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As the marine atmosphere is very harmful to reinforced concrete (RC) structures, 

buildings situated close to the sea are at a high risk of suffering damage. Such is 

the case of many of the buildings near the coast in Valencia (Spain). Most of 

these buildings were built between 1968 and 2007 and nowadays their RC 

structures are seriously damaged. This paper describes the condition of 1816 

buildings that were inspected in 14 towns placed in Valencia coast. From these 

inspections, there have been identified the main factors which are the most 

significant in the damage of these RC structures by the aggressive marine 

conditions. These factors include environmental characteristics, urban parameters 

and construction system of the buildings.

Keywords: building failure; concrete; durability; repair; chloride attack; marine 

environment; corrosion

1. Introduction

The marine environment is highly aggressive to RC structures and it has a considerable 

effect on their service life. Serious damage is thus often found in building structures 

near the sea. This is even worse if no special protection has been given to these 

structures, or if there not were paid attention to this aspect during their construction. In a 

previous study, Adam et al. [1] analysed the types of damage found in RC building 

structures close to the sea by inspecting 1816 buildings in 14 towns on the Valencia 

coast. Based on the information obtained from this study, the present paper analyses the 

factors that have major influence on the exposure to aggressive environment of the 

buildings.

The territorial context predetermines the construction system according to the 
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characteristics of the soil and the surroundings. The appropriate building construction 

system should be selected for each location taking into account those aspects. However, 

this has never been the traditional practice. In most cases, especially in holiday resorts, 

the factors governing the selection of building typology are mainly economics, not 

technical. That means giving no consideration to durability aspects as the RC building 

structure protection to marine environment. This has occurred especially in coastal areas 

in which the population growth has been uncontrolled and, in most cases, without an 

adequate city planning.

Such has been the case of many buildings constructed on the coast of Valencia (Spain). 

This region, bathed by the Mediterranean Sea has undergone a profound metamorphosis 

in the last 50 years, becoming a popular area for holiday homes [2]. Since the late 

sixties, it has experienced a continual growth in tourism which has greatly multiplied 

the number of buildings constructed in the area, especially of those that could be 

described as weekend or holiday homes. This effect was increased during the periods of 

the building expansion as occurred between 1968 and 1973.

In the coastal towns, the population increases considerably during the holiday periods, 

and in some cases may even be doubled, as in Benidorm, Torrevieja, Calpe, Denia, 

Santa Pola, Orihuela, Jávea, Cullera, Gandía, Benicàssim, Oropesa del Mar and 

Peñíscola, where the number of holiday homes is greater than those used as habitual 

residences [3].

The building typology used in these areas is the apartment block (Fig. 1a), although 

there are also many terraced houses (Fig. 1b). The structure of the buildings is usually 

made with RC frames and generally precast joist slabs. The RC structure is often visible 
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(mainly on outer walls and open-plan ground floors) or given a thin covering of mortar 

[4]. These buildings are therefore highly exposed to the aggressive agents in the marine 

atmosphere [1].

The corrosion of the reinforcement by the sea atmosphere is one of the main causes of 

the deterioration of RC [5,6]. There is a large bibliography on the general factors that 

affect RC structures in a marine atmosphere [7,8] and the reinforcement corrosion by 

chloride [9,10]. The present study analyses the factors that determine the influence of 

the marine environment on coastal buildings. It focuses on the apartment blocks in 14 

towns of Valencia (see Fig. 2). They are, from north to south: Peñíscola, Torreblanca, 

Oropesa del Mar, Benicàssim, Moncofa, El Puig, Pobla de Farnals, Port Saplaya, El 

Perellonet, Cullera, Tavernes de la Valldigna, Xeraco, Calpe and Playa de San Juan. 

These areas were not chosen at random; on the contrary, they were considered to be 

representative of the buildings along the Valencia coast, as has been shown in Adam et 

al. [1].

The principal novelty of the work therefore lies in the selection and analysis of the 

variables that determine the influence of the marine atmosphere on RC building 

structures. The studied variables were as follows:

(1) Climatology: temperature, humidity, prevailing winds.

(2) Planning: distance from the sea, urban morphology, urban growth.

(3) Structures: codes applied, concrete characteristics, construction system.

The paper is organised into six sections, starting with Section 1 or Introduction. Section 

2 describes the effects of the aggressive marine atmosphere and its effects on RC 

structures. Section 3 describes the Valencia coastline and its RC building structures. It 
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also describes the climatology and the orography of its towns, the urban growth and the 

buildings typologies. Section 4 analyses the characteristics of the buildings studied, 

including their structural and construction system. Section 5 analyses the particular 

variables that determine the degree of exposure of the buildings to the marine 

atmosphere. Finally, Section 6 presents the conclusions reached in the work and the 

future lines of research.

