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Precast concrete buildings (PCB) offer several advantages, including swift construction, exceptional quality,
enhanced durability, decreased formwork requirements, and reduced labour. However, it is crucial to effectively
study the connections between the various prefabricated elements that make up the structure, particularly in the
face of dynamic loads and seismic actions. Extensive research has been conducted to develop seismic-resistant
PCB, underscoring the necessity of exploring research approaches, identifying trends, addressing gaps, and
outlining future research directions. A thorough analysis was carried out on a literature set comprising 127
articles published between 2012 and May 2023, using a three-step research process that included bibliometric
search, quantitative analysis, and qualitative analysis. The primary objective was to identify prevailing research
trends and pinpoint current gaps that would contribute to the advancement of future research. The scientific
mapping of authors’ keywords revealed the correlation between PCB and topics such as dry connections, energy
dissipation, optimal design, and progressive collapse, highlighting the diverse nature of current research in the
field. Furthermore, the qualitative literature analysis demonstrated that frame and shear wall systems emerged as
the predominant categories. This dominance can be attributed to the seismic performance reference being the
traditional cast-in-place building approach. Nonetheless, this study brings attention to several notable research
gaps. These gaps include the necessity to explore innovative, resilient structural systems in greater detail and the
requirement for adopting state-of-the-art methodologies that facilitate decision-making processes in integrating
PCB seismic safety and sustainability. This study provides a roadmap for future research projects and reports on
the latest developments and trends in seismically safe PCB research.

1. Introduction complete modules that closely resemble those created in traditional cast-

in-place construction. These elements are manufactured in a factory or

The construction industry is responsible for consuming 40% of ma-
terial resources, 60% of minerals, 25% of water, 35% of energy, and 12%
of soil; moreover, it contributes to over 25% of solid waste and 38% of
greenhouse gas emissions worldwide [1]. As population growth con-
tinues, the demand for new structures and infrastructure is expected to
rise significantly; by 2050, the need for new buildings is projected to
surpass 415 billion m? [2]. Nevertheless, the transition of current
building design, management, construction, and operation models to-
wards sustainable development is often advocated as an alternative and
an opportunity within the industry to mitigate the impacts above [3].
Prefabrication is widely recognized as a practical approach to fulfilling
the requirements of sustainable development [4].

The precast concrete building (PCB) system involves components or

on-site and assembled with minimal on-site construction [5]. Despite its
long history, researchers have classified this technique as a modern
method of construction (MMC) within the industrialized building sys-
tems (IBS) category, specifically as a subcategory of off-site and near-site
prefabrication (OSPM) [6].

In late 1970 s New Zealand, using precast concrete elements for
seismic resistance in portal frames and moment-resisting walls was not
the norm but rather an exception. However, by the mid-1980 s, it wit-
nessed a rapid expansion, driven by high-interest rates and the demand
for additional space, even without complete technical support. The
system’s accelerated construction pace provided a distinct cost advan-
tage over traditional methods [7]. Initially, design assumptions were
based on extrapolations from tests conducted on cast-in-place
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specimens. Still, concerns emerged regarding the need for further
investigation into design solutions. While contractors responded to the
growing demand, starting in 1988, the University of Canterbury and
other institutions embarked on in-depth studies of the design, research,
fabrication, and construction aspects [8]. Research on precast concrete
seismic systems has been extensive worldwide. In the 1990 s, the United
States witnessed the progression of the PRESS (Precast Seismic Struc-
tural Systems) research program, which received sponsorship from the
National Science Foundation (NSF), the Precast/Prestressed Concrete
Institute (PCI), and the Precast/Prestressed Concrete Manufacturers
Association of California (PCMAC). This program spanned a decade and
involved testing a five-story precast concrete building at a 60% scale
under simulated seismic loading. Despite being subjected to drift levels
of up to 4.5%, the structure exhibited unusual behaviour [9]. The
PRECAST EC8 project was successfully concluded in 2007 following four
years of extensive research. The project was based on studies conducted
by ASSOBETON (Italian Association of Precast Producers) and the ELSA
laboratory of the joint research centre, along with the project "Seismic
behaviour of industrial precast concrete buildings". These studies
showcased the exceptional performance of precast structures during
seismic events, highlighting their equivalence to traditional
cast-in-place systems, even in the absence of monolithic joints [10]. The
SAFECAST project, which concluded in 2012, focused on investigating
the seismic behaviour of both traditional and innovative mechanical
connections and the impact of shear walls in conjunction with portal
frame structures—the project aimed to provide guidelines for designing
such systems effectively [11]. In the subsequent SAFECLADDING proj-
ect, which concluded in 2015, the seismic behaviour of precast concrete
buildings (PCB) with cladding panels was extensively studied. The
project evaluated design criteria, including isostatic, dissipative, and
integrated approaches. It successfully validated the reliability of the
dissipative system [12]. Over the years, numerous research endeavours
worldwide have contributed significantly to seismic safety in PCB,
expanding the existing knowledge base in this area.

Researchers widely acknowledge the numerous advantages associ-
ated with implementing precast concrete construction. These advan-
tages include accelerated construction speed, the superior quality of
precast concrete units, enhanced durability, and reduced labour and
formwork requirements [13]. Additionally, numerous studies have
shown that precast structures can reduce carbon emissions by 10% and
waste generation by 52% compared to traditional concrete structures
[14]. However, there are also certain disadvantages to consider. Effec-
tive methods for joining precast elements, particularly to withstand
seismic actions, need to be developed. Rigorous quality control mea-
sures are necessary to maintain relatively small tolerances, and
specialized equipment with excellent erection capabilities is required
[15]. These considerations are essential when comparing precast con-
struction to traditional cast-in-place buildings. The connection system
plays a crucial role in the overall structural performance. It has signifi-
cant methodological implications for the installation and erection pro-
cesses of prefabricated structural components.

The traditional primary objective of structural engineering has been
to prioritize maximum safety while minimizing investment. However, in
today’s context, structural engineering has seen a growing emphasis on
sustainability, leading to the recognition of other significant aspects.
These aspects are categorized into three sustainability objectives: eco-
nomic, environmental, and social [16]. Researchers believe that pre-
fabricated construction is emerging as an efficient and sustainable
alternative for designing, producing, and constructing structures [17].
Consequently, the traditional problem structural engineers face becomes
more complex and necessitates a decision-making process for resolution
[18]. Thus, a decision-making process must be employed to achieve a
consensus among the three pillars of sustainability. This process facili-
tates the rational choice of a solution based on specific information and
judgment regarding the chosen criteria [18]. For instance, in one study,
researchers determined the optimal sustainable structural scheme for
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various housing alternatives using modern construction methods. They
evaluated sustainability by considering 38 economic, environmental,
and social indicators [19]. Other researchers have proposed a method-
ology for assessing the sustainable performance of building foundations
through ground improvement interventions. They suggest employing
the ELECTRE IS methodology to introduce a comprehensive set of 37
indicators [20].

A systematic review is needed to encompass the extensive literature
on the seismic safety of precast concrete buildings (PCB). While this
system is part of the broader industrialized building systems (IBS),
previous reviews have generally examined it alongside other construc-
tion methods [21]. However, these reviews still need to delve into the
specific issues and research trends directly related to the seismic safety
of PCB. A comprehensive review of the seismic safety literature has been
conducted to evaluate the progress, code development, and applications
of various systems such as frames, walls, diaphragms, and bridges [22].
In addition, a comprehensive review of general concepts, code pro-
visions, wall connections, results, and the impact of post-tensioning in
walls was conducted [23]. In addition, a detailed review focused
explicitly on hybrid post-tensioned relationships, emphasizing the
column-beam connection and its influence on the behaviour and per-
formance of frames under seismic loads [24]. However, current trends
within the knowledge domains have yet to be evaluated to determine
which seismic structural systems have garnered the most attention from
researchers in recent years and how they take advantage of industrial-
ized construction. In addition, an analysis of current research trends can
provide valuable information to improve solutions that fit the changing
needs of society, which defines the research questions addressed in this
study. Therefore, the specific objectives of this study are: 1) To evaluate
the quantitative analysis and its bibliometric parameters and develop
scientific maps. 2) To identify categories and subcategories as current
trends in knowledge. 3) To qualitatively analyze the literature. 4) To
determine gaps in the research. 5) To facilitate future lines of research
based on the analysis carried out.

2. Methodology

A literature review is an essential tool for exploring and under-
standing a specific area of knowledge. It facilitates the identification of
knowledge gaps and plays a crucial role in establishing future research
recommendations and encouraging interdisciplinary collaboration with
related research areas [25]. This research aims to synthesize domain
knowledge, identify research gaps, and outline future research di-
rections in the field of PCB seismic safety. A combined review method,
incorporating both quantitative and qualitative approaches, was
employed to achieve these objectives. This study delves deeply into
compressing the domain knowledge by utilizing this method, which
encompasses both a quantitative review and a qualitative review. By
integrating these approaches within a single research endeavour, the
strengths of each method are maximized while mitigating their respec-
tive disadvantages [26]. In this study, the scientometric analysis served
as the quantitative criterion, while the systematic review was employed
as the qualitative criterion.

The scientometric analysis is a statistical method that enables the
visualization of scientific research’s structural and dynamic aspects. One
crucial technique within this analysis is bibliometrics, which helps
represent the knowledge domain and elucidate the relationships be-
tween articles, journals, and keywords [27]. The systematic review, on
the other hand, facilitates the extraction, integration, and comparison of
topics, methods, and theories. It allows for the comprehensive explo-
ration, analysis, interpretation, and summarization of all available
research about a specific domain [26]. Combining these two approaches
can give a holistic view of the reviewed topics, ensuring a thorough and
comprehensive review. This approach guarantees an in-depth exami-
nation of the subject matter and provides a complete understanding of
the research landscape.
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This study undertook a literature review in multiple stages to address
predefined research questions concerning the latest research topics in
PCB. Fig. 1. provides a comprehensive overview of the various stages
employed in this research. Firstly, a data collection process was con-
ducted. Secondly, a scientometric analysis was performed to obtain an
overview of knowledge in the field. This analysis encompassed aspects
such as publication trends over time, article distribution, geographic
cooperation, co-authorship, citation analysis to identify influential ar-
ticles and co-occurrence of keywords. In the third stage, a systematic
literature review was carried out. The objective was to analyze themes
and sub-themes based on the groups identified through the sciento-
metric analysis. This comprehensive examination resulted in recom-
mendations for future research directions about PCB.

2.1. Stage one. Data recovery

The comprehensive collection of bibliographic data forms the foun-
dation for conducting a state-of-the-art study within a particular
domain. Initially, research questions are defined, and keywords are
established to initiate the search process. These keywords align with the
subject’s main criteria under investigation, encompassing the research
object, scope, and specific topics of interest. Furthermore, terms that are
not relevant to the objectives of this study are identified for exclusion.
This systematic approach aids in determining the precise set of keywords
that will constitute the search algorithm.

For the search process, two databases were chosen: Web of Science
and Scopus. It is worth noting that some researchers believe that Scopus
covers a broader range of journals and includes more recent publications
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[28]. This study combined both search engines to create a comprehen-
sive database. An iterative search process was initiated to develop a
practical algorithm scheme that would yield optimal results. The algo-
rithm employed in both search engines was as follows: "TITLE-ABS-KEY
((prefabricated concrete building) or (precast concrete structural system
for building) or (prefabricated industrial building) or (offsite construc-
tion building) or (precast RC structural system for building) or (pre-
fabricated RC building) or (prefabricated modular building)) and
(seismic or earthquake or connection or wall or resilient or resilience or
*shear wall’ or joint or ’shake table’) not (bridge or management or
’steel building’ or tunnel or thermal)." In the case of Scopus, a slight
variation was made with the inclusion of quotation marks around the
terms "shear wall" and "shake table," along with the addition of the term
"not." The search was conducted in early May 2023.

The data collection process consisted of four stages [29]. In the first
stage, 370 documents were identified in the Web of Science, while 470
were found in Scopus. These results underwent initial filtering based on
document type, with only research articles being selected in both cases.
The articles chosen from the Web of Science were limited to civil engi-
neering, construction technology, engineering geology, and multidisci-
plinary geosciences. As for Scopus, articles within the field of
engineering were included.

Additionally, only articles written in English were considered, and
the search was restricted to the period from 2012 to 2023. This time-
frame was chosen to focus on recent topics and research trends, with a
minimum of ten years deemed sufficient for selecting the most up-to-
date articles [21]. The search results were consolidated in the second
stage to eliminate duplicate articles. Following that, a thorough review

STEP 1 STEP 3
# Identfication
1) What structural systems have researchers recently — £
studied in the field of PCB seismic safety? | N=370W.OS. §3§;§t - | Qualitative
2) How to take advantage of the benefits of N=430 Scopus 1¢— Year of publication, - analyss
industrialized construction? N1 Slciine | Langage
3) What are the gaps and future research trends in the v 1Selecuon —
existing literature? d i A 4
‘ =256 |, |Duplicate articles, l T l
L B N Title -
L — ST
START ) = ERghikty v
06/05/2023
. ( ) ‘ N=13 . Subject I Research gaps |
L . Abstract
Keyword ~—1  Indude Y
AND { [ Y 1 I Future lines of resea:chl
; ¥ w N=108 _— Read full article,
Subject: (OR) Topics: (OR) — JCR
prefabricated, earthquake, st )
precast, L |seismuc, Expansion
offsite construction, connection, References,
prefabricated modular wall, shear wall, Citations
resilient,
* AND resilience,
bulldings, shalke table S
structural systems for — .
buildings, ¢ NOT
building structures Exclude: (OR) » S
: tatistical
3 AND bridge, analysis
Limited to: (OR) . s g
“steel bulding
concrete, — < Quantitative o] e -
RC tomel analysis »| Citation analysis
thermal
_ .| Co-occumrences
Search algonthm " | (keywords, clusters)

[ Webofscience |— —

Scopus

Fig. 1. Research stages of this study.
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of the article titles enabled the elimination of irrelevant articles,
resulting in a selection of 256 articles. The third stage involved assessing
the eligibility of the documents by ensuring their alignment with the
topic of seismic safety in PCB, taking into account the scope of the
present study. As a result, 136 documents were considered relevant.
Finally, in the fourth stage, all selected documents underwent an
extensive reading to refine the literature further. The final database was
determined by considering each document’s relevance to seismic safety
in PCB.

Consequently, a total of 108 documents were retained. Furthermore,
after completing the four stages above, additional articles of interest
were identified by reviewing citations and references within the final set
of documents. This process resulted in a final database of 127 articles for
the literature review research.

2.2. Stage two. Quantitative analysis

In the bibliographic search, a total of 127 articles were extracted.
Subsequently, the statistical analysis of the bibliometric characteristics
of the literature was performed using the VOSviewer software [27]. This
freely available software is specifically designed to generate scientific
maps and establish connections between bibliometric parameters based
on distance. Citation analysis is a fundamental measure to quantify the
influence of scholarly works. By examining these parameters, the overall
structure of the literature and the relationships between different do-
mains can be determined. VOSviewer is a valuable tool for conducting
literature reviews across various fields, including construction engi-
neering and project management [30]. VOSviewer was utilized to
perform several vital tasks. Firstly, it was employed to import the
literature sources and subsequently calculate the influence of journals,
scholars, and influential publications. Additionally, VOSviewer was
employed to examine geographic cooperation, analyze the
co-occurrence of research keywords, and generate clusters based on
these parameters. These analyses collectively provide an overview of the
current research landscape within the domain, facilitating qualitative
discussions and addressing the research questions at hand [30].

2.3. Stage three. Qualitative analysis

The third stage comprises the qualitative literature evaluation
through a systematic analysis. This assessment aims to foster a
comprehensive discussion on the identified research topics, aiming to
identify knowledge gaps. Subsequently, recommendations and future
directions can be formulated based on these findings to guide the
research community and contribute to the existing body of knowledge. A
meticulous analysis of the 127 selected articles was carried out to ensure
the reliability and relevance of the findings, taking into account their
quality and appropriateness to the scope of this study. It should be noted
that this procedure is commonly employed in previous studies of a
similar nature [31].

Number of publications
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Fig. 3. Geographical location of the investigations.
3. Quantitative analysis
3.1. General characteristics of the database

A comprehensive analysis was conducted on the 127 selected docu-
ments to uncover the sample characteristics. The selected documents
were published between 2012 and May 2023 to focus on recent topics
and research trends. Fig. 2 illustrates the annual distribution of the
published articles, highlighting a general increasing trend; it is antici-
pated that research in the field of seismic safety of PCB will continue to
grow in the forthcoming years. The advantages associated with pre-
fabricated structures, such as rapid construction, high efficiency, and
environmental protection [32], may contribute to the researchers’
inclination toward this subject.

Fig. 3 presents the research contribution by country, with China
(46%) and Italy (24%) leading the way. The remaining 30% of publi-
cations are distributed among several countries, including England,
Iran, Turkey, the United States, Japan, Germany and Malaysia.

3.2. Geographic cooperation

It is essential to remember that various factors, such as the devel-
opment of local industries, materials, products and specific needs, in-
fluence research activities in each country. Fig. 4 shows the analysis of
the most research-active countries, where the font size and the nodes’
variation represent the volume of publication, allowing us to identify the
critical regions of contribution and their interaction (thickness of the
links). Table 1 shows quantitative measures of the countries. Link
strength, number of articles and total citations are positively correlated,
suggesting that any of these parameters can be used to assess the
research productivity of a region. Average and normalized sources do
not correlate, indicating that a country’s influence and contribution to
research do not depend only on the number of publications.

25
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Fig. 2. Number of articles per year (2012-05/2023).
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Table 1
Countries active in research.

