
1 

 

THE COMPARISON OF ACTUAL AND ESTIMATED BUILDING DAMAGES 

SUBJECTED TO THE 2018 BANJARNEGARA EARTHQUAKE HAZARD  

 

Jafar1, Sarwidi2, and Mochamad Teguh3 

 
1 Student of Graduate Program of Civil Engineering Department, Universitas Islam Indonesia 

Email: jafarri@hawaii.edu 
2 Professor of Graduate Program of Civil Engineering Department, Universitas Islam Indonesia 

Email: sarwidi@uii.ac.id 
3 Professor of Graduate Program of Civil Engineering Department, Universitas Islam Indonesia 

Email: m.teguh@uii.ac.id 
 

Abstract. Earthquake has become the second most frequently occurred disaster in 

Indonesia. In the past decades, Indonesia has experienced several major earthquakes and 

countless small earthquakes. On April 18, 2018, an earthquake shook Banjarnegara, a 

regency located in Central Java Province, Indonesia. The earthquake was measured as a 

4.4-magnitude at a depth of 4 km. Although the magnitude was small, the earthquake 

caused major damages to buildings on the surface. There is a tool to estimate the damages 

of building subjected to particular hazard such as earthquake. This tool is called HAZUS. 

It is Developed by FEMA and used for mitigation, recovery, preparedness, and response. 

However, HAZUS is developed based on the judgment, performance, and experience data 

of the building in its origin country, United States. This research aims to utilize HAZUS to 

estimate building damages on masonry buildings in Kasinoman Village subjected to the 

2018 Banjarnegara Earthquake, Indonesia. The result of HAZUS damage estimation is 

compared to the actual damages which were obtained from the field survey. The result 

shows that HAZUS estimation tends to underestimate the actual damages. This may be 

caused by the differences in construction quality, material quality, and other factors which 

lead to differences in performance between building type of HAZUS and building type of 

Kasinoman Village. Therefore, a fragility curve for building type of Kasinoman Village is 

generated in this research in accordance with the performance of the building subjected to 

the 2018 Banjarnegara earthquake. 
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1. Background 

One of the most frequently occured 

disasters in Indonesia is earthquake. It 

ranks the second position of the most 

frequent disasters after flooding (CFE-

DMHA, 2015). Being located on the 

collision of several major tectonic plates 

results in this threat. Earthquakes possess 

the potential of destruction, loss of life, 

property damage, and also economic 

disruption (Adams et al, 2002). 

Earthquakes, basically, do not kill people 

but the collapsed buildings do. In 

developing countries, due to economic 

and education matters, people tend to 

build their dwellings carelessly. This is 

the beginning of the calamity. Dwellings 

that are built carelessly possess high 

vulnerability and would be collapsed 

when an earthquake strikes. 

Consequently, the collapsed building 

cause casualties to the dwellers. Spence 

(2004) compiled an estimate of the 

causes of death in earthquakes. The 

report says, between 1950 – 1999, over 

75% of all earthquakes fatalities are 

caused by the collapse of buildings. 
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Recently, an earthquake hit one of the 

districts in Central Java, Indonesia 

named Banjarnegara. According to the 

report of Meteorological, Climatological, 

and Geophysical Agency of Indonesia 

(BMKG) (2018) the magnitude was M 

4,4. However, even though the 

magnitude is classified as relatively 

small, the earthquake that occurred on 

April 18th, 2018 caused major damages 

on a number of buildings, injured people, 

and forced hundreds of people to 

evacuate. Explained by Prof. Sarwidi, as 

reported by Universitas Islam Indonesia 

(UII) (2018), small magnitude may cause 

significant intensity on the surface if the 

depth is relatively shallow, 4 KM. 

In Indonesia, especially in Banjarnegara, 

building risk assessments using HAZUS 

is still very limited. Before the occurence 

of the earthquake, a building risk 

assessment has never been conducted. 

Therefore, more studies regarding 

building risk assessments are needed. 

This research attempts to assess the 

buildings risk due to earthquake using 

HAZUS and compare it with the actual 

building damages and losses due to the 

recently occurred earthquake on April 

18th, 2018. 

This research focuses on one study area 

named Kasinoman Village. The whole 

residential buildings in Kasinoman 

Village were assessed. The assessment 

aims to obtain the type and also the actual 

damages of the building. The selection of 

Kasinoman Village as the object of 

research is encouraged by the fact that 

this village possess the highest number of 

damaged buildings compared to the other 

villages within Kalibening Sub-district 

subjected to the 2018 Banjarnegara 

Earthquake. 

