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Abstract 

An earthquake is a natural disaster event that occurs suddenly but has significant impacts, making it challenging 

to predict. The objective of this research is to evaluate the resilience of buildings to seismic hazards using two 

methods: Rapid Visual Screening (RVS) and the response spectrum method. The RVS method is employed to 

visually assess the seismic response of buildings, referencing the guidelines of the Federal Emergency 

Management Agency (FEMA), while the response spectrum method adheres to the SNI 03-1726-2019 standard. 

This study focuses on the final score values from the RVS method and various parameters such as period, base 

shear force, inter-story displacement, story drift, and the coefficient of variation in the response spectrum method. 

The research findings indicate that the RVS method yields a safe score on Form 1 (S > 2) but experiences a 

decrease in vulnerability on Form 2 (S=1). Meanwhile, the response spectrum method reveals a building period 

of 1.809 seconds, seismic base shear forces of 812.096 kg for the X-direction and 840.275 kg for the Y-direction. 

The maximum inter-story displacement occurs in the X-direction at 0.007501 and the Y-direction at 0.006431, 

with a coefficient of variation reaching 90.7% for the X-direction and 91.5% for the Y-direction. Inter story drift 

limit for X-direction 0.0135-0.047 and Y-Direction 0.0129-0.0292. These values are still below the specified limit 

of 0.08 

 

Keywords —Behavior; RVS (Rapid Visual Screening); Performance; FEMA-154; SNI 03-1726-2019; 

Response Spectrum 

 

I. INTRODUCTION  

An earthquake is a natural disaster caused by the movement of the Earth's crust and plates, resulting in 

vibrations from seismic waves on both land and seabed. Indonesia, positioned at the convergence of three 

active tectonic plates—Pacific, Ind-Australian, and Eurasian—faces a high risk of earthquake 

disasters,(Tampubolon et al., 2022). The primary cause of post-earthquake losses is structural failure, leading 

to economic disruptions and casualties due to building damage. Studies indicate that structural failure varies 

among building types during earthquakes, and vulnerability levels depend on the building's main vertical 

load,(Silaban et al., 2023)(Tampubolon et al., 2020) 

To proactively address potential structural failures and mitigate earthquake-related losses, a quick and cost-

effective evaluation of building vulnerability is essential. The FEMA-154 guidebook serves as a reference for 

the Rapid Visual Screening (RVS) method, offering a visual assessment of a building's seismic vulnerability 

(FEMA P-154, 2015), (Agustin et al., 2020; Dwi Pratama et al., 2021; Firdaus et al., 2016). Indonesia, prone 

to earthquakes, has established guidelines for earthquake-resistant planning standards (SNI 1726-2019), 

revising SNI 1726-2012. The response spectrum method involves dynamic analysis to assess a building's 

structure, (Badan Standardisasi Nasional, 2019; SNI 2847:2019, 2019) 
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This research assesses the vulnerability of the Graha William Soeryadjaya (GWS) building, located at the 

Indonesian Christian University (UKI) medical faculty campus. The research, conducted by (Novi Andhi Setyo 

Purwono et al., 2021), focuses on earthquake risk assessment using the FEMA-154 Rapid Visual Screening 

method and 3D response spectrum for three buildings at Wijayakusuma University, Purwokerto. The objective 

is to determine whether the buildings are suitable for use using the RVS FEMA-154 method and to calculate 

building loads using SAP-2000 software, (Harirchian et al., 2020). The results indicate that the three buildings 

are deemed safe through the RVS method, but modeling in SAP-2000 reveals they are unsafe under 

fundamental natural vibration conditions, although the loading remains within the safe range. 