2. Influence of the marine atmosphere on RC building structures

The principal damage to RC in marine atmospheres is the corrosion of the 

reinforcement by chlorides [6,7]. This is due to the high content of chloride ions and 

salts together with a high moisture content, which accentuates their effects. This has 

been corroborated by Moreno et al. [4] in the study of RC building structures in 

Valencia coast whose reinforcement was corroded due to the considerable presence of 

chloride ions. However, other aggressive components as the magnesium sulphate are 

also damaging to these structures [11,12].

Although damage by chloride ions is the quickest acting, it is not the only cause of 

corroded reinforcement. The process may be combined and accelerated by concrete 

carbonation when the air has high moisture content [8,13]. However, it has been shown 

that the contact of aggressive agents with the reinforcement is the fundamental factor in 

its corrosion and it directly affects its service life [5,10,14,15,16,]. According to these 

authors, the internal factors that have most influence on the penetration of aggressive 

agents are the concrete’s resistivity, permeability and porosity. Particularly, in hot and 

humid coastal environments the problem increases [17]. 

The behaviour of RC against aggressive agents is determined by its quality, which 
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depends basically on the type of cement used, the water/cement ratio, the cement 

covering of the reinforcement and the type of steel used. These characteristics are 

determined by the concrete quality [10,7] what depends largely on the period in which 

the building was constructed, the codes in force at the time, the construction methods 

used, or in other words, on the age of the building. The age of the structure is not only 

fundamental in determining its physical condition but also in knowing the building 

tradition and the technology in use at the time.

Other factors that affect the corrosion of reinforcement and that do not depend on the 

type of concrete include: the salt content of the atmosphere, the degree of exposure of 

the structure to the environment (e.g. the prevailing winds), the situation of the structure 

(inside or outside the building) and the moisture present in the concrete pores [5,7,18–

20]. The most important of these are as follows:

(1) Distance from the sea is one determining factor in the quantity of salt particles in 

the air. The salinity depends on the distance from the sea water line and is 

rapidly reduced with distance from this mark. Different authors [18,19] have 

shown that the concentration of chloride ions in the atmosphere decrease rapidly 

with distance from the coast, especially in the first 100 m [19], after which the 

concentration reduction rate is slower.

(2) The orography and the speed of the prevailing winds [18,20,21] has also an 

important influence in the salt content of the air. Morcillo et al. [22] in a study 

on the coast of Tarragona (Spain) determined atmospheric salinity by analysing 

the winds recorded by the meteorological stations. They found that certain 

directions of the prevailing wind contribute most to the inland penetration of salt 
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particles. The wind speed is also important, since above 3 m/s (10.80 km/h) the 

formation of the salt spray phenomenon begins to be significant [22,23].

(3) Relative humidity has a decisive influence on the degree of exposure to the sea 

atmosphere. Zaccardi et al. [24] have studied the influence of ambient 

temperature and relative humidity in the corrosion of reinforcing bars in RC 

structures in a marine environment. Bouteiller et al. [25] demonstrated that 

temperature and humidity interact with each other in the corrosion processes. 

Karthick et al. [26] indicate that the carbonatation of concrete and the 

penetration of chloride ions are the most influent factors in the depassivation of 

the reinforcement. Sandberg et al. [27] have shown that when the passivity of 

the reinforcement has been broken by the presence of chloride ions, concrete 

resistivity is the parameter that controls the corrosion kinetics. In this case, the 

moisture content in the pores plays a determining role and is considered the most 

influential variable in concrete resistivity [15,27]. However, relative humidity 

also depends greatly on the atmospheric wetting-drying cycles [28]. Medeiros et 

al. [29] studied the behaviour of a structure exposed to the marine atmosphere 

for 40 years. This study showed that the wetting-drying cycles to which the 

structure is exposed have influence in its chloride ion content, and the rainfall 

pattern is decisive in these cycles. Other authors [22]  have verified that there are 

high levels of atmospheric salt content after storms. These atmospheric 

phenomena, even though they last for a short time, can leave large quantities of 

salt on concrete surfaces.

(4) The urban growth type in a town is also significant when analysing the influence 

of the marine atmosphere on its buildings. For example, in places where 



7

buildings are very close together, those that are exposed can act as windbreak to 

others, which are thus protected. On the one hand, there are perimeter blocks 

(which are built up on all sides surrounding a semi-private central space) that 

have smaller exposed surfaces, but some of them are more exposed than the 

others. On the other hand, there are apartment blocks (residential high-rise 

buildings) that are exposed on all sides, allowing the salt spray to circulate freely 

with nothing to act as a barrier. In this type, different zones of the buildings will 

be more affected than others and to different degrees. 