2. Research Methodology 

There are three stages of research in this 

study: pre-field work, field work, and 

post-field work. Each stage has several 

different activities/works. At pre-

fieldwork stage, the activities/works 

encompassed selection of study area, 

collection of administrative data of study 

area, collection of seismic hazard data 

(earthquake data), building 

questionnaire, and definition of building 

typology. At the fieldwork stage, the 

activities/works encompassed field 

survey and building inventory. The 

survey was conducted in one of the most 

affected village named Kasinoman 

Village. At the last stage, post-fieldwork 

stage, building damages estimation was 

conducted. 

2.1. Pre-Field Work 

Pre-fieldwork stage began with the 

literature reviews obtained from multiple 

sources including journals, books, 

previous studies, reports, and websites 

that are related to this research. Some 

important information regarding the 

researched disaster was also collected in 

this stage such as the intensity of 

earthquake (shown as shakemap released 

by BMKG), rapid visual screening of 

damaged buildings in study area, and 

building typology identification. 

Building questionnaire was also prepared 

in this stage. The questionnaire was used 

as a guidance to survey the buildings 

within the damaged area. 

Earthquake scenario which refers the 

2018 Banjarnegara Earthquake was 

established using deterministic method in 

order to define seismic design. Equations 

for single earthquake or for earthquake of 

approximately have the same size was 

derived using Ground Motion Prediction 

Equation (GMPE). GMPE is a function 

to figure out the correlation among 

magnitude (M) and hypocenter distance 

(r), and shear wave velocity (Vs) resulted 

from an earthquake source. 

2.2. Field Work 

In field work stage, general building 

stock (GBS) inventory was conducted. 

The inventory encompasses inventorying 

building type; year of built; building 
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occupancy; and building stories using a 

questionnaire. The purpose of this survey 

was to obtain building information from 

the owners. The surveyed buildings were 

categorized into several types based on 

the categories made by HAZUS. The 

damages states of the building were also 

identified during th field-work. These 

damages later were classified into several 

damages states based on HAZUS 

guidance.  

The study area surveyed in this research 

was limited to Kasinoman Village only. 

The building occupancy was also limited 

to masonry residential building only. The 

other building occupancies such as 

hospitals, government buildings, and 

commercial buildings are not surveyed.  

The earthquake occurred on April 18th, 

2018 while the field survey was 

conducted on July 2018. During the 

period of April to July 2018, most of 

buildings in Kasinoman Village have 

been repaired, not only the slightly 

damaged houses but also the completely 

damages houses. Few days after the 

occurrence of the earthquake, the local 

authorities conducted damage 

assessment to obtain the damage 

information and subsequently they gave 

compensations to the impacted 

households in the study area. The 

compensation then was used for repairing 

their houses. 

Since the vast majority of the buildings in 

the study area have been repaired and 

rebuilt, it was difficult to get the 

evidences of damage. Hence, this 

research relied on the owner estimation 

as the main source of damage 

information. The owners of the houses 

were asked to quantify the damages of 

their houses through an interview 

process. A questionnaire was prepared as 

a guidance to facilitate the interview 

process. The result of interview process 

was then used for classifying the 

damages states according to HAZUS 

Book.  

2.3. Post-Field Work 

The last stage is post-field work.  All of 

data obtained from fieldwork was 

gathered, tabulated, analyzed, corrected 

and adjusted to form a building database 

of study area using software such as Ms. 

Excel, MATLAB, SR Model, and 

Seismo Match. The HAZUS 

methodology was used as a method for 

carrying out the estimation of building 

damages.  

The actual building damage assessment 

in Banjarnegara areas were used as a 

comparison in order to analyze the output 

result of HAZUS damage estimation. 

Some modifications were also attempted 

to follow up the result 

2.4. Questionnaire Design 

In the previous sub-chapter, it is 

mentioned that the general building stock 

inventory was conducted through a field 

survey. A questionnaire was used as a 

tool in the field survey. The questionnaire 

was prepared in the pre-fieldwork stage. 

In brief, the questionnaire was composed 

of two main sections: general data and 

building structure identification. General 

data were the general information such as 

the owner identities, the addresses, 

geographical positions, and photographs 

of the building. Building structure 

identifications encompassed the building 

type (main structure materials, wall 

materials,  and number of stories) and 

building occupancy (in accordance with 

the Manual Book of HAZUS), size of the 

buildings, and the configurations of the 

buildings. 

