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CHAPTER V 

RESULT AND DISCUSSION 

 

 This chapter presents the process, result, and discussion for both estimated 

and actual building damages in Kasinoman Village. The actual building damages 

were obtained from observation during field survey while estimated building 

damages were obtained from HAZUS analyis.  

 

5.1 General Building Stock (GBS) 

HAZUS is designed to estimate damages and losses subjected to particular 

hazard events and used by federal, state, regional, and local governments in United 

States in planning for mitigation, preparedness, response, and recovery actions. 

According to Aswandono (2011), the estimation of HAZUS is based on spatial 

units. It is not based on an individual building level. In other words, HAZUS is 

applied for a large scale or at least it should encompass a group of buildings. Thus, 

one of the key parameters in HAZUS methodology is inventory. The inventory 

includes hazard data, boundary map data, data for essential facilities, high potential 

loss facilities, selected transportation and lifeline system, agriculture, 

demographics, and general building stock. These datasets are gathered in a database 

called HAZUS Inventory.  

The result of loss estimation in HAZUS depends heavily upon accurate 

inventories. As mentioned in FEMA (2013), incomplete or inaccurate inventories 

may add the uncertainty which is inherent in any loss estimation methodology. 

 In its original country, HAZUS can be integrated with the census bureau to 

build the inventory. Except for particular datasets, most of the datasets are available 

online and can be accessed publicly. In the other countries outside the US, like 

Indonesia, HAZUS is still limitedly used and not directly integrated with the census 

bureau. Therefore, at the very first step of HAZUS analysis we need to build the 

database by conducting field survey.  

This research aims to compare the actual damages and the estimated 

damages of a ward subjected to particular hazard. The objects of the research are a 
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residential buildings located in Kasinoman Village, Banjarnegara. The actual 

damages are obtained from the field survey while the estimated damages are 

obtained from the analysis of HAZUS. 

Building inventory was conducted during field survey. This research 

focuses on residential building only while other building occupancies such as 

offices, governmental buildings, mosques, churches, and schools are neglected. In 

most disaster cases in Indonesia, residential buildings suffer the most than other 

building occupancies. The number and the damage of residential buildings are 

always higher than the other occupancies. Thus, residential buildings are the main 

object of this research. 

During the field survey, there are two main parameters surveyed, building 

type identification and damage state identification. These two main parameters are 

the main key to address the research objectives of this research. Before defining the 

damage states, the type of buildings needs to be identified since each type of 

building has different damage states description.  

 

5.2 Types and Damage States of Building in Study Ward 

To obtain the building types and damage states in the study ward, 

Kasinoman Village, a field survey and interviews with the local authorities were 

conducted. After the occurrence of the earthquake, local authorities consist of 

Regional Disaster Management Agency (BPBD) and the Office of Public Works 

(DPU) of Banjarnegara conducted an assessment to assess the damages and the 

losses subjected to the earthquake. The assessment encompassed several villages 

within Kalibening sub-district. However, this preliminary assessment identified 

only the damages states and neglected the types of the building. 

According to the report of BPBD of Banjarnegara, there are 316 residential 

buildings, 4 mosques, and 1 elemantary school damaged. Of these 316 residential 

buildings, 217 buildings were located in Kasinoman Village while the rest were 

spread in Kertosari and Plorengan Village. The authorities classified the damage 

states of the buildings into three categories, Ringan (Light), Sedang (Medium), 
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Berat (Complete). These damages states are represented by three colors, Green, 

Yellow, and Red respectively. 

The damage states used in the assessment conducted by the local authorities 

are different from the damage states proposed by HAZUS. In HAZUS, there are 

four damage states, namely Slight, Moderate, Extensive, and Complete. The 

description of each damage state is also slightly different. Thus, in this research, the 

result of the preliminary assessment conducted by the local authorities is neglected 

and re-assessment was conducted to classify the building types and the damage 

states based on the manual of HAZUS. 

 

5.2.1 Types of Building in The Study Ward 

 HAZUS classifies building types into 36 different categories based on the 

structural components and height range (see Table 3.7). Based on the height range, 

buildings are classified into 3 categories, low-rise, 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 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 (see Table 3.9). 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) (see Table 3.9).  

In order to classify the buildings in the study ward 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 
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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) as cited in Aswandono (2011) classified the 

buildings in Yogyakarta, one of the provinces in Java Island, into mud bricks, 

bricks, reinforced bricks, and reinforced concrete. Table 5.1 shows the building 

types in Indonesia and corresponding most likely HAZUS building types. 

 

Table 5.1 Indonesian Buildings and Corresponding HAZUS buildings 

Indonesia  

(Sarwidi and Winarno, 2006) 
HAZUS 

Building 

Types 
Descriptions 

Building 

Types 
Descriptions 

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) 

- The perimeter walls, 

and possibly some 

interior walls, are 

unreinforced masonry. 