3. Urban development on the Valencia coastline

The study carried out was focused on Valencia region (Fig. 3), in the Mediterranean 

coast of Spain. In this coastline, which is 440 km long, there are 62 towns with a large 

number of holiday homes, mostly built between 1968 and 2007. In these years the 

coastal areas changed their principal use, from flat wetlands covered with vegetation 

without any use or used for agriculture to holiday resorts. Therefore, these areas evolved 

from dispersed settlements to urban areas without a previous master plan [2].

This change in pattern had its origin in the 1956 Land Use and Urban Planning Law 

[30]. The purpose of it was to develop the coast by building holiday apartments and 

hotels. In this way, tourism became the motor of the Spanish economy, especially in the 

coastal areas and in particular on the Mediterranean coast. In this area the development 

was massive, multiplying the number of buildings and the population, especially in the 

summer season [2]. The consequence of this unplanned urban growth was the 

disproportionate increase of the buildings in the coastline.

Throughout this period the urban development was based on a model with high density 
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areas and high-rise apartment blocks whose ground floors were in most cases 

unoccupied. The absence of an urban planning with specific regulations and the rapid 

rate of construction gave rise to a similar type of buildings in terms of shape, 

composition and construction. This model faithfully followed a common plan: 

apartment blocks or single family houses on different sized plots, close to the beach and 

separated by a road in between [31].

This uncontrolled urban growth on the coast occurred without having into consideration 

how to protect the buildings from the marine atmosphere. Consequently, nowadays a 

high proportion of these RC building structures present damage as a result of the 

corrosion of the reinforcement bars, as has been pointed out by [5,7]. This damage is 

concentrated in the parts of the structures most exposed to the air [1], such as columns, 

fronts of slabs, ledges and balcony beams (Fig. 4). 

4. Characteristics of residential buildings on the Valencia coast

The structural characteristics of the buildings studied can be related to the different 

periods of economic expansion and crisis of the Spanish construction industry, and in 

particular on the Valencia coast: 

(1) First period: 1968-1973, the first period of expansion of the building industry. 

(2) Second period: 1973-1985, beginning with the oil crisis in 1973 and lasted until 

the beginning of the next economic recovery.

(3) Third period: 1985-1992, consisted of the second period of the expansion of the 

industry. 

(4) Fourth period: 1992-1997, it began with the economic crisis in 1992 and was 

shorter than the previous ones, lasting for approximately 5 years.
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(5) Fifth period: 1997-2007, it was the third period of expansion and lasted until the 

start of the present economic crisis.

4.1. Types of structural systems

RC frame structures was used in 74.3% of the apartment blocks built in Valencia 

between 1960 and 1990, according to the inspection reports of the Office of 

Architecture and Housing of the Valencia Government (Dirección General de 

Arquitectura y Vivienda, DGA) [32]. The reports also indicate that a high percentage of 

those built more recently (1999-2005) in this area also have RC structures. It should be 

pointed out that “RC structures” here means the buildings basic structure, composed of 

RC frames and one-way or two-way slabs. Structural steel is not often used in this type 

of building and is only present in few cases (Fig. 5 [33]).

This study therefore confirms the predominance of RC framed structures. And this was 

also checked in the course of the 1816 buildings inspection in the 14 towns selected for 

the study. A high percentage of this type is found everywhere except for a small number 

of areas, according to this study. 

As regards the characteristics of the RC frames, the use of wide flat beams depended on 

the period in which the building was constructed. Between 1968-1973 and 1973-1985, 

the first two periods considered, the use of wide flat beams was not very common. The 

use of them mainly depends on the tradition followed in the area in question (for 

instance, in the central region of Valencia there is no use of wide flat beams).

In the inspections carried out by Adam et al. [1] and also in the reports of the DGA [32], 

the one-way slab was the most frequently used. In more than half of the cases, the use of 
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precast or pre-stressed RC joists predominated.

4.2. Construction system of outer and inner walls

The usual construction system consists on wet trades and heavyweight construction, 

with all the outer and inner walls built in situ (partitions, outer walls, insulations and 

coatings etc.). During the inspections carried out it was observed that the number of 

light outer walls and modular construction systems was quite small, less than 10%. 

Outer walls are usually made of two layers of hollow brick, forming an air chamber 

with or without insulating material. They are supported on the concrete structure; the 

outer layer is aligned with the surface defined by the front of the slab, or the edge of the 

slab is embedded in the outer wall. The front of the slab is usually covered by a thin 

mortar rendering or by 2 or 3 cm thick ceramic tiles. The presence of thermal insulation 

in the air chamber basically depends on the year of construction. It is not often found 

due to the mild climate in the region and the date of construction of these buildings.

