
 

13th World Conference on Earthquake Engineering 
Vancouver, B.C., Canada 

August 1-6, 2004 
Paper No. 2122

 
 

SEISMIC VULNERABILITY OF INFORMAL CONSTRUCCION 
DWELLINGS IN LIMA, PERU: PRELIMINARY DIAGNOSIS 

 
 

Marcial BLONDET1, Michael DUEÑAS2, César LOAIZA3, Roberto FLORES4 
 
 

ABSTRACT 
 
This paper describes a study of the structural characteristics and the seismic vulnerability of informal 
construction dwellings in Lima, Peru, where the majority of the houses are built without professional 
advice or quality control. One hundred houses were surveyed in two districts of Lima where informal 
construction is prevalent, in order to gather information on their main architectonical and structural 
characteristics. A simple analysis revealed that most of them present significant structural deficiencies and 
thus are seismically vulnerable. The main problems observed were caused by bad quality of construction, 
poor location, insufficient wall density, and unstable parapets.  
 

INTRODUCTION 
 
In the last thirty years Lima, the capital of Peru, has not been subjected to severe earthquakes, even though 
it is located in a region of high seismic activity. During this period many brick masonry dwellings were 
built without any structural design and with poor quality of materials and workmanship. Are these houses 
prepared to resist a severe earthquake? No one knows for certain. It seems reasonable, therefore, to 
attempt to find out how these dwellings were actually built. This paper summarily describes a project 
developed to study the structural characteristics and to assess the seismic vulnerability of 100 houses built 
informally in two districts of Lima (Flores [1], Dueñas [2]). 
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BACKGROUND & OBJECTIVES 
 
The Peruvian coast has been subjected to severe earthquakes in the past, and will be in the future. Lima, 
the capital of Peru, is a coastal city of about 8 million people, which has suffered a tremendous population 
increase, mainly due to the migration of poor people from the provinces. The only way most of these 
people have to own a house is through informal construction, usually in lots that they have “invaded”. The 
construction process usually takes several years, as the owner saves money to buy the materials needed to 
build each room of his house. The preferred construction material is clay brick masonry, confined with 
reinforced concrete beams and columns (“noble materials”). Construction is performed by the actual 
owner and his family, usually aided by local masons without any technical training. As a result, the quality 
of the construction is generally very poor.  
 
The main objectives of this study are to collect preliminary information regarding the architectonical, 
constructive, and structural characteristics of informal dwellings in Lima, Peru, and to perform simple 
analyses to have an approximate assessment of their seismic vulnerability. 
 

METHODOLOGY 
 
1. Literature survey. Available literature was consulted to obtain information concerning social and 

technical issues of informal construction in the coastal cities of Peru. A list of the consulted 
bibliography (in Spanish) is given at the end of this document. 

2. Selection of study areas. Two zones with different topographic and geological conditions were 
selected: Villa El Salvador, located in a flat, sandy area at the South of Lima, and Carabayllo, 
located in hilly, firm ground, located North of Lima. Fifty houses were surveyed in each location.  

3. Design of forms. Two forms were designed using a known spreadsheet program: The survey form, 
used to collect the data of each house, and the report form, described below, used to process the 
information obtained.  

4. Field work. This was the most difficult task of the project. The selected areas are very poor, with a 
high crime rate, and the inhabitants are reluctant to allow people into their houses. The students 
doing the survey had to contact local leaders to be able to access the dwellings.  

5. Data processing: This involved transcribing the data of each dwelling from the survey form to the 
report form, adding a sketch of the structure, performing a seismic analysis, and assessing the 
seismic vulnerability of the dwelling.  

6. Final report: The document is currently being edited (February 2004, Dueñas [2]). 
 

REPORT FORM 
 
The Report Form is a MS Excel spreadsheet organized as follows: 
 
Background: Location, age, number of floors, type of soil, and general conditions of the house. 
Technical Issues: Location problems, structural characteristics, quality of materials and workmanship, 
other degrading factors.  
Seismic Analysis: Assessment of the seismic behavior of the house under frequent and rare earthquakes. 
This is done by comparing the existing shear wall area to the area required to withstand the analysis 
earthquakes. The stability of unrestrained parapets is also evaluated.  
Seismic vulnerability: The diagnosis is based on the results of the seismic analysis and the constructive 
and deficiencies observed in the field. 
Graphics and Photographs. 
 



SEISMIC VULNERABILITY ANALYSIS 
 
The seismic vulnerability of each surveyed dwelling was assessed through a simple seismic analysis, 
which consisted of comparing the existing masonry wall area, Ae, to the area required to withstand seismic 
lateral loads, Ar. The ratio Ae/Ar  is computed for both frequent and severe earthquakes. If the wall area 
ratio is larger than 1,2, the structural walls have sufficient lateral strength, and the behavior of the 
structure under the selected design earthquake is considered to be good. If it is less than 0,8, the structure 
is deficient and the dwelling is vulnerable. For intermediate values, the structural strength is considered to 
be adequate. 
 