The walls may or may 

not be anchored to the 

diaphragms.  

 

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 an 

expert 

3) Reinforced ancient 

building from bricks in well 

condition 
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Table 5.1 (Continued) 

Indonesia  

(Sarwidi and Winarno, 2006) 
HAZUS 

Building 

Types 
Descriptions 

Building 

Types 
Description 

Reinforced 

Concrete  

1) Reinforced concrete 

building that constucted 

by the expert 

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) 

- These buildings have a 

frame of concrete 

columns and beams with 

unreinforced masonry 

infill walls. 

Adopted from Aswandono (2011) 

 

Discussion 

According to Table 5.1, 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 5.2a). 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 5.2b).  

The study ward, 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 5.1, 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 
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complete frames (sloof, column, ring beam, and lintel beam). Figure 5.1 shows the 

share of masonry houses in Kasinoman Village.  

 

 

 

Figure 5.1 The Share of Masonry Houses Type in Kasinoman Village, 

Banjarnegara 

 

The recapitulation of building types identification of the study area is given 

in Appendix-2. 

 

89%

11%

URML

C3L
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(a) 

 

 
(b) 

Figure 5.2 Building Type in The Study Ward 

(a) C3L Building; (b) URML building 
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5.2.2 Damage States of Building in the Study Area 

 The second purpose of filed survey is to obtain the damage states of the 

building in Kasinoman Village subjected to the 2018 Banjarnegara Earthquake. 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 combines both qualitative and quantitative definitions to estimate 

damage. The quantitative definitions are represented by drift ratio of buildings at 

particular building response; meanwhile the qualitative definitions are represented 

by the descriptions of each damage state in HAZUS book.  

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 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.  
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Table 5. 2 Damage States of HAZUS for URM and C3 Building Types. 

URML Building Type 

Damage States Descriptions 

Slight Diagonal, stair-step hairline cracks on masonry wall surfaces; 

larger cracks around door and window openings in walls with 

large proportion of openings; movements of lintels; cracks at 

the base of parapets. 

Moderate Most wall surfaces exhibit diagonal cracks; some of the walls 

exhibit larger diagonal cracks; masonry walls may have 

visible separation from diaphragms; significant cracking of 

parapets; some masonry may fall from walls or parapets. 

Extensive In buildings with relatively large area of wall openings most 

walls have suffered extensive cracking. Some parapets and 

gable end walls have fallen. Beams or trusses may have moved 

relative to their supports. 

Complete Structure has collapsed or is in imminent danger of collapse 

due to in-plane or out-of-plane failure of the walls. 

Approximately 25% of the total area of URM buildings with 

Complete damage is expected to be collapsed. 

C3L Building Type 

Damage States Descriptions 

Slight Diagonal (sometimes horizontal) hairline cracks on most infill 

walls; cracks at frame-infill interfaces. 

Moderate Most infill wall surfaces exhibit larger diagonal or horizontal 

cracks; some walls exhibit crushing of brick around beam-

column connections. Diagonal shear cracks may be observed 

in concrete beams or columns. 

Extensive Most infill walls exhibit large cracks; some bricks may 

dislodge and fall; some infill walls may bulge out-of-plane; 

few walls may fall partially or fully; few concrete columns or 

beams may fail in shear resulting in partial collapse. Structure 

may exhibit permanent lateral deformation. 

Complete Structure has collapsed or is in imminent danger of collapse 

due to a combination of total failure of the infill walls and 

inductile failure of the concrete beams and columns. 

Approximately 25% (low-rise),  20% (mid-rise) or 15% (high-

rise) of the total area of C3 buildings with Complete damage 

is expected to be collapsed. 

Source: HAZUS Technical Manual  

    

In this research, in order to simplify and reduce the subjectivity of 

qualitative definitions, the qualitative definitions are quantified in numbers. For 

instance, the extent of crack on wall surfaces is categorized based on the width of 
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the cracks. According to Min (2006) damage categories of wall can be divided into 

six levels (see Table 5.3). In the context of HAZUS qualitative descriptions, there 

are only three levels of wall damages, slight (including hairline cracks), large, and 

extensive cracks. Table 5.3 shows the description of wall cracks by Min (2006) and 

corresponding HAZUS descriptions. 

 

Table 5.3 Wall Cracks and corresponding HAZUS definition 

Damage 

Category 

Description of Typical Damage 

Width 

Approximate 

Crack Width 
HAZUS 

Negligible Hairline cracks < 0.1 mm 

Small 

Very Slight Very slight damage includes fine 

cracks that can be easily treated 

during normal decoration, perhaps an 

isolated slight fracture in building, 

and cracks in external brickwork 

visible on close inspection. 

