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ABSTRACT 

Along the history, Peru have suffered many human and material losses due to the effects of natural hazards, 
particularly earthquakes, only in the capital city, Lima, three large earthquakes have occurred in the last century, in 
1940, 1966 and 1974. But hazards itselves would not become disasters without a vulnerable population, which is the 
case of Peru, where the growing and developing of cities has lacked of any planification and it has been disordered, 
with people building without following the current regulatory framework that ensures good structural behavior 
during a severe seismic event. For those reasons, among others, is needed a tool that permits the identification of 
highly risk areas in case of earthquakes. The current study proposes an automated system on a GIS platform that 
allows to estimate the damage effects of earthquakes in buildings, showing the results as repairing costs. Using as 
basis Geotechnical information like peak ground acceleration (PGA) or Spectral acceleration (Sa), urban cadaster 
information (material of the building, the soil, the number of stories, etc.) and using the outputs of experimental 
tests and analytic simulations for different building types used in Peruvian territory, like masonry buildings, 
reinforced concrete buildings, adobe or quincha buildings, wooden buildings among others. This tool would allow 
stakeholders to have an idea of the expected damage for the next quake and would help them to take actions 
before the event, actions like retrofitting or relocating buildings.  
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1. INTRODUCTION 

 
 During the 90s the General Assembly of the United 
Nations named the decade as the “International 
Decade for Natural Disaster Reduction” (IDNDR) aiming 
to create policies and technologies to reduce disasters 
for natural hazards. In 1996 the Risk Assessment 
tools for Diagnosis of Urban areas against Seismic 
disasters (RADIUS) was launched in Yokohama – Japan, 
creating seismic scenarios and to estimate the risk. 
Following the decade policies in 1999 the HAZUS 
program was developed in the United States, this 
software allows to assess the buildings seismic 
vulnerability for cities. 
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 These two programs were widely used during the 
past decade showing good results, nevertheless, it was 
difficult to adapt them to the variety of structural 
topologies in South America and in particular in Peru. 
 In 2007 a large earthquake struck Pisco city in Peru, 
after that event CISMID developed the “Seismic 
Response and Damage Level Simulator” (Zavala, 2007), 
which considers the response of buildings after the 
quake and estimates the risk as repair cost, this 
simulator uses the Miranda Procedure adapted to Peru 
(Miranda, 1999). 
 In 2017 as part of the project South American Risk 
Assessment (SARA) leaded by the Global Earthquake 
Model (GEM) it was presented an exposure model of 
residential buildings for South America that considers 
structural parameters as construction material, 
structural system, number stories, etc. They obtained 
fragility curves after a nonlinear time history analysis 
using the GEM’s risk Modeller’s Toolkit for each 
structural typology (Villar et al., 2017) 
 The current study aims to develop an automatized 
GIS tool to estimate the repairing cost of buildings after 
an earthquake, using python language, the ArcGIS 
platform and the fragility curves of the Sara project. This 
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tool will gather cadastral information and geotechnical 
information obtained from field surveys or from public 
institutions and use them in a friendly and fast 
environment to obtain the risk in terms of repairing cost 
of the buildings analyzed.  
 
2. REQUIRED INPUTS 
 

 The required data to estimate the repair cost in 
buildings is, as mentioned before, cadastral information 
with structural information called exposure model and 
geotechnical information. 
 
2.1. Building Exposure Model 
 
 In order to assess the seismic response of buildings 
is important to know physical information of buildings 
and gather them into a geo-database, this means to 
know where the buildings are and what characteristics 
they have. The current study will use three parameters 
to estimate the risk, these are shown in Table 1. 
 

Table 1. Buildings database 

Field Alias Value Description 

Use Use 

0 

1 

2 

3 

4 

Empty 

Individual House 

Multifamily House 

Commerce 

Public buildings 

Struct 
Structural 

System 

0 

1 

2 

3 

4 

5 

6 

7 

8 

Empty 

Confined masonry 

Unreinforced masonry 

Adobe or quincha 

Reinforced concrete 

Reinforced concrete w/ walls 

Reinforced concrete infilled f. 