The existing wall area Ae of each dwelling is the sum of the areas of all the structural walls. For frequent 
earthquakes, all masonry walls are considered to resist lateral loads. For rare earthquakes, only the walls 
confined with reinforced concrete elements on their four sides are considered to be 100% effective. Walls 
with confinement in three sides are considered to be 50% effective. The contribution of all other walls is 
ignored.  
 
The required wall area Ar was calculated dividing the seismic lateral force V by the average shear strength 
of the structure, vr. Thus,   
 
Ar = V / vr.  
 
The seismic lateral force (kN) is given by the Peruvian Seismic Design Code [3] as  
 
V =  ZUSCP/R 
 
where  
 
Z is the zone factor (Z = 0,2 for frequent earthquakes and Z = 0,4 for rare earthquakes); 
U = 1 is the use factor for dwellings; 
S is the soil factor (S = 1,0 for rigid soils, S = 1,2 for intermediate soils and S = 1,4 for flexible soils); 
C = 2,5 is the seismic amplification factor selected for all dwellings; 
P is the weight of the building in kN; and 
R is the strength reduction factor. For rare earthquakes R = 3, accepting some damage in the structures. 
For frequent earthquakes the structures should remain elastic, thus R = 1 (Muñoz et al. [4]). 
 
The shear strength of the masonry, vr (kPa), was estimated by the following expression, derived from a 
formula proposed by San Bartolome [5]: 
 
vr = 0.5 v’mα + 0.23fa 
 
where 
  
v’m, is the characteristic shear strength of confined masonry. It was estimated, conservatively,  at 820 kPa 
for masonry made with industrial clay bricks and at 510 kPa for masonry built with hand-made clay 
bricks; 
α is a global strength reduction factor that depends on the shear/moment ratios of all resisting walls; and  
fa  is the average axial stress acting on the walls (kPa). 
 



Some of the dwellings had provisional roofs made with straw mats, cane, or wood covered with cement-
asbestos sheets. In these cases, no rigid diaphragm was available to distribute lateral loads, and the 
seismic analysis consisted of estimating the potential overturning of the walls of the house under the 
design loads. 
 
The vulnerability assessment of each dwelling was finally performed by complementing the results of the 
seismic analysis with the actual conditions of the dwelling, as observed in the field. For instance, if a 
building had adequate strength according to the analysis, but the quality of the construction was very poor, 
the seismic vulnerability could be assessed as high. 
 

RESULTS 
 
This section summarizes the main results obtained from the analysis of the 100 houses surveyed. Even 
though the results are not statistically significant, because the sample was very small and not uniformly 
distributed (only those houses that were accessible were surveyed), it is hoped that the information 
obtained will give a first impression of the main architectural, constructive and structural problems 
affecting the houses built informally in Lima.  
 
Main problems observed 
Location problems 
Many dwellings are located in sloped terrains. In these cases builders need to cut and fill the ground to 
obtain a flat, horizontal surface (Figure 1). In many occasions this has resulted in failure of the foundation 
of the dwelling located right above the house being built.  

 

 
a) Cutting the slope                                        b) Temporary straw dwelling on a fill 

Figure 1. Informal building on a hill 
 

The majority of the houses in Villa El Salvador are located in loose sandy soils. Most of the dwellings 
have inadequate foundations and present extensive wall cracking due to ground settlement. The few 
dwellings with reinforced foundations do not present this problem. In Carabayllo, many dwellings are 
located over soft fills, and they also show many cracked walls (Figure 2). Also, since there are no water or 
drainage systems, water and sewage are dropped to the ground, and they filter down the slope, damaging 
the walls of the houses existing below (Figure 3). Many houses built in ravines are exposed to inundations 
during rainy seasons, and to falling rocks and debris caused by earthquakes. 



 
Figure 2. Cracked wall                                     Figure 3. Humidity in wall 

 
Structural problems 
The main structural problems are related to the number and distribution of structural masonry walls. Most 
houses in the surveyed districts are located in rectangular lots with the largest dimension perpendicular to 
the street. Usually, two “structural” walls are constructed on the long edges of the lot, and then rooms are 
created by placing infill walls in the short direction. The density of lateral resisting walls is therefore much 
larger in the long direction than in the short direction of the house. Since most infill walls are unconfined 
or made with hollow clay bricks, the houses are much more vulnerable to seismic damage in their short 
direction. This problem is exacerbated when the space at the front of the house is left open, to be used for 
commercial purposes, because in that case most of the transverse walls are located towards the back of the 
house, thus creating potential torsional problems.  
 
There is a widespread misconception that the “structure” is composed only by the reinforced concrete 
beams and columns. Accordingly, these elements are generally overreinforced, even though reinforcement 
is very expensive, and the beams and columns mainly work as confinement to the masonry walls. In many 
cases load bearing walls are built with hollow clay bricks (they are cheaper than solid bricks) since they 
are not considered to be “structural” by the builders (Figure 4).  
 