The cladding of the outer walls is usually a single coat of mortar (Fig. 6a) or painted 

cement-mortar rendering. In some cases, the structure is visible on the walls and/or on 

ground floors (Fig. 6b), especially in those of the second and third periods studied 

(1973-1985 and1985-1992).

4.3. Dosage, strength and covering of RC

As regards the characteristics of the concrete, there are wide variations in the dosage 

due to the absence of quality control requirements in the first Spanish concrete codes: 

HA-61 [34], HA-68 [35] and EH-73 [36]. These codes did not require previous tests but 

relied on the builders’ previous experience: “In cases in which the builder can justify by 
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previous experience that the selected materials, dosage and execution process will 

produce concrete with the above-mentioned conditions, in particular in the required 

strength, the preliminary tests may be dispensed with” (HA-68 [35], p. 17262). This 

system was in force until the introduction of EH-88 [37] and is far removed from the 

present quality control criteria.

In the structures built during the first period studied (1968-1973), the concrete strength 

was given by concrete dosage established by the codes. These dosages were specified in 

the form of tables included in the Appendices to EH-61 [34], EH-68 [35] and EH-73 

[36]. In these tables the quantities of the concrete components were determined by the 

characteristic strength required, the type and the maximum size of the aggregates, the 

type of cement and the degree of compaction. These codes also left the protection 

measures against aggressive atmospheres to the builder’s decision: “In structures 

exposed to chemically aggressive atmospheres or to the risk of fires, the covering of the 

reinforcement will be decided by the person responsible for the project” (HA-68 [35], 

Art. 13.3.c, p. 17262). Minimum general reinforcement covering was proposed, but no 

specific measures were given or recommended for structures exposed to marine 

atmospheres. For this reason, in the projects belonging to the first study period (1968-

1973) the minimum covering specified was 30 mm or less.

The classes of exposure to different types of atmosphere and the minimum covering for 

each one were laid down in EH-88 [37] (Art. 13.3.b, p. 23263). It was also indicated: 

“In structures exposed to especially aggressive atmospheres, the project director will 

select the covering while bearing in mind that the above values should be prudently 

increased and that the compaction and non-porosity of the concrete should be carefully 
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considered” (EH-88 [37], Art. 13.3.d, p. 23263).

5. Exposure level of buildings to marine atmosphere

As pointed out in Section 1, in order to analyse the exposure level of the buildings to the 

marine atmosphere the following variables were selected:

(1) Prevailing winds.

(2) Temperature and rainfall.

(3) Distance from the coast.

(4) Distance from the water line.

(5) Year of construction of building.

(6) Urban growth types.

5.1. Characterisation of prevailing winds

As indicated in Section 2, certain directions of the prevailing winds tend to generate 

high concentrations of salts in the air. It is therefore necessary to identify both the 

prevailing winds and their seasonal evolution to determine the buildings’ exposure.

For this analysis, data supplied by the National Meteorological Agency (Agencia 

Nacional de Meteorología, AEMET) [38] was used, selecting the annual figures from 

the weather stations closest to the area analysed. The results obtained are given in Table 

1, including the prevailing wind component and the mean wind speed in this direction in 

km/h. Although there were seasonal variations in these winds, it was possible to obtain 

an overall view of the directions of the prevailing winds and the most exposed zones 

and buildings. 
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The prevailing wind was seen to have an eastern component, i.e. from the sea, with 

some variations, in most of the towns. However, in the particular case of Calpe, due to 

its location, the wind from the sea had a southern component.

As mentioned in Section 2, wind speed must also be taken into consideration, as above 

10.80 km/h the salt concentration is high. With this speed as the limit, the areas in the 

north of Valencia (Moncofa, Torreblanca and Oropesa del Mar), where the mean wind 

speed is 11.00 km/h, have high levels of exposure. The areas of  Peñíscola, Pobla de 

Farnals, Port Saplaya and Calpe, with a mean speed close to the limit of around 10.00 

km/h, are also highly exposed.

In the centre of the area, Cullera, Tavernes de la Valldigna and Xeraco, as well as La 

Playa de San Juan in Alicante, with a mean wind speed below the limit of 9.00 km/h, 

are less exposed. Due to the dispersion of these results it is not possible to group the 

towns into geographical zones, which means it would be necessary to study the 

orographic characteristics of their environments in relation to the prevailing winds, 

which is outside the scope of the present study. 