Countries Total Link Documents Citations Avg. Pub. Year® Avg. Citations® Norm. Citations® Avg. Norm. Citations?
China 76 59 553 2021 9,37 92,33 1,6
Italy 86 31 906 2018 29,23 82,36 2,7
England 41 8 260 2018 32,50 28,89 3,6
Turkey 21 6 52 2021 8,67 13,00 2,2
United States 13 6 171 2018 28,50 19,00 3,2
Iran 11 7 54 2020 7,71 13,50 1,9
Japan 9 5 76 2018 15,20 10,86 2,2
Malaysia 8 3 32 2016 10,67 3,20 1,1
Germany 5 3 34 2020 11,33 8,50 2,8
South Korea 4 3 46 2018 15,33 5,75 1,9

2 Average year published,” Average citations,” Normalized citations,? Average normalized citations

China and Italy emerge as the leading countries in terms of number of
publications; in terms of citations, Italy stands out as the most active
country. When considering the generation of relevant research results
(average number of sources) and of high influence and current research
position (average number of normalized citations), England, Italy and
the United States come out on top. These results are because England
possesses a great tradition in building construction using modern con-
struction methods [33], Italian researchers have gained relevance due to
the scientific response given to the occurrence of earthquakes in their
territory in recent years, and finally, some authors agree with the fact
that the genesis of industrialized construction cannot be dissociated
from the United States [6]. It should be noted that although the People’s
Republic of China generates many publications, a situation congruent
with the recent large-scale urbanization of China that seeks sustainable
development [34]; however, it is essential to mention that their results
have not yet reached a considerable number of citations, which prevents
them from positioning themselves as highly relevant and influential in
the field.

3.3. Source analysis

Based on the number of publications and citations, the top-ranked
journals are Engineering Structures, Bulletin of Earthquake Engineer-
ing, and Journal of Building Engineering.

Regarding influence per publication, the journals with the highest
average number of citations per article are Earthquake Engineering &
Structural Dynamics, Structural Concrete, and Engineering Structures.
Furthermore, the average normalized citation reflects the journals’

strong average influence per year, indicating a current and continuous
impact. The best-positioned journals in this regard are Earthquake En-
gineering & Structural Dynamics, Structural Concrete, and Engineering
Structures. Notably, despite having a low total or average citation count,
Soil Dynamics and Earthquake Engineering demonstrate their current
influence through the average normalized citation. (Table 2).

3.4. Co-author analysis

Table 3. provides information on the number of documents where
each author is mentioned, the total number of citations they received,
and their average year of publication, which indicates their productivity
and the period during which they were most active. "Dal Lago (2018)"
contributed nine articles with 220 citations, producing an average of
24.44 citations per article; this highlights the impact of his work on
advancing knowledge. However, authors such as "Toniolo (2016),"
"Negro (2017)" and "Biondini (2016)" achieved higher average citation
counts of 52.20, 48.40, and 34.60, respectively. These figures under-
score the relevance of their research. Regarding the current position
measured by the average normalized citation, the authors "Negro
(2017)", "Toniolo (2016) and "Yu (2020)" are at the forefront of the list,
indicating their influential standing in the field.

3.5. Most cited articles
Table 4. presents the 15 most cited papers. The article with the most

citations [35] is the oldest. It explores the challenges of seismic design in
precast concrete structures, focusing specifically on the impact of the
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Table 2
Source analysis
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Journal Total Link Documents Citations Avg. Pub. Year® Avg. Citations® Norm. Citations® Avg. Norm. Citations®
Engineering Structures 80 33 769 2019 23,30 85,44 2,59
Bulletin of Earthquake Engineering 51 14 253 2018 18,07 25,3 1,81
Journal Of Building Engineering 27 14 85 2021 6,07 21,25 1,52
Structural Design of Tall and Special Buildings 8 10 114 2018 11,40 11,4 1,14
Structures 12 7 61 2021 8,71 15,25 2,18
Journal of Earthquake Engineering 5 4 30 2022 7,5 6,00 1,50
Journal of Structural Engineering 6 4 72 2018 18 10,29 2,57
Soil Dynamics and Earthquake Engineering 22 4 70 2021 17,5 11,83 2,96
Structural Concrete 29 4 147 2018 36,75 13,36 3,34
Computers and Concrete 14 3 14 2018 4,67 1,75 0,58
Earthquake Engineering & Structural Dynamics 9 3 124 2017 41,33 13,78 4,59
Structural Control & Health Monitoring 1 3 25 2020 8,33 2,6 0,87

2 Average year published, ® Average citations, ¢ Normalized citations, ¢ Average normalized citations

Table 3
Co-author Analysis.

Author Total Link Documents Citations Avg. Pub. Year? Avg. Citations” Norm. Citations® Avg. Norm. Citations?
Dal Lago, Bruno 91 9 220 2018 24,44 22,00 2,44
Toniolo, Giandomenico 73 5 261 2016 52,20 23,73 4,75
Negro, Paolo 61 5 242 2017 48,40 26,89 5,38
Biondini, Fabio 59 5 173 2016 34,60 17,30 3,46
Lamperti Tornaghi, Marco 46 4 60 2020 15,00 8,57 2,14
Pan, Wei 23 5 60 2021 12,00 15,00 3,00
Wang, Zhen 23 5 60 2021 12,00 15,00 3,00
Brunesi, E. 12 5 89 2019 19,80 16,50 3,30
Nascimbene, Roberto 12 5 89 2019 21,00 17,50 3,50
Yu, Zhiwu 9 3 63 2020 21,00 12,60 4,20
Baghdadi, Abtin 8 3 34 2020 11,33 8,50 2,83
Wu, Hao 5 5 23 2021 4,80 6,00 1,20
Pan, Peng 4 3 44 2018 14,67 8,80 2,93
Nagae, Takuya 2 3 59 2017 19,67 8,43 2,81
Heristchian, Mahmoud 8 3 34 2022 11,33 8,50 2,93

2 Average year published, ® Average citations, ¢ Normalized citations, ¢ Average normalized citations

Table 4
Most cited articles in the field of seismic safety of PCB.

Title Authors Public. Source Title Citations  Average per Ref.
Year Year

Precast concrete structures: the lessons learned from the L'Aquila Toniolo, 2012 Structural Concrete 107 8,92 [35]
earthquake Giandomenico

Precast concrete wall with end columns (PreWEC) for earthquake Sritharan, Sri 2015 Earthquake Engineering & 94 10,44 [36]
resistant design Structural Dynamics

Pseudodynamic tests on a full-scale 3-storey precast concrete building: Bournas, 2013 Engineering Structures 91 8,27 [11]
Behavior of the mechanical connections and floor diaphragms Dionysios A.

Damage and collapses in industrial precast buildings after the 2012 Savoia, Marco 2017 Engineering Structures 86 12,29 [37]
Emilia earthquake

Pseudodynamic tests on a full-scale 3-storey precast concrete building: Negro, Paolo 2013 Engineering structures 73 6,64 [10]
Global response

Beam-column joints in continuous RC frames: Comparison between cast- ~ Breccolotti, Marco 2016 Engineering Structures 64 8,00 [38]
in-situ and precast solutions

Role of wall panel connections on the seismic performance of precast Biondini, Fabio 2013 Bulletin Of Earthquake 63 5,73 [115]
structures Engineering

Friction-based dissipative devices for precast concrete panels Dal Lago, Bruno 2017 Engineering Structures 58 8,29 [117]

Seismic performance assessment of low-rise precast wall panel structure ~ Guo, Wei 2019 Engineering Structures 49 9,80 [108]
with bolt connections

Seismic response of precast structures with vertical cladding panels: The =~ Negro, Paolo 2017 Engineering Structures 42 6,00 [12]
SAFECLADDING experimental campaign

Experimental investigation of prefabricated beam-to-column steel joints  Li, Zuohua 2020 Engineering Structures 40 10,00 [65]
for precast concrete structures under cyclic loading

Experimental and numerical investigation of the seismic response of Brunesi, E. 2017 Bulletin Of Earthquake 40 5,71 [110]
precast wall connections Engineering

Seismic design and performance of dry-assembled precast structures Dal Lago, Bruno 2018 Soil Dynamics and 35 5,83 [52]
with adaptable joints Earthquake Engineering

Experimental study of a fabricated confined concrete beam-to-column Li Shufeng 2018 Construction and Building 34 5,67 [53]
connection with end-plates Materials

Experimental study of a novel multi-hazard resistant prefabricated Lin, Kaiqi 2019 Soil Dynamics and 33 6,60 [123]

concrete frame structure

Earthquake Engineering
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2009 L'Aquila earthquake in Italy. The second most cited article [36]
investigates using precast concrete walls as an earthquake-resistant
system. The third paper [11] conducts an experimental study on a
full-scale precast concrete building, particularly on the mechanical
connections.

The article with the most decisive influence on the scientific com-
munity (12.29), written by Savoia, Marco [37], examines the damage
inflicted on industrial precast concrete buildings due to the 2012 Emilia
earthquake in Italy. These results highlight the significant impact of
Italian researchers in seismic safety research, especially in response to
earthquakes experienced in their region.

3.6. Co-occurrence of author keywords

Keywords are crucial for summarising existing research and high-
lighting areas explored within a specific domain. A keyword network
provides information on the relationships between research topics,
patterns, and intellectual organization [38]. Fig. 5 shows the patterns
observed in the field of PCB seismic safety and sheds light on the issues
investigated. This tool has been used by previous researchers [31] to
obtain valuable information on scientific keyword mapping, which is
generated by analyzing co-occurrences and author keywords. A mini-
mum occurrence threshold of three individual words was set, resulting
in 36 author keywords exceeding this limit out of 482. A synonym file
was incorporated to clean and consolidate words with similar semantic
meanings. For example, terms such as prefabrication - prefabricated,
seismic behaviour - seismic behaviour - seismic performance, and shear
walls - shear wall were accumulated in their synonyms categories. As
illustrated in Fig. 5, the most frequently mentioned keyword is "seismic
behaviour". Other often repeated keywords are "precast concrete,"
"cladding panels," "precast buildings," and "shear wall," among others.
The main keyword categories were identified by analyzing the most
frequent keywords, their co-occurrence and visualization. In addition,
the criteria established by this study’s authors were considered during
the categorization process. The resulting map consists of six groups, each
representing a different field conceptually related or relevant to the
study area.

1) Cluster Red (C-1): Frame system (beam-column connection, beam-to-
column connection, cyclic loading, ductility, finite element analysis,
monolithic-like connections, precast structure, prefabricated,
seismic behaviour) References [35,37,38,44-48,50-59,62-71,73,74,
173-191].

2) Cluster Green (C-2): Shear wall (beam-column joints, dry connec-
tions, lightly reinforced wall, precast concrete structures,

C-3 cl
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prefabricated structure, seismic response, shear wall, wall-to-wall
connection) References [10,11,36,77-80,82-93,98-103,107-113,
192-203].

3) Cluster Blue (C-3): Cladding panels system (cladding panels,
connection devices, connections, industrial buildings, precast
buildings, seismic design) References [12,114-122,204-208].

4) Cluster Yellow (C-4): Progressive collapse (energy dissipation,
experimental testing, incremental dynamic analysis, moment
connection, progressive collapse) References [123,125-129].

5) Cluster Purple (C-5): Modular building (high-rise building, modular
building, numerical simulation, precast concrete) References
[4133-137,209].

6) Cluster Cyan (C-6): Emerging methodologies (optimum design, pre-
cast, residual drift, self-centering) References [139,141-145].

Table 5 provides statistical insights into the keywords used in the
analysis. The total link strength represents the connections between a
specific keyword and the other keywords in the dataset. Among the
keywords, "seismic behaviour," "precast concrete," and "precast build-
ings" exhibit the highest degree of interrelation with other keywords and
also have the highest occurrence frequency within the sample. The
average year of publication column in Table 5 indicates the topicality of
the keywords. Notably, the keywords "high rise building," "modular
building," "cyclic loading," "finite element analysis," and "optimum
design" emerge as the most current and relevant in the field of seismic
safety of PCB. The average and normalized average citations shed light
on specific keywords’ significance and present influence. For instance,
keywords such as "wall-to-wall connection," "lightly reinforced wall,"
and "experimental testing" demonstrate notable relevance and current
impact based on their average citation counts and normalized average
citations.

4. Qualitative analysis

This section presents a thematic analysis conducted to understand
the current trends in research related to the seismic safety of precast
concrete buildings (PCB). A categorization consisting of six main themes
and eight subthemes was established that effectively organizes the
various lines of research within the field. The sample encompassed all
127 articles, carefully selected to represent the topic comprehensively.
The articles considered in this analysis covered 2012 to May 2023.

4.1. Frame system (number of articles=49)

The precast concrete frame plays a crucial role in the precast
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Fig. 5. Map of scientific analysis of author keywords
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Table 5
Summary of most studied keywords.

Structures 58 (2023) 105598

Keyword Clusters occurrences Total Link Strength Avg. Pub. Year Avg. Citations Avg. Norm. Citations
seismic behaviour 1 34 39 2020 16.0 2,5
precast concrete 5 17 33 2020 11,9 2,1
precast buildings 3 17 27 2017 14,3 2,3
cladding panels 3 6 16 2019 14,3 2,2
finite element analysis 1 11 14 2021 4,6 1,3
shear wall 2 5 12 2019 17,5 2,6
cyclic loading 1 3 11 2021 6,9 1,9
experimental testing 4 4 11 2018 28,5 4,6
modular building 5 6 11 2021 12,5 3,4
ductility 1 5 10 2021 5,67 1,8
seismic design 3 4 9 2015 33.0 3,6
beam-column connection 1 4 7 2020 9,3 1,8
wall-to-wall connection 2 3 9 2018 29,7 5,1
lightly reinforced wall 2 3 9 2018 29,7 5,1
high-rise building 5 4 8 2021 9,5 2,6
optimum design 6 3 7 2021 4.5 1,0

aAverage year published, ® Average citations, ¢ Normalized citations, ¢ Average normalized citations

assembly structure system as the primary structural form. However, the
application of this system in seismic zones has been limited due to the
challenges associated with meeting the demanding strength re-
quirements of connections during earthquake events, leading to their
unreliability [39]. Nonetheless, it has been demonstrated that precast
concrete frame structures can exhibit commendable seismic perfor-
mance when the joints are designed with rationality, facilitating reliable
connections. In the context of precast frame buildings, the primary
challenge lies in identifying cost-effective and practical methods to
connect precast concrete elements while ensuring sufficient stiffness,
strength, elasticity, and stability [40].

Cast-in-place concrete structures offer the advantage of establishing
continuous frames intrinsically resistant to bending moments. This
behaviour, on the other hand, has to be deliberately implemented in
precast structures. Therefore, the appropriate technology for the precast
system is of great importance. The designer’s goal is to achieve a solu-
tion that meets the required performance [41], which can be achieved
depending on the connection between the structural elements, which
can be emulative or non-emulative (hinged). Emulative links provide
lateral stiffness and energy dissipation capacity similar to in-situ con-
crete structures. The system is designed to the usual standards for con-
ventional concrete buildings [42], and assembly requires cast-in-place
(wet) concrete, which can somewhat negate the advantages associated
with prefabrication; the end product is a monolithic system. Articulated
connections, on the other hand, are designed to allow non-linear rota-
tions in the joint contour and avoid inelastic behaviour of the structural
elements through the use of post-tensioning; their assembly avoids the
use of cast-in-place concrete (dry connection), which leads to fast con-
struction, maximizing the advantages of prefabrication. Another type of
dry connection uses steel couplings and bolts, and mechanical and wet
techniques can be combined. In addition, one kind of connection com-
bines mild steel for increased energy dissipation and post-tensioned steel
for self-centring; these connections are of the hybrid type [40].

Various research programs conducted in recent years have signifi-
cantly advanced in understanding connection behaviour, thereby
extensively promoting the development of precast structures [43].

4.1.1. Joint

The research community has acknowledged the significance of
emulative connections through the wet assembly. However, limitations
in the assembly process can lead to inconveniences such as prolonged
waiting times, the need for scaffolding and concrete formwork, cold
joint formation, and suboptimal bonding conditions, among others.
These challenges have resulted in a decrease in the utilization of such
connections [43]. Researchers have proposed several solutions for
beam-column connection in precast construction. One approach focuses

on reconfigurability by minimizing the volume of in-situ concrete, using
fibre-reinforced concrete and employing geometric configurations for
both section and reinforcement, thus eliminating the need for formwork
[41]. Another study combines the concepts of dry and wet connections,
facilitating assembly without scaffolding; this approach achieves elastic
behaviour using a steel box anchored to the column, while the beams
incorporate plastic hinges to improve ductility [44]. Using column and
beam subcomponents establishes an economical and robust assembly
pattern, which allows the connection point to be displaced and exhibits
typical flexural behaviour [45],[46]. Researchers propose using new
materials to solve the interface weakness resulting from segmented
element connections and concrete quality. Ultra-high performance
precast permanent concrete (UHPC) permanent precast forms, fixed by
steel bolts, offer improved confinement of the central core [47]. In
addition, a novel UHPC-filled joint geometry can significantly improve
the mechanical properties of the interface, thus improving both execu-
tion and performance [48].

Dry assemblies leverage the advantages of prefabricated construc-
tion, employing techniques such as welding, bolted connections, dowel
and dowel systems, or post-tensioning steel. These connections offer the
potential for achieving articulated or monolithic behaviour. However,
conducting a thorough analysis of such connections is crucial, as certain
studies have reported inadequate seismic behaviour in hinged connec-
tions [49]. In the case of moment connections, complex geometries or
specialized assembly techniques might be necessary, as the typical
failure mode of the connection could be altered, requiring more so-
phisticated design approaches [50]. Researchers have proposed several
alternatives to overcome the drawbacks associated with precast con-
nections. One innovative approach is to modify fully restrained steel
moment element connections using bolted plates in beams and columns
[51]. Another solution researchers propose is to transform the hinged
beam and column joints into rigid joints by activating mechanical
connection devices after slab installation while maintaining the advan-
tages of dry prefabrication [52]. To improve the seismic response of
unbonded post-tensioned joints, steel face plates have been proposed as
an alternative for confinement at the joints [53]. In addition, alterna-
tives based on composite concrete and embedded steel structures have
been explored and have demonstrated high load-bearing capacity and,
more importantly, reliable and durable connections [54],[55],[56],
[57]. Flange-type mechanical connections with plates and bolts have
enabled fully restrained moment behaviour in segmented element con-
nections [58]. In addition, researchers have successfully moved the
plastic hinge from the column base to a lower moment zone by
employing a steel box connection; this innovative approach aims to
avoid brittle failure and achieve behaviour similar to that of a mono-
lithic column [59]. In general, research efforts are focused on ensuring
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easy and fast construction, which provides significant advantages over
traditional construction methods.