1 mm 

Slight Slight damage includes cracks that 

can be easily filled and redecoration 

would probably be required; several 

slight fractures may appear showing 

on the inside of the building; cracks 

that are visible externally and some 

repointing may be required; and 

doors and windows may stick 

3 mm 

Moderate Moderate damage includes cracks 

that require some opening up and can 

be patched by a mason; recurrent 

cracks that can be masked by 

suitable linings; repointing of 

external brickwork and possibly a 

small amount of brickwork 

replacement may be re q u i red; 

doors and windows stick; service 

pipes may fracture; and weather 

tightness is often impaired. 

5 to 15 mm Large 
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Table 5.3 (Continued) 

Damage 

Category 

Description of Typical Damage 

Width 

Approximate 

Crack Width 
HAZUS 

Severe Severe damage includes large cracks 

requiring extensive repair work 

involving breaking out and replacing 

sections of walls (especially over 

doors and windows); distorted floors; 

leaning or bulging walls; some loss 

of bearing in beams; and disrupted 

service pipes. 

15 to 25 mm 

Extensive 

Very 

Severe 

Very severe damage often requires a 

major repair Usually job involving 

partial or complete rebuilding; beams 

lose bearings, walls lean and require 

shoring; windows are broken with 

distortion; and there is danger of 

structural instability 

> 25 mm 

Source: Min (2006) 

  

Based on HAZUS damage description as seen in Table 5.2, the damages of 

building in the study ward were identified. Both URML and C3L building types 

have different damage percentages for each damages states. The trends are also 

different. For URML building, the trend of damage tends to decline from “none” to 

“extensive” but level up again at “complete”. Meanwhile, C3L building tends to 

have random pattern.  

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. The damage states of the URML and 

C3L buildings in the study ward along with the number for each damage state are 
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given in Table 5.4 and Table 5.5. Figure 5.2 displays the actual damages of the 

study ward in charts.  

 

Table 5.4 The Actual Damages of URML Building in Kasinoman Village 

Recapitulation 

Damage States Number of Buildings Percentage (%) 

None 87 27.44 

Slight 73 23.03 

Moderate 63 19.87 

Extensive 39 12.30 

Complete 55 17.35 

TOTAL 317 100.00 

Source: Field Survey 

 

Table 5.5 The Actual Damages of C3L Building in Kasinoman Village 

Recapitulation 

Damage States Number of Building Percentage (%) 

None 7 17.95 

Slight 15 38.46 

Moderate 2 5.13 

Extensive 6 15.38 

Complete 9 23.08 

TOTAL 39 100.00 

Source: Field Survey 
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(a) 

 

(b)  

Figure 5.2 The Share of Building Damages in Kasinoman Village  

(a) URML Buildings, (b) C3L Building 

(Source: Field Survey) 

 

To see 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 
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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. The variation of damage 

factor for each damage state can be seen in Table 5.6.  

 

𝑀𝐷𝑅 =  ∑(𝑃𝑑𝑠 𝑥 𝐶𝐷𝐹) 

 

Where:  Pds  = Discrete damage for each damate state 

 CDF = Central Damage Factor for each damge state (see Table 5.6) 

 

Table 5.6 Variation of Damage for Each Damage State, HAZUS 

Damage States 
Damage Factor 

Minimum (%) Maximum (%) CDF (%) 

None 0 0.1 0.05 

Slight 0.1 5 2.55 

Moderate 5 20 12.5 

Extensive 20 50 35 

Complete 50 100 75 

Source: HAZUS   

 

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 

( Eq. 5.1) 
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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) (see Table 5.1). 

In Table 5.1, 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) (see Table 5.9). 

 

Table 5.7 MDR for URML Building 

Damage States Discrete Damage CDF Damage Ratio (%) 

None 0.27 0.05 0.01 

Slight 0.23 2.55 0.59 

Moderate 0.20 12.5 2.48 

Extensive 0.12 35 4.31 

Complete 0.17 75 13.01 

MDR 20.40 

 

Table 5.8 MDR for C3L Building 

Damage States Discrete Damage CDF Damage Ratio (%) 

None 0.18 0.05 0.01 

Slight 0.38 2.55 0.981 

Moderate 0.05 12.5 0.64 

Extensive 0.15 35 5.38 

Complete 0.23 75 17.31 

MDR 24.32 
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Table 5. 9 The Actual 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 

 

Table 5.10 The MDR for All masonry Building in Kasinoman Village 

Recapitulation 

Damage States Discrete Damage CDF Damage Ratio 

None 0.264 0.05 0.01 

Slight 0.247 2.55 0.63 

Moderate 0.183 12.5 2.28 

Extensive 0.126 35 4.42 

Complete 0.180 75 13.48 

MDR 20.83 

 

5.3 The 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 
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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. 

Table 5.11 shows the values of spectral acceleration (SA) and spectral 

displacement (SD) while Figure 5.3 shows the response spectra of study ward 

generated from Laurendeau’s GMPE. The peak acceleration of the study ward is at 

0.58 g. Before using this response spectrum for further analysis, this result is 

compared to the probabilistic response spectra obtained from puskim.pu.go.id (see 

Figure 5.4). The response spectrum from PUSKIM shows that the peak acceleration 

is at 0.607g. The response spectra derived from GMPE and PUSKIM show close 

peak acceleration values. 