5.2. Temperature regime, relative humidity and rainfall

As pointed out in Section 2, there are other factors affecting corrosion in reinforcement 

that exist irrespective of the type of concrete, such as temperatures and precipitation, 

which determine the moisture content of the concrete.

The study of the temperature regime was carried out based on data obtained from the 

historical series compiled by the Valencia Agrarian Research Institute (Instituto 

Valenciano de Investigaciones Agrarias, IVIA) [39], the State Meteorology Agency 
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(Agencia Estatal de Meteorología, AEMET) [38] and the Climatic Atlas of Valencia 

Community [40]. By using these data, the mean temperature is shown by month for the 

studied towns in Fig. 7 and it is arranged in accordance with the meteorological station 

consulted. Accordingly, the temperature variability over the year was calculated in each 

case as the difference between the highest and the lowest temperatures. The temperature 

range has been shown to be very similar in all the areas studied, which is a result of the 

thermo-regulating effect of the Mediterranean Sea.

The temperature variability over the year does not usually exceed 14-15ºC, and the 

annual average temperature in the studied towns is from 16ºC to 18ºC. The temperature 

on the Valencia coastline therefore shows little variation and stays within a median 

range of values that is not a determining factor in the rate of corrosion [28].

On the other hand, the relative humidity of the environment does affect the concrete’s 

wetting-drying cycle, which is a critical factor in determining the degree of exposure to 

the sea environment. The precipitation regime on the Valencia coastline was therefore 

studied [41] and four different zones were chosen (Fig. 8):

(1) Zone 1 covers the areas situated in the north of the Valencia coast where annual 

precipitation is around 500-600 l/m2.

(2) Zone 2 is formed by the central flatlands in the north and centre of the Valencia 

coast, in which annual precipitation is somewhat lower, 400-500 l/m2. In this 

zone the main maximum is in autumn, with another smaller maximum in spring, 

and a long dry summer period lasting around 4 months.

(3) Zone 3 stretches across the centre-south and is the rainiest, with annual 

precipitation of 600-800 l/m2. This is a result of the orientation of its coastline, 
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which is almost perpendicular to the winds, which makes it liable to experience 

torrential downpours.

Zone 4 is in the south of Valencia coast. The average annual temperature is 18ºC and 

the precipitation very low (in some towns not exceeding 300 l/m2 per year). 

Based on the data obtained from the historical series from AEMET [38] graphs with the 

precipitation regimes of the selected towns are shown in Fig. 9. These graphs have a 

similar form, with a significant increase in precipitation in the months from August to 

October. There is however an important difference in total precipitation between the 

different towns.

In the towns located in the central zone of the Valencia coastline, such as Tavernes de la 

Valldigna, Xeraco, El Perellonet and Cullera, greater precipitation occurs in September 

and October, and exceeds 100 mm in each of these months. It is the same in Peñíscola, 

but in the town of Playa de San Juan the precipitation is less than 50 mm in those 

months. In April and May, Peñíscola gets higher precipitation (around 75 mm). In 

contrast, La Playa de San Juan only gets about 30 mm.

This increase in precipitation is a result of the habitual Mediterranean storms at the end 

of the summer months and above all in autumn. These storms provide around 50% of 

the annual rainfall in those very short periods of time.

5.3. Distance of the buildings from the sea

The Spanish Coastal Law [42] in Article 23.1 (p. 13) stipulates that “the easement of 

coast protection shall apply to a zone of 100 metres measured inland from the sea 

limit”. Article 25.1.a (p. 14) points out that within this area “buildings for residence and 
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dwelling” are prohibited. However, many towns Valencia coast have buildings at a 

shorter distance from the coast, as they were built before the above-mentioned law was 

enacted. In many cases, the distance from the buildings to the sea is below the 100 

metre limit, which is the distance at which there is a significant reduction in the 

concentration of chloride ions in the atmosphere, as has been pointed out in Section 2. It 

is, therefore, necessary to calculate the buildings’ degree of exposure to the marine 

environment in accordance with their distance from the seashore. To do this, three 

different strips were selected:

(1) Distance to the seashore of between 0 and 50 metres.

(2) Distance to the seashore of between 50 and 100 metres.

(3) Distances above 100 metres.

As the next step, the buildings were classified according to the strip they occupy. To 

work out how far they are from the seashore, the distance was measured from a point in 

the centre of the side of the building nearest to the sea. The result is displayed in Fig. 

10, shown by percentage and by town.

It can be seen that in some towns such as Peñíscola, Oropesa del Mar, Cullera and 

Calpe there is a high proportion of buildings at a distance of less than 50 m from the 

seashore, in Peñíscola over 25% and in Calpe over 15%. Such urban areas are generally 

found in zones where there is no proper beach as such, or, if there is, it is very small, 

and these areas are typical of urban developments in mountainous areas. The degree of 

exposure of the buildings situated in this first strip is high.

