`i`�i�i�i�ÌÃ�i�i�i�ÌÃ�£�£]�£�Ó]�Ó�£]�£ä®]�>V-
V�À`��}� Ì�� Ì�i� Û�ÃÕ>�� V�>ÃÃ�wV>Ì���� �Ì� �>Ã]� �>Ã� ÀiÃ�ÃÌ>�Vi�
Û>�ÕiÃ�}Ài>ÌiÀ�Ì�i��Ì�i������Õ��Û>�Õi�i�i�i�Ì�£Ó®]�Li-
tween the accepted elements for a structural use. The ele-
ments 1-2 and 10 that among all the elements have the 
best values of resistance were discarded according to the 
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parameters of visual grading. Such consideration has a 
}Ài>Ì�Ã�}��wV>�Vi�>�Ã�����V��Ã�`iÀ>Ì�����v�Ì�i�v>VÌ�Ì�>Ì�Ì�i�
experimental tests were carried out in the worst condition 
for the element and, therefore, the resulting values are 
minimum values. 
The limited number of the investigated elements does not 
allow the calculation of the characteristic strengths from 
experimental data and, therefore, the characteristic and 
average values provided by the visual grading are com-
pared with the data obtained experimentally; they having 
to be higher, i.e., do not meet the values of 5th percentile, 
����À`iÀ�Ì��«À�Ûi�Ì�i�Ài��>L���ÌÞ��v�Ì�i�Û�ÃÕ>��V�>ÃÃ�wV>Ì����
made. That comparison is carried out by reference to the 
`i�Ã�ÌÞ]�Ì�i���`Õ�ÕÃ��v�i�>ÃÌ�V�ÌÞ�«>À>��i��Ì��Ì�i�wLÀi]�>�`�
Ì��Li�`��}�ÃÌÀi�}Ì�°�/�i�`iw�i`�Û>�ÕiÃ]�>VV�À`��}�Ì��Ì�i�
�Ì>��>��ÃÌ>�`>À`�1 ��££äÎx®]�Ì�i�Û>�ÕiÃ�«À�Û�`i`�>VV�À`-
��}�Ì��Ì�i�-«>��Ã��ÃÌ>�`>À`�1 �xÈx{{®]�>�`�Ì�i�`iÀ�Ûi`�
values from the experimental analysis were compared  
Ƃ««i�`�Ý�
18), The comparison is made considering the 
Û>�ÕiÃ��v�Û�ÃÕ>��V�>ÃÃ�wV>Ì����Ì�>Ì�>Ài��iÃÃ�«ÀiV>ÕÌ���>ÀÞ\��v�
the elements, according to visual grading, are not suitable 
to a structural use, it will be proven the veracity; if the ele-
�i�ÌÃ]�>VV�À`��}�Ì��Û�ÃÕ>��V�>ÃÃ�wV>Ì���]�>Ài�ÃÕ�Ì>L�i�Ì��>�
structural use, it will verify that the actual values are higher 
than those characteristic and that these should be used in 
ÃÌÀÕVÌÕÀ>��ÛiÀ�wV>Ì���°
/�i��Ì>��>��ÃÌ>�`>À`�«À�Û�`iÃ�Ì�Àii�V>Ìi}�À�iÃ�-£�-Ó�-Î®]�
independent from the height of the element, while the 
-«>��Ã��ÃÌ>�`>À`�«À�Û�`iÃ�Ì�Àii�V>Ìi}�À�iÃ���£]����Ó]�
��®����vÕ�VÌ�����v�Ì�i��i�}�Ì��v�Ì�i�«À�w�i°�
��«>À��}�
Ì�i� V�>À>VÌiÀ�ÃÌ�V� Û>�Õi� Ì�>Ì� �`i�Ì�wiÃ� Ì�i�����À� V>Ìi}�-
ries, the category S3 presents major values compared to 
category ME-2; in numbers it would, therefore, seem more 
cautionary than the Italian standard, whose minimum char-
acteristic values are more elevated compared to of the 
minimum of the Spanish standard. 
Otherwise, comparing the categories obtained from vis-
ual grading of analysed elements in any way, the Spanish 
standard results cautionary reuse because of the more re-
strictive modalities of evaluating the defects. For example, 
the element 1-1, 3-2 and 11 that, according to the Italian 
standard, present a category S3, according to the Spanish 
standard they are not suitable for a structural use. There-
fore, although from a numerical point of view the Italian 
standard appears cautionary, the modality of evaluation 
�v�`iviVÌÃ�>�`�Ì�i�`iw�i`�«>À>�iÌiÀÃ��>�iÃ�Ì�i�-«>��Ã��
standard more cautionary.
We must not forget, however, that being the wood of 
Spanish origin, the standard UNE 56544 should present a 
��Ài�Ài��>L�i�ÃÌ>�`>À`]�Ü���i�Ì�i�V�>ÃÃ�wV>Ì����Ü�Ì���Ì>��>��
standard is only useful for comparative purposes.
For what concerns the correspondence with real values, it 
is observed that the Spanish standard is always precaution-
>ÀÞ°����v>VÌ]����Þ����Ì�Àii�V>ÃiÃ�Ó�Ó]�Ç]�n®�Ì�i�>ÛiÀ>}i�Û>�Õi�
�v�Ì�i���`Õ�ÕÃ��v�i�>ÃÌ�V�ÌÞ��]��i>�®��Ã�}Ài>ÌiÀ�Ì�>��Ì�i�
real value, resulting, instead of the characteristic values re-
ported of the bending strength, the modulus of elasticity 
and the density and to average value of density are always 
lower than the real ones. The Italian standard, otherwise, 
is always precautionary for what concerns the bending 

strength and the characteristic modulus of elasticity, while 
it is always not cautionary for what concerns the average 
��`Õ�ÕÃ��v�i�>ÃÌ�V�ÌÞ��]��i>�®�>�`�Ì�i�>ÛiÀ>}i�>�`�V�>À-
>VÌiÀ�ÃÌ�V�`i�Ã�ÌÞ�lmean). Such cases are, by reporting the 
fact that the investigations were carried out on wood of 
Spanish origin, which has some different characteristics 
compared to the some species of Italian origin and not by 
failure validity of the visual grading.
Visual grading is always cautious and, therefore, can be 
ÕÃi`�v�À� Ì�i�`iw��Ì�����v� Ì�i�ÃÌÀi�}Ì��V�>ÃÃ]�LÕÌ� �Ì� �Ã���Ì�
always responsive to real values.
In fact, the visual grading among the analysed elements 
did not identify those elements with the best features nor 
did it identify those with the worst features. We analysed 
ÃiÛi�Ìii��i�i�i�ÌÃ]�LÕÌ����Þ�wÛi�i�i�i�ÌÃ�ÜiÀi�`ii�i`�
ÃÕ�Ì>L�i�v�À�ÃÌÀÕVÌÕÀ>��ÕÃi�x�£]�Ó�Ó]�Ç]�n]�>�`�£Ó®°��v�Üi�V��-
Ã�`iÀ�Ì�i�wÛi�i�i�i�ÌÃ�Ì�>Ì��>Ûi�Ì�i�LiÃÌ�Û>�ÕiÃ��v�Li�`-
��}�ÃÌÀi�}Ì��i�i�i�ÌÃ�£�Ó]�£ä]�Ç]�x�£]�Ó�£®]�Ì�iÀi�>Ài����Þ�
ÌÜ��Ã«iV��i�Ã�Ì�>Ì�ÜiÀi��`i�Ì�wi`�LÞ�Û�ÃÕ>��}À>`��}°
The mechanical properties of the element are often un-
derestimated. This case has greater relevance in the case 
of reuse because, unlike the case of a new element, the 
load conditions that the wooden element is able to stand 
are already known. This can be taken as a reference to the 
maximum load in similar conditions of reuse.
/�i� V��«>À�Ã��� LiÌÜii�� Ì�i� ÃÌÀi�}Ì�� V�>ÃÃiÃ� �`i�Ì�wi`�
with the visual grading and the real values resulting from 
experimental analysis reveals that a wooden element, 
according to current law and, although suitable, can be 
discarded and labeled for non-structural use. Whereas on 
one hand it is a guarantee of safety, on the other hand, 
the non-structural use of an element minimises its perfor-
mances and yields a lower durability, with a consequential 
impact on sustainability, cushioning the embodied energy 
in a fewer number of years.
Analysing the obtained data from experimental tests car-
ried out on 39 new elements of Pinus Sylvestris L. with sec-
tion of 200 x 75 mm and category ME-219�>VV�À`��}�Ì��Ì�i�
V�>ÃÃ�wV>Ì�����>`i� v�À��>À�iÌ��}®]� �Ì� ÀiÃÕ�ÌÃ� Ì�>Ì]� ��� ÃÕV��
V>ÃiÃ]� Ì�i� ÀiÃ�ÃÌ>�Ì� V�>ÃÃ� `iw�i`� Ì�À�Õ}�� Û�ÃÕ>�� }À>`��}�
is widely cautionary. In all cases, the bending strength is 
superior to the characteristic value of the bending strength 
and only in the 0.87% of the cases is less then twice of the 
characteristic bending strength.
The category ME-2 for the Pinus Sylvestris L. corresponds 
to the class C18: in the 2.34% of cases, the modulus of 
elasticity is less then the modulus of average elasticity de-
w�i`�LÞ�Ì�i�ÃÌ>�`>À`Æ����Ì�i�ä°Çn¯��v�Ì�i�V>ÃiÃ]�Ì�i�V�>ÃÃ�
C18 corresponds to the actual values are widely superior 
Ì��Ì��Ãi�`iw�i`�LÞ�Ì�i�ÀiÃ�ÃÌ>�Ì�V�>ÃÃ�
£n°
Therefore, there is a variance equal to 1.88% compared to 
5.0% of the percentile value that is already a widely cau-
tionary artefact.
Ƃ�Ã�]�>�V��«>À�Ã���LiÌÜii��Ì�i�Ü�ÀÃÌ�`iviVÌÃ� �`i�Ì�wi`�
by the visual grading, i.e. these defects that actually affect-
ed the attribution of the resistance class and the defects 
that really affected the break with the aim to identifying if 
there is a correspondence between two analysis was car-
ried out.
In tabular form the results of such analysis are presented 13.
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1-1 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�`iw��Ì�����v�V>Ìi}�ÀÞ�-Î®��Ã�Ì�i����Ì�£�°

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®�>Ài�Ì�i�}À�Õ«��v����ÌÃ�Î�{�x�
and wanes.

BENDING TEST: The defects that affect the structural failure are the knots 3, 5, 18 and 25.

1-2 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®�>Ài�Ì�i�Ü>�iÃ]�Ì�i�À��}�Ã�>�iÃ�
and the knot 21.

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®�>Ài�Ì�i�Ü>�iÃ]�Ì�i�À��}�Ã�>�iÃ�
and the group of knots 15-16.

BENDING TEST: The defects that affect the structural failure are the wane between the faces C and D and the 
knot 29.

2-1 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®�>Ài�Ì�i�Ü>�iÃ°

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®�>Ài�Ì�i�Ü>�iÃ�>�`�Ì�i����ÌÃ�
15-16-17.

BENDING TEST: The defects that affect the structural failure are the knots 2 and 3 e the presence of a nail in 
the face B.

2-2 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�-Ó®��Ã�Ì�i����Ì�n°

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ���Ó®��Ã�Ì�i�}À�Õ«��v����ÌÃ�£n�£�°

BENDING TEST: The defect that affects the structural failure is the knot 8.

3-1 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®�>Ài�Ì�i�Ü>�iÃ°

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®�>Ài�Ì�i�Ü>�iÃ

BENDING TEST: The defects that affect the structural failure are the knots 2, 3 and 26, the wanes and the 
wÃÃÕÀiÃ°

3-2 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�-Î®��Ã�Ì�i����Ì�£{°

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®��Ã�Ì�i����Ì�£{°

BENDING TEST: The defects that affect the structural failure are the knots 8, 9 and 14.

4-1 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®��Ã�Ì�i����Ì�£Ó°

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®�>Ài�Ì�i�}À�Õ«��v����ÌÃ�Ó�Î�>�`�
the knot 12.

BENDING TEST: The defects that affect the structural failure are the knot 3 and the knot 12.

4-2 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®��Ã�Ì�i����Ì�£Î°

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®��Ã��Ì�i����Ì�£Î°

BENDING TEST: The defects that affect the structural failure are the knots 34 and 39.

5-1 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�-Ó®��Ã�Ì�i����Ì�{°

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ���Ó®�>Ài�Ì�i����ÌÃ�£]�Ó�>�`�£x°

BENDING TEST: The defect that affects the structural failure is the knot 3.

5-2 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®�>Ài�Ì�i����Ì�ÓÈ�>�`�Ì�i�}À�Õ«��v�
knots  6-7-8-9-10-11-12-13-14.

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®�>Ài�Ìi�����Ì��ÓÈ�>�`�Ì�i�}À�Õ«�
of knots 6-7-8-9-10-11-12-13-14.

BENDING TEST: The defects that affect the structural failure are the knots 10, 11 and 12.

7 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�-Î®�>Ài�Ì�i�`iv�À�>Ì���Ã°

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ���Ó®�>Ài�Ì�i�`iv�À�>Ì���Ã]�Ì�i�À>Ìi��v�
growth and the knots 1 and 3.

BENDING TEST: The element breaks due to the traction.
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8 1 ��££äÎx\�/�i�i�i�i�Ì�`����Ì�«ÀiÃi�Ì�`iviVÌÃ�Ì�>Ì��i}>Ì�Ûi�Þ�>vviVÌ�Ì�i�V�>ÃÃ�-£®°

1 �xÈx{{\�/�i�i�i�i�Ì�`����Ì�«ÀiÃi�Ì�`iviVÌÃ�Ì�>Ì��i}>Ì�Ûi�Þ�>vviVÌ�Ì�i�V�>ÃÃ���£®°

BENDING TEST: The element breaks due to the traction and the slope of grain.  

10 1 ��££äÎx\�/�i�Ü�ÀÃÌ�̀ iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�̀ iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®��Ã�Ì�i�wÃÃÕÀi����Ì�i�v>Vi�
��i�}�Ì�
45 cm).

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌ� Ì�>Ì�>vviVÌÃ� Ì�i�`iw��Ì�����v� Ì�i�V�>ÃÃ� ,i�iVÌi`®� �Ã� Ì�i�wÃÃÕÀi���� Ì�i� v>Vi�
�
�i�}�Ì�{x�V�®°

	 �� ��/-/\�/�i�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�ÃÌÀÕVÌÕÀ>��v>��ÕÀi��Ã�Ì�i�wÃÃÕÀi����Ì�i�v>Vi�
��i�}�Ì�{x�V�®°

11 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�-Î®��Ã�Ì�i����Ì�£Ó°

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®��Ã�Ì�i�À��}�Ã�>�i°

BENDING TEST: The defects that affect the structural failure are the knots 4 and 5.

12 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�-Î®��Ã�Ì�i����Ì�£{°

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ���Ó®�>Ài��i�`iv�À�>Ì���Ã]�Ì�i�}À�Õ«��v�
knoys 2-3 and the knot 14.

BENDING TEST: The defects that affect the structural failure are the knot 3 and a damage present underneath 
it.

13 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®�>Ài�Ì�i�Ü>�iÃ�>�`�Ì�i����Ì�£ä°

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌÃ�Ì�>Ì�>vviVÌ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®�>Ài�Ì�i�Ü>�iÃ�>�`�Ì�i�}À�Õ«��v�
knots 6-7.

BENDING TEST: The defect that affects the structural failure is the group of knots 1-2.

14 1 ��££äÎx\�/�i�Ü�ÀÃÌ�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®��Ã�Ì�i�ÌÜ�ÃÌ��}°

1 �xÈx{{\�/�i�Ü�ÀÃÌ�`iviVÌ�Ì�>Ì�>vviVÌÃ�Ì�i�`iw��Ì�����v�Ì�i�V�>ÃÃ�,i�iVÌi`®��Ã�Ì�i�ÌÜ�ÃÌ��}°

BENDING TEST: The defects that affect the structural failure are the knots 5 and 8.

Structural failure is conditioned by the defects present in 
the tensile part of the third medium. Therefore, the visual 
grading in more than half of the elements does not iden-
tify the defects that lead effectively to the breaking of the 
element. A correspondence between the worst defects 
�`i�Ì�wi`�LÞ�Ì�i�Û�ÃÕ>��V�>ÃÃ�wV>Ì����>�`�Ì�i�LÀi>��iÝ�ÃÌÃ�
only when they are located in the tensile part subjected to 
maximum load.
Element n. 4-2 breaks bordering the area of maximum 
��>`�`Õi�Ì��Ì�i�>LÃi�Vi��v�Ã�}��wV>�Ì�`iviVÌÃ����Ì�i�>Ài>�
of maximum load.
Only in element n. 10 is the structural failure outside of 
Ì�i�>Ài>��v��>Ý��Õ�� ��>`�`Õi� Ì��>�Ã�}��wV>�Ì�VÀ>V�]�>�-
though there is a knot with a diameter of 2.8 cm. Element 
n. 13 breaks just outside the area of maximum load in cor-
respondence with knots, although in the area of maximum 
load there are two wanes. The reduction of the section due 
to the presence of wanes conditions the break less than 
the knots, although located just outside the middle third. 
In all other cases, the failure occurs due to the defects that 
are in the area of maximum load that is in the middle third 
of the element. With the exception of element n. 10, when 
in the tensile part of the area of maximum load there are 
knots that cause the failure. Elements n. 7 and n. 8 do not 
present defects in the area of maximum load; neverthe-
less, they have strength values smaller than other elements 
that broke due to defects.
/�i�Û�ÃÕ>��}À>`��}]�Ì�iÀiv�Ài]��`i�Ì�wiÃ�`iviVÌÃ�Ì�>Ì���yÕ-

ence the structural failure only when the worst defects of 
the element are located at the tense part of the middle 
Ì��À`°�Ƃ���}�Ì�i�«>À>�iÌiÀÃ�̀ iw�i`����Ì�i�Û�ÃÕ>��}À>`��}]�
the positioning of defects is not taken into consideration. 
��� Ì�i�V>Ãi��v��iÜ�i�i�i�ÌÃ�Ü�Ì�� Ì�i�«ÕÀ«�Ãi� Ì��`iw�i�
uniform criteria for marketing, this is a precautionary meas-
ure. This is because it is not possible to know in advance 
how the wooden element will be used in reference to the 
location of use and, consequently, the side for the applica-
tion of the load. In addition, it is not possible to know if the 
element will be cut or will be used in its original length, nor 
is it known at the time of sale what type of load it will bear. 
Unlike in the case of reuse of elements that have already 
lived a lifecycle, the visual analysis, made without consid-
ering the above-mentioned variables, produces incon-
sistent results because, in most cases, the rupture of the 
i�i�i�ÌÃ��Ã�Ã�}��wV>�Ì�Þ���yÕi�Vi`�LÞ�Ì�i�Ü�ÀÃÌ�̀ iviVÌÃ���-
cated in the middle third and due to load modes, as seen 
from the data generated by experimental analysis. There 
is an important distinction in terms of process between the 
use of a new wooden element and the reuse of a wooden 
i�i�i�Ì�Ì�>Ì��>Ã�>�Ài>`Þ���Ûi`�>���viVÞV�i°����Ì�i�wÀÃÌ�V>Ãi]�
Ì�i�ÃÌÀi�}Ì��V�>ÃÃ��Ã�`iw�i`�>�`�}Õ>À>�Ìii`�LÞ�Ì�i��>�Õ-
v>VÌÕÀiÀ�>�`�LÞ�ÀiV�}��âi`�ViÀÌ�wV>Ì���Ã�>�`��>À���}Ã°����
Ì�i�V>Ãi��v�ÀiÕÃi]�Ì�i�ÌiV���V�>���ÕÃÌ�`iw�i]� ���Ì�i�wÀÃÌ�
analysis, the suitability of the element for structural reuse 
by visual grading, provided that, before the reuse, he must 
`��>���Ì�i��>À���}Ã�>�`�ViÀÌ�wV>Ì���Ã�ÀiµÕ�Ài`�LÞ�Ì�i��i}�Ã-



JOINT RESEARCH PhD THESIS 
BETWEEN THE UNIVERSITY “G.D’ANNUNZIO” OF CHIETI-PESCARA AND THE  POLYTECHNIC UNIVERSITY OF VALENCIA 

1156_Wooden elements: optimization of reuse

lation. We have to consider that, even if we want to reuse 
an element of structural wood that has not undergone any 
kind of deterioration under the same load conditions of 
Ì�i� wÀÃÌ� ��vi� VÞV�i]� Ì�i� ÀiÕÃi� ��«��iÃ� Ì�>Ì]� Ü�i�� Ì�i� i�i-
�i�Ì�Ü>Ã� ��ÃÌ>��i`� v�À� Ì�i� wÀÃÌ� Ì��i]� Ì�i� �i}�Ã�>Ì����Ü>Ã�
different and, in most cases, the law was less precautionary 
iÃ«iV�>��Þ�Ü�i��Üi�ÀiÕÃi�i�i�i�ÌÃ�Ü�Ì��>���vi�iÝVii`��}�
50 years). The same elements, considered suitable in their 
wÀÃÌ�ÕÃi]�VÕÀÀi�Ì�Þ�V�Õ�`�Li�V��Ã�`iÀi`� ��>`iµÕ>Ìi�iÛi��
under the same load conditions. The only chance for the 
designer/technician who wishes to proceed to reuse is to 
«iÀv�À��>}>���Ì�i�Û�ÃÕ>��V�>ÃÃ�wV>Ì����>VV�À`��}�Ì��Ì�i�«>-
rameters set by current regulations.
The elements that would be discarded today were used 
in the past; we are witnessing an increase in the level of 
performance required by the elements.
In the procedure of reuse, the knowledge of the history 
of the element is a decisive part. We have more informa-
tion than the new elements, i.e. the loads that the element 
i�`ÕÀi`� Ü�Ì�� >� Ã«iV�wV� ÃÌÀÕVÌÕÀ>�� ÃV�i�i]� Ì�i� �VVÕÀÀi`�
deformations, the placement of shrinkage cracks and the 
ÀiÃ�ÃÌ>�Vi�Ì��L����}�V>��>ÌÌ>V�����>�Ã«iV�wV�i�Û�À���i�Ì>��
V�>ÃÃ°�  {Èä\£��{��ÕÀ>L���ÌÞ� �v� Ü��`� >�`�Ü��`�L>Ãi`�
products. Natural durability of solid wood. Guide to the 
durability requirements for wood to be used in hazard 
classes). 
If we treat a wooden element that has already undergone 
a life cycle with the same parameters used for a new ele-
ment, it means that we are not considering these param-
eters in order to exploit its real potential.
It follows that, in the concept of reuse, the element can-
not be considered without taking into account its new 
intended use. It is necessary to systematise the residual 
performance of an element, the information obtained by 
>�>�ÞÃ��}� Ì�i� wÀÃÌ� ��vi� VÞV�i� >�`� Ì�i� «�ÃÃ�L�i� ��Ìi�`i`�
uses. Considering the type and the location of the defects, 
it is possible to identify the structural scheme that mini-
mizes the impact on the strength class. Once the structural 
ÃV�i�i��>Ã�Lii��`iw�i`]�Üi�V>��Û�ÃÕ>��Þ�V>Ìi}�À�Ãi�Ì�i�
element, considering the defects in the tense part a prior-
ity, in order to obtain qualitative results of a more realistic 
failure mode.
Therefore, initially the visual grading has to be carried 
out at a global level in order to evaluate the type and the 
placement of defects. With respect to knots or wanes, we 
must evaluate the opportunity to make cuts that increase 
the mechanical properties. Then, once the mode of reuse 
�Ã�`iw�i`]�Ì�i�Û�ÃÕ>��}À>`��}��ÕÃÌ�Li�`��i�Ì>���}���Ì��>V-
count defects that are in parts of the element that are sub-
ject to greater stress, with the aim to identify the potential 
break modes most suited to reality in order to optimise the 
placement and use of the element.
It is possible to make such an analysis by applying high-
iÀ�V�ivwV�i�ÌÃ�v�À�Ì�i���V>��Ãi`�`iviVÌÃ����Ì�i�>Ài>Ã���ÃÌ�
stressed. For example, in case of reuse according to a 
structural scheme of a supported beam, limited to the 
analysis of the knots of investigated elements, the applica-
Ì�����v�>���}�iÀ�V�ivwV�i�Ì�iµÕ>��Ì��£°��Ì��Ì�i�̀ ��i�Ã�����v�
the present knots in the most stressed part, namely in the 
Ìi�Ã��i�«>ÀÌ��v�Ì�i���``�i�Ì��À`�>VV�À`��}�Ì��Ì�i�`�vviÀi�Ì�

modalities established by the legislations), it would allow 
the most reliable results to be obtained, from a qualitative 
point of view.
�Ì�Ã��Õ�`�Li�i�«�>Ã�Ãi`�Ì�>Ì�ÃÕV��>�V�ivwV�i�Ì�V>���Ì�Li�
assumed as valid in a generic sense, as the number of the 
investigated elements is too limited to ensure the reliabil-
ity of the data. It can be considered, however, a moment 
�v� ÀiyiVÌ���� v�À� Ì�i� `iw��Ì���� �v� >� Ã«iV�wV� ��ÛiÃÌ�}>Ì����
Ü��V�� >���ÜÃ� Ì�i� Õ��ÛiÀÃ>�� `iw��Ì�����v� Ì�i� Û>��`�«>À>�-
eters according to the species of the element and to the 
modalities of reuse.
If the wooden element would be used again according to 
Ì�i�ÃÌ>Ì�V�ÃV�i�i��v�>�V>�Ì��iÛiÀ� À>ÀiÀ�V>Ãi®]� ��� Ì�i�Û�ÃÕ-
al grading it will be appropriate to take into account the 
Ü�ÀÃÌ�`iviVÌÃ�«�>Vi`� ���V�ÀÀiÃ«��`i�Vi��v� Ì�i�wÀÃÌ� Ì��À`�
V��Ãi�Ì��Ì�i�ÀiÃÌÀ>��Ì��v�Ì�i�wÝi`�����Ì°��i�iÀ>��Þ]��Ì�V>��Li�
Ã>�`�Ì�>Ì�Ì�i�Û�ÃÕ>��V�>ÃÃ�wV>Ì����w�>��Ãi`�Ì��Ì�i�ÀiÕÃi��v�>�
wooden element must take into account the static scheme 
and the type of load that would be applied and to evaluate 
according to these variables the worst defects present in 
the area mostly stressed.
For example, for the element 5, analysed with the visual 
grading, it is impossible for structural use due to the group 
of knots 6-7-8-9-10-11-12 and of knot 26, as both are po-
sitioned on the middle of the element. By dividing the el-
ement into two parts, it was obtained the part 5-2 that, 
because of such defects, it is not suitable for a structural 
use and the part 5-1 that instead presents a category S2 
according to the Italian standard and ME-2 for the Spanish 
standard.
Hypothesising a reuse of the element 5-1 according to a 
static scheme of a supported beam with a uniformly dis-
ÌÀ�LÕÌi`���>`]�V��Ã�`iÀ��}�>�yiÝÕÀ>��Ã���V�Ì>Ì���]��Ì��Ã�>�>-
lysed considering the present defects in the middle third 
with the aim of evaluating the optimisation of the reuse 
modalities. It results, in fact, that the element 5-1 presents 
inside the middle third, only the knot 3 on the side C, 
therefore, the element will be positioned in a way to en-
ÃÕÀi�Ì�>Ì�Ì�i�wLÀiÃ�>À�Õ�`��i����Ì�Î�>Ài�V��«ÀiÃÃi`�>�`�
not tensed, namely with the application of the load on the 
side A or on the side D.

Limits of the research and further developments
The reliability of the research is guaranteed by selecting 
wooden samples from demolition companies and by hav-
ing carried out tests on element that have undergone a 
life cycle, greater in terms of years compared to the used 
wood of the safety systems in L’Aquila. Although this, the 
limited number of the analysed elements does not allow 
Ì�i��`i�Ì�wV>Ì�����v�>�Þ�V�ivwV�i�ÌÃ�Ì�>Ì���VÀi>Ãi�Ì�i�`i-
fects located in the area of maximum load, but it does 
>���Ü� Ì�i� �`i�Ì�wV>Ì�����v�>�`�vviÀi�Ì�µÕ>��Ì>Ì�Ûi�«À�ViÃÃ]�
already valid in itself, with the aim to optimise the reuse.
The research, therefore, has more development opportu-
��Ì�iÃ����Ì�i�`iw��Ì�����v�Û�ÃÕ>��}À>`��}�L>Ãi`����µÕ>�Ì�Ì>-
Ì�Ûi�«>À>�iÌiÀÃ�Ì�>Ì�V>��Li�V��ÌÀ���i`�LÞ�>�Ã«iV�wV���`i��
of computation. This model is able to detect the suitabil-
ity for structural use with greater precision guaranteeing 
safety, but, at the same time, overcoming the paradox of 
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iÝV�Õ`��}�i�i�i�ÌÃ�Ì�>Ì��>Ûi�ÃÕvwV�i�Ì��iV�>��V>��«À�«-
erties for structural use and optimising the durability in re-
ÕÃi�Ü�Ì��i�Û�À���i�Ì>��Li�iwÌÃ°
/�i�ÀiÃi>ÀV��ÀiµÕ�ÀiÃ]���ÜiÛiÀ]�>�Ã�}��wV>�Ì��Õ�LiÀ��v�i�-
ements to be subjected to analysis both in reference to the 
species and in reference to the size of the section.
Ƃ�vÕÀÌ�iÀ�wi�`��v�ÀiÃi>ÀV���Ã�Ì�i�`iw��Ì����LÞ�iÝ«iÀ��i�Ì>��
analyses of mechanical properties that in this research were 
�i}�iVÌi`�LiV>ÕÃi�Ì�iÞ�`i«i�`����Ì�i�>�>�ÞÃi`�«À�«iÀ-
ties), i.e. making compression and traction tests in order to 
both demonstrate the correlation between the properties 
of the reused element and to assess, in this case, the com-
pliance of existing visual grading and to identify a process 
for the optimisation of reuse.

Conclusions
The experimental analysis carried out on elements coming 
from the selective demolition have, in conclusion, allowed 
Ì�i��`i�Ì�wV>Ì����Ì�i�v����Ü��}�ÀiÃÕ�ÌÃ\
U� when the defects that condition the visual category 

>Ài�V��«�Ãi`�LÞ����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ]� À��}�Ã�>�iÃ�
or biological alterations and are focused on a part of 
the element, the elimination of this part generates an 
increase of the performances of the part free from de-
fects or that presents of minor entity;

U� iÛi���v�Ì�i�Û�ÃÕ>��V�>ÃÃ�wV>Ì����ÀiÃÕ�ÌÃ�>Ài�«ÀiV>ÕÌ���-
>ÀÞ� >�`]� Ì�iÀiv�Ài]� ÕÃ>L�i� v�À� Ì�i� `iw��Ì���� �v� Ì�i�
resistant class, in many cases the real values of the 
elements that do not result in suitable for structural 
use are better that the real values of the elements that 
result in suitable for structural use; therefore, the per-
formance of the elements are abundantly underesti-
mated;

U� Ì�i�Û�ÃÕ>��V�>ÃÃ�wV>Ì����`�iÃ���Ì��`i�Ì�vÞ�>Ã�Ü�ÀÃÌ�Ì�i�
defects that actually lead to the break of the element, 
LiÌÜii��Ì�i�«>À>�iÌiÀÃ��v�V�>ÃÃ�wV>Ì�����ÕÃÌ�Li���-
troduced also the static scheme and the type of load 
that will be applied and to evaluate, according to 
these variables, the worst defects present in the area 
most stressed;

U� the analysis of the story of the element provides useful 
��v�À�>Ì����v�À��ÌÃ�ÀiÕÃi]�>Ã��Ì�>���ÜÃ�Ì�i��`i�Ì�wV>Ì����
of the load conditions that the wooden element has 
been able to withstand and the modalities of defor-
mation of the same, as well as the resistance in a spe-
V�wV�V�>ÃÃ��v�ÕÃi°

The made comparison shows that while the visual grading 
referred to new elements can be considered satisfactory 
in function of the logistical process to which the elements 
are submitted and of the impossibility to know in advance 
the use modalities; otherwise, for the elements that have 
already undergone a life cycle, although we agree on the 
Û>��`�ÌÞ��v�Ì�i�Û�ÃÕ>��}À>`��}�>Ã�`iw�i`�LÞ�Ì�i��i}�Ã�>Ì����
>Ì� Ì�i� �iÛi���v� Ã>viÌÞ]� �Ì� �Ã�Li��iÛi`� Ì�>Ì� Ì�i�`iw��Ì�����v�
modalities of visual grading that allows a greater corre-
spondence with the real mechanical performances and the 
`iw��Ì�����v�>�«À�Vi`ÕÀ>��«À�ViÃÃ��v�Ã«iV�wV�V�>ÃÃ�wV>Ì����
would allow advantages not only in terms of safety, but 
also of environmental sustainability. Therefore, it remains 

an open matter that will have to be uniformly investigated 
with the aim of optimizing the reuse of wooden elements.
In conclusion, the analysis carried out in these tests shows 
Ì�i�����ÌÃ��v�Û�ÃÕ>��}À>`��}�>�`�Ì�i��ii`�Ì��`iw�i�>���Ài�
structured methodology that, with a different operating 
procedure, introduces additional phases compared with 
the current visual grading, increasing the level of safety 
and, at the same time, maximising reuse. These phases are 
LÀ�iyÞ�`iÃVÀ�Li`�Li��Ü\�
1. to carry out the visual grading as established by law, 

identifying qualitatively the worst defects of a wooden 
element as a whole;

2. to assess the opportunity to cut one or more parts of 
the element or divide it into several parts, with respect 
to the length of the element and the type and place-
ment of defects, in order to increase the resistance 
class that derives from visual grading;

3. to carry out visual grading of elements, taking into 
consideration the worse defects with regard to the 
part of the element subject to greater stress;

4. Ì��̀ iw�i�V��ÃÌÀÕVÌ�����iÌ��`Ã�Ü��V���«Ì���Ãi�Ì�i�Ài-
use of wooden elements through a correct positioning 
�v�Ì�i�i�i�i�Ì�>VV�À`��}�Ì��Ì�i��`i�Ì�wi`���>`Ã�>�`�
defects.

The process has a qualitative nature that goes beyond nu-
merical data that would represent a higher conditioning of 
the species. 

6.4 _ Methodological- operative 
        procedure for reuse

In light of the made analyses, it is possible to identify a 
methodological- operative procedure of reuse of wooden 
elements, with the aim to appreciate the residual perfor-
mances and to increase the possibility of reuse. Once the 
safety systems have been removed, it is possible, analys-
ing the characteristics of the elements, to identify the mo-
dalities of reuse for which the same element answers with 
ivwV�i�Ì�«iÀv�À�>�Vi°��iw���}� Ì��Ã�V�ÀÀiÃ«��`i�Vi]� Ì�i�
current limit of lowering of residual performances is ex-
ceeded to ensure wide margins of safety. If, on one hand, 
it is appropriate to emphasise safety in the reuse, on the 
other hand, an excessive dejection of the potentiality of 
wooden elements, it becomes an unsustainable operation 
from an environmental and economic point of view.
The dejection of the performances must be precaution-
ary with the aim to ensure a safe reuse, but it must, at the 
same time, take into account the actual performances of 
the elements with the aim to make full use of the grey en-
ergy. Furthermore, in cases of reuse of wooden elements, 
we have access to information that allows a more precise 
assessment to the modalities of reuse and to circumstanc-
es that occurred during the cycle of life.
In fact, the responsiveness of the wooden element to a 
Ã«iV�wV� V�>ÃÃ� �v� i�Û�À���i�Ì>�� À�Ã�� >�`� �ÌÃ� `ÕÀ>L���ÌÞ]� ���
function of the species and the biological attack, are po-
tentially more dangerous in the territories that are known. 
Even if, in fact, the legislation introduces modalities of 
evaluation of the durability, they are widely precautionary. 
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The analysis of state of conservation of the wooden ele-
�i�Ì�>Ì�Ì�i�i�`��v��ÌÃ�wÀÃÌ���vi�VÞV�i�«À�Û�`iÃ]���ÃÌi>`]�Ài>��
information. Therefore, from this base of data it is possible 
to make assessments more congruent for the second life 
cycle, deciding if reuse the element in the same risk class 
or if it is more convenient to reuse in a lower risk class with 
the aim to increase the number of years of reuse.
Further relevant information available in case of reuse is 
the position and the intensity of the shrinkage cracks. In 
cases of not drying elements, the lesions occur unpredict-
>L�Þ°�/�i����Ü�i`}i��v� Ì�i�wÃÃÕÀiÃ�>���ÜÃ�L�Ì��Ì��«�>Vi�
the most relevant favourably with respect to the applied 
��>`�>�`É�À�Ì��Ài`ÕVi�Ì�i�«�ÃÃ�L���ÌÞ��v���w�ÌÀ>Ì�����v�Ü>ÌiÀ�
and to proceed to cut the wood sawn with the aim to in-
crease the resistance of the element, when we have avail-
>L�i�À�Õ�`�i�i�i�ÌÃ��À�ºÕÃ��wÕ�i»�>�`�ºÌÀ�iÃÌi»�Li>�Ã°
In wooden elements that already have undergone a life cy-
cle, instead, we very often encountered permanent defor-
�>Ì���Ã�L�Ü]�VÀ���]�ÌÜ�ÃÌ]�>�`�VÕ«®]�Ì�>Ì�>���Ü����Ì�i�ÀiÕÃi�
a positioning to avoid water stagnation. Also, in cases of 
reuse with structural function it is possible to position the 
element with respect to the load conditions less onerous 
for the type of deformation of the element.
7�i��Ì�i�i�i�i�Ì�Ì��Li�ÕÃi`��>Ûi���Ûi`�Ì�i�wÀÃÌ���vi�VÞV�i�
with a structural function and we are aware of load condi-
Ì���Ã�Ì�>Ì�Ì�i�i�i�i�Ì�Ü>Ã�>L�i�Ì��Ü�Ì�ÃÌ>�`����>�Ã«iV�wV�
position and according to a determined load scheme. In 
fact, as demonstrated by the previously described analy-
sis, it is not possible to establish a truthful correspondence 
of the performance of wooden elements and the struc-
tures are dimensioned with large degrees of safety. In case 
of reuse, especially when it comes to historical elements 
that were dimensioned only in function of construction 
knowledge, we, instead, have at disposition information 
about the actual load condition. It is possible, therefore, 
a structural reuse dimensioned to the structure elements, 
taking these values as maximum.
This information is fundamental for the detection of the 
potential of wooden elements and for the optimization of 
the reuse in the second life cycle. If it is true that the evalu-
ation of the performance of a wooden element according 
to the current legislation is already greatly precautionary, 
in cases of reuse, in the light of the available information, 
it is even more evident.
Therefore, to treat a wooden element that has undergone 
a life cycle according to the used canons for new wood 
excessively lowers the potentialities.
It is proposed a methodological-operative procedure 
aimed to identify the reuse possibility of a wooden ele-
ment evaluating its own characteristics and using the infor-
�>Ì�����LÌ>��i`�vÀ���Ì�i�>�>�ÞÃ�Ã��v�Ì�i�wÀÃÌ���vi�VÞV�i°�Ƃv-
ÌiÀ�Ì�i�`�Ã>ÃÃi�L�Þ��v�Ì�i�Ü��`i��i�i�i�Ì]�Ì�i�wÀÃÌ�ÃÌi«�
is measure the length:
U� if the length is lower to 50 cm, the presence of paints 

>�`�>`�iÃ�ÛiÃ��Ã�ÛiÀ�wi`\
- if paints and adhesives are present, the element is 
ÌÀ>�Ã«�ÀÌi`�Ì��V��ÌÀ���i`��>�`w��]

- if there are not present paints or adhesives, the ele-
ment is intended to combustion;

U� If the length is greater or equal to 50 cm, a sample is 

extracted and analysed by microscope to identify the 
species.

After, we proceed to the evaluation of deterioration level. 
If the element presents forms of deterioration, it must be 
analysed and the deterioration distinguished as physical 
`>�>}i�v�À�V��LÕÃÌ���]� �iÃ���Ã]��>��Ã��À�ÃVÀiÜÃ®��À�L��-
��}�V>��Ûi}iÌ>L�i��À�>���>��>ÌÌ>V�®°
If the deterioration is physical:
U� in cases of deterioration for combustion we proceed 

to cut the damaged part;
U� in cases of presence of lesions the position, the direc-

tion and intensity must be evaluated:
- if the intensity of the lesion is less than a quarter of 

the length of the section, we proceed in the evalu-
ation process;

- if the lesion is passing, it has a length of 2/3 of the 
overall length of the element and it divides the 
wooden element into two parts with a homogene-
ous section, we proceed to cut the element along 
the lesion and we reuse two parts separately;

- if the lesion is passing, it has a lesser length of 2/3 of 
the overall length of the element and it divides the 
wooden element into two pars with a homogene-
ous section, we proceed to perform a transversal cut 
of the wooden element in correspondence to the 
terminal point of the lesion, we get three elements, 
one with equal section to that of starting element 
and two with different section, the three elements 
continue the evaluation process, separately:

- if the lesion is passing and divides the wooden ele-
ment into two parts with uneven section, we pro-
ceed to cut the damaged part and to reuse the un-
damaged part;

U� in case of deterioration for the presence of nails or 
screws, we proceed to extract or cut the intruders.

If the deterioration is biological:
U� in case of severe widespread attack, the element can 

��Ì�Li�ÕÃi`�>�`��ÕÃÌ�Li�ÌÀ>�Ã«�ÀÌi`�Ì���>�`w����À�Õ�-
dergoes combustion;

U� in case of severe localized attack we proceed to cut 
the damaged part and to reuse the healthy part;

U� in case of slight widespread attack, we proceed to the 
>««��V>Ì�����v�>�VÕÀ>Ì�Ûi�ÌÀi>Ì�i�Ì�V��Ãi�����vÕ�VÌ����
of the species permeability) or we proceed to cut the 
diseased part of the element with a reduction of the 
section and to reuse of the healthy part;

U� In case of slight localized attack we proceed to the ap-
«��V>Ì�����v�>�VÕÀ>Ì�Ûi�ÌÀi>Ì�i�Ì�V��Ãi�����vÕ�VÌ�����v�
the permeability of the species) or we proceed to cut 
the disease part of the element with reduction of the 
length and reuse of the healthy part.

It remains the assumption that any element with a length 
less to 50 cm even if derives from intentional cuts for the 
«ÀiÃi�Vi��v�wÃÃÕÀiÃ��À��v�`iÌiÀ��À>Ì���]��ÕÃÌ�Li�ÌÀ>�Ã«�ÀÌ-
i`�Ì��>��>�`w����À�Õ�`iÀ}��V��LÕÃÌ���°
In case we have enough information, we must consider the 
À�Ã��V�>ÃÃ��v�Ì�i�wÀÃÌ���vi�VÞV�i�>�`�Ì�i�Ài�>Ì�Ûi�V�ÀÀiÃ«��`-
ence of the wooden element, evaluating the type and the 
level of deterioration in function of the number of years of 
life and the species.
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Subsequently, in function of the species, we identify the 
natural durability and permeability of the wooden element 
 � £xä�£\£��{� º�ÕÀ>L���ÌÞ� �v� 7��`� >�`� 7��`�L>Ãi`�
Products – Natural Durability of Solid Wood: Guide to the 
«À��V�«�iÃ��v�ÌiÃÌ��}�>�`�V�>ÃÃ�wV>Ì�����v�Ì�i��>ÌÕÀ>��`ÕÀ>-
bility of wood”):
U� if the element is durable, it is possible the reuse in all 

the environmental risk classes from 1 to 5;
U� if the element is not durable, but is permeable, it is 

possible:
- the reuse in environmental risk class 1 and 2;
- the reuse in environmental risk class 3, 4, and 5 after 

preventive treatment;
U� if the element is not durable and it is not permeable 

it is possible:
- the reuse in environmental risk class 1;
- the reuse in risk class 2 an 3, after preventive treat-

ment.
"�Vi��`i�Ì�wi`]�Ì�i�«�ÃÃ�L�i�V�>ÃÃiÃ��v�i�Û�À���i�Ì>��À�Ã��
 �{Èä\£��{�º�ÕÀ>L���ÌÞ��v�Ü��`�>�`�Ü��`�L>Ãi`�«À�`-
ucts. Natural durability of solid wood. Guide to the durabil-
ity requirements for wood to be used in hazard classes”), 
`�ÀiVÌi`� Ì�Ü>À`Ã� Ã«iV�wV� ÀiÕÃiÃ]�Üi�V>��«À�Vii`� Ì�� Ì�i�
measurement of the section:
U� if the selection is suitable to a non structural use, we 

«À�Vii`�Ì��w�`��}�`iÃÌ��>Ì�����v�ÕÃi]�Ì>���}���Ì��>V-
count the environmental risk classes, previously de-
w�i`� >�`� V��ÃiµÕi�Ì�Þ� Ì�i� «�ÃÃ�L�i� VÕÀ>Ì�Ûi� ÌÀi>Ì-
ments) and the responsiveness of the element in its 
wÀÃÌ���vi�VÞV�i]�Ì��>��ÕÃi����>�Ã«iV�wV�V�>ÃÃÆ

U� If the selection is suitable to a structural use, we pro-
ceed to the visual grading according to the current 
�i}�Ã�>Ì����  � £{än£�£\Óääx� ³Ƃ£\Óää£� º/��LiÀ�
structures. Strength graded structural timber with rec-
tangular cross section. Part 1: General requirements.” 
and relative national legislation);
�� �v� Ì�i������Õ�� ÀiµÕ�Ài�i�ÌÃ� >Ài� Ã>Ì�Ãwi`]�Üi� «À�-

ceed to the next analysis for the structural reuse;
���v�Ì�i������Õ��ÀiµÕ�Ài�i�ÌÃ�>Ài���Ì�Ã>Ì�Ãwi`�`Õi�Ì��

the rate of growth, of the slop of grain, of the de-
formation and of the reaction wood the element is 
intended to a non structural use;
���v�Ì�i������Õ��ÀiµÕ�Ài�i�ÌÃ�>Ài���Ì�Ã>Ì�Ãwi`�`Õi�Ì��
Ì�i����ÌÃ]�Ì�i�Ü>�iÃ]�Ì�i�wÃÃÕÀiÃ�>�`�Ì�i�À��}�Ã�>�iÃ]�
we evaluate the possibility of cutting the part with de-
fects that does not allow a structural reuse;
Ã«iV�wV>��Þ�v�À�Ü�>Ì�V��ViÀ�Ã�Ì�i����ÌÃ\
- if more knots or group of knots are present and 

they are not within the expected limits, positioned 
in a diffuse way along the element, the element is 
intended to a non structural reuse;

- if one or more knots or group of knots are present 
that do not fall within the set limits and they are po-
sitioned in a localised way in the element, it is pos-
sible to cut the part that hosting such knots, that is 
intended to a non structural use, for the remaining 
part free from defects, we proceed to subsequent 

analysis for the structural reuse;
for what concerns the wanes:
- in cases in which it was carried out a cut in the lon-

gitudinal direction of the element in order to elimi-
nate the wanes, if the projection of the wanes on a 
surface with respect to the width of the some sur-
face is such as to reduce the section at the point of 
no longer being suitable to a structural use, the ele-
ment is intended for a non-structural reuse without 
performing cutting operations;

- in cases in which a cut in the longitudinal direction 
of the element was carried out in order to eliminate 
the wanes, if the projection of the wanes on a sur-
face with respect to the width of the some surface 
�Ã� ÃÕV�� >Ã� Ì�� ��Ì� V>ÕÃi� >� Ã�}��wV>�Ì� Ài`ÕVÌ���� �v�
the section of the element, we proceed to the next 
analysis for the structural reuse;

v�À�Ü�>Ì�V��ViÀ�Ã�Ì�i�wÃÃÕÀiÃ�>�`�À��}�Ã�>�iÃ\
- if the nature, the length and the positioning of the 
wÃÃÕÀiÃ��Ã�ÃÕV��>Ã���Ì�Ì��>���Ü�Ì�i�Ài��Û>��Ì�À�Õ}��
cutting, the element is not intended for structural 
reuse without making cutting operations;

- if the nature, the length and the positioning of the 
cracks is such as not to allow the removal through 
cutting, we proceed to the next analysis for struc-
tural reuse;

���V>ÃiÃ����Ü��V��Ì�i�Û�ÃÕ>��}À>`��}��>Ã���Ì��`i�Ì�wi`�`i-
fects that prevent a structural use, it must identify the local-
ization of the worst defects and hypothesise a modality of 
ÀiÕÃi�Ì������Ì�Ì�i���yÕi�Vi��v�Ì�iÃi�`iviVÌÃ����Ì�i�LÀi>�°�
���V>ÃiÃ����Ü��V��Ì�i�Û�ÃÕ>��}À>`��}��>Ã��`i�Ì�wi`�`iviVÌÃ�
that prevented a structural reuse such that they can be 
i�����>Ìi`�Ì�À�Õ}��VÕÌÌ��}��«iÀ>Ì���Ã����ÌÃ]�Ü>�iÃ]�À��}�
Ã�>�iÃ]�wÃÃÕÀiÃ®]��iÀi��>vÌiÀ�Ì��Ì�i�«iÀv�À�>�Vi��v�Ì�i��>Ì-
ÌiÀ]�Üi�Ü����«À�Vii`�Ì��>��iÜ�Û�ÃÕ>��V�>ÃÃ�wV>Ì����>��i`�Ì��
eliminate the worst defects and with respect to them, to 
identify the structural scheme and the load conditions that 
optimise the reuse.
The information inherent to the load conditions that the 
i�i�i�Ì�����ÌÃ�wÀÃÌ���vi�VÞV�i�Ü>Ã�>L�i�Ì��Ü�Ì�ÃÌ>�`�Ü����Li�
also be analysed when available.
The making system of such information will allow identi-
fying the modality of structural reuse. In particular, once 
�`i�Ì�wi`]� Ì�i� >VÌÕ>�� «�ÃÃ�L���ÌÞ� �v� >� ÃÌÀÕVÌÕÀ>�� ÀiÕÃi� >V-
cording to the characteristics of the element and, thanks to 
the reconditioning operations, we identify the functional 
destinations compatible with the risk classes previously 
�`i�Ì�wi`� v�À� Ì�i� Ã«iV�wV� i�i�i�Ì� «Ài«>À��}]� Ü�i�� Ài-
quired, the application of preventive treatments. In func-
tion of the present deterioration, of the own characteristics 
of the element and of the real possibilities of reuse, an 
element can undergo a variable number of reconditioning 
interventions and preventive treatments. Even if, in fact, 
each element presents in the optimal conditions of reuse, 
the possibility of potential reuse coming from the method-
ological-operative described procedure must be related 
with the real possibilities at a given time/place.
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 6.5 _Levels of reuse  

���vÕ�VÌ�����v�Ì�i�V�>À>VÌiÀ�ÃÌ�VÃ��v�Ì�i�i�i�i�ÌÃ�Ã«iV�iÃ]�
dimension, defects and deterioration) and of relative treat-
ments, it is possible to identify some reuse levels. 
A distinction must be made between the elements that, in 
Ì�i�À�wÀÃÌ���vi�VÞV�i]��>`�>�ÃÌÀÕVÌÕÀ>��vÕ�VÌ����>�`�v�À�Ü��V�]�
therefore, a non-structural reuse represents a lowering of 
the performance. Within the some level of reuse, it is pos-
sible to identify some variations conditioned by the dete-
rioration, by natural durability and by impregnability.
For what concerns the applications of preventive treat-
ments, in risk class 1, 2 or 3, they can be refused both in 
plant that on site in function of the level of impregnability 
of the wood: if the wood is impregnating in site or if it is 
impregnating in plant. 
Otherwise, in risk class 4 and 5, the treatments must be 
made in plants in order to ensure a greater penetration of 

the preservative product. 
If it is not possible, it is necessary to choose the reuse of 
the element in a lesser risk class.
The hierarchy of the reuse levels take into account both 
the characteristics and the residual performances of the 
wooden element that the number of reconditioning and 
preventive operations that must be carried out.
The technical/designer, after identifying the potential of 
a wooden element and consequently the reuse level, he 
may choose the modalities of reuse, maximising or par-
tially exploiting the residual performance, identifying the 
V��«>Ì�L���ÌÞ�Ü�Ì��Ì�i��iÃÃiÀ� �iÛi���v�ÀiÕÃi����vÕ�VÌ�����v�
the deterioration, of the durability and of the character-
istics) lowering the performance that it needs to ensure. 
Otherwise, it is not possible to reuse the wooden element 
in a greater level than that set. In cases of doubt, the tech-
nical/designer will have to assign a level of use pejorative, 
with the aim to operate safety.

LEVELS OF REUSE FOR NON STRUCTURAL ELEMENTS 

0

1

2

3

4

5

6

7

8

9
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14

15

16


��ÌÀ���i`��>�`w��

Combustion

Reuse in risk class 1/2 with reduced durability

Reuse in risk class 1/2 + cut/curative treatment 
+ preservative treatment against insects 

Reuse in risk class 1/2 + preservative treatment

Reuse in risk class 1/2 + curative treatment  

Reuse in risk class 1/2 

Reuse in risk class 3 + cut/curative treatment + preservative treatment against insects 
+ preservative treatment against fungi

Reuse in risk class 3 + cut /curative treatment+ preservative treatment against fungi 
or alternately against insects

Reuse in risk class 3 + preservative treatment against fungi or alternately against insects

Reuse in risk class 3 + cut/curative treatment

Reuse in risk class 3 

Reuse in risk class 4/5 + cut/curative treatment + preservative treatment against insects 
+ preservative treatment against fungi

Reuse in risk class 4/5 + cut /curative treatment+ preservative treatment against fungi 
or alternately against insects

Reuse in risk class 4/5 + preservative treatment against fungi or alternately against insects

Reuse in risk class 4/5 + cut/curative treatment 

Reuse in risk class 4/5 
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Levels of reuse Characteristics of the element

0 
��ÌÀ���i`��>�`w�� Elements that have a high degree of deterioration or of 
reduced dimension, that are treated with adhesives or 
paints toxic in the combustion.

1 Combustion Elements that have a high degree of deterioration or of 
reduced dimension.

2 Reuse in risk class 1/2 with reduced durability Elements of species do not impregnable and do not re-
sistant to attack of the species of insects present in the 
wood.

3 Reuse in risk class 1/2 + cut/curative treatment 
+ preservative treatment against insects present in 
the palce

Elements of species that are impregnable and do not 
resistant to attack of the species of insects present in the 
place, in which there is a biological attack.

4 Reuse in risk class 1/2 + preservative treatment 
against the insects present in place  

Elements of species that are impregnable and do not 
resistant to attack of the species of insects present in 
place.

5 Reuse in risk class 1/2 + curative treatment  due to 
deterioration

Elements resistant to the attack of species of insects pre-
sent in place where there is a biological attack.

6 Reuse in risk class 1/2 Elements of species resistant to insects attack and dura-
ble to fungi attack.

7 a Reuse in risk class 3 + cut/curative treatment due 
to deterioration + preservative treatment in plant 
against fungi + preventive treatment in plant 
against the insects present in the place

Elements that present a biological attack, they have a 
natural class of durability to fungi, equal to 3, 4 or 5 for 
the risk class 3  and are not resistant to the attack of the 
species of insects present in the place and are slightly  
impregnable.

b Reuse in risk class 3 + cut/curative treatment due 
to deterioration + preservative treatment in site 
against fungi + preventive treatment in site against 
the insects present in the place

Elements that present a biological attack, they have a 
natural class of durability to fungi equal to 3, 4 or 5 for 
the risk class 3  and are not resistant to the attack of the 
species of insects present in the place and are impreg-
nable.

8 a Reuse in risk class 3 + cut/curative treatment due 
to deterioration + preservative treatment in plant 
against fungi

Elements that present a biological attack, they have a 
natural class of durability to fungi equal to 3, 4, or 5 for 
the risk class 3  and are resistant to the attack of the 
species of insects present in the place and are slightly 
impregnable

b Reuse in risk class 3 + cut/curative treatment due 
to deterioration + preservative treatment in site 
against fungi

Elements that present a biological attack, they have a 
natural class of durability to fungi equal to 3, 4 or 5 for 
the risk class 3  and are resistant to the attack of the spe-
cies of insects present in the place and are impregnable.

c Reuse in risk class 3 + cut/curative treatment due 
to deterioration + preservative treatment in plant 
against insects present in the place

Elements that present a biological attack, they have a 
natural class of durability to fungi equal to 1 or 2 for 
the risk class 3  and are not resistant to the attack of the 
species of insects present in the place and are slightly   
impregnable.

d Reuse in risk class 3 + cut/curative treatment due 
to deterioration + preservative treatment in site 
against insects present in the place

Elements that present a biological attack, they have a 
natural class of durability to fungi equal to 1 or 2 for the 
risk class 3 and are not resistant to the attack of the spe-
cies of insects present in the place and are  impregnable.
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9 a Reuse in risk class 3  + preservative treatment in 
plant against fungi

Elements that have a natural class of durability to fungi 
equal to 3, 4 or 5 for the risk class 3, are resistant to the 
attack of the  species of insects present in place  and are 
slightly  impregnable.

b Reuse in risk class 3  + preservative treatment in 
site against fungi

Elements that have a natural class of durability to fungi 
equal to 3, 4 or 5 for the risk class 3, are resistant to the 
attack of the species of insects present in place and are 
impregnable.

c Reuse in risk class 3  + preservative treatment in 
plant against insects present in the place

Elements that have a natural class of durability to fungi 
equal to 1, 2 for the risk class 3, are not  resistant to the  
attack of the species of insects present in place  and are 
slightly impregnable.

d Reuse in risk class 3  + preservative treatment in 
site against insects present in the place

Elements that have a natural class of durability to fungi 
equal to 1, 2 for the risk class 3 and are not  resistant to 
the  attack of the species of insects present in place  and 
are  impregnable.

10 Reuse in risk class 3 + cut/curative treatment due 
to deterioration

Elements that present a biological attack, have a class of 
natural durability to fungi equal to 1 or 2 for the risk class 
3, are resistant to the attack of the species of insects 
present in place.

11 Reuse in risk class 3 Elements that have a class of natural durability to fungi 
equal to 1 or 2 for the risk class 3, are resistant to the at-
tack of the species of insects present in place.

12 Reuse in risk class 4/5 + cut/curative treatment 
due to deterioration + preservative treatment in 
plant against fungi + preventive treatment in plant 
against the insects present in the place

Elements that present a biological attack, have a class of 
natural durability to fungi equal to 3, 4 or 5 for the risk 
class 4/5, are not resistant to the attack of the species of 
insects present in place and are impregnable.

13 a Reuse in risk class 4/5 + cut/curative treatment due 
to deterioration + preservative treatment in plant 
against fungi 

Elements that present a biological attack, have a class 
of natural durability to fungi equal to 3, 4 or 5 for the 
risk class 4/5, are resistant to the attack of the species 
of insects present in place and are slightly impregnable.

b Reuse in risk class 4/5 + cut/curative treatment due 
to deterioration +  preventive treatment in plant 
against the insects present in the place

Elements that present a biological attack, have a class 
of natural durability to fungi equal to 1or 2 for the risk 
class 4/5, are not resistant to the attack of the species of 
insects present in place and are impregnable.

14 a Reuse in risk class 4/5 + preservative treatment in 
plant against fungi 

Elements that have a class of natural durability to fungi 
equal to 3, 4 or 5 for the risk class 4/5, are resistant to 
the attack of the species of insects present in place and 
are impregnable.

b Reuse in risk class 4/5 +  preventive treatment in 
plant against the insects present in the place

Elements that have a class of natural durability to fungi 
equal to 1 or 2 for the risk class 4/5, are resistant to the 
attack of the species of insects present in place and are 
impregnable.

15 Reuse in risk class 4/5 + cut/curative treatment due 
to deterioration

Elements that present a biological attack, have a class of 
natural durability to fungi equal to 1or 2 for the risk class 
4/5, are resistant to the attack of the species of insects 
present in place.

16 Reuse in risk class 4/5 Elements that have a class of natural durability to fungi 
equal to 1or 2 for the risk class 4/5, are resistant to the 
attack of the species of insects present in place.



JOINT RESEARCH PhD THESIS 
BETWEEN THE UNIVERSITY “G.D’ANNUNZIO” OF CHIETI-PESCARA AND THE  POLYTECHNIC UNIVERSITY OF VALENCIA 

1236_Wooden elements: optimization of reuse

LEVELS OF REUSE FOR STRUCTURAL ELEMENTS 
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Combustion

Not structural reuse in risk class 1/2 with reduced durability

Not structural reuse in risk class 1/2 + cut/curative treatment + preservative treatment 
against insects

Not structural reuse in risk class 1/2 + preservative treatment 

Not structural reuse in risk class 1/2 + cut/curative treatment

Not structural reuse in risk class 1/2 

Not structural reuse in risk class 3 + cut/curative treatment + preservative treatment 
against insects+ preventive treatment against fungi

Not structural reuse in risk class 3 + cut/curative treatment + preservative treatment 
against insects or alternately fungi

Not structural reuse in risk class 3 + preservative treatment against insects or alternately 
fungi

Not structural reuse in risk class 3 + cut/curative treatment

Not structural reuse in risk class 3

Not structural reuse in risk class 4/5 + cut/curative treatment + preservative treatment 
against insects+ preventive treatment against fungi

Not structural reuse in risk class 4/5 + cut/curative treatment + preservative treatment 
against insects or alternately fung

Not structural reuse in risk class 4/5 + preservative treatment against insects or alternately 
fung

Not structural reuse in risk class 4/5 + cut/curative treatment

Not structural reuse in risk class 4/5

Structural reuse in risk class 1/2 + cut of localized defects with reduced durability 

Structural reuse in risk class 1/2  with reduced durability 

Structural reuse in risk class 1/2 + cut of localized defects + cut/curative treatment + 
preservative treatment against insects

Structural reuse in risk class 1/2 + cut of localized defects or alternately cut/curative 
treatment + preservative treatment against insects

Structural reuse in risk class 1/2  preservative treatment against insects

Structural reuse in risk class 1/2 + cut of localized defects + cut/curative treatment 

Structural reuse in risk class 1/2 + cut of localized defects or alternately cut/curative 
treatment 
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Structural reuse in risk class 1/2 

Structural reuse in risk class 3 + cut of localized defects + cut/curative treatment + 
preservative treatment against insects+ preventive treatment against fungi

Structural reuse in risk class 3 + cut of localized defects or alternately cut/curative 
treatment + preservative treatment against insects+ preventive treatment against fungi

Structural reuse in risk class 3 + preservative treatment against insects+ preventive 
treatment against fungi

Structural reuse in risk class 3 + cut of localized defects + cut/curative treatment + 
preservative treatment against insects or alternately preventive treatment against fungi

Structural reuse in risk class 3 + cut of localized defects or alternately cut/curative 
treatment + preservative treatment against insects or alternately preventive treatment 
against fungi

Structural reuse in risk class 3 + preservative treatment against insects or alternately 
preventive treatment against fungi

Structural reuse in risk class 3 + cut of localized defects + cut/curative treatment 

Structural reuse in risk class 3 + cut of localized defects or alternately cut/curative 
treatment

Structural reuse in risk class 3 

Structural reuse in risk class 4/5 + cut of localized defects + cut/curative treatment + 
preservative treatment against insects+ preventive treatment against fungi

Structural reuse in risk class 4/5 + cut of localized defects or alternately cut/curative 
treatment + preservative treatment against insects+ preventive treatment against fungi

Structural reuse in risk class 4/5 +  preservative treatment against insects+ preventive 
treatment against fungi

Structural reuse in risk class 4/5 + cut of localized defects + cut/curative treatment + 
preservative treatment against insects or alternately preventive treatment against fungi

Structural reuse in risk class 4/5 + cut of localized defects or alternately cut/curative 
treatment + preservative treatment against insects or alternately preventive treatment 
against fungi

Structural reuse in risk class 4/5  + preservative treatment against insects or alternately 
preventive treatment against fungi

Structural reuse in risk class 4/5 + cut of localized defects + cut/curative treatment 

Structural reuse in risk class 4/5 + cut of localized defects or alternately cut/
curative treatment

Structural reuse in risk class 4/5
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Levels of reuse Characteristics of the element

0 
��ÌÀ���i`��>�`w�� Elements that have a high degree of deterioration or of 
reduced dimension, that are treated with adhesives o 
paints toxic in the combustion.

1 Combustion Elements that have a high degree of deterioration or of 
reduced dimension.

2 Not structural reuse in risk class 1/2 with reduced 
durability

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood or  
due to other disseminated defects20 belonging to not 
impregnable species and resistant to the attack of in-
sects presnet in the place. 

3 Not structural reuse in risk class 1/2 + cut/cura-
tive treatment due to deterioration + preservative 
treatment against the insects present in the place. 

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood or  
due to other disseminated defects belonging to impreg-
nable species but not resistant to the attack of the in-
sects present in the place, in which there is the biological 
attack.

4 Not structural reuse in risk class 1/2 + preservative 
treatment against the insects present in the place.  

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood 
or  due to other disseminated defects belonging to im-
pregnable species but not resistant to the attack of the 
insects present in the place.

5 Not structural reuse in risk class 1/2 + cut/curative 
treatment due to deterioration

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood or  
due to other disseminated defects, belonging to species 
resistant to the attack of the insects present in the place, 
in which there is the biological attack.

6 Not structural reuse in risk class 1/2 Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood or  
due to other disseminated defects, belonging to species 
resistant to the attack of the insects and durable to the 
attack of fungi.

7 a Not structural reuse in risk class 3 + cut/curative 
treatment due to deterioration + preservative 
treatment in plant against fungi + preservative 
treatment in plant against the insects present in 
the place.

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood or  
due to other disseminated defects, that present a bio-
logical attack, have a a natural class of durability to fun-
gi, equal to 3, 4 or 5 for the risk class 3, are not resistant 
to the attack of the insects present in the place and are 
slightly  impregnable. 

b Not structural reuse in risk class 3 + cut/curative 
treatment due to deterioration + preservative treat-
ment in site against fungi + preservative treatment 
in site against the insects present in the place.

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood 
or  due to other disseminated defects, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 3, 4 or 5 for the risk class 3, are not re-
sistant to the attack of the insects present in the place 
and are  impregnable. 
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8 a Not structural reuse in risk class 3 + cut/curative 
treatment due to deterioration + preservative 
treatment in plant against fungi 

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood 
or  due to other disseminated defects, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 3, 4 or 5 for the risk class 3, are resistant 
to the attack of the insects present in the place and are 
slightly  impregnable. 

b Not structural reuse in risk class 3 + cut/curative 
treatment due to deterioration + preservative 
treatment in site against fungi 

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood 
or  due to other disseminated defects, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 3, 4 or 5 for the risk class 3, are resistant 
to the attack of the insects present in the place and are  
impregnable. 

c Not structural reuse in risk class 3 + cut/curative 
treatment due to deterioration + preservative 
treatment in plant against insects present in place

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood 
or  due to other disseminated defects, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 1 or 2 for the risk class 3, are not resistant 
to the attack of the insects present in the place and are 
slightly  impregnable. 

d Not structural reuse in risk class 3 + cut/curative 
treatment due to deterioration + preservative 
treatment in site against insects present in place

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood 
or  due to other disseminated defects, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 1 or 2 for the risk class 3, are not resistant 
to the attack of the insects present in the place and are  
impregnable. 

9 a Not structural reuse in risk class 3  + preservative 
treatment in plant against fungi

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood or  
due to other disseminated defects, have a a natural class 
of durability to fungi, equal to 3, 4 or 5 for the risk class 
3, are resistant to the attack of the insects present in the 
place and are slightly  impregnable. 

b Not structural reuse in risk class 3  + preservative 
treatment in site against fungi

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood or  
due to other disseminated defects, have a a natural class 
of durability to fungi, equal to 3, 4 or 5 for the risk class 
3, are resistant to the attack of the insects present in the 
place and are impregnable. 

c Not structural reuse in risk class 3  + preservative 
treatment in plant against insects present in place

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood or  
due to other disseminated defects, have a a natural class 
of durability to fungi, equal to 1 or 2 for the risk class 3, 
are not resistant to the attack of the insects present in 
the place and are slightly impregnable. 

d Not structural reuse in risk class 3  + preservative 
treatment in site against insects present in place

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood or  
due to other disseminated defects, have a a natural class 
of durability to fungi, equal to 1 or 2 for the risk class 3, 
are not resistant to the attack of the insects present in 
the place and are impregnable.
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10 Not structural reuse in risk class 3 + cut/curative 
treatment due to deterioration 

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood 
or  due to other disseminated defects, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 1 or 2 for the risk class 3, are resistant to 
the attack of the insects present in the place. 

11 Not structural reuse in risk class 3 Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood or  
due to other disseminated defects, have a a natural class 
of durability to fungi, equal to 1 or 2 for the risk class 3, 
are resistant to the attack of the insects present in the 
place. 

12 Not structural reuse in risk class 4/5 + cut/cura-
tive treatment due to deterioration + preservative 
treatment in plant against fungi + preservative 
treatment in plant against the insects present in 
the place

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood 
or  due to other disseminated defects, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 3, 4 or 5 for the risk class 4/5, are not 
resistant to the attack of the insects present in the place 
and are impregnable. 

13 a Not structural reuse in risk class 4/5 + cut/cura-
tive treatment due to deterioration + preservative 
treatment in plant against fungi 

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood 
or  due to other disseminated defects, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 3, 4 or 5 for the risk class 4/5, are resistant 
to the attack of the insects present in the place and are 
impregnable. 

b Not structural reuse in risk class 4/5 + cut/cura-
tive treatment due to deterioration + preservative 
treatment in plant against the insects present in 
the place

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood or  
due to other disseminated defects, that present a bio-
logical attack, have a a natural class of durability to fun-
gi, equal to 1 or 2 for the risk class 4/5, are not resistant 
to the attack of the insects present in the place and are  
slightly impregnable. 

14 a Not structural reuse in risk class 4/5 + preservative 
treatment in plant against fungi

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood 
or  due to other disseminated defects, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 3, 4 or 5 for the risk class 4/5, are not 
resistant to the attack of the insects present in the place 
and are  impregnable. 

b Not structural reuse in risk class 4/5  preservative 
treatment in plant against the insects present in 
the place

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood 
or  due to other disseminated defects, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 1 or 2 for the risk class 4/5, are not re-
sistant to the attack of the insects present in the place 
and are  impregnable. 

15 Not structural reuse in risk class 4/5 + cut/curative 
treatment due to deterioration

Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood 
or  due to other disseminated defects, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 1 or 2 for the risk class 4/5, are resistant 
to the attack of the insects present in the place.
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16 Not structural reuse in risk class 4/5 Elements discarted by visual grading due to rate of 
growth, slope of grain, deformations, reaction wood or  
due to other disseminated defects, have a a natural class 
of durability to fungi, equal to 1 or 2 for the risk class 
4/5, are resistant to the attack of the insects present in 
the place.

17 Structural reuse in risk class 1/2 + cut of localized 
defects with reduced durability 

Elements discarted by visual grading due to localized 
`iviVÌÃ����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®�Li���}��}�Ì����Ì���«Ài}-
nable species and not resistant to the attack of insects 
present in the place. 

18 Structural reuse in risk class 1/2 with reduced du-
rability 

Elements accepted by visual grading belonging to not 
impregnable species and not resistant to the attack of 
insects present in the place.  

19 Structural reuse in risk class 1/2 + cut of localized 
defects + cut/curative treatment due to deteriora-
tion + preservative treatment against insects pre-
sent in the place

Elements discarted by visual grading due to localized 
`iviVÌÃ����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®�Li���}��}�Ì����«Ài}�>-
ble species  but not resistant to the attack of insects pre-
sent in the place, in which there is the biological attack. 

20 a Structural reuse in risk class 1/2 + cut of localized 
defects + preservative treatment against insects 
present in the place

Elements discarted by visual grading due to localized 
`iviVÌÃ����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®�Li���}��}�Ì����«Ài}�>-
ble species  but not resistant to the attack of insects pre-
sent in the place.

b Structural reuse in risk class 1/2 + cut/curative 
treatment due to deterioration + preservative 
treatment against insects present in the place

Elements accepted by visual grading belonging to not 
impregnable species and not resistant to the attack of 
insects present in the place, in which there is the biologi-
cal attack.

21 Structural reuse in risk class 1/2 + preservative 
treatment against insects present in the place

Elements accepted by visual grading belonging to not 
impregnable species and not resistant to the attack of 
insects present in the place.

22 Structural reuse in risk class 1/2 + cut of localized 
defects + cut/curative treatment due to deteriora-
tion

Elements discarted by visual grading due to localized 
`iviVÌÃ����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®�Li���}��}�Ì��Ã«iV�iÃ�Ài-
sistant to the attack of insects present in the place, in 
which there is the biological attack. 

23 a Structural reuse in risk class 1/2  + cut of localized 
defects

Elements discarted by visual grading due to localized 
`iviVÌÃ����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®�Li���}��}�Ì��Ã«iV�iÃ�Ài-
sistant to the attack of insects and durable to the attack 
of fungi. 

b Structural reuse in risk class 1/2  cut/curative treat-
ment due to deterioration

Elements accepted by visual grading belonging to spe-
cies resistant to the attack of insects present in the place 
and durable to the attack of fungi, in which there is the 
biological attack.

24 Structural reuse in risk class 1/2 Elements accepted by visual grading belonging to spe-
cies resistant to the attack of insects and durable to the 
attack of fungi.

25 a Structural reuse in risk class 3 + cut of localized de-
fects + cut/curative treatment due to deterioration 
+ preservative treatment in plant against fungi + 
preservative treatment in plant against insects pre-
sent in the place

Elements discarted by visual grading due to localized 
`iviVÌÃ����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®]�Ì�>Ì�«ÀiÃi�Ì�>�L����}�V>��
attack,  have a a natural class of durability to fungi, equal 
to 3, 4 or 5 for the risk class 3, are not resistant to the 
attack of the insects present in the place and are slightly 
impregnable. 

b Structural reuse in risk class 3 + cut of localized 
defects + cut/curative treatment due to deteriora-
tion + preservative treatment in site against fungi 
+ preservative treatment in site against insects pre-
sent in the place

Elements discarted by visual grading due to localized 
`iviVÌÃ� ���ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®]� Ì�>Ì�«ÀiÃi�Ì�>�L����}�-
cal attack,  have a a natural class of durability to fungi, 
equal to 3, 4 or 5 for the risk class 3, are not resistant 
to the attack of the insects present in the place and are 
impregnable. 
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26 a Structural reuse in risk class 3 + cut of localized 
defects + preservative treatment in plant against 
fungi + preservative treatment in plant against in-
sects present in the place

Elements discarted by visual grading due to localized 
`iviVÌÃ����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®]��>Ûi�>�>��>ÌÕÀ>��V�>ÃÃ��v�
durability to fungi, equal to 3, 4 or 5 for the risk class 3, 
are not resistant to the attack of the insects present in 
the place and are slightly impregnable. 

b Structural reuse in risk class 3 + cut of localized de-
fects + preservative treatment in site against fungi 
+ preservative treatment in site against insects pre-
sent in the place

Elements discarted by visual grading due to localized 
`iviVÌÃ����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®]��>Ûi�>�>��>ÌÕÀ>��V�>ÃÃ��v�
durability to fungi, equal to 3, 4 or 5 for the risk class 3, 
are not resistant to the attack of the insects present in 
the place and are impregnable. 

c Structural reuse in risk class 3 + cut/curative treat-
ment due to deterioration + preservative treatment 
in plant against fungi + preservative treatment in 
plant against insects present in the place

Elements accepted by visual grading, that present a bio-
logical attack, have a a natural class of durability to fun-
gi, equal to 3, 4 or 5 for the risk class 3, are not resistant 
to the attack of the insects present in the place and are 
slightly impregnable. 

d RStructural reuse in risk class 3 + cut/curative treat-
ment due to deterioration + preservative treat-
ment in site against fungi + preservative treatment 
in site against insects present in the place

Elements accepted by visual grading, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 3, 4 or 5 for the risk class 3, are not re-
sistant to the attack of the insects present in the place 
and are impregnable. 

27 a Structural reuse in risk class 3 + preservative treat-
ment in plant against fungi + preservative treat-
ment in plant against insects present in the place

Elements accepted by visual grading, that have a a natu-
ral class of durability to fungi, equal to 3, 4 or 5 for the 
risk class 3, are not resistant to the attack of the insects 
present in the place and are slightly impregnable. 

b Structural reuse in risk class 3 + preservative treat-
ment in site against fungi + preservative treatment 
in site against insects present in the place

Elements accepted by visual grading, that have a a natu-
ral class of durability to fungi, equal to 3, 4 or 5 for the 
risk class 3, are not resistant to the attack of the insects 
present in the place and are impregnable. 