PUSKIM is one of the four research and development centers under 

Ministry of Public Works and Public Housing. PUSKIM is prepared to play role in 

formulating policies for the implementation of infrastructure including spectral 
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acceleration design of each regions in Indonesia. The design of spectral acceleration 

can be accessed online through this link, http://puskim.pu.go.id.. The spectral 

acceleration apps provide surface spectral acceleration from earthquake risk-

targeted Maximum Considerd Earthquake (MCER) with probability of 1% building 

collapse in a 50-year period. Thus, the spectral acceleration obtained from PUSKIM 

is not based on single event of earthquake but it is generated based on probabilistic 

method. 

 

Table 5.11 Values of SA and SD of the study area 

T (s) SA SD 

0.01 0.20247 0.0002 

0.02 0.19897 0.00078 

0.03 0.20216 0.00178 

0.0384 0.21959 0.00318 

0.0484 0.25341 0.00582 

0.0582 0.26893 0.00894 

0.0769 0.27267 0.01582 

0.0844 0.31074 0.02171 

0.097 0.3587 0.03311 

0.1167 0.42052 0.05618 

0.1472 0.5593 0.11889 

0.1691 0.58026 0.16277 

0.2036 0.5601 0.22777 

0.234 0.4644 0.24946 

0.309 0.36537 0.34223 

0.3551 0.35175 0.43512 

0.3896 0.30775 0.45825 

0.4274 0.278 0.49817 

0.469 0.23712 0.51166 

0.5913 0.1668 0.57212 

0.7456 0.12274 0.66936 

0.818 0.1088 0.71416 

0.9401 0.08227 0.71332 

1.3622 0.04959 0.90276 

 

 

http://puskim.pu.go.id/Aplikasi/desain_spektra_indonesia_2011/
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Figure 5.3 Response Spectra of Study Area Derived from GMPE 

 

 

Figure 5.4 Spectral Acceleration of Study Area Derived from PUSKIM and 

GMPE 
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Figure 5.4 shows that the GMPE generates smaller spectral acceleration 

compared to PUSKIM. It means that the Banjarnegara Earthquake that occurred on 

April 2018 did not exceed the risk-targeted Maximum Considered Earthquake. In 

other words, it is not the earthquake which is considered as a 5000 year-period 

earthquake as predicted by spectral acceleration of PUSKIM. 

 

5.4 HAZUS Building Damages Probability 

 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.  

 

5.4.1 Building Capacity Curves 

HAZUS building capacity curves can be plotted by identifying the type of 

the building first. Different buildings have different capacity curves. A building 

capacity curve is a plot of a building’s lateral load resistance as a function of a 

characteristic lateral displacement. It is derived from a plot of static-equivalent base 

shear versus building displacement at the roof, generally known as pushover curve. 

Each building capacity curve has two control points, namely 1) the yield capacity; 

and 2) the ultimate capacity.  

The yield capacity represents the lateral strength of the building and 

accounts for design strength, redundancy in design, conservatism in code 

requirements and expected strength of material.  

The Ultimate capacity represents the maximum strength of a building when 

the global structural system has reached a full mechanism. In this condition, a 

building is assumed capable of deforming beyond its ultimate point without loss of 

stability, but the structural system does not provide additional resistance to lateral 

force subjected to earthquakes. Table 5.12, and Table 5.13 show the values of 

capacity curve for URML and C3L building types at different seismic design level 

(SDL). The plots of the capacity curves are shown in Figure 5.5 and Figure 5.6,  
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Table 5.12 HAZUS Capacity Curve Values for URML Building 

Seismic Design 

Level 

Yield Capacity Point Ultimate Capacity 

Point 

Dy (inch) Ay (g) Du (inch) Au (g) 

Low Code 0.24 0.2 2.4 0.4 

Pre Code 0.24 0.2 2.4 0.4 

 

Table 5.13 HAZUS Capacity Curve Values for C3L Building 

Seismic Design 

Level 

Yield Capacity Point Ultimate Capacity 

Point 

Dy (inch) Ay (g) Du (inch) Au (g) 

Low Code 0.12 0.1 1.35 0.225 

Pre Code 0.12 0.1 1.35 0.225 

 

 
Figure 5.5 Capacity Curve for URML 
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Figure 5.6 Capacity Curve for C3L 

Discussion 

For URML building types, HAZUS only provides the capacity curve for 

Low-Code and Pre-Code seismic design level. In this case, the values of the 

capacity curves of URML at both seismic design levels are the same. Thus, there is 

only one curve for each building type as shown in Figure 5.5. C3L building also 

has same capacity curve for both low and pre-code seismic level (see Figure 5.6). 