4.1.2. Damage control

The irreversible residual structural deformations produced by
earthquakes in structures generate substantial economic costs in post-
earthquake reconstruction [60]. Developing innovative
high-performance structural systems with low damage and fast recovery
allows for overcoming these deficiencies. Balancing, self-centring,
replacement and addition of energy dissipation devices allow struc-
tures to minimize damage and recover building performance immedi-
ately after an earthquake [61]. Researchers have developed innovative
beam-column connections that are reliable, simple to construct, easy
to repair after an earthquake, and capable of damage control. Including
areplaceable steel beam of reduced section located in the predetermined
plastic hinge zone near the column allows concentration of the plastic
damage in this zone so that the non-replaceable components remain in
the elastic stage [62]. Following the same line in another study, a
replaceable steel hinge and confined steel tube common core are used
[63]. Other researchers proposed novel dual-function steel plate
dampers working as energy dissipation hinge [64],[65]. Adapting the
hinge joint by splice joint and connecting with energy-dissipating steel
plates provides a joint that reduces residual deformation, is repairable
and allows rapid recovery of building functions after earthquakes [66],
[67]. Research has shown an increased interest in resilient structures;
the losses caused by the many earthquakes worldwide over the years
have marked this objective [67]. Table 6. provides a brief list of con-
nections for frame systems proposed in the literature.

4.1.3. Rehabilitation

Significant progress has been made in enhancing the seismic safety of
Prefabricated Concrete Buildings (PCB). However, many existing pre-
fabricated buildings still exhibit high vulnerability to seismic activity,
primarily due to inadequate seismic detailing, particularly at their
connections; this vulnerability has been evident in earthquakes in
southern Europe [35], where numerous structural collapses were
attributed to using non-seismic standard dry friction beam-column joints
[371,[68]. Retrofitting these structures to improve their seismic per-
formance poses a considerable challenge for the engineering community
and is a critical objective for public and private agencies. To address this
limitation, researchers have proposed alternative approaches. One such
technique is the implementation of monolateral dissipative bracing,
which presents an innovative method for dissipating energy through
tension and allowing free deformation during compression [69].
Another approach involves reinforcing dry friction connections using
devices based on carbon-wrapped steel tubes, thereby facilitating the
transformation of these connections [70]. Additionally, using
three-hinged steel devices for multiple structural elements and config-
urations has been proposed as another viable alternative [71]. Since
knowledge of seismic rehabilitation of PCB is scarce compared to
cast-in-place structures, research efforts are essential.

4.1.4. Others

Precast concrete structures hold immense potential in the construc-
tion industry, not only for their advantages during the construction stage
but also due to additional benefits associated with cost reduction and
environmental impact. Moreover, researchers emphasize the impor-
tance of energy and resource conservation through the recovery and
recycling of construction waste and the reuse of materials and buildings
after demolition [72]. In light of these factors, researchers propose
developing a structural system featuring a novel dry column beam
connection that offers easy assembly, cost reduction, and a disassembly
approach; the objective is to evaluate its environmental impact across
various scenarios and assess its durability, potential for reuse, and
cost-effectiveness compared to traditional cast-in-place reinforced con-
crete buildings [73]. Similarly, other researchers have introduced a
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probabilistic approach to evaluate structures’ seismic performance and
lifetime, considering the interaction between seismic and environmental
hazards; this approach underscores the significance of adopting a
comprehensive life-cycle perspective [74].

The research underlines the importance of wet connections. The
proposed solutions include reducing in-situ concrete, using reinforced
concretes and applying ultra-high-performance concretes. Using sub-
components for beams and columns improves the connection points,
optimizing the execution and mitigating the use limitations. In contrast,
dry connections employ steel plates, welding, bolting, doweling, or post-
tensioning, seeking monolithic or hinged behaviour. Innovative dry
approaches emulate the moment connections of steel structures, inte-
grating mechanical devices to stiffen articulated systems, suggesting
joint confinement, incorporating composite structures with embedded
steel sections, and proposing flange-type connections. These wet and dry
connections advances facilitate fast and simple construction, empha-
sizing economy and performance. Some researchers introduce damage
control concepts, exploring techniques such as balancing, self-centering
and energy dissipation. Beam-column connections introduce reduced
steel beam segments, confined steel caissons, steel plate dampers and
energy-dissipating steel plates within the plastic hinge zone, where
damage is concentrated. These replaceable and removable devices
retain non-replaceable components in the elastic phase, increasing the
potential for reuse.

4.2. Shear walls (number of articles=43)

Shear walls are the primary components used to withstand seismic
forces in buildings. However, in prefabricated structural systems, cast-
in-place shear walls persist, despite inherent drawbacks such as high
labour and resource requirements; these limitations hinder the progress
of the technique [75]. Over the years, the scientific community has
extensively studied the concept of prefabricated shear walls, resulting in
rapid advancements. Nonetheless, significant challenges remain,
including concerns about their integrity, performance uncertainties,
implementation complexities, and the weakening effect of joints [76].
To overcome these obstacles, researchers have dedicated their efforts to
developing innovative high-performance connection systems using
various techniques; through these endeavours, they have successfully
demonstrated and ensured excellent behaviour, achieving the design
objective of equivalence to their cast-in-place counterparts.

4.2.1. Assembly

The size of precast concrete walls is limited by transportation and
lifting considerations, which require reliable connections between the
top and bottom precast walls and their adjacent counterparts. Conse-
quently, the literature highlights several connection systems that aim to
achieve satisfactory ductility and minimal damage during seismic
events. One method that has shown promising results is casting-in-place
structural elements as vertical connections between adjacent walls while
using grouted jackets for horizontal coupling; this method forms a
monolithic element that effectively supports internal loads [771,[78],
[79]. The use of cast-in-place concrete, commonly referred to as "wet
connection", has been established as the traditional connection method.
However, other researchers propose a three-sided consolidation system
that relies on a reliable cast-in-place concrete connection, omitting the
connection at the base of the wall and using mortar backfill for ease of
construction, cost-effectiveness, and predetermined performance [80].
The pursuit of enhanced stiffness, ductility, and energy dissipation has
been a focal point in numerous investigations. Implementing bracing has
yielded promising results in cast-in-place walls, particularly in high-rise
buildings [81]. More recently, the introduction of steel plate bracing in
precast shear walls has been proposed, ensuring mechanical character-
istics that cater to high and low axial load ratios, thus meeting the re-
quirements for lower floors [82]. Double-skin shear walls have been
introduced to improve assembly conditions with lighter components.
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Table 6
Summary of connections for frame systems proposed in the bibliography.
Type Assembly  Illustration Connection details
Emulative Wet -Geometric variation of section and reinforcing steel[38].-Use of steel plates[44].-Use of subcomponents of

structural elements[45,46].-Use of UHPC[47,48].

[38]

[48]

Dry -Plates and bolts in beams and columns[51].-Joint stiffening with the rear slab[52].-Steel face plates at the
joint[53].-Use of hybrid elements (steel and concrete)[54].-Flange type between elements[58].-Steel box
at the base of the column|[59].

[51]
[58]
Dry -Damage control, preset plastic hinge[62].-Confined steel core[63].-Double function (hinge and energy

dissipation) dampers[64,65].

[62]

(continued on next page)
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Table 6 (continued)
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Type Assembly  Illustration Connection details
[64]
Non- Dry -Steel plates for energy dissipation[66].-Hysteretic dampers for energy dissipation[67].
emulative
[66]

[67]

The combination of spiral-confined vertical overlap and horizontal loop
connections has demonstrated favourable outcomes [83],[84]. In
another study, effective load transfer was achieved through double-row
spiral-confined vertical and rebar overlap connections [85],[86].
Following a similar approach, other researchers have proposed an
innovative solution—a relieved wall featuring an interior hollow
modular scheme that can be connected using in-situ concrete or me-
chanical devices [87].

The scientific community has recognized unbonded post-tensioned
self-centring precast concrete walls as a high-performance seismic-
resistant system capable of withstanding severe earthquakes with min-
imal damage; extensive research on this system has been documented in
the literature [88],[891,[90]. In recent years, researchers have directed
their efforts towards improving design guidelines, as the arrangement of
unbonded steel impacts post-tensioning losses and shear friction [91].
Researchers have developed simplified design equations that align with
the original system approach [92]. Furthermore, it has been determined
that the design of post-tensioning and energy dissipation, known as the
hybrid system, plays a crucial role in preventing system collapse,
emphasizing the significance of the designer’s control over these factors
[93]. Fig. 6. summarizes the PCB assembly sequence.

4.2.2. Resilience

The design philosophy commonly adopted in cast-in-place reinforced
concrete buildings primarily emphasizes life safety, tolerating structural
member damage that can result in the loss of building functionality after
a severe earthquake, often leading to inevitable demolition. However, in
the case of Prefabricated Concrete Buildings (PCB), researchers have put
forth alternative approaches that prioritize post-earthquake resilience
and sustainability.

Tilting systems offer significant damage reduction, albeit with the
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trade-off of lower energy dissipation [95]; steel dampers have been
proposed to compensate for the lower energy dissipation [96]. An
alternative approach is to design demountable or repairable systems;
these systems employ strong steel joints (dry joints) for the joints, thus
maximizing the advantages of prefabrication, such as faster construction
and better quality control [97]. Numerous studies have explored the
development of precast concrete demountable buildings. Researchers
have proposed a demountable shear wall of multiple slender walls in
which strong steel connections interconnect the structural elements. In
this system, the nonlinear behaviour is concentrated on the shear walls,
preserving the integrity of the other elements [98]. In addition, other
researchers have developed a method of joining walls using welded
shear and shear steel keys; these keys, composed of low-yield strength
steel plates, efficiently transfer loads and dissipate energy [99],[100].
To improve the coupled tilt-up walls by eliminating the interaction be-
tween components, a segmented wall for each floor connected by cir-
cular steel dampers that function as shock absorbers are presented
[101]. Another study increases the efficiency of tilt-up systems by
configuring the system with two end columns and linking adjacent walls
with replaceable energy dissipative connectors [36]. The standing seam
has also been addressed with a male-female connection using u-shaped
acro channels and bolts that incorporate rubber that dampers and dis-
sipates vibrations [102],[103].

4.2.3. Modular wall systems

The sustainability of structures has become a growing concern, with
the current trend recognizing its significance alongside structural safety
[104]—on-site activities involving in-situ concrete construction demand
substantial time, extensive formwork, and a significant workforce;
moreover, when these structures suffer severe damage or reach the end
of their service life, they often require complete demolition; this process
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Fig. 6. Summary of PCB assembly sequence.
Modified from reference [94].

contributes to environmental issues and consumes significant amounts
of energy [105]. In light of this scenario, researchers are exploring
design approaches incorporating deconstruction concepts [106]. Precast
concrete wall panel systems with bolted connections offer a compelling
solution, particularly for low-rise buildings, owing to their straightfor-
ward assembly and disassembly. In this regard, a team of researchers has
developed a lightly reinforced panel system featuring simple bolted
connections designed to withstand tensile and shear forces; these panels
are easy to fabricate and transport, and their joints can be readily
replaced or upgraded to meet new requirements; the deconstruction
process is also streamlined, presenting a straightforward procedure
[1071,[108]. In the realm of low-rise building typologies, other re-
searchers conducted experimental investigations to determine the
seismic behaviour of a particular configuration; the buildings were
connected using felts and mechanical anchors, with their findings
revealing that the weakest link in the system was the three-way con-
nections [109],[110]. In a separate study, researchers conducted
shaking table tests on an improved system version, showcasing its ability
to withstand severe earthquakes and confirming its suitability for
low-rise buildings [111]. Moreover, researchers have proposed alter-
native approaches for medium- and high-rise buildings; one proposal
involves a prefabricated shear wall combined with various types of
dissipative beams, demonstrating its feasibility while highlighting the
ease of repairing possible damages [112]. Additionally, scholars
analyzed the incorporation of a viscoelastic damped joint for the vertical
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connection of precast wall panels, yielding promising results; in a
24-story building, the system successfully dissipated 90% of the
incoming seismic energy [113]. Table 7. provides a brief list of shear
wall connections proposed in the literature.

4.3. Cladding panel system (number of articles=15)

The significance of sheathing panels on the seismic behaviour of
precast concrete buildings (PCB) has been largely disregarded over the
years. They are commonly viewed as non-structural elements that pri-
marily contribute seismic mass, lack stiffness and are joined by dry
connections. However, previous seismic events have demonstrated the
need to reassess this approach. The interaction between the frame and
the panels plays a crucial role in determining the seismic response of the
structure [35]. To address this issue, researchers have proposed three
general criteria. The first criterion involves considering an isostatic
arrangement of the panel connections. In this approach, the seismic
analysis focuses on the bare frame, and the panels contribute only their
mass. However, when significant displacement occurs at the connec-
tions, the panels actively participate in the seismic response. The second
criterion adopts an integrated support system where the panels are in-
tegral to the lateral resistance system. This hyperstatic assembly utilizes
fixed connections designed based on seismic analysis. The third criterion
entails the creation of a dissipative system by installing devices between
the panels and the frame or between the panels themselves. These
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Table 7
Summary of shear wall connections proposed in the literature.
Type Assembly  Illustration Connection details
Emulative Wet -Concrete-in-place (vertical coupling)-Grout coupler (horizontal coupling)[77-79].-Bracing with steel plates and
lap joints[82].-Double skin walls, overlapping connections[83-86].-Lightened wall, caged coupling or mechanical
devices[87].
[82]
—
Longitudinal rebar
| Spiral stirups
" .
[*= Protruding rebar
[86]
Non- Dry Ll ! -Post-tensioned unbonded self-centering[88-90].-Includes confinement region[91]-Hybrid action post-tensioned
emulative steel and mild steel[93].
e 1
[88]

[91]
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Table 7 (continued)

Structures 58 (2023) 105598

Type Assembly  Illustration Connection details
Dry -Replaceable, mechanical connection[98].-Vertical assembly between walls with steel shear keys[99,100].- O-type
steel dampers[101]- Vertical assembly to columns with O-type dampers[36].-Male-female connection with
damping[102].
[98]
[101]
Dry -Modular system with replaceable bolted joints[107].-Connection with felts and mechanical anchors[109]. -Plate

cushioned joints[113].

Precast floor slab

Precast wall pancl

[107]

¢
M

/"‘
.\ A Y \‘
“a._a,
LR XY \‘\
SR

[111]

and bolt connection[111].-Coupling with energy-dissipating beams[112].-Vertical connection with viscoelastic

devices are responsible for dissipating energy within the system [114].

4.3.1. Energy dissipation

The research community has verified the reliability of the dissipative
criterion and its isostatic equivalent in kinematic terms [12]. Based on
this criterion, several design strategies for the structural system have
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been investigated, focusing on developing reliable and
easy-to-implement systems. These studies have explored different levels
of interaction and the creation of a highly efficient dual frame/wall
system [115],[116]. One approach was implementing a connection
system using friction-based devices for horizontal or vertical connec-
tions. This system demonstrated significant results, exhibiting high
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energy dissipation capacity and offering replaceability in case of damage
[117]1,[118].

Other researchers conducted experimental tests with various con-
nected devices, including local tests, subassemblies, and full-scale pro-
totypes, which confirmed the overall seismic behaviour within strength
and displacement constraints [114]. In another study, multiple
connection configurations were analyzed, and the effects of varying the
location, quantity, and thickness of the steel damping devices were
reviewed. The results indicate the proposed device allows high energy
dissipation in panel-to-panel and panel-to-support connections [119],
[120]. In addition, some authors propose an energy-dissipating cladding
panel that incorporates U-shaped steel dampers; these dampers facilitate
seismic energy dissipation through relative sliding displacement be-
tween the panels and the structure, thus providing effective damage
control [121]. The horizontal configuration of the panels was examined,
revealing that achieving an isostatic configuration can be challenging;
therefore, when designing such a configuration, it is essential to consider
correct connection details [122]. Fig. 7. shows a system of
energy-dissipating cladding panels using U-shaped steel dampers.

4.4. Progressive collapse (number of articles=6)

Earthquakes, winds, fires, and the potential for progressive collapse
resulting from accidental failures present significant technical chal-
lenges throughout the service life of structures. Consequently, the design
and construction of structures that can withstand multiple hazards have
garnered significant attention from the global research community in
recent years [123]. In the context of reinforced concrete buildings,
recent studies have identified seismic actions and progressive collapse as
the most critical hazards affecting their safety [60]. Progressive collapse is
the disproportionate chain reaction triggered by a localized failure
resulting from extraordinary events such as fire, explosion, or overload
[124]. Substantial advancements have been made by the scientific
community in cast-in-place reinforced concrete buildings, particularly
in achieving robust resistance mechanisms against column loss [125].

Building upon this progress, researchers have introduced innovative
precast concrete structural systems that offer enhanced resistance to
multiple hazards. Through cyclic and progressive collapse tests, an
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innovative frame incorporating post-tensioned tendons, steel angles,
energy dissipaters, and shear plates was evaluated for its seismic per-
formance and progressive collapse design impact, leading to the devel-
opment of a comprehensive multi-hazard design approach [123,123].
The behaviour of precast systems is highly dependent on their connec-
tions. Given this, researchers have proposed a non-emulative moment
connection detail that incorporates high-strength post-tensioned steel
anchored to the parapets using bearing plates specifically designed to
resist progressive collapse scenarios [126]. In another study, three types
of connections were tested by pushout tests to evaluate their capabilities
and resistance mechanisms in preventing progressive collapse [127],
[128]. In addition, typological fragility curves have been established to
assess the risk of progressive collapse in single- and multiple-risk envi-
ronments [125]. It has been observed that masonry infill walls can help
mitigate progressive collapse behaviours; however, panel openings and
their location significantly affect structural strength [129]. Fig. 8. shows
a schematic of the expected deformation in an accidental local failure
scenario and the details of the beam-column junction region with the
capacity for progressive collapse.

4.5. Modular buildings (number of articles=7)

Modular concrete buildings represent the pinnacle of precast con-
struction, utilizing volumetric modular components instead of discrete
structural elements like beams, columns, and walls commonly found in
traditional precast concrete systems. This approach enables a greater
level of prefabrication to be achieved, leading to numerous advantages
[130]. Such structures are particularly well-suited for architectural
spaces requiring repetitive units, such as hotels, offices, and residences,
and have the potential for application in high-rise buildings [131].
While extensive research has been conducted on developing steel
modular buildings [132], ongoing research is focused on advancing
concrete modular building systems [4].