3. Types and Actual Damages States of 

Building in Kasinoman Village 

3.1 Types of Building in Kasinoman 

Village 

HAZUS classifies building types into 36 

different categories based on the 

structural components and height range. 

Based on the height range, buildings are 

classified into 3 categories, low-rise, 
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mid-rise, and high rise. Low-rise 

represents building with 1 to 3 story. 

Mid-rise represents buildings with 4 to 7 

stories, while high-rise represent building 

with more than 7 stories. For structural 

components, buildings are classified into 

5 categories, namely wood, concrete, 

precast concrete, steel, and masonry. Of 

those 5 building categories, there are 

three most building structures found in 

the study ward such as concrete frame 

buildings, masonry buildings, and wood 

frames.  

This research only focuses on masonry 

residential buildings, hence residential 

building made of wood and the other 

materials are neglected. Masonry 

building is divided into two, reinforced 

and unreinforced masonry. In the study 

ward, most of the masonries buildings are 

unreinforced. these buildings are 

classified into Unreinforced Masonry 

Building (URM) based on HAZUS. 

Meanwhile, some buildings are 

unreinforced masonry but framed by 

concrete frames. According to HAZUS, 

these buildings are categorized as 

Concrete Frame Buildings with 

Unreinforced Masonry Infill Walls (C3).  

In order to classify the buildings in the 

study area into the building of HAZUS, 

first of all, it is necessary to identify 

them. After identifying the buildings then 

these buildings can be compared with the 

building types of HAZUS. The building 

types in the US, as described in HAZUS, 

may be different from the buildings 

existed in Indonesia including the 

buildings in study ward. The 

classification of buildings in this research 

refers to the previous study conducted by 

Sarwidi and Winarno (2006). 

Sarwidi and Winarno (2006) classified 

the buildings in Yogyakarta, one of the 

provinces in Java Island, into mud bricks, 

bricks, reinforced bricks, and reinforced 

concrete. Table 1. shows the building 

types in Indonesia and corresponding 

most likely HAZUS building types. 

According to Table 1, a building 

classified as reinforced concrete or C3 

(HAZUS) if it has sloof, column, joint, 

and lintel beam. The missing of one or 

more of these components will result in 

different building type (see Figure 1.a.). 

Should the masonry house does not have 

one or more of the structural components, 

it will be classified as unreinforced 

masonry building (URM) (see Figure 

1.b.).  

Kasinoman Village has four sub-villages. 

Of these sub-villages, there are 356 

masonry residential buildings surveyed. 

Most of the surveyed building are single-

story and only few are two-story. In other 

words, the buildings are low-rise. 

Therefore, according to Table 1, masonry 

houses not attributed with complete 

structural components (sloof, column, 

joint, and lintel beam) are classified as 

unreinforced masonry at low-rise 

(URML). Meanwhile, masonry houses 

attributed with complete structural 

components are classified as concrete 

frame with unreinforced masonry infill 

walls at low-rise (C3L). The result of the 

field survey shows that majority of the 

houses in Kasinoman Village (317 

houses) are URML which equals to 89% 

of the total buildings. These building are 

typically masonry brick or concrete-

block but not framed or partially framed 

only. Meanwhile, 39 houses are 

categorized as C3L which equals to 11% 

of the total buildings. These buildings are 

typically masonry brick or concrete-

block with complete frames (sloof, 

column, ring beam, and lintel beam). 

Figure 1 shows the share of masonry 

houses in Kasinoman Village. 
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Table 1. Indonesian Buildings and Corresponding HAZUS buildings 

Indonesia 

(Sarwidi and Winarno as cited in Aswandono, 2013) 
HAZUS 

Building 

Types 
Descriptions Building Types 

Mud Brick 1) Brick house with mud cemented 

2) unreinforced Brick house older than 50 years in bad condition 

3) Ancient building with unreinforced brick in bad condition 

Unreinforced 

Masonry Building 

(URM) 

Brick 1) One story building without sloof column and roof joint 

2) Ancient building with unreinforced brick in well condition 

Reinforced 

Brick 

1) 1 to 3 story building from brick with sloof, column, and roof joint 

but without lintel joint 

2) 1 to 3 story buildings which not constructed by competent engineers 

3) Reinforced ancient building from bricks in well condition 

Reinforced 

Concrete  

1) Reinforced concrete building that constucted by the competent 

engineers 

2) 1 to 3 story brick houses that reinforced by sloof, column, roof, 

joint, and lintel beam. 