28 a Structural reuse in risk class 3  + cut of localized 
defects + cut/curative treatment due to deteriora-
tion + preservative treatment in plant against fungi

Elements discarted by visual grading due to localized 
`iviVÌÃ� ���ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®]� Ì�>Ì�«ÀiÃi�Ì�>�L����}�-
cal attack, have a a natural class of durability to fungi, 
equal to 3, 4 or 5 for the risk class 3, are resistant to the 
attack of the insects present in the place and are slightly 
impregnable.

b Structural reuse in risk class 3 + cut of localized de-
fects + cut/curative treatment due to deterioration 
+ preservative treatment in site against fungi

Elements discarted by visual grading due to localized 
`iviVÌÃ����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®]�Ì�>Ì�«ÀiÃi�Ì�>�L����}�V>��
attack, have a a natural class of durability to fungi, equal 
to 3, 4 or 5 for the risk class 3, are resistant to the attack 
of the insects present in the place and are impregnable.

c Structural reuse in risk class 3  + cut of localized 
defects + cut/curative treatment due to deteriora-
tion+  preservative treatment in plant against in-
sects present in the place

Elements discarted by visual grading due to localized 
`iviVÌÃ� ���ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®]� Ì�>Ì�«ÀiÃi�Ì�>�L����}�-
cal attack, have a a natural class of durability to fungi, 
equal to 1, 2 for the risk class 3, are not resistant to the 
attack of the insects present in the place and are slightly 
impregnable.

d Structural reuse in risk class 3  + cut of localized 
defects + cut/curative treatment due to deteriora-
tion + preservative treatment in site against insects 
present in the place

Elements discarted by visual grading due to localized 
`iviVÌÃ����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®]�Ì�>Ì�«ÀiÃi�Ì�>�L����}�V>��
attack, have a a natural class of durability to fungi, equal 
to 1, 2 for the risk class 3, are not resistant to the attack 
of the insects present in the place and are impregnable.
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29 a Structural reuse in risk class 3 + cut of localized 
defects + preservative treatment in plant against 
fungi

Elements discarted by visual grading due to localized 
`iviVÌÃ� ���ÌÃ]� Ü>�iÃ]� wÃÃÕÀiÃ®]� Ì�>Ì� �>Ûi� >� >� �>ÌÕÀ>��
class of durability to fungi, equal to 3, 4 or 5 for the risk 
class 3, are resistant to the attack of the insects present 
in the place and are slightly impregnable.

b Riuso  strutturale  in classe di rischio 3 + cut of 
localized defects + preservative treatment in site 
against fungi

Elements discarted by visual grading due to localized 
`iviVÌÃ� ���ÌÃ]� Ü>�iÃ]� wÃÃÕÀiÃ®]� Ì�>Ì� �>Ûi� >� >� �>ÌÕÀ>��
class of durability to fungi, equal to 3, 4 or 5 for the risk 
class 3, are resistant to the attack of the insects present 
in the place and are impregnable.

c Structural reuse in risk class 3 + cut of localized 
defects + preservative treatment in plant against 
insects present in the place

Elements discarted by visual grading due to localized 
`iviVÌÃ� ���ÌÃ]� Ü>�iÃ]� wÃÃÕÀiÃ®]� Ì�>Ì� �>Ûi� >� >� �>ÌÕÀ>��
class of durability to fungi, equal to 1 or 2 for the risk 
class 3, are not resistant to the attack of the insects pre-
sent in the place and are slightly impregnable.

d Structural reuse in risk class 3 + cut of localized 
defects + preservative treatment in site against in-
sects present in the place

Elements discarted by visual grading due to localized 
`iviVÌÃ� ���ÌÃ]� Ü>�iÃ]� wÃÃÕÀiÃ®]� Ì�>Ì� �>Ûi� >� >� �>ÌÕÀ>��
class of durability to fungi, equal to 1 or 2 for the risk 
class 3, are not resistant to the attack of the insects pre-
sent in the place and are impregnable.

e Structural reuse in risk class 3 + cut/curative treat-
ment due to deterioration + preservative treat-
ment in plant against fungi

Elements accepted by visual grading, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 3, 4 or 5 for the risk class 3, are resistant 
to the attack of the insects present in the place and are 
slightly impregnable.

f Structural reuse in risk class 3 + cut/curative treat-
ment due to deterioration + preservative treat-
ment in site against fungi

Elements accepted by visual grading, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 3, 4 or 5 for the risk class 3, are resistant 
to the attack of the insects present in the place and are 
impregnable.

g Structural reuse in risk class 3 + cut/curative treat-
ment due to deterioration + preservative treat-
ment in plant against insects present in the place

Elements accepted by visual grading, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 1 or 2 for the risk class 3, are not resistant 
to the attack of the insects present in the place and are 
slightly impregnable.

h Structural reuse in risk class 3 + cut/curative treat-
ment due to deterioration +  preservative treat-
ment in site against insects present in the place

Elements accepted by visual grading, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 1 or 2 for the risk class 3, are not resistant 
to the attack of the insects present in the place and are 
impregnable.

30 a Structural reuse in risk class 3 + preservative treat-
ment in plant against fungi

Elements accepted by visual grading, that have a a natu-
ral class of durability to fungi, equal to 3, 4 or 5 for the 
risk class 3, are resistant to the attack of the insects pre-
sent in the place and are slightly impregnable.

b Structural reuse in risk class 3 preservative treat-
ment in site against fungi

Elements accepted by visual grading, that have a a natu-
ral class of durability to fungi, equal to 3, 4 or 5 for the 
risk class 3, are resistant to the attack of the insects pre-
sent in the place and are impregnable.

c Structural reuse in risk class 3 preservative treat-
ment in plant against insects present in the place

Elements accepted by visual grading, that have a a natu-
ral class of durability to fungi, equal to 1 or 2 for the risk 
class 3, are not resistant to the attack of the insects pre-
sent in the place and are slightly impregnable.

d Structural reuse in risk class 3 preservative treat-
ment in site against insects present in the place

Elements accepted by visual grading, that have a a natu-
ral class of durability to fungi, equal to 1 or 2 for the 
risk class 3, are not resistant to the attack of the insects 
present in the place and are impregnable.
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31 Structural reuse in risk class 3 + cut of localized de-
fects + cut/curative treatment due to deterioration

Elements discarted by visual grading due to localized 
`iviVÌÃ����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®]�Ì�>Ì�«ÀiÃi�Ì�>�L����}�V>��
attack, have a a natural class of durability to fungi, equal 
to 1 or 2 for the risk class 3, are resistant to the attack of 
the insects present in the place.

32 a Structural reuse in risk class 3 + cut of localized de-
fects

Elements discarted by visual grading due to localized 
`iviVÌÃ� ���ÌÃ]� Ü>�iÃ]� wÃÃÕÀiÃ®]� Ì�>Ì� �>Ûi� >� >� �>ÌÕÀ>��
class of durability to fungi, equal to 1 or 2 for the risk 
class 3, are resistant to the attack of the insects present 
in the place.

b Structural reuse in risk class 3 + cut/curative treat-
ment due to deterioration

Elements accepted by visual grading, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 1 or 2 for the risk class 3, are resistant to 
the attack of the insects present in the place.

33 Structural reuse in risk class 3 Elements accepted by visual grading, that have a a natu-
ral class of durability to fungi, equal to 1 or 2 for the risk 
class 3, are resistant to the attack of the insects present 
in the place.

34 Structural reuse in risk class 4/5 + cut of localized 
defects + cut/curative treatment due to deteriora-
tion + preservative treatment in plant against fun-
gi+ preservative treatment in plant against insects 
present in the place

Elements discarted by visual grading due to localized 
`iviVÌÃ� ���ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®]� Ì�>Ì�«ÀiÃi�Ì�>�L����}�-
cal attack, have a a natural class of durability to fungi, 
equal to 3, 4 or 5 for the risk class 4/5, are not resistant 
to the attack of the insects present in the place and are 
impregnable.

35 a Structural reuse in risk class 4/5 + cut of localized 
defects + preservative treatment in plant against 
fungi+ preservative treatment in plant against in-
sects present in the place

Elements discarted by visual grading due to localized 
`iviVÌÃ� ���ÌÃ]� Ü>�iÃ]� wÃÃÕÀiÃ®]� Ì�>Ì� �>Ûi� >� >� �>ÌÕÀ>��
class of durability to fungi, equal to 3, 4 or 5 for the risk 
class 4/5, are not resistant to the attack of the insects 
present in the place and are impregnable.

b Structural reuse in risk class 4/5 + cut/curative treat-
ment due to deterioration + preservative treatment 
in plant against fungi + preservative treatment in 
plant against insects present in the place

Elements accepted by visual grading, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 3, 4 or 5 for the risk class 4/5, are not 
resistant to the attack of the insects present in the place 
and are impregnable.

36 Structural reuse in risk class 4/5 + preservative 
treatment in plant against fungi+ preservative 
treatment in plant against insects present in the 
place

Elements accepted by visual grading, that have a a natu-
ral class of durability to fungi, equal to 3, 4 or 5 for the 
risk class 4/5, are not resistant to the attack of the insects 
present in the place and are impregnable.

37 a Structural reuse in risk class 4/5 + cut of localized 
defects + cut/curative treatment due to deteriora-
tion + preservative treatment in plant against fungi

Elements discarted by visual grading due to localized 
`iviVÌÃ����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®]�Ì�>Ì�«ÀiÃi�Ì�>�L����}�V>��
attack, have a natural class of durability to fungi, equal to 
3, 4 or 5 for the risk class 4/5, are resistant to the attack 
of the insects present in the place and are impregnable.

b Structural reuse in risk class 4/5  + cut of localized 
defects + cut/curative treatment due to deteriora-
tion +  preservative treatment in plant against in-
sects present in the place

Elements discarted by visual grading due to localized 
`iviVÌÃ� ���ÌÃ]� Ü>�iÃ]� wÃÃÕÀiÃ®]� Ì�>Ì� �>Ûi� >� >� �>ÌÕÀ>��
class of durability to fungi, equal to 1 or 2 for the risk 
class 4/5, are not resistant to the attack of the insects 
present in the place and are impregnable.
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38 a Structural reuse in risk class 4/5 + cut of localized 
defects + preservative treatment in plant against 
fungi

Elements discarted by visual grading due to localized 
`iviVÌÃ� ���ÌÃ]� Ü>�iÃ]� wÃÃÕÀiÃ®]� Ì�>Ì� �>Ûi� >� >� �>ÌÕÀ>��
class of durability to fungi, equal to 3, 4 or 5 for the risk 
class 4/5, are resistant to the attack of the insects pre-
sent in the place and are impregnable.

b Structural reuse in risk class 4/5  + cut of localized 
defects + preservative treatment in plant against 
insects present in the place

Elements discarted by visual grading due to localized 
`iviVÌÃ� ���ÌÃ]� Ü>�iÃ]� wÃÃÕÀiÃ®]� Ì�>Ì� �>Ûi� >� >� �>ÌÕÀ>��
class of durability to fungi equal to 1 or 2 for the risk 
class 4/5, are not resistant to the attack of the insects 
present in the place and are impregnable.

c Structural reuse in risk class 4/5  + cut/curative 
treatment due to deterioration + preservative 
treatment in plant against fungi

Elements accepted by visual grading, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 3, 4 or 5 for the risk class 4/5, are resistant 
to the attack of the insects present in the place and are  
impregnable.

d RStructural reuse in risk class 4/5 + cut/curative 
treatment due to deterioration +  preservative 
treatment in plant against insects present in the 
place

Elements accepted by visual grading, that presnet a bio-
logical attack, have a a natural class of durability to fun-
gi, equal to 1 or 2 for the risk class 4/5, are not resistant 
to the attack of the insects present in the place and are 
impregnable.

39 a Structural reuse in risk class 4/5  + preservative 
treatment in plant against fungi

Elements accepted by visual grading, that have a a natu-
ral class of durability to fungi, equal to 3, 4 or 5 for the 
risk class 4/5, are resistant to the attack of the insects 
present in the place and are impregnable.

b Structural reuse in risk class 4/5 + preservative 
treatment in plant against insects present in the 
place

Elements accepted by visual grading, that have a a natu-
ral class of durability to fungi equal to 1 or 2 for the risk 
class 4/5, are not resistant to the attack of the insects 
present in the place and are impregnable.

40 Structural reuse in risk class 4/5 + cut of localized 
defects + cut/curative treatment due to deteriora-
tion

Elements discarted by visual grading due to localized 
`iviVÌÃ����ÌÃ]�Ü>�iÃ]�wÃÃÕÀiÃ®]�Ì�>Ì�«ÀiÃi�Ì�>�L����}�V>��
attack, have a a natural class of durability to fungi, equal 
to 1 or 2 for the risk class 4/5, are resistant to the attack 
of the insects present in the place.

41 a Structural reuse in risk class 4/5  + cut of localized 
defects

Elements discarted by visual grading due to localized 
`iviVÌÃ� ���ÌÃ]� Ü>�iÃ]� wÃÃÕÀiÃ®]� Ì�>Ì� �>Ûi� >� >� �>ÌÕÀ>��
class of durability to fungi equal to 1 or 2 for the risk 
class 4/5, are resistant to the attack of the insects pre-
sent in the place.

b Structural reuse in risk class 4/5  + cut/curative 
treatment due to deterioration

Elements accepted by visual grading, that present a 
biological attack, have a a natural class of durability to 
fungi, equal to 1 or 2 for the risk class 4/5, are resistant 
to the attack of the insects present in the place.

42 Structural reuse in risk class 4/5 Elements accepted by visual grading, that have a a natu-
ral class of durability to fungi equal to 1 or 2 for the risk 
class 4/5, are resistant to the attack of the insects pre-
sent in the place.
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Hypothesising, for example, that a wooden element after 
analysis proves belonging to the reuse level for structural 
elements n.35, “Structural reuse in risk class 4/5 + cut/
curative treatment + preventive treatment against fungi 
+ preventive treatment against insects,” the technical/de-
signer may choose in function of boundary conditions and 
of the needs if reusing it in the risk class 4/5 and to make 
the treatments listed above, evaluating mostly residual 
performances of the element or if reusing in one of the 
lower levels of reuse compatible with it. The compatibility 
between the levels is given, in this case, by the presence 
of biological deterioration, by the characteristic of impreg-
nability of the wood, by the failure of resistance to insects 
present in place and by the natural durability equal to 3, 4, 
or 5 in risk class 4/5. The lower levels that correspond to all 
these parameters are the nn. 29h, 28d, 26d, 25b 20b, 19, 
18, 13b, 12, 8d, 7b, 3, 2, 1 and 0.
In the reuse of each of these levels, the residual perfor-
mances are underestimated because the element is used 
in classes of environmental lower risk, for non-structural 
ÕÃiÃ]��À��Ì��Ã���Ìi�`i`�v�À�V��LÕÃÌ�����À�Ì�i��>�`w��°�
Other lower levels to 35 are not considered because they 
refer to wooden elements that have different characteris-
tics or because they present only partially similar charac-
teristics, being in a pejorative situation with respect to the 
element. 
For example, the level n. 3 “Structural reuse in risk class 3” 
is not compatible because it refers to elements that have 
different residual performance, that are resistant to fungi 
attack in this risk class and that are resistant to insect at-
tack, otherwise the level n. 34 “Structural reuse in risk class 
4/5 with cut of localized defects + curative treatment or cut 
for deterioration + preventive treatment in plant against 
fungi attack + preventive treatment in plant against the 
attack of the species of the insects present in place” is 
not considered because, although it refers to impregnable 
wooden elements, are not resistant to insects and fungi 
>ÌÌ>V�]�>�`�Ü�Ì��«ÀiÃi�Vi��v�L����}�V>��>ÌÌ>V�����Ì�i�Ã��i�
way at level n.35). 
It also refers to discarded elements through visual grading 
for the presence of localised defects and needs of an ad-
ditional cutting operation compared to the level n.35, by 
representing a pejorative condition.
The reuse level attributed to it is less because the residual 
performance of the elements belonging to those levels is 
lower than residual performance of the elements belong-
ing to level n.35.
In the same way, hypothesising that a wooden elements 
has residual performances attributable to reuse level n. 28 
a “Structural reuse in risk class 3 + cut of localized defects 
+ cut/curative treatment + preserving treatment against 
the insects or alternately preserving treatment against 
fungi,“ may be reused in such level exploiting most of its 
potentialities or may be reused in lower compatible levels. 
The wooden element attributed at such level presents lo-
calised defects conditioning its structural reuse and a bio-
logical attack, it is not resistant to fungi in risk class 3, but it 
is resistant to insects and it is little impregnable.
The lower compatible levels are nn. 22, 17, 8a, 5, 1, 0.

6.6 _Good practices for construction

After identifying the modalities of reuse, in the installation, 
it is necessary to use constructive measures which will in-
crease the wooden durability and consequently to opti-
mise the life cycle.
The use of elements that have already undergone a life 
cycle and; therefore, are seasoned, allows the knowledge 
of some characteristics that at the fresh state are not de-
tectable.
���Ì�i�wÀÃÌ�«�>Vi]��Ì��Ã�«�ÃÃ�L�i�Ì��iÛ>�Õ>Ìi�Ì�i�«�Ã�Ì�����}�
and the width of shrinkage cracks, especially in the ele-
ments that include the pith and that, therefore, are certain-
�Þ�ÃÕL�iVÌ�Ì��wÃÃÕÀiÃ°����v>VÌ]��>««i���}�`ÕÀ��}�Ì�i�Ã>Ü��}�
of the trunk at the fresh state, it is not possible to know 
Liv�Ài�Ì�i�«�Ã�Ì�����}��v�Ì�i�vÕÌÕÀi�wÃÃÕÀiÃ°
In addition to it, the use of the seasoned wood allows the 
���Ü�i`}i��v� `iv�À�>Ì���Ã� L�Ü]� VÀ���]� ÌÜ�ÃÌ]� >�`� VÕ«®�
both in their positioning that in their intensity, giving useful 
information for such positioning to avoid the accumulation 
of water in the concave part.
In particular, the wooden element must be protected from 
stagnation of water.
They are mainly adopted three strategies:
1. to protect wood through cantilever elements or sup-

porting that for geometric and shape conformation 
v>Û�ÕÀ�Ì�i��ÕÌy�Ü��v�Ü>ÌiÀÆ

2. to place/ to shape the wooden elements in such a way 
Ì��v>Û�ÕÀ�Ì�i��ÕÌy�Ü��v�Ü>ÌiÀÆ

3. to place the connections and the anchors for limiting 
Ì�i�`iv�À�>Ì���Ã�>�`�v>Û�ÕÀ�Ì�i��ÕÌy�Ü��v�Ü>ÌiÀÆ

Some design strategies are universally valid for all mate-
rials that undergo deterioration when they are subjected 
to water, such as the protection of the elements by canti-
levered, the inclined positioning or the protection of the 
connection points, other strategies are, instead, closely 
linked to woods because considered characteristics due 
to its nature and in particular to anisotropy. The protection 
�v� Ì�i�VÀ>V�i`�Ã�`i� Ài`ÕViÃ� Ì�i�«�ÃÃ�L���ÌÞ��v�Ü>ÌiÀ� ��w�-
tration within of the element, in similar way the position-
��}��v�Ì�i�Ã�`i]�Ü�Ì��ÀiyiÝ�>�}�i]�Ì��L>`�Üi>Ì�iÀ�Ài��Ûi�
to form the stagnation of water. In cases of elements that 
present a strong buckling, the horizontal positioning is rec-
ommended because on all sides to form, it runs the risk of 
accumulation of water, the chances are reduced in cases 
of positioning on the short side, but anyway they exist, 
therefore, operative modalities to avoid this phenomenon, 
is the vertical positioning.
/�i� wÝ��}� Ì�i� i�`Ã]� }i�iÀ>Ì��}� >� «ÀiÃÃÕÀi� Ài`ÕViÃ� Ì�i�
«�ÃÃ�L���ÌÞ� �v� Ü>ÌiÀ� ��w�ÌÀ>Ì���� ��� Ì�i� «���ÌÃ� �v� iÝÌÀi��ÌÞ�
and considerably limits further deformations. It occurs that 
Ì�i�wÝ��}�>Ì�Ì�i�i�`Ã�«À�Vii`�Ì>���}���Ì��>VV�Õ�Ì�Ì�i�«�-
sitioning of existing shrinkage cracks, that must be free to 
ÀÕ��yÕVÌÕ>Ì���Ã� ��� vÕ�VÌ�����v� Ì�i�Û>À�>Ì���Ã��v����ÃÌÕÀi]�
in case such deformations were prevented by a not cor-
ÀiVÌ�wÝ��}]�Ì��Ã�Ü�Õ�`�V>ÕÃi�>�V��Ã�`iÀ>L�i���VÀi>Ãi����Ì�i�
depth of cracks.
It is possible to outline some design strategies of position-
ing21 preventive to the deterioration:
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WOOD PROTECTION THROUGH CANTILEVER OR SUPPORT ELEMENTS

Cantilevered roof to protect the wall 
from water.

Cantilevered element to protect the 
head of wooden element  from water.

Separation from the soil to avoid the 
rise of water by capillarity.

POSITIONING/SHAPING OF WOODEN ELEMENT

Positioning of the element in an 
inclined way.

Shaping of the element with the 
exposed side inclined.

Shaping of the drip.

Positioning with the cracked side 
protected.

Positioning with the side with convex 
angle protected.

Use of elements with strong twisting in 
vertical position.

POSITIONING OF CONNECTIONS/ANCHORAGES

Fixing at the ends and with the 
cracked convex side do not exposed 
to bad weather.

Shaping the recess of the connection. Protection of points of connection.
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1. G.Giordano, “Tecnica delle costruzioni in legno”, 

Hoepli, Milano, 1999

2. In this discussion only the insects that attack the dry-

ing wood are analysed in detail, since the theme of 

research concerns the reuse of used wood and there-

fore that has just undergone the process of season-

ing, even if the some wooden element had been 

undergone widespread attacks at the fresh state it 

would not be place in the building and therefore to 

date it does not constitute object of study.

3. For the preparation of the scheme the information 

present in Natterer Herzog Volz, “Atlante del legno”, 

Utet, Torino 1996, page 57 have been partially used.

4. EN 335: 1995, Durability of wood and wood-based 

RTQFWEVQU��&GƂPKVKQP�QH�JC\CTF�ENCUUGU�QH�DKQNQIKECN�
attack.

5. UNI EN 460:1996 Durabilità del legno e dei prodotti 

a base di legno. Durabilità naturale del legno massic-

cio. Guida ai requisiti di durabilità per legno da utiliz-

zare nelle classi di rischio

6. UNI EN 350-1:1996 Durabilità del legno e dei pro-

dotti a base di legno. Durabilità naturale del legno 

OCUUKEEKQ��)WKFC�CK�RTKPEKRK�FK�RTQXC�G�ENCUUKƂEC\KQPG�
della durabilità naturale del legno.

7. UNI CEN/TS 15003:2005 Durabilità del legno e dei 

prodotti a base di legno - Guida all’utilizzo di trat-

tamenti termici per usi curativi contro gli organismi 

distruttori del legno.

8. +V� KU�FGƂPGF�pRGTOGCDNGq�VJG�YQQF�VJCV�DGNQPIU�VQ�
the impregnability class 1 both in the sapwood that 

in the heartwood, “resistant” the wood belonging to 

other classes. 

9. Maria Diodato, Nicola Macchioni, Michele Brunetti, 

Benedetto Pizzo, Michela Nocetti, Paolo Burato, 

Lorena Sozzi, Elisa Pecoraro, Fernando Vegas López-

Manzanares & Camilla Mileto ”Understanding Spanish 

Timber Jack Arch Floors, Examples of Assessment and 

Conservation Issues”, International Journal of Archi-

tectural Heritage: Conservation, Analysis, and Resto-

ration, 2015, DOI: 10.1080/15583058.2015.1041193

10. The microscopic analysis were carried out in collabo-

ration with Maria Diodato of the Universitat Politèc-

nica de València in the “Servicio de Microscopía Elec-

trónica” of the same University.

11. The results of the microscopic analysis of all elements 

are provided on digital media “Appendix A.”
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7 _ STEEL ELEMENTS: OPTIMIZATION OF REUSE

7.1 _ Steel degradation

Corrosion is an electrochemical phenomenon that results 
in a chemical- physical interaction of the steel with its sur-
rounding environment. It is an irreversible process that 
causes the gradual deterioration of its mechanical charac-
teristics. There are different types of corrosion: generalised 
Õ��v�À�� >�`� ����Õ��v�À�®]� ��V>��Ãi`� «�ÌÌ��}]� Õ�ViÀ>Ì���]�
VÀ>ÌiÀ�>�`�V��µÕi®�>�`�Ãi�iVÌ�Ûi�`i>���Þ��}]���ÌiÀ`i�`À�Ì�V]�
crystallographic and intergranular).
For the safety systems used in L’Aquila, the atmospheric 
corrosion due to the exposure of the structure to high hu-
midity is widespread. The rate of corrosion is conditioned 
by many factors, including the relative humidity, the pres-
ence of condensate and air pollution. Another type of cor-
rosion that results from incorrect executive choices, as well 
as the amount of oxygen in the environment, is galvanic 
corrosion. It triggers when two steel parts with a different 
amount of nobility are in contact. The less noble metal will 
corrode fast, because it acts as an anode from the steam 
of elections being generated.
The evaluation of the degradation of steel elements for 
their reuse is carried out in relation to the present level of 
corrosion and damage to the coating. Therefore, quantita-
Ì�Ûi�>�`�ÌÞ«���}�V>��>�>�ÞÃ�Ã��v�`i}À>`>Ì�����Ã�ÀiyiVÌi`����
Ì�i� �`i�Ì�wV>Ì���� �v� Ì�i� ÌÀi>Ì�i�ÌÃ� Ì�� Li� >««��i`]�Ü���i�
the analysis of the causes that led to such impairment is 
ÀiyiVÌi`����Ì�i��>ÌiÀ�ÃÌ>}i��v�̀ iw���}�Ì�i�«À�Vi`ÕÀiÃ�ÕÃi`�
for reuse as described below.
When corrosion is at a very early stage, it is possible to 
perform an approximate calculation of bearing capacity, 
which considers the reduction of the section and makes a 
comparison to the weight of the element before and after 
the elimination of the oxidized layer.
If corrosion is at an advanced stage, it is not possible to 
use this method due to the loss of the material’s internal 
cohesion.1

The calculation was carried out with precautionary criteria, 
assessment of the level of corrosiveness that every ele-
ment has upon its reuse remains at the technical evalua-
tion or the real level in order to apply adequate prepara-
tions and preventive treatments.
The ISO 8501-1:2007 standard states the following: “Prep-
aration of steel substrates before application of paints and 
related products – Visual assessment of surface cleanli-
ness--Part 1: Rust grades and preparation grades of un-
coated steel substrates and of steel substrates after overall 
Ài��Û>���v�«ÀiÛ��ÕÃ�V�>Ì��}Ã°»�/��Ã��À`��>�Vi�>�Ã��`iw�iÃ�
four levels of corrosion of used steel that have never been 
ÌÀi>Ìi`�Ü�Ì��«>��Ì�V�>Ì��}°�/�i��iÛi�Ã�>Ài���yÕi�Vi`�LÞ�Ì�i�
time of exposure to atmospheric agents:
U� level A: steel surface largely covered with adhering 

mill scale but little, if any, rust. Generally this level is 
found following the process of hot-rolling;

U� level B: steel surface which has begun to rust and from 
Ü��V��Ì�i������ÃV>�i��>Ã�Li}Õ��Ì��y>�iÆ�}i�iÀ>��Þ�Ì��Ã�
level is found following the process of hot rolling or 
the storage of the elements exposed to the weather 
for about 2 to 3 months;

U� level C: steel surface on which the mill scale has rusted 
away or from which it can be scraped, but with slight 
pitting visible under normal vision. This level is found 
generally following the storage of the elements ex-
posed to the weather for about 1 year; 

U� level D: steel surface on which the mill scale has rust-
ed away and on which general pitting is visible under 
normal vision. Typically, this level is found following 
the storage of the elements exposed to the weather 
for about 3 years.

ISO 4628-3:2003 standard “Paints and varnishes--Evalua-
tion of degradation of coatings--Designation of quantity 
and size of defects, and of intensity of uniform changes 
in appearance-Part 3: Assessment of degree of rusting.” 
Ã����>À�Þ�`iw�iÃ�Ì�i�`i}Àii��v�ÀÕÃÌ��}��v�«>��Ìi`�ÃÕÀv>ViÃ�
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and provides comparative images2. The degree of rusting 
is the degree of formation of oxide that breaks down and 
passes through the painted surface expressed in percent-
age terms with respect to the total area:

U� Ri 0: rusted area  0%
U� Ri 1: rusted area  0,05%
U� Ri 2: rusted area  0,5%
U� Ri 3: rusted area  1%
U� Ri 4: area ossidata 8%
U� Ri 5: rusted area  40-50%

When we need a higher accuracy than the visual or manual 
inspection for painted surfaces, we can do an inspection 
Ü�Ì�� �«Ì�V>�� ��ÃÌÀÕ�i�ÌÃ� �>}��wiÀÃ� >�`� «�ÀÌ>L�i���VÀ�-
ÃV�«iÃ®�>�`�`iw�i�Ì�i�`i}Àii��v�ÀÕÃÌ��}�Ì�À�Õ}��V��«>À-
ative images provided by the standards.
The degree of rusting Ri 3 represents the maximum dura-
bility for the paint, out of which shall be carried out appro-
priate maintenance interventions.3

In reference to the painted steel elements, we have to 
V��Ã�`iÀ�vÕÀÌ�iÀ�>�ÌiÀ>Ì���Ã��v�«À�ÌiVÌ�Ûi�v>LÀ�V�L��ÃÌiÀ��}]�
VÀ>V���}]�y>���}�>�`�>�Ì�À�«�}i��V�̀ >�>}i®]�Ü�Ì��Ì�i�>���

Ri 1 Ri 2

Ri 3 Ri 4 Ri 5

Ri 0
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of establishing proper preparation and prevention treat-
ments.
For the degree of blistering, standard ISO 4628-2:2003 
states “Paints and varnishes--Evaluation of degradation of 
coatings--Designation of quantity and size of defects, and 
of intensity of uniform changes in appearance--Part 2: As-
sessment of degree of blistering.” 
For the level of cracking standard ISO 4628-4:2003, 
“Paints and varnishes--Evaluation of degradation of coat-
ings--Designation of quantity and size of defects, and of 
intensity of uniform changes in appearance--Part 4: As-
sessment of degree of cracking.”. The density, the domi-
�>�Ì�`�ÀiVÌ���]�Ì�i�Ã�âi��>À}i\�Õ«�Ì��£����Ì��V�]�ÛiÀÞ��>À}i\�
�ÛiÀ�£����Ì��V�®�>�`�Ì�i�`i«Ì���v�VÀ>V���}�`i«Ì��iµÕ>��
to the thickness of the layer of painting) are all considered.
��À� Ì�i� �iÛi�� �v� y>���}]� Ì�i� ÃÌ>�`>À`� �-"� {ÈÓn�x\ÓääÎ�
“Paints and varnishes--Evaluation of degradation of coat-
ings--Designation of quantity and size of defects, and of 
intensity of uniform changes in appearance--Part 5: As-
ÃiÃÃ�i�Ì��v�̀ i}Àii��v�y>���}°»��Ã�ÕÃi`°��/�i�>Ài>��v�y>���}�
>�`�Ã�âi��v�Ã�iiÌÃ�}À>`i�{\�Õ«�Ì��Îä���]�}À>`i�x\��ÛiÀ�Îä�
mm) have to be considered.

The level of alteration gives an indication to the risk of 
rusting under the paint coating: a high alteration increases 
the risk. Therefore, the standard provides comparative 
��>}iÃ]�Ü��V��ÀiviÀ�Ì��Ã�ÌÕ>Ì���Ã��v���}����Ìi�Ã�ÌÞ��iÛi��{�
and 5)  and need extraordinary maintenance. Otherwise 
this research neglects the description of the situations 
Ü�Ì���i`�Õ����Ü� ��Ìi�Ã�ÌÞ� �iÛi��£]�Ó�>�`�Î®� Ì�>Ì� ÀiµÕ�Ài�
regular maintenance in accordance with the arrangements 
programmed by the company that produced the coating 
system. In the case of extraordinary maintenance, it is nec-
essary to make localized or total interventions and remove 
the damaged coating and then apply a new protective 
treatment. In the case of ordinary maintenance, cleaning 
ÌÀi>Ì�i�Ì��Ã�ÃÕvwV�i�Ì°����Ì�i��>ÌÌiÀ�V>Ãi]�>��>ÃÃiÃÃ�i�Ì��v�
the residual layer durability should be made on the pro-
tective layer over the existing alterations, which slightly, 
increase the risk of oxidation of the element, in order to 
plan future actions for reuse.
In the case of galvanized steel, the phenomenon of white 
rust can occur. White rust consists of zinc hydroxide, and 
to a lesser extent, carbonate and oxide, i.e. stains due to 
storage in humid environments. In this case, the element 

BLISTERING LEVEL

Size 4 Size 5

density 4 density 5 density 4 density 5

CRACKING LEVEL FLAKING LEVEL

density 4 density 5

Without prevailing direction
>Ài>��v�Ã«iV��i��vÀ���£`�2 to 2 dm2)

Without prevailing direction
>Ài>��v�Ã«iV��i��v�À��£`�2 to 2 dm2)

density 4
y>���}�>Ài>�Î¯

density 5
y>���}�>Ài>�£x¯
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V>��Li�ÕÃi`�>vÌiÀ�LÀÕÃ���}�Ü�Ì��À�}�`�LÀ�ÃÌ�iÃ®]��v�Ì�i�Ì��V�-
ness of residue zinc is larger than the minimum thickness 
ÀiµÕ�Ài`�LÞ�Ì�i�ÃÌ>�`>À`��-"�£{È£\Óää��]�º��Ì�`�«�}>�Û>-
nized coatings on fabricated iron and steel articles--Speci-
wV>Ì���Ã�>�`�ÌiÃÌ��iÌ��`Ã»®°�"Ì�iÀÜ�Ãi�vÕÀÌ�iÀ�ÌÀi>Ì�i�ÌÃ�
will have to proceed.
In order to increase the durability of the element, a main-
tenance cycle must be programmed.
An ideal maintenance cycle involves a remodelling inter-
vention when there is a degraded area without corrosion 
equal to 3-5% of the total area, i.e., at time T, the restora-
tion and overlay of the entire surface after a time equal to 
1.5*T and the renovation of the entire treatment at time 
equal to 2.25*T. The operational reality the remodelling 
acts when the element has signs of damage and rust for a 
surface equal to 10% of the total area, i.e., at time T1, res-
toration and overlay of the entire surface after a time equal 
to 1.3 T1 and the renovation of the entire treatment at the 
time equal to 1.8*T14.
Although the overall durability of the element does not 
change, the postponement of the intervention increases 
costs because the retouching operations will be performed 
2-3 times on a surface.
In the reuse, therefore, the level of corrosion and the hy-
pothesis of reuse shall be determined with respect to cor-
rosivity categories of the atmospheric environment and as-
sessed on the basis of the opportunity to make a treatment 

of simple retouching, repair, or total reconstruction of the 
coating layer.
For example, suppose we want to reuse an element of 
steel that has a cycle of painting in zinc org/HB epoxy/
polyester urethane, which has been installed in safety sys-
Ìi�Ã�����½ƂµÕ��>����Óä£ä°����Óä£x�Þi>À��v�ÀiÕÃi®]�Ì�i�i�i-
ment presents a damaged surface for a percentage of 1% 
and presents no signs of corrosion.
According to the ideal cycle of maintenance, the element, 
if used in an urban environment, has a residual durabil-
ity of 10 additional years before arriving at a degradation 
equal to 3%. When it undergoes retouching operations, 17 
years are added before needing a repair/overlay of entire 
surface and about 34 years before needing a renovation of 
the entire coating system. Therefore, assuming we want to 
reuse the element in the same city of L’Aquila, the element 
may be reused without undergoing any treatment for the 
realization of temporary architecture whose nominal life 
equals 10 years.
Otherwise, if it is considered appropriate to reuse the el-
ement for a permanent building, the technician can per-
form a touch-up intervention to eliminate the 1% of deg-
radation and provide a maintenance plan that considers 
the element as new or, alternatively, does not make any 
treatment, but is considered in the maintenance plan the 
incidence of 5 years of life that the element has already 
vÕ�w��i`°

��}°�£�Ú�Ý«iVÌi`���vi�Liv�Ài�Ì�i�wÀÃÌ�Ài��`i����}�v�À�i�i�i�ÌÃ�Ì�>Ì��>Ûi�ÃÕvviÀi`�ViÀÌ>���ÌÞ«iÃ��v�«>��Ì�����>À��i�>�`�
urban environments. The values are based on an ideal maintenance cycle. Within parentheses, the values refer 
to a real maintenance cycle.

Cycle Surface 
preparation

Minimum 
thickness
(+m)

Urban
environment
(years)

Marine
environment
(years)

HB= high thickness;        SP10= white metal sandblasting;       ST= surface tollerant



FROM POST EARTHQUAKE WASTE TO RESOURCE

140 7_Steel elements:  optimization of reuse

7.2 _ Steel treatments

-Õ«iÀwV�>��«ÀiÛi�Ì�Ûi�ÌÀi>Ì�i�ÌÃ�V��Ì>���Ì�i�V��ÃiVÕÌ�Ûi�
application of:
U� preparation treatment: it aims to eliminate dirt or cor-

rosion in progress;
U� prevention treatment: it aims to prevent the occur-

rence of corrosion as a function of the nominal life re-
quest to the building.

The preparation treatments provide clean surfaces ac-
cording to a different degree, depending on the used 
treatment and corrosivity of the atmospheric environment 
classes. The standard ISO 8501-1:2007, “Preparation of 
steel substrates before application of paints and related 
products – Visual assessment of surface cleanliness--Part 
1: Rust grades and preparation grades of uncoated steel 
substrates and of steel substrates after overall removal of 
«ÀiÛ��ÕÃ�V�>Ì��}Ã]»�`iw�iÃ�Ì�i�«À��>ÀÞ�«Ài«>À>Ì����Ü�i��
impurities are removed and the metal surface is laid bare 
by reaching the following degrees of preparation:
U� with manual or mechanical cleaning:

- St 2: the element is free from oiliness, poorly adhered
materials, and by a light layer of rust;
- St 3: the element is released from oiliness, poorly ad-

hered materials and is partly free from rust;
U� with blast cleaning:

- Sa 1: with soft sandblasting or brushing, the element 
is free from oiliness and poorly adhered materials;

- Sa 2: with a commercial sandblaster, the element is 
free from oiliness, calamine, surface contamination 
and it has a greyish colour;

- Sa 2 ½: very accurate sand blasting to almost white 
metal, the element is free from oiliness, dirt and rust. 
It has a whitish tint with traces of impurities in small 
patches or strips;

- Sa 3: much boost blasting or white metal blasting, the 
element is completely free of any oiliness, dirt and 
ÀÕÃÌ�>�`��Ì��>Ã�>�Ü��Ì�Ã��Õ��v�À��Ì��Ì�Ü�Ì��y>�i�V�i>�-
ing;

U� Ü�Ì��y>�i�V�i>���}\
- FI: element is partially free from calamine and rust.

The standard ISO 8501-2: 1994, “Preparation of steel sub-
strates before application of paints and related products 
-- Visual assessment of surface cleanliness -- Part 2: Prepa-
ration grades for previously painted steel substrates, after 
��V>��Ãi`�Ài��Û>���v�«ÀiÛ��ÕÃ�V�>Ì��}Ã°»�`iw�iÃ�Ì�i�ÃiV-
ondary preparation when impurities are removed and the 
metal surface retains its protective paint layer. It reaches 
the following levels of preparation:
U� with localized manual or mechanical cleaning:

- P St2: element is punctually released from oiliness and 
poorly adhered materials and by a light layer of rust;

- P St3: element is punctually released from oiliness, 
poorly adhered materials and is partly free from rust;

U� with localized cleaning from sandblasting:
- P Sa 2: accurate or commercial sandblaster, the ele-

ment is punctually free from oiliness, calamine, sur-
face contamination and has a greyish colour;

- P Sa 2 ½ very accurate sand blasting getting almost 

white metal, the element is punctually free from oili-
ness, dirt and rust, it has a whitish tint with traces of 
impurities in small patches or strips;

- P Sa 3: much boost blasting or white metal blasting, 
the element is punctually free of any oiliness, dirt and 
rust and it has a whitish uniform tint;

U� with localized cleaning  with mechanical abrasion
- P Ma: element is locally free of dirt, oiliness and rust.

In the evaluation of the degree of initial corrosion and con-
sequently of the cleaning treatments, with regards to the 
non-coated surfaces and surfaces with metallic coatings 
Ì�iÀ�>��Þ� Ã«À>Þi`]� ��Ì� }>�Û>��âi`]� i�iVÌÀ��}>�Û>��âi`]�
and painted with industrial primer), once the covering 
�>ÞiÀ���V>��Þ��À�Ì�Ì>��Þ®��Ã�Ài��Ûi`]�Üi��>Ûi�Ì��ÀiviÀ�Ì��Ì�i�
V�>ÃÃiÃ��v� V�ÀÀ�Ã���� V��Ì>��i`� ��� Ì�i� �-"�nxä£��£� Ƃ]�	]�
C, D). For the painted surfaces, it is necessary to refer to 
Ì�i�V�>ÃÃ�wV>Ì�����v�Ì�i�ÃÌ>�`>À`Ã�vÀ����-"�{ÈÓn��£�Ì���-"�
{ÈÓn�È� ÀÕÃÌ��}]� L��ÃÌiÀ��}]� y>���}]� VÀ>V���}]� >�`� V�>��-
ing) if the coating is present. It is necessary to refer to ISO 
nxä£�£�Ƃ]�	]�
]��®��v�Ì�i�V�>Ì��}��Ã�V��«�iÌi�Þ�Ài��Ûi`°
In accordance with ISO 12944-2:1998, “Paints and varnish-
es-Corrosion protection of steel structures by protective 
paint systems-Part 4: Types of surface and surface prepara-
tion,” the preparation treatments aimed to clean a steel 
element are:
U� water, solvents or chemicals:

- cleaning with water: a stream of fresh water is direct-
ed on the element with variable pressure depending 
���Ì�i�̀ �ÀÌÉw�Ì�Æ����V>Ãi��v�Ì�i�«ÀiÃi�Vi��v�����>�`�v>ÌÃ]�
it is necessary to add detergents;

- cleaning with vapour: a jet of vapour is directed over 
the element; in the presence of oil and grease, it is 
necessary to add water before steaming detergents;
�� V�i>���}� Ü�Ì�� i�Õ�Ã�wiÀÉ>��>���i� «À�`ÕVÌÃ\� ÕÃ��}�

emulsifying/alkaline products to remove grease and 
oil and then rinsing with fresh and clean water;

- cleaning with organic solvents: napkins impregnated 
with solvents can be used when a small area that has 
grease or oil has to be treated;
��V�i>���}�Ü�Ì��V�i��V>��V��ÛiÀÃ����v�À�iÝ>�«�i�«��Ã-

phating, and chromating): it is used with hot-dip gal-
vanised surfaces, sherardized surfaces and it is neces-
sary to rinse with water;

- chemical pickling: a paste with solvent is used when 
there are soluble paints solvents or alkaline paste for 
saponifable paints; it can be applied in limited parts 
to remove the existing paint;

- acid pickling:it consists of dipping the element into 
>��>V�`�L>Ì�����i�ÃÕ�«�ÕÀ�V��À��Þ`À�V���À�V�>V�`®�Ì��Ài-
��Ûi�ÀÕÃÌÆ�Ì�i�«À�ViÃÃ��}�ÀiÃ�`ÕiÃ�ÕÃÕ>��Þ��i>Ì�ÌÀi>Ì-
ment) cannot be carried out on the site, but only in 
the plant; it is typically used prior to galvanizing and 
results in a reduced level of roughness;

U� V�i>���}�Ü�Ì��y>�i\� �Ì�V>��Li�ÕÃi`����«�>ÌiÃ�Ü�Ì��>�
thickness greater than 5 mm; the element is treated 
Ü�Ì�� >�� �ÝÞ>ViÌÞ�i�i� y>�iÆ� ��«ÕÀ�Ì�iÃ� >Ài� Ài��Ûi`�
LÞ�Ì�i�>VÌ�����v�y>�i]�L�Ì��Ì�iÀ�>��>�`��iV�>��V>�]�
to remove rust and rolling debris; before the preven-
tive treatment, the surface should be treated with wire 
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Fig. 2 _Preparation tretment and corrosivity categories
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brushing, pickling or sandblasting and debris should 
be cleaned due to treatments;

U� abrasive action:
��Ü�Ì���>�Õ>��������Ì�À�Ãi`®���ÃÌÀÕ�i�ÌÃ5: llike brush-

es, scrapers, and metallic abrasives; it proceeds by 
Ài��Û��}� Ì�i� ÀÕÃÌ]� Üi�`]� «>��Ì� ÀiÃ�`Õi� �À� y>���}Æ�
the residues are eliminated using aspiration or com-
pressed air; it is possible to reach a state of prepara-
tion equal to St 2;

- with motorized instruments5: rotating abrasive instru-
ments, sandpaper, drills and needle guns proceed by 
removing the rust through rolling tools, welding resi-
dues or other debris, by using a rotating tool or im-
«>VÌ�>�`�Ì�i��Ài��Û��}�Ì�i�y>���}�«>��Ì�Ü�Ì���iÌ>��
brushes or grinding; it is necessary to be careful to 
not completely eliminate the friction of the surface 
for the purposes of protective treatments; by using 
aspiration or compressed air, the residues are elimi-
nated; it is possible to reach a state of preparation 
equal to St 3;

- dry sandblasting: surface is invested with small, 
Ã���`� i�i�i�ÌÃ� ���iÀÃi`� ��� }>Ãi�ÕÃ� yÕ�`]� Ü��V�� �Ã�
launched at high speed so as to be abrasive against 
the oil and grease, impurities, little adherent roll-
ing residues  and rust; dry blasting can take place 
through:
- centrifugal method in stationary or mobile units: 

solid elements are moved from fans or centrifugal 
wheels; it is used when there are accessible sur-
faces with all grades of corrosion6; it is possible to 
reach a state of preparation equal to Sa 3;

- method with compressed air: elements are incorpo-
rated into the air launched against the element and 
is applied to clean large elements with all grades of 
corrosion6; it is possible to reach a state of prepara-
tion equal to Sa 3;

- method with recovery with suction: it is similar to 
the compressed air system, but the nozzle is locat-
ed in intake system applied on the surface of the 
steel, to gather solid elements that were launched 
after the abrasion. The solid elements do not pro-
duce dust during processing. It is suitable for the 
cleaning of regular shaped elements, but it needs 
more time than other methods. It can be used for 
cleaning elements with levels of corrosion A, B and 
C6 and it is possible to reach a state of preparation 
equal to Sa 2 ½ and by increasing the time of treat-
ment and the state of preparation to Sa 3;

- wet blasting: the surface is wet with small natural solid  
  elements immersed in liquid and are launched at high 

speed so as to be abrasive against the oil and grease, 
impurities and poorly adhered rolling residues and 
rust. In the liquid, detergents can also be added, with 
the aim to remove fat and oil; wet blasting can take 
place through:
- method with wet compressed air: it is similar to the
  compressed air method, but a small amount of liq-
Õ�`����Ì�i�>�À�L�>ÃÌ��Ã�>``i`�}i�iÀ>��Þ�V�i>��Ü>ÌiÀ�
with the addition of corrosion inhibitor). This reduc-

iÃ�Ì�i��>V�����}�`ÕÃÌ�`ÕÃÌ��iÃÃ�Ì�>��xä�«��`����Ì�
remain suspended in the air). Water consumption is 
around 15-25 l/h; it is used with all levels of corro-
sion13 and it is possible to reach a state of prepara-
tion equal to Sa 3;

- method with compressed air and wet abrasive: it is 
similar to the previous method, but a small amount 
of liquid at the bottom of the injector is added, in 
order to obtain a stream with air, water and abra-
sive particles; it has the advantage that it can be 
used both a continuous and intermittent manner; 
this method can be applied to all kinds of elements, 
including large ones, when prompted for a low lev-
el of soluble salts on the surfaces; it is necessary 
to consider that the presence of water can cause a 
mild oxidation of the element and that before ap-
plying the protective treatment, it is important to 
wait until surfaces are dry; the method is used with 
all levels of corrosion and it is possible to reach a 
state of preparation equal to Sa3;
��ÜiÌ��iÌ��`�Ü�Ì�� ÛiÀÞ� w�i� >LÀ>Ã�Ûi\� Ì�i� >LÀ>Ã�Ûi�
Ü�Ì��w�i�}À>���Ã�âi��Ã���ÌÀ�`ÕVi`���Ì��>���µÕ�`�ÕÃÕ-
ally water). It is suitable for elements that require 
a smooth surface. For small elements, it is used to 
reduce the amount of soluble salts present on sur-
faces;
��iÌ��`�Ü�Ì��«ÀiÃÃÕÀ�âi`���µÕ�`\���Ì��Ì�i���µÕ�`�ÕÃÕ-

ally water) and the pressurized stream is directed 
��� Ì�i� i�i�i�Ì� Ì��Ã� Ü���� ÕÃi� �iÃÃ� Ü>ÌiÀ� Ì�>�� Ì�i�
method with wet compressed air) with levels of cor-
rosion A, B and C13. The method allows to achieve 
a level of preparation equal to Sa 3; while the level 
of corrosion D is a level of preparation equal to Sa 
2 ½.

The effectiveness of prevention treatments, the coatings 
in particular, is conditioned by the presence of oxide on 
Ì�i�>««��V>Ì����ÃÕLÃÌÀ>Ìi��v�V>�>���i]�V��Ì>���>�ÌÃ�Ã>�ÌÃ]�
dust, grease, etc.) and by the geometry of the element. 
Therefore, the standard ISO 8502:2006, “Preparation of 
steel substrates before application of paints and related 
products--Tests for the assessment of surface cleanliness,” 
establishes tests to assess the level of cleanliness of the 
surface7. The tests that can be performed in site are listed 
below:
U� measurement of soluble iron corrosion products for 

surfaces that have been cleaned by sandblasting with 
a state of preparation equal to Sa 2 ½ or above; it is 
not applicable to manually cleaned surfaces and can 
be completed with several methods:

- controlled washing is carried out with water, which 
eliminates a part of the soluble salts present in the 
substrate to be tested; the water that was used in the 
Ü>Ã���}� �Ã� ÌiÃÌi`�LÞ� >� V���À��iÌÀ�V�`iÌiVÌ�À� «>«iÀ�
indicators 2.2’ bipyridine with a margin of sensitivity 
between 5 and 250 mg/l);

- controlled washing is carried out with water and a part 
�v�Ã��ÕL�i�Ã>�ÌÃ�«ÀiÃi�Ì����Ì�i�ÃÕLÃÌÀ>Ìi�Ì��Li�ÛiÀ�wi`�
is deleted; the conductivity of the water used in the 
washing is calculated; an increase in conductivity is 
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Ài�>Ìi`�Ì��Ì�i�«ÀiÃi�Vi��v�Ã>�ÌÃ�>�`��Ì�ÀiµÕ�ÀiÃ�Ã«iV�wV�
equipment;

- use of tests consisting of paper impregnated with 
potassium hexacyanoferrate; by using hand sprayer, 
water is sprayed on a small surface; the evaporation 
of water is expected to obtain a moist layer; paper is 
applied for 2-5 seconds; if there are soluble salts, the 
test paper looks blue speckled, corresponding to the 
contaminated parts of the surface;
�� ��� >�� i�Õ�Ã���]� `iÌiVÌ�ÀÃ� �v� Ã>�ÌÃ� ���i� «�Ì>ÃÃ�Õ��

hexacyanoferrate or 2.2’ bipyridine) are placed and 
by sprayed on the surface; depending on the bluish 
colour, it is possible to assess the presence of soluble 
salts;

- visual inspection via a magnifying glass with a minimal 
��VÀi>Ãi��v�Óä� Ì��iÃ]�Ü��V��ÛiÀ�wiÃ� Ì�i�«ÀiÃi�Vi��v�
elements of corrosion as white crystals; it is not very 
reliable, because with high humidity, the crystals dis-
solve and they are not visible; also, it does not give 
information with respect to the nature of the salts pre-
sent;

U� determination of dust present on the surface: the 
method of pressure-sensitive adhesive string allows 
v�À�Ì�i��`i�Ì�wV>Ì�����v�Ì�i�`ÕÃÌ�«>ÀÌ�V�iÃ�Ü�Ì��ÀiÃ«iVÌ�
to quantity and size; it can only be used on a steel 
element that before cleaning presented a level of 
corrosion equal to A, B, or C and not in the case of 
�iÛi��iµÕ>�� Ì���Æ� Ì�i�wÀÃÌ� Ì�Àii� �>«Ã��v� Ì�i�>`�iÃ�Ûi�
roll have to be discarded; a piece of 200 mm in length 
is taken; the adhesive string is made to stick to the 
ÃÕ««�ÀÌ� LÞ��>�Õ>�� «ÀiÃÃÕÀiÆ� >� w�}iÀ� �Ã� «ÕÌ� ��� ��i�
extremity and it is moved 3 times in each direction 
while applying pressure at a constant speed so that 
each movement lasts between 5 and 6 seconds and 
then the test specimen is removed; through the test 
samples provided by legislation, it is possible to esti-
mate the amount of dust and size; it is necessary to 
perform at least 3 trials.


�>ÃÃ�ä\����Û�Ã�L�i�`ÕÃÌ�Ü�Ì��>��>}��wV>Ì�����v� �iÃÃ�
than 10 times.


�>ÃÃ�£\�`ÕÃÌ�Û�Ã�L�i�Ü�Ì��>��>}��wV>Ì�����iÃÃ�Ì�>��£ä�
Ì��iÃ��iÃÃ�Ì�>��xä�������`�>�iÌiÀ®°


�>ÃÃ�Ó\�`ÕÃÌ�Û�Ã�L�i�Ü�Ì��>���À�>���À�V�ÀÀiVÌ�Û�iÜ�`�-
ameter between 50 mm and 100 mm).

Class 3: dust visible with a normal view or correct dis-
«�>Þ�Õ«�Ì��ä°x����`�>�iÌiÀ®°

Class 4: dust with a diameter between 0.5 mm and 
2.5 mm.

Class 5: dust with a diameter greater than 2 mm.
U� test for turbidimetric determination of surface den-

sity of soluble sulfates in water implements the Bresle 
method; soluble sulphates in water are extracted from 
Ì�i� ÃÕLÃÌÀ>Ìi� >�`� >� «ÀiV�«�Ì>Ì��}� Ài>VÌ�À� 	>�  "Î®�
Ó��À�	>
�Ó�>�`�>�y�VVÕ�>�Ì� >Ài�>``i`Æ� Ì�i� Ã«iVÌÀ>��
>LÃ�À«Ì����V�ivwV�i�Ì�`�Ã«iÀÃ����`i«i�`Ã����Ì�i�ÃÕ�-
phate content and can be used to determine the mass 
concentration of retrieved sulfate; it is possible to cal-
culate the density through a formula;

U� quantitative measurement of chloride present on the 
surface via an ion detection tube, a controlled clean-
ing is made; part of the chlorides are soluble in water 
and an analysis is carried out using a detection tube 
containing silver chrome that changes colour; in detail 
pipe ends are cut and one of the extremes is plugged 
in the testing solution; the tube is held in a vertical 
position; when the solution reaches the upper end, 
the value is read on the scale; the solution of the con-
Vi�ÌÀ>Ì�����v�V���À�`iÃ��}É�®]�V�i>À�Ì�>��Ã�Ì��>�Ã��}�Ì�
colour variation due to the reaction with chloride, has 
to reach the top of the tube in 5 minutes, otherwise 
the test has to be repeated. 5 tests shall be carried out 
>Ì�>�Ìi�«iÀ>ÌÕÀi�LiÌÜii��xc�>�`�näcÆ

U� extraction of soluble contaminants in water with the 
Bresle method and the method for conductometric 
determination of soluble salts in water evaluates the 
Ì�Ì>��ÃÕÀv>Vi�̀ i�Ã�ÌÞ��v�Ã��ÕL�i�Ã>�ÌÃ����Ü>ÌiÀ�V���À�`iÃ�
and sulphates); an adhesive plaster with a recess in 
Ì�i���``�i� �Ã� ÕÃi`Æ� Ì�i� Ã��Ûi�Ì� ���i� `�ÃÌ���i`�Ü>ÌiÀ®�
is injected into the cavity with a syringe and then re-
trieved in the same way; the operation is repeated 3 
times; the solvent that also contains contaminants is 
placed into a container to be analysed; the electrodes 
�v� Ì�i�V��`ÕVÌ�Û�ÌÞ��iÌiÀ�>Ài�y��`i`�Ü�Ì��V��Ì>��-
nated water and it is possible to calculate the total 
surface conductivity and density;

U� method for determination of volume of iron ions sol-
uble in water, a sample is extracted with the Bresle 
method or some other similar method; then the so-
�ÕÌ���� �Ã� �>`i� >V�`�V� LÞ� «��Ã«��À�V� >V�`� ��®� >�`�
a chrome solution is inserted using diphenylamine 
ÃÕ�v��>Ìi�>Ã�>����`�V>Ì�À�£�µÕ>�Ì�ÌÞ�r�ä°äx�´�ä°ääÓ®�
ml); the solution with chrome is added for a unitary 
amount to record a change in the solution from col-
�ÕÀ�iÃÃ�Ì��L�Õi�}ÀiÞ�>�`�w�>��Þ�Ì��«ÕÀ«�i]�`i«i�`��}�
on the amount added to the colour change in purple; 
it is possible to assess the surface density of the iron 
ions by using comparison tables that are described Fig. 3 _Comparative images with quantities of dust 
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��� Ì�i� ÃÌ>�`>À`� �-"� nxäÓ�£Ó\ÓääÎ]� º*Ài«>À>Ì���� �v�
steel substrates before application of paints and re-
lated products-- Tests for the assessment of surface 
cleanliness--Part 12: Field method for the titrimetric 
determination of water-soluble ferrous ions”).

When the surface preparation is done by blasting, it is nec-
essary, before making the protective treatment, to evaluate 
the characteristics of surface roughness of the substrates. 
The employed methods in accordance with the standard  
ISO 8503-1-5, “Preparation of steel substrates before ap-
plication of paints and related products – Surface rough-
ness characteristics of blast-cleaned steel substrates” are:
U� `iÌiÀ���>Ì�����v�Ì�i�ÃÕÀv>Vi�«À�w�i�ÕÃ��}�>�Ì>VÌ��i�Û�Ã-

ual comparison of ISO standards: reference is made to 

the samples “G” when the blasting takes place with 
an irregular grain abrasive, and to the samples “S” 
when blasting is done with an abrasive spheroidal par-
ticle size; the standard provides comparative values 
that allow you to categorize your listing in small, me-
dium or large; the comparison is done using a magni-
vÞ��}�}�>ÃÃ�Ü�Ì��>��>Ý��Õ����VÀi>Ãi��v�Õ«�Ì��Ç�Ì��iÃ®]�
which can easily be used on the building site, by sub-
�iVÌ��}� Ì�� V��Ìi�«�À>ÀÞ��>}��wV>Ì���� Ì�i� ÃÌ>�`>À`�
ISO and the sample surface;

U� `iÌiÀ���>Ì������v�Ì�i�ÃÕÀv>Vi�«À�w�i�LÞ�ÕÃ��}�>���}�Ì�
microscope: the highest points come into focus and 
then the lowest points determine the distance; the 
«À�Vi`ÕÀi� �Ã� Ài«i>Ìi`�Óä� Ì��iÃ� ���`�vviÀi�Ì�wi�`Ã��v�
vision at a minimum distance of 5 mm from the edges 
of the element and then the mean of the distances is 
calculated; the validity of the method is limited only 
to an average peak-to-trough distance between 120 
ù��>�`�Óää�ù�]�Ì�i��iÌ��`��Ã�>�Ã��ÕÃi`�Ì��V>��LÀ>Ìi�
the ISO samples;

U� w�}iÀ«À��Ì��iÌ��`����>`�iÃ�Ûi�Ì>«i\�v�À�Ì�i�`iÌiÀ��-
�>Ì�����v�Ì�i�ÃÕÀv>Vi�«À�w�i�>Ì�Ì�i�LÕ��`��}�Ã�Ìi]�Ì>«i�
is applied to the element; the tape is made with a pol-
ÞiÃÌiÀ��>ÞiÀ��v�Õ��v�À��Ì��V��iÃÃ�xä�ù��´�Ó�ù�®�Ü�Ì��
a polymetric deformable micro-foam; it undergoes 
«ÀiÃÃÕÀi� ÕÃ��}�>�«�>ÃÌ�V� À�`�Ü�Ì��L>��®� >�`� �Ì� V>ÕÃiÃ�
a contraction up to 25% of its original thickness; by 
removing the tape on the cast of the surface, it is pos-
Ã�L�i�Ì��Ì>�i��i>ÃÕÀi�i�ÌÃ�«i>��Ì��ÌÀ�Õ}�®�Ì�À�Õ}��
an electron microscope; the tapes on the market allow 
v�À�Ì�i��i>ÃÕÀi�i�Ì��v�«À�w�iÃ�Ì�>Ì��>Ûi�>�«i>��Ì��
ÌÀ�Õ}��`�ÃÌ>�Vi�vÀ���Óä�ù��>�`�££x�ù�Æ

U� `iÌiÀ���>Ì�����v�Ì�i�ÃÕÀv>Vi�«À�w�i�LÞ�ÕÃ��}�>�ÃÌÞ�ÕÃ�
instrument: The high points and the low points are 
measured through the vertical displacement of the in-
strument with the stylus, which determines the maxi-
mum depth in 10 different areas of the surface. Con-
sidered with longitudinal displacement; the range of 
validity of the method is limited to elements having a 
�>Ý��Õ��>ÛiÀ>}i�`i«Ì��vÀ���Óä�ù��>�`�Óää�ù�Æ�Ì�i�
method can also be used to calibrate the tactile-visual 
comparison of ISO standards.

In general, the value of roughness that is considered opti-
�>��iÝ«ÀiÃÃi`����«i>��Ì��ÌÀ�Õ}��`�ÃÌ>�Vi®��Ã����Ì�i�À>�}i�
�v�Îä�xä�ù�°
Furthermore, especially in the case of reuse for elements 
that may have already experienced one or more cycles of 
life, if after the preparation treatment, the opportunity to 
make a painting treatment, is considered, visual analysis 
should be carried out with reference to the state of welds 
�v�>�Þ®]�i`}iÃ�>�`�ÃÕÀv>ViÃ°����«>ÀÌ�VÕ�>À�ÀiviÀi�Vi�Ì��Ì�i�
welds, sketches, residue, waves, grooves, pores and cra-
ters at the end of the cord should be evaluated. With refer-
ence to the edges, the rounding, any cuts or holes and the 
thermal cut should be evaluated. In referring to the sur-
faces, the presence of craters, scales, rolling cuts, foreign 
materials, cracks by mechanical actions and indentations 
and laminations marks as expressed within the standard 
ISO 8501-3:2006, “Preparation of steel substrates before 
application of paints and related products – Visual assess-

Fig. 4 _Process for the evaluation of soluble contaminants
            in water

Placement of adhesive plaster

Insertion of the solvent with syringe

Removal of the solvent with syringe

Inserting into container for analysis.
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ment of surface cleanliness----Part 3: Preparation grades 
of welds, edges and other areas with surface imperfec-
tions”.
With respect to the assessments, the present preparation 
�iÛi��>�`�>�Þ��iÛi��Ì��Ài>V��Ã��Õ�`�Li�ÃV>��i`�*£\�Ã��}�Ì�
preparation, P2: rigorous preparation, and P3: very strict 
preparation). Preparation treatments can be summarized 
as indicated in the above table, not only depending on 
Ì�i� ÌÞ«i��v�iÝ�ÃÌ��}� ÃÕÀv>Vi� À>Ü��À� �>VµÕiÀi`®]�LÕÌ�>�Ã��
`i«i�`��}����Ì�i�V��Ûi��i�Vi��v�Ài>��â>Ì�������Ì�i�v>V-
tory or on site) and the level of achieved preparation.
When the preventive treatment does not take place im-
mediately after preparation, in order to prevent degra-
dation of the element, it is possible to apply temporary 
treatments consisting of prefabrication primer8, cards/ ad-
�iÃ�Ûi�w��Ã]�Ài��Û>L�i�V�>Ì��}Ã�>�`��Ì�iÀ��>ÌiÀ�>�Ã�Ì�>Ì�
can be easily removed. The most widely used prevention 

treatments are described below.
U� Painting: the type of painting to apply is chosen de-

«i�`��}� ��� Ì�i� >««��V>Ì���� i�Û�À���i�Ì� V�ÀÀ�Ã����
category), on the level of surface preparation and on-
durability9°�/�i�«>��ÌÃ�V>��Li�V�>ÃÃ�wi`���Ì�\

- solvent-based paints
- water-based paints
- paints without solvent. 
/�iÀi� >Ài� ÀiÛiÀÃ�L�i� «>��ÌÃ� Ü�iÀi� Ì�i� w��� `À�iÃ� LÞ�
evaporation of the solvents without changing form. 
Therefore, at any time, the application of solvents pro-
duces the reverse mechanism and irreversible paints 
���Ü��V��Ì�i�w���`À�iÃ�LÞ�iÛ>«�À>Ì�����v�Ì�i�Ã��Ûi�ÌÃ�
and by chemical reaction or coalescence, belong to 
Ì�i��>ÌÌiÀ�ÌÞ«i\�«>��Ì�Ü�Ì��>�À�`ÀÞ��}��Ý�`>Ì�Ûi��>À`i�-
��}®]�«>��Ì�L>Ãi`����Ü>ÌiÀ���i�V��«��i�Ì®�«>��Ì�Ü�Ì��
chemical hardening and paint hardening by moisture.

WELDS

EDGES

SURFACES

Sketch Residue Wave

Groove Pore Crater at the end of the cord

Rounding Cut/hole Thermal cut

Crater Scale Rolling cuts

Foreign materials Cracks by mechanical means Indentations and marks of 
lamination
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Preparation treatment: Location of realization Effectiveness

Plant Site

Cleaning with water Oily substances

Cleaning with vapour Oily substances / varnishes


�i>���}�Ü�Ì��i�Õ�Ã�wiÀÉ
alkaline products

Oily substances / varnishes

Cleaning with organic solvents Oily substances / varnishes

Cleaning with chemical conversion Oily substances / varnishes

Chemical pickling Varnishes

Acid pickling Varnishes / processing residues / rust

Manual abrasion Varnishes / processing residues / rust
Corrosion levels B, C, D - preparation St 2

Motorized abrasion Varnishes / processing residues / rust
Corrosion levels B, C, D - preparation St 3

Centrifugal sandblasting Varnishes / processing residues / rust
All corrosion levels-  preparation Sa 3

Sandblasting with compressed air Varnishes / processing residues / rust
All corrosion levels- preparation Sa 3

Sandblasting with recovery 
with aspiration 

Varnishes / processing residues / rust
Corrosion levels A, B, C - preparation Sa 2 ½

Sandblasting with wet compressed air Varnishes / processing residues / rust 
All corrosion levels- preparation Sa 3

Sandblasting with compressed air and 
wet abrasive

Varnishes / processing residues / rust 
All corrosion levels -preparation Sa 3

7iÌ�Ã>�`L�>ÃÌ��}�Ü�Ì��ÛiÀÞ�w�i�>LÀ>Ã�Ûi Varnishes / processing residues / rust 
All corrosion levels- preparation Sa 3

Sandblasting with pressurized liquid Varnishes / processing residues / rust
Corrosion levels A, B, C- preparation Sa 3 
Corrosion level D - preparation Sa 2 ½


�i>���}�Ü�Ì��y>�i Processing residues / rust
All corrosion levels- preparation FI

When using paints based on synthetic resins and me-
tallic zinc, the treatment is called “cold galvanising.” 
This paint is commonly used as under painting. A layer 
�v�«>��Ì��v�>��Ì�iÀ�ÌÞ«i��v�w��Ã�]�Ü��V��}�ÛiÃ�Ì�i�V��-
our to the element, is placed over the “cold galvanis-
ing”. Durability10 can be divided into three classes: low 
�®�vÀ���Ó�Ì��x�Þi>ÀÃ]�>ÛiÀ>}i��®�vÀ���x�Ì��£x�Þi>ÀÃ]�
>�`���}���®��ÛiÀ�£x�Þi>ÀÃ�>�`�>�Ã���Ì��Ã�`i«i�`i�Ì����
the category of corrosiveness from the environment. 
/�i�ÃÌ>L���ÌÞ��Ã�>�Ã����yÕi�Vi`�LÞ�ÃiÛiÀ>��v>VÌ�ÀÃ�ÃÕV��
as the type of paint, the structural design, the condi-
tion of the element before preparation, the effective-
ness of surface preparation, the quality of treatment, 
the environmental conditions during application and 
the exposure conditions after application.
The coating can be applied in the factory or in the 
building site. The standard3  recommends applying at 
Ì�i�«�>�Ì]�>Ã� �Ì��>Ã�Li�iwÌÃ� ��� ÌiÀ�Ã��v� Ìi�«iÀ>ÌÕÀi�

and humidity control of application, a better result, 
and minor dust contamination extraneous to the pro-
cess. However, it has the disadvantage of limiting the 
size of the elements, there is a risk of damage during 
transport or assembly and there is possible contami-
nation for the last coat of paint. Otherwise, the appli-
V>Ì�����v�«>��Ì��}�>Ì�Ì�i�LÕ��`��}�Ã�Ìi��Ã�ÃÌÀ��}�Þ���yÕ-
enced by weather conditions that affect the durability 
and effectiveness of the treatment. The application 
has to be made as indicated the product data sheet, 
Ü��V��«À�ÛiÃ�Ì�>Ì�Ì�i�̀ ÀÞ�w���Ì��V��iÃÃ��Ã���Ì��iÃÃ�Ì�>��
nä¯��v�Ì�i�ÜiÌ�w���iÝVi«Ì�`�vviÀi�Ì�«ÀiÃVÀ�«Ì���Ã®°
The application should be done in favourable weather 
V��`�Ì���Ã� >�`�Ü�Ì�� >� Ìi�«iÀ>ÌÕÀi� ��}�iÀ� Ì�>�� Îc
°�
The methods of application are by brush, roller, or 
Ã«À>Þ�Ü�Ì����Ü�>�À�«ÀiÃÃÕÀi]�Ü�Ì��ÕÌ�>�À]�Ü�Ì���i`�Õ��
pressure air and electrostatically).
/�i�ÛiÀ�wV>Ì�����v�Ì�i�V�ÀÀiVÌ�iÝiVÕÌ�����v�Ì�i�«>��Ì-
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ing is done by visual analysis of uniformity, colour, 
opacity, overlay, defects of the roughness, air bubbles, 
ÃÌ>��Ã� >�`� ���iÃ]� VÀ>V�Ã� >�`� Ì�À�Õ}�� Ã«iV�wV� ��ÃÌÀÕ-
�i�Ì>Ì����v�À�Ì�i��i>ÃÕÀi�i�Ì��v�`ÀÞ�w���Ì��V��iÃÃ]�
adhesion and porosity. 

U� Galvanizing: before applying this treatment, the sur-
v>Vi��ÕÃÌ��>Ûi�>���}�� �iÛi���v�V�i>���}� ->Î®°�/�iÀi�
are many kinds of galvanising. The most used is the 
galvanising through the immersion of the element in 
Ì>��Ã�ÕÃÕ>��Þ�Ü�Ì��Ã�âi�£Ó°x���Ý�Î°ä���Ý�£°xä��®�V��-
Ì>����}����Ìi��â��V�>Ì�{xäc�
�v�À�>�Ì��i�LiÌÜii��£°x�
and 5 minutes) proportional to the size of the element 
and its thickness. If required, the element is cooled 
in a water tank; the dive in and out have to occur in 
the same direction to ensure uniformity of zinc coat-
ing. Treatment in tanks limits the size of the elements 
which need to be adapted already in the planning 
stages for this treatment. The thickness of the zinc 
layer depends on the size of the structural element, 
ÕÃÕ>��Þ�LiÌÜii��xä�>�`�£ää�ù�°� ���>``�Ì���]�>��� Ì�i�
elements employed in the same building must have 
the same thickness, otherwise the difference in cool-
ing could cause deformation. regard to uniformity of 
â��V� V�>Ì��}� ��� Ì�i� ��`�Û�`Õ>�� i�i�i�Ì� i`}iÃ]� V�À-
ners, etc.). The application of hot-dip galvanising on 
�����Ü�i�i�i�ÌÃ��iÀ�iÌ�V>��Þ�Üi�`i`����i�ÌÕLi�ÃÌÀÕV-
ÌÕÀ>�� «À�w�i®� �ii`Ã� Ûi�Ì��>Ì���� ���iÃ� Ì�� «ÀiÛi�Ì� Ì�i�
explosion of the element due to expansion caused by 
the air temperature. The galvanising has to be made 
in the factory and it is preceded by degreasing and 
pickling treatments designed to prepare the surface.
���V>Ãi��v�`�vwVÕ�Ì�>««��V>Ì�����v���Ì�`�«�}>�Û>��Ã��}]�
spray galvanising can be applied. The metal zinc in 
powder or wire form is heated up until fusion, and 
then it is sprayed through a gun using compressed air 
x°x�L>À®°�/��Ã��iÌ��`]�LiÃ�`iÃ��>Û��}�ÛiÀÞ���}��V�ÃÌÃ]�

has the limitation of not ensuring the uniformity of the 
zinc layer and it can also present a porous structure. 
Therefore, it requires the application of a subsequent 
polymer layer.
The galvanising spray can be made both in plant and 
at the building site, provided that it complies with the 
conditions for application as required by the standard 
ISO 14919:2001, “Thermal spraying--Wires, rods and 
V�À`Ã�v�À�y>�i�>�`�>ÀV�Ã«À>Þ��}��
�>ÃÃ�wV>Ì�����/iV�-
nical supply conditions.” The average distance of the 
gun from the element has to be between 15 and 25 
cm, and the deposition of the metal must be through 
cross movements. Durability is on average more than 
20 years and it is linearly dependent on the thickness 
of the zinc coating.
The appearance of zinc varies depending on the com-
«�Ã�Ì�����v�ÃÌii�]� Ã���V���>�`�«��Ã«��ÀÕÃ�V��Ìi�Ì� ¯�
Si, % P).
Unlike the standard ISO 14713-2:2009, “Zinc coatings-
-Guidelines and recommendations for the protection 
against corrosion of iron and steel in structures-Part 2: 
Hot dip galvanising,” provides a forecast of the out-
come for each composition, in order to comparatively 
assess the correct implementation of treatment.
In the case of reuse, through this comparison, it is pos-
sible to identify the composition of steel in order to 
`iw�i��ÌÃ�«À�«iÀÌ�iÃ�>�`�Ì���`i�Ì�vÞ�>««À�«À�>Ìi�ÌÀi>Ì-
ments also depending on environmental conditions 
and the usage class. It is also preferable to reuse of 
steel that has a category A or B as a thicker coating 
has a high risk of brittle fracture.

U� Mixed systems: they exploit the combination of the 
V�>À>VÌiÀ�ÃÌ�VÃ� �v� Ì�i� w��Ã�iÃ� >�`� V�>``��}� ÃÞÃÌi�Ã°�
�>�Û>��Ã>Ì�����Ã�wÀÃÌ��>`i]�>�`�Ì�i���Ì��Ã�V�ÛiÀi`�Ü�Ì��
a suitable paint, which increases the variable duration 
of protection between 1.2 and 2.5 times11. 

Fig. 5 _Hot dip galvanizing process
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Fig. 6 _Surface appearance and microscopic section 
           of galvanizing steel according to the category

Typically the hot-dip galvanising is combined with 
powder coating, using intermediate surface prepara-
tion treatments. Painting in contact with atmospheric 
agents and corrosive environment protects the layer 
of zinc. The latter begins to deteriorate, in fact, only 
after the outermost layer of paint is no longer able to 
protect due to decay.
In the case of reuse of an element that presents the 
galvanising in good condition, i.e. without the occur-
rence of corrosion, it is possible to evaluate the ap-
plication of a coating system in order to increase the 
durability depending on planned reuse and environ-
mental conditions. If, however, there is the intention 
to reuse an element that is galvanised, which is not 
in good condition, according to the level of corro-
sion present, it has to be evaluated whether to make 
a localised restoration of the galvanised layer in the 
V�ÀÀ�`i`�«���ÌÃ�Ì�À�Õ}����V>��Ãi`�V�i>���}�>�`���V>�-
ised spray galvanising), and then to apply a protective 
coating on the entire element or if removing the pre-
sent galvanising and apply a new protective treatment 
Ì�À�Õ}����Ýi`�ÃÞÃÌi�Ã°�7���i����Ì�i�wÀÃÌ�V>Ãi]�Ì�i���-
tervention can be performed both in the factory and 
in the construction site, in the second case it can only 
be done in the factory, because the removal of zinc 
requires acid pickling.
/�i�ÕÃi��v���Ýi`�ÃÞÃÌi�Ã� �Ã� ��yÕi�Vi`�>�Ã��LÞ�>iÃ-
thetic reason. Through painting, it is possible to give 
the galvanised element variable colorations.

Only in some cases, when it is necessary to act on ele-
ments of smalerl size and weight, electroplating and metal 
plating systems are also used.

 
7.3 _ Dimension, shape and mass tolerances

/�i�ÀiÕÃi��v�ÃÌii��i�i�i�ÌÃ�ÀiµÕ�ÀiÃ]����Ì�i�wÀÃÌ�«�>Vi]�Ì�i�
evaluation of allowable tolerances, in order to verify the 
minimum conditions for structural use. The legislation es-
tablishes the minimum conditions depending on the type 
�v�«À�w�i�1* ]��*]�iÌV°®°�/�i�ÀiÕÃi��Ã��>`i�Ü�Ì��i�i�i�ÌÃ�
already marketed. For this reason, it is possible to neglect 
the monitoring of dimensional deviations and concentrate 
the attention on the variations of mass and shape.
The mass variations depend on the degradation level and 
���Ì�i�«�ÀÌ�����v�Ì�i�«À�w�i�>vviVÌi`�LÞ�V�ÀÀ�Ã���]�Ü��V��
can be evaluated as previously described.
The shape variations, however, are the result of plastic de-
v�À�>Ì�����v�Ì�i�«À�w�iÃ�`Õi�Ì��Ì�i���>`Ã�>�`�Ì�i�v�ÀViÃ�
present in their previous use. Therefore, we have to evalu-
ate the straightness, the curvature, the perpendicularity, 
>�`�Ì�i�ÃÞ��iÌÀÞ��v�Ì�i�«À�w�i°����«>ÀÌ�VÕ�>À]�Ì�i�>««��V>-
tion of systems with steel rods may have caused the plastic 
`iv�À�>Ì�����v�Ì�i�«À�w�iÃ�Ì�>Ì�>Ài��vÌi��ÕÃi`����V�Õ«�i`�
conformation.
Evaluations can be made through the use of measurement 
systems:
U� dial gauges and electronic scales: the dial gauge 

consists of two circuits on the same axis, an iron core 


>Ìi}�ÀÞ�Ƃ���-�ćä]ä{¯Æ�*�ä]äÓ¯


>Ìi}�ÀÞ�	���ä]£{¯�-�ćä]Óx¯Æ�*�ä]äÓ¯


>Ìi}�ÀÞ�
���ä]ä{¯�-�ćä]£{¯Æ�*�ä]äÓx¯


>Ìi}�ÀÞ�����-��Óx¯Æ�*�ä]äÓ¯
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V���iVÌi`� Ì��>������iÌ>���V�w�}iÀ���ÛiÃ�>Ý�>��Þ� ��-
Ã�`i�Ì�i�Ü��`��}ÃÆ�Ì�i�w�}iÀ��Ã�Ài�>Ìi`�Ì��Ì�i��i>ÃÕÀ-
ing axis and, when the latter is moved, a differential 
transformer induces equal and opposite tensions in 
secondary circuits allowing the measurement; the 
electronic scales consist of a pendulum suspended 
vertically, whose deviations are measured through a 
differential circuit similar to that of the dial gauges;

U� coordinate machines: a probe is moved according to a 
set of axes on each point of measuring volume, which 
detects the coordinates, through which it is possible 
Ì��`iw�i�Ì�i�`��i�Ã���>��>�`�}i��iÌÀ�V�V�>À>VÌiÀ�Ã-
tics of the element;

U� laser machines: everaging the straightness of the la-
ser in the vacuum; in double-beam systems, two laser 
beams invest the element and by the measurement of 
two distances with constant separation, it is possible 
to calculate the position, angular deviation and the 
straightness.