The second strip, between 50 and 100 metres from the seashore, is a zone with a high 

level of exposure. This is the case of the towns of Peñíscola, Torreblanca, Port Saplaya 
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and el Perellonet, which have over 30% of their buildings situated in this strip. 

In contrast, in other towns all the blocks of flats are more than 100 metres from the 

seashore, as is the case of El Puig, Pobla de Farnals and Playa de San Juan. This is due 

to the existence of beaches with large areas of sand and to their promenades (Playa de 

San Juan), and above all, to the existence of houses or non-residential buildings situated 

on the beach (El Puig and Pobla de Farnals). The degree of exposure of the buildings 

situated in this strip is lower than for the cases above mentioned.

5.4. Location of the buildings with respect to the sea coast

In residential areas with several rows of houses, the degree of exposure is greater on the 

row situated nearest the beach than for the second line and others further back. This is 

because of the windbreak effect created by the buildings (Fig. 11 [43]). For this reason 

the towns have been classified in accordance with the location of their apartment blocks 

as:

 Buildings on the front line of the beach.

 Buildings on the second and other lines further back.

As can be seen in Fig. 12, there are towns such as Peñíscola, Torreblanca and Port 

Saplaya with a high proportion of buildings blocks on the front line (between 60% and 

70%). In contrast, in Moncofa, el Puig and Playa de San Juan, the percentage of 

apartment blocks located on the second line is nearly 100%. In the case of Pobla de 

Farnals, it is 100%. This high level is due to the existence of single-dwellings or non-

residential buildings (usually restaurants, bars or other leisure facilities) on the front 

line, as pointed out above.
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Buildings of the type under study, i.e. apartment blocks, are normally oriented towards 

the sea, so as to take advantage of the views and the sea breeze. They are usually of 

more than 10 storeys, with multiple terraces, balconies, large verandas, and accessible 

flat-roof areas, ground floors having few partition walls and sometimes being even 

totally open and therefore supported by free-standing columns.

5.5. Age of the buildings

The age of the buildings is another factor that needs to be taken into account in 

determining the buildings’ degree of exposure to the marine environment, for two 

reasons: firstly, because the age determines the time in which they were built and its 

consequent characteristics (the codes in force, the characteristics of the concrete, the 

cladding, etc.); and secondly, because of the progressive deterioration that buildings 

experience over time, which makes them more vulnerable to aggressive atmosphere. 

This latter point, however, can be rectified by maintenance and conservation of the 

buildings [44] and any repair work that has been carried out, consequently these aspects 

are not taken into account in this study.

The age of the 1816 buildings was determined and they were classified in accordance 

with the date they were built in the 5 periods set out in Section 4, i.e. based on the 

different periods of expansion and crisis in the building sector: 1) 1968-1973; 2) 1973-

1985; 3) 1985-1992; 4) 1992-1997; and 5) 1997-2007. The results are shown in 

percentages in Fig. 13.

It can be seen that towns such as Peñíscola, Benicàssim, Pobla de Farnals, El Perellonet, 

Cullera, Calpe and Playa de San Juan have a large proportion of buildings (between 

25% and 50%) that were built during the first period (1968-1973). Growth in the 
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construction of buildings is also seen in the fifth period (1997-2007). During those years 

a large proportion of buildings were erected in the towns of Peñíscola, Oropesa del Mar, 

El Puig, Port Saplaya, Tavernes de la Valldigna, Calpe (between 20% and 30%) and, 

particularly, in Moncofa (nearly 70%).

It can be concluded that the age of the buildings is significant in Benicàssim, Pobla de 

Farnals, El Perellonet, Cullera and La Playa de San Juan.

5.6. Urban growth in the towns

As seen in Section 3, another key aspect to be taken into account in calculating the level 

of exposure to the marine environment of buildings on the coast is the type of urban 

growth. To gauge its influence, we have differentiated between the following types of 

urban development:

 Expansion district development. This happened in coastal towns with a traditional

historic centre, or, alternatively, in later expansions of the town towards the coast.

The buildings are lined up together in perimeter blocks, creating a closed unit, with

large fronts and compact in volume. They have shared walls, with one or several of

their sides very much exposed to the sea spray.