5.4.2 Peak Building Response 

 Peak building response is the intersection point of demand spectrum curve 

and capacity curve. Demand spectrum is a plot of spectral displacement (SD) versus 

spectral acceleration (SA). The values of SA and SD have been calculated and 

shown in Table 5.11. Peak building response means that during the occurrence of 

particular earthquake, building will experience shaking till it reaches the peak 

building response. When the peak response reached, the damage occurs. The 

building response for each building type is shown in Figure 5.7 and  Figure 5.8.  
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Figure 5.7 Building Response for URML Building, Low- and Pre-Code 

 

 

Figure 5.8 Building Response for C3L Building, Low- and Pre-Code 
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peak building response at low- and pre-code seismic level. The value is 0.6 inch. 

The peak building response values for all building types and all seismic design 

levels are summarized in Table 5.14. 

 

Table 5.14 Peak Building Values for All Building Types 

Building Type Seismic Design Level Peak Building Response 

URML 
Low-Code 0.52 

Pre-Code 0.52 

C3L 
Low-Code 0.60 

Pre-Code 0.60 

 

5.4.3 HAZUS Fragility Curves 

The fragility curves describe the damage probability of buildings. The 

curves are lognormal functions that describe the probability of reaching or 

exceeding damage states. The damage states can be for structural damages or non-

structural damages. In this research, only structural damages are taken into account.  

HAZUS classifies the damage states into five levels for each type of 

building. The damage states are None, Slight, Moderate, Extensive, and Complete. 

Each damage state is represented by a fragility curve and each fragility curve is 

defined by a median value of the demand parameter that corresponds to the 

threshold of that damage state and by the variability associated with that damage 

state.  

In Table 5.15 and Table 5.16 show the median and beta values for URML 

and C3L buildings. The fragility curves for URML 5.9 and Figure 5.10 while the 

fragility curves for C3L are shown in Figure 5.11 and Figure 5.12. 

 

Table 5.15 Structural Fragility Curve Parameters for URML Buildings 

Seismic 

Design 

Level 

Slight Moderate Extensive Complete 

Median 
Beta 

(β) 
Median 

Beta 

(β) 
Median 

Beta 

(β) 
Median 

Beta 

(β) 

Low Code 0.41 0.99 0.81 1.05 2.03 1.1 4.73 1.08 

Pre Code 0.32 1.15 0.65 1.19 1.62 1.2 3.78 1.18 
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Figure 5.9 Fragility Curves for URML Building, Low-Code 

 

Figure 5.10 Fragility Curves for URML Building, Pre-Code 

 

Table 5.16 Structural Fragility Curve Parameters for C3L Buildings 

Seismic 
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Median 
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(β) 
Median 

Beta 

(β) 
Median 

Beta 

(β) 
Median 

Beta 

(β) 

Low Code 0.54 1.09 1.08 1.07 2.7 1.08 6.3 0.91 

Pre Code 0.43 1.19 0.86 1.15 2.16 1.15 5.04 0.92 
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Figure 5.11 Fragility Curves for C3L Building, Low-Code 

 

Figure 5.12 Fragility Curves for C3L Building, Pre-Code 
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two parameters then are put together to obtain the peak building response for each 

building at each seismic level. The final step is to plot the peak building response 

to the fragility curves of the building to get the damage probabilities. 

Fragility curves generated from HAZUS parameter contain the information 

of cumulative and discrete damage probabilities. Cumulative damage probability is 

calculated using the Equation 3.1. The components used in this equation are median 

spectral displacement (𝑆�̅�,𝑑𝑠) and standard deviation of the spectral 

displacement (𝛽𝑑𝑠). Discrete damage probabilities are derived from cumulative 

damage probabilities. The equation for discrete damage probabilities calculation is 

given in Equation 3.2. Discrete damage probabilities contain the information of 

damage probabilities of building at each damage states. The cumulative and discrete 

damage probabilities of URML and C3L building in the study ward is shown in 

Table 5.17 and Table 5.18. 

 

Table 5.17 Cumulative Damage Probabilities of Building in the Study Area 

Building Type 
 Cumulative Damage Probability 

None Slight Moderate Extensive Complete 

 Low-Code 

URML 1.00 0.595 0.336 0.108 0.020 

C3L 1.00 0.539 0.291 0.082 0.005 

 Pre-Code 

URML 1.00 0.664 0.426 0.172 0.046 

C3L 1.00 0.610 0.377 0.133 0.010 

 

 

Table 5.18 Discrete Damage Probabilities of Building in the Study Area 

Building 

Type 

 Discrete Damage Probability 

None Slight Moderate Extensive Complete 

 Low-Code 

URML 0.405 0.258 0.229 0.087 0.020 

C3L 0.461 0.247 0.210 0.077 0.005 

 Pre-Code 

URML 0.336 0.238 0.254 0.125 0.046 

C3L 0.390 0.233 0.244 0.122 0.010 
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Figure 5.13 Discrete Damage Probabilities of URML Building at Low Code 

 
Figure 5.14 Discrete Damage Probabilities of URML Building at Pre Code 
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Figure 5.15 Discrete Damage Probabilities of C3L Building at Low Code 

 

 

 
Figure 5.16 Discrete Damage Probabilities of C3L Building at Pre Code 
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for C3L building, the MDR values at low and pre code level are 6.33% and 8.73% 

respectively.  