In order to take the most advantage of the available land, houses are generally built side by side, with no 
separation between them. In hilly areas, therefore, floor slabs of adjacent dwellings are at different levels. 
During a strong earthquake floor slabs could cause severe damage by punching the walls of adjacent 
houses (Figure 5).  
 
Floor slabs are very expensive to build, and many owners decide to build them in two stages. Usually the 
second part of the floor slab is built several months or years after the first part, and the exposed surface of 
the old slab is dirty and the steel reinforcement is corroded. This generates inadequate adherence between 
the two parts of the slab, and as a result the slab is usually cracked. 
 



 
Figure 4. Masonry walls                                              Figure 5. Floor slabs at different levels 

 
Many walls located on the upper floors of the house are usually built without any confining elements. This 
is especially prevalent in façade walls and roof parapets (Figure 6). 
 
 

 
Figure 6. Unconfined masonry walls 

 
Construction problems 
Most surveyed dwellings had important construction problems, mainly due to lack of knowledge of proper 
building techniques, poor workmanship, or the use of materials of bad quality.  
 
House owners and builders believe that the reinforced concrete beams and columns are the most important 
structural elements. Accordingly, they pay a lot of attention to their construction. The results, however, are 
usually very poor. Concrete is prepared with high water/cement ratio, large aggregate size, and inadequate 
mixing  and vibration. Aggregates are usually bought from informal quarries, where there is absolutely no 
quality control in the cleanliness or the size of the material. Furthermore, curing is not considered to be 
important: beams and columns are almost never cured, and slabs are sometimes cured by pouring some 
water on the surface the day after they are built. As a result of these poor construction practices concrete is 
weak, porous, and full of honeycombs. 



There is an understanding of the importance of reinforcement in the strength of the structure. Therefore, 
most elements are overreinforced, even though steel reinforcement is very expensive. Stirrups, however, 
are believed to be useful only to maintain the main reinforcement in place, and in most cases they have 
open hooks, or are made with small diameter rebar. In areas with access to welding factories, it is common 
to find welded steel bars, instead of overlapping rebar connections. Since safety is always a concern, many 
owners weld metal doors and windows to the reinforcement of columns or beams. A common problem 
observed is corrosion of the steel reinforcement. This happens because of poor quality of concrete with 
small covers or filtration of rain water.  
 
The bricks used to build the masonry walls are usually hand made by local artisans, because these bricks 
are significantly cheaper less than industrial bricks. Clearly the quality of non-industrial bricks leaves 
much to be desired: they are irregular in shape and much weaker than the industrial bricks. Furthermore, 
the quality of the masonry is generally quite poor, since mortar joints are very thick and vertical joints are 
in many cases left empty. The photos in Figure 7, below, show many of the construction problems 
prevalent in most houses surveyed. 
 
 

a) Open stirrups                                                          b) Thick mortar joints 
 

c) Exposed and corroded reinforcement                   d) Honeycombs, exposed reinforcement, etc.  
Figure 7. Construction problems 

 



Seismic Vulnerability 
Of the 100 dwelling surveyed, 71 had rigid floor slabs and the remaining 29 had provisional roofs made 
with straw mats, cane, or wood. Table 1 below shows the results of the seismic vulnerability analyses 
performed on all the houses.  
 

Table 1. Results of seismic analysis 
 

Predicted 
Seismic 
Behavior 

Rare 
Earthquake 

(0,4 g) 

Frequent 
Earthquake 

(0,2 g) 
Good 35% 35% 

Adequate 20% 18% 
Deficient 45% 47% 

 
Practically the same results are obtained for the two seismic conditions. This dual analysis has been  
therefore dropped in subsequent phases of this project. The results show that almost half of the dwellings 
surveyed are vulnerable, since they will suffer damage even in moderate earthquakes and could collapse 
during a large event. These preliminary results indicate that it is necessary to find out ways to improve the 
seismic characteristics of informal construction in Peru.  
 

CONCLUDING REMARKS 
 
Informal construction is prevalent in large cities in Peru and in other developing countries located in 
seismic regions. Non-engineered construction will continue as long as poverty exists in these regions. This 
means that many people will continue to live in seismically vulnerable (and many times unhealthy) homes. 
The safety problem of these poor people is not addressed by the professional community because it is not 
economically interesting, nor by the academic communities because it is not intellectually challenging, nor 
by the government because of lack of funds. The need to find solutions to this important problem, 
however, still exists. These solutions must be cheap and easy to apply. The research team is currently 
processing data obtained in other parts of Lima and in several other cities of the coast of Peru to have a 
better understanding of the technical and social problem and to develop recommendations for construction 
by house owners and local masons of safer and healthier houses, and to retrofit and reinforce existing 
homes. 
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