Scholars have researched modular concrete buildings to enhance
their resistance against lateral wind and seismic forces. As part of this
endeavour, hybrid coupled wall systems have been developed for high-
rise modular structures. These systems incorporate replaceable steel
coupling beams and precast concrete walls within the modules,
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Fig. 7. Energy dissipative cladding panel system using U-shaped steel dampers. [121].
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Fig. 8. Schematic of the expected deformation in an accidental local failure
scenario and details of the beam-column joint region. [123].

substituting the need for in-situ concrete or steel cores [133]. Addi-
tionally, another study proposes the elimination of cast-in-place cores by
utilizing a lateral force-resisting shear wall system, where shear walls
are integrated into the precast modules. It has been confirmed through
numerical modelling and multi-mode analysis that this system possesses
sufficient strength to withstand seismic loads [134]. Similarly, another
study has developed a discrete horizontal diaphragm system that elim-
inates the need for a cast-in-place concrete layer. This system in-
corporates innovative horizontal and vertical connection systems, and
simulation was conducted using a spring model [135]. Furthermore,
researchers have devised a modular prefabricated shear wall system,
wherein volumetric modules are assembled using horizontal and vertical
joints comprising steel studs and beams. This system enables rapid
construction and offers the advantage of being demountable [4]. The
role of cast-in-place cores in providing resistance against lateral forces
was investigated, considering the interaction between the module core
walls and the influence of vertical connections between modules. Hor-
izontal connection is facilitated by an in-situ concrete layer in the slab
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[136]. A novel approach was proposed to recognise a knowledge gap in
the structural design of modular buildings, emphasising that modules
bear vertical loads and transfer lateral loads to cast-in-place cores to
resist such forces [137]. Fig. 9. shows the assembly concept of a pre-
fabricated volumetric modular building.

4.6. Emerging methodologies (number of articles= 6)

Industrialized construction is gaining traction in numerous coun-
tries, driven by government policies that advocate for enhanced auto-
mation and productivity within the industry [138]. As a result, the
design phase is receiving increased attention regarding constructability,
sustainability, and climate resilience. In a contemporary building envi-
ronment, the focus is on long-term sustainability, aiming to minimize
impacts such as carbon footprint and costs [139]. Extensive research has
shown that geometry and material choices significantly influence the
carbon footprint and cost of building construction [140]. It is widely
acknowledged that novel approaches are needed to accurately predict,
correlate, and optimize building geometry to minimize these impacts.
Existing methods often fail to provide a comprehensive assessment, thus
highlighting the necessity for new approaches to address this challenge
effectively.

In line with these advancements, researchers have pursued a novel
system approach incorporating Building Information Modeling (BIM)
for three-dimensional geometric modeling of buildings, coupled with
automatic generative design techniques, to optimize the carbon foot-
print and construction cost of precast buildings [139]. Another signifi-
cant research focus revolves around the seismic optimization of precast
concrete structural systems. Multi-objective optimal seismic design has
been employed for precast concrete frames, utilizing hybrid semi-rigid
connections to mitigate issues such as premature creep, excessive
displacement, and unfavorable failure modes during severe earthquakes
[141]. Additionally, a separate study has developed an automatic
optimal design procedure applicable to unbonded prestressed shear wall
frames and shear wall systems with damping. The objective is to identify
the optimal combination of post-tensioning tendons and shear connec-
tors, thereby ensuring moment capacity, while simultaneously
achieving zero residual drift [142],[143]. Other researchers have
focused on determining the optimal locations of connections within two-
and three-dimensional areas, explicitly targeting the automation of
prefabricated building processes [144]. In a separate study, scholars
have introduced a novel construction approach for prefabricated
floor-wall systems utilizing artificial intelligence (AI). This approach
involves searching for optimal locations of wall and beam patterns, as
well as proposing a range of suitable joints, elements, and associated
assembly methods [145]. These research efforts highlight the ongoing
endeavors to advance the field of precast construction through innova-
tive design methodologies and optimization techniques.
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Fig. 9. Assembly concept of precast modular building. [4].
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5. Discussion

This section examines trends and offers insights into future di-
rections. The trends identified in this analysis stem from the classifica-
tion performed in the preceding sections, which involve a critical
analysis of the underlying factors driving these trends and the identifi-
cation of key parameters. Furthermore, future directions are proposed
based on identifying gaps in the analyzed literature. The aim is to pro-
vide recommendations on addressing these gaps and pave the way for
future research in the field.

5.1. Trend analysis

Among the various categories of structural systems capable of
withstanding simian forces, such as precast concrete frames and shear
walls, they constitute 74% of the complete sample, as depicted in
Fig. 10. This high percentage can be attributed to the extensive research
conducted on precast concrete buildings over the past four decades. It is
worth noting that most precast buildings are constructed using rein-
forced concrete, which has been prominently featured as the primary
material in academic research and practical applications [21]. Consid-
erable attention has been given to comparing precast concrete elements’
structural and material performance with conventional cast-in-place
concrete. The growing interest and trend towards precast concrete
buildings are well-founded, as researchers widely acknowledge their
numerous advantages over traditional structures. These advantages
include reduced environmental loads, labour savings, enhanced quality,
and increased efficiency in on-site construction, among others [146].

Beginning in the 1980 s, research on the seismic safety of PCB
resulted in initial guidelines in New Zealand [8]. The PRESS design
manual further reinforced developments in the early 1990 s [9], estab-
lishing standards for the use and design of precast concrete. Initial
design guidelines were introduced by the National Earthquake Hazards
Reduction Program (NEHRP) in 1994 [23]. The International Federation
for Structural Concrete (Fib 2003) focused on seismic design philosophy
[147]. In the USA, ACI 318 included seismic provisions for emulative
systems in 2002, based on NEHRP. Guidelines for articulated connec-
tions and walls have been added; current structures are governed by the
International Building Code IBC-15, which references ASCE/SIE 7-10
and ACI 318-14 [22]. The provisions of the Precast/Prestressed Con-
crete Institute (PCI) design manual and NEHPR are significant docu-
ments. In regions such as China and Hong Kong, the growth of the
construction industry drives the evolution of standards to meet the 30%
policy for new precast buildings [34]. The Indian code outlines joint and
wall design with constructability and fire resistance in mind. Similarly,
European standards incorporate safety concepts, wall provisions and
stress analysis [148]. The codes aim for seismic behaviour similar to that
of in-situ structures. Compliant PCB can be designed in areas of high
seismic risk [22], [23], [148].

The research community acknowledges that the connections of
precast elements represent the weakest link in these structural systems.

Emerging methodology [l 5%
Modular buildings |l 6%
Progressive collapse 5%

Cladding panel 12%

Shear wall 359

Frame system 39%

Fig. 10. Percentage of each category.
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It has been demonstrated that these connections are susceptible to sig-
nificant earthquake damage, highlighting their crucial role. Researchers
have recognized the importance of understanding and addressing this
vital aspect, making it one of the primary research topics within the
field. Understanding and applying robust connections are critical to
successfully implementing the precast system [149]. The significance of
connections in precast concrete construction has been widely recognized
and extensively discussed in the research, even since its early stages of
adoption [9]. The development of innovative connection systems,
known for their excellent mechanical behaviour, has played a pivotal
role in achieving robust structural system integrity. A prevailing trend in
these structural systems involves the creation of connections that pri-
oritize ease of assembly, cost-effectiveness, utilization of new materials,
and the avoidance of formwork, additional equipment, and the need for
custom fittings.

The literature reveals lower percentages of studies addressing issues
such as the structural behaviour of cladding panels (12%); the authors
highlight the importance of taking into account nonstructural compo-
nents during the design phase and seismic evaluation to embroider the
failures evidenced in past earthquakes, current design approaches focus
on the structural system, often neglecting the potential impact of
nonstructural elements [150]. Seismically safe volumetric module sys-
tems (6%) emerge as the highest level in prefabricated systems.
Research is scarce, and studies have demonstrated the feasibility of their
application. However, structural elements and high percentages of
cast-in-place concrete still predominate, undoubtedly an obstacle to
their development. In addition, complex connection systems may affect
their practical application; their behaviour still needs to be determined
[4]. Studies addressing progressive collapse (5%) constructing
multi-hazard structures is an important research topic worldwide, and
the trend is developing multi-hazard designs [123]. Finally, the sample
is completed by studies on the application of emerging methodologies in
creating structures (5%); the authors agree that these methodologies at
the method level can complement and improve problem-solving ap-
proaches. Their application may allow the consideration of other vari-
ables with equal importance for seismic safety in the design phase that
traditional methodologies may not adequately address [26].

The substantial advantages of precast concrete technology are widely
recognized [151]. However, within the scientific community, there is
consensus that their market share in building construction remains
comparatively limited [152], [153]. Researchers have identified
numerous critical factors influencing the use of prefabricated systems,
adopting a life-cycle approach, which is summarized as follows: (1)
During the study and feasibility phase, several apprehensions arise,
including high costs [42], [154], lack of social acceptance [155], fluc-
tuations in preferred policies and market conditions, limited industry
experience leading to poor design, poor management and production
practices, as well as inadequate assembly [156], [157]. (2) In the design
phase, problems may arise in accommodating architectural pre-
requisites, establishing component standardization and compatibility,
addressing structural design constraints, earthquake-related concerns
regarding building performance, and developing comprehensive tech-
nical specifications [152], [158]. (3) Problems in the manufacturing and
transportation phase encompass the demand for skilled labour and
expert handling of advanced equipment [34]. During transportation,
complications such as stacking constraints, excessively long distances,
suboptimal track conditions, restricted loading capacity, and inadequate
vehicles can result in additional costs and delays [159]. (4) During
construction, key parameters revolve around human resources and
machinery requirements, operating radius, and limited crane capacities.
Safety risks from connection failures and lifting operations [160], the
lack of inspection techniques and connection verification technologies,
and the use of non-standardized and untested accessories have been
highlighted [153]. (5) Finally, in the operational phase, concerns focus
on the need for more expertise to maintain components properly [161]
and the absence of evidence that the life-cycle performance of
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prefabricated structures exceeds that of traditional buildings [162].
Significant progress has been made in research on the seismic safety
of PCB. However, this study has identified several critical points that
deserve attention. A research consensus must be established to formu-
late or improve design guidelines and standards that effectively incor-
porate these advances, instilling the confidence necessary for safe and
widespread adoption. Given its recognition as the pinnacle of prefabri-
cation, the scientific community must expand its research on volumetric
modular structures. Integrating state-of-the-art methodologies in the
search for optimal solutions can elevate the quality of solutions by
reducing computational time. Research advocates for structural systems
designed with disassembly capabilities, driven by the fundamental
objective of mitigating the environmental impact during the end-of-life
phase of the building, i.e., its demolition. Finally, the effective integra-
tion of the often contradictory parameters determining seismic safety
and the economic, environmental and social pillars of sustainability in
constructing precast concrete buildings must be demonstrated.

Structures 58 (2023) 105598

5.2. Future directions

Based on the scientific mapping and qualitative analysis of current
research categories within PCB seismic safety, a comprehensive frame-
work is established in Fig. 11, linking existing studies to future di-
rections. This diagram illustrates the interplay between three columns:
current research, research topics, and research trends, all of which
contribute to the alignment of current and future research efforts. In the
first column of Fig. 11, the current research is identified based on the
scientific mapping conducted in previous sections. These findings are
then linked to this study’s relevant research topics or categories. The
third column delineates future research directions by synthesizing the
research findings from columns one and two. These directions naturally
stem from the existing research themes explored above, forming a
cohesive roadmap for further investigations into the seismic safety of
precast concrete buildings. It is important to note that the specific
keywords used in this analysis are exclusively derived from the scientific
mapping process, ensuring that the recommendations for future
research are grounded in the existing literature and its identified areas of
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focus.

For instance, within the broader research topic of mechanical
behaviour engineering, there is a need to focus on developing new
design standards. These considerations should guide designers in
selecting the appropriate structural approach, components, and, most
importantly, an effective connection system; this ensures that the indi-
vidual system components and the overall structure meet the required
performance criteria. It is crucial to address the issue of irreversible
residual structural deformations that occur during earthquakes, as these
deformations lead to significant economic costs in post-earthquake
reconstruction. Additionally, the design process must consider extraor-
dinary actions or multiple hazards. To tackle these challenges, the
development of innovative, robust, and high-performance structural
systems that exhibit minimal damage and enable rapid recovery or
repair is emerging as a promising strategy for achieving resilience-based
engineering principles. The existing design of precast concrete buildings
heavily relies on the original design system used for traditional cast-in-
place buildings. However, it lacks a comprehensive approach consid-
ering the fabrication and erection stages [163].

The sustainability of structures has gained significant importance
and is now regarded as equally crucial as ensuring structural safety. In
addition to prioritizing structural integrity, a growing emphasis is on
adopting sustainable practices throughout the construction process; this
includes facilitating clean construction methods, optimizing trans-
portation, and enabling easy assembly and disassembly to minimize the
environmental impact. The goal is to reduce the carbon footprint and
overall energy consumption, thereby enhancing the sustainability of
new buildings over their entire life cycle. In recent years, cradle-to-grave
environmental life cycle analysis studies have been increasingly used for
different infrastructure projects. For instance, researchers evaluated the
environmental impacts and total life-cycle costs associated with pre-
fabricated and cast-in-place buildings in the United States [164].
Furthermore, another research team conducted a study to assess the
environmental impacts of four different retaining walls, aiming to
identify the optimal solutions for minimizing environmental harm
[165]. In addition, a separate study focused on determining the envi-
ronmental impacts of corrosion preventive designs for a prestressed
concrete bridge deck exposed to an environment with high chloride
content [166]. Researchers have recognized that the sustainability
paradigm needs to be revised to mitigate environmental impacts. It is
now imperative to consider economic and social factors alongside
environmental considerations. The conventional "recycle, reduce, and
reuse" approach is being reevaluated, with a shift towards the principles
of "restore, renovate, and replace" [167].

Optimisation has been listed as an emerging structure methodology
and studied extensively for several decades [168]. It offers a scientific
approach to improving structural designs by considering multiple ob-
jectives, such as cost minimisation, reduction of CO, emissions, and
embodied energy. Recent advancements have leveraged integrating
deep learning techniques with metaheuristics to enhance solution
quality and convergence speed. For instance, a study proposed a hybrid
algorithm that combined the particle swarm optimisation method with
the DB-scan clustering technique to design retaining walls, to optimise
both carbon emissions and cost [169]. This hybridisation approach was
also applied in optimising a steel-concrete composite bridge, where cost
and embodied energy were treated as single objective functions using
hybrid swarm intelligence [170]. Researchers can find optimal solutions
that balance economic considerations, environmental impact, and en-
ergy efficiency in a structural design by incorporating advanced opti-
misation techniques and considering multiple objectives. These
advancements open new avenues for creating more sustainable and
efficient structures.

Given the inherent complexity of reconciling often conflicting
criteria related to safety and sustainability, multi-criteria decision-
making methodologies (MCDM) have gained significant attention in
recent years. Specifically, multi-attribute  decision-making
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methodologies (MADM) have proven valuable tools for addressing
discrete problems with pre-defined alternatives. Advancements in
decision-making techniques have facilitated the integration of sustain-
ability principles into engineering practices through the use of hybrid
approaches. For example, a study assessed a house’s sustainability per-
formance throughout its life cycle by considering four different struc-
tural design alternatives. The evaluation was conducted using various
combinations of pairwise comparison and superior performance
methods from the MCDM (Multiple Criteria Decision Making) fields
[171]. Another research effort utilized neutrosophic criteria theory and
the TOPSIS technique to evaluate the sustainability of concrete bridge
decks in coastal environments [172]. These and similar advancements
enhance the quality of decision-making solutions in uncertain
environments.

The current challenge of the construction industry, in addition to
structural safety, is to apply very restrictive budgets that minimize
environmental impacts considering social and functional parameters.
Therefore, we are facing a very complex problem with many restrictions
and subject to significant uncertainties, which represents a major sci-
entific challenge that can hardly be explored with traditional analytical
tools. The use of state-of-the-art optimization methodologies, as well as
multi-criteria decision-making that includes in their development the
life cycle analysis from the design, manufacturing, assembly, use and
maintenance phase and the end of life, will allow us to meet this
challenge.

6. Conclusions

This study conducts a comprehensive and systematic review of the
literature on advancing research on PCB’ seismic safety. The analysis is
carried out in three distinct stages. First, thoroughly identifying and
compiling the relevant literature is carried out, ensuring a meticulous
selection of appropriate sources. Next, a quantitative literature assess-
ment is conducted, scrutinising various parameters and indicators to
extrapolate insightful conclusions. Finally, a qualitative review of the
sample is shown to delve deeper into the literature, uncover trends, and
point out possible avenues for future research. A total of 127 articles
published between 2012 and May 2023 were reviewed. The most salient
findings are as follows:

1. The scientometric assessment presents a statistical overview of cur-
rent developments in PCB seismic safety. This assessment reviews
annual productivity, sources, authors, geographical collaborations,
and notably cited articles. It highlights a remarkable increase in
research output, discernible since 2019. In particular, it is discerned
that most (70%) of the literature emanates from China and Italy. The
bibliometric analysis systematically pinpoints and structures the
prominent themes within the research, encapsulating six main cat-
egories: framing systems, shear walls, cladding panels, progressive
collapse, modular buildings and emerging analytical methodologies.
Finally, the qualitative review delineated the predominant trends
and discerned gaps in the research landscape.

2. Frame and shear wall systems are the predominant focal points,
comprising 74% of the investigations. This substantial proportion is
well justified, given that the benchmark for performance is derived
from structural systems used in site-built buildings. A considerable
part of the research effort has been directed at improving connec-
tions. The current trend revolves around creating inventive, robust,
high-performance structural systems designed with damage mitiga-
tion, recovery and rapid repair capabilities. Proposals have emerged
for connection systems that facilitate deconstruction to improve the
environmental impacts of building end-of-life processes. To a lesser
degree, research has delved into volumetric modular structural sys-
tems, hailed as the epitome of prefabricated systems, along with the
conceptualization of structures endowed with multi-hazard
resistance.
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3. This research meticulously examines the gaps in existing research; its
approach is articulated in a proposed research framework intended
to guide future research. These future avenues of exploration span a
spectrum of efforts, including conceptualizing pioneering structural
systems equipped with damage control and repair capabilities,
establishing standardized structural protocols, and developing
comprehensive design principles encompassing all facets of PCB
realization. In addition, the framework advocates for a holistic sus-
tainability assessment by delving into impacts that span the entire
PCB life cycle. It also supports the integration of state-of-the-art
methodologies, such as optimization and multi-criteria decision-
making (MCDM), to seamlessly harmonize seismic safety and sus-
tainability considerations. Impending research efforts face a formi-
dable challenge: to address the crisis within the sustainability
paradigm and pivot toward achieving structures that seamlessly
intertwine seismic robustness and sustainable attributes. It is an
intricate problem, navigating a series of constraints and uncertainties
that transcend conventional conceptual frameworks.