The MDR values show that at the same seismic level, C3L has lower overall 

damage value compared to URML building (Low Code: 6.33% < 8.13%; Pre Code: 

8.73% < 11.66%). It means that C3L building perfoms better during the same 

earthquake shaking. It meets the assumption that framed unreinforced masonry has 

better performance than unframed unreinforced masonry. The MDF of URML and 

C3L building at each seismic level is given in Table 5.19 and Table 5.20. 

Table 5.19 The MDR of URML Building 

Damage States 
Discrete 

Damage 
CDF (%) Damage Ratio (%) 

Low Code 

None 0.41 0.05 0.02 

Slight 0.26 2.55 0.66 

Moderate 0.23 12.5 2.86 

Extensive 0.09 35 3.06 

Complete 0.02 75 1.54 

MDR 8.13 

Pre Code 

None 0.34 0.05 0.02 

Slight 0.24 2.55 0.61 

Moderate 0.25 12.5 3.17 

Extensive 0.13 35 4.39 

Complete 0.05 75 3.48 

MDR 11.66 
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Table 5.20 The MDF of C3L Building at Low and Pre Code Seismic Level 

Damage States 
Discrete 

Damage 
CDF (%) Damage Ratio (%) 

Low Code 

None 0.46 0.05 0.02 

Slight 0.25 2.55 0.63 

Moderate 0.21 12.5 2.62 

Extensive 0.08 35 2.69 

Complete 0.00 75 0.37 

MDR 6.33 

Pre Code 

None 0.39 0.05 0.02 

Slight 0.23 2.55 0.59 

Moderate 0.24 12.5 3.06 

Extensive 0.12 35 4.28 

Complete 0.01 75 0.78 

MDR 8.73 

 

5.6 The Comparison of Actual and Estimated Damages 

 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 see how accurate 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. The comparison of the actual and estimated 

damages is displayed in Figure 5.17 and Figure 5.18. 

 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 MDR of actual damage for C3L 

building is  24.32% while the MDRs of estimated damage are 6.33% and 8.73% for 

low code and pre code respectively.  
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 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 5.21 and Table 5.22). However, there is 

a big gap for “complete” damage states for both conditions. 

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 ward 

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.  

 For C3L building, the result shows the damage distribution pattern of the 

actual damage looks randomly distributed. As mentioned in sub-chapter 5.5.2, even 

though the C3L buildings in the study ward have frames, these buildings are 

classified as unreinforced masonry (URML). Thus, for further analysis, C3L 

buildings are included in URML building. After adding C3L buildings into URML 

building, the actual damages of the study ward looks like Figure 5.19 and the 

comparison of actual and estimated damages looks like in Figure 5.20. 
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(a) Low Code Vs Actual 

 

(b) Pre Code VS Actual 

Figure 5.17 Estimated VS Actual Damages, URML Building 
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(a) Low Code Vs Actual 

 
(b) Pre Code VS Actual 

Figure 5.18 Estimated VS Actual Damages, C3L Building 
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Table 5.21 Relative Error between Actual and Estimated Damage, URML-

LowCode 

Damage States 
Percentage of Damages 

Actual Estimated, Low Code Error 

None 27.44 40.51 32.26 

Slight 23.03 25.84 10.87 

Moderate 19.87 22.86 13.08 

Extensive 12.30 8.74 40.73 

Complete 17.35 2.05 764.34 

 

Table 5.22 Relative Error between Actual and Estimated Damage, URML-

PreCode 

Damage States 
Percentage of Damages 

Actual Estimated, Pre Code Error 

None 27.44 33.64 18.43 

Slight 23.03 23.79 3.19 

Moderate 19.87 25.38 21.71 

Extensive 12.30 12.55 1.99 

Complete 17.35 4.64 273.93 

 

 

Figure 5.19 Damage Distribution of URML building 
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Figure 5.20 Estimated VS Actual Damages, Total URML Building 
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then used for generating fragility curved and then used to estimate the damages in 

the future. 

 In this research, the methodology which is used for developing fragility 

curves is a top-down method. The parameters, like spectral displacement and the 

variability, for the building in the study ward are not known. The first attempt to 

develop fragility curves is by identifying the buildings in the study ward to the 

closest or the most similar building type in HAZUS. The result may not be 

satisfactory however this initial result is used to generate the most suitable fragility 

curves for the study ward by using interpolation method. 