Dial gauges, electronic scales and laser machines can be 
used in the building site.

7.4 _ Methodological- operative procedure
        for the reuse

The reuse of a steel element needs an operative proce-
dure that must be assumed during the planning phase of 
renovation/regeneration of the building in order to ensure 
the integrity of the elements during demolition and, at 
the same time, decrease the time and costs of the inter-
vention. The type of security system, the section and the 
length of the elements, the type of connections and their 
ÀiÛiÀÃ�L���ÌÞ��>Ûi�Ì��wÀÃÌ�Li�>�>�ÞÃi`°�/�i���Ì�«À�Vii`Ã�Ì��
Ì�i�`�Ã�>�Ì���}��v�Ì�i�ÃÞÃÌi��Ü��V��}i�iÀ>��Þ�Ì>�iÃ�«�>Vi�
in phases parallel to reconstruction/consolidation). It has 
to be programmed to keep the length of the elements 
and remove only the welded parts that have a geometrical 
Ã�>«i�Ì�>Ì��Ì��Ã�̀ �vwVÕ�Ì�Ì��ÀiÕÃi�v�À�iÝ>�«�i]�Üi�`i`�����ÌÃ�
with right angles). The waste is separated into homogene-
ous categories on site and can be salvaged for recycling.
When assessing the compatibility between the available 
elements and the type of planned intervention, it is possi-
L�i�Ì���>�i�>�wÀÃÌ�Ãi�iVÌ���]�>��i`�>Ì��`i�Ì�vÞ��}�i�i�i�ÌÃ�

Outside square
ć£���°

Curving of web plate
���£ää���]�v���ä]x���
£ää����Óää���]�v���£]ä���
����Óää���]�v���£]x

Error of straightening
ć�ä]ää£x����i>ÃÕÀi`����Ì�i�«�>�i��v�ÜiL�«�>Ìi�>�`�
���Ì�i�Ü���i��i�}Ì�����v�Ì�i�«À�w�i®�

Tollerance of perpendicularity
�ÕÌÃ�`i�ÃµÕ>Ài®
Lć££ä���]�
k+k1= 1,5 mm
L��££ä���]�
k+k1= 2% di b

Tollerance of simmetry
�v�Ì��{ä���
Lć££ä���]�irÓ]x���
££ä�LćÎÓx���]�irÎ]x���
L�ÎÓx��]�irx]ä���
�v�Ì�Ĉ{ä���
££ä�LćÎÓx���]�irx]ä���
L�ÎÓx��]�irn]ä���
Ü�iÀi��ir�L£�LÓ®ÉÓ

Straightening
nä��ć£nä���]�µÝÝrµÞÞrä]Î¯�`���
£nä��ćÎÈä���]�µÝÝrµÞÞrä]£x¯�`����
ÎÈä�����]�µÝÝrµÞÞrä]£¯�`�����

IPE E HEA PROFILES

UPN PROFILES

��}°�Ç�Ú�/���iÀ>�ViÃ��v�Ì�i�«À�w�iÃ�1* ]��*�>�`��Ƃ



FROM POST EARTHQUAKE WASTE TO RESOURCE

150 7_Steel elements:  optimization of reuse

Ì�>Ì� v�À�V�>À>VÌiÀ�ÃÌ�VÃ� ÌÞ«i��v�«À�w�i]�}i��iÌÀÞ]�`��i�-
sions, weight, capacity, type of compatible connections, 
etc.) are best suited to meet the design and technological 
needs in the regeneration intervention. Then it proceeds 
to the evaluation of geometric tolerances, to calculate the 
potential reusability of elements for structural use.
�v�Ì�iÃi�Ì��iÀ>�ViÃ�>Ài���Ì�Ã>Ì�Ãwi`]��Ì��Ã�«�ÃÃ�L�i\
U� to use the element for non-structural use,
U� to deliver the element to the establishment and to 

perform straightening operations,
U� in case of out-of-square and non-symmetry and if it is 

a localized deformation, to delete the portion of the 
element that does not meet the dimensional toler-
ances.

"�Vi�`iw�i`�Ì�i�ÌÞ«i��v�ÕÃi�ÃÌÀÕVÌÕÀ>���À�����ÃÌÀÕVÌÕÀ>�®]�
reconditioning operations designed to reduce the prob-
lems of tolerance, the level of degradation present and the 
ÌÞ«i��v���«ÕÀ�ÌÞ����Ã]�«>��ÌÃ]�ÀÕÃÌ]�Ã�>}�LÞ�À�����}��À�Üi�`-
ing, etc.)12 are also determined.
 iÝÌ]��Ì��Ã�̀ iw�i`����̀ iÌ>�����Ü�ÀiÕÃi�>�`�Ì�i�iÝ«iVÌi`���vi�
for the element in case of non-structural use and nominal 
life of the structure in case of structural reuse.
According to the NTC 2008, in case of structural reuse, it is 
necessary to consider the following nominal lives:
U� provisional/ temporary structures, structures in con-

ÃÌÀÕVÌ����«�>Ãi\�6��ć�£ä�Þi>ÀÃ]
U� ordinary works-bridges-infrastructures and dams: 
�������6��Ĉ�xä�Þi>ÀÃ]

U� great works- bridges-infrastructures and dams with 
L�}�Ã�âi��À�ÃÌÀ>Ìi}�V���«�ÀÌ>�Vi\�6��Ĉ�£ää�Þi>ÀÃ°

After these considerations, the corrosiveness of the envi-
ronment13 where the elements will be reused has to be 
detected.
The following table illustrates the relationship between 
corrosivity, environments and loss of thickness or mass.
Therefore, it is possible to calculate the mass and loss of 
thickness, to predict the evolution of the element’s degra-
dation and act proactively via an appropriate sizing of the 
elements and the application of preventive treatment.
According to the current degradation, corrosivity catego-
ries and the nominal life of the building, it is possible to 
evaluate the residual durability and to prepare a recondi-
tioning and maintenance plan that ensures the required 
durability through the selection of appropriate treatments.
By taking into account the residual durability, the modes 
of reuse and predicting the future degradation, as well 
>Ã� `iw���}� Ì�i� Ì����}� >�`��>��iÀ� �v��>��Ìi�>�Vi]� Ì�i�
engineer will have to decide whether to perform treat-
�i�ÌÃ�Liv�Ài� ÀiÕÃi��À� Ì��w�`�V��«>Ì�L�i� ÀiÕÃi�Ü�Ì�� Ì�i�
residual durability, which would postpone treatments. The 
choice of treatment should consider the close relationship 
between degradation, preparation and preventive treat-
�i�ÌÃ°�ÛiÀÞ�«ÀiÛi�Ì�Ûi�ÌÀi>Ì�i�Ì�ÀiµÕ�ÀiÃ�>�Ã«iV�wV��iÛi��
�v�ÃÕÀv>Vi�«Ài«>À>Ì���]�LÕÌ�Ì�i��>ÌÌiÀ��Ã���yÕi�Vi`�LÞ�L�Ì��
the mode of treatment and the level of degradation. For 
example, depending on the type of used paint, the binder, 

Class ��ÃÃ��v�Ì��V��iÃÃ�ù�É>���®
��ÃÃ��v��>ÃÃ}É�2)

Environments

Steel with low C Zinc Inside Outside

C1
very low

ć£]Î�ù�ÉÞi>À ćä]£�ù�ÉÞi>À Low relative humidity.
Heated buildings with clean 
atmosphere.

Cold or dry areas with very rare 
rainfall and absence of 
condensation.

ć£ä�}É�2 ćä]Ç�}É�2

C2
low

£]Î�Ó]xù�ÉÞi>À ä]£�ä]Çù�ÉÞi>À Temperature and variable 
relative humidity and low values 
of pollution. 
Unheated buildings where 
condensation may occur.

Temperate areas with pollution 
content, cold or dry areas with 
����Ìi`�V��`i�Ã>Ìi��>ÌÕÀ>��>Ài>Ã®°

10-200 g/m2 0,7-5 g/m2

C3
medium

Óx�xä�ù�ÉÞi>À ä]Ç�Ó]£ù�ÉÞi>À Production areas with high 
�Õ��`�ÌÞ� >�`� «���ÕÌ���� v��`�
industries, breweries, dairies).

Urban and industrial environments 
with moderate sulfur dioxide 
pollution, coastal areas with low 
Ã>����ÌÞ]� -"Ó� Õ«� Ì�� Îä� +g/m3 or 
media presence of chlorides).

200-400 g/m2 5-15 g/m2

C4
high

xä�nä�ù�ÉÞi>À Ó]£�{]Óù�ÉÞi>À Chemical plants, swimming 
pools, coastal shipyards for 
boats

Industrial areas with high humidity 
and corrosive atmosphere

400-650 g/m2 15-30 g/m2

C5-I
very high
industrial

nä�Óääù�ÉÞi>À {]Ó�n]{ù�ÉÞi>À Buildings or areas with almost 
permanent condensation and 
pollution.

Industrial areas with high humidity 
>�`�V�ÀÀ�Ã�Ûi�>Ì��Ã«�iÀi�-"Ó�Õ«�
to 90 +g / m3 - high level of chlo-
rides). 650-1500 g/m2  30-60 g/m2

C5-M
very high
marine

nä�Óääù�ÉÞi>À {]Ó�n]{ù�ÉÞi>À Buildings or areas with almost 
permanent condensation and 
high pollution.

Coastal and offshore areas with 
��}��Ã>����ÌÞ�-"Ó�Õ«�Ì��Óxä�+g/m3).

650-1500 g/m2 30-60 g/m2
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and the number of layers and thickness, the correspond-
��}�`ÕÀ>L���ÌÞ���}�]��i`�Õ�]���Ü®��Ã�`iw�i`�Ü�Ì��ÀiÃ«iVÌ�
Ì��V�ÀÀ�Ã�Û�ÌÞ�
£�
Ó�
�
{�
x®�����À`iÀ�Ì��ÀiÃ«��`�Ì��Ì�i�
requirements of the nominal life of the structure and its 
maintenance plan. For example, in case of a larger ele-
ment, which does not present problems of dimensional 
tolerances, with degradation caused by rust of C class 
that can be reused for structural use in corrosivity cate-
gory C3, a paint treatment mixed with binder AK and 2 
�>ÞiÀÃ��v�nä�ù��>�`��>ÌiÀ�x��>ÞiÀÃ��v�Óää�ù�14 should be 
used.  For the application of this painting, it is necessary 
to perform a preventive treatment to optimize the reuse 
of the element. For example, the blasting can be done 
as it is suitable for the removal of C class rust degrada-
tion, which helps it reach a level of 2 ½,  preparedness. 
This makes it suitable for drafting subsequent composite 
paint as described above.  From a decision-making point 
�v�Û�iÜ]�Ì�i�«ÀiÛi�Ì�Ûi�ÌÀi>Ì�i�Ì��Ã�`iw�i`�Liv�Ài�Ì�i�>«-
propriate preparation treatment is chosen and after from 
an operational point of view. However, the treatments fol-
low the reverse order. Once the preparation treatment has 
been performed, we have to check the effectiveness of the 
treatment in terms of residues of calamine, oxide and con-
taminants, both in terms of surface roughness and for the 
ÃÌ>Ìi��v�Ì�i�Üi�`Ã��v�«ÀiÃi�Ì®]�i`}iÃ�>�`�ÃÕÀv>ViÃ°
Subsequently, it is possible to apply the preventive treat-
�i�Ì� «>��Ì��}]� }>�Û>��Ã��}� �À� LÞ� ��Ýi`� ÃÞÃÌi�Ã®°� /�i�
treatment effectiveness has to be evaluated through com-
«>À>Ì�Ûi�Û�ÃÕ>��>�>�ÞÃ�Ã°���À�ÀiÕÃi]��Ì��Ã�`iÃ�À>L�i�Ì��`iw�i�
the level of corrosion and the hypothesis of the reuse with 
respect to the corrosivity category of the atmospheric en-
vironment and to assess the opportunity for a treatment of 
repair or of total reconstruction of the coating layer.

7.5 _Good practices for construction

The durability of steel elements can be increased through 
constructive methods to prevent the corrosive phenom-
enon. The project, in addition to ensuring the stability of 
Ì�i�ÃÌÀÕVÌÕÀi]��>Ã�Ì��V��Ã�`iÀ�>���v>VÌ�ÀÃ�Ì�>Ì���yÕi�Vi�Ì�i�
`ÕÀ>L���ÌÞ\� Ì�i�«À�w�i�ÃiVÌ���� Ü�Ì��«>ÀÌ�VÕ�>À�>ÌÌi�Ì����Ì��
Ì�i�L�Ý�«À�w�iÃ®]�Ì�i�Ã�âi�>�`�Üi�}�Ì��v�Ì�i�i�i�i�ÌÃ�>�`�
the structure, the connections, the stiffeners, accessibility, 
mode of transport, handling and the assembly/disassem-
bly. As a preventive measure prior to assembling the ele-
ments, the effectiveness of treatments carried out has to 
be monitored. For this reason, it is necessary to program a 
maintenance plan and establish the time schedule for the 
controls and maintenance interventions. The standard pro-
vides measures to prevent the corrosion and depends on 
the treatment that is performed: for painting we can refer 
to ISO 12944-3: 1998; for galvanizing we can refer to ISO 
1461: 2009 and ISO 14713: 2009.
When the element is protected with varnish, in the effort 
to prevent corrosion, the following precaution15 have to be 
complied:
U� accessibility: the steel elements have to be acces-

sible in the realization, testing and maintenance, 
Ì�À�Õ}��Ì�i��i�«��v�>ÕÝ���>ÀÞ�`iÛ�ViÃ���L��i�LÀ�`}iÃ]�

walkways, retaining hooks, application guides, etc.) 
Ì�À�Õ}��>�ÃÕvwV�i�Ì�Ã«>Vi�Ì��Ü�À�����i�i�i�ÌÃ�iÛi��
Ü�i��Ì�iÞ�ÜiÀi�«�>Vi`����Ü�À��Ã��Õ�`�Li�V��Ã�`iÀi`�
the minimum space for work equipment) and through 
additional ventilation holes; if it is not possible to 
guarantee the minimum conditions of accessibility, a 
more durable coating system must be used and the 
thickness of the element should be oversized in order 
to absorb the risk of corrosion; minimum spaces nec-
essary for the realization are:

Operation Dm 
��®

Dms 
��®

Ƃc�
c®

Surface preparation with 
abrasive blasting

800 200/400 60-90

Cleaning with mechanical 
instrumentation: 
with needles, 
polishing/sanding

250/350
100/150

0
0

30/90
0

Cleaning with manual 
instrumentation: brushing 100 0 0/30

Metal spraying 300 150/200 90

Paint application: 
pulverization 
brush
roller

200/300
200
200

200/300
0
0

90
45/90
10/90

Dm: size of instrumentation

Dms: size of instrumentation-substrate

A°: angle of application

U� treatment of interstices: interstices have to be sealed, 
in highly corrosive environments; the interstices and 
Ì�i�V��Ì>VÌ�ÃÕÀv>ViÃ��>Ûi�Ì��Li�w��i`�Ì�À�Õ}��Ãi>�-
less welding;

U� precautions to prevent sediment and water retention: 
through the project of inclined or rounded surfaces, 
the elimination of open sections positioned in such 
a way as to become containers of water, i.e. with the 
cavity facing up the elimination of cavities or holes, 
the drainage and the disposal of water through geo-
metric shapes which create channels or discontinuity;

U� edges: it is preferable that the edges are rounded in 
order to reduce the risk of rupture to the coating and 
the defects in the edges should be deleted when they 
are especially sharp;

unsuitable

suitable
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U� bolted joints: before mounting, the friction surfaces 
have to be prepared with blasting with a minimum 
level of Sa 2 ½; bolts, nuts and washers must have the 
same level of protection;

U� boxed parts and built-in components: the surface ex-
posed to corrosion is reduced for conformation, pro-
vided that the holes are sealed airtight and watertight 
and that the connections between surfaces are with 
seamless welding; this ensures that making sure that 
Ü>ÌiÀ�`�iÃ���Ì�Ài�>���ÌÀ>««i`�Ü�Ì����Ì�i�«À�w�iÆ

U� carved works: they must have a minimum radius of 50 
mm in order to facilitate the application of the coat-
ing;

U� stiffening elements: the application of stiffening ele-
ments must take place by welding in order to prevent 
corrosion in the voids; the geometric shape has to 
avoid the stagnation of water and dirt accumulation;

U� prevention of galvanic corrosion: when two metals are 
in contact with a different level of nobility; in particu-
lar, when the less noble metal has a much smaller area 
than the more noble metal, spring washers should not 
be used because they can cause interstitial condensa-

����Õ��`�ÃÌ>�Vi�LiÌÜii��ÌÜ��«À�w�iÃ

�����Õ��`�ÃÌ>�Vi�LiÌÜii��>�«À�w�i�>�`�>�ÃÕÀv>Vi

tion; the two surfaces in contact have to be electri-
cally isolated, for example, by coating both surfaces; 
if it is not possible to paint both surfaces, the coating 
should be applied at least on the surface more noble, 
or alternatively, must carry out a cathodic protection 
intervention;

U� handling, transport and assembly: it is necessary to 
pay attention to the lifting system and the anchor 
points, as well as the modes of transport, in order to 
avoid damage to the coating; sealing clamps can be 
provided;

U� welding surfaces: they have to be free by imperfec-
tions like cracks, roughness, craters, in order to reduce 
the risks from dirt accumulation and water, which fa-
cilitate the application of a uniform coating.

Paint
Irregolarity

 �Ì�y>Ì�
surface

Dirt

Flat surface

When the element is protected by hot dip galvanizing, to 
prevent corrosion, the following precautions16 have to be 
made:
U� preparation of vent holes and drainage on the ele-

ments before galvanising: the lack of or incorrect 
drilling, in the case of hollow elements, will cause an 
explosion; this results in a deformation due to the for-
mation of air pockets that prevent the escape of warm 
air under pressure; this precaution has to also be tak-
en into account in the case of galvanising of hollow 
«À�w�iÃ�Üi�`i`����«�>ÌiÃÆ�iÛi�� ��� Ì�i�V>Ãi��v��«i��
«À�w�iÃ]�`À�����}��ÕÃÌ�Li�µÕiÀ�i`����«���ÌÃ�Ü��V��V>��
form cavities with air trapping in the immersion; ven-
tilation holes have to be made, which must take into 
account the aesthetic and structural characteristics of 
the element; the standard also provides the minimum 
size of the holes depending on the size of the section;

U� elimination of surface defects: the galvanising accen-
tuates the present surface defects that should be elim-
inated in reference to the surface of the element, and 
to any welds; besides purely aesthetic imperfections, 
Ì�i�«ÀiÃi�Vi��v�`iviVÌÃ�À�����}�Ã��ÛiÀÃ]�VÕÌÌ��}��À�`À���-
ing burrs and thermal cuts) causes a timely variation 
of the thickness to the zinc coating, which reduces the 
effectiveness of treatment and facilitates the occur-
Ài�Vi��v���V>��âi`�V�ÀÀ�Ã����«>ÀÌ�VÕ�>À�Þ�`>�>}��}����
the edges subject to greater fragility of the coating); 



FROM POST EARTHQUAKE WASTE TO RESOURCE

154 7_Steel elements:  optimization of reuse

also, sagging rust may occur, due to the release of 
salts or acid trapped in the cavities or interstices;

U� stiffening elements: the plunged steel has a thermal 
expansion indicative of 4-5 mm per linear metre; it is 
appropriate in the case of large elements to prepare 
stiffening brackets in order to contain distortions; in 
case of reuse of steel elements, if welded stiffeners 
are already present along the element, before pro-
ceeding to an eventual galvanisation, the presence 
of drainage holes has to be checked in corner points 
between the element and the stiffening; alternatively, 
stiffeners with minor dimension to the height of the 
«À�w�i��>Þ�Li�ÕÃi`Æ

U� connections: the welding of elements should be per-
formed before galvanising, by choosing a welding 
mode that reduces the presence of interstices. Unlike 
the case of bolting, it is appropriate prior to galvanis-
ing and, only subsequently, to unite the elements, be-
cause the reversible connections have parts with inter-
stices that affect the galvanisation. In each case, the 
holes for subsequent bolting have to be made prior to 
galvanising. It is also improper to weld elements that 
have already been galvanised, because with the high 
temperatures of welding, the zinc coating emits zinc 
oxide that adversely affects the possibility of connec-
tion and endangers the health of the operator. Finally, 
the assembly must take place between elements that 
have undergone the same treatment to avoid a differ-
ent degradation during the life of the product. In fact, 
the less durable that one of the elements is, triggers 
corrosive processes in the elements, which would oth-
erwise have a greater durability. It is not appropriate 
to assemble already galvanised elements with non-
galvanised elements.

In the case of reuse of an element, as well as the degrada-
tion and the environmental conditions of reuse, it is ap-
propriate to optimise the durability through construction 
methods also evaluated through the comparison to the 
reversibility of the system. 

For example, in reference to the protection of the interstic-
es, the legislation favours the welding connection to pre-
vent corrosion, contrary to ensuring the reversibility of the 
system that is encouraged by the connection with bolting. 
Therefore, the technician must choose the type of con-
nection referenced to the environmental conditions, the 
preventive treatments and the nominal life of the building.
The temporary or permanent nature of the building sig-
��wV>�Ì�Þ���yÕi�ViÃ�Ì��Ã�V���Vi°����v>VÌ]��v�Ì�i������>����vi�
is less than or equal to 10 years, it will be more conveni-
ent to use reversible connections, which enables us to pre-
dict in a limited time, the hypothetical reuse of elements. 
Otherwise, if the building has a nominal life greater than 
10 years, the assessment must be made by taking into 
account the environmental conditions and the speed of 
deterioration that the elements undergo, i.e. taking into 
>VV�Õ�Ì�Ì�i���yÕi�Vi��v���ÌiÀÃÌ�ViÃ����Ì�i�V�ÀÀ�Ã����À>Ìi°�
/�i�iÛ>�Õ>Ì���� Ã��Õ�`�Li��>`i� Ì�� V��Ã�`iÀ� Ì�i� Ã«iV�wV�
period of time that the impact of maintenance interven-
Ì���Ã�Üi�`��}��À�L��Ì��}®�Ü�����>Ûi�>�`�>``��Ì�Ì���ÌÃ�i�`�
of-life impact. However, the end-of-life scenarios of each 
element have to be programmed, already in the planning 
phase, to take into account the impact of welds on the 
mode of reuse and consider the convenience of cutting 
the welded points or recycling the whole element.

Incorrect welding
for the presence of interstices

Correct welding
operative steps:
£c�Üi�`��}�Óc�}>�Û>��â��}

Incorrect bolting
operative steps:
£c�L��Ì��}]�Óc}>�Û>��â��}

Correct bolting
operative steps:
£c�}>�Û>��â��}]�Óc�L��Ì��}
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NOTES

1. Tectonica n.18, Rehabilitación, “Intervenir en arqui-

tecturas portantes”,  Ramos Galino F.J., Ramos Sanz 

A.

2. The size of the comparative images related to levels 

of corrosion are  15x14 cm 

3. ISO 12944-5: 2007, “Paints and varnishes -- Corrosion 

protection of steel structures by protective paint sys-

tems -- Part 5: Protective paint systems.”

4. Breevort G.H., Roebuck A.H., “A Review and Update 

of the Paint and Coatings Cost and Selection  Guide”, 

Corrosion Performance, 1993

5. '0�+51���������������p2TGRCTCVKQP�QH�UVGGN�UWDUVTCVGU�
before application of paints and related products 

-- Surface preparation methods -- Part 3: Hand- and 

power-tool cleaning.”

6. ISO 8501-1: 2007, “Preparation of steel substrates 

before application of paints and related products -- 

Visual assessment of surface cleanliness -- Part 1: Rust 

grades and preparation grades of uncoated steel sub-

strates and of steel substrates after overall removal of 

previous coatings.”

7. It refers only to the tests that can be performed on 

site. For tests that have to be performed in a labora-

tory/plant, please refer to the indication of the legis-

NCVKQP��#NUQ��VJG�XGTKƂECVKQP�QH�VJG�RTGUGPEG�QH�UCNVU��
dust and grease is usually made when the element 

must resist corrosion in high-risk conditions (immer-

sion in water, and contact with the ground). In other 

cases, a visual analysis is done exclusively.

8. #RRNKECVKQP�D[�URTC[KPI�C�WPKHQTO�EQCVKPI�
������ŞO�
FT[�ƂNO��CHVGT�CDTCUKXG�DNCUVKPI�CV�URGGFU�QH�����OG-

tres per minute – ISO 12944- 5:2007.

9. The standard ISO 12944-5 provides reference tables 

with case history, which allow the choice for the type 

of paint, and to locate the required thickness, and 

number of layers, according to class of corrosivity and 

required durability.Also, in case of temporary treat-

ment for prefabrication primers, it is also possible to 

evaluate the compatibility with paint overlay.

10. ISO 12944-4: 1998 “Paints and varnishes -- Corrosion 

protection of steel structures by protective paint sys-

tems -- Part 4: Types of surface and surface prepara-

tion.”

11. Schulitz  Sobek H., “Atlante dell’Acciaio”, UTET, To-

rino, 1999, pag. 110

12. ISO 8501-1 2007 for unpainted surfaces e ISO 4628 

1-6: 2003 for painted surfaces

13. UNI EN ISO 9223: 2012, “Corrosione dei metalli e 

NQTQ�NGIJG���%QTTQUKXKV¼�FK�CVOQUHGTG���%NCUUKƂEC\KQPG��
determinazione e valutazione.”/ UNI EN ISO 12944-

1-8:2001, “Pitture e vernici- Protezione dalla corro-

sione di strutture di acciaio mediante verniciatura.”

14. UNI EN ISO 12944-5: 2008, “Pitture e vernici - Pro-

tezione dalla corrosione di strutture di acciaio medi-

ante verniciatura - Parte 5: Sistemi di verniciatura pro-

tettiva.”, Annex A.tavola A.1., Sistema n.A1.05

15. ISO 12944-3:1998, “Paints and varnishes -- Corrosion 

protection of steel structures by protective paint sys-

tems -- Part 3: Design considerations.”

16. ISO 1461:2009, “Hot dip galvanized coatings on fab-

TKECVGF�KTQP�CPF�UVGGN�CTVKENGU����5RGEKƂECVKQPU�CPF�VGUV�
methods” - ISO 14713:2009, “Zinc coatings -- Guide-

lines and recommendations for the protection against 

corrosion of iron and steel in structures”.





PHASe 5_ exPerImentAL Project PHASe.
   endogenouS And exogenouS reuSe In L’AquILA. 

/�i� wvÌ�� «�>Ãi� V��Ã�ÃÌÃ� ��� >�� iÝ«iÀ��i�Ì>�� «À��iVÌ�
considering the city of L’Aquila.
The sustainability of reconstruction is tied in primis to 
the attention placed to preserve the integrity and correct 
separation of materials in the demolitions. In secundis, it 
is tied to the integration between local production and 
reuse of materials in building restoration projects or in the 
structures functional to them.
The materials/components, as characterized above, are 
ÕÃi`�v�À�`iw���}�V��ÃÌÀÕVÌ�Ûi�ÃÞÃÌi�Ã�Ü�Ì��>���}��`i}Àii�
�v� ÀiÛiÀÃ�L���ÌÞ� >�`� yiÝ�L���ÌÞ� Ì�>Ì� V>�� Li� ÕÃi`]� Ì�À�Õ}��
V�>�}iÃ� �v� vÕ�VÌ���>�� �>ÞiÀÃ� Ì�� `iw�i� LÕ��`��}Ã� v�À�
ÃÕ««�ÀÌ��}� Ì�i� ÀiV��ÃÌÀÕVÌ���°-«iV�wV>��Þ]� Ì�i� i�i�i�ÌÃ�
resulting from selective demolitions, can be used in 
Ã>�i� Þ>À`� v�À� ÀiV��ÃÌÀÕVÌ���� i�`�}i��ÕÃ� ÀiÕÃi®� Ü�Ì��
temporary or permanent function, or outside for temporary 
V��ÃÌÀÕVÌ����ÃiÀÛ��}�Ì�i�V���Õ��ÌÞ�iÝ�}i��ÕÃ�ÀiÕÃi®°
The temporary endogenous reuse is aimed at the 
preparation of site facilities providing, according to the 
type of the elements, the construction of scaffolding or 
V��ÃÌÀÕVÌ����ÃiÀÛ�ViÃ��vwViÃ]�`ÀiÃÃ��}�À���Ã]�iÌV°®°
The elaborate theories are tested by assuming the reuse 

of materials arising from safety systems put in place at the 

�Û�V��ÕÃiÕ���v�->�Ì>��>À�>�`i��,>VV��>�`>Ì�� Ƃ+®�v�À�
the construction of site facilities in a common area that can 
be used for the reconstruction of the nearby aggregates.
The permanent endogenous reuse; however, consists in 
the stable insertion of components in the reconstruction 
project. Through schemes, we describe the hypothesis 
aimed at improving technological or structural systems 
of the building where the reconstruction phases of 
processing, the type of reused elements and possible 
Û>À�>Ì���Ã�>Ài��`i�Ì�wi`°
The exogenous reuse, instead, is aimed at building 
ÃÌÀÕVÌÕÀiÃ�ÃiÀÛ��}�Ì�i�V���Õ��ÌÞ]�Ì�>��Ã�Ì�i�`iw��Ì�����v�
building systems in order to respond to varying needs by 
integrating elements that derive from selective demolitions 
with materials produced in the local supply chain. One 
of the possible applications consists of the construction 
v�À� ��}�iÀ� ivwV�i�Ì� ��ÕÃ��}� ��`Õ�iÃ� Ì�>Ì� }Õ>À>�Ìii�
comfortable conditions comparable to those of stable 
houses, which can be used to accommodate the residents 
of the buildings, where the recovery interventions are 
being made.
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8 _ THE TERRITORY OF L’AQUILA:
      HYPOTHESIS OF DEvELOPMENT

8.1 _Promoting the local supply chain

The environmental methodology is founded on the control 
and evaluation of complex relationships in a multidiscipli-
nary perspective that analyses the system as a whole with 
Ì�i�>���Ì���`i�Ì�vÞ�ÃÕÃÌ>��>L�i���`i�Ã��v�Ã«iV�wV�>««��V>-
tion, which aim to achieve environmental balance.
>V��ÌiÀÀ�Ì�ÀÞ]�iÛ>�Õ>Ì��}��ÌÃ�Ã«iV�wV�Ì�iÃ�>�`�ÀiÃ�ÕÀViÃ�>Ì�
a cultural and productivity level), on the basis of interna-
Ì���>��}Õ�`>�Vi]��`i�Ì�wiÃ�Ì�i�«À��À�ÌÞ�«���V�iÃ��v�`iÛi��«-
ment and establishes the modalities of implementation 
and dismantling.
The local supply chain is a set of production-distribution- 
V��ÃÕ�«Ì����V��w}ÕÀ>Ì���Ã�Ì�>Ì��i�«�Ì��Ài`ÕVi�Ì�i�iV�-
nomic and environmental costs by reducing the number of 
stages and the development of the same in a limited terri-
tory. The impact of the transport decreases both from the 
place of sourcing of raw materials to the place of produc-
tion and by the latter to the place of sale and product use.
The strong link of this supply chain with the territory en-
courages the promotion of the resources present in it and 
the development of local economies that encourage eco-
nomic well-being and promote the direct relationship be-
tween producer and consumer.
Therefore, the concept of the short supply chain involves 
three dimensions: geographical proximity, which meas-
ures the physical distance between producer and con-
sumer, the social proximity that introduces a modality of 
communication between producer and consumer and the 
economic proximity, which guarantees the development 
of the process in the territory.1

The short supply chain today collides with the effects of 
globalisation, with the presence of markets without bor-
ders, where the relationship with the place is lost in the 
uniformity and standardisation of the products.

In the construction we are witnessing the homogenisation 
of the construction techniques and the materials related to 
them, in particular to the use of reinforced concrete and 
ÃÌii������Û>Ì����>�`�>LÕÃi��v�ÓäÌ��Vi�ÌÕÀÞ®�Ì�>Ì��>Ûi�Ài-
sulted in urban agglomerations without recognition. 
The relationship between being ordinary and being anon-
ymous has, in fact, matured in the pre-industrial era as a 
result of the standardisation of components and factory 
elements.                 
The introduction of the “machine for living”, the serial 
reproduction of the building organism, on the one hand 
responded to the post-war shortages of buildings and, 
on the other hand, has disrupted the relationship with the 
place. The use of new materials combined with the sim-
«��wV>Ì�����v�ÌÀ>�Ã«�ÀÌ��>Ã���ÌÀ�`ÕVi`�>��iÜ�Ü>Þ�Ì��LÕ��`]�
which is not conditioned by the effective availability of the 
material in the territory, apparently, universally valid, but it 
is ordinarily impersonal.
A constructive ordinariness that in support of a standard-
�Ãi`�Ã��«��wV>Ì�����>Ã�v�À}�ÌÌi��Ì�i�Ã«iV�wV�ÌÞ��v�Ì�i�ÌiÀÀ�-
tory and the identity of its users.
The development of local supply chains and their strong 
ties with the territory is set up as an instrument of return 
and evaluation of the identity of the place thanks to its 
potential and excellence. It needs to rethink the construc-
tion industry in terms of function for the resources actually 
present in the territory, which make the architecture rec-
ognisable through the choices of materials, technologies 
and techniques that minimise the environmental damage 
and optimise economic spending. By making the ordinary 
>ÀV��ÌiVÌÕÀi��v�>� Ã«iV�wV�«�>Vi� ÀiV�}��Ã>L�i� Ì�À�Õ}�� Ì�i�
implementation of traditional constructive techniques and 
the enhancement of materials/components that come from 
the territory and return to it, it is possible to contribute 
to the development of identity in the territory. Therefore, 
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the local supply chain has a decisive role in overcoming 
the anonymity that involves the post-war building, which 
is also a means to overcome the economic crisis and the 
depopulation of the smaller villages.
The reduction of impact of transport from the sustainability 
of the local supply chain also involves a change of con-
ception in the industrial process. Traditionally, the latter 
subtracts raw materials from the environment and returns 
waste and scrape, according to an open cycle of input/
output that produces numerous amounts of environmental 
damage. In particular, the construction sector, as previous-
�Þ����ÕÃÌÀ>Ìi`]�V��ÌÀ�LÕÌiÃ�Ã�}��wV>�Ì�Þ�Ì��Ì�i�«À�`ÕVÌ�����v�
waste. The development of a local supply chain that comes 
from the territory and arrives to the territory according to a 
closed cycle model, actually, contributes to sustainable de-
Ûi��«�i�Ì°�/�>��Ã����Þ�Ì��Ì�i�`iÌiÀ���>Ì�����v�V��w�i`�
areas for action, even if perfectly integrated, it is possible, 
in fact, to create an exchange network between the pre-
dominant centrality and to implement strict control at all 
stages of the process, which ensures the achievement of 
Ì�i��`i�Ì�wi`��L�iVÌ�ÛiÃ°
/�i�V��Ãi`�VÞV�i���`i��ÌÀ>�Ãv�À�Ã�Ì�i�w�>��«À�`ÕVÌ��v�>�
life cycle, i.e. the waste, in the initial matter of a new life cy-
cle, according to a system present in nature that does not 
produce waste, but simply creates repeatable closed cy-
cles that feed in progression. As traditionally understood, 
this conception also brings with it a transformation of the 
resource concept.
/�i�ÀiÃ�ÕÀVi��Ã�`iw�i`�>Ã�º>�Þ�Ã�ÕÀViÃ��À��i>�Ã�ÃiÀÛ��}�
to provide help, assistance or support especially in situa-
Ì���Ã��v��iViÃÃ�ÌÞ»�/ÀiVV>��®�>�`�>Ã�ºÌ�i�>Û>��>L�i��i>�Ã�
Ì�>Ì�V>��LÕ��`�>�Ã�ÕÀVi��v� ��V��i��À�Üi>�Ì�»�<>��V�i���®°�
When discussing the territory resources, a person generi-
cally refers to the resources coming from nature or from 
human intervention on nature. Instead, from a develop-
ment perspective of closed cycles of matter, the wastes of 
a cycle are a resource for the cycle that derives from it, be-
cause they produce a gain in economic and environmental 
terms. The concept of waste and the one as a resource 
are, therefore, a contact point for positive impact on the 
territory.
Therefore, the creation of a local supply chain that enhanc-
es the waste product resources in the same territory, is an 
extremely sustainable operation, as it combines the geo-
}À>«��V>�]�iV�����V�>�`�Ã�V�>��«À�Ý���ÌÞ�Li�iwÌÃ]�Ü�Ì��Ì�i�
reduction of environmental impact caused by the slightly 
virtuous end-of-life scenarios related to the same territory.
It should be remembered then that the impact of the local 
supply chain is not universally valid, but that it depends 
���Ì�i�V��w}ÕÀ>Ì����>�`�Ì�i�Ü>Þ� ���Ü��V��Ì�iÞ�>Ài�V��-
structed and relate with the involved subjects involved in 
the territory of reference.2

The post-earthquake reconstruction in L’Aquila is an op-
portunity for the regeneration of the territory through the 
ÀiµÕ>��wV>Ì���� �v� Ì�i� LÕ��`��}Ã� >�`� Ì�i� `iÛi��«�i�Ì� �v�
new leading economies thanks to the implementation of 
a local supply chain. As previously described, at present, 
there is a major problem related to the end-of-life sce-
narios of the materials/components that constituted the 
systems of safety, with resulting logistical, economic and 

environmental challenges for the community. These mate-
rials from a perspective of implementation of the local sup-
ply chain and creation of closed cycles of the matter are a 
“0 metre” resource. They are the input of a new life cycle, 
which sees the reuse. They may be reused as elements 
to be included in the reconstruction project or as compo-
nents for the realisation of constructive systems, which act 
as preparation for the supporting structures in the recon-
ÃÌÀÕVÌ���� Ã�Ìi� ÃiÀÛ�ViÃ]� Ìi�«�À>ÀÞ���ÕÃ��}]�iÌV°®°�/�i�>Ã-
sumption of reuse is the selective demolition of the safety 
systems that guarantees the integrity of the elements and 
the homogeneity of material.
In their reuse, the materials/components that come from 
the selective disassembly of safety systems may be in-
tegrated with materials that come from the short supply 
chain of Abruzzo. Such integration allows for the whole 
process to stay in a local area, which stimulates the mar-
ket’s input and output with new progressive processes.
In Abruzzo, low-tech cycles that enhance the waste can be 
potentially developed: the stone resulting from the post-
earthquake rubble, the sheep wool as a product of animal 
industry, straw as residue from the harvest of cereals and 
wood as a product of forest 3, 4 .

8.2 _Procedure for reuse

The proposed procedure for reuse includes the introduc-
tion of the reuse process for the materials/components 
that constitute the safety systems within the local supply 
chain of enhancement of waste in the Abruzzo region.
In particular, the route follows a logical progression where 
the process of reconstruction is intertwined with the pro-
cess of reuse of the elements. Once the building under re-
V��ÃÌÀÕVÌ�����Ã��`i�Ì�wi`]�Ì�i�ÃÕVViÃÃ�Ûi�ÃÌi«��Ã�Ì��>�>�ÞÃi�
Ì�i�Ã>viÌÞ�ÃÞÃÌi�°�/�i�>�>�ÞÃ�Ã��Ã�«ÀiÛi�Ì�Ûi]��>�i�Þ�w�>�-
�âi`�Ì��`iÌiÀ���i�Ì�i�V�>À>VÌiÀ�ÃÌ�VÃ��v�Ì�i�ÃÞÃÌi��ÀiÛiÀÃ-
ibility and deterioration) and the disassembly modalities 
that guarantee the integrity of the reusable elements.
The stages of the preventive assessment include:
U� V�>ÃÃ�wV>Ì���� �v� Ì�i� Ã>viÌÞ� ÃÞÃÌi�Ã]� �`i�Ì�wV>Ì���� �v�

their function and the basic elements;
U� �`i�Ì�wV>Ì�����v�Ì�i��>ÌiÀ�>�Ã�>�`�Ì�i�À�V�>À>VÌiÀ�ÃÌ�VÃÆ
U� analysis of the type of connection and the reversibility 

of the system;
U� visual qualitative analysis of the deterioration and 

�`i�Ì�wV>Ì�����v�Ì�i�i�i�i�ÌÃ�Ì�>Ì�`����Ì��>Ûi�>�ÃÕv-
wV�i�Ì�ÀiÃ�`Õ>��«iÀv�À�>�Vi�v�À�ÀiÕÃiÆ

U� `iw��Ì���� �v� `�Ã�>�Ì���}� �iÌ��`Ã� Ì�>Ì� `i«i�`� ���
the function of reversibility for the connections and 
residual performance of the elements.

After these stages, we proceed to the progressive disman-
tling of the safety system.
In most cases, since the safety systems perform to a struc-
tural function, the dismantling takes place in a progressive 
way, with the implementation of the actions for structural 
reinforcement.
After dismantling, the part of the elements that are ana-
�ÞÃi`�Ì�À�Õ}��µÕ>��Ì>Ì�Ûi�>�>�ÞÃ�Ã�Ì�>Ì��>Ûi�Lii���`i�Ì�wi`�
as not satisfying to minimum necessary performance for 
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ÀiÕÃi�>Ài���Ìi�`i`�Ì��Li�ÀiVÞV�i`�Ü�i��«�ÃÃ�L�i®]�Ì��Ì�i�
ÀiV�ÛiÀÞ��v�Ì�i�i�iÀ}Þ�vii`ÃÌ�V���À�Ì��Ì�i��>�`w��°�"Ì�iÀ-
Ü�Ãi]�Ì�i�Ài�>����}�«>ÀÌ��Ã�ÃÕL�iVÌi`�Ì��>�`iw��Ì�Ûi�>ÃÃiÃÃ-
�i�Ì�w�>��âi`�Ì��`iw�i����`iÌ>���Ì�i�ÀiÃ�`Õ>��«iÀv�À�>�Vi]�
treatments and the reuse potential of the materials.
/�i�ÀiÃ�`Õ>��«iÀv�À�>�Vi]����v>VÌ]�V>��Li�`iw�i`�«ÀiV�Ãi�Þ�
only after the dismantling of the element because of the 
lack of visibility on all sides when they are at work. Also, it 
is impossible to measure some basic parameters for the 
assessment of the deterioration. Consider, for example, 
Ì�i�ÛiÀ�wV>Ì�����v�ÃÌÀ>�}�Ì�iÃÃ]�ÃÞ��iÌÀÞ]�L�Ü��}�>�`�«iÀ-
«i�`�VÕ�>À�ÌÞ� ��� Ì�i�V>Ãi��v� ÃÌii��«À�w�iÃ� Ì�>Ì� V>���Ì�Li�
carried out on the installed element.
Likewise, in the case of assessing the wooden elements 
for structural reuse, even in Italy where it is possible to 
perform the visual grading of the elements on buildings 
1 ��££££�\Óää{�	i���VÕ�ÌÕÀ>��°��>�Õv>ÌÌ����}�i�°�-ÌÀÕÌÌÕÀi�
«�ÀÌ>�Ì��`i}���i`�wV�°��Ã«iâ���i����Ã�ÌÕ�«iÀ��>�`�>}��Ã��`i}���
elementi in opera. --- Cultural heritage. Wooden artefacts. 
Load-bearing structures - On site inspections for the di-
agnosis of timber members) as well as present the most 
restrictive parameters than the visual grading effected 
with grains condition of visibility of the element, it requires 
more time and higher costs due to the need to measure 
Ì�i�Ü�À��`iviVÌÃ��v�Ì�i�i�i�i�ÌÃ��ii`Ã��v�VÀÕÃ��L>ÀÀ�iÀÃ]�
use of forklifts, manual relief of defects, etc.). 
Therefore, it is believed to make a qualitative assessment 
of the deterioration when the safety system is still mount-
i`]�>��i`�Ì���`i�Ì�vÞ�Ì�i�i�i�i�ÌÃ�Ì�>Ì�`iw��Ìi�Þ�`����Ì�
«ÀiÃi�Ì�ÃÕvwV�i�Ì�V��`�Ì���Ã�v�À�ÀiÕÃi�>�`�Ì�>Ì��>�i���Ài�
detailed assessments of the deterioration and residual 
performance after dismantling.
/�i�«�>ÃiÃ��v�w�>��>ÃÃiÃÃ�i�Ì�>Ài\
U� analysis of the residual performance through direct 

measurement on the element;
U� �`i�Ì�wV>Ì�����v�Ì�i���`>��ÌÞ�«�Ìi�Ì�>��v�À�ÀiÕÃi��v�Ì�i�

elements;
U� �`i�Ì�wV>Ì�����v�ÀiV��`�Ì�����}��«iÀ>Ì���Ã�Ì�>Ì�Ì�i�i�-

ements must undergo as a function of reuse.
/�i�ÀiÃÕ�Ì��v�Ì�i�w�>��>ÃÃiÃÃ�i�Ì�>���ÜÃ�Ì�i�i�}��iiÀ�Ì��
identify a part of the elements that cannot be reused be-
cause it does not meet the minimum performance; there-
fore, they are used for other end-of-life scenarios, which 
are a part of elements that meet the minimum perfor-
mance of reuse.
For each element, it is possible to know the performance 
level at the moment of dismantling, the possible treat-
ments and the achievable potential performance level. 
This process creates a system of information that makes 
Ì�i� «�ÃÃ�L�i� ��`>��Ì�iÃ� �v� ÀiÕÃi� >Û>��>L�i� ��� >� Ã«iV�wV�
«�>Vi�>�`�Ì��i°�/Ü��«�ÃÃ�L�i�Ü>ÞÃ��v�ÀiÕÃi�>Ài��`i�Ì�wi`\�
endogenous reuse and exogenous reuse5.
Endogenous reuse gradually takes place within the recon-
struction site with the progressive dismantling of the safety 
system. Depending on the type of safety system and the 
deterioration level, it is possible to identify the following 
modalities of reuse:
U� the insertion of the components in the reconstruction 

project, aimed at the adjustment/improvement of the 
structural part, technical implants, technological part 

>�`� Ì�i� Ài`iw���}� �v� ��ÌiÀ�>�� Ã«>Ì�>��ÌÞ� «iÀ�>�i�Ì�
endogenous reuse);

U� the predisposition of temporary structures related to 
the construction of site service, such as scaffolding, 
�vwViÃ]� V>�Ìii�Ã]� ��V�iÀ� À���Ã]� iÌV°� Ìi�«�À>ÀÞ� i�-
dogenous reuse).

With permanent endogenous reuse, the performance of 
the elements must guarantee a durability equal to that of 
the building in which they are reused and an appropriate 
maintenance plan must be set up.
Under temporary endogenous reuse, a lower durability is 
required for the components, but at the same time, it is 
necessary to use constructive systems characterised by a 
high reversibility. Temporary endogenous reuse may also 
facilitate collaboration between the companies in the re-
construction through the provision of site areas to service 
more buildings, where the site services can be made with 
the elements that come from the selective demolition of 
the safety systems from the neighbouring buildings in the 
same area.
If the materials/components that constitute the safety sys-
tems are reused in a temporary way, when their life cycle 
is completed, the function of the residual performance will 
again be reused with this function in neighbouring sites 
or alternately, serve other purposes within the community. 
After the disassembly, a selection of the components that 
reach the minimum potential for the reuse will have to be 
made again and, eventually, they will have to be replace, 
as the damaged elements may be reached the point of 
�>Û��}�Ì��Li�>ÃÃ�}�i`�Ì���Ì�iÀ�i�`��v���vi�ÃVi�>À��Ã�ÀiVÞ-
V���}]�ÀiV�ÛiÀÞ��v�Ì�i�vii`ÃÌ�V��i�iÀ}Þ�>�`��>�`w��®°
Consider, for example, a construction system that presents 
a structure of steel bearing and wood panelling.
The two materials have a different durability and function 
�v�Ì�i�i�Û�À���i�Ì>��V�>ÃÃ��v�ÀiÕÃi°�ƂÌ�Ì�i�i�`��v�Ì�i�wÀÃÌ�
life cycle it will likely provide for the reconditioning or re-
placement of the wooden elements placed in the external 
covering.
Exogenous reuse, instead, takes place outside the recon-
ÃÌÀÕVÌ���� Ã�Ìi�>�`� �Ì� �Ã���Ì� Ã«iV�wV>��Þ�L�Õ�`� Ì�� Ì�i�«À�-
gression of selective deconstruction of the safety systems. 
The components derived from them can be used in the 
��V>��>Ài>�Ü�Ì����£ää���®�v�À�Ì�i�V��ÃÌÀÕVÌ�����v�Ìi�«�À>ÀÞ�
structures, which house the functions related to the com-
�Õ��ÌÞ�ÃV����Ã]��vwViÃ]�ÀiÃ�`i�ViÃ]�iÌV°®��À�v�À�Ì�i�`iw��-
tion of temporary structures in the service of neighbouring 
sites where the disassembly occurred.
The collapses occurred diffusely in the buildings in L’Aquila 
give room to reconstruction interventions through con-
trolled accretions and the critical development of the su-
perfetations that have determined the expansion of many 
Italian historic centres. In contrast to the “historic super-
fetations” that derive simply from increasing the family 
nucleus, the controlled superfetations are constituted as 
elements of energetic-technological renewal and, at the 
same time, the spatial variation. Therefore, the resulting 
building structure must be congruent with the needs from 
a historical, typological and technological point of view 
and must present construction characteristics that enable 
reversibility, in order to allow the adaptation of the build-
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ing to the changing boundary conditions. 
Compared to the destinations of use, the projected build-
ing systems should ensure variable performance.
Therefore, the integration of the materials deriving from 
the disassembly of the safety systems with the local sup-
ply chain materials promotes the compliance of variable 
requirements and allows to company to overcome any 
Ã��ÀÌV����}Ã� ��� ÌiÀ�Ã� �v� µÕ>�Ì�ÌÞ� v�À� Ã«iV�wV��>ÌiÀ�>�Ã°�
Consider, for example, the failure in quantitative terms be-
ÌÜii��Ì�i�>Û>��>L���ÌÞ��v�Ü��`i���>ÌiÀ�>�Ã�¯�����À®�>�`�
ÃÌii��i�i�i�ÌÃ�¯��>��À®�ÀiÃÕ�Ì��}�vÀ���Ì�i�`�Ã>ÃÃi�L�Þ��v�
safety systems. In the reuse operations, the wooden ele-
�i�ÌÃ�«ÀiÃi�Ì�>�}Ài>ÌiÀ�Û>À�>L���ÌÞ�>�`�yiÝ�L���ÌÞ�v�À�ÀiÕÃi]�
and are, therefore, in greater demand. In the case of short-
age, they will be integrated through components resulting 
from the assessment of the regional forests.  
Similarly, the absence of reusable materials for insulat-
ing purposes, will be compensated by the integration of 

sheep wool panels, where the waste comes from sheep 
farms. With this type of reuse, the integration between the 
needs of the place in terms of infrastructures and hous-
ing shortages and the availability of the materials and the 
reachable performance is fundamental. 
Ƃ����Ìi}À>Ìi`�>ÃÃiÃÃ�i�Ì�Ì��i�ÃÕÀi�Ì�i�vÕ�w��i�Ì��v�Ì�i�
needs must be performed in order to optimise the envi-
ronmental and economic costs. When the elements have 
ended their life cycle, it will again be necessary to make, 
in a cyclical way, evaluations relative to minimum perfor-
mance and to the potential performance, as well as to 
identify the opportunity of further reuse or to predict end-
of-life scenarios with less virtuous variables in function of 
the deterioration level. The endogenous reuse is therefore 
to “0 metre,” while the exogenous reuse is to “0 km.” 
Both help to encourage local sustainable development.
In schematic form, the process of the described reuse is 
shown below.
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8.3 _Project of construction systems 
        with reused elements    

The design of construction systems with reuse elements 
that come from selective demolitions of safety systems 
aims to identify the possible modes of reuse, while at the 
same time, to raise awareness among companies and the 
public administration to the potential that they present. 
As previously described, if needed materials are not ob-
Ì>��>L�i�vÀ���Ãi�iVÌ�Ûi�`i����Ì���Ã]�Ì�iÞ�Ü����Li��`i�Ì�wi`�
within the local supply chain, with the purpose to trigger 
virtuous processes of territory regeneration.
/�i�`iw��Ì�����v�V��ÃÌÀÕVÌ�Ûi�ÃÞÃÌi�Ã�>���ÜÃ�Ì�i�V��«>-
nies, in function of the quantitative and qualitative avail-
ability of the materials/components that come from the 
disassembly of safety systems, to reuse them according to 
different modalities.
The variability of boundary conditions and regulatory re-
quirements for the building structures in function of use 
��Ìi�`i`�ÕÃi]��ii`Ã���}��Þ�yiÝ�L�i�ÃÞÃÌi�Ã�Ì�>Ì�>���Ü�Ì�i�
simple integration of functional stages.
/�i� yiÝ�L���ÌÞ� >�`� >`>«Ì>L���ÌÞ� �v� Ì�i� «À��iVÌi`� ÃÞÃÌi�Ã�
encourage the enterprise to reuse in different circumstanc-
es, which increases the life cycle of the materials and, con-
sequently, decreases the environmental damage. 
Also, the designed construction systems exclusively pre-
sent reversible connections that facilitate both a temporary 
use and the maintenance of stable use. Even if they are 
composed of reusable materials, the connection elements 
L��ÌÃ]��>��Ã�LÀ>V�iÌÃ]�>�V��À�iÃV>À«�i�ÌÃ]�iÌV°®�Ü����Li]����
most cases, new products. 
Excluding the tube-clamp system and the multidirectional 
system, the number of connectors present in a safety sys-
tem is less than the number of connectors required for the 
assembly of a site service, because they present a different 
structural step, along with deterioration problems and a 
different structural sizing of the connections.
Depending on the deterioration of the available materials, 
the enterprise will have to perform reconditioning treat-
ments. Sometimes the execution of such treatments could 
eliminate the economic convenience to reuse. Therefore 
Ì�i�ÀiÛiÀÃ�L���ÌÞ]�>`>«Ì>L���ÌÞ�>�`�yiÝ�L���ÌÞ��v�Ì�i���`�Û�`-
ual systems, in addition to responding to the variability of 
needs, represent an incentive for reuse to the enterprise. 
The investment made by the enterprise to perform the 
reconditioning operations or to adapt/improve the com-
ponents. It is cushioned by the possibility of reuse of the 
architectural organism for both the short and long term, 
through the simple variation of the positioning of the ele-
ments in the building system or by the addition of further 
elements that do not entail substantial changes in the al-
Ài>`Þ�`iw�i`�V��ÃÌÀÕVÌ�Ûi�ÃÞÃÌi�°�
/�i� v����Ü��}� `iÃVÀ�LiÃ� Ì�i� `iw��Ì���� �v� «�ÃÃ�L�i� V��-
structive systems, virtuous from a technological point of 
view, thanks to their environmental comfort and sustain-
ability and indicate the possible variables needed to re-
spond to changing boundary conditions. 
Given the multiplicity of variables, the analysed construc-
tion systems are not exhaustive, but provide guide lines 
Ì�>Ì��>Þ�>�Ã��Li�ÕÃi`�Ü�Ì��V�>�}i�`�VÌ>Ìi`�LÞ�Ì�i�Ã«iV�wV�

V>Ãi�«Ài�`iÃ�}���v�ÃÌÀÕVÌÕÀ>��i�i�i�ÌÃ]�V���Vi��v�Ì�i�ÌÞ«i�
of connection, variation of used materials in function of the 
availability, etc.).

The technological, thermo-hygrometric and 
environmental assessments
��À� i>V�� �`i�Ì�wi`� V��ÃÌÀÕVÌ�Ûi� ÃÞÃÌi�]� ÌiV�����}�V>�]�
thermo- hygrometric and environmental assessments were 
carried out.
The technological assessment takes into account the prior-
ity requirements in the temporary works, such as:
U� reversibility, understood as the possibility to go back 

over the constructive process,
U� yiÝ�L���ÌÞ]�Õ�`iÀÃÌ��`�>Ã�Ì�i�V��ÃÌÀÕVÌ�Ûi�>�`�`��i�-

sional predisposition to variation,
U� time of assembly/disassembly, understood as the 

elapsing time between the start and end of the as-
sembly/disassembly,

U� ease of assembly /disassembly, understood as the im-
mediacy of the connection/separation of the parts of 
the system between them.

From a perspective of sustainability and cost optimisa-
tion, these requirements are considered essential even in 
the case of stable work. It is apparent that in the case of 
temporary works it deals with inherent and essential re-
quirements. However, in stable work are requirements to 
increase the quality of the building structure.  
From a constructive point of view, due to these require-
ments, the parts of the system can be connected together, 
even when they present a substantially different structure. 
This opportunity allows us to create variable construction 
systems as a function of the availability of the materials/
components at the construction site and in function of 
their deterioration level. In many cases, in fact, the safety 
systems are made by different systems that present a vari-
able deterioration in function to the type of material, but 
also by their exposure to atmospheric agents.
7�i�� V���iVÌ���Ã� Ü�Ì�� ÃVÀiÜÃ� >Ài� «ÀiÃi�Ì� �°i°� ��� ��ÃÌ�
cases in presence of wooden elements), it is necessary to 
take into account that at each life cycle, a progressive de-
terioration of the tightening support will follow. It is esti-
mated that in the case of wooden elements, the maximum 
numbers of cycles of screwing for the connection system 
functionality is equal to 5. When the screw no longer en-
sures a tighter grip because of the deterioration, it will be 
necessary to change the screwing point or the wooden 
support.
The assessment of the thermal-hygrometric comfort is 
made by calculating the thermal transmittance of factory 
elements and identifying the surface and interstitial pres-
ence of condensation. In some cases, interstitial conden-
sation is present. This case is ignored when it assumes a 
temporary destination of the system and favours a build-
ing structure made almost entirely by reused materials with 
reversible connections. Between the operating cycles of 
the structure, an intervention of routine maintenance on 
the elements aimed at restoring the initial performance 
can be performed.
If the structure is used for a period of time greater than 
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that conventionally estimated for temporary constructions, 
a vapour barrier will have to be inserted, which helps to 
limit condensation.
Generally the vapour barrier needs adherence to a rigid 
support. Therefore, it is placed down by gluing or using 
adhesive strips, a factor that negatively affects its reuse 
and sometimes the reuse of the support. The insertion of 
the vapour barrier is recommended, especially in the case 
in which the constructive element is isolated, with the aim 
to avoid the deterioration of the insulation because of the 
condensation. With the insertion of a vapour barrier, its 
impact must also be considered in the environmental as-
sessment.
In the end, the environmental assessment is carried out 
ÕÃ��}� Ì�i� �
Ƃ� ��vi� 
ÞV�i� ƂÃÃiÃÃ�i�Ì®� �iÌ��`]� Ü��V��
enables us to analyse the environmental implications of 
a product, during each phase of the life cycle, “from the 
cradle to the grave”, including the extraction and the pro-
cessing of raw materials, the manufacturing stage, trans-
port, distribution, usage, any possible global or partial us-
>}i]�V���iVÌ���]�ÃÌ�À>}i]�ÀiV�ÛiÀÞ�>�`�Ì�i�w�>��`�Ã«�Ã>���v�
their waste.
The cultural approach that led to the assessment of the life 
cycle of a product, started between the 60’s and ‘70s, as 
a result of the energy, oil and environmental crisis, which 
hit all industrialised countries and led to a growing con-
cern for the exhaustion of fossil resources. The Midwest 
Research Institute set the stage of the actual methodology 
by investigating on behalf of Coca Cola Company the pos-
sibility for using alternative containers to glass bottles for 
beverages. The novelty of the method was not to assess a 
single productive process, as it had done until then, but to 
study the whole product.
During the 1980s, importance was given to the problem of 
solid waste and to soil deterioration, which consequently 
`iw�i`�Ì�i�V��Vi«Ì��v�ÃÕÃÌ>��>L�i�`iÛi��«�i�Ì]� ��V�Õ`-
��}� Ì�i� �
Ƃ��iÌ��`°� -��i� ÃV�i�Ì�wV� ��`�V>Ì�ÀÃ� Ì�>Ì� >Ã-
sessed the possibility of recycling or reusing a product and 
that assessed the pollutant emissions in the production 
of the some product were used. The guide lines of this 
�iÌ��`�ÜiÀi�«ÕL��Ã�i`����Ã��i��>�Õ>�Ã� �>�Õ>���v��-
ergy Analysis by Boustead and Hancock). The 1990s inher-
ited the studies from previous years and deepened them 
Ì�À�Õ}�� Ì�i�7�À�`�
��}ÀiÃÃiÃ��v� Ì�i�-/Ƃ
� -�V�iÌÞ��v�
�Û�À���i�Ì>�� /�Ý�V���}Þ� >�`� 
�i��ÃÌÀÞ®]� Ü��V�� Õ��wi`�
the procedures. This process of standardisation of the 
method was developed in 1997 with the enforced entry of 
a reference standard. Under the standards, the LCA proce-
dure consists of four consecutive phases described below:
U� ��>��>�`�ÃV�«i�`iw��Ì�����-"�£{ä{ä\ÓääÈ�º�Û�À��-

mental management - Life cycle assessment - Princi-
«�iÃ�>�`�vÀ>�iÜ�À�»®]�V��Ã�ÃÌÃ����`iw���}�Ì�i��L�iV-
Ì�ÛiÃ]�Ì�i�wi�`��v�>««��V>Ì����v�À�Ì�i�ÃÌÕ`Þ]�Ì�i�Ài>Ã��Ã�
to conduct the study and the type of audience to 
which it refers. The elements that must be taken into 
>VV�Õ�Ì�>Ài\� Ì�i� vÕ�VÌ���>��Õ��ÌÞ�>�`�ÀiviÀi�Vi�y�Ü]�
the boundary of the product system, the quality re-
quirements of the initial data, the type and scheme of 
the requested report. The functional unity represents 
a measure of the performance of the input stream and 

output. The boundaries of the system determines the 
units of process that must be included and are de-
termined by numerous factors. The units of process 
��ÌiÀV���iVÌi`� LÞ� y�ÜÃ� �v� ��ÌiÀ�i`�>Ìi� «À�`ÕVÌÃ�
and/or by waste to be treated generate the system 
of products. 

U� ��vi�
ÞV�i���Ûi�Ì�ÀÞ��-"�£{ä{£\£��n�º�Û�À���i�Ì>��
management- Life Cycle assessment- Goal and scope 
`iw��Ì����>�`���Ûi�Ì�ÀÞ�>�>�ÞÃ�Ã�º®]�>��Ã�Ì����Ûi�Ì�ÀÞ�
and consider the data of input from the environment 
À>Ü� �>ÌiÀ�>�Ã]� i�iÀ}Þ� Ã�ÕÀVi]� }À�Õ�`]� Ü>ÌiÀ]� iÌV°®]�
Ì�i� ÃÞÃÌi�Ã� �v� «À�`ÕVÌÃ� >VµÕ�Ã�Ì���� �v� À>Ü� �>ÌiÀ�-
als, production, transformation, assembly, transport 
and distribution, usage and disposal), output to the 
iV�����V�ÃÞÃÌi��>�`�i�Û�À���i�Ì�>�À]�Ü>ÌiÀ�>�`�Ã����
emissions, etc. ). From a methodological point of view 
Ì�i�Õ��ÌÃ��v�«À�ViÃÃ�>Ài�`iw�i`����`iÌ>���>�`]�v�À�i>V��
one indicated, the categories of associated data de-
w�iÃ�Ì�i���«ÕÌ�>�`��ÕÌ«ÕÌ�y�ÜÃ�µÕ>�Ì�wi`�LÞ�i�iÀ}Þ�
units of measurement. The data can be collected di-
ÀiVÌ�Þ����Ì�i�wi�`�«À��>ÀÞ�`>Ì>®��À�`iÀ�Ûi`�vÀ���ÌiV�-
��V>����ÌiÀ>ÌÕÀi�ÃiV��`>ÀÞ�`>Ì>®°����Ì�i�ÃiV��`�V>Ãi]��Ì�
is important for those who draw up the LCA to have 
access to the model that is on the base of the con-
struction of the data used, in order to evaluate the 
responsiveness with the matter in question.

U� ��vi�
ÞV�i� ��«>VÌ� >ÃÃiÃÃ�i�Ì� �-"�£{ä{Ó\Óäää�º�-
vironmental management- Life cycle assessment- Life 
cycle impact assessment”), is the impact assessment 
that aims to point out the entity of environmental 
��`�wV>Ì���Ã�Ì�>Ì�>Ài�}i�iÀ>Ìi`�>Ã�>�ÀiÃÕ�Ì��v�Ài�i>Ãi�
��Ì��Ì�i�i�Û�À���i�Ì�i��ÃÃ���Ã�>�`�Ü>ÃÌiÜ>ÌiÀ®�>�`�
with the consumption of resources, the objective is to 
numerically express the value of the environmental im-
«>VÌ��v�Ì�i���vi�VÞV�i°�/�i�wÀÃÌ�ÃÌi«��Ã�Ì�>Ì�Ì��Ãi�iVÌ�>V-
cording to the chosen method, the impact categories 
of interest and indicators. The indicators can be on a 
global, regional and local scale. The inventory data 
should be included within the categories of impact. 
Each substance contributes in a different way to the 
same environmental problem; therefore, the input/
output data of a particular substance are multiplied 
by an equivalent factor of characterisations, so as to 
obtain the potential impact, such as the effect of a 
substance on the environmental problem considered. 
The obtained values can be normalized or divided for 
>�ºÀiviÀi�Vi�Û>�Õi»��À�º��À�>��ivviVÌ»� >ÛiÀ>}i�Û>�-
ues or limits imposed by the legislation). In this way 
it establishes the relative importance of each environ-
mental problem. In order to express the environmen-
tal impact in relation to a product, a single numeric 
value within the normalized data can be multiplied by 
the “weight factors” that express the criticality of each 
environmental effect. The added values provide the 
eco-indicator, that is a dimensionless numerical value 
Ì�>Ì�µÕ>�Ì�wiÃ�Ì�i���«>VÌ��v�Ì�i�ÃÞÃÌi�°

U� ��vi� 
ÞV�i� ��«À�Ûi�i�Ì� �-"� £{ä{Î\Óäää� ºi�Û�À��-
mental management - Life cycle assessment- Life cy-
cle interpretation”) consists in the interpretation and 
improvement with the aim to correlate the results of 
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the analysis of inventory and of the impact to point 
out the limits of the study and to propose recommen-
dations. From an operational point of view are the 
v����Ü��}� ÃÌi«Ã\� ÛiÀ�wV>Ì���� �v� V��«��>�Vi� LiÌÜii��
Ì�i��L�iVÌ�ÛiÃ�>�`� Ì�i� ÀiÃÕ�ÌÃ]� �`i�Ì�wV>Ì�����v��>���
aspects highlighted by the results of previous phas-
es, control through the variation of used parameters 
Ì��Ü>ÌV�� Ì�i�ivviVÌÃ���� Ì�i�w�>�� ÀiÃÕ�ÌÃ]� V��V�ÕÃ���Ã�
pointing out the limits of the study and recommenda-
tions.

�iÃ«�Ìi�Ì�i�ÀiµÕ�Ài`�ÃÌi«Ã�Li��}�`iw�i`]� �Ì� �Ã�Õ«�Ì��Ì�i�
designer to discern the weight to be attributed to each 
assessment to obtain a reliable result on the sustainability 
of the intervention.
The assessment of the impact was carried out according 
to the complex indicators of IPCCP 20076 and the indi-
cators from ReCiPe7°�/�i��*

*�ÓääÇ���ÌiÀ}�ÛiÀ��i�Ì>��
panel on Climate Change) method provides the results in 
ÌiÀ�Ã��v�����}À>�Ã��v�
"Ó�iµÕ�Û>�i�Ì��}
"Óiµ®�Ì�À�Õ}��
Ì�i�ÃÌ>�`>À`�Ã>Ì�����v�Ì�i�}��L>��Ü>À���}�«�Ìi�Ì�>���7*�
Global Warming Potential), that measures how much gas 
contributes to the greenhouse effect, in a time reference 
�v�£ää�Þi>ÀÃ� ��À�Ã��Ì>��Ì��i®]�V>�VÕ�>Ìi`�v�À�i>V��}Àii�-
house gas taking into account the capacity to absorb ra-
diation and the time of permanence in the atmosphere.

The GWP is calculated as:

�7*r�ÿä/��>��Q
��Ì®R`Ì�É�ÿä/��>À�Q
À�Ì®R`Ì

��}°�£�Ú�iÌ��`�,i
�*i°�,i�>Ì����LiÌÜii����`�V>Ì�ÀÃ������`��iÛi�]����w�>���iÛi��>�`�«���ÌÃ��v�`>�>}i

where:
>��r�À>`�>Ì�Ûi�ivwV�i�VÞ]�Ài«ÀiÃi�ÌÃ�Ì�i�Û>À�>Ì�����v�Ì�i�À>-

diative forcing for each unit increase of the concentra-
tion of the agent “i” in atmosphere as a greenhouse 
gas; 


��Ì®�r�V��Vi�ÌÀ>Ì�����v�Ì�i�>}i�Ì]�Ì��i�vÕ�VÌ���Æ
>À�r�À>`�>Ì�Ûi�ivwV�i�VÞ��v�Ì�i�ÃÕLÃÌ>�Vi�ÀiviÀi�Vi�
"Ó®Æ

À�Ì®�r�V��Vi�ÌÀ>Ì�����v�Ì�i�ÃÕLÃÌ>�Vi��v�ÀiviÀi�ViÆ
TH = Time Horizont, temporal horizont, which is based on 

the analysis of GWP.

The quantity of CO2eq is calculated as:

CO2eq= Yi GWPi*Ei

where: 
CO2 eq= emissions of  CO2eq in kt/year;
GWPi = Global Warming Potential
��ri��ÃÃ���Ã��v��
"Ó�����ÌÉÞi>À®]
�{�>�`� Ó"����ÌÉÞi>À®°

Otherwise the method ReCiPe8 provides the results in en-
Û�À���i�Ì>����«>VÌ�«���ÌÃ�*Ì®�>�`�>���ÜÃ�Ì��>ÃÃiÃÃ]�>Ì�>��
average level, 18 categories of impact:
U� V���>Ì�V�V�>�}i�

®]
U� �â��i�`i«�iÌ����"�®]
U� ÌiÀÀiÃÌÀ�>��>V�`�wV>Ì����/Ƃ®]
U� vÀiÃ�Ü>ÌiÀ�iÕÌÀ�«��V>Ì�����®]
U� �>À��i�iÕÌÀ�«��V>Ì�����®]
U� �Õ�>��Ì�Ý�V�ÌÞ��/®]
U� «��Ì�V�i��V>���Ý�`>�Ì�v�À�>Ì����*"�®]
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U� «>ÀÌ�VÕ�>Ìi��>ÌÌiÀ�v�À�>Ì����*��®]
U� ÌiÀÀiÃÌÀ�>��iV�Ì�Ý�V�ÌÞ�//®]
U� vÀiÃ��Ü>ÌiÀ�iV�Ì�Ý�V�ÌÞ��/®]
U� �>À��i�iV�Ì�Ý�V�ÌÞ��/®]
U� ����Ã��}�À>`�>Ì�����,®]
U� >}À�VÕ�ÌÕÀ>���>�`��VVÕ«>Ì����Ƃ�"®]
U� ÕÀL>���>�`��VVÕ«>Ì����1�"®
U� �>ÌÕÀ>���>�`�ÌÀ>�Ãv�À�>Ì���� �/®]
U� Ü>ÌiÀ�`i«�iÌ����7�®]
U� ���iÀ>�Ã�ÀiÃ�ÕÀVi�`i«�iÌ�����,�®]
U� v�ÃÃ���vÕi��`i«�iÌ������®°
/�i�w�>���iÛi��V��Ã�`iÀÃ�Ì�Àii�V>Ìi}�À�iÃ��v�`>�>}i\
U� `>�>}i�Ì���Õ�>���i>�Ì����®]
U� `>�>}i�Ì��iV�ÃÞÃÌi��`�ÛiÀÃ�ÌÞ��®]
U� `>�>}i�Ì��ÀiÃ�ÕÀVi�>Û>��>L���ÌÞ�,Ƃ®°
The three categories of damage are normalised by stand-
ardising the measurement unit and assessment by attribut-
ing different weights to them. Three macro steps are made 
in the study: the production that includes the steps of ex-
traction of the raw material to the realisation of the prod-
uct, the usage that includes the steps from the transporta-
tion site to the demolition  and the end-of-life that includes 
the steps of transportation and reuse, recycling, recovery 
�v�Ì�i�i�iÀ}Þ�vii`ÃÌ�V���À�ÌÀ>�Ã«�ÀÌ>Ì����Ì��Ì�i��>�`w��°
For what concerns the macro steps of production for the 
reused materials, it considers an environmental impact 
equal to half of the value of production of a newly pro-
duced identical material. The obtained data are strongly 
conservative, because they contemplate the unfavourable 
hypothesis where the material is used only once. In con-
sideration of the temporary nature of the constructive pro-
jected systems designed, it is evident that this value will 
be reduced in function depending on the number of actual 
reuses of factory elements that compose the construction 
equipment. It is assumed, in fact, that each time in which 
the element is reused, it avoids the new production of a 
Ã����>À�«À�`ÕVÌ°���À�>���Ài�Ã«iV�wV�>�>�ÞÃ�Ã]�>Ã�Üi���>Ã�Ì�i�
�Õ�LiÀ��v�ÀiÕÃiÃ�«>ÀÌ�VÕ�>À�Þ���«�ÀÌ>�Ì����Ì�i�>ÃÃiÃÃ�i�Ì�
of temporary structures), must also evaluate the number 
of years during which the element is used compared to 
the expected durability or from the condition of maximum 
performance to the condition of inadequate performance 
for the initial expected use.
The assessments are not exhaustive because the circum-
stances must take into account the element. After having 
undergone a reuse cycle, it does not ensure full, original 
performance. It is reused in way that requires the lower 
performance be taken into account. In this case, the reuse 
of the element compensates the environmental impact of 
the production of two products, the one with increased 
performance and the with minor performance. Further 
considerations can be made about the environmental im-
«>VÌ��v�Ì�i��>��Ìi�>�Vi�ÌÀi>Ì�i�ÌÃ�`ÕÀ��}�Ì�i���vi�VÞV�i]�
or reconditioning at the end-of-life cycle) of the elements 
and the increase of durability on the same.
For what concerns the macro phase of reuse, only the im-
pact of transportation at a distance of 100 km is consid-
ered, such as in kilometric area where the Ithaca Protocol 
`iw�iÃ�>� ��V>���>ÌiÀ�>��>�`� Ì�i� ��«>VÌ��v�>ÃÃi�L�Þ�>�`�
disassembly.

The environmental impact that results from the phase of 
use of the building structure and the phase of manage-
ment that predominantly affects energy consumption are 
neglected, as such incidences present a high variability in 
function to the number of years of reuse and of the func-
tion to which the structure is intended.
For the end-of-life phase, the type of used materials 
�>���Þ�ÃÌii��>�`�Ü��`®�>���ÜÃ�ÕÃ�Ì���Þ«�Ì�iÃ�Ãi�Û�ÀÌÕ�ÕÃ�
scenarios such as recycling, which in the calculation of the 
IPCC 2007 method and ReCiPe, amount to no impact. The 
approximation can be considered acceptable in view of 
low incidence on the global environmental impact com-
pared to the other life cycle stages of the elements. It fol-
��ÜÃ� Ì�>Ì� Ì�i� �`i�Ì�wi`�i�Û�À���i�Ì>�� ��«>VÌ� Û>�ÕiÃ�>Ài�
mainly affected by the macro phase of production.
In light of the highly variability of the boundary conditions, 
the environmental assessment has been made compared 
Ì��i>V��Ã«iV�wV�V>Ãi�>�`��Ì��Ã���«�ÃÃ�L�i�Ì��}i�iÀ>��Ãi�Ì�i�
results. Therefore, individual values do not provide reliable 
data about the numerical data of environmental pollution, 
but they do provide a point of comparison between the 
designed and assessed factory elements in the same con-
ditions, which are aimed at identifying the convenience of 
ÀiÕÃi��v�Ã«iV�wV�ÃÞÃÌi�Ã�Õ�`iÀ�iÝ>���>Ì���°���
The projected constructive systems are presented to de-
scribe the components that constitute them, the phase of 
disassembly and analysis of the technological details. The 
geometric and dimensional characteristics of the compo-
nents are relevant to the analysis conducted in the pre-
liminary site on the safety systems placed in the building. 
In case of variations with these characteristics, the types 
of connectors must vary accordingly, notwithstanding the 
constructive logic of the system. The vertical closings are 
indicated with the initials CV, the horizontal lower closing 
with the initials COi and the horizontal upper closing  with 
Ì�i� ���Ì�>�Ã�
"Ã°�
��«>Ài`�Ì��Ì�i�L>Ã�V�`iw��Ì�����v�Ì�i�
constructive systems, some variations are proposed that 
describe the components and the construction details and 
the completed assessments. In some cases, the variation 
consists in adding a functional layer, in others, changing 
some of the building elements. The variations are indicat-
i`�Ü�Ì���iÌÌiÀÃ�>]�L�>�`�V®°
For each part of the construction system, the results of 
variations are outlined. For the technological assessment, 
we consider the requirements on a scale from 1 to 10, for 
the assessment of thermal- hygrometric comfort we list the 
layers, its thermal properties and draw up a diagram of 
the pressure. For the environmental assessment, we pro-
vide overall results of the analysis according to the method 
IPCC2007, 100 year method and the ReCiPe method by 
dividing the phases of production, use and end-of-life. 
The detailed results, according to the IPCC 2007, 100 year 
method, with indication of the material quantity for each 
functional unit and relative impact, are provided in digital 
v�À��Ƃ««i�`�Ý��®°�
��«>À��}�Ì�i�>ÃÃiÃÃ�i�ÌÃ�LiÌÜii��
the building systems and their variants and also between 
the same constructive systems, it is possible to identify the 
solution that best suits the requirements of the intended 
use for the construction organism and material availability.
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A comparison between the systems 
The four construction systems illustrated in tabs SC1, SC2, 
SC3 and SC4, represent the most obvious mode for parts 
connection, i.e. based on choices of uniform components. 
It is possible, however, to identify the existing compat-
ibility between the parts of the building system that have 
non-homogeneous elements among them, for the pur-
«�Ãi��v�Ì�i�À�����Ì�ÕÃi����Ì�i�`iw��Ì�����v�Ì�i�V��ÃÌÀÕVÌ����
organism. The compatibility must be both of a construc-
tive type, i.e. the parts of the systems must be coupled, 
and a thermal-hygrometric type, i.e. they must ensure the 
permanence of the same environmental standard without 
}�Û��}�À�Ãi�Ì��Ã�}��wV>�Ì�`�vviÀi�ViÃ��v���ÃÕ�>Ì���°
In the following table, the vertical closures are related with 
the horisontal minor closures, assuming that in function of 
Ì�i��>ÌiÀ�>��>Û>��>L���ÌÞ�>�`�Ì�i�`iw��Ì�����v�Ì�i�V��ÃÌÀÕV-
tion organism, the same vertical closure can be related 
with different horizontal closures. 