4. The key findings of this research are summarized in three main
points: (1) The structure of current knowledge is established, and
central themes and sub-themes addressed by the research and related
to obtaining seismically safe PCB are determined. (2) It determines
the structural systems most studied at present, where the evolution of
connection systems is highlighted, and the concepts that dominate
their design. (3) This review identifies the challenges of research
keeping sustainability at the forefront for conceiving seismic-
resistant PCB from a holistic perspective and provides suggestions
for future lines of research. As industrialized construction methods
are emerging as the future of the construction industry, there is a
growing worldwide interest in this construction approach. This study
may help researchers to develop new research proposals by
providing valuable insights. However, it attempts to outline the most
recent research and reflects the general trend; it is possible that some
approaches, drawbacks or practices still need to be considered.
Additionally, this study has been based only on literature published
and written in English.

The outcomes of this study stand out from prior reviews due to their
comprehensive approach and methodological rigour. This study en-
compasses the formulation of novel propositions aimed at advancing
seismic-resistant PCB, aligning them with contemporary societal im-
peratives related to fostering sustainable development goals. The study
undertakes a thorough analysis, unearths previously uncharted research
voids, and presents pathways to further research in this domain.

Acknowledgments

Grant PID2020-117056RB-100 funded by MCIN/AEI/ 10.13039/
501100011033 and by “ERDF A way of making.

Europe”.

The first author is grateful to the Universidad Central del Ecuador for
funding to pursue a doctoral program at the.

Universitat Politecnica de Valencia.

References

[1]

[2

—

[3]

[4]

Lopez-Guerrero RE, Vera S, Carpio M. A quantitative and qualitative evaluation
of the sustainability of industrialised building systems: a bibliographic review and
analysis of case studies. Renew Sustain Energy Rev . 2022;vol. 157. https://doi.
org/10.1016/j.rser.2021.112034.

UNEP and GlobalABC, “Global Roadmap: Towards Low-GHG and Resilient
Buildings.” UNEP Nairobi, Kenya, 2016.

Soares N, et al. A review on current advances in the energy and environmental
performance of buildings towards a more sustainable built environment. Renew
Sustain Energy Rev . 2017;vol. 77:845-60. https://doi.org/10.1016/J.
RSER.2017.04.027.

Zhao B, Wu D, Zhu H. New modular precast composite shear wall structural
system and experimental study on its seismic performance. Eng Struct . 2022;vol.
264. https://doi.org/10.1016/j.engstruct.2022.114381.

20

[5]

[6]

[71

8

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Structures 58 (2023) 105598

Richard RB. Industrialised building systems: reproduction before automation and
robotics. Autom Constr 2005;vol. 14(4):442-51. https://doi.org/10.1016/j.
autcon.2004.09.009.

Sanchez-Garrido AJ, Navarro 1J, Garcia J, Yepes V. A systematic literature review
on modern methods of construction in building: An integrated approach using
machine learning. J Build Eng 2023;vol. 73:106725. https://doi.org/10.1016/j.
jobe.2023.106725.

Park R. Seismic design and construction of precast concrete buildings in New
Zealand. PCI J 2002;vol. 47(5):60-75. https://doi.org/10.15554/
pcij.09012002.60.75.

Bull DK. Guidelines for the use of structural precast concrete in buildings. Centre
for Advanced Engineering, University of Canterbury,; 2000.

Priestley MJN, Sritharan S, Conley JR, Pampanin S. Preliminary results and
conclusions from the PRESSS five-story precast concrete test building. PCI J .
1999;vol. 44(6):42. https://doi.org/10.15554/pcij.11011999.42.67.

Negro P, Bournas DA, Molina FJ. Pseudodynamic tests on a full-scale 3-storey
precast concrete building: Global response. Eng Struct . 2013;vol. 57:594-608.
https://doi.org/10.1016/j.engstruct.2013.05.047.

Bournas DA, Negro P, Molina FJ. Pseudodynamic tests on a full-scale 3-storey
precast concrete building: Behavior of the mechanical connections and floor
diaphragms. Eng Struct . 2013;vol. 57:609-27. https://doi.org/10.1016/j.
engstruct.2013.05.046.

Negro P, Lamperti Tornaghi M. Seismic response of precast structures with
vertical cladding panels: The SAFECLADDING experimental campaign. Eng Struct
. 2017;vol. 132:205-28. https://doi.org/10.1016/j.engstruct.2016.11.020.
Lachimpadi SK, Pereira JJ, Taha MR, Mokhtar M. Construction waste
minimisation comparing conventional and precast construction (Mixed System
and IBS) methods in high-rise buildings: A Malaysia case study. Resour Conserv
Recycl . 2012;vol. 68:96-103. https://doi.org/10.1016/j.resconrec.2012.08.011.
Dong YH, Jaillon L, Chu P, Poon CS. Comparing carbon emissions of precast and
cast-in-situ construction methods - A case study of high-rise private building.
Constr Build Mater . 2015;vol. 99:39-53. https://doi.org/10.1016/j.
conbuildmat.2015.08.145.

Pavese A, Bournas DA. Experimental assessment of the seismic performance of a
prefabricated concrete structural wall system. Eng Struct . 2011;vol. 33(6):
2049-62. https://doi.org/10.1016/j.engstruct.2011.02.043.

Penadés-Pla V, Garcia-Segura T, Yepes V. Accelerated optimization method for
low-embodied energy concrete box-girder bridge design. Eng Struct 2019;vol.
179:556-65. https://doi.org/10.1016/j.engstruct.2018.11.015.

Wang Y, Xue X, Yu T, Wang Y. Mapping the dynamics of China’s prefabricated
building policies from 1956 to 2019: a bibliometric analysis. Build Res Inf . 2021;
vol. 49(2):216-33. https://doi.org/10.1080/09613218.2020.1789444.
Penadés-Pla V, Garcia-Segura T, Marti JV, Yepes V. A Review of Multi-Criteria
Decision-Making Methods Applied to the Sustainable Bridge Design.
Sustainability 2016;vol. 8(12). https://doi.org/10.3390/5u8121295.
Séanchez-Garrido AJ, Navarro 1J, Yepes V. Multi-criteria decision-making applied
to the sustainability of building structures based on Modern Methods of
Construction. J Clean Prod . 2022;vol. 330. https://doi.org/10.1016/].
jclepro.2021.129724.

Séanchez-Garrido AJ, Navarro 1J, Yepes V. Evaluating the sustainability of soil
improvement techniques in foundation substructures. J Clean Prod 2022;vol. 351:
131463. https://doi.org/10.1016/j.jclepro.2022.131463.

Jin R, Gao S, Cheshmehzangi A, Aboagye-Nimo E. A holistic review of off-site
construction literature published between 2008 and 2018. J Clean Prod . 2018;
vol. 202:1202-19. https://doi.org/10.1016/j.jclepro.2018.08.195.

Kurama YC, et al. Seismic-Resistant Precast Concrete Structures: State of the Art.
J Struct Eng . 2018;vol. 144(4). https://doi.org/10.1061/(ASCE)ST.1943-
541X.0001972.

Singhal S, Chourasia A, Chellappa S, Parashar J. Precast reinforced concrete shear
walls: State of the art review. Struct Concr . 2019;vol. 20(3):886-98. https://doi.
0org/10.1002/5uc0.201800129.

Mohammed K, Jameel M, Ibrahim Z, Tan CG. Performance of a Ductile Hybrid
Post-Tensioned Beam-to-Column Connection for Precast Concrete Frames under
Seismic Loads: A Review. Appl Sci-Basel 2021;vol. 11(16). https://doi.org/
10.3390/app11167497.

Greene JC, Caracelli VJ, Graham WF. Toward a Conceptual Framework for
Mixed-Method Evaluation Designs. Educ Eval Policy Anal . 1989;vol. 11(3):
255-74. https://doi.org/10.2307/1163620.

Li L, Luan H, Yin X, Dou Y, Yuan M, Li Z. Understanding Sustainability in Off-Site
Construction Management: State of the Art and Future Directions. J Constr Eng
Manag . 2022;vol. 148(11). https://doi.org/10.1061/(ASCE)CO.1943-
7862.0002396.

Cobo MJ, Lopez-Herrera AG, Herrera-Viedma E, Herrera F. Science Mapping
Software Tools: Review, Analysis, and Cooperative Study Among Tools. J Am Soc
Inf Sci Technol . 2011;vol. 62(7):1382-402. https://doi.org/10.1002/asi.21525.
Chadegani AA, et al. A comparison between two main academic literature
collections: Web of Science and Scopus databases. arXiv Prepr arXiv:1305 0377
2013.

Moher D, Liberati A, Tetzlaff J, Altman DG, Grp P. Preferred reporting items for
systematic reviews and meta-analyses: The PRISMA statement. Int J Surg 2010;
vol. 8(5):336-41. https://doi.org/10.1016/j.ijsu.2010.02.007.

Song J, Zhang H, Dong W. A review of emerging trends in global PPP research:
analysis and visualization. Scientometrics . 2016;vol. 107(3):1111-47. https://
doi.org/10.1007/511192-016-1918-1.


https://doi.org/10.1016/j.rser.2021.112034
https://doi.org/10.1016/j.rser.2021.112034
https://doi.org/10.1016/J.RSER.2017.04.027
https://doi.org/10.1016/J.RSER.2017.04.027
https://doi.org/10.1016/j.engstruct.2022.114381
https://doi.org/10.1016/j.autcon.2004.09.009
https://doi.org/10.1016/j.autcon.2004.09.009
https://doi.org/10.1016/j.jobe.2023.106725
https://doi.org/10.1016/j.jobe.2023.106725
https://doi.org/10.15554/pcij.09012002.60.75
https://doi.org/10.15554/pcij.09012002.60.75
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref7
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref7
https://doi.org/10.15554/pcij.11011999.42.67
https://doi.org/10.1016/j.engstruct.2013.05.047
https://doi.org/10.1016/j.engstruct.2013.05.046
https://doi.org/10.1016/j.engstruct.2013.05.046
https://doi.org/10.1016/j.engstruct.2016.11.020
https://doi.org/10.1016/j.resconrec.2012.08.011
https://doi.org/10.1016/j.conbuildmat.2015.08.145
https://doi.org/10.1016/j.conbuildmat.2015.08.145
https://doi.org/10.1016/j.engstruct.2011.02.043
https://doi.org/10.1016/j.engstruct.2018.11.015
https://doi.org/10.1080/09613218.2020.1789444
https://doi.org/10.3390/su8121295
https://doi.org/10.1016/j.jclepro.2021.129724
https://doi.org/10.1016/j.jclepro.2021.129724
https://doi.org/10.1016/j.jclepro.2022.131463
https://doi.org/10.1016/j.jclepro.2018.08.195
https://doi.org/10.1061/(ASCE)ST.1943-541X.0001972
https://doi.org/10.1061/(ASCE)ST.1943-541X.0001972
https://doi.org/10.1002/suco.201800129
https://doi.org/10.1002/suco.201800129
https://doi.org/10.3390/app11167497
https://doi.org/10.3390/app11167497
https://doi.org/10.2307/1163620
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002396
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002396
https://doi.org/10.1002/asi.21525
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref27
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref27
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref27
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.1007/s11192-016-1918-1
https://doi.org/10.1007/s11192-016-1918-1

B. Guaygua et al.

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Abdelmageed S, Zayed T. A study of literature in modular integrated construction
- Critical review and future directions. J Clean Prod 2020;vol. 277. https://doi.
org/10.1016/j.jclepro.2020.124044.

Hosseini MR, Martek I, Zavadskas Edmundas Kazimieras AA, Arashpour Aibinu,
M, Chileshe N. Critical evaluation of off-site construction research: a
Scientometric analysis. ” Autom Constr . 2018;vol. 87:235-47. https://doi.org/
10.1016/j.autcon.2017.12.002.

Pan W, Gibb AGF, Dainty ARJ. Leading UK housebuilders’ utilization of offsite
construction methods. Build Res Inf 2008;vol. 36(1):56-67.

Jiang R, Mao C, Hou L, Wu C, Tan J. A SWOT analysis for promoting off-site
construction under the backdrop of China’s new urbanisation. J Clean Prod .
2018;vol. 173:225-34. https://doi.org/10.1016/J.JCLEPRO.2017.06.147.
Toniolo G, Colombo A. Precast concrete structures: the lessons learned from the
L'Aquila earthquake. Struct Concr . 2012;vol. 13(2):73-83. https://doi.org/
10.1002/suco0.201100052.

Sritharan S, Aaleti S, Henry RS, Liu K-Y, Tsai K-C. Precast concrete wall with end
columns (PreWEC) for earthquake resistant design. Earthq Eng Struct Dyn . 2015;
vol. 44(12):2075-92. https://doi.org/10.1002/eqe.2576.

Savoia M, Buratti N, Vincenzi L. Damage and collapses in industrial precast
buildings after the 2012 Emilia earthquake. Eng Struct 2017;vol. 137:162-80.
https://doi.org/10.1016/j.engstruct.2017.01.059.

Breccolotti M, et al. Beam-column joints in continuous RC frames: Comparison
between cast-in-situ and precast solutions. Eng Struct . 2016;vol. 127:129-44.
https://doi.org/10.1016/j.engstruct.2016.08.018.

van Eck NJ, Waltman L. Visualizing Bibliometric Networks BT. In: Ding Y,
Rousseau R, Wolfram D, editors. Measuring Scholarly Impact: Methods and
Practice. Cham: Springer International Publishing; 2014. p. 285-320. https://doi.
org/10.1007/978-3-319-10377-8_13.

Restrepo JI, Park R, Buchanan AH. Tests on connections of earthquake resisting
precast reinforced-concrete perimeter frames of buildings. PCI J 1995;vol. 40(4):
44-61. https://doi.org/10.15554/pcij.07011995.44.61.

Choi H-K, Choi Y-C, Choi C-S. Development and testing of precast concrete beam-
to-column connections. Eng Struct . 2013;vol. 56:1820-35. https://doi.org/
10.1016/j.engstruct.2013.07.021.

Zhang W, Lee MW, Jaillon L, Poon CS. The hindrance to using prefabrication in
Hong Kong’s building industry. J Clean Prod . 2018;vol. 204:70-81. https://doi.
org/10.1016/J.JCLEPRO.2018.08.190.

Im H-J, Park H-G, Eom T-S. Cyclic loading test for reinforced-concrete-emulated
beam-column connection of precast concrete moment frame. Acids Struct J 2013;
vol. 110(1):115-25.

Esmaeili J, Ahooghalandary N. Introducing an easy-install precast concrete beam-
to-column connection strengthened by steel box and peripheral plates. Eng Struct
. 2020;vol. 205. https://doi.org/10.1016/j.engstruct.2019.110006.

Lv X, Yu Z, Shan Z. Seismic behaviour of frame structures with assembly of
prefabricated concrete beam. J Build Eng . 2021;vol. 40. https://doi.org/
10.1016/j.jobe.2021.102765.

Lv X, Yu Z, Shan Z. Influence of the constraint condition of column ends on
seismic performance of a novel prefabricated concrete frame beam - An
experimental and numerical investigation. Eng Struct . 2020;vol. 223. https://
doi.org/10.1016/j.engstruct.2020.111173.

Zhang X, Wu X, Zhang D, Huang Q, Chen B. Axial compressive behaviors of
reinforced concrete composite column with precast ultra-high performance
concrete (UHPC) jacket. J Build Eng 2022;vol. 48. https://doi.org/10.1016/j.
jobe.2021.103956.

Yin Y, Yi F, Yang J, Su Q, Zhang G. Numerical calculation and analysis of
mechanical properties of UHPC wet joint interface of prefabricated segmental
beams. Case Stud Constr Mater 2022;vol. 17. https://doi.org/10.1016/j.
csem.2022.e01426.

Aninthaneni PK, Dhakal RP, Marshall J, Bothara J. Nonlinear cyclic behaviour of
precast concrete frame sub-assemblies with ““dry{’’} end plate connection.
Structures 2018;vol. 14:124-36. https://doi.org/10.1016/j.istruc.2018.03.003.
Senturk M, Pul S, Ilki A, Hajirasouliha I. “Development of a monolithic-like
precast beam-column moment connection: Experimental and analytical
investigation,”. Eng Struct 2020;vol. 205:110057.

Nzabonimpa JD, Hong W-K, Park S-C. Experimental investigation of dry
mechanical beam-column joints for precast concrete based frames. Struct Des Tall
Spec Build 2017;vol. 26(1). https://doi.org/10.1002/tal.1302.

Dal Lago B, Negro P, Dal Lago A. Seismic design and performance of dry-
assembled precast structures with adaptable joints. Soil Dyn Earthq Eng . 2018;
vol. 106:182-95. https://doi.org/10.1016/j.50ildyn.2017.12.016.

Shufeng L, Qingning L, Hao Z, Haotian J, Lei Y, Weishan J. Experimental study of
a fabricated confined concrete beam-to-column connection with end-plates.
Constr Build Mater 2018;vol. 158:208-16. https://doi.org/10.1016/j.
conbuildmat.2017.10.025.

Wu CL, Kan JC, Wang QH, Liu JM, Li ZQ. FEM analysis of the modular
prefabricated steel-concrete composite beam-column internal joint under
reciprocating action. Steel Compos Struct . 2021;vol. 41(1):45-64. doi:
10.12989/s¢5.2021.41.1.045.

Zhang J, Zhang B, Rong X, Li Y, Ding C. Experimental Investigation on Seismic
Behaviour of Hybrid Precast Beam-column Joints with Different Connection
Configurations. J Earthq Eng 2022;vol. 26(6):3123-47. https://doi.org/10.1080/
13632469.2020.1787908.