Concrete Frame 

Buildings with 

Unreinforced 

Masonry Infill 

Walls (C3) 

 

 
(a) 

 
(b) 

Figure 1. Building Type in The Study 

Area (a) C3L Building; (b) URML 

building 

3.2. Actual Damage States of Building 

in Kasinoman Village 

The preliminary report written by the 

local authorities said that within 

Kasinoman Village there are 217 houses 

damaged. The damage states 

encompassed Light, Medium, and 

Complete damage levels. In this research, 

field survey re-conducted to re-assess the 

damage states by following the guidance 

of HAZUS.  Unlike the local authorities’ 

damage states classification, HAZUS 

divides the damage states into four 

categories Slight, Moderate, Extensive, 

and Complete.  Therefore, the purpose of 

re-assessment work is to classify the 

damage states of buildings in Kasinoman 

Village into HAZUS damage states. 

HAZUS building damage varies from 

“none” to “complete” as function of 

building response. “None” damage 

means the building does not experience 

any damages while the description for the 

other damage state for URML and C3L 

building types are given in Table 5.2.  

HAZUS damage states are assigned 

based on expert opinion and judgment, 

and performance and experience data (Li 

& Weigel, 2006). HAZUS describes 

building damage in terms of the 

components of the building. The 

(1) 
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components can be either structural or 

non-structural. For structural 

components, damage descriptions are 

described as “shear walls are cracked”, 

“diagonal bracing are buckled”, 

“diagonal hairline cracks on wall 

surfaces”, “large, through-the-wall 

diagonal cracks”, etc. These descriptions 

are used together with such terms as 

“some” and “most” and also particular 

approximate percentages to describe the 

nature and extent of overall building 

damage. 

The field survey result shows, for URML 

building, 87 (27.44%) houses were 

classified as “none” which means the 

earthquake did not cause any damage to 

the buildings; 73 (23.03%) houses are 

slightly damaged; 63 (19.87%) houses 

are moderately damaged; 39 (12.30%) 

houses are extensively damaged; and 55 

(17.35%) houses are completely 

damaged. For C3L building, 7 (17.95%) 

houses were classified as “none”; 15 

(38.46%) houses are slightly damaged; 2 

(5.13%) houses are moderately damaged; 

6 (15.38%) houses are extensively 

damaged; and 9 (23.08%) houses are 

completely damaged.  

To oversee the overall damage of these 

two building types, mean damage ratio 

(MDR) for both were calculated. MDR is 

a degree of damage which usually used to 

calculate losses subjected to particular 

hazard. However, in this research the loss 

is not calculated. MDR is only used to 

show and compare the overall damage. 

The higher the value of MDR the higher 

damage level and the higher cost to repair 

the building. MDR can be calculated 

using Equation 5.1.  

𝑀𝐷𝑅 =  ∑(𝑃𝑑𝑠 𝑥 𝐶𝐷𝐹) 

Where:  Pds = Discrete damage for each 

damate state; CDF = Central Damage 

Factor for each damge state 

The MDR for each building type is given 

in Table 5.7. For URML building, the 

MDR is 20.40% and classified in 

Extensive damage state. For C3L 

building, the MDR is 24.32% and 

classified in Extensive damage level too. 

This result seems surprising since 

theoretically, the MDR of C3L building 

should be lower than URML. The higher 

MDR value of C3L building indicates 

C3L building does not perform well 

during earthquake shaking and even 

tends to perform worse than URML.  

The hypothesis that C3L will perform 

better than URML comes from the fact 

that these two building types are similar 

except the C3L is framed and URML is 

not framed. URML buildings are only 

masonry walls without any 

reinforcement and frames while C3L 

buildings are masonry wall without any 

reinforcement but with frames. The 

frames equipped to C3L should 

contribute to improve the strength of C3L 

building and help it to perform better 

during shaking. This result indicates that 

C3L buildings in the study ward tend to 

have the same performance or even 

worse than URML buildings. This result 

concludes that even though the 

unreinforced masonry walls of C3L 

building in the study ward are framed, it 

does not perform like C3L building in 

HAZUS. This may be caused by the C3L 

buildings in the study ward were not 

constructed by the expert as stated by 

Sarwidi and Winarno (2006).  

In Table 1, it is explained that though a 

building has frames (columns, sloofs, 

ring beams, and lintel beams), if it is not 

constructed by the expert it tends to be 

classified as unreinforced masonry. 