CV
1

CV
1a

CV
1b 

CV
2

CV
2a

CV
3

CV
3a

CV
4

CV
4a

COi_1

COi_1a

COi_2

COi_2a

COi_3

COi_3a

COi_3b

COi_3c

COs_1

COs_1a

COs_2

COs_2a

COs_2b

COs_2c

COs_3

COs_3a

COs_3b

COs_3c

COs_4

COs_4a

The possibility also exists to build a constructive organism 
that presents different vertical closures, as long as both 
are compatible with the some horisontal closures. The 
compatibility with the horisontal closures is, therefore, a 
parameter for identifying the usage opportunity of two dif-
ferent systems of vertical closures. For example, the CV2 
and the CV3 are both compatible with the closure COi2 
>�`�Ì�i�
"ÃÎ>�>�`�Ì�iÞ�V>��Li�ÕÃi`����Ì�i�`iw��Ì�����v�
the same constructive organism.

The environmental assessments show the convenience of 
the reuse for the elements that constitute the safety sys-
tems for the construction of the building organism. The 
�*

�ÓääÇ�V>�VÕ�>Ì�����iÌ��`�Ì�iÞ��`i�Ì�wiÃ�Ì�i�v����Ü��}�
values reported to the functional unit that in such case is 
equal to 1 sqm.

Vertical closures

Lower horizontal closures

Upper horizontal closures

Between the vertical closures the lowest value for the sys-
tem made exclusively in wood is found, with sole excep-
Ì�����v� Ì�i�V���iVÌ�ÀÃ� 
6��£®°�/�i�>``�Ì����Ì��Ì�i�Ã>�i�
system of polycarbonate panels of thickness of 10 m in-
volves an increase in the environmental impact equal to 
>L�ÕÌ� x� Ì��iÃ� 
6�£L®°� 	iÌÜii�� Ì�i� ��viÀ��À� ��À�â��Ì>��
closures, the structure consists of multidirectional trusses, 
>�`�«ÀiÃi�ÌÃ�>���ÜiÀ�i�Û�À���i�Ì>����«>VÌ�
"��Ó®]�Ü���i�
the structure made of tube-clamps and structural steel C 
«À�w�iÃ� «ÀiÃi�ÌÃ� >� }Ài>ÌiÀ� ��«>VÌ� 
"��ÎL®]� Ü�Ì�� >�� ��-
crease of 86% in environmental damage. Such differences 
depend on the presence in the second case of a larger 
amount of steel per square metre. The trusses, in fact, are 
born with the function to ensure the same load-bearing 
function with a minimum use of material, thanks to their 
resistance to shape. Therefore, the result is linked with the 
characteristics of the analysed constructive systems. Be-
tween the upper horizontal closures, the structure made 
LÞ� ��>`�Li>À��}� Ü��`i�� i�i�i�ÌÃ� 
"Ã�£®� «ÀiÃi�ÌÃ� >�
lower impact, while the greater impacts are made by the 
ÃÌÀÕVÌÕÀiÃ�Ì�>Ì��>Ûi�ÃÌii��V�Õ«�i`�
�«À�w�iÃ�
�Ã�ÓL�>�`�
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�Ã�ÎL®°����Ì��Ã�V>Ãi]�Ì�iÞ�Ã�}��wV>�Ì�Þ���VÀi>Ãi�Ì�i�«�ÀÌ����
of steel present in a functional unit.
It follows that the steel reuse is an environmental opera-
tion more convenient than the reuse of wood, because its 
production is affected mostly in terms of environmental 
damage. The reuse amortises the damage over a greater 
number of years. Otherwise, the added insulation in sheep 
wool involves, in any case, a percentage increase of the 
environmental impact included between 5% and the 25% 
depending on the factory element.
The horizontal closure COs-3b, according to assessments, 
presents a much higher environmental impact compared 
Ì�� �Ì�iÀ� V��ÃÕÀiÃ� iµÕ>�� Ì�� £ÈÎ°n� �}
"Óiµ� �iÌ��`�
IPCC2007-100 years).
Taking as reference a functional unit equal to 1 square me-
tre, the scenarios described below are compared:
1. Assessment of the environmental impact of the pro-

duction phase of the materials that are part of the 
closure COs-3b that come from the demolition of 
safety systems, considering that they are not reused 
and, therefore, they undergo a life cycle equal to 6 
Þi>ÀÃ� Óää��Óä£x®]� Ü��V�� �Ã� >``i`� Ì�� Ì�i� i�Û�À��-
mental impact that comes from the new production 
�v�Ì�i�i�i�i�ÌÃ�v�À�Ì�i�`iw��Ì�����v�Ì�i�V��ÃÕÀi�
"Ã�
3b with durability equal to 15 years. The total annual 

i�Û�À���i�Ì>����«>VÌ��ÛiÀ�Ó£�Þi>ÀÃ�Ì�Ì>�®��Ã�iµÕ>��Ì��
73 kgCO2eq.

2. Assessment of environmental impact of the produc-
tion phase of the materials that are part of the closure 
COs-3b that comes from the demolition of the safety 
system, considering that they are reused for a further 
life cycle of 15 years in a temporary structure. There-
fore, two cycles of life respectively equal to 6 years 
Óää���Óä£x®� >�`�iµÕ>�� Ì��£x� Þi>ÀÃ� Óä£x�ÓäÎä®� >Ài�
considered, in this case, in addition to the environ-
mental savings that results from a greater number of 
years of use for the elements. The environmental sav-
ings that results from the lost production of materials 
for the second life cycle that results from the reuse 
must also be considered. The impact that comes from 
the usage of new connectors produced in the second 
life cycle must also be measured. The total annual en-
vironmental impact is equal to 15 kgCO2eq.

The comparison of these scenarios is evident in terms of 
the environmental convenience of the reuse. In fact, by 
considering only the production phase, the total annual 
environmental impact has a percentage reduction equal 
to 79.45%, compared to the case where the site services 
are constructed with the same materials that are newly-
produced.

SCENARIO 1

SCENARIO 2
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8.4 _The temporary endogenous reuse

At present, there are about 4360 reconstructions9 only in 
L’Aquila’s municipality, which stretches for 466 km10.  These 
data let us imagine the logistical discomfort resulting from 
the predisposition of the pertinent services of the recon-
struction sites. 
The materials/components coming from the selective 
demolitions of the safety systems can be reused immedi-
>Ìi�Þ�Ü�Ì����Ì�i�ÀiV��ÃÌÀÕVÌ����Ã�Ìi�Ì��`iw�i�Ì�i�Ã�Ìi�ÃiÀ-
Û�ViÃ� >Ã� �vwViÃ]� V�>�}��}� À���Ã]� ÀiÃÌÀ���Ã]� Ì���iÌÃ]� iÌV°�
/�i� ÃiÀÛ�ViÃ� �v� V��ÃÌÀÕVÌ���� Ã�ÌiÃ� �>Ûi� Ì���iiÌ� Ã«iV�wV�
requirements in accordance with the legislation and, at 
the same time, they must present such characteristics to 
facilitate the logistics of the site, such as the rapidity of 
>ÃÃi�L�Þ�>�`�`�Ã>ÃÃi�L�Þ]�Ì�i�`��i�Ã���>��yiÝ�L���ÌÞ]�>�`�
the adaptability to variable weather conditions. They also 
must be economic: the company must have the possibil-
ity to amortise their cost thanks to possibility of reuse of 
the same building organism or by the use of economic 
�>ÌiÀ�>�Ã]�>�Ü>ÞÃ�Ã>Ì�ÃvÞ��}�Ã«iV�wV�ÀiµÕ�Ài�i�ÌÃ°�/�i�Ã�Ìi�
services made by the materials/components of the safety 
systems, therefore, must ensure performances that are 
comparable or even an improvement compared to those 
of the prefabricated systems currently present on the mar-
ket. The economic and environmental convenience, in par-
ity of performance, should entice the company to choose 
these alternative systems rather than the traditional ones.

The legislation relative to the construction site 
and the necessary requirements
The study of the legislation inherent the type of construc-
tion site services in function of the number of workers, the 
analysis of the dimensional, constructive and positioning 
minimum requirements, the assessment of the thermal-
hygrometric comfort  and of the environmental impact of 
the prefabricated systems present on the market generally 
used for the site services, have the aim to identify the mini-
mum parameters for the construction of the site services 
through the reuse of materials of safety systems in L’Aquila.
��� �Ì>�Þ]� Ì�i� >��iÝ� 8���� �v� Ì�i���}Ã� n£ÉÓään� /iÃÌ�� Õ��V��
sulla sicurezza sul lavoro)11 provides the prescriptions for 
hygienic-sanitary services available for the workers on the 
V��ÃÌÀÕVÌ����Ã�Ìi°��Ì��>Ã�Ì��«À�Û�`i�>�ÃÕvwV�i�Ì�>Ài>�Ì��«iÀ-
mit the use of site services in safe conditions, separated 
from the areas of greater operability. It also has to be pre-
pared for the connection to the power grid, water supply 
and sewerage. The hygienic and sanitary services on the 
construction site are:
U� ÀiÃÌÀ���Ã�Ãi«>À>Ìi`�LÞ�ÃiÝ®\

- toilets: at least 1 toilet for every 10 workers working 
on site; for particular requirements it is possible to 
use chemical toilets or to activate agreements with 
suitable facilities nearby, open to the public;
��Ü>Ã��L>Ã��Ã\�>Ì��i>ÃÌ�£�Ü>Ã��L>Ã���Ü�Ì����Ì�>�`�V��`�

running water and means to clean and to dry) for eve-
ry 5 workers working on site; for particular require-
ments it is possible to activate agreements with suit-
able facilities nearby, open to the public;

��Ã��ÜiÀÃ\�>Ì��i>ÃÌ�£�Ã��ÜiÀ�iµÕ�««i`�Ü�Ì���i>Ì��}����
the cold season, with hot and cold running water and 
means to clean and dry) for every 10 workers working 
on site;

U� changing rooms: minimum internal height 2.40 me-
tres; ventilation, lighting and heating in cold season, 
it has to ensure to every workers the possibility to lock 
away his clothes during work are required;

U� refectories: minimum internal height 2.40 metres; 
ventilation, lighting and heating in cold season, the 
supply of cold drinking water, the provision of equip-
ment to heat and maintain the food and eventually 
equipment to prepare the meals have to be ensured;

U� relax rooms, dormitories:  minimum internal height 
2,40 meters;  minimum internal height 2.40 metres. It 
has to ensure ventilation, heating in cold season, the 
supply of cold drinking water; in case of stable dormi-
tories they have to be equipped with toilets.

��À�Ì�i�`iw��Ì�����v�V��ÃÌÀÕVÌ�Ûi�vi>ÌÕÀiÃ�>�`��v������Õ��
sizes, even if the Dlgs 81/2008 does not present explicit 
references, it is possible to consider the  DPR n.320/5612  
 �À�i� «iÀ� �>� «ÀiÛi�â���i� `i}��� ��v�ÀÌÕ��� i� �½�}�i�i� `i��
lavoro in sotterraneo), as it provides guidance for the work 
in circumstances that requires increased safety measures 
with respect to work in open air site:
U� ��ÕÃ��}Ã\�Ì�iÞ��>Ûi�Ì��Li�iµÕ�««i`�Ü�Ì��>�Li`��À�>�

cot), clothes hangers, seat and shelf for every worker, 
having a volume of at least 10 mc for every worker, 
having a free space between a seat and the other of 
at least 70 cm, the clearance between two rows have 
to present a width of at least 1.50 metres;

U� restrooms:
- toilets: at least n.1 latrine for every 20 workers;
- wash basins: at least 1 washbasin for every 5 workers
  employed in each works, the jets of water should be 

kept at a distance of almost 50 cm;
- showers: at least 1 for every 25 workers on sites that 

occupy more than 100 workers, every shower place 
has to cover an area of almost 1 sqm, every show-
er place has to have an adequate space to undress 
Ü�Ì�� Ãi>Ì� >�`� V��Ì�iÃ� �>�}iÀÃ]� Ì�i� y��À� �>Ã� Ì�� Li�
Ü>ÌiÀ«À��v]�Ü��V��i�ÃÕÀiÃ�Ì�i�y�Ü��v�Ü>ÌiÀ�>�`�Li�
equipped with a wooden grill;

- changing rooms: required in construction sites where 
there are more than 20 workers;

- canteens: required in construction sites where there 
are more than 50 workers and of which at least 10 
make such request;

- refectories: required on construction sites where 
workers also consume a meal at work;

- living rooms: required in construction sites where at 
least 200 workers are housed. If the number of work-
ers is less than 200, the refectory has to be able to be 
used as a living room;
��wÀÃÌ�>�`\�Õ«�Ì��£ää�Ü�À�iÀÃ��Ì��Ã�ÀiµÕ�Ài`�Ì�i�«À�Û�Ã����
�v�>�wÀÃÌ�>�`���Ì]�v�À�>��Õ�LiÀ��v�Ü�À�iÀÃ�}Ài>ÌiÀ�Ì�>��
£ää�>�`�Ü�i��Ì�i�`�ÃÌ>�Vi�vÀ���«ÕL��V�«�>ViÃ��v�wÀÃÌ�
aid do not ensure the timely assistance, it requires 
a special room with sanitary equipment and with la-
trines and washbasins;
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����wÀ�>ÀÞ\�iµÕ�Ài`����V��ÃÌÀÕVÌ����Ã�ÌiÃ�Ü�Ì��>��Õ�LiÀ�
�v�Ü�À�iÀÃ�iµÕ>��Ì��xää]����>``�Ì����Ì��Ì�i�wÀÃÌ�>�`]��Ì�
�>Ã� Ì��«À�Û�`i�>�� ��wÀ�>ÀÞ� À����Ü�Ì��Ó�Li`Ã� �v� Ì�i�
construction site has a number of workers less than 
100 and 4 beds in case of number workers above 

100; the inspectorate may waive the obligation when 
there is a hospital nearby.

Next, a summary table considers the conditions that are 
more precautionary than that reported in the two regula-
tions mentioned above.

Service Obligatoriness Features Dlgs

Toilets n.1 every n.20 workers
>�ÌiÀ�>Ì�Ûi� >}Àii�i�ÌÃ� Ü�Ì�� ÃÕÀÀ�Õ�`��}�
structures the construction site) 

Water toilet- chemical toilet 81/2008

Showers n.1 every n.10 workers Heating- Running cold and hot water- Means to 
clean and dry

81/2008

Area of 1 square meter for each shower
Allocation of space to undress with stoole and 
V�>Ì� À>V��� 7>ÌiÀ«À��v� y��À�� ,Õ��vv� �v� Ü>ÌiÀ�
Wooden grid support

179/2009

Wash 
basins

n.1 every n.5 workers
>�ÌiÀ�>Ì�Ûi� >}Àii�i�ÌÃ� Ü�Ì�� ÃÕÀÀ�Õ�`��}�
structures the construction site)

Running cold and hot water - 
Means to clean and dry

81/2008

Jets of water at a distance of almost 50 cm 179/2009

Changing
room

H min: 2,40 m- Ventilation - Lighting- Heating 
Furnitures to ensure to every workers the 
possibility to lock away his clothes during work

81/2008

Required on construction sites where there 
are more than 20 workers.

179/2009

Refectory H min: 2,40 m- Ventilation - Lighting- Heating- 
Drinking water- Equipment to heat and maintain 
the food - Equipment to prepare meals 
�v�>�Þ®

81/2008

Required on construction sites where 
workers also consume a meal at work.

If the number of workers is less than 200, the 
refectory must be able to be used as a living 
room.

179/2009

Relax room,
dormitories

H min: 2,40 m- Ventilation - Lighting- Heating- 
�À�����}� Ü>ÌiÀ� �� ,iÃÌÀ���Ã� ��� V>Ãi� �v� ÃÌ>L�i�
dormitories)

81/2008

Housings Exemption from the obligation housing in 
case of: proximity and responsiveness of 
residential areas, small number of workers, 
works of brief duration

	i`��À�V�Ì®]�Ãi>Ì]�Ã�i�v�v�À�i>V��Ü�À�iÀ��
Volume of 10 cubic meters for each worker-
Free space between a place and the other 70cm
Space between two rows 1,5 m

81/2008

Canteen Required in construction sites where more 
than 50 workers are housed and at least 10 
request it

179/2009

Living 
rooms

Required in construction sites where more 
than 200 workers are housed 

179/2009

First aid Required until 100 workers First aid kit 179/2009

Required in construction sites where there 
are more than 50 workers and when the 
`�ÃÌ>�Vi�vÀ���«ÕL��V�«�>ViÃ��v�wÀÃÌ�>�`�`�iÃ�
not guarantee the timely assistance.

Emergency room with bathroom equipment, 
toilet and washbasin

��wÀ�>ÀÞ Required in construction sites with a number 
of workers equal to 500. The Inspectorate 
�>Þ� Ü>�Ûi� Ì�i� �L��}>Ì���� �v� Ì�i� ��wÀ�>ÀÞ�
when there is a hospital nearby.

�°�Ó�Li`Ã��°�Ü�À�iÀÃ��iÃÃ�Ì�>��£äää®
�°�{�Li`Ã��°�Ü�À�iÀÃ�iÝVii`��}�£äää®

179/2009
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For what concerns the construction requirements, the 
preparations intended for the hygienic-welfare services 
and for sanitary services according to the Dlgs 179/2009 
��Ã«�Ã�â����� �i}�Ã�>Ì�Ûi� ÃÌ>Ì>��� >�ÌiÀ��À�� >��ä£Éä£É£�Çä]�`��
cui si ritiene indispensabile la permanenza in vigore, a nor-
ma dell’articolo 14 della legge 28/11/2005, n. 246) must 
present the followings characteristics:
in reference to the lower horizontal closures:
U� Ì���>Ûi�Ì�i�À>�Ãi`�y��À�>Ì��i>ÃÌ�Îä�V��vÀ���Ì�i�}À�Õ�`�

with means to prevent the transmission of humidity 
from the soil;

in reference to the upper horizontal closures:
U� Ì��Li�wÌÌi`�Ü�Ì��>����ÃÕ�>Ìi`���ÌiÀÃ«>ViÆ
U� to ensure no penetration of rainwater;
in reference to vertical closures:
U� to have perimeter walls for the defence of the atmos-

pheric agents;
U� if in wood, to have double walls with a cavity of at 

least 5 cm;
U� �v����Ì�i��>Ã��ÀÞ��À��Ì�iÀ�ÃÌÀÕVÌÕÀiÃ�V��}���iÀ>ÌiÃ]�

panels, etc.), they have to ensure thermal insulation;
U� Ì��Li�«À�Û�`i`�Ü�Ì��Ü��`�ÜÃ����V>Ãi��v�`�À��Ì�À�iÃ]�

also blackout windows);
U� to have at least 1 access door for every 25 workers;
in reference to technical implants:
U� to be equipped with heating systems with prohibition 

�v�Ì�i�ÕÃi��v�vÀii�wÀi�iµÕ�«�i�ÌÆ�Ü�i��Ì�i���«�>�Ì��Ã�
powered by combustion, it is necessary to provide for 
a system of evacuation of the products of combustion; 

U� Ì��Li�iµÕ�««i`�Ü�Ì��>ÀÌ�wV�>����}�Ì��}����V>Ãi��v�`�À-
mitories lamps night in low light must also be pro-
vided);

U� to be equipped with water systems, with procurement 
of drinking water to the extent of at least 15 litres for 
employed workers and for dayworkers.

For what concerns the positioning requirements, the wel-
fare and hygienic services have to not interfere with the 
internal viability and with the operability of the site and 
have to be placed, preferably, outside the range of action 
of lifting loads. It is a good practice for reasons of safety, 
of control and logistics to position these services in the 
perimeter areas neighbouring the entrance, taking into 
account the implants connections. For what concerns the 
dimensional requirements, into account of the standard-
ised dimensions of the furnishing elements and minimum 
spaces of use, necessary for full usability of the environ-
ments, it is considered appropriate to use the minimum 
sizes as shown below:
U� �vwVi\�Ç]x�Ãµ�Éi�«��Þii]
U� changing room: 2 sqm/employee, 
                                  minimum surface: 6 sqm;
U� restrooms: 1,50 sqm/employee, of which:

- toilet: 1,20 sqm/element, 
             minimum size of lower side: 0,90 m.
- washbasin 0,3 sqm/element;

U� doccia: shower: 1,60 sqm/element, of which 1 sqm to 
shower and 0,6 sqm to undress;

U� Ài�>Ý� À���ÉÀiviVÌ�ÀÞ\� Ó� Ãµ�Éi�«��Þii� Ì�� V��«ÕÌi�
about the 50% of the present team);

U� refectory: 1,4 sqm/employee;

U� ��wÀ�>ÀÞ\�£Ãµ�Éx�i�«��ÞiiÃ°
In Spain the reference legislation for the welfare-hygienic 
services on site is the Real Decree 1627 of 24th October 
£��Ç� >�`� Ì�i� Ài�>Ì�Ûi� ÌiV���V>�� }Õ�`i� «Ài«>Ài`� LÞ� Ì�i�
ISHT) that establishes the minimum safety and welfare 
measures on the construction site.
���«>ÀÌ�VÕ�>À� Ì�i�>��iÝ� �6]�Ã«iV�wiÃ�Ü�Ì�� ÀiviÀi�Vi�Ì�� Ì�i�
general dispositions:
U� wÀÃÌ�>�`\

- the evacuation of workers in case of necessity of med-
ical cares has to be ensured;
����i��À���Ài�«���ÌÃ��v�wÀÃÌ�>�`��>Ûi�Li�«À�Û�`i`� ���

function of the work or of the type of activities, with 
number of workers greater than 50;
��Ì�i�À���Ã�v�À�wÀÃÌ�>�`��>Ûi�Ì��Li�iµÕ�««i`�Ü�Ì����-
ÃÌ>��>Ì���Ã�>�`��v�wÀÃÌ�>�`��>ÌiÀ�>�ÃÆ

U� restrooms:
- they have to be provided for both men and women, 

or to predict for a separate use;
- they have to be placed so as not to constitute an ob-

stacle for the site operations, nor for the circulation;
- showers: they are necessary in function to the type 

of work, they have to be provided with cold and hot 
running water;

- wash basins: when the showers are not provided, the 
Ü>Ã�L>Ã��Ã�Ü�Ì��ÀÕ����}�Ü>ÌiÀ���v��iViÃÃ>ÀÞ���Ì®�>Ài�
required;
�� Ì���iÌÃ\� Ì�iÞ� �>Ûi� Ì�� Li� «À�Û�`i`� Ü�Ì�� >� ÃÕvwV�i�Ì�

number;
U� changing rooms: they have to be present when the 

workers have to wear special working clothes, they 
have to present enough space to arrange the settings 
and equipment as to permit to workers to dry clothes 
and to separate the personal clothes to those used 
for working14, when the changing rooms are not nec-
essary, it is mandatory that every worker can access 
a locked space where put their personal objects and 
clothes;

U� dormitories/ housings:
- they have to be provided in function to the type of 

activity and to the distance from the site, it is manda-
Ì�ÀÞ�Ì�>Ì�Ì�iÞ��>Ûi�ÃÕvwV�i�Ì�Ã�âiÃ�>�`�>Ài�iµÕ�««i`�
with tables and chairs with backers;

- in absence of these rooms, it is mandatory that the 
workers rooms where to spend work breaks;
�� ���V>Ãi��v�wÝi`���ÕÃ��}Ã]�Ì�iÞ��>Ûi�Ì��i�ÃÕÀi�ÃÕvw-

cient sizes and to be equipped with hygienic services 
and places of leisure;

- measures to avoid the discomfort of non-smokers 
have to be provided;

U� refectories: it is mandatory that the workers have a lo-
calised place to eat and prepare meals; they have to 
be heated in the winter and well insulated. If neces-
sary, it will provide an installation with relative hygienic 
services.

Near working places, drinking water has to be made avail-
able. In addition, the legislation provides indications in ref-
erence to the electrical installation, to type of ventilation 
�>ÌÕÀ>��>�`�>ÀÌ�wV�>�®]�Ì�i�Ìi�«iÀ>ÌÕÀi�>�`���}�Ì��}°
It is mandatory that pregnant women and nursing moth-
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ers have the possibility to rest themselves and the work-
ing places have to be organised. When present, disabled 
workers will also have to be taken into account.
The legislation does not present, however, explicit refer-
ences to constructive requirements of the welfare-hygienic 
services, but underline exclusively the necessity of con-
struction elements that are easy to clean and ensure work-
er safety.
The size requirements can be deduced by the legislation 
relative to the workplaces, such as Royal Decree 486/1997:
U� general features: height min: 2.50 m, surface min: 2 

sqm/worker; volume min: 10 mc/worker; ventilation: 
maximum 0.75m/s not sedentary work in warm place, 
0.50 m/s sedentary work in warm place, 0.25 m/s sed-
entary work in place not hot; temperature: between 
£Çc�>�`�ÓÇcÆ��Õ��`�ÌÞ\�LiÌÜii��Îä¯�>�`�Çä¯Æ���}�Ì-
ing: areas with low visual exigencies 100 lux, areas of 
occasional use 50 lux

U� changing room : 2 sqm/worker 
U� Ã��ÜiÀ\��°�£É£ä�Ü�À�iÀÃ��v�Ü��V��>Ì��i>ÃÌ��¥������`�-

vidual cabins)
U� wash basin: n. 1/10 workers
U� toilets: n.1/25 men , n.1/15 women.
From the comparison, it is clear that, unlike the Spanish 
legislation, the Italian legislation presents indications that 
are both less generic and more restrictive, protecting the 
worker more widely.

Case study: the predisposition of site areas for 
common use in the historic centre of L’Aquila. 
The historic centre of L’Aquila currently addresses issues 
concerning the interferences between the various construc-
Ì����Ã�ÌiÃ��>�`���}�VÀ>�iÃ]���Û��}��i>�Ã]�«Ài`�Ã«�Ã�Ì����
of the site services, storage of the materials, etc.) due to 
contemporary reconstruction of neighbouring buildings. 
The small size of roads and the continuous street front, 
characteristic of the historic centre, do not facilitate the 
conduct of reconstruction operations.
Always, in fact, the road way is occupied to meet the lo-
gistical requirements of the site, becoming part of it and 
limiting the viability with consequent impact on the speed 
of reconstruction.
It proposes a methodological/operative procedure that 
distorts the traditional conception of the site, in favour of 
a collective dimension, supported by greater attention to 
the local resources of the territory.
The reduction of the interferences can be resolved through 
the predisposition of areas for common use of companies 
and the intervention programming can be carried out si-
multaneously. The areas for common use must be provid-
ed of spaces for the storage of materials coming from the 
selective demolitions, of equipment of common use, such 
as cranes and services such as refectories and restrooms. 
On the one hand, it ensures the reduction of the number 
of site areas, restoring the viability and, on the other hand, 
each company has the possibility to operate individually, 
limiting the contentious.
Within the common areas, spaces for the private use of the 
V��«>��iÃ��ÕÃÌ�Li�«À�Û�`i`�ÃÕV��>Ã�Ì�i��vwViÃ]�V�>�}��}�
rooms and a space for the storage of the materials owned 
to the enterprise. The common areas of the site can be 
used by the enterprises that deal with the reconstruction 
of the buildings falling within 100 metres15. 
Besides the observance of regulatory obligations, numer-
�ÕÃ�>Ài>Ã��v�Ì�i�ÌiÀÀ�Ì�ÀÞ�>Ài��`i�Ì�wi`�>�`�Ì�i�«À�}À>�-
ming of reconstruction interventions results is easier be-
cause the number of buildings falling in each area will be 
reduced.
/�i� ��ÃÌ>��i`� VÀ>�i��ÕÃÌ��>Ûi�>� ÃÕvwV�i�Ì� >À�� �i�}Ì�� Ì��
reach all buildings present in the area. 
The use of the crane is programmed in function of the 
working phases that must be realised in the individual con-
struction sites, establishing a timetable of competence for 
individual companies.
/�i�`iw��Ì�����v�>��>Ài>�Ü�Ì����£ää��iÌÀiÃ�>�`�Ì�i�«Ài`�Ã-
position of cranes that operate only within the same areas, 
prevents the occurrence of interferences and favours the 
contemporary working on reconstruction sites of buildings 
v>����}����>Ài>Ã��v�`�vviÀi�Ì���yÕi�ViÃ°
The reduction of environmental damage and of the logis-
tics and economic burden resulting from the loss of reuse 
of the materials/components that constitute the safety sys-
tems can be achieved by providing, after disassembly, an 
immediate reuse for the construction of the site services. 
The characteristics of the constructive systems used for the 
safety, in particular of the systems that born to perform 
Ìi�«�À>ÀÞ�Ì>Ã�Ã�ÌÕLi�V�>�«�ÃÞÃÌi�Ã]��Õ�Ì�`�ÀiVÌ���>��ÃÞÃ-
tems), facilitate their reuse. 

Fig. 2 _ Reconstruction sites in the historic centre 
             of L’Aquila              

Fig. 3 _Occupation of the road with reconstruction site
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Fig. 4 _ Methodological-operative process of site organization

Design experimentation: 
a common site area in Santa Maria Paganica square
The conformation of the urban fabric of the historic centre 
of L’Aquila, interspersed with numerous squares, allows an 
easy application of the previously described procedure. To 
cover the whole surface of the historic centre, 50 areas of 
site for common use must be prepared. It follows that 50 
reconstruction interventions can be realised at the same 
time, without problems of interferences between sites.
The described procedure is applied, hypothesising the or-
ganisation of a common site area in Santa Maria Paganica 
square, situated in the historic centre. The square has a 
ÃÕÀv>Vi��v�>L�ÕÌ�£ää�Ãµ�°�
��Ã�`iÀ��}�>��>Ài>��v���yÕi�Vi�
within 100 metres from the square, the site is at the service 
of 25 aggregates16. The use of the square is conditioned 
from the programming of the execution of the restoration 
��ÌiÀÛi�Ì�����v�Ì�i�
�ÕÀV���v�->�Ì>��>À�>�*>}>��V>�>Ã�wÀÃÌ�
or last intervention, to avoid the interference between the 
reconstruction site of the church and the interventions on 
the aggregates within the range of use of the area. In fact, 
the latter extending parallel to the length of the church, 
whose wall constitutes a physical limit. A similar argument 
should be theoretically done also for Palace Ardinghelli 
that constitutes the other physical limit of the square. This 

Palace already has undergone an intervention of recon-
struction and it must not be inserted in the programming. 
Excluding the areas to be allocated to viability, it is possi-
ble to build the site services in two areas. An area equal to 
about 400 sqm is intended for functions and equipment of 
common use, as restroom, refectory, the crane and a col-
lecting area of residues coming from the selective demoli-
tion. The latter has been dimensioned to collect up to 200 
mc of material. The other area that has an area of about 
2000 square metres is intended for the private functions 
�v� Ì�i� V��«>��iÃ� ÃÕV�� >Ã� �vwViÃ]� V�>�}��}� À���Ã� � >�`�
deposits. In function of the type of interventions of re-
construction that must be performed in such aggregates, 
the area intended for private functions was organised by 
providing the contemporary use of three enterprises, each 
respectively for 10 workers and, therefore, arranging 3 of-
wViÃ]�Î�V�>�}��}�À���Ã�>�`�Î�>Ài>Ã��v�`i«�Ã�ÌÃ]�`��i�-
sioned in function of regulatory minimums as previously 
described. The environmental damage and the cost that 
derives from the construction of site services, using the 
materials/components coming from the selective demoli-
tions and from the short supply chain in the territory of 
L’Aquila are assessed. In addition, the environmental dam-
age and the costs of the predisposition of an area of simi-



JOINT RESEARCH PhD THESIS 
BETWEEN THE UNIVERSITY “G.D’ANNUNZIO” OF CHIETI-PESCARA AND THE  POLYTECHNIC UNIVERSITY OF VALENCIA 

2318_The territory of L’Aquila: hypothesis of development

��}°�x�Ú�->�Ì>��>À�>�*>}>��V>�ÃµÕ>Ài�äÇÉä{ÉÓä£x®

��}°�È�Ú��`i�Ì�wV>Ì�����v�LÕ��`��}Ã�Ü�Ì����>�À>`�ÕÃ��v�
             convenience of use of common site area

Fig. 8 _ Organization scheme of the site

lar site realised with modular prefabricated systems pre-
sent on trade are assessed. Between the 25 aggregates 
falling within the range of use of the site area, the Civic 
Museum of Santa Maria dei Raccomandati is taken as an 
experimental reference. The safety systems placed in that 
museum were analysed according to the methodological-
operative procedure described in the previous chapters, 
L�Ì�� v�À�Ü�>Ì� V��ViÀ�Ã� Ì�i� �`i�Ì�wV>Ì�����v� Ì�i� V��«�-
nents that constitute them and for what concerns the op-
timization of the reuse of wooden and steel components. 
�Ì� �Ã� iÛ�`i�Ì� Ì�>Ì� ��Ì� >����>ÌiÀ�>�Ã� �`i�Ì�wi`� >Ã� ÀiÕÃ>L�i�
V�Õ�`�Li� ÀiÕÃi`� v�À� Ì�i�`iw��Ì�����v� Ì�i� ÃiÀÛ�ViÃ� ��� Ì�i�
common area of the site, as well as they will have to be in-
tegrated with materials that come from the disassembly of 
the safety systems of neighbouring sites of reconstruction 
or coming from the local supply chain.

��}°�Ç�Ú��V>��â>Ì�����v�Ì�i�V������>Ài>����Ài`®�Ü�Ì�
           respect to the Civic Museum of Santa Maria dei 
�����������,>VV��>�`>Ì�����L�Õi®
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The Civic Museum of Santa Maria dei Raccomandati: 
damages and safety systems
The architectonic complex “Santa Maria dei Raccoman-
dati“ is located in the historic centre of L’Aquila, at the 
corner between Vittorio Emanuele Street and Bominaco 
Street. On the plan “Aggregati edilizi- OPCM 3830/2010 
s.m.i. – Allegato Disp. Dir. Prot. 89969 del 13/10/2014,” 
�Ì��Ã��`i�Ì�wi`�LÞ�Ì�i�>}}Ài}>Ìi��°{{Ç°����>VV������ÕÀ>Ì�
suppressed the monastery of Santa Maria dei Raccoman-
dati in 181117 aand the property was transferred to the mu-
nicipality of L’Aquila. It has a neoclassic aspect witnessing 
the changes that occurred in the second half of the nine-
teenth century. Within the ex-convent, there is the Church 
of Santa Maria dei Raccomandati that was constructed in 
1825. Before the earthquake, it was supposed to host the 
Civic Archeologic Museum. It presents a complex articula-
tion, resulting from the changes dictated by the histori-
cal evolution of the building, it is on three levels ground 
y��À]��iââ>���i�>�`�wÀÃÌ�y��À�Ü�Ì��`�ÕL�i��i�}�Ì����V�À-
respondence of the multi-purposes hall and exhibition gal-
�iÀ�iÃ°� �Ì��>Ã� ÌÜ��>VViÃÃiÃ]���i�>Ì� Ì�i�}À�Õ�`�y��À� vÀ���
Vittorio Emanuele Street and the other at the mezzanine 
from Bominiaco Street, which gives access to the multi-
purposes hall. It presents two courtyards, one of which is 
covered by a recent structure made with steel and glass.
The earthquake of 6th April 2009 caused extensive dam-
ages to the complex, with the consequent necessity to 
perform safety interventions18. An intervention of internal 
«>ÃÃ��}�ÃÞÃÌi���v�Ì�i�À�`Ã�V��ÃÌ�ÌÕÌi`�LÞ�À�`Ã�«�Ã�Ì���i`�
on opposing walls and by the internal passage of the rods) 
with the aim to contrast the rotation out of the plane of the 
facade, due to the lack of union between the walls and the 
y��ÀÃ]�Ü�Ì�iÃÃi`�LÞ�Ì�i��Õ�iÀ�ÕÃ�ÃÕLÛiÀÌ�V>��>�`�`�>}�-

nal cracks, was carried out.
The façade of Vittorio Emanuele Street has structural prob-
lems of lesser importance so it was secured by tie rods 
ÕÃ��}�>�}À�`��v�Ü��`i��Õ«À�}�ÌÃ�Óä�Ý�Óä®�>�`�Ü��`�VÀ�ÃÃ-
Li>�Ã�£{�Ý�£n�V�®�V���iVÌi`�LÞ�«�>ÌiÃ��v�Ã�âi�xä�Ý�xä�
cm, which act as a retaining members for the steel strands 
q£È����Ì�i��««�Ã�Ìi�Ã�`i�Ü��V����Ã�ÃÌÃ����Ì�i�V�ÕÀÌÞ>À`®°�
The tie rods have been anchored to a grid made with steel 
uprights HEA 200 and steel crossbeams made with cou-
«�i`� «À�w�iÃ� 1* � £nä� �À� «À�w�iÃ� 1* � Óää� V�Õ«�i`� LÞ�
welding plates and stringing plates anchored to the wall 
È�LiÀÌ�Ã�v�À�Ã�`i®�Ü�Ì��>�V��Ài`�`�Üi�Ã��v��À���V>ÃÌ�Ü�Ì��
ÌÜ��V��«��i�Ì�i«�ÝÞ�>`�iÃ�Ûi� ÀiÃ��� Ì��V��iÃÃ�Óä���]�
length 50 cm). The façades overlooking Bominiaco Street 
and Accursio Street were secured by tie rods using a struc-
tural grid made of uprights HEA 200 anchored to the soil 
and coupled crossbeams UPN 180, which act as retaining 
members for the steel strands�q16 anchored on opposite 
Ã�`iÃ� Ü��V�� ��Ã�ÃÌ� ��� Ì�i� V�ÕÀÌÞ>À`®� LÞ� ÃÌÀÕVÌÕÀ>�� Ã����>À�
grids. In all cases, wooden tables of load distribution dis-
posed to adhering with the masonry and wooden tables 
designed to overcome the obstruction of frames and 
beads have been used. Some of the load-bearing walls 
on the front overlooking the courtyard in correspondence 
of Accursio Street were encircled by bands of polyester 
Ü�Ì���>Ý��Õ���«iÀ>Ì��}� ��>`��v�xä]äää��}� Î�L>�`Ã� v�À�
each load-bearing wall) with the inclusion of shaped plates 
and wooden tables at the edges. The hooping interven-
tion of the load-bearing walls has the aim to contrast the 
efforts of compression and shear and to prevent bulging. 
��ÌiÀÛi�Ì���Ã��v�Ã��À��}�ÃÕ««�ÀÌ����>���Ì�i�y��ÀÃ]����Ì�i�L>À-
rel vaults, cross vaults and cloister vaults were carried out 
using different schemes by telescopic props, tube-clamp 
systems and wooden planks of load distribution between 
the props and the intrados and between the prop and the 
decking. In this way, the collapse of the horisontal struc-
tures seriously damaged and compromised by cracks is 
prevented.  
In case of painted vaulted ceilings, before the shoring op-
erations the plasters have been consolidated in a localised 
way and protected by a double layer of Japanese paper.
An operation of support through support structures made 
�v� Ü��`i�� ��À>�� £äÝ£ä� V�®� Ü>Ã� «iÀv�À�i`� ��� V�ÀÀi-
spondence of the openings whose lintel is damaged.
A small portion of coverage was demolished because it 
was unsafe and it was subsequently replaced with a self-
supporting structure in tube-clamp system and corrugated 
steel sheet. The cost for safety intervention was equal to 
581052,48 euros19.
The qualitative and quantitative analysis of the used safety 
ÃÞÃÌi�Ã��v�Ì�i�LÕ��`��}]�>���ÜÃ�v�À�Ì�i��`i�Ì�wV>Ì�����v�Ì�i�
type and dimensions of the potentially reusable elements 
>�`�Ì��`iw�i]�V��ÃiµÕi�Ì�Þ]� Ì�i�«�ÀÌ�����v��>ÌiÀ�>�� Ì�>Ì�
�ÕÃÌ�Li����Ì�>Ìi`�Ì��Li�ÀiVÞV�i`����V>Ãi��v�ÃÌii�®��À������-
cineration installations for the recovery of feedstock en-
iÀ}Þ����V>Ãi��v�Ü��`®°����Ì�i�V>Ãi�ÃÌÕ`Þ]��Ì��Ã�«�ÃÃ�L�i����Þ�
to effect a preventive assessment, as the safety systems 
>Ài�>VÌÕ>��Þ�>ÃÃi�L�i`�>�`�Ì���Þ«�Ì�iÃ�Ãi�>�`iw��Ì�Ûi�>Ã-
sessment based on the available data through precaution-
ary choices.Fig. 9 _ Civic Museum of Santa Maria dei Raccomandati
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The used materials are:
U� ÃÌii�� v�À��iÌ>��V>À«i�ÌÀÞ\�-ÓÇx�,� �i�{Îä®]�Ü�Ì��Õ�Ì�-

mate tensile strength fu = 439 N/mmq and yield stress  
fy = 275 N/mmq;

U� Ì��LiÀ� �v� ÓcV>Ìi}�ÀÞ]� ��Ì� ÀiÃ���ÕÃÆ� >���Ü>L�i� ÃÌÀiÃÃ\��
mamm = 102 kg/cmq; 

U� polyester bands compliant to CENT/TC 168/WG3 
prEN 1492-1; 

U� steel strands with ultimate tensile load  16.100 kg and 
yield stress  fy = 1770 N/mmq. 

The analysis of the used connections allows the determina-
Ì�����v�Ì�i�ÀiÛiÀÃ�L���ÌÞ��iÛi���v�Ì�i�ÃÞÃÌi�]�Ü��V���`i�Ì�wiÃ�
the potentially reusable dimensions of the elements. By 
taking into account the grids made of steel uprights and 
crossbeams that insist on more fronts, we identify the fol-
lowing types and modalities of connection:
U� the uprights HEA 200 are anchored to ground by in-

ÃiÀÌ�������>�iÝV>Û>Ì����w��i`�Ü�Ì��V��VÀiÌi�>�`�«�>Vi`�
on a metal plate;

U� the uprights HEA 200 are jointed vertically through 
bolted plates with variable stretch between 6.0 and 
7.0 metres;

U� the uprights are made integral with masonry through 
expansion bolts or chemicals dowels;

U� on the uprights are welded steel brackets with vari-
able stretch in function of the positioning of cross-
beams; the crossbeams, instead, are resting on the 
brackets and welded to the uprights, also in the cor-
ner points of the building the crossbeams are welded 
to uprights, but without the supports of the brackets;

U� the crossbeams are connected between them through 
bolted plates with a variable distance between 5.0 
and 6.0 meters, in the corner points the crossbeams 
are united by welding;

U� Ì�i� VÀ�ÃÃLi>�Ã� >Ài� �>`i� �v� «À�w�iÃ� 1* � V�Õ«�i`�
through welding of plates with a distance of 2.0 me-
tres;

U� the plates for tensioning are welding to the cross-
beams with variable dimension;

U� the uprights are welding to the tables of load distribu-
tion thanks to the pressure from strands in tension.

The steel grid presents an average reversibility due to the 
numerous welding connections, requiring at the moment 
�v�Ì�i�`�Ã>ÃÃi�L�Þ�Ì�i�iÝiVÕÌ�����v�>�VÕÌ��v�Ì�i�«À�w�i����
correspondence of the welding points, with the exception 
of the coupling points of the crossbeams as it results more 
convenient to reuse them in a welding form. Taking into 
account the grid made with wooden uprights and cross-
beams present on the side of Vittorio Emanuele Street, we 
identify the follow modalities of connection:
U� the uprights are placed on the ground;
U� the vertical uprights are joint through U steel elements 

bolted with a variable distance between 6.0 and 8.0 
metres;

U� the steel plates for tensioning are made integral with 
vertical uprights through the pressure from strands in 
tension;

U� the crossbeams are joined in a horisontal way through 
steel U elements bolted with variable distance be-
tween 5.0 and 6.0 metres, the crossbeams are made 

Fig. 10 _ Connection between uprights and crossbeams
               by bolting. High reversibility.
               Connection between uprights and crossbeams
               by welding. Low reversibility.

Fig. 11 _ Connection between steel grid and steel plates
               by welding. Low reversibility.

Fig. 12 _ Connection between uprights and crossbeams
               through U steel bolted elements- 
               High reversibility.
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with spaced and coupled elements through joint in-
sertion of wooden wedges;

U� the crossbeams and uprights are securely fastened by 
the pressure exerted by strands in tension;

U� the crossbeams are anchored by steel L brackets, 
screw down the plates of load distribution;

U� the tables for load distribution are made integral to 
the masonry through expansion bolts.

The wood grid, thanks to the used connections, present a 
high reversibility.
In the corner point of the building between Vittoro Ema-
nuele Street and Bominiaco Street, the connection be-
tween the steel grid system and the wood grid system is 
made through the welding to the steel plate, which has the 
function of retaining member of the wood system, of an-
other steel plate to which are also welded the crossbeams 
that are part of the steel grid system, with negative conse-
quences for the reusability of the corner elements.
The interventions of support structures of the openings, 
being made of wooden elements, present connections for 
screwing or nailing and, therefore, reversible. In a similar 
way, the reversibility of the hoopings made with polyes-
ter bands is ensured with the presence of ratchets. Also, 
the safety intervention of the cover made with tube-clamp 
systems, corrugated sheets and the safety intervention of 
Û>Õ�ÌÃ]�>ÀV�iÃ�>�`�y��ÀÃ��>`i�LÞ�Ìi�iÃV�«�V�«À�«Ã�����Ìi`�
Ì�À�Õ}���ÀÌ��}��>������ÌÃ�Ü�Ì��ÌÕLiÃ��À�LÞ�ÃÌ�vw�}�V>ÃÌ�iÃ�
and shoring in tubes-clamps are highly reversible.
The limit of the reuse of the element that constituted the 
ÃÌ�vw�}�V>ÃÌ�iÃ��Ã�Ì�i�Ü�`Ì���v�Ì�i�Ã>�i�iµÕ>��Ì��xä�V�°
The qualitative analysis of deterioration20 allows the iden-
Ì�wV>Ì���]�>Ì�Ü�À�]��v� Ì�i�«�ÀÌ�����v��>ÌiÀ�>�� Ì�>Ì�`����Ì�
«ÀiÃi�Ì� ÀiÃ�`Õ>�� «iÀv�À�>�ViÃ� ÃÕvwV�i�Ì� Ì�� �ÌÃ� ÀiÕÃi]� >V-
cording to the necessity to effect assessments more spe-
V�wV�>vÌiÀ�Ì�i�`�Ã>ÃÃi�L�Þ��v�Ì�i�Ã>viÌÞ�ÃÞÃÌi�Ã°�
The materials that have been used within the building 
«ÀiÃi�Ì�ÃÕvwV�i�Ì�ÀiÃ�`Õ>��«iÀv�À�>�ViÃ�>Ã�Ì�iÞ��>Ûi���Ì�
been subject to the action of atmospheric events and their 
own characteristics of durability of the materials exceed 
the number of years since their installation. It deals with, in 
fact, the tube-clamp system and with telescopic props that 
have an average durability equal to 60 years and wooden 
tables used for the load distribution that have an average 
durability equal to 40 years21. Therefore, the analysis is fo-
cused on the materials used on the exterior of the building 
and presenting forms of degradation caused by atmos-
pheric agents.
/�i�ÃÌii��«À�w�iÃ�1* �>�`��Ƃ]�Ì�>Ì�V��ÃÌ�ÌÕÌi`�Ì�i�ÃÌÀÕV-
tural grid, are protected through paint. Comparing the 
«À�w�iÃ�ÃÕÀv>Vi�Ü�Ì��Ì�i�ÀiviÀi�Vi�iÝ>�«�iÃ�«À�Û�`i`�LÞ�
the legislation, there is a variable degree of rusting. The 
corrosion does not occur in a generalised and uniform way, 
but in a localised and discontinuous way. The preventive 
assessment refers, therefore, to an average value of the 
`iÌiÀ��À>Ì���� �v� ÀÕÃÌ��}]� «�ÃÌ«����}� Ì�i� Ã«iV�wV� �`i�Ì�-
wV>Ì���� Ì�� Ì�i� `iw��Ì�Ûi� «�>Ãi� �v� >ÃÃiÃÃ�i�Ì°� /�i��Ƃ�
«À�w�iÃ]�Ü��V�� �>Ûi� Ì�i� vÕ�VÌ���Ã� �v� Õ«À�}�ÌÃ]� «ÀiÃi�Ì� >�
degree of rusting variable between R0 and R1 with wors-
ening to R2 in correspondence of the corners, the welding 
edges present in the majority of cases, a degree equal to 

Fig. 13 _Corner. Rusting degree R4-R5

Fig. 14 _ Uprights- Rusting degree R0-R2
              Crossbeams- Rusting degree R3

Fig. 15 _ Final part of crossbeams- 
              Rusting degree R4
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R3, so as the brackets and L anchoring.
/�i�VÀ�ÃÃLi>�Ã�v�À�i`�LÞ�1* �V�Õ«�i`�«À�w�iÃ]�«ÀiÃi�Ì�
a degree of rusting equal to R3. The points of welding 
Ü�Ì��Ì�i�«�>ÌiÃ]�Ì�i�w�>��«>ÀÌ��v�Ì�i�«À�w�iÃ�>�`�Ì�i�V�À�iÀ�
points present a degree of rusting equal to R4, up to arrive 
in little portions to a degree R5 with the total detachment 
of the paint. Such differences in the corrosion level be-
tween the uprights and crossbeams can be attributed to 
the positioning of the elements that are protected by the 
protrusion of the cover, but above all to the fact that the 
stagnation of water is facilitated by the horisontalness of 
Ì�i�i�i�i�ÌÃ�>�`�LÞ�Ì�i�v�À���v�Ì�i�«À�w�iÃ]�>Ã�Ì�i�1* �
are coupled along the web and one of the two elements 
UPN is always placed with the cavity upwards. Through the 
Û�ÃÕ>��>�>�ÞÃ�Ã]�Ì�iÀi�>Ài���Ì�Ã�}��wV>�Ì�«�i���i�>��v�L��Ã-
ÌiÀ��}]�VÀ>V���}�>�`�y>���}°
���vÕ�VÌ�����v�Ì�i��`i�Ì�wi`�`i}Àii��v�ÀÕÃÌ��}]��Ì��Ã�«�ÃÃ�L�i�
to establish the residual durability, underlining that further 
>�`���Ài�Ã«iV�wV�>�>�ÞÃ�Ã��ÕÃÌ�Li�V>ÀÀ�i`��ÕÌ��>ÌiÀ�Ì��Ì�i�
disassembly, for what concerns the analysis of the sides 
��Ì�Û�Ã�L�i�>�`�Ì�i�ÛiÀ�wV>Ì���Ã��v�Ã�>«i�Ì��iÀ>�ViÃ°
In case of a corrosion level up to R2, i.e. in the case of the 
HEA uprights, the painting preserves a residual durability. 
Hypothesizing a reuse in similar environmental conditions, 
�°i°� V��Ã�`iÀ��}�>�V�ÀÀ�Ã�Û�ÌÞ�V>Ìi}�ÀÞ�
Î� Ü��V�� �Ì� �Ã� Ì�i�
maximum degree of durability of the paint established by 
the standard23�vÀ���Ü��V��Ì�i�wÀÃÌ�ÃiÀÛ�Vi��v��>��Ìi�>�Vi�
must be made) the remaining time for the paint arrivals 
to the degree of rusting R3 is of 6 years24. If, instead, the 
i�i�i�ÌÃ�>Ài�ÕÃi`�Ü�Ì����Õ��i>Ìi`�«�>ViÃ�V�ÀÀ�Ã�Û�ÌÞ�V>Ì-
egory C2), the remaining time for the paint arrivals to the 
degree of rusting R3 would be equal to 12 years25. Other-
wise, the degree of rusting R3 is considered the maximum 
limit for the durability of painting, so for UPN crossbeams, 
we will have to consider a residual durability equal to the 
ÃÌii����Ì�«À�ÌiVÌi`�LÞ�«>��Ì°��v�Ì�i�1* �«À�w�iÃ�ÜiÀi�ÕÃi`�
in similar current environmental conditions C3, the durabil-
ity would be equal to 3 years, while in category C2 equal 
to 6 years. For the purpose of a temporary use, to carry 
out reconditioning interventions will not be convenient, as 
further described in detail.
For what concerns the wooden grid, it must be distin-
guished between the forms of physical deterioration and 
biological deterioration. From a physical point of view, it 
detects the presence of cracks and discoloration. The up-
rights present a lower deterioration than the crossbeams, 
although, they are more distant from the façade and are 
less protected from the ledge of the roof. The vertical 
«�Ã�Ì����v>Û�ÕÀÃ�Ì�i�y�Ü��v�Ì�i�À>��Ü>ÌiÀ°�"Ì�iÀÜ�Ãi]�Ì�i�
crossbeams present a greater deterioration due to the 
horisontal position that favours the stagnation and the 
penetration of the water within the elements. The use of 
square elements with pith included generates the pres-
ence of shrinkage cracks on all sides of the element, fac-
tors that facilitate the penetration of water. If sawed, the 
rectangular elements, not including the pith, have been 
used, to limit the deterioration through the positioning of 
the part less subject to the cracks and concave to the rain 
will be possible.
For what concerns the crossbeams, when they are posi-

Fig. 16 _Discoloration of the elements

Fig. 17 _ Variation of discoloration in function of 
               exposure to sun and rain and constructive 
               positioning

Fig. 18 _ Level of corrosion D of a bracket that has not
              been protected with paint
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tioned in a coupled way, a greater deterioration of the 
upper element is found, particularly evident on the sides 
and on the upper part of the same. The lower crossbeam, 
instead, is degraded on the sides.
It is found, also, a different deterioration of the elements 
according to the sunshine of the façade, correlated with 
both the exposure southeast of the same and with the re-
lationship of the width of the street and the height of the 
buildings on the opposite front.
If, on one side, major sunshine limits the deterioration 
caused by moisture, on the others side, the variation of 
the dimensions and percentage of moisture caused by 
variation of temperatures generates major cracks on the 
elements. In fact, higher deterioration is found for cracks 
of the elements more subject to sunshine and a greater 
`iÌiÀ��À>Ì����v�À����ÃÌÕÀi�>�Ì��Õ}����Ì�ÞiÌ�VÀ�Ì�V>��v�À�À�Ì®�
of the elements subjected to less sunshine; the high mois-
ÌÕÀi��v�Ì�i�ÃÕÀv>ViÃ��Îä¯®�}i�iÀ>ÌiÃ�Ì�i�`iÛi��«�i�Ì��v�
staining fungi that causes the browning of the wood, de-
Ã«�Ìi���Ì��>Û��}���yÕi�Vi����Ì�i��iV�>��V�V�>À>VÌiÀ�ÃÌ�VÃ°�
Such speed is attributable not only to the position of the 
elements from the front of the building, but also to the 
constructive position. In the joint point between the verti-
cal and horisontal elements, the crossbeams are in most 
cases subjected to deterioration from moisture, in fact, 
due to their position between the wall of the building and 
the wood uprights, the connection point is constructively 
in a shadow position and it is subjected to water stagna-
tion. In addition, the joint points are subjected to deterio-
À>Ì����Ü�Ì�� wÃÃÕÀiÃ� LiV>ÕÃi� Ì�i� L��`� }i�iÀ>Ìi`� LÞ� Ì�i�
connection limits the dimensional variations resulting in 
wÃÃÕÀiÃ�>���}�Ì�i�}À>����v� Ì�i�i�i�i�ÌÃ� ��� Ì�i�ÃÕÀÀ�Õ�`-
ing areas to the connection element. On a same element, 
areas with variable discolouration are found, caused by the 
combination of differential exposure of the element in its 
parts to the sun and rain.
The uprights in the part in contact with the ground pre-
sent signs of biological deterioration, such as the presence 
of holes caused by animals. On the uprights, the same 
exit holes are found to also be in correspondence of the 
wanes, particularly widespread when the bark is present.
/�i�ÃÌii��V��«��i�ÌÃ� Ì�i�V��ÌÀ>ÃÌ�«�>ÌiÃ]� Ì�i�LÀ>V�iÌÃ]�
>�`�Ì�i�1�«À�w�iÃ��v�>�V��À��}®� ��� Ì�i�Ã>viÌÞ�ÃÞÃÌi��>Ài�
constituted by uprights and wooden crossbeams that are 
protected by painting, likely made directly in operation. 
The painting has done its job of protection and the ele-
ments have a low degree of rusting variable between R0 
and R2.
-��i�V��«��i�ÌÃ�ÜiÀi���Ì�«>��Ìi`� «À�L>L�Þ� v�À}iÌvÕ�-
ness) and present a high level of corrosion, such as level 
D. This case proves that the protection from corrosion 
performed by painting, galvanising or mixed systems, in-
volves a substantial increase of steel durability.
In the external part of steel strands, a light deterioration 
for corrosion is found.
The wooden elements used for support structures of the 
openings are in a good state, as they do have not have 
evident signs of physical or biological deterioration. The 
positioning within the rooms window and doorways, pro-
tecting them from weather, has increased the durability. 

��}°�£��Ú��i}À>`>Ì����Ü�Ì��wÃÃÕÀ��}��v�Ì�i�Õ«À�}�ÌÃ]
               chromatic alteration of the terminal part of the
               crossbeams

Fig. 21 _ Attack animal of uprights in the point of contact
               to the ground

Fig. 20 _ Connectionof uprights and crossbeams and  
���������������À>`�>��wÃÃÕÀ��}��v�Ì�i�i�i�i�ÌÃ
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The nails used for the connection, instead, are sometimes 
rusty. These nails cannot be reused. In fact, if we proceed 
to disassembly by extraction of nails, they are for the most 
«>ÀÌ� ��yiVÌi`]� �v]� ��ÃÌi>`]�Üi�«À�Vii`� Ì��`�Ã>ÃÃi�L�Þ�LÞ�
Ì�i�VÕÌ��v�Ì�i�«���Ì��v�V���iVÌ���]�Ì�iÞ�Ài�>���wÝi`���Ã�`i�
the wooden element or are cut.
Finally, the polyester bands result in a good state and do 
not present particular signs of deterioration26, even if steel 
shaped elements and wooden tables protected the corner 
of the load-bearing walls, after the disassembly, it is impor-
tant to check the integrity of the bands in the contacting 
points with the corners.

The Civic Museum of Santa Maria dei Raccomandati: 
disassembly and optimisation of the reuse
/�i�`iw��Ì�����v� Ì�i�`�Ã>ÃÃi�L�Þ���`>��ÌÞ��VVÕÀÃ� Ì>���}�
into account the safety systems by type. They are not tak-
en into account the disassembly phases according to their 
chronological order, they will depend on the type of inter-
Ûi�Ì���Ã��`i�Ì�wi`�v�À�Ì�i�ÀiV�ÛiÀÞ��v�Ì�i�LÕ��`��}]�LÕÌ�Ì�i�
`�Ã>ÃÃi�L�Þ���`>��ÌÞ��Ã�`iw�i`����i>V��ÃÞÃÌi�����vÕ�VÌ����
of the reversibility of connections and of the deterioration 
of the elements.
We consider the non-use of the elements due to the de-
terioration, the damaged product during the disassembly 
operations, the geometric characteristics and the small 
size consequent to it. Consider, for example, in cases of 
interventions of support system of the openings to the ne-
cessity to eliminate the wooden part.
/�i���`>��Ì�iÃ�>�`�Ì�i�`�Ã>ÃÃi�L�Þ�«�>ÃiÃ�>Ài�`iw�i`����
function of the used system, as described below.

U� Tie-rods with steel grid _ 
The disassembly happens from top to the bottom, start-
ing from the farthest layer from the wall until it gets to 
the nearest layer. After removing the chains, the disassem-
bly of the bolted plates to crossbeams is made. After, the 
crossbeams are cut in the welding points with the uprights.
The plates for tensioning are left welded to the cross-
beams. In the same way, the crossbeams are removed in 
a coupled way, and, in this form, will be subsequently re-
used. The disassembly of the uprights provides that the 
«À�w�iÃ�>Ài�VÕÌ����V�ÀÀiÃ«��`i�Vi��v�Ì�i�Üi�`��}�Ü�Ì��Ì�i�
crossbeams, including in the cut part with the L bracket 
welded on it. It is possible to proceed to the removing 
�v�Ì�i�ÀiÌ>����}��i�LiÀÃ½�wÝÌÕÀiÃ�Ì��Ì�i�Ü>���>�`�Ì��Ì�i�
removing of the bolted tiles that combine the uprights. 
After the demolition of the anchoring through concrete of 
Ì�i�«À�w�iÃ�Ì��Ì�i�}À�Õ�`�>�`�Ì�i�VÕÌ�v�À�>� �i�}Ì���v�xä�
V���v�Ì�i�«À�w�iÃ�>`�>Vi�Ì�Ì���Ì�>Ài��>`i°�*À�}ÀiÃÃ�Ûi�Þ�Ì��
the disassembly of the uprights, it is possible to proceed 
to the disassembly of the wooden tables of load-sharing, 
eliminating the boards in contact with the ground for a 
length of 50 cm. The wooden tables are arranged in adher-
ence between the walls of the building and the uprights, 
pausing in correspondence of the connections between 
the uprights to leave space for the plates of anchoring. 

U� Tie-rods with wooden grid _ 
The disassembly happens from top to the bottom starting 

from the farther layer from the wall until to get to the near-
est layer. It is necessary to proceed to the decrease of the 
tensioning of steel strands and to the remove of retaining 
plates. After, it is possible to disassemble the uprights that 
are connected together in vertical by C elements in bolted 
steel and maintain in adherence to the building, thanks to 
the pressure exercised by the rods. The parts of uprights 
in contact with the ground, due to their deterioration, do 
��Ì� «ÀiÃi�Ì� ÃÕvwV�i�Ì� V�>À>VÌiÀ�ÃÌ�VÃ� Ì�� ÀiÕÃi°� /�iÀiv�Ài]�
the cut of the same for a length equal to 1 metre above 
the ground is made. Also, the uprights to contact with the 
decking of the balcony are cut for a length equal to 0.50 m 
by the same. Then the crossbeams are dismantled, joined 
by steel brackets bolted to wooden tables in adherence to 
the wall of the building and joined horisontally between 
them by C bolted elements of steel sheet. Finally, it is 
possible to proceed to disassembly of the boards placed 
in contact with the wall and connected to it via mechani-
cal elements. The wooden parts affected by connections 
through elements in C steel sheet are considered not reus-
>L�i�`Õi�Ì��Ì�i��>À}i��Õ�LiÀ��v�`�Üi�Ã���ÃiÀÌi`�È�`�Üi�Ã�
for each side with a space of 25 cm). Otherwise, the parts 
affected by the connection with L brackets that are com-
posed of only two screws not considered degraded.  

U� Systems with telescopic props _
ƂÌ�wÀÃÌ�Ì�i�`�Ã>ÃÃi�L�Þ��v�Ì�i�º����Vi�Ì�»�ÌÕLiÃ�V���iVÌ-
ed to props through orthogonal joints is made and after it 
is possible to remove the pops and wood tables of load 
distribution.

Fig. 22 _ Dismantling the steel grid
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U� Coverage _
ƂÌ�wÀÃÌ�Ì�i�`�Ã>ÃÃi�L�Þ��v�Ì�i�V�ÀÀÕ}>Ìi�ÃÌii��V�ÛiÀ>}i��Ã�
made and, after, it is possible to remove below the castle 
of stiffening in tube-clamp system, with progression from 
the top to the basis.

U� Hooping with polyester bands_ 
The dismantling of the hoopings performed with polyester 
bands is easy. The opening of the ratchet lever eliminates 
the tension of the polyester band. The latter is separated 
from the ratchet through simple extraction. After, it is pos-
sible to disassemble the angular steel and the wood ta-
bles.

U� Support systems of the openings _
The support systems of the openings are constituted by 
wooden elements joined by nailing. The disassembly hap-
pens alternately through the extraction of nails or is cut off 
from the concerning part at the connection, such as the 
wooden part or, when it is possible, the nail exclusively.
In both cases, the wood part neighbouring to the connec-
tion undergoes damage. Otherwise, in such an assessment 
we consider the non reusable part of element neighbour-
ing to the connection points for a length of 10 cm. In case 
of a support system of doors, we consider the elements 
in contact with the ground for a length equal to 50 cm 
unreusable.

For each element that constitutes the safety system, the 
size and the deterioration level according to qualitative 
>�`�}i�iÀ�V�V>Ìi}�À�iÃ���}�]��i`�Õ�]���}�®�>Ài�`iw�i`°�
So it is possible to have a schedule of reusable elements 
available27. This analysis ends the phase of preventive as-
sessment that allowed us to identify the reusable elements 
and their geometric and dimensional characteristics and 
Ì�i� �iÛi�� �v� `iÌiÀ��À>Ì���°� ��À�Ü�>Ì� V��ViÀ�Ã� Ì�i� `iw��-
tive assessment, reiterating that it should be done after the 
disassembly of the elements with available data and infor-
mation, it is possible to hypothesise plausible scenarios of 
reuse, in function of the geometric and dimensional char-
>VÌiÀ�ÃÌ�V��v�Ì�i�i�i�i�ÌÃ°�ƂÌ�wÀÃÌ]��Ì��Ã��iViÃÃ>ÀÞ�Ì���`i�Ì�vÞ�
the elements that are available that have characteristics for 
a structural reuse.
In the case study, the available steel elements such as HEA 
Óää�«À�w�iÃ]�1* �£nä�V�Õ«�i`�«À�w�iÃ]�«�>ÌiÃ]�ÃÌÀ>�`Ã�q�
22, tubes-clamps and telescopic props born with structural 
function. The dimensional deviation of the HEA and UPN 
«À�w�iÃ�`����Ì��ii`�Ì��Li�ÛiÀ�wi`�>Ã�Ì�i�i�i�i�ÌÃ��>Ûi�
been already put on the market and their use caused no 
changes in this sense, the tolerances of mass depend on 
the level of corrosion, but there were not critical cases that 
prevented reuse.
With the shape tolerances, by analysing the positioning 
of the elements in the building, it is found that it must be 
ÛiÀ�wi`�Ì�i�>ÀV���}��v�Ì�i�ÜiL�>�`�Ì�i�iÀÀ�À��v�ÃÌÀ>�}�Ìi�-
��}����Ì�i�«�>���v�Ì�i�ÜiL�v�À�Ì�i�1* �«À�w�iÃ�>�`�Ì�i��ÕÌ�
ÃµÕ>Ài�>�`�Ì�i�ÃÞ��iÌÀÞ��v�Ì�i��Ƃ�«À�w�iÃ°�/�iÀiv�Ài]�
the structural reuse is conditioned by the results of these 
controls.