Wu C, Zhou Y, Liu J, Mou B, Shi J. Experimental and finite element analysis of
modular prefabricated composite beam-column interior joints. J Build Eng . 2021;
vol. 43. https://doi.org/10.1016/j.jobe.2021.102853.

21

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[771

[78]

[79]

[80]

[81]

[82]

[83]

Structures 58 (2023) 105598

Wu C, Liu J, Tan W, Wang P. Seismic behavior of composite interior joints of
prefabricated H-shaped steel reinforced concrete column - steel beam. Structures .
2020;vol. 23:558-72. https://doi.org/10.1016/j.istruc.2019.11.008.

Hu J-Y, Hong W-K, Park S-C. Experimental investigation of precast concrete based
dry mechanical column-column joints for precast concrete frames. Struct Des Tall
Spec Build 2017;vol. 26(5). https://doi.org/10.1002/tal.1337.

Hansapinyo C, Buachart C, Wongmatar P. Cyclic performance of precast concrete
columns using steel box connection. Int J Civ Eng . 2017;vol. 15(4A):663-76.
https://doi.org/10.1007/s40999-017-0182-y.

Zhao B, Taucer F, Rossetto T. Field investigation on the performance of building
structures during the 12 May 2008 Wenchuan earthquake in China. Eng Struct
2009;vol. 31(8):1707-23. https://doi.org/10.1016/j.engstruct.2009.02.039.

Bai J, Chen H, Zhao J, Liu M, Jin S. Seismic design and subassemblage tests of
buckling-restrained braced RC frames with shear connector gusset connections.
Eng Struct 2021;vol. 234. https://doi.org/10.1016/j.engstruct.2021.112018.
Bai J, He J, Li C, Jin S, Yang H. Experimental investigation on the seismic
performance of a novel damage-control replaceable RC beam-to-column joint.
Eng Struct . 2022;vol. 267. https://doi.org/10.1016/j.engstruct.2022.114692.
Zheng L-Q, Chen X-Y, Wei C-G, Yan G-Y. Seismic performance of prefabricated
beam-to-column joint with replaceable energy-dissipating steel hinge. Bull Earthq
Eng . 2022;vol. 20(3):1865-95. https://doi.org/10.1007/s10518-021-01310-x.
Ye J, Yan G, Liu R, Xue P, Wang D. Hysteretic behavior of replaceable steel plate
damper for prefabricated joint with earthquake resilience. J Build Eng . 2022;vol.
46. https://doi.org/10.1016/j.jobe.2021.103714.

Li Z, Qi Y, Teng J. Experimental investigation of prefabricated beam-to-column
steel joints for precast concrete structures under cyclic loading. Eng Struct . 2020;
vol. 209. https://doi.org/10.1016/j.engstruct.2020.110217.

Ye Y, Hou Z, Qiao P, Wang Z, Kang Q. Experimental Study on Seismic Behavior of
a new fully precast rocking beam-column joint. J Build Eng 2022;vol. 62. https://
doi.org/10.1016/j.jobe.2022.105337.

Li Y, Ding Y, Geng F, Wang L. Seismic response of self-centering precast concrete
frames with hysteretic dampers. Struct Des Tall Spec Build . 2019;vol. 28(8).
https://doi.org/10.1002/tal.1604.

Titi A, Biondini F, Toniolo G. Seismic assessment of existing precast structures
with dry-friction beam-to-column joints. Bull Earthq Eng 2018;vol. 16(5):
2067-86. https://doi.org/10.1007/s10518-017-0271-y.

Dal Lago B, Naveed M, Lamperti Tornaghi M. Tension-only ideal dissipative
bracing for the seismic retrofit of precast industrial buildings. Bull Earthq Eng .
2021;vol. 19(11):4503-32. https://doi.org/10.1007/s10518-021-01130-z.
Pollini AV, Buratti N, Mazzotti C. Experimental and numerical behaviour of
dissipative devices based on carbon-wrapped steel tubes for the retrofitting of
existing precast RC structures. Earthq Eng Struct Dyn 2018;vol. 47(5):1270-90.
https://doi.org/10.1002/eqe.3017.

Magliulo G, Cimmino M, Ercolino M, Manfredi G. Cyclic shear tests on RC precast
beam-to-column connections retrofitted with a three-hinged steel device. Bull
Earthq Eng 2017;vol. 15(9):3797-817. https://doi.org/10.1007/s10518-017-
0114-x.

Assefa G, Ambler C. To demolish or not to demolish: Life cycle consideration of
repurposing buildings. Sustain Cities Soc 2017;vol. 28:146-53. https://doi.org/
10.1016/j.s¢s.2016.09.011.

Navarro-Rubio J, Pineda P, Garcia-Martinez A. Sustainability, prefabrication and
building optimization under different durability and re-using scenarios: Potential
of dry precast structural connections. Sustain Cities Soc . 2019;vol. 44:614-28.
https://doi.org/10.1016/j.scs.2018.10.045.

Titi A, Biondini F. Probabilistic seismic assessment of multistory precast concrete
frames exposed to corrosion. Bull Earthq Eng . 2014;vol. 12(6):2665-81. https://
doi.org/10.1007/510518-014-9620-2.

Zhang HM, Lu XL, Duan YF, Zhu Y. Experimental Study on Failure Mechanism of
RC Walls with Different Boundary Elements under Vertical and Lateral Loads. Adv
Struct Eng . 2014;vol. 17(3):361-79. https://doi.org/10.1260/1369-
4332.17.3.361.

Li H-N, Tang Y-C, Li C, Wang L-M. Experimental and numerical investigations on
seismic behavior of hybrid braced precast concrete shear walls. Eng Struct . 2019;
vol. 198. https://doi.org/10.1016/j.engstruct.2019.109560.

Li J, Fan Q, Lu Z, Wang Y. Experimental study on seismic performance of T-
shaped partly precast reinforced concrete shear wall with grouting sleeves. Struct
Des Tall Spec Build . 2019;vol. 28(13). https://doi.org/10.1002/tal.1632.

Li J, Wang L, Lu Z, Wang Y. Experimental study of L-shaped precast RC shear
walls with middle cast-in-situ joint. Struct Des Tall Spec Build 2018;vol. 27(6).
https://doi.org/10.1002/tal.1457.

Ma W, Xu K, Cheng B, Zhang Y, Chen Rui D, Chen. Experimental study on the
seismic behavior of a new single-faced superposed shear wall with the concealed
column. Structures . 2021;vol. 33:4446-60. https://doi.org/10.1016/j.
istruc.2021.07.033.

Yuan Q, Wang Z, Li H, Zhu H, Suo N. Experimental study on seismic performance
of new-type fabricated shear wall with mortar connection. J Build Eng . 2021;vol.
43. https://doi.org/10.1016/j.jobe.2021.103103.

Ji X, Leong T, Qian J, Qi W, Yang W. Cyclic shear behavior of composite walls
with encased steel braces. Eng Struct . 2016;vol. 127:117-28. https://doi.org/
10.1016/j.engstruct.2016.08.041.

Guo S, Wang M. Seismic behavior of an innovative equivalent monolithic precast
shear wall under low and high axial load ratios. Structures 2022;vol. 39:444-69.
https://doi.org/10.1016/j.istruc.2022.03.048.

Jiang J, Luo J, Xue W, Hu X, Qin D. Experimental study on hysteresis behavior of
precast concrete double skin shear wall with horizontal loop connection and


https://doi.org/10.1016/j.jclepro.2020.124044
https://doi.org/10.1016/j.jclepro.2020.124044
https://doi.org/10.1016/j.autcon.2017.12.002
https://doi.org/10.1016/j.autcon.2017.12.002
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref32
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref32
https://doi.org/10.1016/J.JCLEPRO.2017.06.147
https://doi.org/10.1002/suco.201100052
https://doi.org/10.1002/suco.201100052
https://doi.org/10.1002/eqe.2576
https://doi.org/10.1016/j.engstruct.2017.01.059
https://doi.org/10.1016/j.engstruct.2016.08.018
https://doi.org/10.1007/978-3-319-10377-8_13
https://doi.org/10.1007/978-3-319-10377-8_13
https://doi.org/10.15554/pcij.07011995.44.61
https://doi.org/10.1016/j.engstruct.2013.07.021
https://doi.org/10.1016/j.engstruct.2013.07.021
https://doi.org/10.1016/J.JCLEPRO.2018.08.190
https://doi.org/10.1016/J.JCLEPRO.2018.08.190
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref42
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref42
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref42
https://doi.org/10.1016/j.engstruct.2019.110006
https://doi.org/10.1016/j.jobe.2021.102765
https://doi.org/10.1016/j.jobe.2021.102765
https://doi.org/10.1016/j.engstruct.2020.111173
https://doi.org/10.1016/j.engstruct.2020.111173
https://doi.org/10.1016/j.jobe.2021.103956
https://doi.org/10.1016/j.jobe.2021.103956
https://doi.org/10.1016/j.cscm.2022.e01426
https://doi.org/10.1016/j.cscm.2022.e01426
https://doi.org/10.1016/j.istruc.2018.03.003
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref49
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref49
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref49
https://doi.org/10.1002/tal.1302
https://doi.org/10.1016/j.soildyn.2017.12.016
https://doi.org/10.1016/j.conbuildmat.2017.10.025
https://doi.org/10.1016/j.conbuildmat.2017.10.025
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref53
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref53
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref53
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref53
https://doi.org/10.1080/13632469.2020.1787908
https://doi.org/10.1080/13632469.2020.1787908
https://doi.org/10.1016/j.jobe.2021.102853
https://doi.org/10.1016/j.istruc.2019.11.008
https://doi.org/10.1002/tal.1337
https://doi.org/10.1007/s40999-017-0182-y
https://doi.org/10.1016/j.engstruct.2009.02.039
https://doi.org/10.1016/j.engstruct.2021.112018
https://doi.org/10.1016/j.engstruct.2022.114692
https://doi.org/10.1007/s10518-021-01310-x
https://doi.org/10.1016/j.jobe.2021.103714
https://doi.org/10.1016/j.engstruct.2020.110217
https://doi.org/10.1016/j.jobe.2022.105337
https://doi.org/10.1016/j.jobe.2022.105337
https://doi.org/10.1002/tal.1604
https://doi.org/10.1007/s10518-017-0271-y
https://doi.org/10.1007/s10518-021-01130-z
https://doi.org/10.1002/eqe.3017
https://doi.org/10.1007/s10518-017-0114-x
https://doi.org/10.1007/s10518-017-0114-x
https://doi.org/10.1016/j.scs.2016.09.011
https://doi.org/10.1016/j.scs.2016.09.011
https://doi.org/10.1016/j.scs.2018.10.045
https://doi.org/10.1007/s10518-014-9620-2
https://doi.org/10.1007/s10518-014-9620-2
https://doi.org/10.1260/1369-4332.17.3.361
https://doi.org/10.1260/1369-4332.17.3.361
https://doi.org/10.1016/j.engstruct.2019.109560
https://doi.org/10.1002/tal.1632
https://doi.org/10.1002/tal.1457
https://doi.org/10.1016/j.istruc.2021.07.033
https://doi.org/10.1016/j.istruc.2021.07.033
https://doi.org/10.1016/j.jobe.2021.103103
https://doi.org/10.1016/j.engstruct.2016.08.041
https://doi.org/10.1016/j.engstruct.2016.08.041
https://doi.org/10.1016/j.istruc.2022.03.048

B. Guaygua et al.

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]
[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

spiral-confined vertical lap connection. J Build Eng 2022;vol. 45. https://doi.org/
10.1016/j.jobe.2021.103526.

Singhal S, Chourasia A, Kajale Y, Singh D. Behaviour of precast reinforced
concrete structural wall systems subjected to in-plane lateral loading. Eng Struct .
2021;vol. 241. https://doi.org/10.1016/j.engstruct.2021.112474.

Jiang J, Xue W, Luo J, Qin D. Hysteresis behavior of precast concrete composite
shear walls with improved vertical connections. Structures . 2022;vol. 36:533-48.
https://doi.org/10.1016/j.istruc.2021.12.045.

Gu Q, et al. Seismic behavior of precast double-face superposed shear walls with
horizontal joints and lap spliced vertical reinforcement. Struct Concr . 2020;vol.
21(5):1973-88. https://doi.org/10.1002/suc0.201900019.

Dal Lago B, Muhaxheri M, Ferrara L. Numerical and experimental analysis of an
innovative lightweight precast concrete wall. Eng Struct 2017;vol. 137:204-22.
https://doi.org/10.1016/j.engstruct.2017.01.073.

Gavridou S, Wallace JW, Nagae T, Matsumori T, Tahara K, Fukuyama K. Shake-
Table Test of a Full-Scale 4-Story Precast Concrete Building. II: Analytical Studies.
J Struct Eng . 2017;vol. 143(6). https://doi.org/10.1061/(ASCE)ST.1943-
541X.0001756.

Gavridou S, Wallace JW, Nagae T, Matsumori T, Tahara K, Fukuyama K. Shake-
Table Test of a Full-Scale 4-Story Precast Concrete Building. I: Overview and
Experimental Results. J Struct Eng . 2017;vol. 143(6). https://doi.org/10.1061/
(ASCE)ST.1943-541X.0001755.

Buddika HADS, Wijeyewickrema AC. Seismic Performance Evaluation of
Posttensioned Hybrid Precast Wall-Frame Buildings and Comparison with Shear
Wall-Frame Buildings. J Struct Eng . 2016;vol. 142(6). https://doi.org/10.1061/
(ASCE)ST.1943-541X.0001466.

Erkmen B. Effects of unbonded steel layout on seismic behavior of post-tensioned
precast concrete shear walls. Bull Earthq Eng 2021;vol. 19(1):179-201. https://
doi.org/10.1007/s10518-020-00986-x.

Hawileh RA, Saqan EI, Abdalla JA. Simplified Optimum Design Procedure for
Special Unbonded Posttensioned Split Precast Shear Walls. J Struct Eng-ASCE .
2013;vol. 139(2):294-9. https://doi.org/10.1061/(ASCE)ST.1943-
541X.0000631.

Wu H, Zhou Y, Liu W. Collapse fragility analysis of self-centering precast concrete
walls with different post-tensioning and energy dissipation designs. Bull Earthq
Eng . 2019;vol. 17(6):3593-613. https://doi.org/10.1007/510518-019-00591-7.
Wang Y, Yuan Z, Sun C. Research on assembly sequence planning and
optimization of precast concrete buildings. J Civ Eng Manag 2018;vol. 24(2):
106-15.

Restrepo JI, Rahman A. Seismic performance of self-centering structural walls
incorporating energy dissipators. J Struct Eng-ASCE . 2007;vol. 133(11):1560-70.
https://doi.org/10.1061/(ASCE)0733-9445(2007)133:11(1560).

D. Marriott, S. Pampanin, D. Bull, and A. Palermo, “Dynamic testing of precast,
post-tensioned rocking wall systems with alternative dissipating solutions,” 2008.
Reinhardt HW. Demountable concrete structures? Inaugural lecture at Delft
University of Technology. Cement 1976;vol. 28(6):266-73.

Naserpour A, Fathi M. Numerical study of demountable shear wall system for
multistory precast concrete buildings. STRUCTURES . 2021;vol. 34:700-15.
https://doi.org/10.1016/j.istruc.2021.08.014.

Shen S-D, Pan P, Miao Q-S, Li W-F, Gong R-H. Behaviour of wall segments and
floor slabs in precast reinforced concrete shear walls assembled using steel shear
keys (SSKW). Struct Control Health Monit . 2019;vol. 26(10). https://doi.org/
10.1002/stc.2418.

Shen S-D, Pan P, Miao Q-S, Li W-F, Gong R-H. Test and analysis of reinforced
concrete (RC) precast shear wall assembled using steel shear key (SSK). Earthq
Eng Struct Dyn . 2019;vol. 48(14):1595-612. https://doi.org/10.1002/eqe.3215.
Naserpour A, Fathi M. A posttensioned rocking infill wall-frame system for
multistory precast concrete buildings. Struct Des Tall Spec Build . 2021;vol. 30(5).
https://doi.org/10.1002/tal.1833.

Vaghei R, Hejazi F, Taheri H, Jaafar MS, Aziz FNAA. Development of a new
connection for precast concrete walls subjected to cyclic loading. Earthq Eng Eng
Vib 2017;vol. 16(1):97-117. https://doi.org/10.1007/s11803-017-0371-3.
Vaghei R, Hejazi F, Taheri H, Jaafar MS, Ali AAA. A new precast wall connection
subjected to monotonic loading. Comput Concr 2016;vol. 17(1):1-27.
Aninthaneni PK, Dhakal RP. Demountable Precast Concrete Frame-Building
System for Seismic Regions: Conceptual Development. J Archit Eng 2017;vol. 23
(4). https://doi.org/10.1061/(ASCE)AE.1943-5568.0000275.

Reinhardt HW. Demountable concrete structures-an energy and material saving
building concept. Int J Sustain Mater Struct Syst 2012;vol. 1(1):18-28.

Jaillon L, Poon CS. Life cycle design and prefabrication in buildings: A review and
case studies in Hong Kong. ” Autom Constr 2014;vol. 39:195-202. https://doi.org/
10.1016/j.autcon.2013.09.006.

Zhao F, Xiong F, Cai G, Yan H, Liu Y, Larbi AS. Performance and numerical
modelling of full-scale demountable bolted PC wall panels subjected to cyclic
loading. J Build Eng 2023;vol. 63(A). https://doi.org/10.1016/].

jobe.2022.105556.

Guo W, Zhai Z, Cui Y, Yu Z, Wu X. Seismic performance assessment of low-rise
precast wall panel structure with bolt connections. Eng Struct . 2019;vol. 181:
562-78. https://doi.org/10.1016/j.engstruct.2018.12.060.

Brunesi E, Peloso S, Pinho R, Nascimbene R. Cyclic testing of a full-scale two-
storey reinforced precast concrete wall-slab-wall structure. Bull Earthq Eng .
2018;vol. 16(11):5309-39. https://doi.org/10.1007/s10518-018-0359-z.
Brunesi E, Nascimbene R. Experimental and numerical investigation of the
seismic response of precast wall connections. Bull Earthq Eng 2017;vol. 15(12):
5511-50. https://doi.org/10.1007/s10518-017-0166-y.