 Linear development. This is defined by the characteristics of the beach, in its linear

elongation. This type of growth is characterised by the existence of rectangular

plots, generally parallel to the coast line. Within these plots the buildings do not

follow any defined pattern. They are very high (over 10 storeys) standing on their

own and have large common areas. This is the type of growth that predominates,

above all, in areas away from the traditional historic centre.
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 Development adapted to the coast. This occurs in the coastal area where there are

inlets and peninsulas or in zones where the hilly coastal area is rocky. There is a

predominance of buildings in irregular blocks conforming to the shape of the hilly

areas. They are very high and compact on account of the hills that make it difficult

to make use of all the land, which leads to an accumulation of buildings on the

beach-front.

 Holyday resort complexes. This has occurred in practically all the coastal towns,

generally during the third and fourth period studied (1985-1992 and1992-1997). It is

characterised by the construction of independent urban complexes on large plots

with large common areas and terraced buildings or linear blocks of varying height.

These divisions make it possible to classify the urban growth according to the 

predominant type of development. Accordingly, in Fig. 14 the percentages are displayed 

for each of urban growth in the towns studied.

There is a high proportion of linear development in all the towns studied, except in 

Moncofa and Port Saplaya, where the expansion district development is predominant. 

Moncofa has grown as a traditional-type urban centre, with development in perimeter 

blocks, while Port Saplaya developed from the yacht marina that shapes the structure of 

the urban settlement.

Towns like Oropesa del Mar, Cullera and Calpe have a large proportion of development 

adapted to the coast. In contrast to them, there are the towns of Playa de San Juan, 

Benicassim, Xeraco, El Puig and Pobla de Farnals, where the linear development is 

predominant.

After the linear development, the most common type in the places studied is the 
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expansion district development. In the towns of Peñíscola, Torreblanca, Cullera and 

Calpe, near the coastline, the traditional centre exists alongside holiday homes. The 

expansion district development, with its perimeter blocks increases the windbreak effect 

created by the buildings on the seafront. 

Development adapted to the coast has only occurred in the towns of Oropesa, Cullera 

and Calpe, on account of their particular mountainous terrain.

The holyday resort complexes were built mainly during the most recent periods of urban 

expansion (1985-1992 and 1997-2007). They appear in towns like Peñíscola, Oropesa 

del Mar, Benicassim and Xeraco, the most affected by the important urban growth that 

took place during those years.

5.7. Summary of the results of the factors studied

This work has defined the factors that are most involved in the exposure of buildings on 

Valencia coast to the marine environment, i.e. the factors that have an important 

influence on the RC building structures damage caused by such environment. The 

characteristics of these factors have been studied in 14 towns on Valencia coast which 

are considered to be representative of the whole of the area.

The most significant characteristics of the study carried out are the following:

(1) Apartment blocks are the predominant type of building.

(2) Construction of the buildings was mostly begun at the end of the 1960s and 

coincided with the building expansion development periods.

(3) The structure most widely used for such buildings was RC. Depending on 

the building practices of the different places, the following were used: bays 
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with beams or wide flat beams, one-way and two-way reinforced slabs and 

precast or cast in place reinforced or pre-stressed joists.

(4) The characteristics of the RC are dependent on the date of construction and 

the technological level of the time and the regulations then in force.

(5) Protection of the buildings’ RC is in general deficient due to:

a. the large degree of exposure due to the form of the buildings (large

terraces, open ground floors, etc.);

b. the particular characteristics of the type of construction; and above

all, the small amount of protection given to the slab fronts;

c. the small amount of covering provided for the reinforcement,

particularly in buildings erected prior to 1988, which was no more

than 30 mm.

(6) The environmental conditions that have most influence, in order of 

importance, are as follows: 

a. the prevailing wind regime, especially if the winds exceed 10.80

km/h;

b. the precipitation regime and the wetting-drying cycles of the RC;

c. the variation in temperatures, though this has a lesser influence.

(7) The conditions of the urban environment that have greatest influence, in 

order of importance, are:

a. distance from the coast (above or below 100 m);

b. location relative to the beach, on the frontline or further back;

c. urban morphology (apartment blocks in open area or perimeter

blocks);
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d. urban development type experienced in the area.

The combined effect of these factors determines the greater or lesser effect of the 

marine environment on RC structures in buildings situated on the coast. Table 2 shows a 

summary of the characteristics of each town in relation to these factors. 

6. Conclusions and future research

The predominant buildings on Valencia coast are apartment blocks that have 

characteristics that make them very liable to suffer significant damage to their RC 

structures due to their exposure to the marine environment.

There are, however, no specific regulations governing the urban layout of buildings and 

their dimensions in relation to the factors that determine their degree of exposure to the 

aggressive marine environment, such as the specific environmental conditions 

(prevailing winds, temperature and rainfall regimes, etc.), urban factors (distance from 

the coastline, dimensions of buildings, etc.) or construction factors (type of cement, 

claddings, etc.). Conversely, in urban development the aspects that have traditionally 

played a dominant role were land use and property development, rather than any 

considerations for protecting buildings and their structures from the marine 

environment.