It is considered appropriate to reuse the elements of the 
ÌÕLi�V�>�«�ÃÞÃÌi��v�À�Ì�i�`iw��Ì�����v�Ã�Ìi�ÃiÀÛ�ViÃ�Ü�iÀi�
the duration of the work provided is preferably comprised 
within 2 years, in order to enhance the rapidity of assem-
bly/disassembly of such constructive system. At the cur-
rent state, these elements have zero deterioration; there-
fore, they can be reused without treatments.
"Ì�iÀÜ�Ãi]��Ì��Ã�V��Ã�`iÀi`�>««À�«À�>Ìi�Ì��ÕÃi�Ì�i�«À�w�iÃ�
1* ]��Ƃ�>�`�Ì�i�«�>ÌiÃ�v�À�Ì�i�`iw��Ì�����v�Ì�i�Li>À��}�
ÃÌÀÕVÌÕÀi��Þ«�Ì�iÃ�â��}�Ã>Ì�Ãwi`�Ì�i�ÛiÀ�wV>Ì���Ã��v�Ã�>«i�
tolerances) of site services where the duration of works is 
more than 2 years. If on one side, in fact, the time of as-
sembly/disassembly are greater, on the other side these 
systems allow the construction of structures of greater 
Ã�âi�>�`�>L�i�Ì��Ü�Ì�ÃÌ>�`�>���}�iÀ���>`�Ü�Ì��ÃÌÀÕVÌÕÀi����
beams and pillars) as well as presenting greater durability.
The durability is not due to the material, which in both 
cases is steel, but it is due to the positioning of the bear-
ing structure compared to the constructive element. The 
tube-clamp systems, in the reuse to the construction of 
site services, are placed outside of the closure and, con-
sequently, more subject to the damage caused by atmos-
«�iÀ�V�>}i�ÌÃ]�V��«>Ài`�Ì��Ì�i�1* ��À��Ƃ�«À�w�iÃ�Ì�>Ì�
instead are situated within the closure.
The choice to direct a system towards the temporary works 
of short duration and the other system towards temporary 
works of medium duration it is carried out with the aim 
to enhance the performance of the systems to direct the 
same towards the uses that have a greater degree of com-
patibility. This choice is possible thanks to the wide avail-
ability of the components of both systems. Otherwise, the 
systems may be used indifferently.
���V>ÃiÃ����Ü��V��Ì�i�1* ]��Ƃ�«À�w�iÃ]�Ì�i�«�>ÌiÃ�>�`�Ì�i�
brackets are used for temporary structures, it is considered 
appropriate to ensure a durability of more than 15 years in 
addition to the life cycle of using for safety.
/�i��Ƃ�«À�w�iÃ�Ü�Ì�� >� ÀÕÃÌ��}�`i}Àii�,�� ä��À�,�� £� V>��
be reused without suffering treatments of reconditioning. 
Considering, in fact, a reuse in environmental conditions 

Ó�Ì��Õ��i>Ìi`���ÌiÀ�>�®�>�`�>����i>À���VÀi>Ãi��v�Ì�i�V�À-
À�Ã�����iÛi�]�Ì�i�i�i�i�ÌÃ�i�ÃÕÀi�>�`ÕÀ>L���ÌÞ�ÃÕvwV�i�Ì�v�À�
the destination of hypothesized use. When a degree of 
localized rusting equal to Ri 2 is present, in function of du-
rability of each of the expected life cycles, considering an 
overall durability of 15 years, it is possible to choose be-
tween two different scenarios of intervention.
/�i� wÀÃÌ� V��Ã�ÃÌÃ� Ì�� «ÕÌ� ��� �«iÀ>Ì���� Ì�i� i�i�i�Ì� Ü�Ì�-
out treatments, the rusting degree will arrive to Ri 3 in 12 
years and, therefore, proper intervention of reconditioning 
must be done. One of the cycles of disassembly of the 
building structure will have to coincide with the achieve-
ment of such levels, before the next assembly a secondary 
«Ài��ÌÀi>Ì�i�Ì� v�À� ��V>��âi`��iV�>��V>��>LÀ>Ã���� `i}Àii�
of preparation P MA) will have to be made. After the ap-
«À�«À�>Ìi�ÛiÀ�wV>Ì���Ã]�>��iÜ�V�>Ì��v�«>��Ì��Ã�>««��i`�Ì�>Ì]�
���V��Ã�`iÀ>Ì�����v� Ì�i��ÛiÀ>���`ÕÀ>L���ÌÞ� £x�Þi>ÀÃ®]��ÕÃÌ�
be chosen between the indicated types according to the 
legislation with low durability including between 2 and 5 
years28.
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The secondary scenarios of intervention consists in car-
rying out interventions of reconditioning before starting 
work on the element with the aim to restore a degree of 
ÀÕÃÌ��}�Ì��,��ä]�ÃÕV��Ì�>Ì��Ì�V>��i�ÃÕÀi�>�ÃÕvwV�i�Ì�`ÕÀ>L���ÌÞ�
without treatments between the various life cycles. In such 
cases, a secondary pre-treatment localized with manual or 
�iV�>��V>��V�i>���}�`i}Àii��v�«Ài«>À>Ì����*�-Ì�Ó®��>Þ�Li�
V>ÀÀ�i`��ÕÌ�>�`�>vÌiÀ�Ì�i�>««À�«À�>Ìi�ÛiÀ�wV>Ì���Ã]�>��iÜ�
coat of paint can be applied, that, in consideration of the 
�ÛiÀ>���`ÕÀ>L���ÌÞ�£x�Þi>ÀÃ®��ÕÃÌ�Li�V��Ãi��LiÌÜii��Ì�i�
indicated types according to the legislation with average 
durability including between 5 and 15 years. In both cases, 
the treatments can be performed on the construction site.
/�i�1* �V�Õ«�i`�«À�w�iÃ�>�`�Ì�i�«�>ÌiÃ��v�>�V��À��}�«Ài-
sent a general degree of rusting equal to Ri 3 and a degree 
equal to Ri 4 in the welding points. They must undergo 
interventions of reconditioning before being reused. It is 
possible to carry out a secondary preventive treatment of 
blasting with compressed air and with pressurized liquid 
���Ì�i�V��ÃÌÀÕVÌ����Ã�Ìi� `i}Àii��v�«Ài«>À>Ì����->�Ó£ÉÓ®°�
After, the assessment of the roughness of the surface sub-
strate may be carried out on site and a painting operation 
with average durability from 5 to 15 years, considering a 
V�>ÃÃ��v�i�Û�À���i�Ì>��V�ÀÀ�Ã�Û�ÌÞ�
Ó� Õ��i>Ìi`� ��ÌiÀ�>�®°�
It is considered appropriate to use such a kind of paint-
ing, considering the temporary nature of the reuse; the as-
sembly/disassembly of the element during its life allows, 
in fact, to easily monitor the deterioration and eventually 
to carry out maintenance operations. In all cases, working 
with the paint on surfaces already painted, it is considered 
appropriate to carry out an assessment of compatibility of 
the paint that is punctually applied, with the aim to ensure 
a uniform durability to the element.
From the carried out analysis, it is evident the opportunity 
of reusing within the same building structure, as possible, 
elements that, before reusing, have the same level of cor-
rosion, with the aim to maximize the residual performance. 
The use in the same building structure of elements with 
different level of deterioration requires uniform the treat-
ments, according to the worst level. 
Consider, for example, the reuse of elements with a rusting 
degree equal to Ri 1 and to element with a rusting degree 
Ri 3. All the elements must be treated as though they had 
a level of corrosion equal to Ri 3 to act simultaneously for 
Ì�i��>��Ìi�>�Vi°�-ÕV��V��Ã�`iÀ>Ì���Ã�w�`�>��iÝVi«Ì�������
Ì�i�V>Ãi��v�`iw��Ì�����v�Ìi�«�À>ÀÞ�ÃÌÀÕVÌÕÀiÃ°
Consider, for example, the reuse in the same structure 
of elements coming from the selective demolition of the 
safety system of the Civic Museum di Santa Maria dei Rac-
comandati with rusting degree Ri 1 and Ri 2, assuming 
that they are treated with painting of medium duration. 
Hypothesising a reuse in the same conditions, both ele-
�i�ÌÃ�«ÀiÃi�Ì� >� ÃÕvwV�i�Ì�`ÕÀ>L���ÌÞ� v�À� Ì�i� V��ÃÌÀÕVÌ����
of a temporary building structure with a normal life equal 
to 5 years. 
At the moment of the disassembly, the same elements that 
before installation presented a rusting degree equal to Ri 
2 have reached a degree equal to Ri 3, while the element 
that before installation presented a rusting degree equal 

to Ri 1 have reached a degree equal to Ri 2 and present 
a residual durability of another 4 years, before reaching 
of the degree Ri 3 in the same environmental conditions. 
Therefore, the temporariness of the system facilitates the 
reuse of elements with different deterioration, thanks to 
the possibility to carry out treatments of reconditioning, 
during the cycles of disassembly that happen in a limited 
period. Differently, in cases of stable architecture, it is im-
portant to use elements that present the same level of de-
terioration with the aim to optimise maintenance interven-
Ì���Ã°� �v� Ì�i�ÃÌii��i�i�i�ÌÃ�`����Ì�vÕ�w��Ì�i�ÀiµÕ�Ài�i�ÌÃ�
for a structural reuse, they may be used for not structural 
vÕ�VÌ���Ã°�
��Ã�`iÀ]�v�À�iÝ>�«�i]�Ì�i�`iw��Ì�����v�`�Û�`��}�
walls, decking or air space for technical implants in recov-
ery interventions and in temporary structures. 
Although this use is not consistent with the original nature 
of the elements that are born for a structural use, it rep-
resents a modality of optimisation for the environmental 
impact caused by its production. The no structural reuse 
has less stringent conditions on the range of tolerance of 
corrosion of the elements, such as the choice in perform-
ing treatments has repercussions almost exclusively aes-
thetic or dangerous for human health due to the presence 
of rust, having the element unresponsive to its functions 
only when the corrosion affected the internal cohesion of 
material. Hypothesising a not structural reuse within the 
LÕ��`��}�ÃÌÀÕVÌÕÀi�V�ÀÀ�Ã�Û�ÌÞ�V>Ìi}�ÀÞ�
Ó®]�Ì�i�V��`�Ì����
in which the element is not responsive to its function due 
to the lost of cohesion of the material occurs in a period of 
time far exceeding the nominal life of an ordinary structure 
>Ã�iÃÌ>L��Ã�i`�LÞ�Ì�i��i}�Ã�>Ì����6��xä�Þi>ÀÃ®°
For example, supposing a non-structural reuse of a UPN 
£nä�«À�w�i����ÃÌii��Ü�Ì��>���Ü�V>ÀL���V��Ìi�Ì�Ü�Ì���i�}Ì��
equal to 1 metre in corrosivity category equal to C2, with 
an annual mass loss equal to 200 g/sqm, after 50 years 
from installation, a lost of mass equal to 27% is found. 
/�iÀiv�Ài]�Ì�i�ÃÌÀÕVÌÕÀ>��«À�w�i��>Ã�>�«À�«�ÀÌ���>��Ài`ÕV-
tion of its bearing capacity.
Hypothesising a uniform progression of the corrosion, the 
£nä�1* �«À�w�iÃ]�>vÌiÀ�xä�Þi>ÀÃ�«ÀiÃi�Ì�>�Li>À��}�V>«>V�ÌÞ�
V��«>À>L�i���i��v�>�£{ä�1* �«À�w�i29.
/�iÀiv�Ài]�Ì�i��À�}��>���>ÌÕÀi��v�Ì�i�«À�w�iÃ�Ì�>Ì�>Ài�L�À��
for a structural use produces an oversizing of the perfor-
mance, in the moment in which they are reused for a not 
structural aim, increasing the tolerance range of the corro-
sion level.
The telescopic props can be used according to their origi-
nal function, such as for formwork and the casting of slabs 
Ü�Ì��ÜiÌ�ÌiV�����}�iÃ�Ài��v�ÀVi`�V��VÀiÌi®]�v�À�Ã��À��}��v�
armatures in excavation or retaining wall or other uses of 
shorings. In cases of temporary reuse, the durability is de-
w�i`�LÞ�Ì�i�ÌÞ«i��v�ÃÞÃÌi���v�>`�«Ìi`�«À�ÌiVÌ����«>��Ì-
ing, galvanizing or special systems).
The tube-clamp systems can be reused with temporary 
vÕ�VÌ���]�ÃÕV��>Ã�Ü�Ì��ÃV>vv��`�vÕ�VÌ�����À�v�À�`iw��Ì�����v�
temporary sites services. In this latter case, the elements, 
if they have a structural function, must be assessed consid-
ering the used material and the type of surface treatment 
`iw�i`]� ÃÕV��>Ã� Ì�iÞ��ÕÃÌ�Li�ÃÌÀÕVÌÕÀ>��Þ�V��Ã�`iÀi`�>Ã�
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ÃÌii��ÌÕLÕ�>À�«À�w�iÃ°��v]���ÃÌi>`]�Ì�iÞ�>Ài�ÕÃi`����`iw��Ì�Ûi�
��ÌiÀÛi�Ì���Ã�Ü�Ì����Ì�ÃÌÀÕVÌÕÀ>��vÕ�VÌ����v�À�iÝ>�«�i]�v�À�
Ì�i� `iw��Ì���� �v� yiÝ�L�i� ��ÌiÀ��À� «>ÀÌ�Ì���Ã®� v�À� Ì�i�� Ì�i�
Ã>�i�V��Ã�`iÀ>Ì���Ã��ÕÌ���i`�>L�Ûi�v�À�Ì�i�ÃÌii��«À�w�iÃ�
are valid.
In the reuse it is necessary to carry out the structural cal-
culations taking into account the type of used steel, the 
�i�}Ì��>�`�Ì�i�V�>ÃÃ��v�Li���}��}�V�>ÃÃiÃ�Ƃ]�	]�
]���>�`�
E)30, that consequently determine the nominal characteris-
tic resistance. Dealing with reuse, the structural space will 
be determined by the kind of available props. Each prop, 
according to the legislation, in fact, has to be marked with 
the indication of the manufacturer, the year of construc-
Ì���]� Ì�i�V�>ÃÃ�wV>Ì���>�`� Ì�i�µÕ>��ÌÞ�V��ÌÀ���>`�«Ìi`°� ���
the present case study, the telescopic props and the tubes 
and clamps having been used within the building do not 
present signs of corrosion. Therefore, they may be reused 
without prior operations of reconditioning, but, making an 
analysis on the preventive treatment and programming, 
respect to it, a maintenance inspection. In function of the 
deterioration level and of the residual life of the building, 
it is possible to identify the preventive treatments to ap-
ply and to plan future maintenance. In a similar way, the 
temporary use of elements whose nature is related to de-
w��Ì�Ûi�ÕÃ>}iÃ�V�Õ�`�����Ì�Ì�i�iÝ«���Ì>Ì�����v�Ì�i�ÀiÃ�`Õ>��
performance.
For that which concerns the wooden structural elements in 
the technical report attached to the safety project of the 
Civic Museum of Santa Maria dei Raccomandati the use 
�v�ºÜ��`� ��v�Óc�V>Ìi}�ÀÞ]���Ì� ÀiÃ���ÕÃ]�>���Ü>L�i�ÃÌÀiÃÃ\�
mamm = 102 kg/cmq” is indicated, without giving further 
information. This indication is according to the Regulations 
DIN 1052/88 and 96 based on the calculation with meth-
od of allowable tensions, that to date, results passed at a 
European level. In fact, the European standard EN 14081 
“Timber structures - Strength graded structural timber 
with rectangular cross section” imposes the marking CE 
of wooden elements with a rectangular cross section with 
Ì�i���`�V>Ì���Ã��v�Ã«iV�wV�V�>À>VÌiÀ�ÃÌ�VÃ���V�Õ`��}�Ì�i�Ài-
sistance class, accordingly established by the standard EN 
338 “Structural timber – Strengh classes”. The structural 
ÀiÕÃi��v�Ü��`i��i�i�i�ÌÃ�Ü������Ì]�Ài}>À`�iÃÃ��v�Ì�i�`iw-
nition of the same resistance class.
When information about the resistance class of the ele-
�i�ÌÃ�Liv�Ài� Ì�i�À�wÀÃÌ� ��vi�VÞV�i�>Ài�>Û>��>L�i]� Ì�>��Ã� Ì��
the technicians documents or thanks to the presence of 
Ì�i��>À���}�
�Ì�>Ì��Ì��Ã���Ì�VÕÌ������ÃÌ>��>Ì���®]��Ì�Ü����Li�
necessary to verify by visual grading the possible variation 
only of some defects that could cause a change in the re-
Ã�ÃÌ>�Ì�V�>ÃÃ]�ÃÕV��>Ã�Ì�i�wÃÃÕÀiÃ]�Ì�i�̀ iÌiÀ��À>Ì����LÞ�vÕ�}��
�À� ��ÃiVÌÃ�>�`�`iv�À�>Ì���Ã� L�Ü]�VÀ���]� ÌÜ�ÃÌ�>�`�VÕ«®°�
"Ì�iÀÜ�Ãi]�Ü�i��ÃÕvwV�i�Ì� ��v�À�>Ì����>Ài���Ì�>Û>��>L�i]�
as in the case study, the visual grading will need to be 
made ex novo, with the aim to identify the characteristic 
values of the elements. 
The technique relation describes only the belonging to 
the hardwood timber, therefore, the visual grading can 
be carried out according to the parametres indicated in 
Ì�i�Ã«iV�wV�«À�Ã«iVÌÕÃ� �°{®��v� Ì�i�ÃÌ>�`>À`�1 ��££äÎx�

Ó\Óä£ä�º�i}���ÃÌÀÕÌÌÕÀ>�i°�
�>ÃÃ�wV>â���i�>�Û�ÃÌ>�`i���i}-
nami secondo la resistenza meccanica. Parte 2: Regole per 
�>�V�>ÃÃ�wV>â���i�>�Û�ÃÌ>�ÃiV��`���>�ÀiÃ�ÃÌi�â>��iVV>��V>�i�
Û>��À��V>À>ÌÌiÀ�ÃÌ�V��«iÀ�Ì�«��`���i}�>�i�ÃÌÀÕÌÌÕÀ>�i»�-ÌÀÕV-
tural timber. Visual strength grading for structural timbers. 
Part 2: Visual strength grading rules and characteristics 
values for structural timber population) and then, once the 
Ã«iV�iÃ��Ã��`i�Ì�wi`]��Ì��Ã�«�ÃÃ�L�i�Ì���`i�Ì�vÞ�Ì�i�ÀiÃ�ÃÌ>�Ì�
V>Ìi}�ÀÞ°�/�i��Ì>��>���i}�Ã�>Ì�����`i�Ì�wiÃ]����v>VÌ]����Þ���i�
Û�ÃÕ>�� V>Ìi}�ÀÞ� v�À��>À`Ü��`� V>Ìi}�ÀÞ�-®]� Ì��Ü��V�� V�À-
responds different resistant categories in function of the 
species. In the present case, some of the vertical elements 
V�ÀÀiÃ«��`�Ì��Ì�i��i}�Ã�>Ì�Ûi�̀ iw��Ì�����v�º1Ã����Õ�i»Æ�v�À�
them the Italian standard UNI 11035-3:2010 “Legno strut-
ÌÕÀ>�i°�
�>ÃÃ�wV>â���i� >� Û�ÃÌ>� `i�� �i}�>��� ÃiV��`�� �>� Ài-
sistenza meccanica Parte 3: Travi Uso Fiume e Uso Trieste” 
-ÌÀÕVÌÕÀ>��Ì��LiÀ°�6�ÃÕ>��ÃÌÀi�}Ì��}À>`��}°�*>ÀÌ�Î\�/��LiÀ�
1Ã����Õ�i�>�`�1Ã��/À�iÃÌi®�>�Ì��Õ}��`iw�iÃ�Ì�i��iÌ��`�
of measurement of the characteristics and of the defects, 
`����Ì�>���Ü�Ì�i��`i�Ì�wV>Ì�����v�Ì�i�ÀiÃ�ÃÌ>�Ì�V>Ìi}�ÀÞ]�>Ã�
>Ì�«ÀiÃi�Ì]��Ì�«À�Û�`iÃ����Þ�Ì�i�V�>À>VÌiÀ�ÃÌ�V�Û>�ÕiÃ��v�wÀ°�
Therefore, waiting for the implementation of the legisla-
Ì���]�Ì�iÃi�i�i�i�ÌÃ�V>��Li�V�>ÃÃ�wi`�Ü�Ì��ÕÌ�Ì>���}���Ì��
account the wanes, according to the regulations of proven 
reliability31. In such way, however, the resistance values 
attributable to these elements are penalized. In the case 
ÃÌÕ`Þ]�`Õi�Ì��Ì�i�«ÀiÃi�Ì�V��w}ÕÀ>Ì�������Ì�i���ÃÌ>��>Ì����
of the elements, it was possible to assess in details only 
the deterioration, assuming a lack of visibility of a side. For 
wooden elements, being in contact with the ground pre-
Ãi�ÌÃ�>���}��À�Ã��v�À�L����}�V>��`iÌiÀ��À>Ì����>���>�Ã�>�`�
mould) that is cut and is expected to have the degraded 
part discarded. Instead, the portions in which the presence 
of widespread attack of insects is found, visible above all 
in correspondence of the wanes and where the bark is pre-
sent, before of the structural reuse, if they meet the mini-
mum requirements according to the legislation, they will 
be treated by curative piloted injections or by application 
of curative products by roller, brush or spray, when the at-
tack is slight.
When the elements present a slight deterioration wide-
spread with presence of mould and, consequently, discol-
ouration alterations, evident on the upper parts and on the 
side crosspieces, it is possible to make a surface cleaning 
by mechanical abrasion and after it is necessary to apply 
preventive treatments.
Varying the intensity of abrasion, the brushing can be 
made also to clean the wooden surfaces before the ap-
plications of possible treatments to ensure greater effec-
tiveness and to restore the original colour when discolora-
tion alterations are present and we want to get a better 
aesthetic result. The same treatments must also be made 
when such deterioration is found on the elements that will 
not be used for structural aims.
Even if, in such case, the presence of deterioration does 
not undermine the safety of the building, it generates the 
decrease of the performance of the element and repre-
sents a risk of transmission for the structured elements 
`>�}iÀ�ÕÃ�>L�Ûi�>��]����V>Ãi��v�>�L����}�V>��>ÌÌ>V�®°
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In any case, before reuse, the moisture of the wood must 
be measured by capacitance instruments32 or, when it is 
possible, through the extraction of a specimen with the size 
established by the legislation and after calculation with the 
oven dry method33.  If the moisture is greater of the 16%, 
before of the installation, we will have to provide to dry at 
vÀii��À�>ÀÌ�wV�>��>�À]�Õ«�Ì��>����ÃÌÕÀi�iµÕ>��Ì��>L�ÕÌ�£Ó¯�
Ìi�«iÀ>ÌÕÀi� Óäc]� i�Û�À���i�Ì>�� Ài�>Ì�Ûi� ���ÃÌÕÀi� Èx¯®]�
with the aim both to reduce the risk of biological attack 
and to correctly estimate the mechanical property.
���V>Ãi��v�ÃÌÀÕVÌÕÀ>��ÀiÕÃi]� �v� Ì�i�Û�ÃÕ>��}À>`��}��`i�Ì�wiÃ�
Ì�i�Ü�ÀÃÌ�`iviVÌÃ�������ÌÃ]�Ü>�iÃ]�`iÌiÀ��À>Ì�����À�wÃÃÕÀiÃ]�
in function of the position or of the intensity of the same, 
the possibility to cut the part of the element that affect 
the structural reuse must be assessed or, in case of surface 
deterioration, proceed with a curative treatment. If the 
Ü�ÀÃÌ�`iviVÌÃ��`i�Ì�wi`�>Ài�Ì�i�À>Ìi��v�}À�ÜÌ�]�Ì�i�Ã��«i�
of grain, the deformations or the reaction wood or other 
widespread defects, the wooden elements must be used 
with not structural function. In the structural reuse, a cor-
ÀiÃ«��`i�Vi�LiÌÜii��Ì�i�L�Õ�`>ÀÞ�V��`�Ì���Ã����ÃÌÕÀi�
and temperature of the environment), the type, the dura-
tion and the load modality due to the conformation and of 
then localisation of the building structure and the defects 
present in the part of the element most stressed must be 
�`i�Ì�wi`°
In the case study, with concern to the wooden components, 
an assessment of the defects and of the deterioration not 
being possible on the construction site because the safety 
systems have not yet been disassembled, we hypothesise 
a structural reuse of the elements based exclusively on the 
size, i.e. between the materials/components indicated as 
“reusable elements”, we consider structural reusable the 
components that have a section of 14x18 cm and 20x20 
cm with length greater or equal to 2.0 metres and a not 
structural reuse of the elements that have a section of 
14x18 cm and 20x20 cm with lower length to 2.0 metres 
>�`��v�>���V��«��i�ÌÃ�Ü�Ì��̀ �vviÀi�Ì�ÃiVÌ���Ã�£äÝ£ä]�ÓäÝx]�
15x5 and 15x2.5 cm). From a percentage point of view, 
the 26.8% of the wooden elements is reused for structural 
aims and the 73.2% for not structural aims. Both in case of 
structural reuse and in not structural reuse, it is necessary 
to identify the class of durability and chose in function of 
the class of environmental risk.
In the case study, as these are elements for structural use 
����>À`Ü��`�>�`���Ì��>Û��}�>Ì�`�Ã«�Ã�Ì������Ài�Ã«iV�wV�
data about the used species, it is carried out the compari-
son between the operative modalities aimed to optimize 
the durability in case of alder wood and in case of poplar 
wood, belonging to the same structural category of visual 
V�>ÃÃ�wV>Ì����>VV�À`��}�Ì��Ì�i��Ì>��>��ÃÌ>�`>À`°
The alder wood presents a natural class of durability 
>}>��ÃÌ�Ì�i�vÕ�}��>ÌÌ>V��iµÕ>��Ì��x���Ì�`ÕÀ>L�i®°��Ì��Ã���Ì�
resistant to anobiids and to termites, presents a heart-
Ü��`�Ü�Ì��V�>ÃÃ��v� ��«Ài}�>L���ÌÞ�£� ��«Ài}�>L�i®�>�`�>�
Ã>«Ü��`�Ü�Ì��V�>ÃÃ��v���«Ài}�>L���ÌÞ�£���«Ài}�>L�i®°�/�i�
poplar wood presents a natural durability class to the fungi 
>ÌÌ>V��iµÕ>��Ì��x���Ì�`ÕÀ>L�i®Æ��Ì��Ã���Ì�ÀiÃ�ÃÌ>�Ì�Ì��>��L�-
ids, termites and to cerambycidae, it presents a heartwood 

Ü�Ì��V�>ÃÃ��v���«Ài}�>L���ÌÞ�Î���ÌÌ�i�«Ài}�>L�i®�>�`�>�Ã>«-
Ü��`�Ü�Ì��V�>ÃÃ��v���«Ài}�>L���ÌÞ�£���«Ài}�>L�i®°
�v�Ì�i�i�i�i�ÌÃ�>Ài�ÕÃi`�Ü�Ì����>�`ÀÞ�i�Û�À���i�Ì�V�>ÃÃ��v�
use 1), all species can resist the fungi attack without pre-
ventive treatments, in a similar way a high risk of insects 
attack does not exist.
If the elements reused are sheltered of the atmospheric 
agents, but with possibility of occasional intermittent hu-
��`�wV>Ì�����Óä¯�V�>ÃÃ��v�ÕÃi�Ó®]�L�Ì��Ì�i�>�`iÀ�i�i�i�ÌÃ�
>�`�«�«�>À��>Ûi�>�ÃÕvwV�i�Ì��>ÌÕÀ>��`ÕÀ>L���ÌÞ�>�`�`����Ì�
require preventive treatments, if constructive measures act 
to decrease the risk of condensation on the elements are 
used. Only when the elements result inaccessible or are in 
need of a higher durability than natural, some preventive 
treatments will be applied. These treatments results are 
��Ài�ivwV�i�Ì����>�`iÀ�Ü��`�V��«>Ài`�Ì��«�«�>À�Ü��`]�
as the latter presents a lower impregnability of heartwood, 
on the other hand the minor impregnability of the heart-
wood of the poplar increases the resistance to the fungi at-
tack because it will be less subject to moisture absorption.
For what concerns insect attack, the alder elements must 
be protected from the attack of anobiids and termites, 
while the poplar elements must be protected from the at-
tack of cembracidae, anobiids and termites, with the use 
of preserving products that ensure a class of penetration 
NP134°�/�i�ÛiÀ�wV>Ì�����v�ÀiÌi�Ì�����ÕÃÌ�Li�«iÀv�À�i`����
an analytics area equal to 3 mm.
When the elements are used externally and are exposed 
Ì���Õ��`�wV>Ì����V�>ÃÃ��v�ÕÃi�Î®]�Ì�i�Ã>�i�V��Ã�`iÀ>Ì���Ã�
made for use in classroom 2 can be applied, with the dif-
ference that a greater penetration of the preserving prod-
uct will be ensured.
Therefore, while in cases of reusing in class of use 2, it 
will be possible to get a good resistance to fungi and 
to insects, through treatments with brush, roller or spray 
performed on site. In cases of reusing in class of use 3, 
although both the surface treatment and plant treatment 
at pressure are allowed by the legislation, this latter will 
ensure a greater penetration of the product.
For the elopements in alder wood, it will be necessary to 
i�ÃÕÀi�>�«i�iÌÀ>Ì�����iÛi�� *Î�È�����v�Ã>«Ü��`����Ã�`i�
v>ViÃ®°�/�i�ÛiÀ�wV>Ì�����v� ÀiÌi�Ì����Ü����«iÀv�À�i`����>��
analytics area equal to 6 mm sides, while for the poplar 
wood it will be necessary to ensure a penetration level NP2 
Î�����v�Ã>«Ü��`����Ã�`i�v>ViÃ�>�`�{ä�����v�Ã>«Ü��`�
>Ý�>��`�ÀiVÌ���®�>�`�Ì��«iÀv�À��Ì�i�ÛiÀ�wV>Ì�����v�ÀiÌi�Ì����
on an analytics area equal to 3 mm sides.
In a similar way in the case study, the elements for non 
structural use can be constituted of sawmills wood such 
as of elements that in the previous life cycle have had a 
structural function and in the assessment of structural re-
use were discharged due to the presence of defects or can 
Li�V��ÃÌ�ÌÕÌi`��v�«>�i�Ã�>�`�i�i�i�ÌÃ����Ü��`��v�wÀ�>�`�
pine. In case of temporary reuse, the variability of weather 
conditions as well as of the geographical localization of 
Ì�i�LÕ��`��}�ÃÌÀÕVÌÕÀi�>�`�V��ÃiµÕi�Ì�Þ�Ì�i�Û>À�>L���ÌÞ��v�
the kind of the biological attack) is controlled thanks to the 
possibility to replace or to treat the elements between the 
cycles of assembly/disassembly.
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Site services in Santa Maria Paganica square: 
the executive project
The site services were projected by foreseeing the reuse 
of the components that constituted the safety systems of 
the Civic Museum of Santa Maria dei Raccomandati, in-
tegrated, when not enough, with elements coming from 
selective demolitions of the reconstruction of nearby sites 
and with materials of the local supply chain.
The constructive systems are constituted from constructive 
systems that make reference to those previously project-
i`� >Ã�`iÃVÀ�Li`� ���«>À>}À>«��n°Î®]���`�wi`� ��� vÕ�VÌ����
of the geometrical and dimensional characteristics of the 
available components and of newly projected construc-
tive systems, when the components coming from selective 
demolitions are an exception compared to most common-
ly found elements. In particular for the safety system of the 
Civic Museum of Santa Maria dei Raccomandati, wooden 
elements with a square section are used and reused with a 
bearing function.
Even if, in fact, referenced macro-categories have been 
�`i�Ì�wi`�v�À�Ì�i�i�i�i�ÌÃ�Ì�>Ì�V��ÃÌ�ÌÕÌi`�Ì�i�Ã>viÌÞ�ÃÞÃ-
tems, the typological and quantitative variability present 
can stimulate different solutions case by case. 
The case study shows that the constructive systems previ-
�ÕÃ�Þ�`iÃVÀ�Li`� ���«>À>}À>«��n°Î®� Ài«ÀiÃi�Ì�>� ÀiviÀi�Vi�
point to facilitate the reuse of the components by the en-
terprises and to express potential, but that are not exhaus-
tive compared to the present opportunities.
For each site service illustrated below, it is possible to 
identify an abacus of components necessary for its realisa-
Ì���� >Ã�iÝ«�>��i`� ��� Ì�i�ºƂ««i�`�Ý� � �»35)� >�`� Ì��`iw�i�
the percentage36 of materials that come from the selective 
demolitions and of the materials produced ex novo.
All of the projected services are connected to the electric-
ity grid and they can be covered with photovoltaic panels, 
aimed at eliminating the heating system.
The spatial choices are strongly conditioned by minimum 
regulatory requirements and by user’s expectations.

The changing room
The constructive system is made with constructive parts 
CV-1a, COi-1a and COs-1a with variations in the section of 
wooden elements.
The constructive equipment is constituted of a bearing 
structure made with wooden bearing walls and horizontal 
V��ÃÕÀiÃ�Ü�Ì��Ü��`i��Li>�Ã�Óä�Ý�Óä�V�®�>�`�ÃÌii��Li>�Ã�
1* �Ó{ä®Æ�Ì�i�ÛiÀÌ�V>��V��ÃÕÀiÃ�>Ài�V��ÃÌ�ÌÕÌi`�LÞ�«�>��Ã�
and wooden elements placed in compliance with passing 
rods that have a bearing function and are connected with 
the horizontal closures by steel connectors. 
The wooden walls are insulated with sheep wool panels 
Ì��V��iÃÃ�£ä�V�®�Ü�Ì����>�`�V�ÛiÀi`�Ü�Ì��Ü��`i��L�>À`Ã°�
The horizontal closures are made up of wooden boards 
Ü�Ì�� ��ÌiÀ«�Ãi`�Ã�ii«�Ü���� ��ÃÕ�>Ì���� Ì��V��iÃÃ�£ä�V�®°
The water tightness of the upper horizontal closure is guar-
anteed by sloping steel corrugated sheet.The foundations 
are composed of screw piles.

The changing room is equipped with an electrical system.
The vertical closures have a transmittance of 0.25 W/ksqm 
and the horizontal closures equal to 0.20 W/ksqm.
A planimetric space of 3.0 x 5.0 m and an average height 
of 4.0 m are considered for the construction of the chang-
ing room. The necessary elements are as follows: 12.6 mc 
�v�Ü��`i��i�i�i�ÌÃ]�£äÎä��}��v�1* �Ó{ä�«À�w�iÃ]�ÎÓ����
of tie-rods, 290 kg of connectors, 24 sqm of corrugated 
steel, 6.5 mc of insulation and 4 screw piles.
The 65.9% of materials/components required for the con-
struction of the changing room is derived from the selec-
tive demolitions carried out in neighbouring reconstruc-
tion sites, while 34.1% consists of new materials, namely 
insulation, screw piles and connections.

The restrooms
The constructive system is constituted by constructive 
parts CV-3a, COi- 3a and Cos-3a with variations in the sec-
tion of the wood elements. 
The variation of the inner covering of vertical closures and 
of the decking and the predisposition of the air space in 
the lower horizontal closure for the passage of pipes to the 
water supply and sewer system can be positioned in the 
existing interspace between the three-dimensional grid of 
tubes and clamps and the wooden envelope.
The constructive equipment constitutes a bearing struc-
ture with tubes and clamps and lower horizontal and verti-
cal closures constituted by wooden plank with interposed 
insulation of sheep wool.
The upper horizontal closure comprises of two parts: one 
part formed by double wooden boards with interposed in-
sulation hanging from overhead trusses made with a tube-
clamp system and another part above the trusses made 
with wooden board and corrugated steel sheeting. 
The inner covering of the vertical closures is made with 
polycarbonate panels. 
/�i�y��À��Ã��>`i�Ü�Ì������Ü��`°�/�i�V��ÃÕÀiÃ�>Ài�V��-
nected to a tube-clamp structure through eyelet and ome-
ga connectors. 
Internal partitions consist of a wooden frame coated with 
polycarbonate panels. The restrooms are equipped with 
water and electricity.
Vertical and horizontal closures have a transmittance of 
0.28 W/ksqm. Considering a planimetric space of 5.3x7.0 
m and an average height of 4.50 m, which can accommo-
date 3 showers, 3 sinks and 3 waters, the following materi-
als are needed for their construction: 5.5 mc of wooden 
elements, 25 sqm of alveolar polycarbonate panels, 500 
ml of tubes, 700 clamps, 35 sqm of corrugated sheet , 32 
ml polyester bands, 7.8 mc of sheep wool insulation, 0.2 
�V��v�����y��À��}�>�`�ÓÈ��}��v�ÃÌii��V���iVÌ�ÀÃ�iÞi�iÌÃ�
>�`���i}>�«À�w�iÃ®°
The 43.4% of materials/components necessary for the 
construction of the restrooms comes from selective dem-
olitions carried out in neighbouring reconstruction sites, 
while 56.6% consists of new materials, namely insulation, 
y��À��}]�«��ÞV>ÀL��>Ìi�«>�i�Ã�>�`�V���iVÌ���Ã°



JOINT RESEARCH PhD THESIS 
BETWEEN THE UNIVERSITY “G.D’ANNUNZIO” OF CHIETI-PESCARA AND THE  POLYTECHNIC UNIVERSITY OF VALENCIA 

2438_The territory of L’Aquila: hypothesis of development

/�i��vwViÃ
The constructive system was projected ex novo in function 
of the available elements after the selective demolition of 
the Civic Museum. The building system contains a bear-
ing structure made with wooden beams and uprights with 
vertical and horizontal closures formed by wooden boards 
Ü�Ì����ÌiÀ«�Ãi`���ÃÕ�>Ì����£ä�V��Ì��V��iÃÃ®°�
Corrugated steel panels docked on the tables of the upper 
horizontal closing ensure a watertight seal.
Wooden uprights are anchored by steel connectors in pre-
cast concrete plinths. The transmittance of the envelope is 
equal to 0.30 W/Ksqm.
A planimetric space of 4.0x7.0 m and an average height of 
4.30 m, requires 10.5 mc of wooden elements, 38 sqm of 
corrugated steel, 12 mc of insulation, 190 kg of steel con-
nectors and 0.7 of precast concrete for the construction of 
Ì�i��vwViÃ°
46.4% of materials/components required for the construc-
Ì�����v�Ì�i��vwViÃ��Ã�`iÀ�Ûi`�vÀ���Ì�i�Ãi�iVÌ�Ûi�`i����Ì���Ã�
carried out in neighbouring reconstruction sites, while 
53.6% is made of new materials, primarily insulation, con-
crete plinths and connections.

The refectory
The constructive system is made of constructive parts CV-
4a, COi-1a and Cos-4a, with variation of the sections of the 
ÃÌii��«À�w�iÃ�>�`�Ü��`i��i�i�i�ÌÃ�>�`��v�Ì��V��iÃÃ�>�`�
positioning of insulation.
The construction organisation consists of a bearing struc-
ture made with a steel frame with HEA pillars and UPN 
beams and of horizontal and vertical closures made of 
wooden boards with interposed sheep wool insulation 
Ì��V��iÃÃ�£ä�V�®°�
The upper horizontal closure ensures water tightness 
thanks to corrugated steel in a sloping position anchored 
below to wooden boards. 
Screw piles are used for foundations. 
The refectory has an electrical and water supply.
The closures have a transmittance of 0.28 W/ksqm.
A planimetric space of 4.0x10.0 m and an average height 
of 4.30 m is considered. These necessary materials for the 
construction of the refectory are as follows: 15.0 mc of 
Ü��`i��i�i�i�ÌÃ]��xä��}��v��Ƃ�Óää�«À�w�iÃ]�Înää��}��v�
1* �«À�w�iÃ]�£�ä�����v�«��ÞiÃÌiÀ�L>�`Ã]�Èä�Ãµ���v�V�ÀÀÕ-
gated sheet, 280 kg of steel connectors, 17.5 mc of sheep 
wool insulation and 6 screw piles.
47.3% of materials/components required for the construc-
tion of the refectory is derived from the selective demo-
litions carried out in neighbouring reconstruction sites, 
while 52.7% consist of new materials, namely insulation, 
screw piles and connections.

The executive plans in scale 1:50 of the building structures 
that can host the functions previously described are pre-
sented below: the changing room, the restrooms, the of-
wViÃ�>�`�Ì�i�ÀiviVÌ�ÀÞ]�Ì�>Ì�V�Õ�`�Li��>`i����Ì�i�V������
site area.

REFECTORY

CHANGING ROOM

RESTROOM

OFFICES

Portion of elements from 
Civic Museum

Portion of elements from 
neighbouring reconstruction sites

Portion of elements from 
local supply chain
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Section

Economic convenience
The cost to build the site services reusing the material re-
sulting from selective demolition is equal to the following: 
new materials, transportation, treatment/adjustment of el-
ements and installation. 
The cost of reused materials is considered equal to 0 
because, at present, the waste does not have a market 
value. The cost of new materials/components is equal to 
approximately 25000 euros. The cost of freight can be 
overlooked, since, at present, the materials are also trans-
ported to temporary storage. The cost of the assembly is 
equal to about 6000 euros.37. 
The total comes to approximately 31000 euros.
Even if it is necessary to carry out reconditioning treat-
ments or to adapt the components, the cost of these is 
lessened. This is due to the possibility of reuse for the ar-
chitectural structure in both the short and long term by 
simply varying the placement of elements within the build-
ing system or by adding additional components.
The cost for the construction using prefabricated modular 
systems on the market is equal to the cost of the prefab-
ricated blocks, the cost of transport in the pipeline and 
the cost of transportation of materials not reused for tem-
porary storage. The cost of the prefabrication is equal to 
about 35000 euros. The cost of transport for these materi-
als to the construction site is equal to about 3000 euros38. 
The cost of the transport to temporarily deposit the mate-
rials that are not reused is equal to 1200 euros.
The total is equal to about 39200 euros.

In addition, it should also be considered an economic ad-
vantage resulting from the non-occupation of the indus-
trial warehouse that is currently being used as temporary 
storage. The variability of the housing market in this his-
torical juncture in L’Aquila makes this assessment unlikely. 
Therefore, it is neglected. The cost for disposal should also 
be measured. However, it is ignored as the government 
end-of-life scenarios at the time did not calculate this cost. 
Any assessment of theirs does not correspond to reality.
Surely the economic evaluation in which the site area is 
constructed with prefabricated systems commercially pre-
sent provides a lower result than the real situation.
The materials/components that constituted the safety sys-
tems are owned by the municipality. By reusing, the public 
administration reduces the cost of transport to temporary 
storage and has the possibility of balancing the cost of the 
`�Ã>ÃÃi�L�Þ�>}>��ÃÌ��Ì®�Ü�Ì��Ì�i�Ài�Ì��v�Ì�i�Ã�Ìi�ÃiÀÛ�ViÃ�Ì��
the enterprises. The public administration, not having to 
provide for transportation of site services once they are 
built, can ensure competitive prices to the companies that 
purchase the prefabricated systems that must also include 
transportation in the price. Also, the enterprise has an ad-
Û>�Ì>}i����Ì�i�Ài�Ì��v�Ì�i�Ã�Ìi�ÃiÀÛ�ViÃ�Ì��>�«À�wÌ>L�i�«À�Vi�
and in the saving of the time otherwise necessary for the 
�À}>��Ã>Ì���� �v� Ì�i� Ã�Ìi� Ü��V�� ÌÀ>�Ã�>ÌiÃ� ��Ì�� iV�����V�
savings).
The construction of the site services with reused materials 
has a cost 21% lower than the construction of the same 
structures with prefabricated systems.
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Environmental convenience
The assessment of the environmental impact coming from 
the construction of site services and reusing the materials 
derived from the selective demolitions in restoration inter-
ventions situated in the L’Aquila territory is made with the 
IPCC 2007, 100 year method. It considers the following 
phases: production, use and end-life that characterise the 
life cycle. Only the assessment of the impact of the pro-
duction phase is believed to be a determinant.
The evaluation is aimed at comparing systems on the mar-
ket in order to determine the convenience to the construc-
tion of site services as previously described. The use phase 
of the compared situations is similar in how the site services 
are built with materials resulting from selective demolitions 
than with new materials on the market. It also assumes that 
constructive features for both systems are suitable for the 
use of renewable energy sources through the positioning 
on the roof of photovoltaic panels. This phase, then, can 
be neglected.
In both cases for the end-of-life phase, respectable scenar-
��Ã�ÀiÕÃi]�ÀiVÞV���}�>�`�i�iÀ}Þ�ÀiV�ÛiÀÞ®�>Ài�V��Ã�`iÀi`°�
They have a lower impact compared to the environmental 
damage from the production phase. This phase can be ap-
proximated to have zero impact. 
It follows that the environmental impact assessment is in-
yÕi�Vi`�ÃÌÀ��}�Þ�LÞ�Ì�i�«�>Ãi��v�«À�`ÕVÌ����>�`�LÞ�Ì�i�
number of years in which this impact is depreciated. Great-
er is the number of years of use and lower is the environ-
mental impact borne by every year, i.e. the environmental 
damage is distributed over time.
By taking into consideration the services as previously de-
scribed, both in terms of size and technology, the assess-
ment of the impact of the production phase is carried out 
considering a life of temporary structures in the site equal 
to 15 years. 
Ƃ���vi��v�Ó£�Þi>ÀÃ��Ã�V>�VÕ�>Ìi`�v�À�ÀiÕÃi`�i�i�i�ÌÃ�È�Þi>ÀÃ�
with function of safety systems and 15 years with function 
�v�Ã�Ìi�«Ài«>À>Ì���Ã®°���À��iÜ�i�i�i�ÌÃ�V���iVÌ�ÀÃ]���ÃÕ-
lating and foundations) a life equal to that of 15 years is 

calculated for the structure.
The environmental impact of the production of materials 
that constitute the restroom, amounted annually to 0.85 
Ì���
"Ó�iµ°�/�i��vwViÃ� >��Õ�Ìi`�>��Õ>��Þ� Ì��ä°ÓÓ� Ì���
CO2-eq. The changing room equalled 0.32 tons CO2-eq 
and the refectory amounted annually to 0.82 ton CO2- eq.
The annual environmental impact of the phase of produc-
tion of materials that constitute the entire site area formed 
by a common refectory, restroom, three changing rooms 
>�`�Ì�Àii��vwViÃ�>��Õ�ÌÃ�Ì��Î°Î�Ì��Ã�
"Ó�iµ°�/�i��ÛiÀ>���
environmental impact is equal to 61 tons of CO2-eq.
For a comparative purpose, the prefabricated modules 
commonly used in Italy for the services of the site were 
taken as reference. 
The constructive system consists of a bearing structure 
made with a steel frame and horisontal and vertical clo-
sures consisting of sandwich panels that have external 
coating made with corrugated galvanised steel, mineral 
Ü���� ��ÃÕ�>Ì���� £ää� ��� Ì��V��iÃÃ®� >�`� ��ÌiÀ��À� w��Ã�iÃ�
made with chipboard panels. The modules are lifted off 
Ì�i�}À�Õ�`�Ì�>��Ã�Ì��ÃÌii��«À�w�iÃ�iµÕ�««i`�Ü�Ì��ÃÕ««�ÀÌ�
bases. An area of 1 sqm consists of 13.5 kg of steel pro-
w�iÃ]�ÓÓ��}��v�}>�Û>��Ãi`�ÃÌii��Ã�iiÌ]�Ó��}��v����iÀ>��Ü����
insulation and 0.1 mc of particleboard. 
The closures have a transmittance of 0,40 W/sqmK.
Hypothesising to build the same site area with systems ac-
tually commercially present and considering a useful life of 
the structures equal to 15 years, the annual environmen-
tal impact of the production phase of the new materials is 
equal to 6.5 ton CO2-eq. If to such impact we would also 
add the environmental impact for the non-use of the avail-
>L�i� i�i�i�ÌÃ�`iÀ�Ûi`�LÞ� Ì�i� Ãi�iVÌ�Ûi�`i����Ì���Ã� V>�-
culating for them a life cycle of 6 years) and consider the 
product fractions and quantities equal to those that could 
be potentially reused for the construction of the same site 
services, the annual environmental impact will be equal to 
15 ton CO2 -eq.
The comparison made presents a better situation than 
the actual situation. While in cases of reuse of elements 

Fig. 23 _ Environmental impact of the production of the designed site services
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Site area with marketed 
prefabricated systems 
and lack of the reuse of 
materials that derive from 
selective demolitions

Site area with marketed 
prefabricated systems

Site area with reused 
materials/components

Fig. 24 _Environmental annual impact of production of 
the common site with designed systems in 

              comparison with the systems on the market

that comes from a site of nearby selective demolitions, the 
impact of transportation is almost zero, in cases of using 
prefabricated elements commonly present commercially 
to the considered impact, it is necessary to also add the 
impact that derives from transportation, with consequent 
increases for the reuse convenience.
The predisposition of a common area with a planned use 
of the enterprises that work in construction sites reduces 
the environmental impact deriving from the production 
and the transport. The common projected area can be 
used by 25 enterprises39.
In the event that the common area is not prepared, every 
business has to organise its own construction services. 

��ÃiµÕi�Ì�Þ]�Óx�ÀiÃÌÀ���Ã]�Óx�V�>�}��}�À���Ã]�Ó��vwViÃ�
and 25 refectories have to be manufactured and transport-
ed. Whereby the common area has been sized for simul-
taneous use by 3 companies. The environmental impact in 
the preparation of a common area with programmed use 
is about 22 times lower compared to the case where each 
company provides individually for its own site services.
If we consider that  the common area is made with reused 
materials/components derived from selective demolition, 
the environmental advantage increases. In fact, for the re-
alisation of the common area, the annual environmental 
impact of production of materials/components resulting 
vÀ���Ãi�iVÌ�Ûi�`i����Ì���Ã�Î°Î�Ì��Ã�
"Ó�iµ®� �Ã� �iÃÃ�Ì�>��
49% of the annual environmental impact would occur if 
Ì�i� Ã>�i� >Ài>�Ü>Ã� LÕ��Ì� Ü�Ì�� «Àiv>LÀ�V>Ìi`� ÃÞÃÌi�Ã� È°x�
tons CO2-eq). 
By taking into account the environmental impact deriv-
ing from the non-reuse of materials/components resulting 
from selective demolition and the construction of site ser-
vices with prefabricated modules, the environmental dam-
>}i�V>ÕÃi`�LÞ�Ì�i�>��Õ>��«À�`ÕVÌ����£x�Ì���
"Ó�iµ®��Ã�
78% greater than the production impact of the common 
>Ài>��>`i�Ü�Ì��ÀiÕÃi`��>ÌiÀ�>�Ã�Î°Î�Ì��Ã�
"Ó�iµ®°�
Therefore, the convenience of reuse, according to the pro-
posed methodological-operative process, is evident.

The additional ease that comes from the use of material at 
“zero meter” with an almost zero impact of transport has 
to also be considered. When prefabricated modules are 
used, they undergo further transport.
When these systems are bought or rented, the businesses 
prefer companies in the province of L’Aquila.
When, instead, the prefabricated systems are owned by 
the same outside companies working on reconstruction, 
Ì�iÞ�>Ài�ÌÀ>�Ã«�ÀÌi`�vÀ���Ì�i�V��«>�Þ�Ü>Ài��ÕÃi���V>Ì-
ed in other parts of Italy) to the construction site. In both 
cases the impact of transport negatively affects the envi-
ronmental assessment. 
By comparing the data of the environmental impact to the 
production of services made with reused materials, it is 
��Ìi`�Ì�>Ì�Ì�i�V�>�}��}�À����>�`��vwViÃ]�Ü��V���>Ûi��iÃÃ�
steel and more wood, are minor contributors to environ-
mental damage. 
Convenience in reuse is directly proportional to the values 
of the environmental damage. 
The greater the environmental impact of production is, the 
greater is the convenience of reuse. The life of the ele-
ment increases the number of years and the cushioning 
time of the damage. It also decreases the portion of an-
nual impact. 
In general, the reuse of the steel is a more sustainable op-
eration than the reuse of wood, due to the greater impact 
of production given the same amount of material. Safety 
systems placed in L’Aquila consist mostly of steel compo-
�i�ÌÃ�Çä¯®�>�`�Ì��>��iÃÃiÀ�iÝÌi�Ì��v�Ü��`�i�i�i�ÌÃ�Óx¯®°�
As evidence shows, their reuse is a worthy operation in 
terms of environmental impact. 

Logistic convenience
The preparation of a common site plan and the joint plan-
ning of reconstruction limits the problems of interference 
vÀ���Ì�i�LÕ��`��}�Ã�Ìi�>�`�vÀiiÃ�ÌÀ>vwV°�
The reuse of materials resulting from selective demolition 
allows the government to decrease the burden of trans-
port, storage and disposal of a huge amount of material.
The companies, however, have the advantage of not hav-
��}�Ì��>ÀÀ>�}i�LÕ��`��}�ÃiÀÛ�ViÃ�ÌÀ>�Ã«�ÀÌ�>�`�>ÃÃi�L�Þ®�
and can employ their forces only for the reconstruction of 
buildings.
In addition to responding to the variable needs present 
���Ã�Ìi]�Ì�i�ÀiÛiÀÃ�L���ÌÞ]�>`>«Ì>L���ÌÞ�>�`�yiÝ�L���ÌÞ��v�Ì�i�
designed construction systems represent an incentive for 
future reuse of building structures with other uses beyond 
the yard. An additional life cycle is assumed. 
The logistical burden that results from carrying out the pro-
cessing operations and dimensional adjustment of the ele-
�i�ÌÃ��Ã�L>�>�Vi`�LÞ�>�Ã�}��wV>�Ì���VÀi>Ãi����ÀiÕÃ>L���ÌÞ°

8.5 _The permanent endogenous reuse.

The safety systems must gradually be dismantled with the 
progress of the recovery of the building to prevent the 
collapse of the structure and ensure safety conditions for 
workers. So it is possible an immediate reuse of the dis-
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mantled materials/components that can be inserted in the 
reconstruction project, i.e. the permanent endogenous 
reuse.
/�i��>ÌiÀ�>�ÃÉV��«��i�ÌÃ��ÕÃÌ�i�ÃÕÀi�ÃÕvwV�i�Ì�ÀiÃ�`Õ>��
performances in their state at the moment of disassembly 
or only with the help of reconditioning treatments that can 
happen on the work site.
In such a way, in addition to the advantages deriving from 
the reuse of the materials/components from an environ-
mental and economic point of view, logistical advantages 
are obtained in the sourcing time and in the downsizing 
�v� Ì�i� ÃÌ�À>}i� >Ài>Ã� >�`� V��ÃiµÕi�Ì�Þ� �v� Ì�i� Ã�Ìi� Ã�âi®°�
�Ì� �Ã� Ài>vwÀ���}� Ì�>Ì� ��� Ì�i���ÃÌ�À�V�Vi�ÌÀi��v��½ƂµÕ��>� Ì�i�
downsising of the site minimises the problems related to 
��ÌiÀviÀi�ViÃ�>�`�Ì��`�vwVÕ�Ì��>��iÕÛÀ>L���ÌÞ��v��i>ÛÞ�Ûi-
hicles. With the aim to obtain these advantages, a time 
schedule of the works must be set. In this way, it is possible 
Ì��V�ÀÀi�>Ìi�Ì�i�`�Ã>ÃÃi�L�Þ�«�>ÃiÃ��v�Ã>viÌÞ�ÃÞÃÌi�Ã�Ì�>Ì�
coincide with the sourcing phases of materials) with the 
relative recovery phases of the building.
/�i��>ÌiÀ�>�Ã�ÉV��«��i�ÌÃ�Ì�>Ì�«ÀiÃi�Ì�ÃÕvwV�i�Ì�ÀiÃ�`Õ>��
performances can be reused for structural interventions of 
repair, replacement, strengthening or substitution of the 
damaged elements, interventions of adaptation or seismic 
improvement40. 
In addition to the structural type interventions, the materi-
als/ components that constituted the safety systems can 
also be used for interventions to improve the technologi-
cal-implant system, such as the creation of air space for the 
ÌiV���V>�� ��«�>�ÌÃ]� Ì�i�ÀiV��ÃÌÀÕVÌ�����v� Ì�i� ��w��Ã��À� Ì�i�
Li>À��}�«>ÀÌ��v�Ì�i�y��ÀÃ��À�v�À�Ì�i�Ài`�ÃÌÀ�LÕÌ�����v�LÕ��`-
ing spatiality through internal partition walls. In any case, 
it deals with interventions of a permanent nature and that 
�ÕÃÌ�i�ÃÕÀi�ÃÕvwV�i�Ì�«iÀv�À�>�ViÃ�v�À�>���viÌ��i�iµÕ>��Ì��
the nominal life of the building41.
The type of intervention is strongly conditioned not only 
by the degradation level of the pre-existence but also by 
constructive characteristics.
The availability of the materials that constituted the safety 
systems must, therefore, be compared with the required 
intervention, with the aim to assess the quality and op-
timize the type of intervention. Analysing the material, 
structural and technological compatibility, it is possible to 
identify the materials preferably usable in function of the 
pre-existence. First, the material compatibility is analysed, 
identifying, starting from the features of the material, the 
risks and the relative safeguards.
��À�Ü�>Ì�V��ViÀ�Ã�Ì�i�Ü��`i��i�i�i�ÌÃ]� �Ì� �Ã�`�vwVÕ�Ì�Ì��
suppose the durability because suitable choices of the 
class of use in function to the wood species, of the pos-
sible preserving treatments and the use of constructive 
modalities preventive to degradation, provide an ideally 
limited durability to the wooden element. The variability 
�v�Ì�i�L�Õ�`>ÀÞ�V��`�Ì���Ã� �Ã�`�vwVÕ�Ì� Ì��V��ÌÀ��� ���V>ÃiÃ�
of permanent endogenous reuse. Therefore, in such cases 
it is opportune to oversize the performances of the ele-
ments. Consider, for example, the hypothesis for the reuse 
of wooden beams in the remaking of a roof. When the 
building is uninhabited, greater humidity will be present; 

consequently, it will be at greater risk to a biological attack.
Therefore, the most durable wood species are more suit-
able to a permanent use than the less durable species, 
even when they have characteristics of impregnability such 
that they can be treated. 
The application of a treatment requires, in fact, an eco-
nomic, logistic and environmental effort that, in cases of 
reuse, is not very convenient when elements that, for own 
V�>À>VÌiÀ�ÃÌ�VÃ]� i�ÃÕÀi� ÃÕvwV�i�Ì� «iÀv�À�>�ViÃ� >Ài� >Û>��-
able.
For what concerns steel elements, a durability of the ele-
�i�ÌÃ� iµÕ>�� Ì�� Ì�i� �����>�� ��vi� �v� Ì�i�LÕ��`��}� 6���xä�
Þi>ÀÃ®�Ü�Ì��>�V�>ÃÃ��v�V�ÀÀ�Ã�Û�ÌÞ�
£���`��À��i>Ìi`®�Ã��Õ�`�
be ensured. 
With precaution, hypothesising that the building could be 
unused in a variable period, it can be considered a class of 
V�ÀÀ�Ã�Û�ÌÞ�
Ó���`��À�Õ��i>Ìi`®°����>``�Ì���]�Ì�i�V���Vi��v�
a suitable system for a class of greater corrosivity than the 
actual increases the durability of the system.
The components with rusting degree Ri 0 and Ri 1 can be 
reused without suffering treatments. It is necessary to carry 
out an analysis on the type of used painting to identify the 
durability, such as the number of years in which the resting 
degree Ri 3 will be reached. In this way, it will be possible 
to already programme, in the planning stage, the rate of 
maintenance interventions.
For the elements with rusting degree Ri 2, it is necessary to 
assess, in function of the type of painting made, if reusing 
the elements in its current state of affairs or whether it is 
necessary to perform reconditioning operations before the 
installation. Excluding the cases in which a low durability 
paint was used, if it was used a medium durability paint 
for the class of corrosivity C3, hypothesising a reuse in a 
class of corrosivity C2, 12 years are necessary until that 
the element arrives to a rusting degree Ri 3. Therefore, a 
clean intervention by sandblasting will be expected with 
the achievement of the preparation level Sa 21/2 and the 
�iÝÌ�«>��Ì��}�Ì�� ���}�ÌiÀ��`ÕÀ>L���ÌÞ� �£x�Þi>ÀÃ®°� ���ÃÕV��
a way, the required performances by the structure of the 
LÕ��`��}�Ü����Li��iÌ�v�À��°�Ón�Þi>ÀÃ�£Ó�Þi>ÀÃ�³�£È�Þi>ÀÃ®°��Ì�
follows that an additional cycle of monitoring and an even-
tual intervention of reconditioning will have to be provid-
ed, according to the some modalities already described, 
Ì�>Ì�>���ÜÃ�>�`ÕÀ>L���ÌÞ�Ì��Ì�i�i�i�i�ÌÃ�ÃÕvwV�i�Ì�Õ�Ì���Ì�i�
i�`��v�Ì�i�{{c�Þi>ÀÃ��v�Ì�i���ÃÌ>��>Ì����£Ó�Þi>ÀÃ�³�£È�Þi>ÀÃ�
+ 16 years).
In function of the real durability of the elements and of the 
effective nominal life of the building, it will be considered 
whether it is necessary to make a further reconditioning 
treatment.
If, instead, it is decided to re-establish the original per-
forming levels before installation, it will be opportune to 
make a preventive treatment with the achievement of the 
preparation level St 2 and next preventive treatment by 
painting.
For the elements with a rusting degree Ri 3 and Ri 4, be-
fore reusing it is considered appropriate to make an in-
ÌiÀÛi�Ì���� �v� ÃiV��`>ÀÞ� �À� «À��>ÀÞ� «Ài«>À>Ì���� ��� vÕ�V-
tion of the generalised or localised nature of corrosion) by 
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sandblasting with compressed air, aimed at achieving the 
preparation degree  Sa 2 1/2 or P Sa 2 1/2 .
After checking the roughness of the surface substrate, a 
preventive treatment can be applied by painting with du-
rability more than 15 years in function of the corrosivity 
class C3. Even in this case, like in the previous, it is pos-
sible to use a type of painting that has durability higher of 
15 years in class C3 and, consequently, equal to 25 years 
in C2 class. 
In such a way, it will be possible to make only one main-
tenance intervention of the some type at the end of the 
Óxc�Þi>À]�Ì��i�ÃÕÀi�>�`ÕÀ>L���ÌÞ�iµÕ>��Ì��Ì�i������>����vi��v�
Ì�i�LÕ��`��}�Ü�i��6�r�xä�Þi>ÀÃ®°�/�iÀiv�Ài]�Ì�i��Õ�LiÀ�
of programmed maintenance interventions is equal to 2.
In cases of reuse without previous treatment on the ele-
ment, the use of painting with durability equal to 25 years 
�Ã�V��Ã�`iÀi`�ÃÕ«iÀyÕ�ÕÃ]�V��Ã�`iÀ��}�Ì�>Ì�ÃÕV��>�V���Vi�
would not be enough to cover the period of expected life 
for the building.
The analysis of the reuse modalities of elements that are 
L�À��v�À�Ì�i�Ìi�«�À>À��iÃÃ�>Ã�v�À�iÝ>�«�i]�Ì�i�ÌÕLi�V�>�«�
ÃÞÃÌi�� �À� �Õ�Ì��V��� ÃÞÃÌi�®� Ü�Ì�� `iw��Ì�Ûi� vÕ�VÌ���Ã�
shows the necessity of rigor in the evaluation of durabil-
ity. While, in fact, the temporary use allows, for its intrinsic 
characteristics, a frequent monitoring of the elements and, 
therefore, can rescind from an accurate initial assessment, 
Ì�i�`iw��Ì�Ûi�ÕÃi� ��«�ÃiÃ� >� ÃÌÀ�VÌ� >ÃÃiÃÃ�i�Ì��v� Ì�i� Ài-
sidual durability and a careful planning of the maintenance 
interventions because the inspection of the elements is 
��Ài�`�vwVÕ�Ì�>�`�iÝ«i�Ã�Ûi°�
A change of destination of use from temporary to perma-
nent and vice versa, requires an evaluation aimed not to 
underestimate or to overestimate the performance and, in 
general, it presents results of higher risk than the consist-
ent use with the nature of the element object of analysis.
ƂvÌiÀ� �>Û��}� ÛiÀ�wi`� Ì�>Ì� Ì�i��>ÌiÀ�>�� V��«>Ì�L���ÌÞ]� Ì�i�
structural compatibility and the technology compatibil-
ity of the intervention are analysed in a joint way, i.e. in 
function of the available materials/components and of the 
performance that must be achieved thanks to the interven-
tion, the variations of resistance, stiffness and ductility of 
the elements and the variation of the global behaviours 
of the building are established and they are intersected 
with the possible technological hypothesis and the relative 
performance. 
�v� >� ÃÕvwV�i�Ì� V��«>Ì�L���ÌÞ�`i}Àii� �Ã� ��Ì� Ài>V�i`]� �Ì�Ü����
have to resort to using external elements on the construc-
tion site, searching them before in the neighbouring re-
construction sites and after in the supply chain. 
In function of loads and the type of available elements, 
the connections must be evaluated, prioritising reversibil-
�ÌÞ]�L�Ì��Ì�i� �Õ�VÌ����i�i�i�Ì� LÀ>V�iÌÃ]�«�>ÌiÃ]�iÌV°®�>�`�
Ì�i�ÌÞ«i��v�V���iVÌ�À�ÃVÀiÜÃ]�>�V��À]�L��ÌÃ�iÌV°®��ÕÃÌ�Li�
evaluated. 
In cases of a pre-existence in reinforced concrete or ma-
sonry and light or medium load, expansion bolts could be 
ÕÃi`]�Ü���i����V>ÃiÃ��v��i>ÛÞ���>`Ã]�V�i��V>��>�V��ÀÃ�Ì�>Ì�
have a lower degree of reversibility) and in cases of pre-
existence in wood they could be used self-tapping screws.

Operative sheets 
In function of materials/components present in the safety 
systems, we report the following illustration sheets of per-
manent reuse aimed at structural, technological or imple-
mentation improvement. The variability of the boundary 
conditions and the multiplicity of found damage prohibits 
�>���}�>�V��«Ài�i�Ã�Ûi�w���}°�/�iÀiv�Ài]�Ì�i���ÃÌ�V��-
mon cases are taken into account, by relating the pre-
iÝ�ÃÌi�Vi� ��� �>Ã��ÀÞ]� Ü��`]� Ài��v�ÀVi`� V��VÀiÌi]� >�`�
more rarely in steel) with the elements available for reuse 
«À�w�iÃ�1* ]�Ü��`i��i�i�i�ÌÃ]�iÌV°®�>�`��i}�iVÌ��}�Ì�i�
��`i��v�Ài��v�ÀVi�i�Ì�Ã«À>Þi`�V��VÀiÌi]�ÃÞ�Ì�iÌ�V�ÀiÃ��Ã]�
iÌV°®��À�V��ÃÌÀÕVÌ�Ûi�ÃÞÃÌi�Ã��>Ã��ÀÞ]�V��VÀiÌi]�iÌV°®���Ì�
related to the available resources. The generalisation of 
the operative phases allows the reproducibility of the in-
tervention also at the presence of boundary-varied condi-
tions, considering the strong correlation with the available 
materials on the construction site or in the territory.  
/�i�Ã�iiÌÃ��vviÀ�}i�iÀ�V�«���ÌÃ�v�À�ÀiyiVÌ����>L�ÕÌ�Ì�i��«-
erative modalities and techniques in the following cases:
U� the consolidation of a pre-existing pillar or steel pro-

w�iÃ�Ì�>Ì�>vviVÌ�Ì�i�}i��iÌÀÞ�>�`�Ì�i���iÀÌ�>Æ
U� the consolidation of a pre-existing beam by the ad-

`�Ì�����v��iÌ>��Ã�iiÌÃ��À�«À�w�iÃ]�Ü�Ì��Ì�i�vÕ�VÌ�����v�
supporting and/or stiffening;

U� Ì�i� V��Ã���`>Ì���� �v� >� «Ài�iÝ�ÃÌ��}� y��À� LÞ� Ì�i� ��-
creasing of the inertia of the beams or the main beam;

U� Ì�i�Ài«>�À��v�>�y��À�Ü�Ì��«Ài�iÝ�ÃÌi�Vi�V��ÃÌ�ÌÕÌi`�LÞ�
�>���Li>�Ã�>VÌ�Ì��ÀiÌÕÀ��Ì�i�Li>À��}�V>«>V�ÌÞ�Ì��y��À]�
by the reusing of wood or steel beams with the func-
tion of secondary beams and by the reusing of corru-
gated sheets or wooden planks with bearing and load 
distribution functions;

U� Ì�i�Ài>��Ã>Ì�����v�>��iÜ�y��À����>�«Ài�iÝ�ÃÌi�Vi����`�>-
phragms, by the reusing of steel or wood beams and 
of corrugated sheet or wooden planks with a bearing 
and load distribution functions;

U� the realisation of bracing act to increase the resistance 
of the structure to horisontal stresses and to redistrib-
ute the internal stiffness balancing it compared to the 
centre of the shear, in order to reduce the torsional 
vibrations;

U� the insertion of tie-rods act to improve the box-be-
haviour of building, through the connections between 
the orthogonal walls or between the vertical and hori-
Ã��Ì>��V��ÃÕÀiÃ]� Ì�i�>LÃ�À«Ì�����v� Ì�ÀÕÃÌÃ� Û>Õ�ÌÃ�>�`�
arches) or the prevention of collapses out the plane;

U� the load redistribution of the structure, caused by 
the collapse of a pillars line through the insertion of 
LÀ>ViÃ�>�`�Ì�i�V��Ã���`>Ì�����v�Ì�i�y��ÀÃ�>�`��v�Ì�i�
adjacent pillars line or the loads redistribution of the 
structure through the insertion of a pillars line and the 
V��Ã���`>Ì�����v�y��ÀÃ�Ài�>Ì��}�Ì���ÌÆ

U� the consolidation of an opening through the insertion 
of the bearing elements of architrave with horizontal 
and vertical elements for the increasing of the resist-
ance;

U� the creation of air space for technical implants in the 
y��À�Ì�À�Õ}��>�y�>Ì��}�y��À����1* �Li>�Ã��À�ÌÀÕÃÃiÃ°
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MODE FOR REUSE

PRE-EXISTENCE
- steel pillars
- renforced concrete pillars

WORKING PHASES
ä���
ÕÌÌ��}��v�ÃÌÀÕVÌÕÀ>��«À�w�iÃ]��v�Ì�i�«�>ÌiÃ�>�`��v�ÃÌii��Ì�Ài>`i`�À�`Ã]�
     when appropriate sizes are not already available.
1-  Cleaning of the pre-existing support.

STEEL PRE-EXISTENCE_A 
Ó����À�����}��v�Ì�i�«Ài�iÝ�ÃÌ��}�«���>À�>�`��v�Ì�i�1* �«À�w�iÃ°
Î���*�Ã�Ì�����}��v�Ì�i�1* �«À�w�iÃ�>`�>Vi�Ì�Ì��Ì�i�ÜiL�«�>Ìi��v�Ì�i�«Ài��iÝ�ÃÌ��}�«���>À°
{���Ƃ�V��À��}�LÞ�L��Ì��}��v�Ì�i�1* �«À�w�iÃ�Ì��Ì�i�«Ài�iÝ�ÃÌ��}�«���>À°

STEEL PRE-EXISTENCE_ B_C/ REINFORCED CONCRETE PRE-EXISTENCE_ D
2-  Positioning of steel plates adjacent to the pre-existing pillar.
3-  Welding on edges.

REINFORCED CONCRETE PRE-EXISTENCE_E
Ó����À�����}�«Ài�iÝ�ÃÌ��}�«���>À�>�`�1*�«À�w�iÃ°
Î���*�Ã�Ì�����}�1*�«À�w�iÃ°
4-  Positioning steel rods.
5-  Locking in adherence by bolting. 
7-  Welding on edges.

USED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ
���]�1* ]�1*®
- steel plates
- bolts for coupling
- threaded steel bars

REUSED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ
���]�1* ]�1*®
- steel plates
- threaded steel bars

POSSIBLE VARIATIONS
��ÕÃi��v�ÃÌÀÕVÌÕÀ>��«À�w�iÃ�Ü�Ì��
`�vviÀi�Ì� ÃiVÌ���� 
]� /®� >Ã� >�
function of the section of the 
preexisting pillar

LEGEND
STEEL PREESISTENCE
1- preexisting pillar
Ó�ÃÌÀÕVÌÕÀ>��«À�w�i�1* 
3- steel sheet
4- bolt
ÃVÀiÜ��L��Ì����iÌ>����}®

REINFORCED CONCRETE 
PREESISTENCE
1- preexisting pillar
Ó��ÃÌÀÕVÌÕÀ>��«À�w�i�1* 
3- steel sheet
{��L��Ì�L��Ì����iÌ>����}®
5- steel rod
È��ÃÌÀÕVÌÕÀ>��«À�w�i���

Consolidation of a pre-existing pillar

Scale 1:20

Steel preesistence Reinforced concrete preesistence

Horizontal section Horizontal section
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MODE FOR REUSE

PRE-EXISTENCE
-reinforced concrete 
��Li>�Ã�Ƃ®
��ÃÌii��Li>�Ã�	®
��Ü��`i��Li>�Ã�
É�®

WORKING PHASES
ä���
ÕÌÌ��}��v�ÃÌÀÕVÌÕÀ>��«À�w�iÃ]��v�Ì�i�«�>ÌiÃ�>�`��v�ÃÌii��Ì�Ài>`i`�À�`Ã]�
     when appropriate sizes are not already available.
1-  Cleaning of pre-existing support.
Ó����À�����}��v�1* �«À�w�iÃ°

REINFORCED CONCRETE PRE-EXISTING -A
3-  Drilling of pre-existing beam.
{���*�Ã�Ì�����}��v�1* �«À�w�iÃ����Li>�Ã°
5-  Insertion of threaded rods.
6-  Locking by bolting of the UPN beams to the reinforced concrete beams.

STEEL PRE-EXISTENCE_B / WOODEN PRE-EXISTENCE _C
3-  Assembly by bolting of L brackets.
{���*�Ã�Ì�����}��v�1* �«À�w�iÃ°
x���Ƃ�V��À��}��v�1* �«À�w�iÃ�Ì��LÀ>V�iÌÃ�>�`�Ì��«Ài�iÝ�ÃÌ��}�Li>�Ã°

WOODEN PRE-EXISTENCE _D
Î���*�Ã�Ì�����}��v�Ì�i�ÃÌii��«�>Ìi����1* �«À�w�iÃ°
{���	��Ì��}��v�Ì�i�«�>Ìi�Ì��1* �«À�w�iÃ°
x���*�Ã�Ì�����}�>�`�>�V��À��}��v�Ì�i�1* �«À�w�iÃ�����i`�Ü�Ì��Ì�i�L>V���}�«�>Ìi®��
     to supporting the pre-existing beam.

USED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- steel brackets L
- steel plates
- bolts for coupling
- threaded steel bars
- screws for wood

REUSED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- steel brackets L
- steel plates
- threaded steel bars

POSSIBLE VARIATIONS
�� ÕÃi� �v� ÃÌÀÕVÌÕÀ>�� «À�w�iÃ�
Ü�Ì�� `�vviÀi�Ì� ÃiVÌ���� � �«i]�
hea, heb) in the cases B, C 
and D
�� Üi�`��}� �v� Ì�i� «À�w�iÃ� ���
the cases B and D

LEGEND
£��ÃÌÀÕVÌÕÀ>��«À�w�i�1* 
2- threaded rod
Î��L��Ì�ÃVÀiÜ�L��Ì���iÌ>����}®
{��iÝ«>�Ã����L��Ì�L��Ì�Ü�Ì��V��i�«�Õ}�wÌÌi`�Ü�Ì��À��}®
5- bracket steel L

Consolidation of a pre-existing beam

Scale 1:20

Vertical section

Vertical section Vertical section

Vertical section

6- steel plate
7- screw for wood
8- preexistence
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MODE FOR REUSE

PRE-EXISTENCE
- wooden beams 
-reinforced concrete 
  beams
- steel beams

WORKING PHASES
ä��
ÕÌÌ��}��v�ÃÌÀÕVÌÕÀ>��«À�w�iÃ]�Ü�i��>««À�«À�>Ìi�Ã�âiÃ�>Ài���Ì�>�Ài>`Þ�>Û>��>L�i°
£��6iÀÌ�V>��Þ�Üi�`��}��v�ÃÌii��«�>ÌiÃ����V�Õ«�i`�1* �«À�w�iÃ°
Ó��*�Ã�Ì�����}�>�`�Üi�`��}��v���«À�w�iÃ����«���>À°
3- Positioning and welding of a steel plate on the summit of the pillar 
    and on the horisontal part of the L bracket.
4- Positioning of the anchoring plate.
5- Bolting of the anchoring plate to the ground.
È����ÃÌ>��>Ì�����v���ÀÌ>ÀÉ�}�Õi����1* �«À�w�i�Ü�Ì��}Ài>ÌiÀ�Ã�âi°
Ç��*�Ã�Ì�����}��v�1* �«À�w�i�ÀiViÃÃi`�Li��Ü�Ì�i�«Ài�iÝ�ÃÌ��}�Li>��
    with the support of props.
n��*�Ã�Ì�����}�>�`�Üi�`��}��v�Ì�i�«���>À�1* �Li>�Ã�V�Õ«�i`�Ì�À�Õ}��ÃÌii��«�>ÌiÃ]�
    L brackets, horisontal steel sheet) on the anchoring steel plate stuck into the ground 
����>�`����Ì�i�ÜiL�«�>Ìi��v�Ì�i�1* �«À�w�i�ÀiViÃÃi`����Ì�i�«Ài�iÝ�ÃÌ��}�Li>�°
9- Disassembly of supporting props.

USED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- steel brackets L
- steel plates
- expansion bolts

REUSED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- steel brackets L
- steel plates

POSSIBLE VARIATIONS
�� ÕÃi� �v� ÃÌÀÕVÌÕÀ>�� «À�w�iÃ�
UPE for support the beam
- use of a pillar formed by a 
Ã��}�i� ÃÌÀÕVÌÕÀ>�� «À�w�i�«i]�
he, scatolare, etc.) 
- Bolting the support for the 
beam to the L brackets
- support existing beam in 
punctual way

LEGEND
£��«À�w�i�1* 
2- steel plate
3- ssteel brackets L
{�iÝ«>�Ã����L��Ì�L��Ì�Ü�Ì��V��i�«�Õ}�wÌÌi`�Ü�Ì��À��}®
5- adhesive / mortar
6- preexisting beam

Reinforcement of a beam by the insertion of a new pillar

Scale 1:20

Vertical section

Horizontal section



FROM POST EARTHQUAKE WASTE TO RESOURCE

256 8_The territory of L’Aquila: hypothesis of development

MODE FOR REUSE

PRE-EXISTENCE
��Ü��`i��«À��>ÀÞ�Li>��ƂÉ	®
- reinforced concrete primary 
Li>��
É�®

WORKING PHASES
ä���
ÕÌÌ��}��v�Ü��`i��Li>�Ã�ƂÉ	®�É��v�Ì�i�ÃÌii��«À�w�iÃ�
É�®�]�
    when appropriate sizes are not already available
1- Cleaning of the pre-existing support.

WOODEN PRE-EXISTENCE A / REINFORCED CONCRETE PRE-EXISTENCE_C
2-  Positioning of the L brackets /anchoring brackets on the pre-existing beam.
3-  Anchoring of the L brackets / anchoring brackets on the pre-existing beam.
4-  Positioning of the secondary wooden beams on the pre-existing beam. 
5-  Screwing of the wooden beams to L brackets/ anchoring brackets.

WOODEN PRE-EXISTENCE _B
Ó���7i�`��}��v�Ì�i�1* �«À�w�iÃ����ÃÌii��«�>ÌiÃ°
Î���*�Ã�Ì�����}��v�1* �«À�w�iÃ�����i`�Ü�Ì��«�>ÌiÃ®����Ì�i�«À��>ÀÞ�Li>�°�
{���-VÀiÜ��}��v�Ì�i�1* �«À�w�iÃ�����i`�Ü�Ì��«�>ÌiÃ®����Ì�i�«À��>ÀÞ�Li>�°

CONCRETE PRE-EXISTENCE_D
2-  Drilling of the pre-existing beam.
Î���7i�`��}��v�Ì�i�1* �«À�w�iÃ�Ì��Ì�i�>�V��À��}�LÀ>V�iÌÃ°
{���*�Ã�Ì�����}��v�1* �«À�w�iÃ�����i`�Ü�Ì��LÀ>V�iÌÃ®����Ì�i�«À��>ÀÞ�Li>�°
5-  Insertion of the threaded rods and locking.

USED ELEMENTS
��Ü��`i��Li>�Ã�ƂÉ
®
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* �	É�®�
- steel brackets 
- steel plates
- threaded steel rods
- expansion bolts
- bolts for coupling
- screws for wood

REUSED ELEMENTS
��Ü��`i��Li>�Ã�ƂÉ
®
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* �	É�®
- steel brackets L
- steel plates
- threaded steel rods

POSSIBLE VARIATIONS
- use of structural steel pro-
w�iÃ��v�`�vviÀi�Ì�ÃiVÌ���
��L��Ì��}�«À�w�iÃ�1* �Ì��Ì�i�
anchor brackets in cases B 
and D
- change the type of the 
bracket according to the load

LEGEND
WOOD PREESISTENCE
1- wooden beam
2- steel bracket L
3- screw for wood
{��«À�w�i�1* 
5- steel plate
6- preesistence

REIFORCED   CONCRETE
1- wooden beam
2- steel bracket
3- bolt for coupling
4- expansion bolt
����L��Ì�Ü�Ì��V��i�«�Õ}�
����wÌÌi`�Ü�Ì��À��}®

PREESISTENCE
x��«À�w�i�1* 
6- threaded steel rods 
with bolt 
7- anchor bracket
8- preesistence

Installation of secondary beams on pre-existing primary beams

Scale 1:20
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MODE FOR REUSE

PRE-EXISTENCE
��Ü��`i��«À��>ÀÞ�Li>��ƂÉ	®
- reinforced concrete primary 
Li>��
É�®

WORKING PHASES
ä���
ÕÌÌ��}��v�Ü��`i��Li>�Ã�ƂÉ
®�É��v�ÃÌii��«À�w�iÃ�	É�®�]��
     when appropriate sizes are not already available
1-  Cleaning of the pre-existing support.
2-  Positioning of the L brackets/anchoring brackets on the pre-existing beam.
3-  Positioning of the L bracket/ anchoring brackets on the pre-existing beam, 
�����LÞ�ÃVÀiÜÃ�ƂÉ	®É�LÞ�iÝ«>�Ã����L��ÌÃ�
É�®°
{���*�Ã�Ì�����}��v�Ì�i�ÃiV��`>ÀÞ�Ü��`i��Li>�Ã�ƂÉ	®É��v�ÃÌii��«À�w�iÃ�
É�®°
x���-VÀiÜ��}��v�Ì�i�Ü��`i��ÌÀ>�Ã��Ã�Ì��Ì�i�>�V��À��}�LÀ>V�iÌÃ�ƂÉ
®É�
�����L��Ì��}��v�Ì�i�1* �«À�w�iÃ�Ì����LÀ>V�iÌÃ�	É�®°

USED ELEMENTS
��Ü��`i��Li>�Ã�ƂÉ
®
��ÃÌÀÕVÌ�À>��«À�w�iÃ�1* �	É�®�
- steel brackets
- expansion bolts
- bolts for coupling
- screws for wood

REUSED ELEMENTS
��Ü��`i��Li>�Ã�ƂÉ
®
��ÃÌÀÕVÌ�À>��«À�w�iÃ�1* �	É�®�
- steel brackets

POSSIBLE VARIATIONS
- use of structural steel pro-
w�iÃ��v�`�vviÀi�Ì�ÃiVÌ�����iL]��
ipe, etc.)
- change the type of bracket 
or connection in function of 
load

LEGEND
1- wooden beam
2- steel bracket
3- screw for wood
{��«À�w�i�1* 
5- steel bracket L
6- bolt for coupling
Ç��iÝ«>�Ã����L��Ì�L��Ì�Ü�Ì��V��i�«�Õ}��ÌÌi`�Ü�Ì��À��}®
8- preesistence

Installation of secondary beams on primary pre-existing beams

Scale 1:20
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MODE FOR REUSE

PRE-EXISTENCE
- masonry structure

WORKING PHASES
ä���
ÕÌÌ��}��v�ÃÌÀÕVÌÕÀ>��«À�w�iÃ]��v�Ì�i�«�>ÌiÃ�>�`��v�ÃÌii��Ì�Ài>`i`�À�`Ã]�
     when appropriate sizes are not already available
1-  Cleaning of the pre-existing support.
Ó����À�����}��v��>Ã��ÀÞ�`�>«�À>}�Ã�>�`��v�1* �«À�w�iÃ°
Î���6iÀÌ�V>��«�Ã�Ì�����}��v�1* �«À�w�iÃ�>`�>Vi�Ì�Ì��«Ài�iÝ�ÃÌ��}�`�>«�À>}�Ã°
{�����ÃiÀÌ�����v�Ì�i�ÃÌii��L>ÀÃ�>�`�L��Ì��}��v�Ì�i�1* �«À�w�iÃ�Ì��`�>«�À>}�Ã°
x�����À�Ã��Ì>��«�Ã�Ì�����}��v�Ì�i�1* �«À�w�iÃ�>`�>Vi�Ì�Ì��«Ài�iÝ�ÃÌ��}�y��ÀÃ°
È���	��Ì��}��v�Ì�i�1* �«À�w�iÃ�Ì��«Ài�iÝ�ÃÌ��}�y��ÀÃ°
Ç���	��Ì��}��v�Ì�i�>�V��À��}�LÀ>V�iÌÃ�Ì��1* �«À�w�iÃ°
n���	��Ì��}��v�Ì�i�>�V��À��}�«�>ÌiÃ�Ì��1* �«À�w�iÃ�Ì�>Ì��>Ûi�Ì�i�vÕ�VÌ�����v�LÀ>V��}°
����	��Ì��}��v�1* �«À�w�iÃ�Ì��>�V��À��}�LÀ>V�iÌÃ�LÞ�ÃÌii��«�>ÌiÃ�����i`�Ì��Ì�i�°

USED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- steel plates
- anchor brackets
- bolts for coupling
- expansion bolts
- steel bars

REUSED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- steel plates
- anchor brackets
- steel bars

POSSIBLE VARIATIONS
- use of structural steel pro-
w�iÃ��v�`�vviÀi�Ì�ÃiVÌ�����iL]�
ipe, etc.) according to the 
preesistence
- se of anchorage method 
different depending on the 
«ÀiiÃ�ÃÌi�Vi�ÌÞ«i��v��>Ã��-
ÀÞ]�ÌÞ«i��v�y��À�iÌV°®

LEGEND
£��ÃÌÀÕVÌÕÀ>��«À�w�i�1* 
Ó��L��Ì�v�À�V�Õ«���}�ÃVÀiÜ�L��Ì���iÌ>����}®
Î��iÝ«>�Ã����L��Ì�L��Ì�Ü�Ì��V��i�«�Õ}��ÌÌi`�Ü�Ì��À��}®
4- barra in acciaio
5- anchor bracket
6- steel plate
7- preesistence

Realization of bracing on pre-existing masonry

Scale 1:20

Section A-A

Plan
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MODE FOR REUSE

PRE-EXISTENCE
- reinforced concrete 
  structure

WORKING PHASES
ä���
ÕÌÌ��}��v�ÃÌÀÕVÌÕÀ>��«À�w�iÃ]��v�Ì�i�«�>ÌiÃ�>�`��v�ÃÌii��Ì�Ài>`i`�À�`Ã]�
      when appropriate sizes are not already available
1-  Cleaning of the pre-existing support.
Ó����À�����}��v�Ì�i�«���>ÀÃ�>�`��v�Ì�i�«Ài�iÝ�ÃÌ��}�Li>�Ã�>�`��v�Ì�i�1* �«À�w�iÃ°
Î���6iÀÌ�V>��«�Ã�Ì�����}��v�1* �«À�w�iÃ�>`�>Vi�Ì�Ì��«Ài�iÝ�ÃÌ��}�«���>ÀÃ°
{�����ÃiÀÌ�����v�Ì�i�ÃÌii��L>ÀÃ�>�`�L��Ì��}��v�Ì�i�1* �«À�w�iÃ�Ì��«���>ÀÃ°
x�����À�â��Ì>��«�Ã�Ì�����}��v�Ì�i�1* �«À�w�iÃ�>`�>Vi�Ì�Ì��«Ài�iÝ�ÃÌ��}�Li>�Ã°
È�����ÃiÀÌ�����v�Ì�i�ÃÌii��L>ÀÃ�>�`�L��Ì��}��v�Ì�i�1* �«À�w�iÃ�Ì��Li>�Ã°
Ç���	��Ì��}��v�Ì�i�>�V��À��}�LÀ>V�iÌÃ�Ì��1* �«À�w�iÃ°
n���	��Ì��}��v�Ì�i�>�V��À��}�«�>ÌiÃ�Ì��1* �«À�w�iÃ�Ì�>Ì��>Ûi�Ì�i�vÕ�VÌ�����v�LÀ>V��}°
����	��Ì��}��v�1* �«À�w�iÃ�Ì��>�V��À��}�LÀ>V�iÌÃ�LÞ�ÃÌii��«�>ÌiÃ�����i`�Ì��Ì�i�°

USED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- steel plates
- anchor brackets
- bolts for coupling
- steel bars

REUSED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- steel plates
- anchor brackets
- steel bars

POSSIBLE VARIATIONS
- use of structural steel pro-
w�iÃ��v�`�vviÀi�Ì�ÃiVÌ�����iL]�
ipe, etc.) according to the 
preesistence

LEGEND
£��ÃÌÀÕVÌÕÀ>��«À�w�i�1* 
Ó��L��Ì�v�À�V�Õ«���}�ÃVÀiÜ�L��Ì���iÌ>����}®
3- steel bar
4- anchor bracket
5- steel plate
6-preesistence

Realization of bracing on pre-existence in reinforced concrete

Scale 1:20

Section A-A
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MODE FOR REUSE

PRE-EXISTENCE
- reinforced concrete 
  structure

WORKING PHASES
ä��
ÕÌÌ��}��v�ÃÌÀÕVÌÕÀ>��«À�w�iÃ]�Ü�i��>««À�«À�>Ìi�Ã�âiÃ�>Ài���Ì�>�Ài>`Þ�>Û>��>L�i°
1- Cleaning of the pre-existing support.