22

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

Structures 58 (2023) 105598

Lu Y, Chen W, Xiong F, Yan H, Ge Q, Zhao F. Seismic Performance of a Full-Scale
Two-Story Bolt-Connected Precast Concrete Composite Wall Panel Building
Tested on a Shake Table. J Struct Eng . 2021;vol. 147(12). https://doi.org/
10.1061/(ASCE)ST.1943-541X.0003183.

Fang Q, Sun J, Qiu H, Dal Lago B, Chen W. Seismic behavior of precast concrete
coupled shear walls with yielding-based and friction-based coupling beams. Arch
Civ Mech Eng 2023;vol. 23(2). https://doi.org/10.1007/543452-023-00647-1.
Zhang C, Li H, Gao W, Li C. Experimental and analytical investigations on new
viscoelastic damped joints for seismic mitigation of structures with precast shear
walls. Struct Control Health Monit . 2020;vol. 27(2). https://doi.org/10.1002/
stc.2485.

Dal Lago B, Biondini F, Toniolo G. Seismic performance of precast concrete
structures with energy dissipating cladding panel connection systems. Struct
Concr . 2018;vol. 19(6):1908-26. https://doi.org/10.1002/suc0.201700233.
Biondini F, Dal Lago B, Toniolo G. Role of wall panel connections on the seismic
performance of precast structures. Bull Earthq Eng . 2013;vol. 11(4):1061-81.
https://doi.org/10.1007/s10518-012-9418-z.

Scotta R, De Stefani L, Vitaliani R. Passive control of precast building response
using cladding panels as dissipative shear walls. Bull Earthq Eng . 2015;vol. 13
(11):3527-52. https://doi.org/10.1007/s10518-015-9763-9.

Dal Lago B, Biondini F, Toniolo G. Friction-based dissipative devices for precast
concrete panels. Eng Struct . 2017;vol. 147:356-71. https://doi.org/10.1016/].
engstruct.2017.05.050.

Dal Lago B, Lamperti Tornaghi M. Sliding channel cladding connections for
precast structures subjected to earthquake action. Bull Earthq Eng . 2018;vol. 16
(11):5621-46. https://doi.org/10.1007/s10518-018-0410-0.

Karadogan F, Yuksel E, Khajehdehi A, Ozkaynak H, Gullu A, Senol E. Cyclic
behavior of reinforced concrete cladding panels connected with energy
dissipative steel cushions. Eng Struct . 2019;vol. 189:423-39. https://doi.org/
10.1016/j.engstruct.2019.03.092.

Ozkaynak H, Khajehdehi A, Yuksel E, Karadogan F. Improvement of seismic
performance of precast frames with cladding panels fastened by energy
dissipative steel cushions. Bull Earthq Eng . 2021;vol. 19(12):5339-67. https://
doi.org/10.1007/510518-021-01175-0.

Sha H, Chong X, Xie L, Huo P, Yue T, Wei J. Seismic performance of precast
concrete frame with energy dissipative cladding panel system: Half-scale test and
numerical analysis. Soil Dyn Earthq Eng . 2023;vol. 165. https://doi.org/
10.1016/j.s0ildyn.2022.107712.

Lamperti Tornaghi M, Scalbi A, Negro P. Precast RC buildings: What is wrong
with horizontal cladding panels? Eng Struct . 2022;vol. 266. https://doi.org/
10.1016/j.engstruct.2022.114456.

Lin K, Lu X, Li Y, Guan H. Experimental study of a novel multi-hazard resistant
prefabricated concrete frame structure. Soil Dyn Earthq Eng 2019;vol. 119:
390-407. https://doi.org/10.1016/j.50ildyn.2018.04.011.

Ellingwood BR. Mitigating risk from abnormal loads and progressive collapse.

J Perform Constr Facil . 2006;vol. 20(4):315-23. https://doi.org/10.1061/(ASCE)
0887-3828(2006)20:4(315).

Scalvenzi M, Ravasini S, Brunesi E, Parisi F. Progressive collapse fragility of
substandard and earthquake-resistant precast RC buildings. Eng Struct 2023;vol.
275(A). https://doi.org/10.1016/j.engstruct.2022.115242.

Quiel SE, Naito CJ, Fallon CT. A non-emulative moment connection for
progressive collapse resistance in precast concrete building frames. Eng Struct .
2019;vol. 179:174-88. https://doi.org/10.1016/j.engstruct.2018.10.027.

Qian K, Liang S-L, Fu F, Fang Q. Progressive collapse resistance of precast
concrete beam-column sub-assemblages with high-performance dry connections.
Eng Struct . 2019;vol. 198. https://doi.org/10.1016/j.engstruct.2019.109552.
Ravasini S, Belletti B, Brunesi E, Nascimbene R, Parisi F. Nonlinear Dynamic
Response of a Precast Concrete Building to Sudden Column Removal. Appl Sci-
Basel . 2021;vol. 11(2). https://doi.org/10.3390/app11020599.

Wang F, Yang J, Nyunn S, Azim I. Effect of concrete infill walls on the progressive
collapse performance of precast concrete framed substructures. J Build Eng .
2020;vol. 32. https://doi.org/10.1016/j.jobe.2020.101461.

Lacey AW, Chen W, Hao H, Bi K. Structural response of modular buildings - An
overview. J Build Eng . 2018;vol. 16:45-56. https://doi.org/10.1016/j.
jobe.2017.12.008.

Mark LR, O. R. G, Rory B. Application of Modular Construction in High-Rise
Buildings. J Archit Eng . 2012;vol. 18(2):148-54. https://doi.org/10.1061/
(ASCE)AE.1943-5568.0000057.

Lacey AW, Chen W, Hao H, Bi K. New interlocking inter-module connection for
modular steel buildings: Simplified structural behaviours. Eng Struct 2021;vol.
227. https://doi.org/10.1016/j.engstruct.2020.111409.

Wang Z, Pan W. A hybrid coupled wall system with replaceable steel coupling
beams for high-rise modular buildings. J Build Eng . 2020;vol. 31. https://doi.
0rg/10.1016/j.jobe.2020.101355.

Wang Z, Pan W, Zhang Z. High-rise modular buildings with innovative precast
concrete shear walls as a lateral force resisting system. Structures . 2020;vol. 26:
39-53. https://doi.org/10.1016/j.istruc.2020.04.006.

Pan W, Wang Z, Zhang Y. Novel discrete diaphragm system of concrete high-rise
modular buildings. J Build Eng . 2022;vol. 51. https://doi.org/10.1016/j.
jobe.2022.104342.

Wang Z, Pan W, Zhang Y. Parametric study on module wall-core system of
concrete modular high-rises considering the influence of vertical inter-module
connections. Eng Struct . 2021;vol. 241. https://doi.org/10.1016/j.
engstruct.2021.112436.


https://doi.org/10.1016/j.jobe.2021.103526
https://doi.org/10.1016/j.jobe.2021.103526
https://doi.org/10.1016/j.engstruct.2021.112474
https://doi.org/10.1016/j.istruc.2021.12.045
https://doi.org/10.1002/suco.201900019
https://doi.org/10.1016/j.engstruct.2017.01.073
https://doi.org/10.1061/(ASCE)ST.1943-541X.0001756
https://doi.org/10.1061/(ASCE)ST.1943-541X.0001756
https://doi.org/10.1061/(ASCE)ST.1943-541X.0001755
https://doi.org/10.1061/(ASCE)ST.1943-541X.0001755
https://doi.org/10.1061/(ASCE)ST.1943-541X.0001466
https://doi.org/10.1061/(ASCE)ST.1943-541X.0001466
https://doi.org/10.1007/s10518-020-00986-x
https://doi.org/10.1007/s10518-020-00986-x
https://doi.org/10.1061/(ASCE)ST.1943-541X.0000631
https://doi.org/10.1061/(ASCE)ST.1943-541X.0000631
https://doi.org/10.1007/s10518-019-00591-7
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref93
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref93
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref93
https://doi.org/10.1061/(ASCE)0733-9445(2007)133:11(1560)
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref95
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref95
https://doi.org/10.1016/j.istruc.2021.08.014
https://doi.org/10.1002/stc.2418
https://doi.org/10.1002/stc.2418
https://doi.org/10.1002/eqe.3215
https://doi.org/10.1002/tal.1833
https://doi.org/10.1007/s11803-017-0371-3
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref101
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref101
https://doi.org/10.1061/(ASCE)AE.1943-5568.0000275
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref103
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref103
https://doi.org/10.1016/j.autcon.2013.09.006
https://doi.org/10.1016/j.autcon.2013.09.006
https://doi.org/10.1016/j.jobe.2022.105556
https://doi.org/10.1016/j.jobe.2022.105556
https://doi.org/10.1016/j.engstruct.2018.12.060
https://doi.org/10.1007/s10518-018-0359-z
https://doi.org/10.1007/s10518-017-0166-y
https://doi.org/10.1061/(ASCE)ST.1943-541X.0003183
https://doi.org/10.1061/(ASCE)ST.1943-541X.0003183
https://doi.org/10.1007/s43452-023-00647-1
https://doi.org/10.1002/stc.2485
https://doi.org/10.1002/stc.2485
https://doi.org/10.1002/suco.201700233
https://doi.org/10.1007/s10518-012-9418-z
https://doi.org/10.1007/s10518-015-9763-9
https://doi.org/10.1016/j.engstruct.2017.05.050
https://doi.org/10.1016/j.engstruct.2017.05.050
https://doi.org/10.1007/s10518-018-0410-0
https://doi.org/10.1016/j.engstruct.2019.03.092
https://doi.org/10.1016/j.engstruct.2019.03.092
https://doi.org/10.1007/s10518-021-01175-0
https://doi.org/10.1007/s10518-021-01175-0
https://doi.org/10.1016/j.soildyn.2022.107712
https://doi.org/10.1016/j.soildyn.2022.107712
https://doi.org/10.1016/j.engstruct.2022.114456
https://doi.org/10.1016/j.engstruct.2022.114456
https://doi.org/10.1016/j.soildyn.2018.04.011
https://doi.org/10.1061/(ASCE)0887-3828(2006)20:4(315)
https://doi.org/10.1061/(ASCE)0887-3828(2006)20:4(315)
https://doi.org/10.1016/j.engstruct.2022.115242
https://doi.org/10.1016/j.engstruct.2018.10.027
https://doi.org/10.1016/j.engstruct.2019.109552
https://doi.org/10.3390/app11020599
https://doi.org/10.1016/j.jobe.2020.101461
https://doi.org/10.1016/j.jobe.2017.12.008
https://doi.org/10.1016/j.jobe.2017.12.008
https://doi.org/10.1061/(ASCE)AE.1943-5568.0000057
https://doi.org/10.1061/(ASCE)AE.1943-5568.0000057
https://doi.org/10.1016/j.engstruct.2020.111409
https://doi.org/10.1016/j.jobe.2020.101355
https://doi.org/10.1016/j.jobe.2020.101355
https://doi.org/10.1016/j.istruc.2020.04.006
https://doi.org/10.1016/j.jobe.2022.104342
https://doi.org/10.1016/j.jobe.2022.104342
https://doi.org/10.1016/j.engstruct.2021.112436
https://doi.org/10.1016/j.engstruct.2021.112436

B. Guaygua et al.

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

Pan W, Wang Z, Zhang Y. Module equivalent frame method for structural design
of concrete high-rise modular buildings. J Build Eng . 2021;vol. 44. https://doi.
0rg/10.1016/j.jobe.2021.103214.

Zhang R, Zhou ASJ, Tahmasebi S, Whyte J. Long-standing themes and new
developments in offsite construction: the case of UK housing. Proc Inst Civ Eng-
Civ Eng . 2019;vol. 172(6, SI):29-35. https://doi.org/10.1680/jcien.19.00011.
Gan VJL. BIM-Based Building Geometric Modeling and Automatic Generative
Design for Sustainable Offsite Construction. J Constr Eng Manag . 2022;vol. 148
(10). https://doi.org/10.1061/(ASCE)C0O.1943-7862.0002369.

Gan VJL, Chan CM, Tse KT, Cheng JCP, Lo IMC. Sustainability analyses of
embodied carbon and construction cost in high-rise buildings using different
materials and structural forms. HKIE Trans 2017;vol. 24(4):216-27. https://doi.
org/10.1080/1023697X.2017.1375436.

Tu X, He Z, Jiang B, Du B, Qi Z, Huang G. Strength reserve-based seismic
optimization for precast concrete frames with hybrid semi-rigid connections.
Struct Multidiscip Optim . 2022;vol. 65(4). https://doi.org/10.1007/s00158-02.2-
03203-2.

Chen Y, et al. Optimum design for unbonded posttensioned precast split shear
wall system using genetic algorithm. Struct Des Tall Spec Build . 2019;vol. 28(5).
https://doi.org/10.1002/tal.1582.

Chen Y, Cai K, Sheng T, Wu H. Optimum design for unbonded posttensioned
precast concrete frames with damping. Struct Des Tall Spec Build . 2020;vol. 29
(14). https://doi.org/10.1002/tal.1780.

Baghdadi A, Heristchian M, Kloft H. Connections placement optimization
approach toward new prefabricated building systems. Eng Struct . 2021;vol. 233.
https://doi.org/10.1016/j.engstruct.2020.111648.

Baghdadi A, Heristchian M, Kloft H. Design of prefabricated wall-floor building
systems using meta-heuristic optimization algorithms. * Autom Constr . 2020;vol.
114. https://doi.org/10.1016/j.autcon.2020.103156.

Li Z, Shen GQ, Xue X. Critical review of the research on the management of
prefabricated construction. Habitat Int 2014;vol. 43:240-9. https://doi.org/
10.1016/j.habitatint.2014.04.001.

R. Park, Seismic Design of Precast Concrete Building Structures: State-of-the-art
Report, vol. 27. fib Fédération internationale du béton, 2003.

Ghayeb HH, Razak HA, Ramli Sulong NH. Performance of dowel beam-to-column
connections for precast concrete systems under seismic loads: A review. Constr
Build Mater . 2020;vol. 237:117582. https://doi.org/10.1016/J.
CONBUILDMAT.2019.117582.

Luo T, Xue X, Tan Y, Wang Y, Zhang Y. Exploring a body of knowledge for
promoting the sustainable transition to prefabricated construction. Eng Constr
Archit Manag . 2021;vol. 28(9):2637-66. https://doi.org/10.1108/ECAM-03-
2020-0154.

Batalha N, Rodrigues H, Varum H. Seismic performance of RC precast industrial
buildings—learning with the past earthquakes. Innov Infrastruct Solut 2018;vol. 4
(1):4. https://doi.org/10.1007/s41062-018-0191-y.

W. P. S. P, Charles Z, Ehsan G. Examining the drivers and states of organizational
change for greater use of prefabrication in construction projects. J Constr Eng
Manag . 2017;vol. 143(7):4017020. https://doi.org/10.1061/(ASCE)CO.1943-
7862.0001309.

Gul P. Factors affecting the use of precast concrete systems in the United States.
J Constr Eng Manag . 2008;vol. 134(3):169-78. https://doi.org/10.1061/(ASCE)
0733-9364(2008)134:3(169).

Wang Z-L, Shen H-C, Zuo J. Risks in prefabricated buildings in china: importance-
performance analysis approach. Sustainability 2019;vol. 11(12). https://doi.org/
10.3390/su11123450.

Liu Y, Chang R-D, Zuo J, Xiong F, Dong N. What leads to the high capital cost of
prefabricated construction in China: perspectives of stakeholders. Eng, Constr
Archit Manag . 2023;vol. 30(2):805-32. https://doi.org/10.1108/ECAM-06-
2021-0538.

Luo L, Mao C, Shen L, Li Z. Risk factors affecting practitioners’ attitudes toward
the implementation of an industrialized building system. Eng, Constr Archit
Manag . 2015;vol. 22(6):622-43. https://doi.org/10.1108/ECAM-04-2014-0048.
David A, Ulug E, Suat G. Factors Affecting the Use of Precast Concrete Systems.
J Archit Eng . 2000;vol. 6(3):79-86. https://doi.org/10.1061/(ASCE)1076-0431
(2000)6:3(79).

Nadim W, Goulding JS. Offsite production: a model for building barriers,”. Eng,
Constr Archit Manag . 2011;vol. 18(1):82-101. https://doi.org/10.1108/
09699981111098702.

Wauni IY, Shen GQ. Critical success factors for modular integrated construction
projects: a review. Build Res Inf . 2020;vol. 48(7):763-84. https://doi.org/
10.1080/09613218.2019.1669009.

Zhong RY, et al. Prefabricated construction enabled by the Internet-of-Things.
Autom Constr . 2017;vol. 76:59-70. https://doi.org/10.1016/J.
AUTCON.2017.01.006.

Fard MM, Terouhid SA, Kibert CJ, Hakim H. Safety concerns related to modular/
prefabricated building construction. Int J Inj Contr Saf Promot . 2017;vol. 24(1):
10-23. https://doi.org/10.1080/17457300.2015.1047865.

Li CZ, et al. Integrating RFID and BIM technologies for mitigating risks and
improving schedule performance of prefabricated house construction. J Clean
Prod . 2017;vol. 165:1048-62. https://doi.org/10.1016/J.
JCLEPRO.2017.07.156.

Kamali M, Hewage K. Life cycle performance of modular buildings: A critical
review. Renew Sustain Energy Rev . 2016;vol. 62:1171-83. https://doi.org/
10.1016/J.RSER.2016.05.031.

23

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

Structures 58 (2023) 105598

Yuan Z, Sun C, Wang Y. Design for Manufacture and Assembly-oriented
parametric design of prefabricated buildings. ” Autom Constr 2018;vol. 88:13-22.
https://doi.org/10.1016/j.autcon.2017.12.021.

Vasishta T, Hashem Mehany M, Killingsworth J. Comparative life cycle assesment
(LCA) and life cycle cost analysis (LCCA) of precast and cast-in—place buildings in
United States. J Build Eng 2023;vol. 67:105921. https://doi.org/10.1016/j.
jobe.2023.105921.

Pons JJ, Penadés V, Pla -, Yepes V, Marti JV. Life cycle assessment of earth-
retaining walls: An environmental comparison. J Clean Prod 2018;vol. 192:
411-20. https://doi.org/10.1016/j.jclepro.2018.04.268.