Thus, in this research, even though the 

C3L buildings in the study ward have 

frames, these buildings are classified as 

unreinforced masonry (URML). 
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Table 2. The Actual Building Damage of 

Masonry Building in Kasinoman Village 

Recapitulation (URML + C3L) 

Damage 

States 

Number of 

Building 

Percentage  

None 94 26.40 

Slight 88 24.72 

Moderate 65 18.26 

Extensive 45 12.64 

Complete 64 17.98 

TOTAL 356 100 

 

4. HAZUS Damage Estimation 

4.1. Seismic Design 

The earthquake scenario generated in this 

study is a hypothetical scenario, which is 

comparable to the criteria of the 2018 

Banjarnegara Earthquake. The seismic 

design uses a deterministic method or 

attenuation function which refers to the 

actual event.  

There are numerous attenuation 

functions or generally known as Ground 

Motion Prediction Equations (GMPE) as 

summarized in Douglas (2018). In this 

research, the seismic design used the 

GMPE proposed by Laurendeau et al. 

(2013). The formula presented in this 

GMPE can represent the actual hazard 

event since it meets the criteria of the 

earthquake. 

The magnitude of the 2018 Banjarnegara 

Earthquake is 4.4 and the focal depth is 4 

km (BMKG, 2018). The distance of the 

earthquake source to the research site is 

around 3 km. The equation proposed by 

Laurendeau et al. (2013) is derived from 

numerous earthquake events. Most of the 

events have focal depth below 25 km or 

are considered as shallow crustal 

earthquakes. Laurendeau et al. also 

provides two alternative of equations for 

the earthquakes with the magnitude 

above 5.6 or below 5.6. It means it can 

cover both major earthquakes and 

shallow earthquakes. This equation also 

includes events of earthquake with a 

close distance source (< 10 km) to the 

observed locations.   

Among the criteria of 2018 Banjarnegara 

Earthquake, there is one criteria which 

seems unmatched with the Laurendeau’s 

GMPE. This equation is best used for the 

sites which have Vs,30  (shear wave 

velocity) from 500 to 2000 m/s. 

According to the SNI 1726-2012, there 

are six site classifications in Indonesia, 

Site A to F. Vs 500 to 2000 m/s 

represents Site A, B and C which refer to 

Hard Rock, Rock, and Very Dense Soil 

and Soft Rock respectively. In other 

words, using this equation for the site 

classes outside those three may result in 

less accurate ground motion prediction. 

The vast majority of the lands in 

Banjarnegara are prone to landslide. 

According to Sassa et al. (2009), the 

morphology and geological conditions of 

Banjarnegara significantly contribute to 

the occurrence of landslides along with 

the rain intensity. The study of Wijaya et 

al. (2016) showed that Banjarnegara soils 

mainly classified as sandy silt and clayey 

silt. Hence, the site of the study ward 

tends to be soft soil (Site Class E) with 

Vs at < 175 m/s. Given those parameters 

and criteria, this equation is used in this 

research to generate attenuation function. 

4.2. Damage Estimation 

To calculate the probability of building 

damages, there are three main steps to do. 

The first step is creating the building 

capacity curves, the second step is to 

calculate the peak building response, and 

the last step is to create building fragility 

curves (FEMA, 2013). 

In the previous sub-chapters. The 

demand spectrum has been generated 

using Laurendeau et al. (2013) GMPE. 

The building capacity curve of each 

building  then is plotted to the demand 

pectrum to obtain peak building 

response. The final step is to plot the peak 

building response to the fragility curves 
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of the building to get the damage 

probabilities. 

Fragility curves generated from HAZUS 

parameter contain the information of 

cumulative and discrete damage 

probabilities. The discrete damage 

probabilities of URML building in the 

study Kasinoman Village is shown in 

Figure 2. 

 

(a) 

 

(b) 

Figure 2. Discrete Damage of URML 

Building in Kasinoman Village (a) Low-

code (b) Pe-code 

To oversee the overall damage of these 

two building types at each seismic level, 

mean damage ratio (MDR) were 

calculated. For URML building, the 

MDR values at low and pre code level are 

8.13% and 11.66% respectively. 

5. Discussion 

Both actual damages and estimated 

damage have been calculated separately. 

Actual damages are obtained by damage 

assessment during filed survey while 

estimated damages are generated from 

HAZUS methodology. In this sub-

chapter, the actual damages and 

estimated damages are compared to 

oversee the level of accuracy of the 

estimation of HAZUS methodology. 