DELETING A LINE OF PILARS_A
2-  Reinforcement of the pillars line adjacent to the pillars line to delete 
�����«�i>Ãi�Ãii�Ã«iV�wV�Ã�iiÌ®°
Î���
�Õ«���}�LÞ�L��Ì��}��v�Ì�i�1* �«À�w�iÃ�>���}�Ì�i�ÜiL�«�>Ìi°
4-  Bolting of anchoring brackets to the pre-existence structure in the corner points 
������v�Ì�i�Õ««iÀ�y��À�Ì��Ì�i�y��ÀÃ�Ü�iÀi��Ã�`i�iÌi`�Ì�i�«���>À����i°
5-  Boiling of the UPN coupled beams to the anchoring brackets in a horisontal position.
È���-��À��}��v�Ì�i�y��ÀÃ°
7-  Elimination of the pillars line from top to bottom.
n���,i��v�ÀVi�i�Ì��v�Ì�i�y��ÀÃ�ÀiviÀÀi`�Ì��Ì�i�i�����>Ìi`�«���>ÀÃ����i�>�`�«À�}ÀiÃÃ�Ûi
�����`�Ã>ÃÃi�L�Þ��v�Ì�i�Ã��À��}�«�i>Ãi�Ãii�Ã«iV�wV�Ã�iiÌ®°

ADDITION OF A LINE OF PILLARS _B
3- Reinforcement of the beams by the insertion of a new line of pillars 
����«�i>Ãi�Ãii�Ã«iV�wV�Ã�iiÌ®°

USED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- steel bracket L
- steel plates
- bolts for coupling
- expansion bolts
- threaded steel bar

REUSED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- steel bracket L
- steel plates
- threaded steel bar

POSSIBLE VARIATIONS
- use of structural steel pro-
w�iÃ� �v� `�vviÀi�Ì� ÃiVÌ���� � 
]�
T) according to the preesist-
encea

LEGEND
REMOVAL AF A LINE OF PILLARS_A
1-bolted beams UPN
2-consolidation beam UPN 
3- eliminated pillar
4- preesistence

ADDITION OF A LINE OF PILLARS _B
1-c onsolidation beam UPN 
Ó��«À�w�iÃ�1* �
    coupled by bolting
3- preesistence

Redistribution of the loads of the structure

Scale 1:20

Redistribution of loads
following the removal of a line of pillars

Redistribution of loads
with the addition of a line of pillars
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MODE FOR REUSE

PRE-EXISTENCE
- bearing structures with dia-
phragms

WORKING PHASES
ä���
ÕÌÌ��}��v�ÃÌÀÕVÌÕÀ>��«À�w�iÃ�>�`��v�ÃÌii��Ì�Ài>`i`�À�`Ã]�
     when appropriate sizes are not already available
1-  Cleaning of the pre-existing support.
2-  Marking of the levels and axes of the rods.
Î����À�����}��v�Ì�i�1* �«À�w�iÃ�>�`��v��>Ã��ÀÞ°
4-  Eventual consolidation of masonry in the anchoring point.
5-  Insertion of the rods with eventual presence of sheath.
È���*�Ã�Ì�����}��v�Ì�i�1* �«À�w�iÃ��v�V��ÌÀ>ÃÌ°
7-  Tensioning of the tie rods.
8-  Sealing of the holes and grooves.

USED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- bolts for coupling
- steel bars

REUSED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- bolts for coupling
- steel bars

POSSIBLE VARIATIONS
�� 1Ãi� �v� ÃÌÀÕVÌÕÀ>�� «À�w�iÃ�
with different section or 
plates of contrast as a func-
tion of preesistence

LEGEND
£��ÃÌÀÕVÌÕÀ>��«À�w�i�1* 
2- steel tie rod
3- anchor bolt
4- preesistence

Restoration of the box- behaviour by tie-rods

Scale 1:20

Tie rod drilling of the wall Double tie rods at the sides of the wall



FROM POST EARTHQUAKE WASTE TO RESOURCE

262 8_The territory of L’Aquila: hypothesis of development

MODE FOR REUSE

PRE-EXISTENCE
�������Ü�L��V��y��À
��Ü��`�y��À

WORKING PHASES
ä���
ÕÌÌ��}��v�ÃÌÀÕVÌÕÀ>��«À�w�iÃ]�Ü�i��>««À�«À�>Ìi�Ã�âiÃ�>Ài���Ì�>�Ài>`Þ�>Û>��>L�i°
1-  Cleaning of the pre-existing support.

HOLLOW BLOCK PRE-EXISTENCE- A
Ó���À�����}��v�Ì�i�«Ài�iÝ�ÃÌ��}�y��À�>�`��v�Ì�i�1* �«À�w�iÃ°
Î���*�Ã�Ì�����}��v�Ì�i�1* �«À�w�iÃ�Ü�Ì��Ì�i�ÜiL�«�>Ìi�>`�>Vi�Ì�Ì��Ì�i�y��À°�
{���Ƃ�V��À��}��v�Ì�i�1* �«À�w�iÃ�Ì��Ì�i�«Ài�iÝ�ÃÌ��}�y��À�LÞ�iÝ«>�Ã����L��Ì��}°

WOODEN PRE-EXISTENCE _B
Ó����À�����}��v�Ì�i�1* �«À�w�iÃ°
Î���
�Õ«���}�LÞ�L��Ì��}��v�Ì�i�1* �«À�w�iÃ°
{���	��Ì��}��v�ÃÌii����LÀ>V�iÌÃ�Ì��Ì�i�1* �«À�w�iÃ°
x���*�Ã�Ì�����}�>�`�ÃVÀiÜ��}��v�Ì�i�1* �«À�w�iÃ�Ì��Ì�i�Ü��`i��Li>�°
È���*�Ã�Ì�����}�>�`�ÃVÀiÜ��}��v�Ü��`i�����ÃÌÃ�Ì��Ì�i�1* �«À�w�iÃ�LÞ�ÃÌii����LÀ>V�iÌÃ°
7-  Screwing of wooden boards to wooden joists.

USED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- bolts for coupling
- expansion bolts
- screws for wood
- steel bracket L

REUSED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- steel bracket L

POSSIBLE VARIATIONS
- use of structural steel pro-
w�iÃ� �v� `�vviÀi�Ì� ÃiVÌ���� 
]�
IPE, etc.) according to pree-
sistence
- variation of the type of con-
nections depending on the 
loads

LEGEND
HOLLOW BLOCK FLOOR_A
£��ÃÌÀÕVÌÕÀ>��«À�w�i�1* 
Ó��iÝ«>�Ã����L��Ì� L��Ì�Ü�Ì��V��i�«�Õ}� �Ì-
ted with ring)
3- preesistence

WOOD FLOOR
£��V�Õ«�i`�ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* �
2- steel bracket L
Î��L��Ì�v�À�V�Õ«���}�ÃVÀiÜ�L��Ì���iÌ>����}®
4- screw for wood
5- preesistence


��Ã���`>Ì�����v�>�y��À

Scale 1:20

Longitudinal section Longitudinal section
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MODE FOR REUSE

PRE-EXISTENCE
- wooden primary beam
- reinforced concrete primary 
beam

WORKING PHASES
0-  Cutting of wooden beams and of wooden planks, 
     when appropriate sizes are not already available
1-  Cleaning of the pre-existing support.
Ó���*�Ã�Ì�����}�>�`�>�V��À��}��v���ÃµÕ>Ài`]�LÞ�iÝ«>�Ã����L��ÌÃ�Ƃ®�
�������À�ÃVÀiÜÃ�v�À�Ü��`�	®����«À��>ÀÞ�Li>�Ã°
Î����À�����}��v�ÃiV��`>ÀÞ�Ü��`i��Li>�Ã�Ƃ®�>�`�«�Ã�Ì�����}��v�ÃiV��`>ÀÞ�Li>�Ã�ƂÉ	®
{�����V���}��v�Ì�i�ÃiV��`>ÀÞ�Li>�Ã�Ì��Ì�i�«À��>ÀÞ�Li>�Ã�LÞ�L��Ì��}�Ƃ®ÉÃVÀiÜ��}�	®°
5-  Eventual installation of bracing.
6-  Positioning of the wooden planks.
7-  Screwing of wooden planks to the secondary beams.

USED ELEMENTS
- wooden beams
- steel brackets
- bolts for coupling
- expansion bolts
- screws for wood
- wooden boards

REUSED ELEMENTS
- wooden beams
- steel brackets
- wooden boards

POSSIBLE VARIATIONS
- change the type of connec-
tion between the primary and 
secondary beams as a func-
tion of load
- use of structural elements 
of load distribution different 
from wooden boards

LEGEND
£�ÃiV��`>ÀÞ�Li>�\�Ü��`i��Li>�Ã�V�Õ«�i`�Ƃ®�É����ÃÌÃ�	®
2- steel brackets L
3- screw for wood
{��iÝ«>�Ã����L��Ì�L��Ì�Ü�Ì��V��i�«�Õ}��ÌÌi`�Ü�Ì��À��}®
x��L��Ì�v�À�V�Õ«���}�ÃVÀiÜ�L��Ì���iÌ>����}®
6- wooden boards
7- preexisting primary beam

��ÃÌ>��>Ì�����v�y��À����«Ài�iÝ�ÃÌ��}�«À��>ÀÞ�Li>�Ã

Scale 1:20

Longitudinal section Longitudinal section
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MODE FOR REUSE

PRE-EXISTENCE
- wooden primary beam
- reinforced concrete primary 
beam

WORKING PHASES
ä���
ÕÌÌ��}��v�Ü��`i��Li>�Ã�Ƃ®��v�ÃÌii��«À�w�iÃ�	®�>�`��v�Ì�i�V�ÀÀÕ}>Ìi`�Ã�iiÌ]�
     when appropriate sizes are not already available
£����À�����}��v�ÃiV��`>ÀÞ�Li>�Ã�1* ��À�Ü��`i��Li>�Ã®°
2-  Positioning and anchoring of L brackets, by bolting 
�����Ì�i�ÌÞ«i��v�L��ÌÃ�`i«i�`Ã����Ì�i�«Ài�iÝ�ÃÌi�Vi®°
3-  Positioning secondary beams.
4-  Locking by bolting of the secondary beams to primary beams.
5-  Eventual installation of bracing.
6-  Positioning of the corrugate sheet.
7-  Assembly of formworks for containing the casting of concrete.
8-  Positioning of the electro-welded mesh.
9-  Casting of concrete.

USED ELEMENTS
��Ü��`i��Li>�Ã�Ƃ®É
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* �	®�
- corrugated sheet
- steel bracket L
- bolts

REUSED ELEMENTS
��Ü��`i��Li>�Ã�Ƃ®É
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* �	®�
- corrugated sheet
- steel bracket L

POSSIBLE VARIATIONS
- use of structural steel pro-
w�iÃ��v�`�vviÀi�Ì�ÃiVÌ�����iL]�
ipe, etc.)
- use of structural elements 
of load distribution different 
from the corrugated sheet

LEGEND
£��ÃiV��`>ÀÞ�Li>�\�Ü��`i��Li>�Ã�V�Õ«�i`�Ƃ®�É�«À�w�i�1* �	®
2- corrugated sheet
3- reinforced slab with welded
4- steel bracket L
x�L��Ì�Ì�i�ÌÞ«i��v�L��Ì�V�>�}iÃ�`i«i�`��}����Ì�i�«Ài�iÝ�ÃÌi�Vi®
6- preexisting primary beam

��ÃÌ>��>Ì�����v�y��À����«À��>ÀÞ�«Ài�iÝ�ÃÌ��}�Li>�Ã

Scale 1:20

Longitudinal section Longitudinal section
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MODE FOR REUSE

PRE-EXISTENCE
- bearing structures with dia-
phragms

WORKING PHASES
ä���
ÕÌÌ��}��v�«À�w�iÃ�>�`�V�ÀÀÕ}>Ìi`�Ã�iiÌ]�
     when appropriate sizes are not already available
1-  Drilling of beams and diaphragms.
2-  Positioning and screwing of primary beams to the diaphragms. 
3-  Positioning and screwing of secondary beams to the diaphragms. 
4-  Screwing of the secondary beams to primary beams by L brackets. 
5-  Eventual installation of bracing.
6- Positioning of corrugated sheet.
7-  Casting of concrete and positioning of the electro-welded mesh.

USED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- corrugated sheet
- steel bracket L
-  bolts for coupling
- expansion bolts

REUSED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- corrugated sheet
- steel bracket L

POSSIBLE VARIATIONS
- use of structural elements 
of load distribution different 
from the corrugated sheet 
Ü��`� «>�i�Ã]� «Àiv>LÀ�V>Ìi`�
reinforced concrete panels, 
etc.)
- installation of braces
- use of secondary wooden 
beams

LEGEND
£°�«À��>ÀÞ�Li>���«À�w�i�1* �
Ó°�ÃiV��`>ÀÞ�Li>����«À�w�i�1* 
3- corrugated sheet
4- reinforced slab with welded

5-  steel bracket L
È��L��Ì�v�À�V�Õ«���}�ÃVÀiÜ�L��Ì���iÌ>����}®
Ç��iÝ«>�Ã����L��Ì� L��Ì�Ü�Ì��V��i�«�Õ}� �ÌÌi`�
with ring)
8- preesistence

��ÃÌ>��>Ì�����v��iÜ�y��À

Scale 1:20

Longitudinal section Cross section
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MODE FOR REUSE

PRE-EXISTENCE
- masonry diaphrams
- reinforced concrete dia-
phragms

WORKING PHASES
ä���
ÕÌÌ��}��v�ÃÌÀÕVÌÕÀ>��«À�w�iÃ]�Ü�i��>««À�«À�>Ìi�Ã�âiÃ�>Ài���Ì�>�Ài>`Þ�>Û>��>L�i°
£���
�i>���}��v�Ì�i�ÃÕ««�ÀÌ�>�`��iÛi����}�Ü�i���Ì��Ã���Ì����y>Ì°
2-  Drilling of 4 beams in correspondence of the coupling points.
3-  Coupling of lower beams by screwing and coupling.
4-  Positioning of lower beams.
5-  Anchoring of lower beams to the bearing structure by expansion bolts. 
6-  Drilling of the uprights in correspondence of the anchoring points.
7-  Positioning of the uprights.
8-  Anchoring of the uprights by expansion bolts on the vertical wall.
9-  Coupling of upper beams by bolting.
10-  Positioning of upper beams.
11-  Anchoring of upper beams to the bearing structure by expansion bolts.
12-  Anchoring of the beams to uprights by bolted L brackets.

USED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ
- bolts for coupling
- expansion bolts
- steel bracket L

REUSED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 

POSSIBLE VARIATIONS
��ÕÃi��v�«À�w�iÃ�Ü�Ì��̀ �vviÀi�Ì�
ÃiVÌ�����«i]��i>]��iL®
- coupling of the vertical up-
rights
- anchoring beams with up-
rights by welding

LEGEND
£��«À�w�i�1* 
2- steel spacer element
Î��L��Ì�v�À�V�Õ«���}�ÃVÀiÜ�L��Ì���iÌ>����}®
{��iÝ«>�Ã����L��Ì�L��Ì�Ü�Ì��V��i�«�Õ}��ÌÌi`�Ü�Ì��À��}®
5-  steel bracket L
6-  preesistence

Consolidation of an opening

Scale 1:20

Horizontal section

Vertical section
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MODE FOR REUSE

PRE-EXISTENCE
- masonry diaphragms
- reinforced concrete dia-
phrams
The use with maximum 
thickness of diaphrams 
equal to  25 cm is recom-
mended.

WORKING PHASES
ä��
ÕÌÌ��}��v�ÃÌÀÕVÌÕÀ>��«À�w�iÃ]�Ü�i��>««À�«À�>Ìi�Ã�âiÃ�>Ài���Ì�>�Ài>`Þ�>Û>��>L�i
£���
�i>���}��v�Ì�i�ÃÕ««�ÀÌ�>�`��iÛi����}�Ü�i���Ì��Ã���Ì����y>Ì°
Ó����À�����}��v�{�ÃÌÀÕVÌÕÀ>��«À�w�iÃ°
3-  Installation of mortar/glue on beams.
4-  Positioning of beams.
5-  Anchoring of beams by expansion bolts to the pre-existence. 
6-  Installation of the mortar/glue on uprights.
7-  Positioning of uprights.
8-  Anchoring of uprights by expansion bolts to the pre-existence.

USED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- expansion bolts

REUSED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 

POSSIBLE VARIATIONS
-  elimination of bolting be-
ÌÜii��Ì�i�ÃÌÀÕVÌÕÀ>��«À�w�iÃ�
and preesistence
- anchoring beams with up-
rights by bolted brackets L
- anchoring beams with up-
rights by welding

LEGEND
£��«À�w�i�1* 
Ó��iÝ«>�Ã����L��Ì�L��Ì�Ü�Ì��V��i�«�Õ}��ÌÌi`�Ü�Ì��À��}®
3- mortar / glue
4- preesistence

Consolidation of an opening

Horizontal section

Vertical section

Scale 1:20
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MODE FOR REUSE

PRE-EXISTENCE
- masonry diaphragms
- reinforced concrete dia-
phrams

WORKING PHASES
ä���
ÕÌÌ��}��v�ÃÌÀÕVÌÕÀ>��«À�w�iÃ]�Ü�i��>««À�«À�>Ìi�Ã�âiÃ�>Ài���Ì�>�Ài>`Þ�>Û>��>L�i°
£���
�i>���}��v�Ì�i�ÃÕ««�ÀÌ�>�`��iÛi����}�Ü�i���Ì��Ã���Ì����y>Ì°
2-  Drilling of the wall.
3-  Drilling of the beams
4-  Positioning of upper beams.
x���*�Ã�Ì�����}��v�Ì�i�Ì�Ài>`i`�À�`Ã�Õ««iÀ�Li>�Ã®°
È���/i�Ã�����}��v�Ì�Ài>`i`�À�`Ã�>�`���V���}�LÞ�L��ÌÃ�Õ««iÀ�Li>�Ã®°
7-  Positioning of lower beams
n���*�Ã�Ì�����}��v�Ì�i�Ì�Ài>`i`�À�`Ã���ÜiÀ�Li>�Ã®°
����/i�Ã�����}��v�Ì�i�Ì�Ài>`i`�À�`Ã�>�`���V���}�Ü�Ì��L��ÌÃ���ÜiÀ�ÌÀ>�Ã��Ã®°

USED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ
- bolts for coupling
- threaded steel bars

REUSED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ
- threaded steel bars

POSSIBLE VARIATIONS
- use of distribution plates 
interposed between the 
ÃÌÀÕVÌÕÀ>��«À�w�iÃ�>�`�L��ÌÃ
- welding of plates on the 
bottom of the upper beams 
and on top of the lower 
beams

LEGEND
£��«À�w�i�1* 
Ó��Ì�i�À�`�Ì�Ài>`i`�ÃÌii��L>ÀÃ®
Î��L��Ì�v�À�V�Õ«���}�ÃVÀiÜ�L��Ì���iÌ>����}®
4- preesistence

Consolidation of an architrave

Scale 1:20

Horizontal section

Vertical section
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MODE FOR REUSE

PRE-EXISTENCE
- load-bearing part of the 
y��À

WORKING PHASES
ä���
ÕÌÌ��}��v�ÃÌÀÕVÌÕÀ>��«À�w�iÃ]�Ü�i��>««À�«À�>Ìi�Ã�âiÃ�>Ài���Ì�>�Ài>`Þ�>Û>��>L�i
£���
�i>���}��v�Ì�i�ÃÕ««�ÀÌ�>�`��iÛi����}�Ü�i���Ì��Ã���Ì����y>Ì°
2-  Drilling of steel plates.
Î���7i�`��}��v�Ì�i���ÜiÀ�«�>Ìi�Ì��ÃÌÀÕVÌÕÀ>��«À�w�i°
{���7i�`��}��v�Ì�i�Ì�«�«�>Ìi�Ì��ÃÌÀÕVÌÕÀ>��«À�w�i°
x���*�Ã�Ì�����}��v�«À�w�i����Ì�i�y��À°
È���Ƃ�V��À��}��v�Ì�i�«�>ÌiÃ�����Ìi`�Ü�Ì��Ì�i�«À�w�iÃ®�Ì��Ì�i�y��À�LÞ�iÝ«>�Ã����L��ÌÃ°
Ç���Ƃ�V��À��}��v�«�>ÌiÃ�����i`�Ü�Ì��«À�w�iÃ�Ì��`iV���}�
�����Ì�i����`��v�>�V��À��}�`i«i�`Ã����Ì�i�V��ÃÌÀÕVÌ�Ûi�V�>À>VÌiÀ�ÃÌ�VÃ��v�Ì�i�`iV���}®°

USED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- structural truss
- bolts for coupling
- expansion bolts
- steel plates

REUSED ELEMENTS
��ÃÌÀÕVÌÕÀ>��«À�w�iÃ�1* 
- structural truss
- steel plates

POSSIBLE VARIATIONS
��ÕÃi��v�«À�w�iÃ�Ü�Ì��̀ �vviÀi�Ì�
ÃiVÌ�����«i]��i>]��iL®
�� L��Ì��}� �v� Ì�i� «À�w�iÃ� �v�
steel plates
- use of wooden elements 
ÃiVÌ���Ã\�V��xÝx]��nÝn]�£äÝx®���
iin substitution of steel pro-
w�iÃ

LEGEND
£��«À�w�i�1* �Ƃ®�É�ÌÀÕÃÃ�	®
Ó��L��Ì�v�À�V�Õ«���}�ÃVÀiÜ�L��Ì���iÌ>����}®
Î��iÝ«>�Ã����L��Ì�L��Ì�Ü�Ì��V��i�«�Õ}��ÌÌi`�Ü�Ì��À��}®
4- steel plate
5-walking surface
È��«ÀiiÝ�ÃÌ��}�y��À

Creation of air space for technical implants 

Scale 1:20

Longitudinal section Longitudinal section
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8.6 _The exogenous reuse

The materials/components coming from the selective 
demolitions of safety systems can also be reused outside 
�v� Ì�i� V��ÃÌÀÕVÌ���� Ã�Ìi]� Ü�i�� �Ì� V>���Ì� w�`� ÕÃi� ��� Ì�i�
construction site where it takes the disassembly or after 
already suffering a further life cycle, according to the pre-
vious modalities described in the temporary endogenous 
reuse. They can be reused in the boundary sites for the 
construction of temporary structures serving the site, for 
Ì�i� `iw��Ì���� �v� V��ÌÀ���i`� ÃÕ«iÀviÌ>Ì���Ã� ��� Ì�i� ÀiV��-
struction projects or for functions related to community 
ÃV����]��vwVi]� ÀiÃ�`i�ViÃ]�iÌV°®� Ì�>Ì�ÃÕ««�i�i�ÌÃ�Ì�i�iv-
fort to overcome the logistical problems connected to the 
post-earthquake period. In many cases the collapse of the 
Ã��«��}�À��vÃ�}�ÛiÃ�Ü>Þ�Ì��Ì�i�Õ�`iÀ�Þ��}�y>Ì�y��ÀÃ�Ì�>Ì]�
after an eventual consolidation, can become the place of 
controlled superfetations in the head of building, carrying 
out the function of coverage and, at the same time, of the 
`i�Ã�wV>Ì�����v�Ì�i�LÕ��`��}°�����Ì�iÀ�V>ÃiÃ]�Ì�i�V�>�}��}�
of housing needs or of usage of the building requires a 
consequent spatial variation with possible volumetric ad-
ditions, act to satisfy such exigencies. Often the need to 
make recovery interventions in inhabited buildings creates 
problems related to the rapidity of execution in view of the 
��}�ÃÌ�V>��`�vwVÕ�Ì�iÃ��v�ÕÃiÀÃ����Ì�i����V>Ìi`]�Ü��V�]�`ÕÀ-
ing the realisation of the intervention, are without a house. 
In addition, these problems can be resolved through the 
construction of temporary accommodations near the 
building object of intervention, whose components come 
from the selective boundary demolitions integrated by the 
local supply chain.

Methodological operatve innovation 
in the reconstruction
Often the enterprises, due to emergencies, perform con-
temporary interventions of a different nature. The enter-
prises make partial and/or total demolitions of buildings 
that have considerable structural impairment, which there-
fore results in additional safety installation and makes re-
coveries of buildings that do not present structural prob-
lems, despite being in poor maintenance condition and 
Ì�iÞ�>Ài����>L�Ìi`°�7���i����Ì�i�wÀÃÌ�V>Ãi]�Ì�i�«Ài�����>ÀÞ�
organisation of the works does not care about problems 
related to the inhabitants/users, as their shelter was the 
�L�iVÌ� �v� ��ÌiÀÛi�Ì���� ��� Ì�i� wÀÃÌ� «�ÃÌ�i�iÀ}i�VÞ� «�>Ãi�
«À��iVÌ�
°Ƃ°-°°��°Ƃ°*°®°����Ì�i�ÃiV��`�V>Ãi]��Ì�>�Ã���ÕÃÌ�
be taken into account that the shelter of the inhabitants 
�À�Ì�i���Û��}��v�Ì�i�vÕ�VÌ���Ã��vwViÃÉ�LÕÃ��iÃÃ®�Ì�>Ì�>Ài�
present in the building for the whole duration of the inter-
vention. It is necessary to take into account that the city 
of L’Aquila, for known reasons to date, presents a low re-
ceptivity and consequently, the logistics management of 
Ì�iÃi���ÌiÀÛi�Ì���Ã�ÀiÃÕ�ÌÃ�`�vwVÕ�ÌÞ�>�`�Ì�iÞ�LiV��i�vÀ>}-
mented at the end of the long-life. When it is possible to 
create the conditions for temporarily moving residents, the 
necessity of short-time realization of recovery interventions 
affects the quality not so much of the works, but rather 
the attention of sorting and separation of waste materials, 
with a negative impact on the global sustainability of the 

intervention. It is also necessary to underline that the re-
covery interventions on inhabited buildings presuppose a 
temporary shelter for the users, therefore, for a limited pe-
À��`]�LÕÌ�Ü��V���ÕÃÌ�>�Ã��ÀiÃ«��`�Ì��Ã«iV�wV�ÃÌ>�`>À`Ã��v�
environmental comfort, especially when the interventions 
are carried out during the winter, where in L’Aquila a harsh 
climate is present. 
Therefore, an operative-methodological process that in-
centives the reuse of the materials deriving from the selec-
Ì�Ûi�`i����Ì���Ã� «>ÀÌ�>�ÉÌ�Ì>�®� ���Ì�i��i�}�L�ÕÀ��}�ÀiV�Û-
ery reconstruction sites is proposed, with the aim to build 
temporary accommodations acting to host the users of the 
buildings to recover, during the period in which the recov-
ery operations take place. In this way, it will be possible 
both to overcome the problems related to the low recep-
tivity of the city of L’Aquila, ensuring temporary accom-
modations with environmental comfort comparable to that 
of stable structures and to encourage a sustainable opera-
tion of recovery with timelines that facilitate a careful han-
dling of the waste materials. The materials/components 
that derive from partial or total selective demolitions of 
the buildings that present structural problems, when they 
are not reused within the site, can be partly transported 
to the recovery neighbouring site and partly transported 
to the temporary storage. The portion that is transported 
to the recovery neighbouring sites, in addition to being 
ÃÕL�iVÌi`�Ì��µÕ>��ÌÞ�V��ÌÀ��Ã]��ÕÃÌ�Li�Ãi�iVÌi`�ÌÞ«���}Þ�
>�`�«iÀv�À�>�Vi®�>�`�µÕ>�Ì�wi`�>VV�À`��}�Ì��Ì�i�Ã�Ìi�`i-
�>�`Ã� ÃÕV�� >Ã� >VV�À`��}� Ì�� Ì�i� ÌÞ«i��v�Ü�À�Ã� Ì�>Ì�Ü����
executed) and according to the number of housing units 
that are necessary to host the users of the building that 
must be recovered. Therefore, conceptually, 4 areas are 
present: the demolition site, the temporary storage area, 
the recovery site and the temporary housing area. 
/�i�Ìi�«�À>ÀÞ�ÃÌ�À>}i�>Ài>�V>�]����Ã«iV�wV�V��`�Ì���Ã��À�
for a portion, coincide with the storage area of the recov-
ery site. For what concerns the distances, it is believed 
Ì�>Ì� Ì�i�Ã�ÌiÃ��v�Ãi�iVÌ�Ûi�`i����Ì���� >�`É�À� Ì�i� Ìi�«�-
rary storage) should not be a distance more than 40 km 
from the recovery sites.  The temporary housing area must 
preferably neighbour the recovery site. If the immediate 
neighbouring of the temporary structures to the recovery 
site condition cannot be not met due to security concerns 
or an overall lack of area, it is believed that the maximum 
distance between the housing temporary area and the re-
covery site must be at most 10 km.

Demolition site

Recovery site

Storage area Temporary 
housing area
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Such an approach requires careful planning with the aim 
to simultaneously manage the selective deconstruction of 
a building, not only on the base of the constructive char-
acteristics of the building itself, but especially on applica-
tions in terms of typology and quantity of materials/com-
ponents of the recovery site.
The system becomes an integral part of the input and out-
put of the local supply chain. In fact, although the objec-
tive is that of building temporary accommodations with 
waste materials, if it does occur, the indispensability of a 
portion of them, due to the boundary conditions, the local 
supply chains can bypass it. At the same time, when the 
ÀiV�ÛiÀÞ� �«iÀ>Ì���Ã� �v� Ì�i� LÕ��`��}�Ü���� Li� w��Ã�i`]� Ì�i�
residents will return to live in it and the temporary housing 
units could be assembled and disassembled in a recovery 
�i�}�L�ÕÀ��}� Ã�Ìi� �v� Ì�iÞ� ÃÌ���� �>Ûi�i��Õ}�� ÀiÃ�`Õ>��«iÀ-
formance), or the materials/components that constituted 
them could be reused for the recovery of another building 
or inserted in the supply chain of local industry. In light of 
the poor state of repair of Italian building heritage, the op-
erative-methodological proposed lines assume validity at 
national level, encouraging local closed cycles that trans-
form the selective demolition of a building in the “mine” 
for the building regeneration of a building adjacent to it, 
with evident environmental and economic advantages, 
while stating that the assumption of feasibility of such a 
method is the integration and coordination between dem-
olition and construction.

Fig. 25 _ Methodological-operative innovation: hypothesis of exogenous reuse

Case study: demolition and reconstruction of 
post-war buildings in L’Aquila.
It is proposed the feasibility study of a total selective dem-
olition and of a neighbouring recovery intervention, in ref-
erence to two buildings in the territory of L’Aquila, located 
in the some continuous medium-dense residential area. In 
case of the recovery building, it is proposed to organise a 
residential area to act as host for the users during the re-
construction operations. Temporary modules realised with 
materials deriving from the neighbouring selective demoli-
tion from it. 
It is assumed that the earthquake has irreparably damaged 
one of these buildings, herein after referred as building A. 
�Ì��Ã���Ì�wÌ�v�À�Ì�i�ÕÃi�>�`��Ì��>Ã�Lii���>`i�Ã>vi�Ü�Ì��Ã��À-
��}��«iÀ>Ì���Ã��v�ÃÕ««�ÀÌ��v�y��ÀÃ�LÞ�>��Õ�Ì��V���ÃÞÃÌi��
integrated with a tube-clamp system and wooden plank 
of load redistribution and an operation of lateral rods con-
strained implemented by means of coupled beams, UPN 
160 and steel rods, with wooden plank of load redistribu-
tion.
The second building, hereinafter referred as building B, 
has not been damaged after the earthquake. It is usable, 
but it needs a recovery intervention aimed to increase en-
iÀ}Þ�ivwV�i�VÞ�Ü�Ì����«�>�Ì�Ài«�>Vi�i�Ì�>�`�Ì��Õ«}À>`i�
the internal distribution of the building.
With the aim to describe a generic case easily applicable 
Ì�� Ã«iV�wV� V>ÃiÃ� >�`� Ì�� Ã��«��vÞ� Ì�i� `iÃVÀ�«Ì���� �v� Ì�i�
procedural process, it is hypothesised that the building A 



FROM POST EARTHQUAKE WASTE TO RESOURCE

272 8_The territory of L’Aquila: hypothesis of development

and B are identical and that the spatial conditions for an 
easy organisation of the site in terms of materials storage, 
handling machinery and predisposition of equipped areas 
>Ài>�v�À�Ìi�«�À>ÀÞ�>VV����`>Ì���Ã�>Ã�iÝ«�>��i`�Li��Ü®�
are present.
The buildings were built in 1970, they have a planimet-
À�V�v��Ì«À��Ì��v�>L�ÕÌ�Óxä�Ãµ�]�Î�>L�Ûi}À�Õ�`�y��ÀÃ�Ì�>Ì�
each house 3 apartments, have the pitched roof and pre-
sent the following constructive equipment. The bearing 
ÃÌÀÕVÌÕÀi��Ã� ���Ài�v�ÀVi`�V��VÀiÌi�Ü�Ì�������Ü�L��V��y��ÀÃ�
and foundations with reversed beams. The lower horizon-
Ì>�� V��ÃÕÀiÃ� >Ài� V��ÃÌ�ÌÕÌi`� �v� «>Û��}� ��� ÃÌ��i� £°x� V�®]�
��ÀÌ>À�Ó�V�®]���}�ÌÜi�}�Ì�V��VÀiÌi�ÃVÀii`�È�V�®]�V��VÀiÌi�
Ã�>L�È�V�®]������Ü�L��V��y��À�Óä�V�®�>�`�«�>ÃÌiÀ�Ó�V�®°�
The horizontal top closures are made of tiles on wooden 
À>vÌiÀÃ]�Ü>ÌiÀ«À��vi`�Ã�i>Ì��ä°{�V�®]�V��VÀiÌi�Ã�>L�ÈV�®]�
�����Ü�L��V��y��À�Óä�V�®�>�`�«�>ÃÌiÀ�Ó�V�®°�/�i�ÛiÀÌ�V>��
V��ÃÕÀiÃ�>Ài��>`i�Ü�Ì�����iÀ�«�>ÃÌiÀ�Ó�V�®]������Ü�LÀ�V�Ã�
n�V�®]�>�ÀÃ«>Vi�x�V�®]������Ü�LÀ�V�Ã�Óx�V�®]��ÕÌiÀ�«�>ÃÌiÀ�
Ó� V�®� >�`�Ü�Ì��Ü��`i��Ü��`�ÜÃ°�/�i� ��ÌiÀ�>��«>ÀÌ�Ì����
elements are made with hollow bricks. The buildings are 
equipped with autonomous systems for the production of 
hot water and heating with a natural gas boiler and cast 
iron radiators.
�Ì� �Ã� Ã«iV�wi`� Ì�>Ì� Ì�i� `>Ì>� Ài�>Ìi`� Ì�� Ì�i� V��ÃÌÀÕVÌ�Ûi�
equipment, in such cases considered known, must be ob-
tained through careful preliminary investigations, which is 
composed both of the examination and the analysis of all 
the documents present in the public archives in carrying 
out destructive tests on time.
The empty for full volume of the building A is equal to 
about 3000 mc. Therefore, the weight of rubble deriving 
from the demolitions is equal to about 1720 tons42.
In function of such value, of the building characteristics, 
also using the percentage data of incidence of the single 
matter homogeneous fractions on the rubble produced 
until today, it was possible to dimension the areas for sort-
ing and stocking of materials during the demolition, with 
the aim to establish appropriate organisation of the site.
��À�Ì�i�`iw��Ì�����v�Ì�i�Ã�Ìi��À}>��Ã>Ì�����v�Ì�i�LÕ��`��}�	]�
the same method was used. For what concerns the build-
ing B, it was necessary to provide temporary accommoda-
tions acting to host the residents for the necessary time 
for the operations of partial selective demolitions and of 
i�iÀ}Þ�ivwV�i�V�iÃ°�-«iV�wV>��Þ]� Ì�i�«�>�i`�Ü�À�Ã�V��Ã�ÃÌ�
of the demolition of interior partitions and in making over 
of wooden partitions, in making over the electrical, water 
>�`��i>Ì��}�ÃÞÃÌi����V�Õ`��}�Ì�i�Ài«�>Vi�i�Ì��v�L���iÀÃ®]�
in making over the drain lines, in the replacement of the 
portion of the tiles facing south with photovoltaic tiles, in 
the assembly of the related implant, in the replacement of 
windows and thermal insulation of the envelope.
The interventions on building B must be followed pro-
Vii`��}�vÀ���Ì�i���}�iÃÌ�y��À�Ì��Ì�i���ÜiÃÌ�y��À°
In the site area, a temporary warehouse must be set up to 
store the furniture of the apartments where the works must 
be carried out.
The area that hosts the temporary housing units is adja-
cent to the construction site area of the building in order 
to allow progressive moving to the temporary accommo-

`>Ì���Ã°�/�i�wÀÃÌ�«�>Ãi�V��Ã�ÃÌÃ��v�Ì�i�ÌÀ>�ÃviÀ��v�Ì�i�ÀiÃ�-
`i�ÌÃ�vÀ���Ì�i���}�iÃÌ�y��À]�ÃÕV��>Ã�Ì�i�ÃiV��`�y��À]���Ì��
Ì�i�Ìi�«�À>ÀÞ�>VV����`>Ì���Ã°�"�Vi�w��Ã�i`�Ì�i�Ü�À�Ã�
>Ì�Ì�i�ÃiV��`�y��À]�Ì�i�ÀiÃ�`i�ÌÃ��v�Ì�i�ÃiV��`�y��À�V>��
ÀiÌÕÀ�����Ì�i�À�>«>ÀÌ�i�ÌÃ�>�`�Ì�i�ÀiÃ�`i�ÌÃ��v�Ì�i�wÀÃÌ�y��À�
can transfer themselves into the temporary accommoda-
tions, then return to their apartments once the works are 
w��Ã�i`°����Ì�i�Ã��i�Ü>Þ]��Ì�Ü����«À�Vii`�Ü�Ì��Ì�i�}À�Õ�`�
y��À°�Ƃ� Ìi�«�À>ÀÞ�Õ��Ì� v�À�i>V��>«>ÀÌ�i�Ì�y��À�«ÀiÃi�Ì�
must be built. Therefore, in such case 3 temporary housing 
units must be built. It is therefore evident that it is neces-
sary to plan and to coordinate together 3 interventions: 
the total demolition of building A, the assembly/disassem-
bly of the housing modules, the partial demolition and the 
i�iÀ}Þ�ivwV�i�VÞ���ÌiÀÛi�Ì���Ã��v�LÕ��`��}�	°
  

Considering the fact that two-thirds of the inhabitants al-
ways remain inside the building during the work, it is nec-
iÃÃ>ÀÞ� Ì�� >VÌ�Ûi�Þ��>��Ì>��� >��� Ì�i� ÃiÀÛ�ViÃ� }>Ã]� i�iVÌÀ�V-
ity, etc.). Considering the fact that the replacement of the 
technological implants must be carried out, the water and 
electrical systems can be moved outside of the building.
Once made, the interception of the water and electrical 
grids from the main line, they are connected with the pro-
visional housing modules. This ensures the supply of wa-
ter and electricity to the housing units when the systems 
of rainwater collection or the photovoltaic panels cannot 
meet the demands of users. In the same way, the surplus 
of electricity produced by photovoltaic panels of the tem-
«�À>ÀÞ�Õ��ÌÃ�V>��Li�ÕÃi`�v�À�Ì�i�Li�iwÌ��v�Ì�i�Ã�Ìi°
For what concerns the drain lines, running toward grav-
ity, it is possible to replace parts of the horisontal branch 
and of the columns from the top or maintain the existing 

1 2

3 4

gas water electricity waste dreinage
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lines during the work while simultaneously preparing new 
`À>������iÃ�Ì��Li�«ÕÌ����ÕÃi�>vÌiÀ�w��Ã���}�Ì�i�ÀiV�ÛiÀÞ���-
tervention. In the illustrated case study, the existing drain 
lines are maintained in the original position and replaced 
for parts.  The lines of methane gas can be removed for 
Ì�i�Li�iwÌ��v�>���Ài�ÃÕÃÌ>��>L�i�Ã��ÕÌ���]�ÃÕV��>Ã��i>Ì��}�
and hot water systems powered by a wooden pellet boiler 
and electric induction cooktops. The removal of such a line 
�ÕÃÌ�Li�V>ÀÀ�i`��ÕÌ�LiÌÜii��Ì�i�wÀÃÌ�Ü�À�Ã�v�À�Ã>viÌÞ�Ài>-
sons; therefore, for the entire duration of the construction 
Ã�Ìi]�Ì�i�ÀiÃ�`i�ÌÃ�v�À�ÌÜ���Ì��À`Ã�«ÀiÃi�Ì���Ã�`i�Ì�i�LÕ��`-
ing) must use electric induction cooking systems.
In the time schedule of the works for building A, the fol-
lowing phases are considered: preliminary investigation of 
Ì�i�LÕ��`��}�>�>�ÞÃ�Ã��v�Ì�i�`�VÕ�i�Ì>Ì����>�`�«Õ�VÌÕ>��
`iÃÌÀÕVÌ�Ûi� ÌiÃÌÃ]� `iw��Ì���� �v� Ì�i� V�>À>VÌiÀ�ÃÌ�VÃ� �v� Ì�i�
place and the surrounding area), organisation of the con-
ÃÌÀÕVÌ����Ã�Ìi]�`�Ã>ÃÃi�L�Þ��v�L>Ì�À����wÝÌÕÀiÃ�>�`�Ãi«>-
À>Ì�����v�Ì>«Ã�>�`�wÌÌ��}Ã]�`�Ã>ÃÃi�L�Þ��v�«�Õ�L��}�Ü�À�Ã]�
demolition of tiles in kitchens and bathrooms, disassembly 
of interior doors with separation of the subframe, frame, 
handles and hinges, disassembly of the windows, sills, 
boilers, radiators, plates of switches, baseboard, removal 
of the electrical system, removal of coating of the ladder. 
In the roof, it provides for the removal of the tiles and of 
the underlying wooden elements, removal of the sheath, 
demolition of screed and concrete slab, demolition of the 
�����Ü�y��À�LÀ�V�Ã]� Ài��Û>�� �v� Ì�i� ���ÃÌÃ°� ��� Ì�i� ÃiV��`]�
wÀÃÌ�>�`�}À�Õ�`�y��À� �Ì�«À�Û�`iÃ� Ì��i>Ã��}��v� Ìi�Ã�����v�
cables of tie-rods, to the cut and removal of the UPN pro-
w�iÃ�Ì��Ì�i��i�}�Ì��v�Ì�i�y��ÀÃ]�Ì��Ì�i�ÃVÀ>«i��v�«�>ÃÌiÀ�>�`�
to the demolition of the internal and external walls, to the 
demolition of paving and substrate bedding, to the demo-
lition of the lightweight screed, to the cut and removal of 
the water and exhaust piping, to the disassembly of the 
Ã��À��}�Ì�>Ì�ÃÕ««�ÀÌ�Ì�i�y��À]�Ì��Ì�i�`i����Ì�����v�Ì�i����-
��Ü� y��À� LÀ�V�Ã� >�`� Ài��Û>�� �v� Ì�i� ���ÃÌÃ°� ��� Ì�i� i�`]� �Ì�
provides for the demolition of the beams and of the pillars 
in reinforced concrete and of the ladder, to the excavation 
along the perimeter of the building and to the demolition 
of foundations.
In the time schedule of the assembly of the temporary 
housing units the following phases are considered: predis-
position of the area and organisation of the construction 
site, transportation in the area of materials/components 
`iÀ�Û��}� vÀ��� Ì�i�`i����Ì�����v�LÕ��`��}�Ƃ� ÌÕLi�� V�>�«�
ÃÞÃÌi�]��Õ�Ì�`�ÀiVÌ���>�� ÃÞÃÌi�]�Ü��`i�� «�>��Ã]� «À�w�iÃ�
UPN), transportation in the area of materials/components 
deriving from the local supply chain, connection of the wa-
ter and electrical grid to the main grid, assembly bearing 
ÃÌÀÕVÌÕÀi��Õ�Ì�`�ÀiVÌ���>��ÃÞÃÌi�]�ÀiÌ�VÕ�>À�ÌÀÕÃÃ®]�>ÃÃi�L�Þ�
}>L����Ü>���w��i`�Ü�Ì��ÀÕLL�i]�«�Ã�Ì�����}�«Õ�VÌÕ>��v�Õ�-
dations, assembly block of implants/services/connectives, 
assembly living module and sleeping module, connections 
�v�Ì�i���«�>�ÌÃ]�>ÃÃi�L�Þ��v�Ì�i�V�ÛiÀ>}i�ÌÕLi�V�>�«�ÃÞÃ-
tem and corrugated sheet), assembly photovoltaic panels 
and solar thermal panels, assembly duct and connection 
Ü�Ì�� Ì�i� Ì>��� �v� À>��Ü>ÌiÀ� �>ÀÛiÃÌ��}]� >ÃÃi�L�Þ� w��Ã�iÃ]�
connection to water and electrical grid, external arrange-
ment and assembly furnishings.

In the time schedule of recovery works of building B the 
following phases are considered: preliminary investigation 
�v�Ì�i�LÕ��`��}�>�>�ÞÃ�Ã��v�Ì�i�`�VÕ�i�Ì>Ì����>�`�«Õ�V-
ÌÕ>�� `iÃÌÀÕVÌ�Ûi� ÌiÃÌÃ]� `iw��Ì���� �v� Ì�i� V�>À>VÌiÀ�ÃÌ�VÃ� �v�
the place and the surrounding area), organisation of the 
construction site, disassembly of external line of the natu-
ral gas implant, interception of water and electrical grid 
on the main grid and repositioning outside the building 
Ü�Ì��V���iVÌ����Ì��Ì�i���`�Û�`Õ>��y��ÀÃ�>�`�Ì��Ìi�«�À>ÀÞ�
housing units, replacing natural gas boilers with wooden 
«i��iÌ�L���iÀÃ]�ÃÌ>ÀÌ��}�vÀ���Ì�i�Õ««iÀ�y��À]�v�À�i>V��y��À��Ì�
provides to the disassembly and stacking of the furniture, 
`�Ã>ÃÃi�L�Þ� �v� L>Ì�À����wÝÌÕÀi� >�`� Ãi«>À>Ì�����v� Ì>«Ã]�
demolition of tiles in kitchen and bathroom, disassembly 
of interior doors and windows, disassembly of radiators, 
plates of switches, baseboard, removal electrical system, 
scrape of plaster of internal partitions, demolition of pav-
ing and substrate bedding, demolition of the lightweight 
concrete screed with cut and removal of the water piping, 
demolition of internal walls, removal and subsequent re-
ÃÌ�Ài��v�Ì�i�`À>���«�«iÃ�Ài�>Ìi`�Ì��Ì�i�y��À]���ÃÌ>��>Ì�����v�
water system and internal partitions, installation of insula-
Ì���� ��� Ì�i�ÛiÀÌ�V>�� ��w��Ã]�w��Ã���}��v� ��ÌiÀ�>��Ü>��]� ��ÃÌ>�-
lation of screed for implants, thermal-acoustic insulation, 
installation of radiant panels, installation of paving, base-
L�>À`]�«�>ÌiÃ��v�ÃÜ�ÌV�iÃ]�wÝÌÕÀiÃ]���ÃÌ>��>Ì�����v�L>Ì�À����
wÝÌÕÀi�>�`�vÕÀ��ÌÕÀi°�"��Ì�i�Ü���i�LÕ��`��}]��Ì�«À�Û�`iÃ�Ì��
scrape the existing plaster and to install thermal plaster 
and paint. In the roof, it provides for the removal of the 
tiles and the underlying rafters, removal of the sheath, in-
stallation of insulation and waterproof sheath, with subse-
quent assembly of the tiles and replacement of a portion 
of them with photovoltaic tiles and assembly of a relative 
implant.
/�i�Ü�À����`i� Ì��y��ÀÃ� ��� Ì�i� ÀiV�ÛiÀÞ� ��ÌiÀÛi�Ì�����v�
building B and, consequently, the progressive transfer of 
the residents in the housing units, involves the inability of 
V>ÀÀÞ��}� �ÕÌ� ��ÌiÀÛi�Ì���Ã� V��VÕÀÀi�Ì�Þ� ��� >��� y��ÀÃ� >�`�
needs of additional security measures.
With the aim of providing a basis of comparison, while re-
maining unchanged the considerations on building A and 
the evaluations in reference to the installations of building 
	]� �Ì��>Ã�`iw�i`�>�ÃiV��`��Þ«�Ì�iÃ�Ã� Ì�>Ì�V��Ã�`iÀÃ� Ì�i�
concurrent transfer of all inhabitants in the adjacent, tem-
porary housing unit. In this case, 9 temporary housing units 
must be prepared.
By comparison of work program in reference to 2 hypoth-
eses made for building B, the hypothesis in which all in-
habitants are transferred contemporarily in the temporary 
housing units presents execution times equal to 13% lower 
than the hypothesis in which the inhabitants are transferred 
���Ì�i�Ìi�«�À>ÀÞ�Õ��ÌÃ�LÞ�y��ÀÃ°
However, if we consider globally the time for the works 
to carry out in building B and the necessary time for the 
assembly of temporary modules, the two hypotheses pro-
vide equal execution times. In fact, the most time due to 
i�v�ÀVi�i�Ì��v�Ì�i�Ü�À��v�À�y��ÀÃ�>�`�Ì�i�>``�Ì���>��Ãi-
VÕÀ�ÌÞ��i>ÃÕÀiÃ����V>ÃiÃ����Ü��V��Ì�i�ÀiÃ�`i�ÌÃ�>Ài�ÌÀ>�Ã-
viÀÀi`�LÞ�y��ÀÃ®� �Ã��vvÃiÌ�LÞ�Ì�i�ÀiµÕ�Ài`�Ì��i�Ì��LÕ��`�>�
greater number of temporary housing units.
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In fact, if we consider globally the time for the works to 
carry out in building B, the necessary time for the assem-
bly of temporary modules and the necessary time for the 
disassembly of the latter, the hypothesis in which the in-
�>L�Ì>�ÌÃ�>Ài�ÌÀ>�ÃviÀÀi`�LÞ�y��ÀÃ� ���Ì�i�Ìi�«�À>ÀÞ�Õ��ÌÃ�
presents execution times equal to 14% lower than the case 
in which all residents are contemporarily transferred in the 
temporary units.
In the illustrated case, the time for assembly and disassem-
bly of a greater number of housing units is greater than 
the additional time necessary for the execution of works 
Ì��y��ÀÃ°

Feasibility study of a temporary housing unit
���Ì�i�wi�`��v�iÝ�}i��ÕÃ�ÀiÕÃi]�Ì�i�«À�«�Ãi`�ÃÌÕ`Þ��>Ã�>Ã�
�L�iVÌ�Ì�i�`iw��Ì�����v���ÕÃ��}�Õ��Ì]�>��i`�Ì��Ì�i�Ìi�«�-
rary usage a period of average time, variable from a few 
months to a few years.
The housing unit is used to respond to a housing demand 
consequent to the interventions of recovery/regeneration 
�v�LÕ��`��}Ã]�LÕÌ� v�À� Ì�i�À��Ü��Ã«iV�wV�Ì�iÃ]�ÃÕV��ÃÞÃÌi�Ã�
may be used in all situations that provide for a period of 
average time, such as recovery for workers in traveling 
sites, hosting social indigent categories or students/work-
ers to respond to the housing demand post-emergency. In 
the end, in a perspective of reversibility the units can be 
ÕÃi`�v�À�Ì�i�`iw��Ì�����v�V��ÌÀ���i`�>VVÀiÌ���Ã�����i>`��v�
buildings.
The sustainability of the housing unit proposed is strongly 
linked to the territory and to the use of materials derived 
from the local supply chain. The system moves away from 
the concept of temporary as “possible everywhere and in 
every circumstance” and approaches the concept of “lo-
cal temporariness”, meaning that the system is sustain-
>L�Þ� V��«>Ì�L�i� Ü�Ì�� Ì�i� V�>ÃÃ�wV>Ì���� `iÃVÀ�Li`� >L�Ûi�
with in a predetermined radius mileage from the place of 
procurement of the material, such as cases in the territory 
of L’Aquila. From a constructive point of view, the system 
is potentially assembled everywhere, but underlying the 
V��`�Ì�����}� �v� Ì�i� ÌiÀÀ�Ì�ÀÞ� �v� �½ƂµÕ��>� >�`� �v� Ì�i� ��Ã-
torical moment that it faces) on the design, technological 
and material choices, using this housing unit in another 
place would be incongruous. Besides, the impact of the 
transportation would increase and the level of global sus-
tainability would decrease. The ratio and the operative-
methodological process ingrained to this project can be 
repeated in other places. For example, in a different place 
from that considered the tube-clamp system could not 
arise from disassembly, but from local building enterprises, 
limiting in such way the impact of transportation and the 
reuse of materials derived from local cycles.
The temporary housing unit responds to the requirements 
described below.
U� Flexibility. It is ensured by the modularity of the sys-

tem, the international basic module 1M=10 cm was 
chosen as a reference; in function of the number of 
inhabitants, the housing unit can suffer some modu-
lar variations in elevation and in length, keeping, in-
stead, constant the width dimension. The modular-
ity also allows coordinating the available materials, 

which in most cases derive from industrial processes 
ÌÕLi�V�>�«�ÃÞÃÌi�]��Õ�Ì��V���ÃÞÃÌi�]�1* �«À�w�iÃ]�
bridge plank, wooden elements etc.) with the materi-
als derived from the local supply chain, including se-
rial industrial processes and limiting, in such a way, the 
ÃVÀ>«Ã����Ì�i�`iw��Ì�����v�Ì�i�LÕ��`��}�ÃÞÃÌi�°

U� Reversibility. All the elements that constituted the 
construction equipment are dry assembled. The 
ground attack is punctual, the bearing structure in 
multidirectional system rests on the ground through 
base plates of the old system, which can eventually be 
integrated with screw piles foundations. The central 
block is placed on prefabricated foundations in rein-
forced concrete or alternately on coupled beams UPN 
220 coupled arranged longitudinally and transversely 
Ü��`�LÀ>Vi`�Ü�Ì��Li>�Ã�1* �£nä����vÕ�VÌ�����v�Ì�i�
features of the support plan).

U� Rapidity of assembly/disassembly. The elements are 
`ÀÞ�>ÃÃi�L�i`�LÞ�ÀiÛiÀÃ�L�i�V���iVÌ���Ã�L��Ì��}�>�`�
nailing). The bearing structure is constituted by multi-
com systems with tubes and clamps that born as tem-
porary for the site services and are, therefore, mount-
able and removable in short time and with extreme 
ease. The structure of the block services is, instead, 
constituted by system of beams and pillars made with 
1* �«À�w�iÃ�L��Ìi`�LÞ�LÀ>V�iÌÃ°

U� Environmental comfort. The lighting comfort is en-
sured by the control of the natural light, the unit is 
placed longitudinally facing south. The overhang of 
the coverage and the volumetric displacement of the 
block of services shield the living area and the sleep-
ing area from summer irradiation, controlling the 
lighting and ensuring thermal advantages. In case of 
added in the area near the building, the sleeping area 
is shielded also by the gabion wall that leaves to pen-
etrate only a portion of the solar rays, ensuring light-
ing, but limiting overheating. The thermo-hygrometric 
comfort is also pursued thanks to the control of the 
natural ventilation: the opening have been positioned 
in function of the strength and the speed of prevail-
ing winds. The module is protected by the prevailing 
Ü��`���ÀÌ��ÜiÃÌ�`�ÀiVÌ���®�Ì�À�Õ}��Ì�i�ÃiÀÛ�Vi�L��V��
in the living area and the closure of the west face in 
the sleeping area. In case of added in an area near the 
building, the gabion wall contributes to comfort in the 
sleeping area, being placed transversely to prevailing 
wind. In addition, the winter dispersions are limited 
Ì�>��Ã�Ì����Ü���`iÝ��v�V��«>VÌ�iÃÃ�>�`�Ì��>��ivwV�i�Ì�
design of the housing that present insulation suitable 
to the weather in L’Aquila.

U� Transportability. The unit is constituted by a kit of el-
ements that is assembled on the construction site. 
Therefore, they are easily transportable. The weight 
of the module in the solution on the roof of the build-
ing is equal to about 25 tons, while the weight of the 
module in the solution area near the building is equal 
to about 50 tons. Half of the weight is constituted by 
the module and by its structure, and the other half 
by the gabion wall. Thanks to a careful design of the 
building equipment, it is possible to carry out stand-
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ard transportation. The block of services can be built 
on the construction site or it can be transported, as-
sembled in part, which presents suitable dimensions 
for standard transportation.

U� -i�v�ÃÕvwV�i�VÞ��v�ÌiV���V>����«�>�ÌÃ°�/�i���ÕÃ��}�Õ��Ì�
V>�� i�ÃÕÀi� v�À� >� ����Ìi`�«iÀ��`]� >� Ãi�v�ÃÕvwV�i�VÞ� �v�
technical implants, by being provided with systems of 
production of electrical energy and heating from solar, 
ÃÌ�À>}i�>�`��v�«ÕÀ�wV>Ì�����v�À>���Ü>ÌiÀ]�ÌÀi>Ì�i�Ì��v�
grey water and composting of the black water. The 
ÃÞÃÌi��V>��>�Ã��Li�����i`�Ì��Ì�i�ÌiV���V>��}À�`Ã�Ü>ÌiÀ]�
electricity, etc.). In this way, it is possible to use the 
module on the roof of the building connecting it with 
the grids of the building and, at the same time, to use 
the module in an area near the building without the 
burden of the connection to the technical grids.

U� Economic accessibility. The module is constituted al-
most entirely by reused materials that, to date, rep-
resents a waste and, thus, it has a zero cost. The only 

costs are related to the technical implants, insulation, 
>�`�Ì�i�V���iVÌ���Ã�ÃVÀiÜÃ]�L��ÌÃ]�LÀ>V�iÌÃ]�iÌV°®°

U� Innovation. The module is strongly innovative for 
technological and technical implants. Constructive 
ÃÞÃÌi�Ã� Ì�>Ì� >Ài� L�À�� vÀ��� Ì�i� Ã�Ìi� �ii`Ã� V��Ãi-
quently temporary) have been used, giving to them a 
�iÜ�ÕÃi���`>��ÌÞ�Ì�>Ì�i��>�ViÃ�Ì�i�yiÝ�L���ÌÞ�>�`�Ì�i�
reversibility. Through the design of vertical and hori-
zontal closures made of wooden reused elements and 
sheep wool insulation, the environmental comfort was 
ensured. The module combines the advantages of the 
temporariness and those of stability and turns them 
into innovation.

U� -ÕÃÌ>��>L���ÌÞ°�/�i�ÀiÛiÀÃ�L���ÌÞ]�Ì�i�yiÝ�L���ÌÞ]�Ì�i�ÕÃ��}�
of energy renewable sources, the attention to envi-
ronmental comfort and to the life cycle of materials, 
Ì�i�À>���Ü>ÌiÀ��>ÀÛiÃÌ��}]�>�`�Ì�i�ivwV�i�VÞ��v�Ì�i���-
plants make this temporary module environmentally 
sustainable.
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Project solution 1
Addition on the top of the building

Project solution 2
Expansion at the base of the building

Plan 1,2 m Plan 1,2 m

Section A-A_ project solution 1 Section A’-A’_ project solution 2

South elevation_ project solution 1 South elevation_ project solution 2

West elevation _ project solution 1 West elevation_ project solution 2
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Section B-B_ project solution 1 and 2

Section C-C_ project solution 1 and 2

East elevation_ project solution 1 and 2

Section D-D_ project solution 1 and 2

North elevation_ project solution 1 and 2
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WASTE WATER 
TREATMENT

Summer operating

Winter operating

NATURAL VENTILATION

RAIN WATER

,>��v>�������½ƂµÕ��>���®

7>ÌiÀ�V���iVÌi`����Ì�i�À��v��V®

Individual consumption
200 liters/day
6 mc/ month

The rainwater collected on 
the roof annually meets n. 
1 user.

PHOTOVOLTAIC
Total annual demand: 3600 KWh/year
Peak power of a panel: 208 W
Number of panels on the roof: 24

The system produces a surplus of energy equal to 5850 kWh/year.
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CONSTRUCTIVE SYSTEM

LOWER HORIZONTAL CLOSURE
1- Wooden board 120 x25 mm
Ó��*�«i��v�y��À��i>Ì��}]�£È���
Î��-�Õ�`«À��w�}�«>�i�]�Ü>Ý�«>«iÀ�Ó���
{��7��`�wLiÀ�«>�i��xä���
5- Wooden element 50x50 mm
6- Vapour barrier
7- Sheep wool insulation 50 mm
8- Wooden board for scaffold 300x40 mm
���"�i}>�ÃÌii��«À�w�i
10- Multicom truss

UPPER HORIZONTAL CLOSURE
1- Solar panel
2- Steel guide for anchoring
3- Wooden board 120x25 mm
4- Corrugated sheet, h 50 mm step 250 mm
5- Steel eyelet for anchoring
6- Swivel clamp
7- Right clamp
8- Tube
���"�i}>�ÃÌii��«À�w�i
10- OSB panel 12,5 mm
11- Sheep wool insulation 100 mm
12- Vapour barrier
13- Wooden board 200x50 mm
14- Wooden board 200x25 mm
15- Steel bracket, steel tie-rod and bolt 10 mm
16- Aluminium gutter

VERTICAL CLOSURE
1- Multidirectional system
2- Wooden upright 100x50 mm
3- Steel eyelet for anchoring
4- Wooden board 120x25 mm
5- Sheep wool insulation 50 mm
6- Wooden element 50 mm
7- Vapour barrier
8- OSB panel 12,5 mm
9- Air space for implants  50 mm
10- Windows with double glazing
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PROJECT SOLUTION 1
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5. De Berardinis P., De Gregorio S.,” Temporary systems 

after the earthquake in L’Aquila ” WIT Press in vol-
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ment- 2014

6. www.ipcc.ch

7. Calculation made with ECO-it 1.4 trial version

8. www.lcia-recipe.net

9. www.commissarioperlaricostruzione.it 

       data 11th june 2015

10. www.comune.l’aquila.gov.it

11. As substitute by the article 149, paragraph 1, D.Lgs. 

3rd August 2009, n.106.

12. #U�OQFKƂGF� D[�&NIU� ��������� VJCV� JCU� EQPUKFGTGF�
essential the remain in force of the DPR n. 320/56, 

limited to the articles from 1 to 41, from 44 to 70 and 

from 81 to 108.

13. #U�OQFKƂGF� D[�� 4Q[CN�&GETGG� ���������� 4Q[CN�&G-

cree 604/2006, Royal Decree 1109/2007, Royal De-

cree 337/2010 and Low 32/2006.

14. In the legislation the special working clothes are de-

ƂPGF�CU�URGEKƂE�HQT�VJG�FGXGNQROGPV�QH�VJG�YQTMKPI�
activity, meaning both the protection clothes and oth-

GT�MKPF�QH� TGSWKTGF�ENQVJGU� KP� URGEKƂE� UGEVQTU� 
RJCT-
maceutical, food and electronic etc.).

15. The European standard EN 16194:2012 “Mobile non-

sewer- connected toilet cabins- requirements of ser-

vices and products relating to the deployment of cab-

KPU� CPF� UCPKVCT[� RTQFWEVUq�� KFGPVKƂGU� KP� ����OGVTGU�
the maximum distance between the sanitary services 

and the construction site. 

16. According to the “Linee guida per il rilievo, l’analisi 

ed il progetto di interventi di riparazione e rafforza-

OGPVQ�OKINKQTCOGPVQ�FK�GFKƂEK�KP�CIITGICVQq�QH�VJG�
reconstruction in Abruzzo for “structural aggregate 

can be considered a set of buildings (structural-build-

ing unit) not homogeneous, interconnected among 

them with a connection more or less structurally ef-

fective, determined by their evolutionary history that 

can interact under a seismic action or dynamic action. 

(...) In case of historical centres the aggregate where 

there are not present joints, as for example rue or 

other disconnections between the different building, 

coincides with the term (urban) of block, whose solu-

tion of continuity from the rest of the urban territory 

is made by the presence of streets and squares. The 

presence of elements as arches or contrast vaults, 

placed for linking contiguous aggregates, do not 

GNKOKPCVG�VJG�RQUUKDKNKV[�QH�FGNKOKVCVKQP�CPF�KFGPVKƂEC-

tion of the aggregates, where those elements are lim-

KVGF�KP�PWODGT�CPF�GZVGPUKQP�CPF�FQ�PQV�UKIPKƂECPVN[�
alter the structural behaviour as a whole.”

17. ROMVA 10, 2011, Il patrimonio ferito dell’Aquila, 

A.M. Reggiani, pp. 307-342.

18. 6JG� FGƂPKVKQP� QH� VJG� GNGOGPVU� VJCV� EQPUVKVWVGF� VJG�
safety systems happens through as described in the 

planimetric drawings, in the construction details and 

KP�VJG�VGEJPKECN�TGRQTV��CU�ƂNGF�KP�VJG�p7HƂEKQ�OGUUC�KP�
sicurezza centro storico” of the L’Aquila Municipality 

and integrated with the data obtained from surveys. 

In the calculation, it neglects the presence of wood-

en centrings, as even if generically described in the 

technical report, the drawings do not give enough 

information for a likely accounting. Also it neglects 

the presence of jacketing intervention in a wall paral-

NGN�VQ�$QOKPKCEQ�UVTGGV�NQECVGF�CV�ƂTUV�ƃQQT�YKVJKP�VJG�
building, as only limited information are available on 

the planimetric drawings that do not allow a reliable 

evaluation. For the used safety systems within the 

building it is neglected the deterioration considering 

the lack of exposure to atmospheric agents.

19. Det. Ordinat.165 of the 16/07/2009- L’Aquila. Last 

SAL paid with det. 353 of the 17/06/2010.

20. The analysis of deterioration is carried out with refer-

ence to the situation of safety systems on 7th April 

2015.

21. Hegger M., Rosenkranz T., Fuchs M., Auch-Schwelk V. 

“Atlante dei materiali”, UTET, Torino 2006

22. ISO 4628-3: 2003, Paints and varnishes -- Evaluation 

of degradation of coatings -- Designation of quantity 

and size of defects, and of intensity of uniform chang-

es in appearance -- Part 3: Assessment of degree of 

rusting.

23. UNI EN ISO 12944-5: 2008, “Pitture e vernici - Pro-

tezione dalla corrosione di strutture di acciaio me-

diante verniciatura - Parte 5: Sistemi di verniciatura 

protettiva.”

24. We consider a percentage linear increase (mm/year) 

of the corroded surface. Considering that in 6 years 

(2009-2015) a rusting degree of equal to R2-0.5% 

has been reached reached, the necessary time to the 

achievement of the rusting degree R3-1% is equal 

proportionally to 6 years.

25. Starting from the percentage corrosion data known 

for corrosivity class C3, they were proportionally de-

ducted the data relative to the corrosivity class C2, 

using the values referring to the annual maximum 

mass loss for corrosion in the steel with a low car-

bon content expressed in the standard ISO 12944-2 

“Paints and varnishes. Corrosion protection of steel 

structures by protective paint systems. Part 2: Clas-

UKƂECVKQP�QH�GPXKTQPOGPVU�q
26. The analysis of the deterioration is carried out by 

comparison between the neighbouring buildings.

27. In the “Appendix E” supplied on digital media are 

listed the elements of the safety systems of the Civic 

Museum of Santa Maria dei Raccomandati, specifying 
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the size and the deterioration.   

28. The durability is not a guarantee, but it is an indica-

tion that serves for programming the maintenance. 

The time of satisfaction of performance is ensured 

by the producer and generally has the lowest dura-

bility established by the standard ISO 12944-5:2007. 

“Paints and varnishes. Corrosion protection of steel 

structures by protective paint systems. Part 5: Protec-

tive paint systems.”

29. The simulation is made to comparative aim. In case of 

ƂPCNK\GF�GXCNWCVKQP�VJG�DGCTKPI�TGUKFWCN�ECRCEKV[�QH�C�
RTQƂNG�720�����VJCV�RTGUGPVU�C�OCUU�NQUU�QH�VJG�����
due to corrosion, will have to be carefully evaluated 

the localization of the phenomenon with the aim to 

identify the resistant residual actual section.

30. EN 1065:1998- Adjustable telescopic steel props-

2TQFWEV�URGEKƂECVKQPU��FGUKIP�CPF�CUUGUUOGPV�D[�ECN-
culation and tests.

31. In the explicative circular n. 617 of the 2.2.2009 of the 

NTC 2008 in reference to wood wit irregular sections 

KV�KU�RQUUKDNG�VQ�TGCF��pKP�CDUGPEG�QH�URGEKƂE�TGSWKTG-

OGPVU�� HQT�YJCV�EQPEGTPU� VJG�OCVGTKCN� ENCUUKƂECVKQP��
it can refer to as expected to the section rectangular 

elements, without considering the requirements for 

the wanes and the variations of transversal section, 

provided that the calculation shall take account of the 

real geometry of the cross sections.”

32. UNI EN 13183-3:2005 “Umidità  di un pezzo di legno 

segato - Parte 3: Stima tramite il metodo capacita-

tivo.”

33. UNI EN 13183-1:2003 “Umidità  di un pezzo di legno 

segato - Determinazione tramite il metodo per pesa-

ta.

34. The European standard EN 351-1: 2006 “Durability 

of wood -based products- Preservative - treated solid 

YQQF�2CTV����%NCUUKƂECVKQP�QH�RTGUGTXCVKXG�CPF�RGP-

etration and retention,” indicates the requirements 

of minimum penetration (in millimetres) that must be 

ensured in function of the penetration of the product 

and the analytics area (in millimetres) that must be 

analysed to verify the satisfaction of the requirements 

of retention (in g/sqm in case of surface treatment 

and in Kg/mc in case of impregnation). It is possible 

to identify a correspondence between the use classes 

and the penetration requirements that must be en-

sured, in function of the penetration class of the spe-

cies. Please refer to paragraph 6.2.

35. The “Appendix F” is provided by digital media.

36. The comparison is carried out taking as reference the 

cubic meters of materials.

37. The assembly with 3 specialized workers in 8 working 

days is considered.

38. A distance equal to 200 km is considered, the calcula-

tion is made considering prices given by the Region 

Abruzzo. The cost is lower than the actual situation 

as it considers the weight of the material and not the 

volumetric encumbrance that increases the number 

of travels.

39. It is assumed that each aggregate corresponds to a 

different site.

40. #U�FGƂPGF�D[�VJG�0QTOG�6GEPKEJG�RGT�NG�%QUVTW\KQPK�
DM 14/01/2008 (Italy), paragraph 8.4.

41. As established by the Norme Tecniche per le Costru-

zioni DM 14/01/2008 (Italy), paragraph 2.4.1. “The 

nominal life of a structure VN is understood as the 

number of years in which the structure, provided that 

is subjected to an ordinary maintenance, must be able 

to be used for the purpose to which it is intended.” 

For “Ordinary structure, bridges, infrastructures and 

dams with contained dimensions or of normal impor-

tance” VN>50 years.

42. Average weight of rubble for unit of empty for full 

XQNWOG�� ������� MI�OE�� 5QWTEG�� 5VKOC� SWCPVKƂEC\K-
one macerie, Direzione Regionale Abruzzo and CNR 

L’Aquila.

43. 10 containers are needed for the demolition of half 

ƃQQT��VJG[�YKNN�DG�RTQITGUUKXGN[�VTCPURQTVGF�KP�C�VGO-

porary storage and emptied.

44. It is considered 0.64% as statistical data and it is in-

creased by a share equal to 1% to take into account 

the existence of the elements for the safety.
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9_ MODALITY FOR THE CALCULATION OF 
    CONvENIENCE TO REUSE

9.1 _ Reuse management

Reuse management can take place according to different 
scenarios, depending on the needs and interests of public 
administrations and companies.
The ownership of safety systems is of public administra-
tions, as set out in the Circolare del Commissario Delegato 
«iÀ��>�,�V�ÃÌÀÕâ���i�
�ÀVÕ�>À��v�Ì�i��i«ÕÌÞ�
����ÃÃ���iÀ�
for rebuilding) 4/28/2011 prot.1712/STM. Disassembly 
and storage transport are a burden to municipalities who 
entrust such tasks to the companies involved in the recon-
struction of the building, subject to payment.
In addition, the public administrations should also support 
the burden of storage and disposal.
In view of the potential for reuse of materials/components 
resulting from the removal of safety systems, a company 
may have interest in acquiring them. The disposal repre-
Ãi�ÌÃ�>�Ã�}��wV>�Ì�LÕÀ`i�]�Ü��V���i>�Ã�Ì�>Ì� Ì�i� ��ÌiÀiÃÌ�
and convenience for the company to acquire ownership 
of materials depends on the actual percentage for reuse. 
Even if the safety systems consist of materials/components 
that can not be immediatly reused by the company due to 
Ì�i�À�vi>ÌÕÀiÃ�i°}°�ÃÌii��«À�w�iÃ�Ì�>Ì��>Ûi�>���Ü�yiÝ�L���ÌÞ�
of reuse), residual performance and market value affect the 
convenience for the company purchasing them. For exam-
«�i]�Ì�i�ÕÃi`�ÃÌii��«À�w�iÃ�V>��Li�Ã��`�>Ì�>�«À�Vi�À>�}��}�
between 0.70 €/kg and 1.0 €/kg, otherwise the iron has a 
price ranging between 0.06 €/kg and 0.10 €/kg.
Convenience is directly proportional to the percentage of 
elements with the potential for reuse and market value.
Therefore, there are two main scenarios for managing the 
reuse of such materials.
/�i�wÀÃÌ�ÃVi�>À����Ã�Ì�i�«ÕÀV�>Ãi�LÞ�Ì�i�V��«>�Þ��v��>-
terials/components that make up the safety systems. The 
cost should be determined as a function of average age, 

degradation and properties of materials, and type of sys-
Ìi��`��i�Ã���Ã�Ì�>Ì�>vviVÌ�Ì�i�ÀiÕÃi]���}��À�Ã���v�`i}À>-
dation in dismantling, etc.) in order to make the purchase 
«À�wÌ>L�i�v�À�Ì�i�V��«>�Þ°
Starting from the market price of the new material/compo-
�i�Ì]��Ì��Ã�>««��i`�Ì��>�V�ivwV�i�Ì�Ì�>Ì�Ì>�iÃ���Ì��>VV�Õ�Ì�
Ì�i�>}i�>�`�>�`i«ÀiV�>Ì����V�ivwV�i�Ì�Ì�>Ì�Ì>�iÃ���Ì��>V-
count the characteristics of the element. In this way, it is 
possible to determine the market value of material/com-
ponent, which is the selling price of the same:

Vm=Pn* Cv* Cd

where:
Vm= market value
Pn= new price

Ûr�V�ivwV�i�Ì��v�>}i

`r�`i«ÀiV�>Ì����V�ivwV�i�Ì�

/�i�V�ivwV�i�Ì��v�>}i�V>��Li�V>�VÕ�>Ìi`�>Ã\


Ûr£��ƂÃ�Ƃ«®É6Õ1/4)

where:

Ûr�V�ivwV�i�Ì��v�>}i
As= year of dismantling
Ap= year of installation
Vu1/4= number of years of useful life considering 1/4 of life 
that would have the element in standard living conditions.