Navarro 1J, Yepes V, Marti JV, Gonzalez-Vidosa F. Life cycle impact assessment of
corrosion preventive designs applied to prestressed concrete bridge decks. J Clean
Prod 2018;vol. 196:698-713. https://doi.org/10.1016/].jclepro.2018.06.110.
Norouzi M, Chafer M, Cabeza LF, Jimenez L, Boer D. Circular economy in the
building and construction sector: A scientific evolution analysis. J Build Eng
2021;vol. 44. https://doi.org/10.1016/j.jobe.2021.102704.

Afzal M, Liu Y, Cheng JCP, Gan VJL. Reinforced concrete structural design
optimization: A critical review. J Clean Prod . 2020;vol. 260:120623. https://doi.
org/10.1016/J.JCLEPRO.2020.120623.

Garcia J, Marti V J, Yepes V. The Buttressed Walls Problem: An Application of a
Hybrid Clustering Particle Swarm Optimization Algorithm. Mathematics . 2020;
vol. 8(6). https://doi.org/10.3390/math8060862.

Martinez D, Munoz -, Garcia J, Marti V J, Yepes V. Hybrid Swarm Intelligence
Optimization Methods for Low-Embodied Energy Steel-Concrete Composite
Bridges. Mathematics . 2023;vol. 11(1). https://doi.org/10.3390/math11010140.
Sanchez-Garrido AJ, Navarro 1J, Garcia J, Yepes V. An Adaptive ANP & ELECTRE
IS-Based MCDM Model Using Quantitative Variables. Mathematics 2022;vol. 10
(12). doi: 10.3390/math10122009.

Navarro 1J, Yepes V, Marti V J. Sustainability assessment of concrete bridge deck
designs in coastal environments using neutrosophic criteria weights. Struct
Infrastruct Eng . 2020;vol. 16(7):949-67. https://doi.org/10.1080/
15732479.2019.1676791.

Chen Z-P, Zhu S. Development of a novel shape memory alloy-based self-
centering precast segmental concrete column. Struct Control Health Monit 2022;
vol. 29(12). https://doi.org/10.1002/stc.3099.

Geng F, Ding J, Wu H, Cai X, Yang J. Optimization Analysis of Hysteretic Dampers
Design Parameters on Seismic Performance of a Novel Self-Centering
Prefabricated Concrete Frame. J Earthq Eng 2022. https://doi.org/10.1080/
13632469.2022.2127977.

Yang Y-N, Nie X, Tian C, Ding R, Li R. Experimental study on seismic performance
of prefabricated RC columns with non-contact lap splices. Eng Struct . 2022;vol.
264. https://doi.org/10.1016/j.engstruct.2022.114470.

Zhang Y, Ding K. Study on seismic behavior of fabricated beam-column bolted
joint. Struct Eng Mech . 2022;vol. 82(6):801-12. doi: 10.12989/
sem.2022.82.6.801.

Chen W, Xie Y, Guo X, Li D. Experimental Investigation of Seismic Performance of
a Hybrid Beam-Column Connection in a Precast Concrete Frame. Buildings . 2022;
vol. 12(6). https://doi.org/10.3390/buildings12060801.

Zhu H, He Y, Ji D, Tang J, Li C. Experimental Research on the Mechanical
Properties and Autogenous Shrinkage of Precast Members Joint Concrete.
Buildings . 2022;vol. 12(3). https://doi.org/10.3390/buildings12030373.
Cogurcu MT, Uzun M. Experimental investigation of a new precast column-
foundation connection under cyclic loading. J Build Eng . 2022;vol. 50. https://
doi.org/10.1016/j.jobe.2022.104245.

Pul S, Senturk M, Ilki A, Hajirasouliha I. Experimental and numerical
investigation of a proposed monolithic-like precast concrete column-foundation
connection. Eng Struct . 2021;vol. 246. https://doi.org/10.1016/j.
engstruct.2021.113090.

Hassan MK, Sheikh MN, Saha S. Behaviour and design of prefabricated CFST stub
columns with PCC connections under compression. Thin-Walled Struct . 2021;vol.
166. https://doi.org/10.1016/j.tws.2021.108041.

Yrjola J, Bujnak J. Shear tests on demountable precast column connections. Struct
Concr 2021. https://doi.org/10.1002/51c0.202000635.

Bressanelli ME, Bellotti D, Belleri A, Cavalieri F, Riva P, Nascimbene R. Influence
of Modelling Assumptions on the Seismic Risk of Industrial Precast Concrete
Structures. Front Built Environ . 2021;vol. 7. https://doi.org/10.3389/
fbuil.2021.629956.

Colajanni P, La Mendola L, Monaco A, Pagnotta S. Design of RC joints equipped
with hybrid trussed beams and friction dampers. Eng Struct . 2021;vol. 227.
https://doi.org/10.1016/j.engstruct.2020.111442.

Krishnan T, Purushothaman R. Effect of stiffeners in cleat angle based precast
beam -column connections under reverse cyclic loading. Structures . 2020;vol. 25:
161-72. https://doi.org/10.1016/j.istruc.2020.03.012.

Baghdadi A, Heristchian M, Ledderose L, Kloft H. Experimental and numerical
assessment of new precast concrete connections under bending loads. Eng Struct .
2020;vol. 212. https://doi.org/10.1016/j.engstruct.2020.110456.

Sousa R, Batalha N, Rodrigues H. Numerical simulation of beam-to-column
connections in precast reinforced concrete buildings using fibre-based frame
models. Eng Struct . 2020;vol. 203. https://doi.org/10.1016/j.
engstruct.2019.109845.

Esmaeili J, Ahooghalandary N. Introducing a precast moment resistant beam-to-
column concrete connection comparable with in-situ one. Comput Concr . 2019;
vol. 23(3):203-15. doi: 10.12989/cac.2019.23.3.203.

Pierdicca A, Clementi F, Maracci D, Isidori D, Lenci S. Damage detection in a
precast structure subjected to an earthquake: A numerical approach. Eng Struct .
2016;vol. 127:447-58. https://doi.org/10.1016/j.engstruct.2016.08.058.


https://doi.org/10.1016/j.jobe.2021.103214
https://doi.org/10.1016/j.jobe.2021.103214
https://doi.org/10.1680/jcien.19.00011
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002369
https://doi.org/10.1080/1023697X.2017.1375436
https://doi.org/10.1080/1023697X.2017.1375436
https://doi.org/10.1007/s00158-022-03203-2
https://doi.org/10.1007/s00158-022-03203-2
https://doi.org/10.1002/tal.1582
https://doi.org/10.1002/tal.1780
https://doi.org/10.1016/j.engstruct.2020.111648
https://doi.org/10.1016/j.autcon.2020.103156
https://doi.org/10.1016/j.habitatint.2014.04.001
https://doi.org/10.1016/j.habitatint.2014.04.001
https://doi.org/10.1016/J.CONBUILDMAT.2019.117582
https://doi.org/10.1016/J.CONBUILDMAT.2019.117582
https://doi.org/10.1108/ECAM-03-2020-0154
https://doi.org/10.1108/ECAM-03-2020-0154
https://doi.org/10.1007/s41062-018-0191-y
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001309
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001309
https://doi.org/10.1061/(ASCE)0733-9364(2008)134:3(169)
https://doi.org/10.1061/(ASCE)0733-9364(2008)134:3(169)
https://doi.org/10.3390/su11123450
https://doi.org/10.3390/su11123450
https://doi.org/10.1108/ECAM-06-2021-0538
https://doi.org/10.1108/ECAM-06-2021-0538
https://doi.org/10.1108/ECAM-04-2014-0048
https://doi.org/10.1061/(ASCE)1076-0431(2000)6:3(79)
https://doi.org/10.1061/(ASCE)1076-0431(2000)6:3(79)
https://doi.org/10.1108/09699981111098702
https://doi.org/10.1108/09699981111098702
https://doi.org/10.1080/09613218.2019.1669009
https://doi.org/10.1080/09613218.2019.1669009
https://doi.org/10.1016/J.AUTCON.2017.01.006
https://doi.org/10.1016/J.AUTCON.2017.01.006
https://doi.org/10.1080/17457300.2015.1047865
https://doi.org/10.1016/J.JCLEPRO.2017.07.156
https://doi.org/10.1016/J.JCLEPRO.2017.07.156
https://doi.org/10.1016/J.RSER.2016.05.031
https://doi.org/10.1016/J.RSER.2016.05.031
https://doi.org/10.1016/j.autcon.2017.12.021
https://doi.org/10.1016/j.jobe.2023.105921
https://doi.org/10.1016/j.jobe.2023.105921
https://doi.org/10.1016/j.jclepro.2018.04.268
https://doi.org/10.1016/j.jclepro.2018.06.110
https://doi.org/10.1016/j.jobe.2021.102704
https://doi.org/10.1016/J.JCLEPRO.2020.120623
https://doi.org/10.1016/J.JCLEPRO.2020.120623
https://doi.org/10.3390/math8060862
https://doi.org/10.3390/math11010140
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref168
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref168
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref168
https://doi.org/10.1080/15732479.2019.1676791
https://doi.org/10.1080/15732479.2019.1676791
https://doi.org/10.1002/stc.3099
https://doi.org/10.1080/13632469.2022.2127977
https://doi.org/10.1080/13632469.2022.2127977
https://doi.org/10.1016/j.engstruct.2022.114470
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref173
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref173
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref173
https://doi.org/10.3390/buildings12060801
https://doi.org/10.3390/buildings12030373
https://doi.org/10.1016/j.jobe.2022.104245
https://doi.org/10.1016/j.jobe.2022.104245
https://doi.org/10.1016/j.engstruct.2021.113090
https://doi.org/10.1016/j.engstruct.2021.113090
https://doi.org/10.1016/j.tws.2021.108041
https://doi.org/10.1002/suco.202000635
https://doi.org/10.3389/fbuil.2021.629956
https://doi.org/10.3389/fbuil.2021.629956
https://doi.org/10.1016/j.engstruct.2020.111442
https://doi.org/10.1016/j.istruc.2020.03.012
https://doi.org/10.1016/j.engstruct.2020.110456
https://doi.org/10.1016/j.engstruct.2019.109845
https://doi.org/10.1016/j.engstruct.2019.109845
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref185
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref185
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref185
https://doi.org/10.1016/j.engstruct.2016.08.058

B. Guaygua et al.

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

[198]

[199]

[200]

Asprone D, De Risi R, Manfredi G. Defining structural robustness under seismic
and simultaneous actions: an application to precast RC buildings. Bull Earthq Eng
. 2016;vol. 14(2):485-99. https://doi.org/10.1007/510518-015-9820-4.
Moghadasi M, Marsono AK. Comparative experimental study of full-scale H-
subframe using a new industrialized building system and monolithic reinforced
concrete beam-to-column connection. Struct Des Tall Spec Build . 2014;vol. 23
(8):563-79. https://doi.org/10.1002/tal.1060.

Zhu X, Wu H, Zhou Y. Seismic fragility and risk assessment of self-centering wall
structures with traditional and sliding joint infill walls. Eng Struct . 2023;vol. 284.
https://doi.org/10.1016/j.engstruct.2023.115965.

Wang T, et al. Seismic performance of repaired prefabricated shear walls. Case
Stud Constr Mater . 2023;vol. 18. https://doi.org/10.1016/j.cscm.2023.e01896.
Zhou Y, Zhu X, Wu H, Djerrad A, Ke X. Seismic demands of structural and non-
structural components in self-centering precast concrete wall buildings. Soil Dyn
Earthq Eng . 2022;vol. 152. https://doi.org/10.1016/j.s0ildyn.2021.107056.
Breccolotti M, Brocchi L, Materazzi AL. Ductility evaluation of precast RC shear
walls in Italian existing buildings. Eng Struct 2021;vol. 240. https://doi.org/
10.1016/j.engstruct.2021.112256.

Brunesi E, Nascimbene R, Peloso S. Evaluation of the Seismic Response of Precast
Wall Connections: Experimental Observations and Numerical Modeling. J Earthq
Eng . 2020;vol. 24(7):1057-82. https://doi.org/10.1080/
13632469.2018.1469440.

Zhu L, Yan H, Hsiao P-C, Zhang J. Hysteretic Behavior of Composite Vertical
Connection Structures used in Prefabricated Shear Wall Systems. Int J Struct Stab
Dyn . 2020;vol. 20(6, SI). https://doi.org/10.1142/50219455420400076.

Wang D, Zhang Y, Chen H. Seismic performance assessment of new dry-assembled
prefabricated composite shear wall system with beam-only connection. Struct Des
Tall Spec Build . 2020;vol. 29(8). https://doi.org/10.1002/tal.1729.

Mena A, et al. Experimental campaign of a low-cost and replaceable system for
passive energy dissipation in precast concrete structures. Appl Sci-Basel 2020;vol.
10(4). https://doi.org/10.3390/app10041213.

Li W, Wang T, Chen X, Zhong X, Pan P. Pseudo-dynamic tests on masonry
residential buildings seismically retrofitted by precast steel reinforced concrete

24

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]

[209]

Structures 58 (2023) 105598

walls. Earthq Eng Eng Vib 2017;vol. 16(3):587-97. https://doi.org/10.1007/
511803-017-0397-6.

Watkins J, Sritharan S, Nagae T, Henry RS. Computational Modelling of A Four
Storey Post-Tensioned Concrete Building Subjected To Shake Table Testing. Bull
NZ Soc Earthq Eng 2017;vol. 50(4):595-607. https://doi.org/10.5459/
bnzsee.50.4.595-607.

Xiao K, Zhang Q, Jia B. Cyclic behavior of prefabricated reinforced concrete frame
with infill slit shear walls. Front Struct Civ Eng 2016;vol. 10(1):63-71. https://
doi.org/10.1007/511709-015-0294-x.

Zenunovic D, Folic R. Models for behaviour analysis of monolithic wall and
precast or monolithic floor slab connections. Eng Struct 2012;vol. 40:466-78.
https://doi.org/10.1016/j.engstruct.2012.03.007.

Ostetto L, Sousa R, Fernandes P, Rodrigues H. Influence and effectiveness of
horizontal diaphragms and cladding wall panels on the seismic behaviour of
precast RC industrial buildings. Eng Struct 2023;vol. 285. https://doi.org/
10.1016/j.engstruct.2023.116046.

Georgantzia E, Nikolaidis T, Katakalos K, Tsikaloudaki K, Iliadis T. Dynamic
Performance Analysis by Laboratory Tests of a Sustainable Prefabricated
Composite Structural Wall System. Energ (Basel) 2022;vol. 15(9). https://doi.
org/10.3390/en15093458.

Chang H, Choi I, Kim J, Hong SY. Experimental investigation on seismic
performance of two types of member-panel zone unified joints for precast
concrete moment-resisting frame. J Build Eng 2021;vol. 43. https://doi.org/
10.1016/j.jobe.2021.103202.

Chong X, et al. Experimental and numerical studies on the seismic performance of
precast concrete shear wall structures with an energy dissipation cladding panel.
J Earthq Eng 2022;vol. 26(6):3264-79. https://doi.org/10.1080/
13632469.2020.1796843.

Dal Lago B. Numerical simulation of seismic tests on precast concrete structures
with various arrangements of cladding panels. Comput Concr 2019;vol. 23(2):
81-95. doi: 10.12989/cac.2019.23.2.081.

Ye Z, Feng D-C, Wu G. Seismic control of modularized suspended structures with
optimal vertical distributions of the secondary structure parameters. Eng Struct
2019;vol. 183:160-79. doi: 10.1016/j.engstruct.2018.12.099.[103].


https://doi.org/10.1007/s10518-015-9820-4
https://doi.org/10.1002/tal.1060
https://doi.org/10.1016/j.engstruct.2023.115965
https://doi.org/10.1016/j.cscm.2023.e01896
https://doi.org/10.1016/j.soildyn.2021.107056
https://doi.org/10.1016/j.engstruct.2021.112256
https://doi.org/10.1016/j.engstruct.2021.112256
https://doi.org/10.1080/13632469.2018.1469440
https://doi.org/10.1080/13632469.2018.1469440
https://doi.org/10.1142/S0219455420400076
https://doi.org/10.1002/tal.1729
https://doi.org/10.3390/app10041213
https://doi.org/10.1007/s11803-017-0397-6
https://doi.org/10.1007/s11803-017-0397-6
https://doi.org/10.5459/bnzsee.50.4.595-607
https://doi.org/10.5459/bnzsee.50.4.595-607
https://doi.org/10.1007/s11709-015-0294-x
https://doi.org/10.1007/s11709-015-0294-x
https://doi.org/10.1016/j.engstruct.2012.03.007
https://doi.org/10.1016/j.engstruct.2023.116046
https://doi.org/10.1016/j.engstruct.2023.116046
https://doi.org/10.3390/en15093458
https://doi.org/10.3390/en15093458
https://doi.org/10.1016/j.jobe.2021.103202
https://doi.org/10.1016/j.jobe.2021.103202
https://doi.org/10.1080/13632469.2020.1796843
https://doi.org/10.1080/13632469.2020.1796843
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref205
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref205
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref205
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref206
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref206
http://refhub.elsevier.com/S2352-0124(23)01686-7/sbref206

	A systematic review of seismic-resistant precast concrete buildings
	1 Introduction
	2 Methodology
	2.1 Stage one. Data recovery
	2.2 Stage two. Quantitative analysis
	2.3 Stage three. Qualitative analysis

	3 Quantitative analysis
	3.1 General characteristics of the database
	3.2 Geographic cooperation
	3.3 Source analysis
	3.4 Co-author analysis
	3.5 Most cited articles
	3.6 Co-occurrence of author keywords

	4 Qualitative analysis
	4.1 Frame system (number of articles=49)
	4.1.1 Joint
	4.1.2 Damage control
	4.1.3 Rehabilitation
	4.1.4 Others

	4.2 Shear walls (number of articles=43)
	4.2.1 Assembly
	4.2.2 Resilience
	4.2.3 Modular wall systems

	4.3 Cladding panel system (number of articles=15)
	4.3.1 Energy dissipation

	4.4 Progressive collapse (number of articles=6)
	4.5 Modular buildings (number of articles=7)
	4.6 Emerging methodologies (number of articles= 6)

	5 Discussion
	5.1 Trend analysis
	5.2 Future directions

	6 Conclusions
	Acknowledgments
	References