 Figure 5.20 shows that for complete damage, HAZUS fragility curve only 

predicts 4.64% of the total building will be completely damaged while the actual 

damage shows that 17.89% buildings were completely damage. This result 

indicates that the buildings in the study ward were underperformed.  The value of 

median spectral displacement and the variability may not be accurate which leads 

to underperformance. Thus, interpolation method is conducted to obtain the 

optimum value of this parameter. The interpolation method used in this analysis is 

Bisection Method as written in Sarwidi (2011). 

As mentioned previously, fragility curves are generated from median 

spectral displacement. Spectral displacement can be calculated using Equation 5.3 

 

𝑆𝑑,𝑑𝑠 =  ∆𝑑𝑠 . 𝐻𝑅  . 𝛼2 

 

Where: Sd,ds  = Median spectral displacement (inches) 

 Δds = Average inter-story drift ratio at threshold of damage state 

 Hr  = Height of building at the roof level (inches) 

 α2 = Pushover modal factor  

 

 The inter-story drift ratio determined the median spectral displacement 

values that influence the fragility curves. In this research, the variable which is 

interpolated using Bisection Method is the inter-dtory drift value. The other 

variables such as story height at the roof level and the pushover modal factor are 

not changed because these are variables are suitable with the buildings in the study 



78 

 

ward. The average height of building in the study ward or in other region in 

Indonesia are 4.5 meters. The height of  URML in Hazus at the roof is 180 inches 

which equals to 4.572 meters. 

 The iteration of Bisection Method attempts to find the optimum interstory 

drift ratio which is suitable with the actual damage in the study ward. The iteration 

in Bisection Method begin with the interstory drift values of URML building at 

complete damage states and then continued with the other damage states. These 

values are used as the benchmark to obtain the optimum values. For instance, the 

interstory drift value for URML building at “Complete” damage is 0.028 (see 

iteration 1 Table 5.21). This value will be iterated. The iteration stops when the 

relative error (ε) < 0.1%. The iteration result of in obtaining optimum interstorey 

drift for “Complete” damage state is given in Table 5.23. 

 

Table 5.23 Iteration of Bisection Method to Obtain Optimum Interstory Drift, 

Complete Damage States 

Damage States: Complete 

Iteration Xa Xb Xt εx (%) 

1 0.028 0.01 0.019   

2 0.019 0.01 0.0145 31.034483 

3 0.0145 0.01 0.01225 18.367347 

4 0.01225 0.01 0.011125 10.11236 

5 0.01225 0.011125 0.011688 4.8128342 

6 0.01169 0.011125 0.011406 2.4657534 

7 0.01141 0.011125 0.011266 1.2482663 

8 0.01141 0.011266 0.011336 0.6202619 

9 0.01141 0.011336 0.011371 0.3091721 

10 0.01137 0.011336 0.011354 0.1548254 

11 0.01137 0.011354 0.011362 0.0773528 

Where: Xa, Xb, Xt = interstory drift 

 

After conducting 11 times iteration, the optimum value of interstory drift 

for “complete” damage states is obtained. The interstory drift is 0.011362 (see 

iteration 11 Table 5.23). This value has relative error (ε) 0.011% (< 0.1%). Next 

step is to calculate the optimum interstory drift value for “Extensive” damage state. 

The iteration result for “Complete” damage state is given in Table 5.24. 



79 

 

 

Table 5.24 Iteration of Bisection Method to Obtain Optimum Interstory Drift, 

Extensive Damage States 

Damage States: Extensive 

Iteration Xa Xb Xt εx (%) 

1 0.012 0.006 0.009   

2 0.009 0.006 0.0075 20 

3 0.0075 0.006 0.00675 11.111111 

4 0.0075 0.00675 0.007125 5.2631579 

5 0.00713 0.00675 0.006938 2.7027027 

6 0.00713 0.00694 0.007031 1.3333333 

7 0.00713 0.00703 0.007078 0.6622517 

8 0.00713 0.00708 0.007102 0.330033 

9 0.0071 0.00708 0.00709 0.1652893 

10 0.00709 0.00708 0.007084 0.082713 

11 0.00708 0.00708 0.007081 0.0413736 

Where: Xa, Xb, Xt = interstory drift 

 

The initial value of interstory drift for “Moderate” damage states is 0.012. 

After conducting 11 times iteration, the optimum value of interstory drift for 

“moderate” damage states is obtained. The interstory drift is 0.007081 (see iteration 

11 Table 5.24). This value has relative error (ε) = 0.041% (< 0.1%). Next step is to 

calculate the optimum interstory drift value for “Moderate” damage state. The 

iteration result for “Moderate” damage state is given in Table 5.25. 

The initial value of interstory drift for “Moderate” damage states is 0.0048. 

After running 11 times iteration, the optimum value of interstory drift for 

“moderate” damage states is obtained. The interstory drift is 0.003986 (see iteration 

11 Table 5.25). This value has relative error (ε) = 0.0282% (< 0.1%). Next step is 

to calculate the optimum interstory drift value for “Slight” damage state. The 

iteration result for “Slight” damage state is given in Table 5.26. 