The construction characteristics for buildings situated near to the coast have always 

been determined by the construction practices and general codes in force at that time. 

Nevertheless, no specific construction regulations were given until 1988 with the EH-88 

code.

The foregoing shows the need to draw up a model for determining or predicting the 
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damage that the RC buildings structures in the towns on Valencia coast can suffer, 

given both the general and the particular characteristics of each town.

In order to draw up this model, it will first be necessary to determine the factors to be 

included together with the greater or lesser degree of importance and weighting of those 

factors in the model’s mathematical formula. 

These factors are those that have been defined and studied in this work on 14 towns on 

Valencia coast. From these data it will be possible to determine the level of 

aggressiveness of the environment of a town by using these factors, i.e., it will be 

possible to define its vulnerability to the marine environment.
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Fig. 1. Examples of building typologies in Valencia coast. a) Apartment blocks (Oropesa del Mar); b) Terraced houses (Cullera)



Fig. 2. Studied towns in Valencia coast



Fig. 3. Location of Valencia



Fig. 4. Different damages in apartment buildings located in Valencia coast
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Fig. 5. Use of  RC and steel in apartment building structures  in the area, period 1999-2005 [33]



Fig. 6. a) Façade with mortar cladding, fronts of slabs, ledges and balcony beams with no protection (Cullera); b) Columns with painted cement-mortar 

rendering (Benicassim)



Fig. 7. Temperature regimen in the studied towns in the period 1981-2015 (adapted from IVIA 

data [39])



Fig. 8. Differentiation of zones in Valencia coast according to their precipitation regime
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Fig. 9. Precipitation regime in the studied towns in the period 1981-2015 [38]
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Fig. 10. Buildings located in the different strips of distance to the coast in the studied towns
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Fig. 11. Scheme of windbreak effect of buildings [43]
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Fig. 12. Location of the apartment blocks in the studied towns: front line; second and other lines further back
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Fig. 13. Construction periods of apartment blocks in the studied towns
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Fig. 14. Urban growth type of the apartment blocks in the studied towns



Table 1. Prevailing winds coming from the sea and wind speed for that direction in the studied towns

Coastal towns Prevailing 
winds

Maximum wind 
speed (km/h)

Average wind 
speed (km/h)

Peñíscola E-SE 12.00 10.00
Torreblanca S-SSE 15.00 12.00
Oropesa del Mar S-SSE 15.00 12.00
Benicàssim ESE 12.50 8.50
Moncofa S-SE 13.00 11.00
El Puig E-ENE 9.00 7.00
Pobla de Farnals ESE 13.00 10.00
Port Saplaya ESE 13.00 10.00
El Perellonet S 7.00 6.00
Cullera ENE 9.00 7.00
Tavernes de la Valldigna. ENE 9.00 7.00
Xeraco NE 9.00 6.00
Calpe S-SW 13.00 10.00
Playa de San  Juan NE 9.00 6.00

Notation:
- N-North: NNE-North-Northeast; NE-Northeast; ENE-East-Northeast
- E-East: ESE-East-Southeast; SE-Southeast; SSE-South-Southeast
- S-South: SSW-South-Southwest; SW-Southwest; WSW-West-Southwest
- W-West; WNW-West-Northwest; NW-Northwest; NNW-North-Northwest
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Table 2. Main features of the studied towns

Coastal towns Distance to 
the seashore

Location of 
the buildings Urban growth Building periods

Peñíscola 0m - 50 m
50m-100m 1st line Linear & Expansion district All periods

Torreblanca 50m-100m 1st line Expansion district All periods

Oropesa del Mar 50m-100m 
> 100 m 2nd line Adapted to coast & Linear All periods

Benicàssim 50m-100m 2nd line Linear 1st y 2nd period

Moncofa > 100 m 2nd line Expansion district 5th period

El Puig > 100 m 2nd line Linear 2nd period
Pobla de Farnals > 100 m 2nd line Linear 1st y 2nd period

Port Saplaya 50m-100m 1st line Expansion district 3rd y 5th period

El Perellonet 50m-100m 2nd line Linear 1st y 2nd period

Cullera 0m - 50 m 2nd line Expansion district 1st y 2nd period

Tavernes de la Valldigna > 100 m 2nd line Linear All periods

Xeraco > 100 m 2nd line Linear 3rd y 4th period

Calpe 50m-100m 2nd line Adapted to coast & Linear All periods

Playa de San  Juan > 100 m 2nd line Linear 1st y 2nd period