The reduction in the number of years of useful life depends 
on boundary conditions in which the elements are placed 
in work and on the disassembly that they must undergo 
and assumes that in carrying out their function of safety, 
their performance has been lowered.
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/�i�`i«ÀiV�>Ì����V�ivwV�i�Ì��Ã�iÃÌ��>Ìi`�LÞ�Ì>���}���Ì��>V-
count the following variables:
U� `�vwVÕ�ÌÞ��v�ÀiÕÃi�`Õi�Ì��}i��iÌÀ�V�>�`�`��i�Ã���>��

characteristics;
U� potential degradation in dismantling,
U� �>V���v�yiÝ�L���ÌÞ�v�À�ÀiÕÃi
U� necessity of reconditioning and/or preventive treat-

ments before reuse. 
Assuming, for example, the calculation of the market value 
�v�>�«À�w�i�1* Óää� Ì�>Ì� �Ã�£°xä��iÌÀiÃ� ���}� ÎÇ°Èn��}®]�
which is derived from the dismantling of a safety system 
in 2015 that was installed in 2010, will obtain the following 
values.
/�i�V�ivwV�i�Ì��v�>}i��Ã�iµÕ>��Ì�\

Ûr�£��Óä£x�Óä£ä®É£Ç]x®®r�ä]Ç£
/�i�`i«ÀiV�>Ì����V�ivwV�i�Ì]�V��Ã�`iÀ��}�Ì�i�Ã��ÀÌ��i�}Ì��
>�`��>V���v�yiÝ�L���ÌÞ�v�À�ÀiÕÃi]��Ã�
`�r�ä°Ç
The price of this element is equal to:
Pn= €/Kg 3,621 * Kg 37,68= € 136,40
The market value is equal to:
Vm= € 136,40 * 0,71 * 0,7 = €  68,75
In this way, the company may purchase at a reasonable 
price materials with residual performance, while saving 
Ã�}��wV>�Ì�Þ����Ì�i�V�ÃÌ°�/�i�V��«>�Þ]���Vi� �Ì�LiV��iÃ�
the owner, shall pay the cost of removal. For the portion 
of non-reusable materials, the company shall pay the cost 
of transport to recycling facilities or, where applicable, the 
V�ÃÌ��v� ÌÀ>�Ã«�ÀÌ>Ì����>�`� Ì�i�V�ÃÌ��v� �>�`w��°� ��� V>Ãi��v�
permanent endogenous reuse, the company will have the 
economic advantage of not having to transport materials 
already present on site and the advantage of purchasing 
the materials at favourable prices, compared to the same 
components if purchased brand new.
For the portion of materials that will be used in temporary 
endogenous reuse, the company shall bear the costs of 
assembly, disassembly and transport to storage. However, 
these costs are offset by the cost that the company would 
also incur in the case of building site facilities with new 
V��«��i�ÌÃ°�-«iV�wV>��Þ]����Ì�i��>ÌÌiÀ�V>Ãi]�Ì�i�V��«>�Þ�
should support the costs of transport, at the beginning 
and end of the yard, while in the case of reusing the ma-
terials are already on site, which saves the transportation 
costs of site facilities.
For the portion of materials destined to exogenous reuse, 
the company will have to bear the cost of transport and 
storage, while awaiting future use. These materials repre-
sent an investment for the company, because with a suf-
wV�i�Ì�«iÀv�À�>�Vi]�Ì�iÞ��>Þ�Li�ÀiÕÃi`����vÕÌÕÀi�LÕ��`��}�
sites, which saves on the purchase of new materials.
Therefore, the advantage is derived from the competi-
tively priced purchase of materials/components that make 
up the safety systems and from the possible use within 
the construction site and outside of it. The economic ad-
vantage that derives from the reduction of transport both 
of materials and of site facilities must be greater than the 
costs of dismantling the safety systems, transport to recy-
V���}��À��>�`w����v�Õ�ÕÃ>L�i�«�ÀÌ����>�`�Ì�i�ÌÀ>�Ã«�ÀÌ�>�`�
storage of reusable parts at the end-of-site.
On the basis of these considerations, it is evident that the 
economic advantage of the company to purchase ma-

terials depends to the percentage of reusable elements 
V��«>Ài`� Ì�� Ì�i�«�ÀÌ���� Ì��}�Ûi� Ì�� �>�`w��]� Ì�� Ì�i� ÌÞ«i]�
characteristics and degradation of components and their 
immediate reusability within the site. There is a hierarchy 
of cost-effectiveness for reuse, with the same recondition-
ing treatment. We have, from the more convenient to the 
less convenient: permanent endogenous reuse, temporary 
endogenous reuse and exogenous reuse.
The municipality has the advantage of not having to pro-
vide disassembly, transport, storage and possibly dispos-
ing of these materials, with a positive impact from logisti-
cal and economic points of view.
The second scenario is when the public administrations 
maintain the property of safety systems, due to the lack of 
interest from companies to purchase the material. There-
fore, the municipalities have the burden of providing the 
disassembly and subcontracting, in most cases, to the 
companies that deal with the reconstruction of the build-
��}°�/�i�V��«>��iÃ�Ã�>���>�Ã��`i��ÛiÀ��>ÌiÀ�>�Ã����Ã«iV�wV�
places indicated by public administrations.
Once placed in temporary storage, municipalities must 
«À�Û�`i�v�À�Ì�i�Ã�ÀÌ��}�>�`��`i�Ì�wV>Ì�����v��>ÌiÀ�>�Ã�`iÃ-
Ì��i`�Ì��Ì�i��>�`w���>�`�Ì��Ãi�Ü�Ì��ÀiÃ�`Õ>��«iÀv�À�>�ViÃ]�
which may be destined for recycling or reuse. The portion 
Ì�>Ì�̀ �iÃ���Ì��>Ûi�ÃÕvwV�i�Ì�«iÀv�À�>�Vi��ÕÃÌ�Li���>`i`]�
ÌÀ>�Ã«�ÀÌi`�>�`�`i��ÛiÀi`�Ì��Ì�i��>�`w��°�/�i�Ài�>��`iÀ��Ã�
loaded and transported to recycling centres or is stored.
The conduct of these operations for public administrations 
Ài«ÀiÃi�ÌÃ�>�Ã�}��wV>�Ì�iV�����V�LÕÀ`i�]�>Ã�Üi���>Ã�>���-
gistical burden. In regards to the reusable part, the mu-
��V�«>��Ì�iÃ��>Ûi�>VViÃÃ�Ì���>ÌiÀ�>�Ã�Ì�>Ì��>Ûi�âiÀ��V�ÃÌ�>Ì�
present) for the construction of buildings intended for the 
community or to resell at competitive prices to the com-
panies. In this case, however, the resale price must also 
include charges that supported the public administration 
for dismantling, transport, sorting and storage. Therefore, 
�Ì��ÕÃÌ�Li���}�iÀ�Ì�>��Ì�i��>À�iÌ�Û>�Õi�6�®�>Ã�«ÀiÛ��ÕÃ�Þ�
calculated. A percentage varying between 20% and 50% 
should be added to this value. The price must not exceed 
the price given by the Pn*Cv, i.e. for the company it must 
always be convenient to purchase the materials, compared 
to the same new elements. It is clear that it is not possible 
for the municipality to recover the investment made in to-
tality, but this mode restricts the expenditure supported, 
albeit minimally.
The choice by the public administration to resell the reusa-
ble materials or use them for building structures for collec-
tive use, depends on the availability of the material, on the 
needs of the community in terms of lack of services and on 
remaining investment opportunities.The construction of a 
building, although with a zero cost of materials, means an 
economic and logistic investment would be borne by the 
public sector.
In the second outlined scenario, the company obtains a 
gain from the dismantling and transport to storage of ma-
terials/components that constitute the safety systems.
�Ì��Ã�iÛ�`i�Ì�v�À�Ì�i�«ÕL��V�>`����ÃÌÀ>Ì����Ì�>Ì�Ì�i�wÀÃÌ�ÃVi-
nario is cheaper in absolute terms, both logistically and 
economically. From an environmental point of view, al-
though the ownership of the materials is obviously irrel-
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evant, companies are able to guarantee, for their intrinsic 
modality of working, a greater chance of reuse for ele-
ments in comparison to the public administration, which 
�>Ã�>�}Ài>ÌiÀ�«À�«i�Ã�ÌÞ�v�À�ÀiVÞV���}��À��>�`w����}°�/�iÀi-
v�Ài]�Ì�i�wÀÃÌ�ÃVi�>À���vÀ���>��i�Û�À���i�Ì>��«���Ì��v�Û�iÜ�
is most advantageous.
There is the possibility of intermediate scenarios resulting 
from the agreement between the parties on the basis of 
their respective interests.
With the convenience for the public administration to sell 
the materials before removal of the safety systems, it is 
«�ÃÃ�L�i�Ì��w�`�Ü>ÞÃ�Ì��`i>��Ü�Ì��Ì�i�V��«>�Þ�����À`iÀ�Ì��
encourage buying.
One of the intermediate scenarios is the full or partial pay-
ment of dismantling to the company, provided that after 
this operation, the storage, sorting and transport will have 
to be completed by the same company.
The measure of payment for dismantling shall be as such 
to compensate the loss for the company resulting from the 
costs relating to the safety systems.
Another intermediate scenario is the resale to the com-
pany only the portion of reusable/recyclable materials that 
have market value. The municipality takes the burden of 
disposing the portion that has no residual performances. 
The company has the obligation of dismantling all safety 
ÃÞÃÌi�Ã�>�`�ÌÀ>�Ã«�ÀÌ��}����Þ�Ì�i�ÀiÕÃ>L�i�«�ÀÌ����Ü��V��
they bought). For the municipality, the burden of transpor-
Ì>Ì����>�`��>�`w����Ã�v>À��iÃÃ�Ì�>��Ì�i�LÕÀ`i��ÀiÃÕ�Ì��}�vÀ���
the dismantling, sorting, transport and storage of all mate-
rials that constitute the safety systems.
Ƃ��Ì�iÀ� ÃVi�>À��� �Ã� Ì�� w�>�V�>��Þ� ÀiÜ>À`� V��«>��iÃ� Ì�>Ì�
help decrease the environmental impact thanks to their 
choices. Public administration could take the burden of 
ÌÀ>�Ã«�ÀÌ>Ì����Ì���>�`w���v�À��>ÌiÀ�>�Ã�Ì�>Ì�`����Ì��>Ûi�Ì�i�
�����Õ��Li�iwÌÃ�v�À�ÀiÕÃi�>�`�V�Õ�`�`��>Ìi�Ì�i�ÀiÕÃ>L�i�
materials to company, with the obligation to reuse them, 
Ü��V��«À�`ÕViÃ�>��i�Û�À���i�Ì>��Li�iwÌ°�V�����V�v>V���-
tation granted to the company may be proportional to the 
reduction of environmental impact that derives from the 
reuse of elements
The described intermediate scenarios are not exhaustive, 
LÕÌ��i�«�Ì��w�`�«�Ìi�Ì�>��>}Àii�i�ÌÃ�LiÌÜii��Ì�i�V��-
panies and public administration.

9.2 _ Calculation tools

The described assessments are very expensive. For this 
reason, a format has been created, which evaluates the 
two primary scenarios, based on the results of which it is 
«�ÃÃ�L�i�Ì��̀ iw�i�ÃVi�>À��Ã�LiÌÜii��Ì�i�V��«>�Þ�>�`�Ì�i�
public administration. We present an excel spreadsheet2 
Ƃ««i�`�Ý��®�Ü��V��>��Ã�Ì��«À�Û�`i�>�µÕ>�Ì�Ì>Ì�Ûi���`�V>-
Ì�������iV�����V�ÌiÀ�Ã�v�À�Ì�i�Li�iwÌ��v�Ì�i�}�ÛiÀ��i�Ì�
and the company, in terms of the environmental impact 
with repercussions to the community. With this tool, it is 
possibible to identify from an economic point of view the 
gain and expenses of the public administration and of the 
company in the two main scenarios described above, i.e. 
in the case where the company chooses to purchase safety 

systems, or if the company chooses not to buy them. Simi-
larly, in both cases it will be possible to identify the envi-
ronmental impact.
The data relating to the cost effectiveness are obtained 
starting from the quantity of materials/components that 
constitute the safety systems and consider the costs of 
disassembly, transportation and end-of-life scenarios, ac-
cording to the pricelist of the “Preziario della Regione 
ƂLÀÕââ�»�Óä£Î��À�Óä£Ó�Ü�Ì���-/Ƃ/®]�Õ«`>Ìi�>�`�>ÃÃiÃ�Ì�i�
same price list for the costs of site facilities and new mate-
À�>�Ã��i`�>Ìi`�Ì�À�Õ}��Ã«iV�wV�V�ivwV�i�ÌÃ�>Ã�«ÀiÛ��ÕÃ�Þ�
Ã«iV�wi`®�Ì�>Ì�>Ài�Ã>Ûi`�Ü�i���Ì�«À�Vii`Ã�Ì��i�`�}i��ÕÃ�
and exogenous reuse, according to the percentages speci-
wi`����Ì�i�w�i°
The environmental impact is calculated based on the val-
ues of the life cycle assessment provided by the literature3 
with respect to the parameters: PEI: non-renewable pri-
mary energy, GWP: global warming potential, AP: acidi-
wV>Ì���� «�Ìi�Ì�>�]� �\� iÕÌÀ�«��V>Ì���� «�Ìi�Ì�>�]� *"
*\�
summer smog and heating value. For each homogene-
ous fraction, the durability as a function of type of reuse 
Ìi�«�À>ÀÞ�>�`�«iÀ�>�i�Ì�i�`�}i��ÕÃ�ÀiÕÃi�>�`�iÝ�}-
enous reuse) has been assumed. The literature values were 
Üi�}�Ìi`�Ü�Ì��«ÀiÃÕ�i`�`ÕÀ>L���ÌÞ�v�À�Ì�i�Ã«iV�wV�ÌÞ«i��v�
reuse and the elapsed time from the moment of installa-
tion to disassembly. This will take into account that a lack 
�v�ÀiÕÃi���Û��ÛiÃ�>�}Ài>ÌiÀ�i�Û�À���i�Ì>��«���ÕÌ����`Õi�Ì��
>���ÃÌ>}iÃ��v� ��vi�vÀ���iÝÌÀ>VÌ����Ì�� �>�`w��®� ��Ì��>�Ã�>��iÀ�
time frame. Otherwise, a permanent reuse that fully ex-
ploits the durability presumed in the production phase 
implies less environmental pollution because it is spread 
over a longer time span. Although these data are not re-
�>Ìi`� Ì�� Ì�i� Ã«iV�wV� ÌiÀÀ�Ì�ÀÞ� �v� �½ƂµÕ��>Æ� Ì�iÀiv�Ài]� Ì�iÞ�
V>���Ì�Li�V��Ã�`iÀi`�Û>��`� ���>�Ã«iV�wV�Ãi�Ãi°���ÜiÛiÀ]�
they provide a reliable comparison between the two hy-
«�Ì�iÃiÃ°�7�Ì����Ì�i�w�i]�Ì�i�`>Ì>�`iÀ�Ûi`�vÀ���Ì�i��iÌÀ�V�
V>�VÕ�>Ì���]� �°i°� Ì�i� Ã«iV�wV� >��Õ�Ì� v�À� i>V�� i�i�i�Ì� �v�
Ì�i�Ã>viÌÞ�ÃÞÃÌi�Ã�>Ã�`iw�i`����Ì�i�«À�Vi���ÃÌ��v�“Prezzario 
della Regione Abruzzo”) are as follows: the year of the im-) are as follows: the year of the im-
plementation for the safety measures, the year of remov-
al and the expected time for completion of the work on 
site. Subsequently, the reference scenario must be chosen 
and it should indicate the interest of the company to ac-
quire ownership of the safety systems. In the case that the 
company is not interested in buying, it is postulated that 
the government should provide for the dismantling and 
transport by contract to an outside company. Then it is ex-
pected that the municipality has a chance for each material 
Ü��`]��À��]�ÃÌii��>�`�«��ÞiÃÌiÀ®�Ì��V���Ãi�Ì�i�«�ÃÃ�L���ÌÞ�
LiÌÜii��ÀiVÞV���}]�i�iÀ}Þ�ÀiV�ÛiÀÞ]�ÃÌ�À>}i�>�`� �>�`w��-
��}°�/�iÃi� V���ViÃ��ÕÃÌ�Li� Ã«iV�wi`�ÕÃ��}�«iÀVi�Ì>}iÃ�
v�À� i>V�� vÀ>VÌ���� �v� Ì�i� �>ÌiÀ�>�� «ÀiÃi�Ì°� /�i� w�i� >ÕÌ�-
matically provides results in economic and environmental 
terms. Otherwise, if the company is interested in acquiring 
ownership of safety systems, for every material present in 
the metric calculation, it must be shown by percentage the 
portion intended for permanent endogenous reuse, tem-
porary endogenous reuse and exogenous reuse. Conse-
µÕi�Ì�Þ]��Ì�Ü����Li�`iw�i`�>Ã�Ì�i�«�ÀÌ����>���V>Ìi`�Ì��Ì�i�
end-of-life. Even in this case, each fraction of material must 
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be shown by percentage the choices related to end-of-life 
ÃVi�>À��Ã�ÀiVÞV���}]�i�iÀ}Þ�ÀiV�ÛiÀÞ]�ÃÌ�À>}i�>�`��>�`w��-
ing). For the portion of material that it is planned to be the 
temporary through endogenous reuse, it must indicate the 
savings in terms of site facilities that this reuse produces, 
Ã«iV�wV>��Þ���`�V>Ì��}�Ì�i�ÌÞ«i��v�v>V���Ì�iÃ�Ì�>Ì�V>��Li�Ài-
placed by the building of the same through reused materi-
als. In addition, each material must include the kilometres 
of transportation aimed at exogenous reuse and end-of-
life scenarios, including an average value. Finally, to allow 
the calculation of the market value of the elements, if the 
technician deems it appropriate, it is possible to change 
Ì�i�V�ivwV�i�Ì��v�>}i�>�`�Ì�i�`i«ÀiV�>Ì����V�ivwV�i�Ì�>Ã�
V>�VÕ�>Ìi`�>ÕÌ��>Ì�V>��Þ����w�i�LÞ�ÕÃ��}�>�«iÀVi�Ì>}i�V�iv-
wV�i�Ì°
ƂvÌiÀ�i�ÌiÀ��}�Ì�i�>L�Ûi���v�À�>Ì���]�Ì�i�w�i�Ü����>ÕÌ��>Ì�-
cally provide the results in economic and environmental 
terms.
Thanks to the knowledge from the results of the two main 
ÃVi�>À��Ã]��Ì��Ã�«�ÃÃ�L�i�Ì��V��w}ÕÀi���ÌiÀ�i`�>Ìi�ÃVi�>À-
��Ã]�Ü��V��i�>L�i�>��>}Àii�i�Ì�Ì�>Ì��Ã�Li�iwV�>��Ì��L�Ì��
parties.
Take for example the calculation related to the safety sys-
Ìi���v�*>�>ââ��	À>�`>���Û�>�	�����>V��£Ó�£{]��½ƂµÕ��>®4. 
The data are placed in the corresponding spreadsheet5. 
The case of property maintenance by the government 
V��Ã�`iÀÃ� Ü��`\� ÀiVÞV���}� xä¯®� >�`� i�iÀ}Þ� ÀiV�ÛiÀÞ�
xä¯®]� Ü���i� ÃÌii�� �Ã� ÀiVÞV�i`� >Ì� £ää¯°� ��� Ì��Ã� ÃVi�>À��]�
the public administration suffers a loss of about € 127000, 
Ü���i� Ì�i� V��«>�Þ�>�}>��� �iÌ��v� iÝ«i�ÃiÃ®� >��Õ�ÌÃ� Ì��
about € 16000.
In the case of purchase of the safety systems by the com-
pany, the following is expected for wood: temporary en-
dogenous reuse 30%, exogenous reuse 50% and end-of-
life 0%; for the pipe joints: temporary endogenous reuse 
nä¯�>�`�iÝ�}i��ÕÃ�ÀiÕÃi�Óä¯Æ�Ü���i�v�À�ÃÌii��«À�w�iÃ��Ì�
is assumed: temporary endogenous reuse 5%, permanent 
endogenous reuse 5%, exogenous reuse 60% and end-of-
life 30%. These hypotheses have been made on the basis 
of the type of safety systems present and related assess-
ments with the degradation of materials.
In this scenario, the municipality would have a gain of 
around € 20000 and the company a loss of about € 62000, 
mainly due to the dismantling fee. From an environmen-
tal point of view, the scenario where the company buys 
Ì�i� Ã>viÌÞ� ÃÞÃÌi�Ã��>Ã� >� ��ÜiÀ� ��«>VÌ� >L�ÕÌ�xx¯®� Ì�>��
in the case where the safety systems remains the property 
of the government. Therefore, to encourage the company 
to buy safety systems, the municipality must compensate 
the loss of € 62000 that the company would have and add 
the net gain that it would have if it fails the purchase of 
approximately € 16000, for a total of € 78000. The inter-
mediate scenario, therefore, may provide that the munici-
pality transfers the property of the safety systems to the 
company at an amount equal to € 78000, in exchange, the 
company bears the burden of dismantling and the obliga-
tion of re-use in accordance with percentages previously 
iÃÌ>L��Ã�i`�>�`�Ì�i�LÕÀ`i���v�ÌÀ>�Ã«�ÀÌ>Ì����>�`��>�`w��-
ing of non-reusable parts6. For the municipality, this sce-
nario represents a saving equal to € 49000 in relation to 

the case that it retains ownership of systems, as well as 
Ì�i� Ài��iv� �v� ��}�ÃÌ�V>�� LÕÀ`i�� >�`� i�Û�À���i�Ì>�� Li�iwÌ�
for the community.
/�i�V��«>�Þ��>�iÃ�>�«À�wÌ�iµÕ>��Ì��Ü�>Ì��Ì�Ü�Õ�`��>Ûi�
if the public administration paid for the dismantling. It also 
has the advantage of buying affordable materials that have 
high residual performance and does not have the logistical 
burden of supply.
As previously explained, additional agreements between 
the municipality and the company can be assumed, which 
«À�Û�`i�w�>�V�>��V��«i�Ã>Ì����>VV�À`��}�Ì��Ì�i�����Ì>Ì����
of environmental damage. In view of the fact that if the 
portion reused is higher and the environmental damage is 
lower, such mechanisms would encourage companies to 
increase the proportion of reused materials.

NOTES

1. The market value is obtained starting from the 

pricelist 02.10.50. In the “Prezzario della regione 

CDTW\\Q������q�PGV�RTQƂVU�QH� VJG� EQORCP[��IGPGTCN�
expenses and labor.

2. The spreadsheet is provided on digital media. It is in 

Italian, as it will be used by public administrations and 

companies.

3. Hegger M., Auch-Schwelk V., Fuchs M., Rosenkranz 

T., “Atlante dei materiali”UTET, Milano, 2005

4. The metric calculation and technical designs were 

RTQXKFGF�D[�p7HƂEKQ�OGUUC�KP�UKEWTG\\C�EGPVTQ�UVQTKEQ�
del Comune di L’Aquila.”

5. The spreadsheet example is provided in digital form.

6. 6JG�URTGCFUJGGV�VCMGU�KPVQ�CEEQWPV�C�EQORCP[�RTQƂV�
equal to 10% of the cost of production, as stipulated 

in the “Prezzario Regione Abruzzo”. In fact, the in-

come of company is often greater than this percent-

CIG��VJGTGHQTG��VJG�ƂPCPEKCN�EQORGPUCVKQP�FGUKIPGF�
to encourage the purchase by the company of safety 

systems is really convenient for the enterprise.





PHASe 6_ concLuSIonS.

An overview of the results divided into two categories 
is given: general conclusions regarding the building 
Ài}i�iÀ>Ì���� >�`� Ã«iV�wV� V��V�ÕÃ���Ã� Ài�>Ì��}� Ì�� «�ÃÌ�
earthquake reconstruction in L’Aquila. 
The general conclusions present the results obtained 
in the individuation of correlation between preliminary 
considerations for reuse. The preliminary considerations 
provided information about components/materials and 
parameters for the development of demolition operations, 
which are key to facilitating reuse that exploits all the 
residual performances of the elements. Good practice at 
international level stress the constructive, material and 
technological potential of elements often considered as 
waste, which are enhanced thanks to function changes. 
��>�Vi�i�Ì� �v� ÀiÕÃi� «>ÃÃiÃ� Ì�À�Õ}�� Ì�i� `iw��Ì���� �v�
methodological-operative procedures relating to wood 
and steel that take into account the characteristics and 
potential of the analysed materials and put them in 
connection to environmental conditions and possible 
scenarios for intervention. 
/�i� Ã«iV�wV� V��V�ÕÃ���Ã� «ÀiÃi�Ì� Ì�i� ÀiÃÕ�ÌÃ� �LÌ>��i`�
through the practical application of these developed 
theories in the post-seismic reconstruction in L’Aquila. 

Data about safety systems were obtained and that allowed 
ÕÃ�Ì��µÕ>�Ì�Ì>Ì�Ûi�Þ�`iw�i�Ì�i���«�ÀÌ>�Vi��v�Ì�i�«À�L�i��
and to identify the characteristics of the elements for the 
«ÕÀ«�ÃiÃ� �v� ÀiÕÃi°� �Ì� Ü>Ã� >�Ã�� `iw�i`� >� ÀiÕÃi� «À�ViÃÃ�
that allows the optimization and sustainability of the 
reconstruction process, which encourages promotion 
mechanisms for the local supply chain.
/�À�Õ}�� iÝ«iÀ��i�Ì>�� «À��iVÌÃ� �v� ÀiÕÃi� Ìi�«�À>ÀÞ�
endogenous, permanent endogenous and exogenous), 
it was possible to demonstrate the potential of waste 
materials derived from selective demolition of safety 
ÃÞÃÌi�Ã�����½ƂµÕ��>����Ì�i�`iw��Ì�����v�Ìi�«�À>ÀÞ�LÕ��`��}Ã�
�À� ��� ÀiV�ÛiÀÞ��«iÀ>Ì���Ã�>�`�Ì��`iw�i�µÕ>��Ì>Ì�Ûi�Þ�>�`�
quantitatively the logistical, economic and environmental 
advantages. Beyond this, the conclusions present open 
problems and future research development.
The research introduces a methodological-operative 
process for the reuse of wood and steel, which can be 
`iw�i`�v�À�>���V������Þ�ÕÃi`��>ÌiÀ�>�Ã����Ì�i�V��ÃÌÀÕVÌ����
wi�`°����Ì�i�̀ iÛi��«�i�Ì��v�Ì�i�ÌiÀÀ�Ì�ÀÞ��v��½ƂµÕ��>]�vÕÀÌ�iÀ�
ÀiÃi>ÀV����ÛiÃÌ�}>Ì���Ã��>Ûi��«i�i`�Õ«�Ì��w�`���Ài�Ü>ÞÃ�
to encourage the reuse through reconstruction plans or 
economic incentives.
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10_ CONCLUSIONS

10.1 _ General conclusions

/�i� ÀiÃi>ÀV�� �>Ã� �`i�Ì�wi`� Ì�i� ��«�i�i�Ì>Ì�����v� LÕ�`-
ing regeneration through the transformation of waste into 
resources for the territory. The local dimension as well as 
the waste reduction are guarantors of the sustainability of 
the regeneration process, which starts from the territory to 
reach the building.
The preliminary cognitive-analytical phase made it possi-
L�i� Ì�� V>ÀÀÞ��ÕÌ� ÀiyiVÌ���Ã� >Ì� >�� ��ÌiÀ�>Ì���>�� �iÛi�� V��-
cerning the potential of the wastes. Elements and param-
eters for the enhancement of end-of-life components and 
`i����Ì�����«iÀ>Ì���Ã��>Ûi�Lii���`i�Ì�wi`°
Starting from a study of laws and European objectives re-
lated to waste reduction, the study of good practices in 
Ì�i�wi�`��v�V��ÃÌÀÕVÌ�����>`i��Ì�«�ÃÃ�L�i�Ì���`i�Ì�vÞ���Ü�
to reuse the components. Concerning the materials used 
in architecture, there is a change of function when they 
�>Ûi� >� ��ÜiÀ� «iÀv�À�>�Vi� V��«>Ài`� Ì�� Ì�i� wÀÃÌ� ��vi� VÞ-
cle or use equal to the original one when performance is 
not varied. In regards to materials normally used in other 
wi�`Ã� Ì�>Ì�>Ài� ÀiÕÃi`� ���>ÀV��ÌiVÌÕÀi]�>��>`>«Ì>Ì���� Ì��>�
new possible shape by careful design of the connections 
can be applied.
The methods, tools and techniques of demolition were 
>�>�ÞÃi`�>�`�Üi��`i�Ì�wi`�Ì�i�Ãi�iVÌ�Ûi���`i�Ì��i�ÃÕÀi�
the uniformity of the commodity fraction and the integrity 
of the elements. The attention and the programming of 
selective demolition phases is the condicio sine qua non 
for the reuse. For the purposes of subsequent studies and 
analysis it was crucial to establish the correlation between 
demolition and potential reuse of elements that derive 
from them. The analysis of examples allowed us to identify 
the possible ways of organising and managing demolition 
phases aimed at implementation of the environmental and 
economic advantages and to achieve a compromise be-
tween them.

The strong point of the research process is the depend-
ency of the economic and environmental conveniences 
from operating at the regional level, which results in a pro-
gressive and urban regeneration development of a local 
sustainable supply chain based on closed cycles of matter.
To encourage voluntary mechanisms of selective demoli-
tion, it is necessary to develop a market of local materials.
/�i�«À�ViÃÃ��}�«�>Ãi��v�ÀiÃi>ÀV���`i�Ì�wi`��iÌ��`���}�-
cal and operational process aimed at maximising the reuse 
of wood and steel. Regarding the wooden elements, the 
methodological-operative lines take into account degra-
`>Ì���]�«�Ìi�Ì�>��ÌÀi>Ì�i�ÌÃ�«ÀiÛi�Ì�Ûi�>�`�VÕÀ>Ì�Ûi®]�`Õ-
rability depending on the species, the climatic conditions 
in which they are placed and the minimum requirements 
for structural use. For the latter, the carried out lab tests 
Ã��Üi`�Ì�i���>`iµÕ>VÞ��v�Û�ÃÕ>��}À>`��}����Ì�i�`iw��Ì����
of the mechanical characteristics of the elements, when 
they are used. The visual grading, albeit always cautionary, 
does not provide results fully satisfying with the real prop-
erty of the element, often resulting in an underestimation 
of the mechanical properties. The proposed process takes 
��Ì��>VV�Õ�Ì�Ì�i���v�À�>Ì����}i�iÀ>Ìi`�LÞ�Ì�i�wÀÃÌ���viVÞ-
cle in order to exploit the real performance of the element 
and not those suppositories. This ensures the environmen-
tal sustainability of the reuse process.
�i«i�`��}����Ã«iV�wV�V�>À>VÌiÀ�ÃÌ�VÃ��v�Ì�i�i�i�i�Ì�>�`�
ÃÕ�Ì>L�i�ÌÀi>Ì�i�ÌÃ]�Üi�`iw�i`�Ì�i��iÛi�Ã��v�ÀiÕÃi]�LÞ�>�-
lowing the technician to evaluate with respect to bound-
ary conditions and actual requirements at the time of re-
use and the possible modalities of reuse, starting from a 
threshold of maximum exploitation of the potential of the 
element until it reaches a minimum threshold, which coin-
V�`iÃ�Ü�Ì��Ì�i��>�`w����}°
As for the steel elements, we put in a system that meets the 
international standards and we singled out a methodolog-
ical-operative process based on sequential logical steps, 
Ã«iV�wV�v�À�ÀiÕÃi°�Ûi�����Ì��Ã�V>Ãi]�ÀiÕÃi��«Ì���Ã>Ì������-
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volves analysis of information obtained from previous view 
cycles, analysis of the rate of steel corrosion and degrada-
Ì���]�>�`��v��ÌÃ�«À�ÌiVÌ����ÌÀi>Ì�i�Ì°�/�i��`i�Ì�wV>Ì�����v�
possible treatments and accessible performances depend 
on the environmental corrosion class and a precise estima-
tion of the durability, in order to program the maintenance.
/�i��`i�Ì�wi`�«À�Vi`ÕÀiÃ�>Ài�Ã«iV�wV�v�À�ÕÃi`�i�i�i�ÌÃ]�
which maximises reuse, in order to take full advantage of 
their performance.
/�i�Ã«iV�wV����Ü�i`}i��v���`>��Ì�iÃ��v�Ãi�iVÌ�Ûi�`i����-
tion, of the potential reuse of waste and the selection of a 
methodological- operative process for the reuse of wood 
and steel provide a valuable support for sustainable regen-
eration that trigger mechanisms of improvement for the 
whole territory.

����� A� 5RGEKƂE� EQPENWUKQPU� URGEKƂE� HQT� VJG�
post earthquake reconstruction in 
L’Aquila

/�i�ÀiÃi>ÀV��>���Üi`�ÕÃ�Ì��`iw�i�ÃÕÃÌ>��>L�i�ÀiV��ÃÌÀÕV-
tion modalities applicable in the territory of L’Aquila, which 
promote local resources and resolve logistical, economic 
and environmental issues related with this process. In par-
ticular, the research established methodological- operative 
lines aimed at transforming the problems related to the 
lack of programming for the end-of-life scenarios of ma-
terials resulting from the dismantling of the safety systems 
into an opportunity for innovation.
/�i�Ã«iV�wV�V�}��Ì�Ûi�>�>�ÞÌ�V>��ÃÕÀÛiÞ�>���Üi`�ÕÃ�Ì��V�>À-
acterise waste elements arising from the selective demoli-
tion of safety systems in L’Aquila.
-«iV�wV>��Þ]�Ì�i�>�>�ÞÃ�Ã��v�iV�����V�̀ >Ì>��>`i��Ì�«�ÃÃ�L�i�
to establish the total amount invested by the government 
v�À�Ì�i�Ã>viÌÞ��v�LÕ��`��}Ã�>««À�Ý��>Ìi�Þ�Ó£Ó°Î���������iÕ-
ros) and from it, thanks to the help of inspections, to identi-
vÞ�Ì�i�ÌÞ«i��v�i�i�i�ÌÃ�ÕÃi`°�/�i��`i�Ì�wV>Ì�����v�Ì�i�ÌÞ«i�
of safety measures according to the contrasted kinematic 
�iV�>��Ã��Ì�i�À�>`]����«��}]�Ã��À��}]�iÌV°®�>�`�Ì�i�`iw-
nition of dimensional, geometric and technological char-
acteristics of components that constitute them have led to 
an abacus system that is useful to quickly locate properties 
of elements and design the reuse with respect to them.
Every applied constructive system was analysed in relation 
Ì��ÀiÛiÀÃ�L���ÌÞ]�yiÝ�L���ÌÞ�>�`�i>Ãi��v�>ÃÃi�L�ÞÉ`�Ã>ÃÃi�-
bly. These analyses allowed us to identify the correct meth-
ods of disassembly for each system and provided useful 
`>Ì>� Ì�� iÛ>�Õ>Ìi� Ì�i� ÀiÕÃi� V��«>Ì�L���ÌÞ� Ü�Ì�� >� Ã«iV�wV�
destination of use and function.
Subsequently, international examples using components 
similar to those used in the safety systems in L’Aquila and 
typological, dimensional, textured or geometric similari-
ties with them were analysed from a technological point 
�v�Û�iÜ°�-Ì>ÀÌ��}�vÀ���Óä£ä�Ü�Ì��À>Ài�iÝVi«Ì���Ã®]�>�ÌÀi�`�
of constructive experimentation that reuses elements typi-
V>��Þ�v�Õ�`����Ì�i�Þ>À`�v�À�Ü�À�]�Ìi�iÃV�«�V�«À�«Ã]�ÌÕLi��
clamp system, multi-com system) was found. In some 
examples they are reused for temporary facilities with 
`�vviÀi�Ì� vÕ�VÌ���� ÀiÃÌ>ÕÀ>�ÌÃ]� ��ÕÃ��}� ��`Õ�iÃ]� iÝ��L�-

tion buildings, etc.) with a temporary change of function. 
In other cases, they are used with stable function in the 
ÀiÃÌ�À>Ì�����v� iÝ�ÃÌ��}�LÕ��`��}Ã� ����À`iÀ� Ì�� Ài`iw�i� Ì�i�
internal space.
/�iÀiv�Ài]� V�ÀÀi�>Ì���Ã�ÜiÀi� �`i�Ì�wi`�LiÌÜii�� Ì�i�«iÀ-
formance reached by the construction system and the pri-
�À�ÌÞ�ÀiµÕ�Ài�i�ÌÃ�Ì�>Ì�>�Ã«iV�wV�vÕ�VÌ����ÀiµÕ�ÀiÃ]�>���}�
with the correlation between the construction system and 
the formal possibility of building.
The cognitive-analytic phase highlighted the scale of the 
problem in terms of logistical, economic and environmen-
Ì>�� v>VÌ�ÀÃ°�/��Ã�«�>Ãi�>�Ã��«À�Û�`i`�Ã«iV�wV� ��v�À�>Ì����
about safety systems and their constituent components 
that facilitate reuse and identify technological and compo-
sitional potentialities of the elements through experimen-
tal projects in an international context.
The experimental project phase made it possible to apply 
the theories found in L’Aquila. In particular a process for 
ÀiÕÃi�Ü>Ã��`i�Ì�wi`�>�`�>««��i`]�Ü��V��i�>L�iÃ��«Ì���Ã>-
tion in terms of money and time, sustainability of recon-
struction and the creation of new economies based on a 
local production chain. Materials/components, as charac-
ÌiÀ�âi`�>L�Ûi]�ÜiÀi�ÕÃi`�v�À�Ì�i�`iw��Ì�����v�V��ÃÌÀÕVÌ����
i�i�i�ÌÃ�Ü�Ì����}��yiÝ�L���ÌÞ�>�`�ÀiÛiÀÃ�L���ÌÞ�Ì�>Ì�V>��Li�
V��L��i`�Ì��VÀi>Ìi�LÕ��`��}�ÃÞÃÌi�Ã]�`iÃ�}�i`�Ì��`iw�i�
building organisms that support reconstruction.
The comparison between the building elements allowed 
us to identify the environmental compatibility of reuse, in 
Ài}>À`Ã�Ì��ÃÌii��i�i�i�ÌÃ�>�`�Ì�i�`iw��Ì�����v�Ì�i��>À}��Ã�
for compatibility between the construction system and the 
intended use.
The process for reuse made it possible to identify two ma-
jor scenarios, i.e. endogenous and exogenous reuse.
The potential for temporary endogenous reuse was tested 
in the study of selective demolition of safety systems in the 

�Û�V��ÕÃiÕ���v�->�Ì>��>À�>�`i��,>VV��>�`>Ì��Ƃ+®�>�`�
in their immediate reuse for creating a common yard area 
that can be used by the building aggregate within a radius 
�v�£ää��iÌÀiÃ°�/�i�V>Ãi�ÃÌÕ`Þ��`i�Ì�wi`�Ì�i�Li�iwÌÃ��v�Ì��Ã�
approach to recostruction from a logistical, environmental 
and economical point of view. The research introduced a 
new conception of the yard: switching from individualist 
visions of the yard to a collective dimension. At the same 
Ì��i]��Ì�Ài>vwÀ�i`�Ì�i���«�ÀÌ>�Vi��v�Ì�i�`iÛi��«�i�Ì��v�
local resources, especially when they represent a waste, 
Ì�À�Õ}�� Ì�i� `iw��Ì���� �v� Ìi�«�À>ÀÞ� v>V���Ì�iÃ]� Ü��V�� LÞ�
their nature require lower performance compared to sta-
ble buildings.
The regeneration of the territory and the buildings not 
���Þ� «>ÃÃ� Ì�À�Õ}�� Ì�i� ��ÌiÀÛi�Ì���� >««��i`� ��� Ã«iV�wV�
cases, but also through the construction site. To date, the 
construction yard has always been considered as a func-
tional part for the implementation of the intervention, but 
it has always remained outside the logic of regeneration.
This approach also contributes to the sustainable develop-
ment of the territory. The collective size of the yard and 
the attention to the resources of the territory are the two 
cornerstones for this innovative process. The organisation 
of common areas with programmed use for the companies 
facilitates and speeds up reconstruction, which simultane-
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ously leads to a considerable decrease in environmental 
damage.
The reuse of materials/components derived from selective 
demolitions carried out in yards of ongoing reconstruc-
tion generates a cascade mechanism which leads to the 
sequential reconstruction of the city and, also, encourages 
the local chain. In addition, this operative mode has valid-
ity and can be applied in reconstruction after catastrophic 
events and urban regeneration interventions in portions of 
V�Ì�iÃ]� �°i°�Ü�i�iÛiÀ� Ã�}��wV>�Ì� >VÌ���� �Ã� ÀiµÕ�Ài`���� Ì�i�
building. In fact, the presence of common areas for com-
panies and the coordinated programming of interventions, 
iÛi���v�Ì�iÀi�>Ài�����ÃÃÕiÃ�Ài�>Ìi`�Ì��À�>`�ÌÀ>vwV]�>Ã����Ì�i�
V>Ãi��v��½ƂµÕ��>]�i�iÀ}i�>Ã�>�«À�wÌ>L�i��«iÀ>Ì���°
Similarly, even if the interventions are not implemented 
��� >� Ã�}��wV>�Ì�«�ÀÌ�����v� Ì�i� V��ÃÌÀÕVÌ���]� LÕÌ� ���Þ� ���
a single building, the presence of construction facilities 
drawing from the materials/components in the local sup-
ply chain produces virtuous cascading processes for the 
company and the community.
/�i� ÛiÀ�wV>Ì���� �v� «�Ìi�Ì�>�� �v� «iÀ�>�i�Ì� i�`�}i��ÕÃ�
reuse was made by establishing schemes of possible op-
erative modes of reuse for structural, technological and 
installation improvements in the building subject of recon-
struction. The most frequent cases have been taken into 
account generalise the operational steps to ensure the 
replicability and variation of the described operation. The 
schemes can be used in the project to identify the reuse 
possibilities of elements, both in the operational phase to 
program the sequence of processing.
/�i� ÛiÀ�wV>Ì���� «�Ìi�Ì�>��ÌÞ� v�À� iÝ�}i��ÕÃ� ÀiÕÃi� Ü>Ã�
made through the application of theories developed in a 
case study regarding the demolition and reconstruction 
of buildings in L’Aquila, which were built after 1950. We 
�`i�Ì�wi`� Ì�i� �ii`� ��� LÕ��`��}� Ài}i�iÀ>Ì���� Ì�� V>Ài� ��Ì�
only for improving building performances, but also the us-
ers’ needs during the period necessary for the construc-
Ì���� ��ÌiÀÛi�Ì���°� 7i� `iw�i`� Ì�i� «�>ÃiÃ� �v� `i����Ì����
and placed them in a system with the stages related to the 
building of temporary housing units to accommodate th-
epeople waiting for the completion of reconstruction. The 
housing modules are designed with materials resulting 
from selective demolition of safety systems from an adja-
cent building next to where the recovery intervention was 
made. It is possible to identify the relationships between 
the demolition schedule, the schedule for the building re-
covery and the schedule of temporary housing.
/�i�ÃÌÕ`Þ�V��wÀ�Ã�Ì�>Ì� ����À`iÀ�Ì��i�ÃÕÀi�Ì�i�Ài}i�iÀ>-
tion of the territory, the concept of temporariness must 
become “local,” meaning that the system is sustainable 
within a predetermined kilometre radius from the place of 
production, supply and disposal of materials/components.
���>��Þ]�Ì�i��>�>}i�i�Ì��v�ÀiÕÃi�iÝ�}i��ÕÃ�>�`�i�`�}-
enous) can be controlled via a spreadsheet that helps us to 
w�`�ÃVi�>À��Ã�Ì�>Ì�>Ài����}�ÃÌ�V>��Þ�>�`�iV�����V>��Þ�V��-
venient for both governments and companies involved in 
the reconstruction, without prejudice to the sustainability 
of the reconstruction process.

10.3 _ Further developments

With regard to the general processing phase of research, 
���ÀiviÀi�Vi�Ì��Ì�i�Ü��`]�>�wi�`��v�ÀiÃi>ÀV���>Ã��«i�i`�
in identifying a visual grading process that overcomes the 
«>À>`�Ý�Ì��iÝV�Õ`i�i�i�i�ÌÃ�Ì�>Ì��>Ûi�ÃÕvwV�i�Ì��iV�>��-
cal properties to such use and optimize the durability in 
ÀiÕÃi�Ü�Ì��i�Û�À���i�Ì>��Li�iwÌÃ°�Ý«iÀ��i�Ì>����ÛiÃÌ�}>-
tions can be performed on elements of different species 
of wood, in order to contemplate the conditionings arising 
vÀ���Ì�i�°�Ƃ�vÕÀÌ�iÀ�wi�`��v�ÀiÃi>ÀV���Ã�>�V�ÀÀi�>Ì����ÃÌÕ`Þ�
between the properties of the element that can be reused 
and the visual grading, by investigating the mechanical 
properties that this research overlooked, in order to iden-
tify a process that optimises reuse.
�ÕÀÌ�iÀ�`iÛi��«�i�ÌÃ��v�ÀiÃi>ÀV���«i��Õ«�Õ�`iÀ�Ì�i�`iw-
nition of a methodological-operative process of reuse for 
building materials like concrete, brick, glass, etc., which 
have been overlooked because it is not present in the se-
curity systems in L’Aquila. In general, the research intro-
`ÕViÃ���«�ÀÌ>�Ì�ÀiyiVÌ���Ã�>L�ÕÌ�Ì�i��ii`��v�Ã«iV�wV��i}-
islation for elements that have already undergone one or 
more cycles of life, to stimulate the market for secondary 
raw materials.
In concern to the experimental project in L’Aquila, the re-
search has highlighted the potential for waste elements re-
sulting from selective demolitions. Further developments 
of research promotes ways to encourage reuse. For exam-
«�i]�Ì�i�`iw��Ì�����v�>�ÀiV��ÃÌÀÕVÌ����«�>��Ì���À}>��Ãi�Ì�i�
realisation of common yards that can be used by compa-
nies and that must be built with a compulsory part of re-
ÕÃi`���V>���>ÌiÀ�>�Ã��À�iÛi��Ì�i�`iw��Ì�����v�>��iV�����V�
incentive mode to produce voluntary mechanisms of reuse 
by companies.
Further research can also be conducted to study the rela-
tionship between existing local chains and potential local 
supply chains that can be developed via the enhancement 
of other reconstruction waste materials that this research 
overlooked, such as the rubble.
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 DIGITAL APPENDICES

Appendix A: microscopic analysis of n. 17 wooden elements subjected to experimental tests, for each element the cross, 
À>`�>��>�`�Ì>�}i�Ì�>��Û�iÜÃ�>Ài�«À�Û�`i`°�
�>«ÌiÀ�È®

Appendix B: in reference to the wooden elements subject to experimental tests, we provide sheets for the description of 
Ì�i�«>À>�iÌiÀÃ�ÕÃi`����Ì�i�Û�ÃÕ>��}À>`��}�>VV�À`��}�Ì��1 ��££äÎx�Ó\Óä£ä�º�i}���ÃÌÀÕÌÌÕÀ>�i���
�>ÃÃ�wV>â���i�
>�Û�ÃÌ>�`i���i}�>���ÃiV��`���>�ÀiÃ�ÃÌi�â>��iVV>��V>���*>ÀÌi�Ó\�,i}��i�«iÀ��>�V�>ÃÃ�wV>â���i�>�Û�ÃÌ>�ÃiV��`��
la resistenza meccanica e valori caratteristici per tipi di legname strutturale” and the UNE 56544:2011 
º
�>Ã�wV>V����Û�ÃÕ>��`i��>��>`iÀ>�>ÃiÀÀ>`>�«>À>�ÕÃ��iÃÌÀÕVÌÕÀ>�°��>`iÀ>�`i�V���viÀ>Ã»Æ����Ì�i�Ã>�i�Ã�iiÌÃ]�
Ì�i�`>Ì>�>�`�Ì�i�«��Ì�Ã��v�Ì�i�yiÝ����ÌiÃÌ�>Ài���ÃiÀÌi`°�
�>«ÌiÀ�È®

Appendix C: in reference to wooden elements subjected to experimental tests, we provide sheets with the comparison 
LiÌÜii��V�>À>VÌiÀ�ÃÌ�V�Û>�ÕiÃ��`i�Ì�wi`�Ì�À�Õ}��Û�ÃÕ>��}À>`��}�>VV�À`��}�Ì��Ì�i�-«>��Ã���i}�Ã�>Ì����1 �
xÈx{{\Óä££�º
�>Ã�wV>V����Û�ÃÕ>��`i��>��>`iÀ>�>ÃiÀÀ>`>�«>À>�ÕÃ��iÃÌÀÕVÌÕÀ>�°��>`iÀ>�`i�V���viÀ>Ã]»�>�`�
V�>À>VÌiÀ�ÃÌ�V� Û>�ÕiÃ� �`i�Ì�wi`� Ì�À�Õ}��Û�ÃÕ>��}À>`��}�>VV�À`��}� Ì�� �Ì>��>�� �i}�Ã�>Ì����1 ��££äÎx�Ó\Óä£ä�
º�i}���ÃÌÀÕÌÌÕÀ>�i���
�>ÃÃ�wV>â���i�>�Û�ÃÌ>�`i���i}�>���ÃiV��`���>�ÀiÃ�ÃÌi�â>��iVV>��V>���*>ÀÌi�Ó\�,i}��i�
«iÀ� �>� V�>ÃÃ�wV>â���i� >� Û�ÃÌ>� ÃiV��`�� �>� ÀiÃ�ÃÌi�â>��iVV>��V>� i� Û>��À�� V>À>ÌÌiÀ�ÃÌ�V�� «iÀ� Ì�«�� `�� �i}�>�i�
ÃÌÀÕÌÌÕÀ>�i]»�>�`� Ài>�� Û>�ÕiÃ� Û��Õ�iÌÀ�V��>ÃÃ]���`Õ�ÕÃ��v�i�>ÃÌ�V�ÌÞ�>�`�Li�`��}�ÃÌÀi�}Ì�]®�>À�Ã��}� vÀ���
�>L�À>Ì�ÀÞ�ÌiÃÌÃ°�
�>«ÌiÀ�È®

Ƃ««i�`�Ý��\�Ì�i���vi�
ÞV�i�ƂÃÃiÃÃ�i�Ì��Ã�V>�VÕ�>Ìi`�ÕÃ��}�Ì�i��*

ÓääÇ]�£ää�ÞÀ��}�
"Ó�iµ®��iÌ��`�Ü�Ì��`iÃVÀ�«Ì�����v�
Ì�i���«>VÌ��v�«À�`ÕVÌ���]�ÕÃi�>�`�i�`���vi�v�À�iÛiÀÞ�̀ iÃ�}�i`�V��ÃÌÀÕVÌ�Ûi�ÃÞÃÌi�°�
�>«ÌiÀ�n]�«>À>}À>«��Î®

Appendix E: cataloguing of the elements that can be obtained in the disassembly of the safety systems of the Civic 
�ÕÃiÕ���v�->�Ì>��>À�>�`i��,>VV��>�`>Ì�� Ƃ+®]� v�À�i>V��i�i�i�Ì� Ì�i�Ã�âi� V��`�Ì���i`�LÞ� Ì�i� ÌÞ«i��v�
`�Ã>ÃÃi�L�Þ®�>�`�Ì�i��iÛi���v�`i}À>`>Ì����>Ài�`iw�i`°�
�>«ÌiÀ�n]�«>À>}À>«��{®

Ƃ««i�`�Ý��\�V>Ì>��}Õ��}��v�Ì�i�i�i�i�ÌÃ�Ì�>Ì�>Ài��iViÃÃ>ÀÞ�Ì��LÕ��`�Ì�i�Ã�Ìi�ÃiÀÛ�ViÃ��vwViÃ]�V�>�}��}�À���Ã]�ÀiÃÌÀ����
and refectory) for their realisation in the common area, serving the aggregates within a radius of 100 metres. 

�>«ÌiÀ�n]�«>À>}À>«��{®

Ƃ««i�`�Ý��\�ÝVi��Ã«Ài>`Ã�iiÌ�v�À�Ì�i�V>�VÕ�>Ì�����v�V��Ûi��i�Vi�Ì��ÀiÕÃi°��
�>«ÌiÀ��]�«>À>}À>«��Ó®
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Code: 1 

View side A-B 

 
 

View side C-D 

 
 

View side E 

 

View side F 

  

Dimensions: 

Length: 3,03 m 

Section 1: 17,5 x 5,7 cm 

Section 2: 17,3 x 5,6 cm 

Section 3: 17,2 x 5,3 cm 

 
Moisture: Density: 

9,89% 524 Kg/mc 

Rate of growth: Slope of grain: 

3,0 mm 1 cm length- 0,25 mm height 

  
 

Knots:  N) (x,y) d 
Where: 

N) reference number of knot 

x: x coordinate (cm) 

y: y coordinate (cm) 

d: diameter measured in a perpendicular  direction 

to the length of the element (cm) 

 

 

 

N) (x,y) d + ….+  Nn) (xn, yn) dn = group of knots 

N)* = corner knot 
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 Side A 

knots 

6) (88,0 -110,0) 1,3 

9) (135,0 -10,0) 1,7 

17)* (278,0-14,0) 6,8 

 

group of knots 

1) (16,5 – 9,0) 1,5 + 2)* (15,0 -10,0) 7 

3)* (58,5 -4,5) 7,2 + 4) (61,0 -10,0) 1,3 + 5) (59,5 -14,0) 5,3 

7) (116,0 -10,2) 1,2 + 8)° (114,5 -13) 3,5  

10) (163,0 -10,0) 3 + 11)* (161,0 -15,0) 3,8 

12) (183,0 -11,5) 1,2 + 13) (195,0 -9,0) 1,7 + 14) (195,5 -1,2)1,7 

15) (248,0 -8,5) 3,3 + 16) (246,5 -13,0) 6,5 

Side B 

knots 

18)* (58,5 -2,2) 3,8 

19)* (110,5 -4,4) 3,5 

20)* (193,7 – 5,2) 1,2 

21) (143,7 -2,4) 2,6 

group of knots 

not found 

Side C 

knots 

22) (12,5 -13,5) 3 

23) (15,5 -4,5) 1,7 

24) (37,0 -2,2) 1,7 

25) (83,0 -7,3) 3,2 

26) (158,5 -8,4) 2,8 

29) (245,0 -11,5) 1,7 

30) (277,5 -16,3) 1,2 

group of knots 

27) (182,0 -2,7) 2,2 + 28) (193,0 -10,5) 1,6 

  
 

Resin pocket: N (x,y) l 

Where: 

N: reference number of resin pocket 

x: x coordinate x (cm) 

 

y: y coordinate (cm) 

l:  diameter measured in a parallel direction to the 

length of the element  (mm) 
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Side A Side C 

1 (88,0 -10) 7 

2 (135,0 – 10,0) 7 

3 (184,0 -9,2) 5 

4 (195,0 -9,0) 7 

5 (213,7 -7,7) 11 

6 (215,2 -11) 5 

7 (281,0 7,7 ) 10 

8 (279,5 -5,3) 12 

  
Fissures:  

There are ! shrinkage cracks, ! mainly in the 

centre of the face C and near the corner 

between the face C and the face D.  

There are not splits. No shake ! has a length 

greater than 1/4 of the length or than 1 meter. 

 
Ring shakes: 

In the side F there is a multi-ring shake. 

 

 

 
Wane:      NNM/ Pc -L ---S 
Where: 

N: reference number of the wane  
AB: borderline sides 

Pc: centre point calculated with respect to the 

reference axis y=0 (cm) 

L: length of the wane (cm) 

S: !more unfavourable ratio between the projection 

of the wane on a surface and the total width of the 

surface. 

1CD/ 44 -60  ---0,32 

2CD/ 165 -160 ---0,42 
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Deformations: 

Bowing 

Measurement with the 

side C  upwards , in the 

midpoint 

5 mm 

 

Crook 

Measurement with 

the side B  upwards : 

Side E: 8 mm 

Side F: 8 mm 

Twist 

Measurement with the 

side B  upwards : 

Side E: 4 mm 

Side F: 7 mm 

Measurement with the 

side C  upwards : 

Side E: 4 mm 

Side F: 2 mm 

Cupping 

Side A concave 

Side C convex 

1 mm (measurement 

in the side F) 

  
Deterioration: 

Browning of the wood due to UV short wave, 

evident especially in the side A. 

 
Other: 

In the side A there are n.2 ! holes caused by nails having these coordinates (x,y) : (116,0 – 5); 

(120,0 – 8,5). In the side B there are n.8  holes caused by nails having these coordinates (x,y): 

(26,5 -3,0); (57,0 – 2,2); (121,5 -3,3); (153,0 – 2,8); (184,9 -2,8); (216,5 – 3); (249,0 – 2,8); (278,5 – 

2,8).  In the side B there are n.2 nails having these coordinates (x,y): (89,0 – 3,3); (162,0 – 2,8). 

Visual grading UNI 11035-2: 

Wanes: <S3 / Knots (knot 19): S3/ Group of knots (knots 3-4-5): S1 /Rate of growth: S1 / Slope of 

grain: S1 /Shakes: < S3 / Deterioration: S1/ Insect attack: S1/ Deformations: S1. 

Therefore the element n.1, according to this rule, can not be employed for structural uses, due to 

the presence of the wanes and the ring shakes. 

Visual grading UNE 56544 

Knots side A or C: <ME-2 (knots 3-4-5)   /knots side B o D: ME-2/ Rate of growth: ME-1 /  

Shrinkage cracks : ME-1/ Ring shakes: <ME-2/ Resin pockets: ME-1/ Slope of grain: ME-1/ 

Wanes: <ME-2/ !Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.1, according to this rule, can not be employed for structural uses, due to 

the presence of the wanes , the ring shakes and the knots 3-4-5. 
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BEAM 1-1 

Visual grading UNI 11035-2: 

Wanes : S2 /  Knots (knot 19): S3/  Group of knots (knots 3-4-5): S1 / Rate of growth : S1 /  Slope 

of grain : S1 / Shakes : S1 /  Deterioration : S1/  Insect attack : S1/  Deformations: S1. 

Therefore the element n.1-1, according to this rule,  has the category S3. 

Visual grading UNE 56544: 

Knots sides A o C: <ME-2 (knots 3-4-5)   /knots side B o D: ME-2/ Rate of growth: ME-1 /  

Shrinkage cracks : ME-1/ Ring shakes:  ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: 

<ME-2/ !Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.1-1, according to this rule, can not be employed for structural uses, due 

to the presence of the wanes and the knots 3-4-5. 

Bending strength test: 

Load application side: A 

The beam breaks in the area of maximum load, near one of two load lines. The knots 3, 5 and 18, 

even if are located in the compressed part, affect the break, according to the slope of grain 

which they have caused. The knot 25, located in the upper part, has influence in break mode. 

However, the knot n.3, located in a  corner position, is the most critical point. In the area of 

maximum load there are not others defects that can affect the break. 

FORCE-DISPLACEMENT DIAGRAM 
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BEAM 1-2 

Visual grading UNI 11035-2: 

Wanes: <S3 / Knots (knot 21):<S3/ Group of knots (knots 15-16): S1 /Rate of growth: S1 / Slope 

of grain: S1 /Shakes: < S3 / Deterioration: S1/ Insect attack: S1/ Deformations: S1. 

Therefore the element n.1-2, according to this rule, can not be employed for structural uses, due 

to the presence of the wanes, the ring shake and the knot n.21. 

Visual grading UNE 56544 

Knots sides A o C: <ME-2 (knots 15-16) /Knots side B o D: ME-1/ Rate of growth: ME-1 /  

Shrinkage cracks : ME-1/ Ring shakes:  <ME-2/ Resin pockets: ME-1/ Slope of grain: ME-1/ 

Wanes: <ME-2/ !Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.1-2, according to this rule, can not be employed for structural uses, due 

to the presence of the wanes, the ring shake and the knots 15-16. 

Bending strength test: 

Load application side: A 

The beam breaks in the area of maximum load. ! The break follows the slope of grain and is 

influenced by the presence of the wane between the side C and D and by the knot 29. The knot 

21, although located in correspondence of one of the load lines, do not affect the break. 

FORCE-DISPLACEMENT DIAGRAM 
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Code: 2 

View side A-B 

 
 

View side C-D 

 
 

View side E View side F 

 
 

Dimensions: 

Length: 3,01 m 

Section 1: 17,0 x 5,8 cm 

Section 2: 17,1 x 5,8 cm 

Section 3: 17,4 x 5,8 cm 

 
Moisture: Density: 

9,50% 505 Kg/mc 

Rate of growth: Slope of grain: 

3,0 mm 1 cm length- 0,49 mm height 

  
Knots:     N) (x,y) d 

Where: 

N) reference number of knot 

x: x coordinate (cm) 

y: y coordinate (cm) 

d: diameter measured in a perpendicular  

direction to the length of the element (cm) 

 

 

N) (x,y) d + ….+  Nn) (xn, yn) dn = group of knots 

N)* = corner knot 
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 Side A 

knots 

1) (19,3 -10,7) 4,1 

8) (223,7 -7,7) 5 

9) (255,0 -9,5) 2,4 

 

group of knots 

2) (86,3 -5,7) 1,4 + 3) (89,5 -10,5) 3,6 

4)* (121,6 -16,3) 4,2 + 5) (119,5 -4,7) 3 

6) (191,7 -7,7) 5,2 + 7) (192,5 -15,2) 1,5 

Side C 

knots 

10) (21,7 -7,3) 2,9 

Group of knots 

11) (42,0 -7,3) 0,8 + 12) (40,5 + 11,6) 1,8 

13) (89,7 -10) 1,7 + 14) (96,5 -8,3) 3 

15) (124,5 -7,8) 3 + 16) (125,3 -10,3) 1,2 + 17)*(124,0 -15,4)4,9 

18)* (254,5 -2,5) 5 + 19) (257,0 -7,5)2,4 

  
 

Resin pocket: N (x,y) l 
Where: 

N: reference number of resin pocket 

x: x coordinate x (cm) 

 

y: y coordinate (cm) 

l:  diameter measured in a parallel direction to the 

length of the element  (mm) 

 

Side A Side C Side F 

1 (256,5 -114,7) 16 

2 (298,0 – 10,7) 7 

3 (19,5 -15,7) 18 

4 (192,5 -15,0) 8 

 

5 (5,5 -4) 27 
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Fissures:  

There are shrinkage cracks, mainly in the 

centre of the face A and near the corner 

between the face A and the face B.  

There are shrinkage crack also in the centre 

of the side C near the end part adjacent to 

the face F, near the node n. 20. The side D 

do not present shakes. 

There are not splits. No shake has a length 

greater than ¼ of the length or than 1 

meter.  

 

 
Ring shakes: 

Not found. 

Wane:      NNM/ Pc -L ---S 

Where: 

N: reference number of the wane  
AB: borderline sides 

Pc: centre point calculated with respect to the 

reference axis y=0 (cm) 

L: length of the wane (cm) 

S: !more unfavourable ratio between the projection of 

the wane on a surface and the total width of the 

surface. 

1AB/ 7,5 -14,5  ---0,22 

2AB/ 54,5 -63,0  + 4AD/ 59,0 -30,0 --- 0,41 

3AB/ 126,5 -65,0  ---0,35 

 

 
Deformations: 

Bowing 

Measurement with 

the side A 

upwards, found 

from the midpoint 

to the side E: 11 

mm 

Crook 

Not found 

Twist 

Measurement with the 

side A upwards: 

Side F: 3 mm 

Side E: 5 mm  

Cupping 

Side A convex 

Side C concave 

1 mm (measurement in 

the side E) 
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Deterioration: 

Boring of the wood due to UV short wave, 

evident especially in the side A and in the 

middle of the side B, near the side A.  

In the side C there are areas that are grey.  

 
Other: 

The heartwood, and consequently pith are in a different position between the side E and the 

side F. In the side A there are n.2 holes caused by nails having these coordinates (x,y) : (123,4 – 

8,4); (122,5 – 11,3). In the side B there are n.10 holes caused by nails having these coordinates 

(x,y): (27,0 -2,6); (56,7 – 3,7); (90,2 -3,0); (121,7 – 3,6); (153,0 -5,3); (185,7 – 2,5); (217,3 – 1,8); 

(217,7 – 4,7); (248,8 -2,3); (280,0 -3,4). In the side B there is a nail having these coordinate (x,y): 

(65,3 – 4,7). In the side C there are small shakes due to shocks.  

 

Visual grading UNI 11035-2: 

Wanes : <S3 /  Knots (knot 8): S2/  Group of knots (knots 4-5): S1 / Rate of growth : S1 /  Slope of 

grain : S1 / Shakes : S1 /  Deterioration : S1/  Insect attack : S1/  Deformations: S1. 

Therefore the element n.2, according to this rule,   can not be employed for structural uses, due 

to the presence of the wanes. 

Visual grading UNE 56544 

Knots side A or C: <ME-2 (knots 15-16-17)   /knots side B or D: ME-1/ Rate of growth: ME-1 /  

Shrinkage cracks : ME-1/ Ring shakes: ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: 

<ME-2/ !Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.2, according to this rule, can not be employed for structural uses, due to 

the presence of the wanes and the knots 15-16-17 

BEAM 2-1 

Visual grading UNI 11035-2: 

Wanes : <S3 /  Knots (knot 1): S2/  Group of knots (knots 4-5): S1 / Rate of growth : S1 /  Slope of 

grain : S1 / Shakes : S1 /  Deterioration : S1/  Insect attack : S1/  Deformations: S1. 

Therefore the element n.2-1, according to this rule,   can not be employed for structural uses, 

due to the presence of the wanes. 

 

Visual grading UNE 56544 

Knots side A or C: <ME-2 (knots 15-16-17)   /knots side B or D: ME-1/ Rate of growth: ME-1 /  

Shrinkage cracks : ME-1/ Ring shakes: ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: 

<ME-2/ !Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.2-1, according to this rule, can not be employed for structural uses, due 

to the presence of the wanes and the knots 15-16-17. 
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Bending strength test: 

Load application side: C 

The beam breaks in the area of maximum load, in correspondence to the knots 2 and 3.  

The break follows the slope of the grain and the direction of the break is also conditioned by the 

nail in the side B. Although in the area of maximum load there are n.2 wanes (n.2 and n. 4), they 

are not the main cause of the break, despite having conditioned it. 

FORCE - DISPLACEMENT DIAGRAM 
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BEAM 2-2 

Visual grading UNI 11035-2: 

Wanes : S1 /  Knots (knot 8): S2/  Group of knots (knots 18-19): S1 / Rate of growth : S1 /  Slope 

of grain : S1 / Shakes : S1 /  Deterioration : S1/  Insect attack : S1/  Deformations: S1. 

Therefore the element n.2-2, according to this rule,  has the category S2. 

Visual grading UNE 56544 

Knots side A or C: ME-2 (knots 18-19)   /knots side B or D: ME-1/ Rate of growth: ME-1 /  

Shrinkage cracks : ME-1/ Ring shakes: ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: 

ME-1/ !Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.2-2, according to this rule,  has the category ME-2. 

Bending strength test: 

Load application side: C 

The beam breaks in the area of maximum load in correspondence to the knot 8, in the middle of 

this area. There are not others flaws in the area of maximum load.  

FORCE-DISPLACEMENT DIAGRAM 
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Code: 3 

View side A-B 

 
 

View side C-D 

 
 

View side E View side F 

 
 

 

Dimensions: 

Length: 3,00 m 

Section 1: 17,8 x 6,0 cm 

Section 2: 17,6 x 6,0 cm 

Section 3: 17,5 x 5,8 cm 

 
Moisture: Density: 

9,80% 502 Kg/mc 

Rate of growth: Slope of grain: 

3,0 mm 1 cm length- 0,32 mm height 

  
Knots:     N) (x,y) d 

Where: 

N) reference number of knot 

x: x coordinate (cm) 

y: y coordinate (cm) 

d: diameter measured in a perpendicular  direction 

to the length of the element (cm) 

 

 

 

N) (x,y) d + ….+  Nn) (xn, yn) dn = group of knots 

N)* = corner knot 
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 Side A 

knots 

1) (12,5 -10,5) 3,1 

2) (51,5 -12,5) 7,5 

3) (88,0 -6,0) 3,3 

4) (125,5 -8,5) 5,9 

7) (183,0 -7,7) 1,8 

10) (239,0 -10,8) 4,5 

 

group of knots 

5) (147,5 -4,0)3,5 + 6)* (153,5 -16,7)3,5 

8)* (211,5 -1,5) 2,7 + 9) (208,5 -10,1) 2 

11)* (280,5 -2,5) 5 + 12) (283,0 -12,8)3 

Side B 

knots 

13)* (33,5 -4,5) 3,5 

14)*(207,8 -2,4) 4,7 

 

group of knots 

not found 

 

Side C 

knots 

17) (54,8 -8,2) 4,2 

18) (90,5 -10) 2,1 

19) (108,5 -11,7)3,1 

20) (128,0 -8,7) 2,2 

23) (212,5 -7,0) 1,6 

24) (240,5 -11,0) 2,4 

25)* (282,0 -3,0) 7,0 

 

group of knots 

15) (15,2 -8,5) 2,2 +16)* (12,0 -15,5) 5,5 

21) (156,0 -6,2) 2,0 + 22) (155,0 -8,4) 1,6 

Side D 

knots 

26)* (105,0 -4,2) 4,0 

27) (236,7 -3,3) 1,8 

 

 

group of knots 

not found 
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Resin pocket: N (x,y) l 

Where: 

N: reference number of resin pocket 

x: x coordinate x (cm) 

 

y: y coordinate (cm) 

l:  diameter measured in a parallel direction to the 

length of the element  (mm) 

Side A Side B 

1 (13,5 -10,0) 12 2 (34,2 -4,0) 16 

Side C Side D 

3 (68,0 -5,2) 72 4 (105,0 -5,0) 32 

  
Fissures:  

There are ! shrinkage cracks, ! mainly in the 

centre of the face A, in the face B near the 

corner between the face A from the middle to 

the face F. In the middle of the side D there are 

shakes, conditioned to the nails that are in 

these shakes. 

There are not splits. No shake has a length 

greater than 1/4 of the length or than 1 meter. 

 

 

 
Ring shakes: 

Not found. 

 

Wane:      NNM/ Pc -L ---S 

Where: 

N: reference number of the wane  
AB: borderline sides 

Pc: centre point calculated with respect to the 

reference axis y=0 (cm) 

L: length of the wane (cm) 

S: !more unfavourable ratio between the projection 

of the wane on a surface and the total width of the 

surface. 
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1AB/ 15,0 -30,0 + 2AD/ 25,0 -32,0 ---0,47 

3AB/ 77,0 -40,0  + 4AD/ 93,0 -62,0 --- 0,63 

 

 
Deformations: 

Bowing 

Not found 

Crook 

Not found 

Twist 

Measurement with the 

side A upwards  

Side F: 3 mm 

Side E: 2 mm 

Cupping 

Side A convex 

Side C concave 

3 mm (measurement 

in the side F) 

  
Deterioration: 

Browning of the wood due to UV short wave 

and blots, evident especially in the side A and 

D  and right  in the middle of side B. 

 
Other: 

In the side A there is n. 1!hole caused by nails having these coordinates (x,y) : (129,3 – 3,9) and a 

triangular  crack having these coordinates (x,y): (132,5 – 12,5). 

In the side C there are trail of mortar and n.2 holes caused by nails having these coordinates (x,y): 

(128,5 -9,5); (130,0 -14,0). 

In the side D there are n.12  holes caused by nails having these coordinates (x,y): (2,2 -2,7); (33,3 

– 3,0); (33,8 -1,4); (63,3 – 2,4); (64,3 -3,8); (96,3 – 2,8); (128,3 – 2,6); (160,3 – 2,6); (192,3 -3,3); 

(223,6 -2,6); (254,3 -2,6); (286,0 -2,6).  

 

Visual grading UNI 11035-2: 

Wanes: <S3 / Crack: S1/ Knots (knot 14): S3/ Group of knots (knots 5-1): S1 /Rate of growth: S1 / 

Slope of grain: S1 /Shakes:  S1 / Deterioration: S1/ Insect attack: S1/ Deformations: S1. 

Therefore the element n.3, according to this rule, can not be employed for structural uses, due to 

the presence of the wanes. 
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Visual grading UNE 56544 

Knots side A or C: ME-2 / Knots side B or D: <ME-2 (nodo 14)/ Rate of growth: ME-1 /  Shrinkage 

cracks : ME-1/ Ring shakes:  ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: <ME-2/ !
Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.3, according to this rule, can not be employed for structural uses, due to 

the presence of the wanes and the knots 14. 

 

BEAM 3-1 

Visual grading UNI 11035-2: 

Wanes: <S3 /  Crack: S1/ Knots (knot 13): S3/ Group of knots (knots 15-16): S1 /Rate of growth: 

S1 / Slope of grain: S1 /Shakes:  S1 / Deterioration: S1/ Insect attack: S1/ Deformations: S1. 

Therefore the element n.3-1, according to this rule, can not be employed for structural uses, due 

to the presence of the wanes. 

Visual grading UNE 56544 

Knots side A or C: ME-2 /Knots side B or D: ME-2/ Rate of growth: ME-1 /   Shrinkage cracks: 

ME-1/ Ring shakes:  ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: <ME-2/ !
Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.3-1, according to this rule, can not be employed for structural uses, due 

to the presence of the wanes. 

 

Bending strength test: 

Load application side: C 

The beam breaks in the area of maximum load, corresponding to the knots 2 and 3 and out of 

the area of maximum load corresponding to the knot 26. The knots 2, 3 and 26 deviate the grain, !
preventing to assume a horizontal course, behave like a group of knots.  

The break is influenced by the wanes and the shrinkage cracks, that are in the area of maximum 

load. In the sides D and D, the direction of the break is horizontal. 

FORCE-DISPLACEMENT DIAGRAM 
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BEAM 3-2 

Visual grading UNI 11035-2: 

Wanes: S1 /  Crack: S1/ Knots (knot 14): S3/ Group of knots (knots 5-6): S1 /Rate of growth: S1 / 

Slope of grain: S1 /Shakes:  S1 / Deterioration: S1/ Insect attack: S1/ Deformations: S1. 

Therefore the element n.3-2, according to this rule,  has the category S3. 

 

Visual grading UNE 56544 

Knots side A or C: ME-2 /Knots side B or D: <ME-2 (knot 14)/ Rate of growth: ME-1 /  Shrinkage 

cracks: ME-1/ Ring shakes:  ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: ME-1/ !
Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.3-2, according to this rule, can not be employed for structural uses, due 

to the presence of the knots 14. 

 

Bending strength test: 

Load application side: C 

The beam breaks in the area of maximum load, corresponding to the knots 8,9 and 14, according 

to the slope of grain.  These knots are located on a load line and they are they are aligned along 

the section of the beam. The knots 10 and 27 although located corresponding to one of the load 

lines, do not affect the break. 
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FORCE-DISPLACEMENT DIAGRAM 
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Code: 4 

View side A-B 

 
 

View side C-D 

 
 

View side E View side F 

 
 

 

Dimensions: 

Length: 3,01 m 

Section 1: 17,5 x 5,6 cm 

Section 2: 17,5 x 5,8 cm 

Section 3: 17,2 x 5,6 cm 

 
Moisture: Density: 

10,20 % 520 Kg/mc 

Rate of growth: Slope of grain: 

4,0 mm 1 cm di length- 0,78 mm height 

  
Knots:  N) (x,y) d 

Where: 

N) reference number of knot 

x: x coordinate (cm) 

y: y coordinate (cm) 

d: diameter measured in a perpendicular  

direction to the length of the element (cm) 

 

 

 

N) (x,y) d + ….+  Nn) (xn, yn) dn = group of knots 

N)* = corner knot 
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 Side A 

knots 

1)* (23,5 -1,5) 4,0 

11) (211,5 -10,8) 4,5 

 

group of knots 

2) (53,5 -11,2)5,5 + 3) (71,4 -7,4) 5,3 

4) (101,5 -6,9) 1,6 + 5) (121,6 -7,9) 4,1 

6) (144,7 -4,8) 4,7 + 7) (146,3 -15,7) 1,2  

8) (171,6 -12,7) 4,4 + 9) (163,0 -15,2) 1,6 +10) (188,0 -9,5) 1,1 

 

Side B 

knots 

12)* (102,0 -1,0) 5,0 

13) (187,8 -3,7) 4,0 

14)* (244,5 -0,5) 3,0 

15)* (276,5 -0,5) 3,5 

16)* (296,8 -5,0) 1,4 

 

group of knots 

 

Side C 

knots 

17) (31,0 -12,5) 1,0 

18) (61,0 -8,0) 2,0 

35) (281,5 -5,0) 1,5 

group of knots 

19) (78,0 -9,5) 1,7 + 20) (80,2 -3,0) 1,2 

21) (110,0 -5,7) 1,7 + 22)* (121,4 -0,5) 2,5 + 23) (125,0 -11,6) 

2,0 

24) (148,6 -5,5) 1,0 + 25) (148,0 -10,1) 1,7 

26)* (171,0 -14,5) 2,0 + 27) (172,0 -7,0) 1,0 

28) (191,3 -3,7) 1,4 + 29) (192,2 -8,2) 1,2 

30) (250,5 -5,0)2,5+31)(216,5 -8,2) 2,5+32)(217,5-2,0) 0,8 

33)(250,5-5,0)2,5 + 34)* (254,2 -15,5) 2,1 

 

Side D 

knots 

36) (27,5 –1,7) 0,5 

37)* (166,2 -1,7) 1,5 

38) (206,2 -3,7) 1,0 

39)* (241,7 -1,0) 2,0 

group of knots 
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Resin pocket: N (x,y) l 

Where: 

N: reference number of resin pocket 

x: x coordinate x (cm) 

 

y: y coordinate (cm) 

l:  diameter measured in a parallel direction to the 

length of the element  (mm) 

 

Side B Side C 

1 (108,0 -2,5) 11 2 (113,2 -9,5) 6 

3 (285,0 -10,5) 10 

  
Fissures:  

There are ! shrinkage cracks, ! mainly in the 

face A and in the extremity of the side E.  

There are not splits. No shake has a length 

greater than 1/4 of the length or than 1 

meter. 

 
Ring shakes: 

Not found 

 

Wane:     

Not found 

 

Deformations: 

Bowing 

Not found 

Crook 

Not found 

Twist 

Measurement with the 

side A upwards 

Side E: 5  mm 

Side F: 4 mm 

Cupping 

Side A convex 

Side C concave 

 2 mm (measurement 

in the side F) 
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Deterioration: 

Browning of the wood due to UV short wave 

and blots, evident especially in the sides A, 

B, D and F. In the side E there are trails of 

mildew.  

 
Other: 

Between the side A and the side E there is a crack, due to shock.  In the side A there are n.2 !
holes caused by nails having these coordinates (x,y): (255,0 – 15,1) (258,3 -10,5)  and n.3 nails    

having these coordinates (x,y): (4,0 – 8,0); (2,5- 10,7); (9,7 -14,0).  In the side C  there are n.2 !
holes caused by nails having these coordinates (x,y): (254,7 – 3,5) (258,7 -7,7)  and n.1 nails    

having these coordinates (x,y):  (8,5 – 5,0). In the side D there are n.1 nail having these 

coordinate (x,y): (33,5 -2,7) and n.14  holes caused by nails having these coordinates  (x,y): (34,7 

-0,7); (66,1 -4,3); (67,0 -1,4); (98,5 -2,7); (130,2 -4,3); (129,2 – 1,4); (162,0 -3,3); (162,3 -0,3); 

(191,7 -2,7); (224,0 -2,4); (225,2 -4); (255,7 -3,8); (287,7 – 4,7); (288,3 -1,7). 

 

Visual grading UNI 11035-2: 

Wanes: S1 / Knots (knot 13): <S3/ Group of knots (knots 2-3): S2 /Rate of growth: S1 / Slope of 

grain: S2 /Shakes: S1 / Deterioration: S1/ Insect attack: S1/ Deformations: S1. 

Therefore the element n.4, according to this rule, can not be employed for structural uses, due 

to the presence of the knot n.13. 

Visual grading UNE 56544: 

Knots sides A o C: <ME-2 (knots 2-3) /knots side B o D: <ME-2 (knot 12)/ Rate of growth: ME-1/  

Shrinkage cracks : ME-1/ Ring shakes: ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ 

Wanes: ME-1/ !Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.4, according to this rule, can not be employed for structural uses, due 

to the presence of the knots 2-3 and 12. 

BEAM 4-1 

Visual grading UNI 11035-2: 

Wanes: S1 / Knots (knot 12): <S3/ Group of knots (knots 2-3): S2 /Rate of growth: S1 / Slope of 

grain: S2 /Shakes: S1 / Deterioration: S1/ Insect attack: S1/ Deformations: S1. 

Therefore the element n.4-1, according to this rule, can not be employed for structural uses, 

due to the presence of the knot n.12. 

 

Visual grading UNE 56544 

Knots side A or C: <ME-2 (knots 2-3) /knots side B or D: <ME-2 (knot 12) / Rate of growth: ME-

1/  Shrinkage cracks : ME-1/ Ring shakes: ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ 

Wanes: ME-1/ !Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.4-1, according to this rule, can not be employed for structural uses, 

due to the presence of the knots 2-3 and 12. 
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Bending strength test: 

Load application side: C 

The beam breaks in the area of maximum load, corresponding to the knot 3, that is right in the 

middle. The beam breaks also out of the area of maximum load, corresponding to the knot 12. 

The knot 2 ! even more adjacent to the area of maximum load than the knot 12 do not cause 

the break. The break does not follow the slope of grain. 