  



80 

 

Table 5.25 Iteration of Bisection Method to Obtain Optimum Interstory Drift, 

Moderate Damage States 

Damage States: Moderate 

Iteration Xa Xb Xt εx (%) 

1 0.0048 0.0025 0.00365   

2 0.0048 0.00365 0.004225 13.609467 

3 0.00423 0.00365 0.003938 7.3015873 

4 0.00423 0.003938 0.004081 3.5222052 

5 0.00408 0.003938 0.004009 1.7926734 

6 0.00401 0.003938 0.003973 0.9044436 

7 0.00401 0.003973 0.003991 0.4501859 

8 0.00399 0.003973 0.003982 0.2256008 

9 0.00399 0.003982 0.003987 0.1126733 

10 0.00399 0.003982 0.003985 0.0563684 

11 0.00399 0.003985 0.003986 0.0281763 

Where: Xa, Xb, Xt = interstory drift 

 

Table 5.26 Iteration of Bisection Method to Obtain Optimum Interstory Drift, 

Slight Damage States 

Damage States: Slight 

Iteration Xa Xb Xt εx (%) 

1 0.0024 0.0015 0.00195   

2 0.00195 0.0015 0.001725 13.043478 

3 0.00195 0.00173 0.001838 6.122449 

4 0.00195 0.00184 0.001894 2.970297 

5 0.00189 0.00184 0.001866 1.5075377 

6 0.00189 0.00187 0.00188 0.7481297 

7 0.00188 0.00187 0.001873 0.3754693 

8 0.00187 0.00187 0.001869 0.1880878 

9 0.00187 0.00187 0.001867 0.0941324 

10 0.00187 0.00187 0.001867 0.0470884 

11 0.00187 0.00187 0.001866 0.0235497 

Where: Xa, Xb, Xt = interstory drift 

 

The initial value of interstory drift for “Slight” damage states is 0.0024. 

After running 11 times iteration, the optimum value of interstory drift for 

“moderate” damage states is obtained. The interstory drift is 0.0018 (see iteration 

11 Table 5.26). This value has relative error (ε) = 0.023% (< 0.1%). 
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The initial values and the iterated values of interstory drift for all damage 

states are given in Table 5.27. The comparisons of interstory drift values for the 

URML buildings in Kasinoman Village before and after iteration are displayed in 

Figure 5.21. These iterated values are then used for generating the new fragility 

curve (see Figure 5.21) and calculate the discrete damage (see Table 5.28). The 

discrete damages then compared with the actual damage to check whether the 

values are matched or not (see Figure 5.22). 

 

Table 5.27 The Initial and Iterated Values of Interstory Drift 

Building properties Interstory Drift at 

Seismic Design 

Level 

Height (in.) Threshold of Damage State 

Roof Modal Slight Moderate Extensive Complete 

URML (Initial) 180 135 0.0024 0.0048 0.012 0.028 

Iterated 180 135 0.00187 0.00399 0.00708 0.01136 

 

 

 

Figure 5.21 Interstory Drift of URML Building, HAZUS VS Study Area 
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Where:     HZ  = HAZUS Fragility Curve line for URML Building 

NM = New Model’s Fragility Curve line 
 

Figure 5.22 Fragility Curve for URML Building of the Study Area 

 

Table 5.28 Discrete Damage of URML Building in the Study Area 

Damage Distribution 

Damage States Discrete Damage 

Decimal Percentage 

None 0.2643 26.43 

Slight 0.2472 24.72 

Moderate 0.1826 18.26 

Extensive 0.1263 12.63 

Complete 0.1796 17.96 

TOTAL 1.00 100.00 
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Figure 5.23 Actual Vs Estimated Building Damages in Study Area After 

Modification  

 

 Figure 5.22 and Table 5.28 shows that after upon iteration completion, the 

new values of interstory drift result in new fragility curves where the discrete 

damage values are the same with the actual events. 

 Figure 5.21 displays the ideal interstory drift for HAZUS URML vs 

Kasinoman Village URML. It shows that the interstory drifts of Kasinoman URML 

are below the HAZUS URML. For “Slight” and “Moderate” damage states, the 

differences are not significant. However, for the other damage states especially 

“Complete” damage state, HAZUS URML performs much better than Kasinoman 

URML. This factor leads to significant difference in discrete damage for HAZUS 

and Kasinoman URML at “Complete” damage states. 

 Figure 5.21 shows that at the same damage state level, HAZUS URML can 

perform with higher values of inter-story drift compared to Kasinoman URML, 

especially for “extensive” and “complete” damage states. It means that Kasinoman 

URML building is more brittle compared to HAZUS URML. Several factors that 

may lead to this result are the differences of construction materials, construction 

method, construction quality, and human resources quality. 
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