Wooden 

Others 

Height Height # Number of stories 

 
 In case of lack of this information field surveys will 
be necessary, as mentioned by Estrada et al. in 2012, 
there are levels for collecting the data, by lot, by block 
or by sector, in any case the current tool can be used 
with any problem given that the input is in shape (shp) 
format and allows any kind of polygon, polyline or point 
with the database. 
  
2.2. Geotechnical information 

 
 This information basically is needed as Peak 
Ground Acceleration (PGA) or as Spectral acceleration 
(Sa) in the base of the building. To obtain this data can 
be used information of previous studies like the ones 
that CISMID or the Peruvian Ministry of housing are 
carrying out year after year in different districts in Peru.  

 The PGA and Sa (for any time) can be calculated 
using diverse hazard tools like Openquake, CRISIS and 
many others. The current study will be using 
geotechnical information obtained by CISMID in 2015 
for Barranco district, these accelerations were acquired 
after many soil tests and using the CRISIS software to 
simulate diverse seismic scenarios. 
 
 The format of this layer of information will be 
again a shape file with polygons that represent the 
different acceleration values of the place of study, the 
Table 2 show the fields required in this tool. 
 

Table 2. Geotechnical database 

Field Alias Value Description 

PGA PGA # Value of the PGA in cm/s2 

Sa03 Sa03 # Value of the Sa at 0.3 s, cm/s2 

Sa1 Sa1 # Value of the Sa at 1 s, cm/s2 

 
3. DEVELOPMENT OF THE TOOL 
 
 The main product of this tool will be thematic 
maps that show in an easy way how much would cost 
to repair buildings in a study area in terms of initial cost 
of the structure. In order to achieve this, is necessary to 
automatize the entry of data, the geoprocessing and 
the output of data in a matter of seconds or few 
minutes. 
 
 The Figure 1 shows the flowchart that was used to 
develop and test the tool, first, for the entry of data is 
important to collect both the cadastral and the 
geotechnical information from own resources, external 
databases or from collecting the data through field 
surveys, second, in order to process this geodatabase 
are necessary fragility curves or any other method that 
link the geotechnical information and the exposure 
model as damage in buildings, in the current study, 
analytic fragility curves were used obtained from GEM 
model. This fragility curves were made for several kind 
of structural systems, but for this study only eight are 
used (see Table 1). 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Flowchart of the repair cost tool.  
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The fragility curves used follow lognormal distribution 
and can be computed into the tool by having the 
logarithmic mean and the logarithmic standard 
deviation. The table 1 shows an example of the data 
computed for all the fragility curves of the different 
typologies and damage states.  
 

Additionally,  
Figure 2, presents the curves of by plotting them with a 
python function used in the tool as well. In this curves 
the “x axis” is the geotechnical data mentioned in 
chapter 2 and could be PGA or Sa. There are several 
curves computed, each of them are used for different 
kind of structural systems and for different number of 
stories (Exposure model). Finally, the “y axis” 
represents the damage level of four damage states. 
 

  
 

 
 
 
 
 
 
 
 
 

Figure 2. Fragility curves for confined masonry [4]  

 
In 2002 Hwang & Lin suggested damage factors in order 
to find an average damage factor, which would 
represent the percentage of damage in the building in 
terms of its initial cost. The Table 3 shows the damage 
factors used in this study and its relationship with the 
damage states.  
 
 
 
 
 

 
 
Table 3. Damage states and damage factors suggested by Hwang & 

Lin in 2002. 

Damage state Damage factor 

No damage 0 % 

Slight damage 5 % 

Moderate damage 20 % 

Severe damage 65 % 

Complete damage 100 % 

 
 Having solved the firsts steps a Graphical User 
Interface (GUI) was developed to make the tool friendly 
and easy to use. This user interface has only eight values 
to be filled, which are shown in Figure 3 and in the Table 
4. The module wxPython was used to complete this task 
due to its versatility with python language and GIS. 
 

Table 4. Values to be completed in the GUI of the Tool. 

N° Field Description 

1 Workspace Name of the workspace. 
 

2 Map name Name of the map to be created in mxd 
(ArcGIS extension). 

3 Cadastral 
data 

Shape file of the cadastral data with the 
database of the exposure model. 