There are two versions of estimated 

damages of HAZUS based on the seismic 

level, low code and pre-code. Both 

damages at both seismic level are 

compared with the actual damages.  

Mean Damage Ratio (MDR) of each 

building type at each seismic level are 

compared to see the overall damage. The 

MDR of actual damage for URML 

building is  20.40% while the MDRs of 

estimated damage are 8.13% and 11.66% 

for low code and pre code respectively.  

The result indicates that HAZUS damage 

estimation underestimates the damages 

subjected to the actual event. For URML 

building type, the distribution of actual 

damage seems more similar to the 

estimated damages of Pre Code than Low 

Code seismic level. It is proven by the 

relative errors of estimated and actual 

damages for each damage states (see 

Table 3 and Table 4). However, there is a 

big gap for “complete” damage states for 

both conditions. 

Table 3. Relative Error between Actual 

and Estimated Damage, URML-

LowCode 

Damage 

States 

Percentage of Damages 

Actual LowCode Error 

None 26.4 40.51 34.8 

Slight 24.72 25.84 4.3 

Moderate 18.26 22.86 20.1 

Extensive 12.64 8.74 44.6 

Complete 17.98 2.05 777 

Table 4. Relative Error between Actual 

and Estimated Damage, URML-PreCode 

Damage 

States 

Percentage of Damages 

Actual PreCode Error 

None 26.4 33.64 21.5 

Slight 24.72 23.79 3.90 

Moderate 18.26 25.38 28.05 

Extensive 12.64 12.55 0.71 

Complete 17.98 4.64 287.5 
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In HAZUS, pre code building represents 

non-earthquake-resistant building in the 

US. Pre code seismic design is used to 

classify buildings built before the 

earthquake code existed. The result 

shows that the buildings in the study area 

perform like URML building at pre code 

seismic design and even worse which 

also affirms that the buildings in the 

study ward are not earthquake resistance.  

The underestimates of HAZUS may be 

influenced by the factors that HAZUS 

methodology is based on judgment, and 

performance and experience data of the 

building in the US. The application of 

HAZUS to estimate damages and losses 

in other countries outside the US may 

result in unsatisfactory result. 

In order to obtain more realistic result, 

some modifications of HAZUS 

parameter are necessary. This research 

attempted to modify the fragility curve by 

changing the values of inter-story drift of 

the building. The modification uses 

Bisection Interpolation method. The 

initial values of interstory drift of URML 

building are 0.028, 0.012, 0.0048, and 

0.0024 for Complete, Extensive, 

Moderate, and Slight damage, 

respectively. After iteration, the values of 

interstory drift are 0.01136, 0.00708, 

0.00399, and 0.00187 for Complete, 

Extensive, Moderate, and Slight damage, 

respectively. The comparison of initial 

and iterated ragility curves is shown in 

Fig. 3. 

 

Figure 3. Initial and Iterated Fargility 

Curves for Building in The Study Area 

From the iterated fragility curves, new 

damage probability for each damage 

states are obtained. Table 4 shows that 

upon iteration, the values of actual and 

estimated building damages in the study 

are relatively equal. 

Table 5. Actual Vs Estimated Building 

Damages in Study Area Upon Iteration 

Damage 

States 

Percentage of Damages 

Actual Estimated Error 

None 26.4 26.43 < 0.01 

Slight 24.72 24.71 < 0.01 

Moderate 18.26 18.26 < 0.01 

Extensive 12.64 12.62 < 0.01 

Complete 17.98 17.96 < 0.01 

 

6. Conclusion 

The  result of this study shows that the 

damage estimation of HAZUS 

underestimates the actual damages. The 

result may be caused by differences in 

construction quality, material quality, 

and other factors that lead to differences 

in performance between building type of 

HAZUS and building type of Kasinoman 

Village. However, this result also 

indicates that although there are some 

differences HAZUS methodology can be 

adopted to estimate  damage in the other 

places outside United States but further 

modification is needed. 

This research modified the values of 

inter-story drift of HAZUS URML 

building. The initial values are 0.028, 

0.012, 0.0048, and 0.0024 for Complete, 

Extensive, Moderate, and Slight damage, 

respectively. Upon iteration, the values 

of interstory drift are 0.01136, 0.00708, 

0.00399, and 0.00187 for Complete, 

Extensive, Moderate, and Slight damage, 

respectively. New inter-story drift values 

result in closer damage estimation to the 

actual result.  
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