FORCE-DISPLACEMENT DIAGRAM 
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BEAM 4-2 

Visual grading UNI 11035-2: 

Wanes: S1 / Knots (knot 13): <S3/ Group of knots (knots 33-34): S2 /Rate of growth: S1 / Slope 

of grain: S2 /Shakes: S1 / Deterioration: S1/ Insect attack: S1/ Deformations: S1. 

Therefore the element n.4-2, according to this rule, can not be employed for structural uses, 

due to the presence of the knot 13. 

Visual grading UNE 56544: 

Knots side A or C: ME-2 /knots side B or D: <ME-2 (knot 13)/ Rate of growth: ME-1 /  Shrinkage 

cracks : ME-1/ Ring shakes: ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: ME-1/ !
Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.4-2, according to this rule, can not be employed for structural uses, 

due to the presence of the knot 13. 

Bending strength test: 

Load application side: A 

The beam breaks near the area of maximum load, corresponding to the knots 24 and 39, and 

the corner knot between the side C and the side D.  ! The break line is between the knot 14, 

knot 33 and knot 34 and it follows a direction different  from the grain, although conditioned by 

these knots. 

FORCE-DISPLACEMENT DIAGRAM 
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Code: 5 

View side A-B 

 
 

View side C-D 

 
 

View side E View side F 

 
 

 

 

Dimensions: 

Length: 3,00 m 

Section 1: 17,9 x 6,0 cm 

Section 2: 17,9 x 6,0 cm 

Section 3: 17,7 x 5,9 cm 

 
Moisture: Density: 

10,40% 486 Kg/mc 

Rate of growth: Slope of grain: 

1,2 mm 1 cm di length- 0,09 mm height 

  
Knots:     N) (x,y) d 
Where: 

N) reference number of knot 

x: x coordinate (cm) 

y: y coordinate (cm) 

d: diameter measured in a perpendicular  

direction to the length of the element (cm) 

 

 

 

 

N) (x,y) d + ….+  Nn) (xn, yn) dn = group of knots 

N)* = corner knot 
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 Side A 

knots 

1) (11,1 -8,0) 5,5 

2) (43,7 -9,0) 5,5 

3) (78,1 -11,3) 3,7 

4) (107,8 -11) 4,0 

5)* (129,5 -0,0) 6,5 

 

group of knots 

6) (206,2 -11,5) 4,3 + 7) (217, 2-9,8) 2,8 + 8) (225,2 -10,5) 1,6 + 

9)(232,2 -11,7) 2,2 + 10)* (240,5 -0,0) 5,0 + 11)* (243,2 -15,5) 

6,3 + 12) (249,2 -8,5) 2,8 + 13) (260,5 -4,6) 4,7 + 14 (272,2 – 

7,7) 2,8 

Side B 

knots 

15) (15,1 -2,5) 3,9 

16) (128,7 -4,6) 1,0 

group of knots 

 

Side C 

knots 

19) (48,5 -7,2) 1,5 

23) (217,5 -3,4) 3,8 

24) (263,8 -13) 4,5 

group of knots 

17) (16,0 -4,4) 2,0 + 18) (15,0 -7,3) 1,7 

20) (191,6 -5,7) 2,9 + 21) (192,0 -8,0) 1,8 + 22) (203,4 -10,0) 

1,4 

Side D 

knots 

25) (109,5 -3,7) 0,8 

26)* (162,0 -4,0) 4,5 

27) (199,3 -3,0) 2,5 

28) (227,0 -3,5) 3,7 

29) (242,5 -1,5) 1,2 

30) (286,7 -1,5) 2,5 

group of knots 

 

  
Resin pocket: N (x,y) l 
Where: 

N: reference number of resin pocket 

x: x coordinate x (cm) 

 

y: y coordinate (cm) 

l:  diameter measured in a parallel direction to the 

length of the element  (mm) 

 

 

 



JOINT RESEARCH PhD THESIS  

BETWEEN THE UNIVERSITY “G.D’ANNUNZIO” OF CHIETI-PESCARA AND THE  POLYTECHNIC UNIVERSITY OF VALENCIA 
 

!
!

Appendix B 

!

Side C Side D 

1 (48,5 -12,0) 5 

2 (187,7 -2,7) 10 

3 (200,3 -3,0) 5 

  
Fissures:  

There are !shrinkage cracks, !mainly in the 

middle of the sides A, B and C. In the 

side C the shakes have a more regular 

trend because there are fewer nodes. In 

the side D there are shakes near the 

knots. The side E has numerous small 

spiral cracks converging to the pith. There 

is also a crack caused by a nail in the side 

B, with coordinate (x,y): (265,5-1,5).  

There are not splits. No shake ! has a 

length greater than 1/4 of the length or 

than 1 meter. 

 

 
Ring shakes: 

Not found 

Wane:     

Not found 

Deformations: 

Bowing 

Measurement 

with the side A 

upwards: 

Extremity side E: 

6 mm 

Extremity side F: 

11 mm 

Crook 

Measurement with the 

side B upwards, right 

in the middle:  

 5 mm. 

Twist 

Measurement with the 

side A upwards: 

Side E: 2 mm 

Side F: 6 mm  

Cupping 

Side A convex 

Side C concave 

 1 mm (measurement in 

the side F) 
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Deterioration: 

Browning of the wood due to UV short 

wave and , evident especially right in the 

middle of side C. 

 
Other: 

In the side F there is the pith. In the side A there are n.1 nail having  these coordinates (x,y): 

(5,0 – 9,0) and  n.2 ! holes caused by nails having these coordinates (x,y): (264,2 -6,3); (265,0 -

1,8). In the side B there are n.2  nails having  these coordinates (x,y): (200,2 -3,5); (265,5 -1,5) 

and n. 8  holes caused by nails having these coordinates (x,y): (41,0 -3,0); (75,1 -2,3); (106,3 -

2,2); (137,8 -2,1); (170,0 -2,6); (200,8 – 1,3); (233,2 -2,7); (296,2 -3,1). 

 

Visual grading UNI 11035-2: 

Wanes: S1 / Knots (knot 26): <S3/ Group of knots (knots 6-7-8-9-10-11-12-13-14): <S3 /Rate of 

growth: S2 / Slope of grain: S1 /Shakes: S1 / Deterioration: S1/ Insect attack: S1/ Deformations: 

S1. 

Therefore the element n.5, according to this rule, can not be employed for structural uses, due 

to the presence of the knots  n. 6-7-8-9-10-11-12-13-14. 

Visual grading UNE 56544: 

Knots side A or C: <ME-2 (knots 6-7-8-9-10-11-12-13-14)   /knots side B or D: <ME-2 (knot 26)/ 

Rate of growth: ME-1 /  Shrinkage cracks : ME-1/ Ring shakes: ME-1/ Resin pockets: ME-1/ 

Slope of grain: ME-1/ Wanes: ME-1/ !Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.5, according to this rule, can not be employed for structural uses, due 

to the presence of the knots  n. 6-7-8-9-10-11-12-13-14 and 26. 

TRAVE 5-1 

Visual grading UNI 11035-2: 

Wanes: S1 / Knots (knot 4): S2/ Group of knots (knots 17-18): S1 /Rate of growth: S2 / Slope of 

grain: S1 /Shakes: S1 / Deterioration: S1/ Insect attack: S1/ Deformations: S1. 

Therefore the element n.5-1, according to this rule, has the category S2. 

 



JOINT RESEARCH PhD THESIS  

BETWEEN THE UNIVERSITY “G.D’ANNUNZIO” OF CHIETI-PESCARA AND THE  POLYTECHNIC UNIVERSITY OF VALENCIA 
 

!
!

Appendix B 

!

Visual grading UNE 56544: 

Knots side A or C: ME-2 /knots side B or D: ME-2/ Rate of growth: ME-1 /  Shrinkage cracks : 

ME-1/ Ring shakes: ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: ME-1/ !Biological 

degradation:ME-1/ Deformations: ME-1 

Therefore the element n5-1, according to this rule, has the category ME-2. 

 

Bending strength test :  

Load application side: C 

The beam breaks in the area of maximum load, right in the middle, corresponding to the knot 3 

and the shakes near this knot. The break line follows the slope of grain partially.  

In the area of maximum load there are not others defects that can affect the break. 

FORCE-DISPLACEMENT DIAGRAM 
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TRAVE 5-2 

Visual grading UNI 11035-2: 

Wanes: S2 / Knots (knot 26): <S3/ Group of knots (knots 6-7-8-9-10-11-12-13-14): <S3 /Rate of 

growth: S2 / Slope of grain: S1 /Shakes: S1 / Deterioration: S1/ Insect attack: S1/ Deformations: 

S1. 

Therefore the element n.5-2, according to this rule, can not be employed for structural uses, 

due to the presence of the knots 6-7-8-9-10-11-12-13-14 and 26. 

Visual grading UNE 56544: 

Knots side A or C: <ME-2 (knots 6-7-8-9-10-11-12-13-14) /knots side B or D: <ME-2 (knot 26)/ 

Rate of growth: ME-1 /  Shrinkage cracks : ME-1/ Ring shakes: ME-1/ Resin pockets: ME-1/ 

Slope of grain: ME-1/ Wanes: ME-1/ !Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.5-2, according to this rule, can not be employed for structural uses, 

due to the presence of the knots 6-7-8-9-10-11-12-13-14 and 26. 

 

Bending strength test: 

Load application side: C 

The beam breaks in the area of maximum load, corresponding to the knots 10, 11 and 12. The 

knots 6, 7, 8, 9 although belonging to the same group of knots not have caused the break; in a 

similar way the knot 28, while being located in the area of maximum load in the D face, do not 

affect the break. 

FORCE-DISPLACEMENT DIAGRAM 
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Code: 7 

View side A-B 

 
 

View side C-D 

 
 

View side E View side F 

 
 

 
 

 

Dimensions: 

Length: 1,31 m 

Section 1: 17,5 x 5,5 cm 

Section 2: 17,4 x 5,8 cm 

Section 3: 17,7 x 5,7 cm 

 
Moisture: Density: 

9,90 % 537 Kg/mc 

Rate of growth: Slope of grain: 

5,0 mm 1 cm length- 0,62 mm height 
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Knots: N) (x,y) d 

Where: 

N) reference number of knot 

x: x coordinate (cm) 

y: y coordinate (cm) 

d: diameter measured in a perpendicular  

direction to the length of the element (cm) 

 

 

N) (x,y) d + ….+  Nn) (xn, yn) dn = group of knots 

N)* = corner knot 

 

 

 Side A 

knots 

1) (13,0 -6,5) 5,7 

2) (91,3 -8,2) 3,5 

group of knots 

 

Side B 

knots 

3)* (32,0 -5,5) 3,0 

group of knots 

 

Side C 

knots 

4) (21,6 -8,9) 4,5 

5) (97,2 -8,5) 3,7 

6) 117,3 -10,0) 1,6 

group of knots 

 

  
Resin pocket:  

Not found 

Fissures:  

There are ! shrinkage cracks, !mainly in the 

middle of the side A e slightly in the middle 

of the side C.  

There are not splits. No shake !has a length 

greater than 1/4 of the length or than 1 

meter. 
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Ring shakes: 

Not found 

Wane:  

Not found 

Deformations: 

Bowing 

Measurement with 

the side A 

upwards, right in 

the middle 5 mm  

Crook 

Not found 

Twist 

Measurement with the 

side A upwards : 

Side E: 10 mm 

Side F: 2 mm 

Measurement with the 

side C upwards : 

Side E: 6 mm 

Side F: 9 mm  

Cupping 

Side A convex 

Side C concave 

1 mm (measurement in 

the side F) 

  
Deterioration: 

Browning of the wood due to UV short 

wave, evident especially in the side A, D 

and D. The side E presents azure blots. 

  

 
Other: 

There are collision cracks. In the side C there are trails of mortar. In the side C near the knot 2), it 

is present  inclusion of cortex. In the side A there is n.1 nail having these coordinate (x,y): (120,0 – 

10,0). In the side C there are n.2  holes caused by nails having these coordinates (x,y): (121,3 -

8,3); (122,0 -12,9). In the side D there are n.6  holes caused by nails having these coordinates 

(x,y):  (17,5 – 2,8); (51,0 -0,8); (51,5 -4,4); (79,7 -2,8); (112,3 -2,0); (112,7 -4,4).  

Visual grading UNI 11035-2: 

Wanes: S1 / Knots (knot 1): S2/ Group of knots : np /Rate of growth: S1 / Slope of grain: S1 

/Shakes:  S1 / Deterioration: S1/ Insect attack: S1/ Deformations: S3. 

Therefore the element n.7, according to this rule, has the category S3. 
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Visual grading UNE 56544: 

Knots side A or C: ME-2  /knots side B or D: ME-2/ Rate of growth: ME-2 /  Shrinkage cracks : 

ME-1/ Ring shakes: ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: ME-1/ !Biological 

degradation:ME-1/ Deformations: ME-2 

Therefore the element n.7, according to this rule, has the category ME-2. 

 

Bending strength test: 

Load application side: C 

The beam breaks right in the middle of area of maximum load, there are not defects (knots, 

wanes, etc.). The break line do not follows the slope of grain. The break is slightly  affected by 

knot 3, that is located in the side B.  

FORCE-DISPLACEMENT DIAGRAM 
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Code: 8 

View side A-B 

 
 

 

View side C-D 

 
 

View side E 

View side F 

 
 

 

Dimensions: 

Length: 1,41 m 

Section 1: 17,5 x 5,8 cm 

Section 2: 17,2 x 5,8 cm 

Section 3: 17,1 x 5,6 cm 

 
Moisture: Density: 

9,50 % 585 Kg/mc 

Rate of growth: Slope of grain: 

1,2 mm 1 cm di length- 0,22 mm height 
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Knots: N) (x,y) d 

Where: 

N) reference number of knot 

x: x coordinate (cm) 

y: y coordinate (cm) 

d: diameter measured in a perpendicular  direction 

to the length of the element (cm) 

 

N) (x,y) d + ….+  Nn) (xn, yn) dn = group of knots 

N)* = corner knot 

 

 

 Side A 

knots 

1) (55,3 -15,2) 1,4 

group of knots 

 

Side C 

knots 

 

group of knots 

2) (62,2 -6,2) 1,1 + 3) (61,7 -10,1) 1,1 

  

Resin pocket: N (x,y) l 

Where: 

N: reference number of resin pocket 

x: x coordinate x (cm) 

 

y: y coordinate (cm) 

l:  diameter measured in a parallel direction to the 

length of the element  (mm) 

 

Side C Side D 

1 (78,0 -16,5) 19 

2 (132,3 -3,6) 30 

3 (128,5 -4,5) 27 
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Fissures:  

There are ! shrinkage cracks, ! mainly in the 

middle of the side A. In the side B the shakes 

are affected by the nails.  

There are not splits. No shake ! has a length 

greater than 1/4 of the length or than 1 meter. 

 
Ring shakes: 

Not found 

Wane:  

Not found 

Deformations: 

Bowing 

Measurement with 

the side C upwards 

right in the middle 7 

mm  

Measurement with 

the side A upwards 

Extremity side E: 8 

mm 

Extremity side F: 4 

mm  

Crook 

Not found 

Twist 

Measurement with the 

side A upwards  

Side E: 4 mm 

Side F: 6 mm  

Cupping 

Side A convex 

Side C concave 

1 mm (measurement 

in the side E) 

  
Deterioration: 

Browning of the wood due to UV short wave 

and blots, evident especially in the side C. 
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Other: 

In the side E there is pith, in the side F there is double pith.  

The ! inclusion of the cortex is present in he side F, between the side F and the side A and in the 

side D near the resin pocket n.3.  

In the side B there are n.6 holes caused by nails having these coordinates (x,y):  (25,5 -4,8); (26,8 -

1,3); (58,5 -2,5); (89,5 -3,5); (91,0 -1,7); (120,5 -2,5). In the side D there is n.1 nail having these 

coordinates (x,y): (108,3 -2,5).  

 

Visual grading UNI 11035-2: 

Wanes: S1 / Knots (knot 1): S1/ Group of knots (knots 2-3): S1 /Rate of growth: S1 / Slope of 

grain: S1 /Shakes: S1 / Deterioration: S1/ Insect attack: S1/ Deformations: S1. 

Therefore the element n.8, according to this rule, has the category S1.  

 

Visual grading UNE 56544: 

Knots side A or C: ME-1 /knots side B or D: ME-1/ Rate of growth: ME-1 /  Shrinkage cracks : ME-

1/ Ring shakes: ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: ME-1/ ! Biological 

degradation:ME-1/ Deformations: ME-1 

Therefore the element n.8, according to this rule, has the category ME-1. 

 

Bending strength test: 

Load application side: C 

The beam breaks in the area of maximum load, where there are not relevant defects. The break 

line follows the slope of grain.  

FORCE-DISPLACEMENT DIAGRAM 
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Code: 10 

View side A-B 

 
 

View side C-D 

 
View side E View side F 

 
 

 

Dimensions: 

Length: 1,20 m 

Section 1: 14,3 x 4,5 cm 

Section 2: 13,7 x 4,6 cm 

Section 3: 13,7 x 4,6 cm 

 
Moisture: Density: 

11,0 % 581 Kg/mc 

Rate of growth: Slope of grain: 

1,0 mm 1 cm length- 0,40 mm height 

  
Knots:  N) (x,y) d 

Where: 

N) reference number of knot 

x: x coordinate (cm) 

y: y coordinate (cm) 

d: diameter measured in a perpendicular  

direction to the length of the element (cm) 

 

 

N) (x,y) d + ….+  Nn) (xn, yn) dn = group of knots 

N)* = corner knot 
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Side B 

knots 

1)* (9,8 -4,0) 1,5 

2)* (25,1 -4,0) 1,3 

3)* (36,3 -4,0) 1,7 

4)* (52,0 -3,5) 2,8  

group of knots 

 

  
Resin pocket: N (x,y) l 

Where: 

N: reference number of resin pocket 

x: x coordinate x (cm) 

 

y: y coordinate (cm) 

l:  diameter measured in a parallel direction to the 

length of the element  (mm) 

 

Side B 

1 (109,7 -3,7) 6 

 

Fissures:  

There are ! shrinkage cracks, !mainly in the 

side F with radial direction. The side C has 

a relevant crack affected by a nail. The 

crack has a length of 45 cm,  greater than 

1/4 of the length.  

 

 
Ring shakes: 

Not found 

 

Wane: 

Not found 
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Deformations: 

Bowing 

Not found 

Crook 

Measurement with the 

side B upwards, right 

in the middle 2 mm. 

Twist 

Not found 

Cupping 

Side A convex 

Side C concave 

1 mm (measurement in 

the side F) 

  
Deterioration: 

Browning of the wood due to UV short 

wave and blots, evident especially in the 

side A. 

 

 
Other: 

In the side A there are n.3 nails having these coordinates (x,y): (25,0 -7,4); (112,1 -7,7); (72,3 -6,6). 

The first two nails pass in the beam, in the side C the coordinates (x,y) are: (23,5 -7,5); (109,2 -

6,3). 

 

Visual grading UNI 11035-2: 

Wanes: S1 / Knots (knot 3): S2/ Group of knots: np /Rate of growth: S1 / Slope of grain: S1 

/Shakes: < S3 / Deterioration: S1/ Insect attack: S1/ Deformations: S1. 

Therefore the element n.10, according to this rule, can not be employed for structural uses, due 

to the presence of the shake in the side C. 

Visual grading UNE 56544: 

Knots side A or C: ME-1 /knots side B or D: ME-2/ Rate of growth: ME-1 /  Shrinkage cracks : 

<ME-2/ Ring shakes: ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: ME-1/ !Biological 

degradation:ME-1/ Deformations: ME-1 

Therefore the element n.10, according to this rule, can not be employed for structural uses, due 

to the presence  of the shake in the side C. 

 

Bending strength test: 

Load application side: A 

The beam breaks slightly out of the area of maximum load, due to the shake in the side C (length 

45 cm). The knot 4, ! although it is in the area of maximum load,  do not affect the break. The 

break line follows the slope of grain.  
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FORCE-DISPLACEMENT DIAGRAM 
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Code: 11 

   View side A-B 

 
 

 

View side C-D 

 
 

View side E View side F 

 
 

 
 

Dimensions: 

Length: 1,42 m 

Section 1: 17,3 x 5,5 cm 

Section 2: 17,3 x 5,6 cm 

Section 3: 17,6 x 5,6 cm 

 
Moisture: Density: 

9,50 % 548 Kg/mc 

Rate of growth: Slope of grain: 

2,0 mm 1 cm length- 0,10 mm height 
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Knots: N) (x,y) d 

Where: 

N) reference number of knot 

x: x coordinate (cm) 

y: y coordinate (cm) 

d: diameter measured in a perpendicular  

direction to the length of the element (cm) 

 

 

N) (x,y) d + ….+  Nn) (xn, yn) dn = group of knots 

N)* = corner knot 

 

 

 Side A 

knots 

1) (9,3 -15,5) 2,4 

2) (32,0 -13,5) 4,0 

6) (126,0 -4,3) 3,5 

7) (122,3 -15,6) 2,0 

8) (140,5 -4,5) 2,3 

group of knots 

3)* (75,0 -16,8) 3,5 + 4) (86,5 -5,5) 2,2 +5) (95,5 -9) 1,7 

Side  B 

knots 

9) (110,0 -9,5) 3,8 

10) (138,3 -2,7) 1,8 

group of knots 

 

Side  C 

knots 

11) (5,8 -7,6) 1,7 

group of knots 

 

Side D 

knots 

12)* (10,2 -0,5) 2,7 

13)* (58,7 -0,2) 2,5 

14) (136,3 -1,0) 0,8 

group of knots 

 

  
Resin pocket: N (x,y) l 

Where: 

N: reference number of resin pocket 

x: x coordinate x (cm) 

 

y: y coordinate (cm) 

l:  diameter measured in a parallel direction to the 

length of the element  (mm) 
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Side A Side D 

1 (31,5 -13,5) 6 

2 (86,0 -5,5) 6 

3 (95,0 -9,0) 6 

4 (109,0 -0,3) 11 

5 (106,5 -9,2) 4 

6 (109,0 -3,5) 8 

7 (8,5 -1,0) 6 

8 (55,7 -0,5) 11 

  
Fissures:  

There are ! shrinkage cracks, ! mainly in the 

middle of the sides A and C, slightly in the 

side B and D. In the side F there is a radial 

crack with depth of 4,5 cm and a length of 

9,5 cm, that extends in the side A.  

There are not splits. No shake! has a length 

greater than 1/4 of the length or than 1 

meter. 

 
Ring shakes: 

In the side F there is a ring shake.  

 
Wane: 

Not found 

Deformations: 

Bowing 

Not found 

 

Crook 

Not found 

Twist 

Measurement with the side A 

upwards: 

Side E: 8 mm, side F: 13 mm 

Measurement with the side C 

upwards: 

Side E: 7 mm,  side F: 14 mm 

Cupping 

Side A convex 

Side C concave 

1,5 mm (measurement 

in the side F) 
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Deterioration: 

Browning of the wood due to UV short wave, 

evident in all sides, except the side E. 

 

 
Other: 

In the side F there is the pith, in the sides F and E it is noticeable the heartwood for its colour.  

In the side A there is n.1 nail having these coordinates (x,y): (137,7 -8,5). The nail crosses the 

beam, in the side C has the (x,y): (137,3 -10,5). 

In the side B there are n.4 holes caused by nails having these coordinates (x,y): (4,7 -3,3); (35,7 -

4); (68,3 -2,4); (100,7 -2,7). 

 

Visual grading UNI 11035-2: 

Wanes: S1 / Knots (knot 12): S3/ Group of knots (knots 3-4-5): S1 /Rate of growth: S1 / Slope of 

grain: S1 /Shakes: S1 / Deterioration: S1/ Insect attack: S1/ Deformations: S3. 

Therefore the element n.1, according to this rule, has the category S3. 

 

Visual grading UNE 56544: 

Knots side A or C: ME-2  /knots side B or D: ME-2/ Rate of growth: ME-1 /  Shrinkage cracks : 

ME-1/ Ring shakes: <ME-2/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: ME-1/ !Biological 

degradation:ME-1/ Deformations: ME-1 

Therefore the element n.1, according to this rule, can not be employed for structural uses, due to 

the presence of the ring shake. 

 

Bending strength test: 

Load application side: C 

The beam breaks in the area of maximum load, corresponding to the knots 4 and 5 and out of 

the area of maximum load in the corner between the sides A and D. The knot 13 is in the area of 

maximum load and it do not affect the break, because it is in the side C.  
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FORCE-DISPLACEMENT DIAGRAM 
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Code: 12 

View side A-B 

 
 

 

View side C-D 

 
 

 

View side E 

View side F 

 
 

  

Dimensions: 

Length: 1,24 m 

Section 1: 17,3 x 5,5 cm 

Section 2: 17,2 x 5,7 cm 

Section 3: 17,4 x 5,8 cm 

 
Moisture: Density: 

9,4 % 498 Kg/mc 

Rate of growth: Slope of grain: 

2,2 mm 1 cm length- 0,67 mm height 
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Knots: N) (x,y) d 

Where: 

N) reference number of knot 

x: x coordinate (cm) 

y: y coordinate (cm) 

d: diameter measured in a perpendicular  direction 

to the length of the element (cm) 

 

N) (x,y) d + ….+  Nn) (xn, yn) dn = group of knots 

N)* = corner knot 

 

 

 Side A 

knots 

1) (17,0 -3,0) 4,6 

4) (80,6 -12,0) 3,5 

5) (113,0 -4,8) 4,5 

group of knots 

2) (42,5 -2,3) 3,7 + 3) (58,4 -7,3) 4,2 

Side B 

knots 

6) (15,1 -3,0) 1,6 

group of knots 

 

Side C 

knots 

11) (56,5 -7,5) 2,0 

12) (79,0 -8,5) 2,7 

13) (111,0 -8,5) 4,0 

group of knots 

7) (13,7 -5,0) 3,5 + 8) (13,5 -10,5) 2,7 

9) (40,2 -4,5) 3,0 + 10) (40,2 -9,5) 2,3 

Side D 

knots  

14) (81,4 -3,5) 3,2 

group of knots 

 

  
Resin pocket: N (x,y) l 
Where: 

N: reference number of resin pocket 

x: x coordinate x (cm) 

 

y: y coordinate (cm) 

l:  diameter measured in a parallel direction to the 

length of the element  (mm) 

 

Side A Side C 

1 (111,7 -5,0) 7 2 (12,7 -8,2) 8 
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Fissures:  

There are! shrinkage cracks, ! mainly in the 

middle of the sides a and C and slightly in the 

sides C and D. In the side C there is a shake, 

that is affected by the nail. This shake starts 

from the middle of the beam and arrives at 

the side F. Its length is 68 cm, greater than 

1/4 of the length of the beam. This shake is  

constituted by overlapping segments (as 

visible in the picture). In the side F there are  

radial shrinkage cracks. In the side E there is 

only 1 shake. There are not splits.  

 
Ring shakes: 

Not found 

Wanes: NNM/ Pc -L ---S 
Where: 

N: reference number of the wane  
AB: borderline sides 

Pc: centre point calculated with respect to the 

reference axis y=0 (cm) 

L: length of the wane (cm) 

S: ! more unfavourable ratio between the projection of 

the wane on a surface and the total width of the surface. 

1AD/ 20,0 -40,0 ---0,18 
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Deformations: 

Bowing 

Not found 

 

Crook 

Not found 

Twist 

Measurement with the 

side A upwards: 

Side E: 6 mm 

Side F: 10 mm 

Measurement with the 

side C upwards 

Side E: 4 mm 

Side F: 9 mm 

 

Cupping 

Side A convex 

Side C concave 

1,0 mm (measurement 

in the side F) 

  
Deterioration: 

Browning of the wood due to UV short wave 

and blots.  

 
Other: 

In the side F there is pith and in the side E the heartwood is noticeable for its colour. In the side C 

there are tracks of mortar.  

At the border between the side B and the side C there is a teeth having a length of 28,5 cm, height 

from 1.5 cm to 3 cm and depth of 0.6 cm.  Between the side A and the side D, in the corner, there 

is a  teeth having a length of 29,6 cm, with middle point in x=63,3 cm. In the side A, under the knot 

3,  there is !a!damage, formed by the compression of the fiber. 

In the side A there is n.1 nail having these coordinates (x,y): (121,1 – 9,5).  

In the side C there are n.2 nails having these coordinates (x,y): (122,4 -5,3); (122,0 -9,6).  

In the side D there are n.7 holes caused by nails having these coordinates (x,y): (3,7 -2,0); (35,5 -

5,0); (36,7 -1,7); (67,3 -1,6); (94,0 -3,5); (100,0 -1,4); (100,3 -4,6). 

Visual grading UNI 11035-2: 

Wanes: S1 / Knots (knot 14): S3/ Group of knots (knots 2-3): S1 /Rate of growth: S1 / Slope of grain: 

S1 /Shakes: S1 / Deterioration: S1/ Insect attack: S1/ Deformations: S3. 

Therefore the element n.12, according to this rule, has the category S3.  
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Visual grading UNE 56544: 

Knots side A or C: ME-2 /knots side B or D: ME-2/ Rate of growth: ME-1 /  Shrinkage cracks : ME-1/ 

Ring shakes: ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: ME-1/ ! Biological 

degradation:ME-1/ Deformations: ME-2. 

Therefore the element n.12, according to this rule, present the category ME-2.  

Bending strength test: 

Load application side: C 

The beam breaks in the area of maximum load, corresponding to the knot 3 and the damage under 

it. The wane between the sides A and D, the knots 4 and 14, although located in the load line, do 

not affect the break. 

FORCE-DISPLACEMENT DIAGRAM 
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Code: 13 

View side A-B 

 
 

 

View side C-D 

 
 

View side E View side F 

 
 

 
 

Dimensions: 

Length: 1,15 m 

Section 1: 17,4 x 6,0 cm 

Section 2: 17,5 x 6,0 cm 

Section 3: 17,5 x 6,0 cm 

 
Moisture: Density: 

9,4 % 463 Kg/mc 

Rate of growth: Slope of grain: 

2,0 mm 1 cm length- 0,13 mm height 
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Knots: N) (x,y) d 

Where: 

N) reference number of knot 

x: x coordinate (cm) 

y: y coordinate (cm) 

d: diameter measured in a perpendicular  direction 

to the length of the element (cm) 

 

 

N) (x,y) d + ….+  Nn) (xn, yn) dn = group of knots 

N)* = corner knot 

 

 

 Side A 

knots 

3) (109,5 -13,5) 0,9 

group of knots 

1)* (70,8 -2,0) 3,7+ 2)* (80,0 -15,3) 5,0 

Side B 

knots  

4)* (93,0 -6,0) 3,3 

group of knots 

6) (76,0 -6,9) 3,0 + 7) (76,1 -11,5) 4,0 

8) (106,5 -7,7) 1,7 +9)* (106,0 -16,0) 4,5 

Side C 

knots  

5) (31,0 -11,0) 2,8 

group of knots 

 

Side D 

knots  

10)* (95,7 -2,2) 5,0 

group of knots 

 

  
Resin pockets: N (x,y) l 
Where: 

N: reference number of resin pocket 

x: x coordinate x (cm) 

 

y: y coordinate (cm) 

l:  diameter measured in a parallel direction to the 

length of the element  (mm) 

Side A Side C 

1 (77,3 -2,7) 4 

2 (95,0 -11,5) 5 

3 (80,0 -8,5) 17 
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Fissures:  

There are shrinkage cracks, ! mainly in the 

middle of side A, the biggest shake  has a 

length of 28,0 cm, it is equal to 1/4 of the 

length of the beam. Between the sides A and 

B, near the wane, there is a relevant crack, 

that has a length of 24,5 cm. The sides C and 

B have few shakes near the knots.  

In the side B the direction of the shakes is 

affected by the presence of nails. In the side 

D there are n.2 shakes that have a length  !
between 15 cm and 10 cm. In the side F there 

are radial cracks, the biggest has a depth of 

3,5 cm. There are not splits.  

 

 
Ring shakes: 

Not present 

Wanes:      NNM/ Pc -L ---S 

Where: 

N: reference number of the wane  
AB: borderline sides 

Pc: centre point calculated with respect to the 

reference axis y=0 (cm) 

L: length of the wane (cm) 

S: !more unfavourable ratio between the projection of 

the wane on a surface and the total width of the 

surface. 

1AB/ 36,5 -73,0 + 2AD/ 37,5 -75,0 ---0,41 

3AB/ 107,0 -18,0 --- 0,58 

 

 
Deformations: 

Bowing 

Measurement with 

the side C upwards:  

Extremity side F: 

5mm 

Crook 

Not found 

Twist 

Measurement with the 

side A upwards: 

Side E: 2mm 

Cupping 

Not found 
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Deterioration: 

Browning of the wood due to UV short wave 

in all sides, except the sides E and C. 

 
Other: 

In the side C there are tracks of mortar. There are, also, many damages caused by impacts. 

In the side A there is n.1 hole caused by nail having these coordinates (x,y): (113,0 -8,5). In the 

side C there is n.1 hole caused by nail having these coordinates  (x,y): (113,5 -10). In the side B 

there are n. 3 holes caused by nails having these coordinates  (x,y): (30,0 -4,0); (61,0 -2,7); (92,5 -

2,1). 

 

Visual grading UNI 11035-2: 

Wanes: <S3 / Knots (knot 10):<S3/ Group of knots (knots 1-2): S1 /Rate of growth: S1 / Slope of 

grain: S1 /Shakes: S1 / Deterioration: S1/ Insect attack: S1/ Deformations: S1. 

Therefore the element n.13, according to this rule, can not be employed for structural uses, due 

to the presence of the wanes the knot n.10. 

 

Visual grading UNE 56544: 

Knots side A or C: ME-2 /Knots side B or D: <ME-2 (knots 6-7)/ Rate of growth: ME-1 /  

Shrinkage cracks : ME-1/ Ring shakes:  ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: 

<ME-2/ !Biological degradation:ME-1/ Deformations: ME-1 

Therefore the element n.13, according to this rule, can not be employed for structural uses, due 

to the presence of the wanes and the knots 6-7. 

 

Bending strength test: 

Load application side: C 

The beam does not break in the area of maximum load, but at the its border; corresponding to 

the knots 1 and 2. The wanes, while present  in the area of maximum load in the border between 

the sides A and B and the sides A and D, do not affect the break.   
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FORCE-DISPLACEMENT DIAGRAM 
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Code: 14 

View side A-B 

 
 

 

View side C-D 

 
 

View side E View side F 

 
 

 
 

Dimensions: 

Length: 1,11 m 

Section 1: 14,6 x 4,5 cm 

Section 2: 14,7 x 4,5 cm 

Section 3: 14,6 x 4,6 cm 

 
Moisture: Density: 

11,0 % 443 Kg/mc 

Rate of growth: Slope of grain: 

5,0 mm 1 cm  length- 0,87 mm height 
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Knots: N) (x,y) d 

Where: 

N) reference number of knot 

x: x coordinate (cm) 

y: y coordinate (cm) 

d: diameter measured in a perpendicular  direction 

to the length of the element (cm) 

 

 

 

N) (x,y) d + ….+  Nn) (xn, yn) dn = group of knots 

N)* = corner knot 

 

 

 Side A 

knots 

 

group of knots 

1) (53,2 -7,5) 1,0 + 2) (53,5 -10,0) 2,0 

3) (88,2 -7,4) 2,1 + 4) (88,7 -10,7) 1,2 

Side B 

knots 

5)* (51,2 -4,0) 2,0 

group of knots 

 

Side C 

knots 

6) (52,7 -6) 1,9 

7) (87,0 -12,5) 3,5 

group of knots 

 

Side D 

knots 

8)* (49,5 -0,0) 1,6 

group of knots 

 

  

Resin pocket: N (x,y) l 

Where: 

N: reference number of resin pocket 

x: x coordinate x (cm) 

 

y: y coordinate (cm) 

l: diameter measured in a parallel direction to the 

length of the element  (mm) 
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Side C 

1 (88,6 -2,0) 16 

 
Fissures:  

There are slight shrinkage cracks only in the 

side A between the knots 1 and 2.  There are 

not splits. No shake has a length greater than 

1/4 of the length or than 1 meter. 

 

 
Ring shakes: 

Not found 

Wanes:    

Not found 

Deformations: 

Bowing 

Not found 

Crook 

Not 

found 

Twist 

Measurement with the side A 

upwards: 

Side E: 14 mm, side F: 3 mm 

Measurement with the side C 

upwards: 

Side E: 12 mm. Side F: 6 mm 

Cupping 

Not Found 

  
Deterioration: 

Browning of the wood due to UV short wave 

and mildew, evident especially in the side D. 
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In the side E there is pith. There are slight damages caused by impacts. 

In the side C there are n.2 holes caused by nails having these coordinates (x,y): (96,5 -10,7); 

(104,5 -2,1). 

 

Visual grading UNI 11035-2: 

Wanes: S1 / Knots (knot 5):S3/ Group of knots (knots 3-4): S1 /Rate of growth: S1 / Slope of 

grain: S2 /Shakes: S1 / Deterioration: S1/ Insect attack: S1/ Deformations: <S3. 

Therefore the element n.14, according to this rule, can not be employed for structural uses, due 

to the presence of twist. 

 

Visual grading UNE 56544: 

Knots side A or C: ME-2 /Knots side B or D: ME-1/ Rate of growth: ME-2 /  Shrinkage cracks : 

ME-1/ Ring shakes:  ME-1/ Resin pockets: ME-1/ Slope of grain: ME-1/ Wanes: ME-1/ !Biological 

degradation:ME-1/ Deformations: <ME-2 

Therefore the element n.14, according to this rule, can not be employed for structural uses, due 

to the presence of  twist. 

 

Bending strength test: 

Load application side: A 

The beam breaks in the area of maximum load, corresponding to he knots 5,6 and 8. Also the 

knot 6 affect the break due to its position. 

FORCE-DISPLACEMENT DIAGRAM 
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TIE-ROD INTERVENTION WITH STEEL GRID
Bominiaco Street

Not reusable components

Typology Dimensions Quantity (n.) Deterioration

HEA 200 Length 0,70 m 27 High

HEA 200 (knee shape) Length 2,40 m 1 Low

Double UPN 180 Length 0,20 3 High

Welded connections composed of:

---HEA 200 Length 0,50 m 18 Average

---L brackets 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,20 m

Welded connections composed of:

---HEA 200 Length 0,60 m 8 Average

---L brackets 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,20 m

Welded connections composed of:

---HEA 200 Length 0,70 m 2 Average

---L bracket 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,20 m

Welded connections composed of:

---HEA 200 Length 0,90 m 2 Average

---L brackets 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,20 m

Welded connections composed of:

---HEA 200 Length 1,20 m 1 Average

---L brackets 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,20 m

Welded connections composed of:

---HEA 200 Length 0,50 m 1 Average

---L brackets 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,60 m

Welded connections composed of:

---HEA 200 Length 0,50 m 2 Average

---L brackets 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,35 m



JOINT RESEARCH PhD THESIS 
BETWEEN THE UNIVERSITY “G.D’ANNUNZIO” OF CHIETI-PESCARA AND THE  POLYTECHNIC UNIVERSITY OF VALENCIA 

Appendix E

Corner elements (90°)

---HEA 200 Length 0,70 m 2 High

---L brackets 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,95 m + 
Length 1,65 m

---Steel plates 500x500x20 mm

Corner elements (90°)

---HEA 200 Length 0,95 m 1 High

---L brackets 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,95 m + 
Length 1,65 m

---Steel plate 500x500x20 mm

Corner elements (90°)

---HEA 200 Length 1,30 m 1 High

---L brackets 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,95 m + 
Length 1,65 m

---Steel plates 500x500x20 mm

Wooden boards 20x5x50 cm 27 High

Reusable components

Typology Dimensions Quantity (n.) Deterioration

Double UPN 180 Length 0,80 m 1 Average

Length 3,00 m 3

Length 4,90 m 6

Length 5,30 m 6

Length 5,60 m 4

Length 5,75 m 3

Length 6,00 m 7

Length 6,30 m 6

HEA 200 Length 0,80 m 3 Low

Length 1,0 m 1

Length 1,20 m 3

Length 1,50 m 1

Length 1,70 m 3

Length 2,0 m 14

Length 2,15 m 2

Length 2,30 m 2

Length 2,50 m 3

Length 2,60 m 1

Length 2,70 m 1
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HEA 200 Length 2,80 m 4 Low

Length 3,20 m 3

Length 3,30 m 1

Length 3,50 m 1

Length 3,60 m 1

Length 3,90 m 2

Length 4,0 m 1

Length 4,30 m 1

Length 4,50 m 1

Length 4,80 m 2

Length 5,20 m 1

Length 5,40 m 15

Length 5,50 m 1

Length 6,0 m 3

Length 6,25 m 2

Length 6,35 m 2

Length 6,80 m 1

Length 6,90 m 1

Length 7,00 m 1

Length 7,30 m 1

Steel plates 250x120x10 mm
4+4 M16x105

60 Low

250x180x20 mm 60

215x120x6 mm
4+4 M14x55

54

285x200x10 mm
4+4 M20x50

54

Wooden boards 20x5x380 cm 1 Low

20x5x410 cm 1

20x5x430 cm 1

20x5x450 cm 1

20x5x465 cm 1

20x5x470 cm 1

20x5x490 cm 1

20x5x500 cm 1

20x5x520 cm 23

20x5x540 cm 1

20x5x560 cm 1

20x5x580 cm 2

20x5x590 cm 1

20x5x 600 cm 1

20x5x610 cm 1

20x5x620 cm 7
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20x5x630 cm 1

20x5x650 cm 1

20x5x675 cm 3

20x5x695 cm 3

20x5x720 cm 1

Steel tie-rods q 22 Length 7,50 m 2 Low

Length 8,10 m 3

Length 8,30 m 2

Length 8,50 m 3

Length 9,00 m 13

Length 10,20 m 3

Length 11,10 m 9

Length 11,50 m 3

Length 17,50 m 13

Length 19,50 m 3

Length 20,00 m 7

Accursio Street

Not reusable components

Typology Dimensions Quantity (n.) Deterioration

HEA 200 Length 0,70 m 5 High

Welded connections composed of:

---HEA 200 Length 0,50 m 7 Average

---L brackets 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,20 m

Welded connections composed of:

---HEA 200 Length 1,00 m 1 Average

---L brackets 200x200x16 mm

---Locking edges-platess 150x150x10 mm

---Double UPN 180 Length 0,20 m

Welded connections composed of:

---HEA 200 Length 0,80 m 8 Average

---L bracket 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,20 m

Welded connections composed of:

---HEA 200 Length 0,30 m 2 Average

---L brackets 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,50 m

Welded connections composed of:

---HEA 200 Length 1,25 m
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---L brackets 200x200x16 mm 1 High

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,50 m

Welded connections composed of:

---HEA 200 Length 1,45 m 2 High

---L brackets 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,20 m

Wooden boards 20x5x50 cm 8 High

Reusable components

Typology Dimensions Quantity (n.) Deterioration

Double UPN 180 Length 1,20 m 3 Average

Length 1,60 m 3

Length 2,40 m 3

Length 3,80 m 3

Length 3,15 m 3

Length 0,90 m 3 High

HEA 200 Length 0,75 m 2 Low

Length 1,05 m 2

Length 1,30 m 3

Length 1,95 m 7

Length 3,50 m 1

Length 3,80 m 1

Length 4,10 m 1

Length 4,30 m 3

Length 4,50 m 1

Length 5,10 m 1

Length 6,35 m 1

Steel plates 250x120x10 mm
4+4 M16x105

24 Average

250x180x20 mm 24

215x120x6 mm
4+4 M14x55

14

285x200x10 mm
4+4 M20x50

14

Wooden boards 20x5x325 cm 3 Average

20x5x350 cm 1

20x5x375 cm 1

20x5x400 cm 1

20x5x425 cm 2

20x5x500 cm 1

20x5x520 cm 4

20x5x620 cm 2
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Steel tie-rods q�22 Length 7,90 m 1 Low

Length 8,50 m 3

Length 9,00 m 1

Length 18,20 m 6

Length 18,70 m 7

Coutyard- Bominiaco Street

Not reusable components

Typology Dimensions Quantity (n.) Deterioration

HEA 200 Length 0,70 m 7 High

Welded connections composed of:

---HEA 200 Length 0,50 m 6 Average

---L brackets 200x200x16 mm

--Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,20 m

Wooden boards 20x5x50 cm 7 High

Reusable components

Typology Dimensions Quantity (n.) Deterioration

Double UPN 180 Length 2,60 m 2 Average

Length 3,30 m 2

Length 4,70 m 2

Length 5,25 m 2

HEA 200 Length 0,80 m 3 Low

Length 1,40 m 3

Length 1,50 m 3

Length 2,85 m 3

Length 3,35 m 4

Length 4,10 m 4

Steel plates 250x120x10 mm

4+4 M16x105

12 Average

250x180x20 mm 12

215x120x6 mm

4+4 M14x55

14

285x200x10 mm

4+4 M20x50

14

Wooden boards 20x5x195 cm 1 Average

20x5x205 cm 1

20x5x230 cm 1

20x5x255 cm 1

20x5x290 cm 1

20x5x310 cm 1

20x5x320 cm 1

20x5x400 cm 7
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Cortile lato via Accursio

Not reusable components

Typology Dimensions Quantity (n.) Deterioration

HEA 200 Length 0,70 m 8 High

Welded connections composed of:

---HEA 200 Length 0,50 m 6 Average

---L brackets 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,20 m

Wooden boards 20x5x50 cm 8 High

Reusable components

Typology Dimensions Quantity (n.) Deterioration

Double UPN 180 Length 0,95 m 1 Average

Length 3,40 m 3

Length 5,05 m 3

Length 5,55 m 2

HEA 200 Length 1,0 m 2 Low

Length 3,20 m 2

Length 4,0 m 2

Length 6,95 m 3

Length 9,70 m 3

Steel plates 250x120x10 mm
4+4 M16x105

12 Average

250x180x20 mm 12

Wooden boards 20x5x695 cm 3 Average

20x5x970 cm 5

Coutyard-  Vittorio Emanuele Street

Not reusable components

Typology Dimensions Quantity (n.) Deterioration

Welded connections composed of:

---HEA 200 Length 0,50 m 61 Average

---L brackets 200x200x16 mm

---Locking edges-plates 150x150x10 mm

---Double UPN 180 Length 0,20 m

HEA 200 Length 0,70 m 4 High

Double UPN 180 Length 0,3 1 Average

Length 0,5 1

Wooden boards 20x5x50 cm 4 High

Reusable components

Typology Dimensions Quantity (n.) Deterioration

HEA 200 Length 0,50 m 4 Low

Length 1,30 m 12

Length 3,80 m 4
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Length 4,70 m 4

Double UPN 180 Length 1,0 m 2 Average

Length 1,3 m 5

Length 1,6 m 1

Length 2,0 m 5

Length 2,8 m 4

Length 8,2 m 1

Wooden boards2 - - -

TIE- ROD INTERVENT WITH WOODEN GRID
Vittorio Emanuele Street

Not reusable components

Typology Dimensions Quantity (n.) Deterioration

Wooden components 14x18x75 cm 50 Average

14x18x120 cm 1 High

20x20x50 cm 8 High

20x20x75 cm 32 Average

20x20x100 cm 12 High

Wooden boards 15x2,5x20 cm 2 High

15x2,5x50 cm 22

15x5x20 cm 2

15x5x50 cm 22

Reusable components

Typology Dimensions Quantity (n.) Deterioration

Wooden components 14x18x330 cm 2 Low

14x18x440 cm 4

14x18x700 cm 2

14x18x900 cm 2

14x18x190 cm 1 Average

14x18x330 cm 1

14x18x350 cm 1

14x18x440 cm 3

14x18x520 1

14x18x700 cm 2

14x18x800 cm 1

14x18x900 cm 2

14x18x190 cm 1 High

14x18x330 cm 2

14x18x350 cm 3

14x18x440 cm 4

14x18x600 cm 2

14x18x700 cm 3
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14x18x800 cm 1

14x18x900 cm 3

14x18x1000 cm 1

14x18x11700 cm 1

20x20x285 cm 4 Low

20x020x525 cm 24

20x20x535 cm 2

20x20x545 cm 2

20x20x560 cm 2

20x20x570 cm 2

20x20x610 cm 2

20x20x620 cm 2

Wooden boards 15x2,5x50 cm 8 Average

15x2,5x60 cm 10

15x2,5x70 cm 22

15x2,5x80 cm 5

15x2,5x100 cm 36

15x2,5x120 cm 2

15x2,5x140 cm 7

15x2,5x190 cm 8

15x2,5x220 cm 2

15x2,5x250 cm 5

15x2,5x330 cm 8

15x2,5x350 cm 6

15x2,5x450 cm 18

15x2,5x490 cm 2

15x2,5x610 cm 2

15x2,5x665 cm 6

15x2,5x1000 cm 2

15x5x50 cm 8

15x5x60 cm 10

15x5x70 cm 22

15x5x80 cm 5

15x5x100 cm 36

15x5x120 cm 2

15x5x140 cm 7

15x5x190 cm 8

15x5x220 cm 2

15x5x250 cm 5

15x5x330 cm 8

15x5x350 cm 6

15x5x450 cm 18
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15x5x490 cm 2

15x5x610 cm 2

15x5x665 cm 6

15x5x1000 cm 2

Steel sheets (C shape) 20x150x0,3 cm 41 Low

Steel plates 50x50x2 cm 34 Low

C stell brackets 15x15x – cm
(ipotesi spessore 6 mm)

95 Low
In alcuni rari casi 
il degrado è alto.

Steel tie-rods q 22 Length 8,60 m 1 Low

Length 10,00 m 3

Length 10,30 m 2

Length 11,00 m 3

Length 12,30 m 26

Length 16,70 m 2

Length 19,60 m 1

HOOPING INTERVENTION WITH POLYESTER BANDS
Corutyard- Accursio street

Reusable components

Typology Dimensions Quantity (n.) Deterioration

Polyester bands Length tra 10 e 15 metri 9 Low

Length 40 metri 1

Load hooks - 10 Low

-Ìii��>�}Õ�>À�«À�w�iÃ3 - - -

Wooden boards4 - - -

REINFORCEMENT OF OPENINGS5

Bominiaco Street

Not reusable components

Typology Dimensions Quantity (n.) Deterioration

Wooden components 10x10x10 cm 216 Low

10x10x20 cm 6

10x10x50 cm 21 High

10x10x100 cm 7

10x10x160 cm 1

10x10x180 cm 1

Reusable components

Typology Dimensions Quantity (n.) Deterioration

Wooden components 10x10x75 cm 12 Low

10x10x80 cm 24

10x10x110 cm 8

10x10x150 cm 7
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10x10x170 cm 22

10x10x190 cm 38

10x10x210 cm 4

10x10x230 cm 4

10x10x290 cm 6

Via Accursio

Not reusable components

Typology Dimensions Quantity (n.) Deterioration

Wooden components 10x10x10 cm 12 High

10x10x50 cm 4

10x10x100 cm 1

10x10x180 cm 1

Reusable components

Typology Dimensions Quantity (n.) Deterioration

Wooden components 10x10x100 cm 1 Low

10x10x180 cm 1

10x10x300 cm 4

10x10x360 cm 5

Coutyard - Accursio street

Not reusable components

Typology Dimensions Quantity (n.) Deterioration

Wooden components 10x10x10 cm 242 High

10x10x50 cm 12

10x10x90 cm 2

10x10x220 cm 1

Reusable components

Typology Dimensions Quantity (n.) Deterioration

Wooden components 10x10x70 cm 18 Low

10x10x80 cm 40

10x10x120 cm 60

10x10x200 cm 1

10x10x220 cm 8

10x10x350 cm 4

Vittorio Emanuele Street

Not reusable components

Typology Dimensions Quantity (n.) Deterioration

Wooden components 10x10x10 cm 126 High

10x10x20 cm 8

10x10x50 cm 22

10x10x180 cm 1

Wooden boards 10x3x210 cm 6 High
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Reusable components

Typology Dimensions Quantity (n.) Deterioration

Wooden components 10x10x100 cm 10 Low

10x10x120 cm 30

10x10x150 cm 9

10x10x200 cm 2

10x10x230 cm 22

10x10x300 cm 9

10x10x350 cm 4 

10x10x380 cm 2

Indoor

Not reusable components

Typology Dimensions Quantity (n.)

Wooden components 10x10x10 cm 815

Reusable components

Typology Dimensions Quantity (n.)

Wooden components 10x10x80 cm 26

10x10x90 cm 4

10x10x100 cm 48

10x10x110 cm 26

10x10x120 cm 67

10x10x130 cm 50

10x10x140 cm 10

10x10x150 cm 10

10x10x160 cm 8

10x10x170 cm 164

10x10x190 cm 64

10x10x400 cm 16

TELESCOPIC PROPS 
Indoor

Reusable components

Typology Dimensions Quantity (n.)

Adjustable telescopic steel props Lenght until 5,40 m 202

Steel tubulars Length 1,0 m 3

Length 1,10 m 1

Length 1,30 m 1

Length 1,50 m 1

Length 1,60 m 6

Length 1,70 m 3

Length 1,90 m 10
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Steel tubulars Length 2,00 m 5

Length 2,20 m 6

Length 2,60 m 2

Length 2,80 m 3

Length 2,90 m 1

Length 3,20 m 1

Length 3,40 m 3

Length 3,60 m 9

Length 4,30 m 4

Length 4,60 m 5

Length 5,20 m 12

Length 5,50 m 11

Length 5,60 m 3

Length 6,0 m 15

Right angle clamps 271

Wooden boards6 15x2,5x70 cm 4

15x2,5x100 cm 8

15x2,5x120 cm 8

15x2,5x140 cm 28

15x2,5x160 cm 14

115x2,5x190 cm 4

15x2,5x210 cm 14

15x2,5x220 cm 16

15x2,5x240 cm 4

15x2,5x350 cm 10

15x2,5x380 cm 4

15x2,5x400 cm 154

TUBE-CLAMP SYSTEM7

Indoor

Reusable components

Typology Dimensions Quantity (n.)

Steel tubulars Length 0,50 m 660

Length 0,85 m 12

Length 1,30 m 6

Length 1,50 m 12

Length 2,00 m 30

Length 3,50 m 40

Length 4,30 m 400

Length 5,50 m 6

Length 6,00 m 72

Right angle clamps - 2568
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COVERAGE8

Coutyard 

Reusable components

Typology Dimensions Quantity (n.)

Corrugated sheets 30 mq 1

NOTES
1. The determination is made compared to “Courtyard Accursio street”.
2. From the available information, it is not possible to know the size of the load distribution boards.
3. (TQO�VJG�CXCKNCDNG�KPHQTOCVKQP��KV�KU�PQV�RQUUKDNG�VQ�MPQY�VJG�FKOGPUKQPU�QH�VJG�CPIWNCT�UVGGN�RTQƂNG�
4. From the available information, it is not possible to know the dimensions of the angular wooden boards. 
5. When there are not informations about the height of the windows, it is considered equal to the width. The case 

occurs in a limited number of openings located inside the building.
6.  We have only the total length of the wooden boards and  we don’t have the partial length of these, it is considered 

a standard length of 4.00 m and we measure the remaining length compared to the standard lenght of the room.
7. We don’t have the sections of the building that would show more accurately the assembly scheme of the tubular 

scaffoldings and we cannot access in the building to make the survey.  However we consider the tubular scaffoldings 
mounted according to standard schemes. We consider a vertical element for each intersection between the hori-
zontal elements, as represented in the plan drawing. The length of the vertical tubulars is considered equal to the 
height of the room, the length of the horizontal tubulars is measured in the plan drawing, when it exceeds the value 
of 6 meters, that is the maximum length produced, we consider two elements one of length equal to 6 meters, and 
the other of the remaining length to reach the total. In function of the height of the room and consequently of the 
VWDWNCT�U[UVGOU��YG�FGƂPG�VJG�PWODGT�QH�VJG�JQTK\QPVCN�VWDWNCTU��+P�VJG�OG\\CPKPG��KP�VJG�ƂTUV�ƃQQT�CPF�VJG�UGEQPF�
ƃQQT�CTG�EQPUKFGTGF�C�PWODGT�QH����JQTK\QPVCN�VWDWNCT��6JG�ECNEWNCVKQP�QH�YQQFGP�DQCTFU�WUGF�HQT�NQCF�FKUVTKDWVKQP�
DGVYGGP�VJG�XGTVKECN�VWDGU�CPF�VJG�ƃQQT�CPF�DGVYGGP�VJGO�CPF�VJG�EGKNKPI� KU�PGINGEVGU��DGECWUG�YG�FQPVoJCXG��
information to estimate probable.

8. �#U�KPFKECVGF�KP�VJG�RNCP�FTCYKPI��VJCV�KU�FGRQUKVGF�KP�VJG�p7HƂEKQ�/GUUC�KP�5KEWTG\\C�%GPVTQ�5VQTKEQ�FGN�%QOWPG�FK�
L’Aquila”, the coverage is sustained in the middle by a stiffening castle made of steel tubular and joints  and by the 
walls along the perimeter.  
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CHANGING ROOM
Typology Dimensions Quantity (n.)

Wooden boards 15x2,5x30 cm 16

15x2,5x90 cm 9

15x2,5x110 cm 4

15x2,5x130 cm 8

15x2,5x260 cm 38

15x2,5x310 cm 34

15x2,5x310 cm 6

15x2,5x330 cm 17

15x2,5x370 cm 32

15x2,5x440 cm 23

15x2,5x450 cm 32

15x2,5x470 cm 4

15x5x110 cm 4

15x5x130 cm 8

15x5x330 cm 21

15x5x370 cm 27

20x5x110 cm 4

20x5x130 cm 13

20x5x260 cm 8

20x5x300 cm 8

20x5x330 cm 25

20x5x370 cm 42

20x5x470 cm 13

Wooden elements 5x5x250 cm 5

5x5x300 cm 27

5x5x450 cm 4

10x10x260 cm 4

10x10x300 cm 4

Wooden beams 14x18x110 cm 2

14x18x130 cm 3

14x18x330 cm 8

14x18x370 cm 19

20x20x100 cm 1

20x20x120 cm 1

20x20x330 cm 6

20x20x370 cm 6

UPN 240 2,60 m 4

5,20 m 4

Tie-rods q 22mm 5,30 m 6

Steel plates 150x150x6 mm 12
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L bracket 150x150x150x6mm 12

200x300x200x6mm 32

C bracket 200x200x200x6mm 8

1�«À�w�i�v�À�v>�Ãi�Vi����} 10x10xh variabile 12

Insulation 90x100x5 cm 84

80x100x5 cm 30

80x100x10 cm 18

Corrugated sheet 5,5x4,30 m 1

Locking steel pates 200x200x6 mm 4

Screw piles 8 cm (diametro) 4

7��`�Ü�wÝÌÕÀiÃ Porta 2,10x0,90 1

Finestra 1,40x0,80 1

RESTROOM
Typology Dimensions Quantity (n.)

Wooden boards 15x2,5x15 cm 64

15x2,5x60 cm 48

15x2,5x180 cm 20

15x2,5x210 cm 16

15x2,5x270 cm 3

15x2,5x350 cm 60

15x2,5x375 cm 30

15x2,5x415 cm 8

15x2,5x475 cm 40

15x2,5x500 cm 25

15x2,5x550 cm 5

20x5x515 cm 10

Wooden components 5x5x295 cm 30

5x5x375 cm 15

5x5x500 cm 15

10x10x270 cm 22

10x10x300 cm 20

Wooden beams 15x20x300 cm 2

MDF boards 15x2,5x85 cm 9

15x2,5x90 cm 20

15x2,5x120 cm 18

Alveolar polycarbonate panels 90x40x1,5 cm 3

90x100x1,5 cm 75

90x120x1,5 cm 12

90x140x1,5 cm 12

Steel tubulars Length 0,4 m 16

Length 0,5 m 4
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Length 0,6 m 4

Length 0,75 m 6

Length 0,85 m 4

Length 1,0 m 6

Length 1,2 m 29

Length 1,4 m 4

Length 1,5 m 29

Length 1,7 m 57

Length 1,8 m 2

Length 2,0 m 7

Length 2,7 m 1

Length 3,5 m 2

Length 3,9 m 6

Length 4,0 m 2

Length 4,1 m 2

Length 4,4 m 2

Length 4,5 m 10

Length 5,3 m 22

Length 5,5 m 3

Length 6,0 m 6

Right angle clamps - 507

Swivel clamps - 193

Base plates - 49

Corrugated sheets 5,50x6,4 m 1

Isulation 90x90x5 cm 172

90x110x10 cm 6

90x90x10 cm 3

Omega connectors - 60

Eyelets with screws - 90

Tie rods q 22 mm Length 1,5 m 20

Steel plates 75x75x6 mm 40

Polyester bands 17 m 2

7��`�Ü�wÝÌÕÀiÃ Porta 2,10x0,80 1

Porta 2,10x0,80 3

Anta doccia 2x0,7 3

REFECTORY
Typology Dimensions Quantity (n.)

Wooden boards 12x2,5x75 cm 1

12x2,5x320 cm 1

12x2,5x405 cm 2

12x2,5x500 cm 7

15x2,5x30 cm 14
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15x2,5x100 cm 37

15x2,5x130 cm 29

15x2,5x135 cm 20

15x2,5x150 cm 8

15x2,5x160 cm 20

15x2,5x210 cm 5

15x2,5x325 cm 14

15x2,5x380 cm 168

15x2,5x395 cm 40

15x2,5x460 cm 46

10x5x300 cm 6

15x5x75 cm 1

15x5x320 cm 1

15x5x405 cm 2

20x5x200 cm 276

20x5x210 cm 92

Wooden components 5x5x400 cm 40

5x5x450 cm 16

Wooden beams 14x18x140 cm 24

20x20x110 cm 1

20x20x170 cm 4

20x20x300 cm 6

HEA 200 Length 3,75 m 6

UPN 180 Length 4,00 m 12

Double UPN 180 Length 4,50 m 12

Polyester bands Length 0,8 m 10

Length 1,2 m 8

Length 3,5 m 48

L brackets 100x100x50x6 mm 16

100x50x50x6 mm 16

3000x50x50x6 mm 4

200x200x200x6 mm 12

150x150x150x6 mm 24

400x80x80x6 mm 12

190x80x80x6 mm 12

C brackets 100x150x50x6 mm 16

Steel plates 400x400x8 mm 6

Isulation 90x90x5 cm 230

50x100x5 cm 320

Corrugated sheets 5,5x11 m 1

7��`�Ü�wÝÌÕÀiÃ Porta 2,10x0,90 m 1

Finestra 1,50x1,60 m 2

Screw piles 8 cm (diametro) 6
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OFFICES
Typology Dimensions Quantity (n.)

Wooden boards 15x2,5x0,35 cm 48

15x2,5x0,50 cm 40

15x2,5x110 cm 8

15x2,5x120 cm 12

15x2,5x140 cm 14

15x2,5x150 cm 40

15x2,5x330 cm 142

15x2,5x350 cm 46

15x2,5x380 cm 35

15x2,5x390 cm 47

20x5x380 cm 68

Wooden components 5x5x180 cm 8

5x5x190 cm 16

5x5x330 cm 18

5x5x340 cm 16

5x5x370 cm 3

5x5x380 cm 2

5x5x395 cm 9

10x10x375 cm 10

Wooden beams 10x20x110 cm 5

10x20x330 cm 6

10x15x330 cm 5

14x18x160 cm 12

14x18x310 cm 8

20x20x370 cm 3

20x20x380 cm 3

20x20x395 cm 3

Corrugated sheets 5x7,5 m 1

L brackets 150x150x150x6 mm 42

U brackets 200x200x200x6 mm 9

Isulation 90x100x5 cm 266

Prefabricated reinforced 
concrete plinths

50x50x30 cm 9

7��`�Ü�wÝÌÕÀiÃ Porta 2,10x0,90 cm 1

Finestra 1,20x0,90 2
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APPRESTAMENTI*DI*CANTIERE

n°*mesi

DURATA&CANTIERE 18

APPRESTAMENTI&DI&CANTIERE&
(VOCE&SINTETICA) APPRESTAMENTI&DI&CANTIERE voce&prezzario u.m. prezzo& %&man costo&materiale

costo&con&
incidenza&dela&

durata&del&cantiere

Ponteggio*o*incastellatura*realizzato*con*elementi*a*telaio*sovrapponibili,*valutato*

per*mq*di*superficie*asservita.*Per*il*primo*mese
P.04.10.30.a mq €*6,80 64,71% €*1,90

Ponteggio*o*incastellatura*realizzato*con*elementi*a*telaio*sovrapponibili,*valutato*

per*mq*di*superficie*asservita.*Per*ogni*mese*successivo
P.04.10.30.b mq/30gg €*0,66 6,06% €*0,49

Ponteggio*metallico*fisso*costituito*da*elementi*tubolari*e*giunti*in*acciaio*realizzati*in*

opera,*compreso*montaggio,*smontaggio*ad*opera*ultimata,*pianali*in*legno*o*

metallo*o*altro*materiale*idoneo,*tavole*fermapiede*e*parapetti,*scale*interne*di*

collegamento*tra*painale*e*pianale,*ancoraggi,*l'adozione*di*tutti*gli*accorgimenti*atti*

a*tutelare*l'incolumità*degli*operai*e*quanto*altro*occorre*per*dare*la*struttura*

installata*nel*rispetto*della*normativa*vigente.*Per*i*primi*6*mesi.*Per*giunto

P.04.10.40.a cad €*15,91 64,49% €*4,47

Ponteggio*metallico*fisso*costituito*da*elementi*tubolari*e*giunti*in*acciaio*realizzati*in*

opera,*compreso*montaggio,*smontaggio*ad*opera*ultimata,*pianali*in*legno*o*

metallo*o*altro*materiale*idoneo,*tavole*fermapiede*e*parapetti,*scale*interne*di*

collegamento*tra*painale*e*pianale,*ancoraggi,*l'adozione*di*tutti*gli*accorgimenti*atti*

a*tutelare*l'incolumità*degli*operai*e*quanto*altro*occorre*per*dare*la*struttura*

installata*nel*rispetto*della*normativa*vigente.*Per*ogni*mese*successivo.*Per*giunto

P.04.10.40.b cad/30gg €*1,77 62,15% €*0,53

Ponteggio*completo*in*opera*con*basette*supporti*agganci,*tavolato,*fermapiede*e*

modulo*scala,*realizzato*con*l'impiego*di*tubi*e*giunti*e/o*manicotti*spinottati.*Per*il*

primo*mese.

P.04.10.140.a mq €*34,84 50,07% €*13,75

Ponteggio*completo*in*opera*con*basette*supporti*agganci,*tavolato,*fermapiede*e*

modulo*scala,*realizzato*con*l'impiego*di*tubi*e*giunti*e/o*manicotti*spinottati.*Per*

ogni*mese*successivo.

P.04.10.140.b mq/30gg €*3,47 49,53% €*1,38

Recinzione*provvisionale*di*cantiere*di*altezza*non*inferiore*a*m*2.00

con*sostegni*in*paletti*di*legno*o*tubi*da*ponteggio.*Completa*delle

necessarie*controventature,*segnalazioni*luminose*diurne*e*notturne*e*tabelle*

segnaletiche.Con*lamiera*ondulata*3/10*su*paletti*di*legno:*fornitura*e*posa

S.01.10.10.a1 mq €*19,43 65,31% €*5,33 €*5,33

Recinzione*provvisionale*di*cantiere*di*altezza*non*inferiore*a*m*2.00

con*sostegni*in*paletti*di*legno*o*tubi*da*ponteggio.*Completa*delle

necessarie*controventature,*segnalazioni*luminose*diurne*e*notturne*e*tabelle*

segnaletiche.Con*lamiera*ondulata*3/10*su*paletti*di*legno.*Montaggio*e*nolo*per*i*

primi*tre*mesi

S.01.10.10.a2 mq €*12,99 61,05% €*4,00

Recinzione*provvisionale*di*cantiere*di*altezza*non*inferiore*a*m*2.00

con*sostegni*in*paletti*di*legno*o*tubi*da*ponteggio.*Completa*delle

necessarie*controventature,*segnalazioni*luminose*diurne*e*notturne*e*tabelle*

segnaletiche.Con*lamiera*ondulata*3/10*su*paletti*di*legno.*Nolo*per*i*mesi*successivi.

S.01.10.10.a3 mq/30gg €*1,07 61,68% €*0,32

Recinzione*provvisionale*di*cantiere*di*altezza*non*inferiore*a*m*2.00

con*sostegni*in*paletti*di*legno*o*tubi*da*ponteggio.*Completa*delle

necessarie*controventature,*segnalazioni*luminose*diurne*e*notturne*e*tabelle*

segnaletiche.Con*rete*metallica*zincata*su*tubi*da*ponteggio:*fornitura*e*posa

S.01.10.10.d1 mq €*20,76 63,68% €*5,96 €*5,96

Recinzione*provvisionale*di*cantiere*di*altezza*non*inferiore*a*m*2.00

con*sostegni*in*paletti*di*legno*o*tubi*da*ponteggio.*Completa*delle

necessarie*controventature,*segnalazioni*luminose*diurne*e*notturne*e*tabelle*

segnaletiche.Con*rete*metallica*zincata*su*tubi*da*ponteggio.*Nolo*per*i*primi*3*mesi

S.01.10.10.d2 mq €*11,88 66,75% €*3,12

Recinzione*provvisionale*di*cantiere*di*altezza*non*inferiore*a*m*2.00

con*sostegni*in*paletti*di*legno*o*tubi*da*ponteggio.*Completa*delle

necessarie*controventature,*segnalazioni*luminose*diurne*e*notturne*e*tabelle*

segnaletiche.Con*rete*metallica*zincata*su*tubi*da*ponteggio:Nolo*per*ogni*mese*

successivo

S.01.10.10.d3 mq €*1,17 56,41% €*0,40

Recinzione*cieca*provvisionale*di*cantiere,*con*tavolame*in*legno*di

altezza*non*inferiore*a*m*4.00*con*sostegni*in*travi*di*abete*o

ponteggi*metallici.*Completa*delle*necessarie*controventature,

segnalazioni*luminose*diurne*e*notturne*e*tabelle*segnaletiche.*Con*tavolame*e*travi*

di*legno:*fornitura*e*posa

S.01.10.20.a1 mq 19,71 66,92% €*5,15 €*5,15

Recinzione*cieca*provvisionale*di*cantiere,*con*tavolame*in*legno*di

altezza*non*inferiore*a*m*4.00*con*sostegni*in*travi*di*abete*o

ponteggi*metallici.*Completa*delle*necessarie*controventature,

segnalazioni*luminose*diurne*e*notturne*e*tabelle*segnaletiche.*Con*tavolame*e*travi*

di*legno.*Montaggio*e*nolo*per*i*primi*3*mesi.

S.01.10.20.a2 mq 14,86 66,62% €*3,92

Recinzione*cieca*provvisionale*di*cantiere,*con*tavolame*in*legno*di

altezza*non*inferiore*a*m*4.00*con*sostegni*in*travi*di*abete*o

ponteggi*metallici.*Completa*delle*necessarie*controventature,

segnalazioni*luminose*diurne*e*notturne*e*tabelle*segnaletiche.*Con*tavolame*e*travi*

di*legno.*Nolo*per*ogni*mese*successivo.

S.01.10.20.a3 mq/30gg 1,25 66,40% €*0,33

Recinzione*cieca*provvisionale*di*cantiere,*con*tavolame*in*legno*di*altezza*non*

inferiore*a*m*4.00*con*sostegni*in*travi*di*abete*o

ponteggi*metallici.*Completa*delle*necessarie*controventature,

segnalazioni*luminose*diurne*e*notturne*e*tabelle*segnaletiche.*Con*tavolame*in*

legno*e*elementi*tubolari*metallici:*fornitura*e*posa

S.01.10.20.b1 mq €*23,18 66,39% €*6,16 €*6,16

Recinzione*cieca*provvisionale*di*cantiere,*con*tavolame*in*legno*di*altezza*non*

inferiore*a*m*4.00*con*sostegni*in*travi*di*abete*o

ponteggi*metallici.*Completa*delle*necessarie*controventature,

segnalazioni*luminose*diurne*e*notturne*e*tabelle*segnaletiche.*Con*tavolame*in*

legno*e*elementi*tubolari*metallici.*Montaggio*e*nolo*per*i*primi*3*mesi.

S.01.10.20.b2 mq €*15,60 63,46% €*4,51

Recinzione*cieca*provvisionale*di*cantiere,*con*tavolame*in*legno*di*altezza*non*

inferiore*a*m*4.00*con*sostegni*in*travi*di*abete*o

ponteggi*metallici.*Completa*delle*necessarie*controventature,

segnalazioni*luminose*diurne*e*notturne*e*tabelle*segnaletiche.*Con*tavolame*in*

legno*e*elementi*tubolari*metallici.*Nolo*per*ogni*mese*successivo

S.01.10.20.b3 mq €*1,32 62,88% €*0,39

Tettoie*per*la*protezione*dall'investimento*di*oggetti*caduti*dall'alto*fissate*su*

struttura.*Montaggio*e*nolo*per*il*1°*mese.*Con*struttura*con*tubolari*da*ponteggio*e*

lamiera*grecata

S.02.10.10.b mq €*165,10 66,58% €*43,62

Tettoie*per*la*protezione*dall'investimento*di*oggetti*caduti*dall'alto*fissate*su*

struttura.*Nolo*per*i*mesi*successivi*al*primo,*compreso*gli*oneri*di*manutenzione*e*

tenuta*in*esercizio.*Con*struttura*con*tubolari*da*ponteggio*e*lamiera*grecata

S.02.10.20.b mq/30*gg €*9,03 60,91% €*2,79

Monoblocco*prefabbricato*per*mense,*spogliatoi,*guardiole,*uffici*e

locali*infermeria:*costituito*da*struttura*in*acciaio*zincato*a*caldo*e

pannelli*di*tamponatura.*Pareti*in*pannelli*sandwich*non*inferiore*a*mm*40,*con*due*

lamiere*d'acciaio*zincate*e*preverniciate*da*5/10

con*poliuretano*espanso*autoestinguente,*pavimenti*in*lastre*di

legno*truciolare*idrofugo*rivestito*in*pvc,*serramenti*in*alluminio

anodizzato*,*impianto*elettrico*canalizzato*rispondente*al*DM*37*del*22/01/2008,*

interruttore*generale*magnetotermico*differenziale,*tubazioni*e*scatole*in*materiale*

termoplastico*autoestinguente*con*vaso,*finestrino*a*vasistas*e*lavabo,*completo*di*

rubinetterie*e*scalda*acqua,*su*basamento*predisposto.*Soluzione:*con*una*finestra*e*

portoncino*esterno*semivetrato*(esclusi*gli*arredi).*Trasporto*in*cantiere,*

posizionamento*e*rimozione,*compreso*allacciamenti*alla*rete*dei*

servizi.(S.02.20.90)+Nolo*mensile,*compreso*gli*oneri*di*manutenzione*e*tenuta*in*

esercizio*(S.02.20.10)

S.02.20.90*

+S.02.20.100

dimensioni*450*x240*cm*con*altezza*pari*a*240*cm
S.02.20.90.a cad

€*421,20 20,00%
€*266,37

dimensioni*450*x240*cm*con*altezza*pari*a*240*cm S.02.20.100.a cad
€*247,10 3,33%

€*188,83

dimensioni*450*x240*cm*con*altezza*pari*a*270*cm S.02.20.90.b cad €*423,89 19,45% €*269,92

dimensioni*450*x240*cm*con*altezza*pari*a*270*cm S.02.20.100.b cad €*258,80 3,18% €*198,08

dimensioni*540*x240*cm*con*altezza*pari*a*240*cm S.02.20.90.c cad €*431,28 19,12% €*275,75

dimensioni*540*x240*cm*con*altezza*pari*a*240*cm S.02.20.100.c cad €*266,18 3,10% €*203,90

dimensioni*540*x240*cm*con*altezza*pari*a*270*cm S.02.20.90.d cad €*444,80 18,54% €*286,43

dimensioni*540*x240*cm*con*altezza*pari*a*270*cm S.02.20.100.d cad €*279,71 2,95% €*214,59

dimensioni*640*x240*cm*con*altezza*pari*a*240*cm S.02.20.90.e cad €*463,13 17,80% €*300,94

dimensioni*640*x240*cm*con*altezza*pari*a*240*cm S.02.20.100.e cad €*298,03 2,76% €*229,09

dimensioni*640*x240*cm*con*altezza*pari*a*270*cm S.02.20.90.f cad €*477,32 17,27% €*312,16

dimensioni*640*x240*cm*con*altezza*pari*a*270*cm S.02.20.100.f cad €*312,22 2,64% €*240,30

dimensioni*710*x240*cm*con*altezza*pari*a*240*cm S.02.20.90.g cad €*500,28 16,48% €*330,30

dimensioni*710*x240*cm*con*altezza*pari*a*240*cm S.02.20.100.g cad €*335,19 2,46% €*258,45

dimensioni*710*x240*cm*con*altezza*pari*a*270*cm S.02.20.90.h cad €*518,22 15,91% €*344,48

dimensioni*710*x240*cm*con*altezza*pari*a*270*cm S.02.20.100.h cad €*353,12 2,33% €*272,64

Altri*servizi*di*cantiere €*0,00 €*0,00

€*10,23

€*10,82

€*37,29

€*8,86

€*4.982,48

€*5.252,04

€*9,17

€*8,90

€*10,32

€*91,05

€*3.665,33

€*3.835,34

Ponteggio*o*incastellatura*

realizzato*con*elementi*a*telaio*

sovrapponibili

Ponteggio*metallico*fisso*

costituito*da*elementi*tubolari*e*

giunti*in*acciaio,*pianali*in*legno*o*

metallo*

Ponteggio*completo*con*

l'impiego*di*tubi*e*giunti*e/o*

manicotti*spinottati.*

Recinzione*provvisionale*di*

cantiere*con*con*lamiera*

ondulata*3/10*su*paletti*di*legno

Recinzione*provvisionale*di*

cantiere*con*rete*metallica*

zincata*su*tubi*da*ponteggio

Recinzione*cieca*provvisionale*di*

cantiere,*contavolame*e*travi*di*

legno

€*3.945,87

€*4.149,08

€*4.424,64

€*4.637,53

Prefabbricato*640x240x240

Prefabbricato*640x240x270

Prefabbricato*710x240x240

Prefabbricato*710x240x270

Recinzione*cieca*provvisionale*di*

cantiere,*con*tavolame*in*legno*e*

elementi*tubolari*metallici.

Tettoie*per*la*protezione*

dall'investimento*di*oggetti*

caduti*dall'alto*con*struttura*con*

tubolari*da*ponteggio*e*lamiera*

grecata

Prefabbricato*450x240x240

Prefabbricato*450x240x270

Prefabbricato*540x240x240

Prefabbricato*540x240x270
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