4 Structural 
System 

Field of the shape file selected in the item 
3 with the structural system values. 

5 Height Number of stories field from the shape file 
selected in the item 3. 

6 Geotechnical 
layer 

Shape file of the geotechnical information 
that contains PGA. 

7 PGA PGA field from the shape file selected in 
item 6. 

8 Template Optional template layer to thematize the 
final map.  

 

 
 

Figure 3. Graphical user interface of the computer tool.  

Table 3. Example of computed fragility curves [4] 

  Damage states 

  slight Moderate Extensive Collapse 

Typology IM sd x sd x sd x sd x 

MCF/H:1/DNO PGA -0.804 0.307 -
0.046 

0.32 0.127 0.314 0.386 0.367 

MCF/H:1/DNO Sa at 0.3 s -0.7 0.371 0.13 0.351 0.381 0.433 0.808 0.49 

MCF/H:1/DNO Sa at 1.0 s -2.422 0.495 -1.592 0.573 -1.189 0.587 -0.629 0.608 
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 After the development and debugging of the GUI 
the last part was to show the results in a map and to 
validate them by compare them with another software 
or tool. In case of inconsistent results, the tool should 
be recalibrated, nevertheless in this case the results 
tested in the next chapter were consistent with those 
obtain by CISMID in 2015 for Barranco District. 
 The tool presented is intended to be used by 
decision makers or researchers, although, because of 
the easy interface, can be manage for any kind of user 
with access to a computer. 
 The present implement will work as a single 
executable file, but will need a version of ArcGIS for 
desktop installed (v10.0 or higher). 
 
 
4. APLICATION IN BARRANCO DISTRICT 
 

 The district of Barranco is Located in Lima city, has 
a population of 34378 inhabitants in an area of 3.33 km2, 
borders the Pacific Ocean in the west and has many 
structural typologies. Among those reasons, was 
selected to be tested with the implemented tool. 
 The building exposure model and the geotechnical 
information were collected from the study carried out 
by CISMID in 2015 under the SATREPS Project on  
Enhancement of Earthquake and Tsunami Disaster 
Mitigation Technology in Peru.  
 The building characteristics were collected in a 
block level by selecting a representative lot in the whole 
block and only the 30 % of the blocks in the district were 
evaluated. The Figure 4 shows the thematic map of 
structural system and the map of number of stories for 
Barranco district. 
 
 

  
a b 

Figure 4. a) Thematic map of Structural System for Barranco district (Source: CISMID, 2015), b) Thematic map of number of stories for Barranco 
district (Source: CISMID, 2015) 

 
 The geotechnical information was obtained by 
considering a probabilistic seismic hazard analysis and 
by carrying out geotechnical and geophysical tests in 
order to determine the behavior of the soil in study with 
many seismic scenarios. The Figure 5 shows the map 
obtained in 2015 of the PGAs for the district of Barranco. 
 

 
Figure 5. Peak Ground Acceleration map for Barranco district 

(Source: CISMID, 2015) 
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 Finally, the tool is executed gathering all this 
information as mentioned in previous chapter. The 
result obtained is shown in the Figure 6, where the 
values represent percentages of the repair cost of 
buildings in the district in terms of the initial cost of the 
building. 
 For values greater than 60 % probably would be 
better to demolish and reconstruct the building again. 
 

 
 
 

 
 
CONCLUSIONS 

 
- It has been developed a Tool to estimate the repair 

cost of buildings in a quick an easy way. 
- In order to complete the perform of the tool two 

kind of data is necessary, a simplified exposure 
model and geotechnical information with values of 
PGA and Sa. 

- The links between the cadastral information, 
geotechnical information and the damage to 

estimate are in this case the analytical fragility 
curves for diverse structural typologies. 

- The current tool can be applied to any Peruvian city 
where can be obtained the inputs required. And in 
further upgrades could be applied to other parts of 
South America. 

- The overall goal of the study is to help decision 
makers to develop prevention and mitigation plans. 
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Figure 6. Results obtain of the repair cost for 
buildings in Barranco District. 
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