II. METHODOLOGY RESEARCH 

This Researach uses the Rapid Visual Screening (RVS) approach with the FEMA-154 reference and the 

spectrum response method using primary and secondary data collection techniques. Primary data is data 

originating from original sources obtained from reviewing conditions in the field, not tangible data. In the case 

of this research, primary data is in the form of observations using the Rapid Visual Screening (RVS) form as 

well as photos of the condition of the building and the function of the building. Secondary data is data that 

contains information that has been collected from various sources. In this research, secondary data is in the 

form of plan drawings (building age, floor area and number of floors), research topographic data and soil 

testing, and spectral design data. 

1. Rapid Visual Screening (RVS) Method 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Form Level 1 RVS FEMA-154 
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Figure 2. Form Level 2 RVS FEMA-154 
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Based on the results of the evaluation that has been carried out by filling in forms at level 1 and level 2 

(Wahyuni et al., 2017), the final scores of SL1 and SL2 are obtained, namely at SL1 the final score is 2.3 

(>Smin = 0.3) while in further evaluations carried out on the level form 2 obtained a final score of 1 (>Smin = 

0.3). With this final score, the vulnerability value can be obtained based on this equation. If we enter the final 

score on SL1 into equation, we obtain the building vulnerability value as follows. 

  P =  (
1

10
)

s

  

  P =  (
1

10
)

2,3

  

  P =  (0,1)2,3  
  P =  0,005          

Meanwhile, if you use the final score SL2, you will get a vulnerability value as in equation  as follows. 

 

P =  (
1

10
)

s

 

P =  (
1

10
)

1

 

P =  (0,1)1 

P =   0,1           

 

In calculating the vulnerability value for SL1, the P value is 0.005, which means the chance of the building 

experiencing structural failure during an earthquake is 0.5%, and for SL2, the value is 0.1, which means the 

chance of the building experiencing structural failure during an earthquake. by 10%. 

2. Spectrum Response Method SNI 03-1726-2019 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Design Response Spectrum 

Spectrum response is an analysis used in solving dynamic equations due to earthquake loads, especially for 

linear systems. Furthermore (Mallisa, Zet., 2008) stated that spectrum analysis is a simple analysis and only 

requires a short time, . Based on SNI 03-1726-2019, it is stated that the spectrum response is a plot of the peak 

response (displacement, speed and acceleration) of a series of oscillators that have various natural frequency 

variations and are driven by vibrations. 
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3. Seismic Base Shear (V) 

The calculation of the seismic bed shear force, V, in the specified direction should be determined according to 

the following equation: 

V =  Cs W   

 

4. Vertical and Horizontal Earthquake Force Distribution 

The distribution of vertical seismic forces as stated in SNI 03-1726-2019 must be determined using the 

following equation: 

Fx = Cvx. V, dimana         

Cvx = 
𝑤𝑥ℎ𝑥

𝑘

𝛴𝑖=1
𝑛 𝑤𝑖ℎ𝑖

𝑘          

k = exponent related to the structure period as follows: 

Buildings with a period (T) ≤ 0.5 seconds, then k = 1 

Buildings with a period (T) ≥ 2.5 seconds, then k = 2 

Buildings with a period of 0.5 seconds < T < 2.5 seconds, then k must be greater than 2 or a linear interpolation 

between 1 and 2 is carried out. Because the building structure has values of Tx and Ty = 1.808608, a liner 

interpolation is carried out to get the values K of the structure is like equations as follows: 

Kx = (
𝑇𝑥−0,5

(2,5−0,5)/(2−1)
)+1        

Kx = (
1,8086608−0,5

(2,5−0,5)/(2−1)
)+1   

Kx = 1,6543304  

Ky = (
𝑇𝑥−0,5

(2,5−0,5)/(2−1)
)+1         

Ky = (
1,8086608−0,5

(2,5−0,5)/(2−1)
)+1   

Ky = 1,6543304  

Horizontal earthquake force distribution of seismic loads as stated in SNI 03-1726-2019 must be found through 

equation as follows: 

Vx = 𝛴𝑖=𝑥
𝑛 𝐹𝑖 

Information: 

Fi = seismic base shear (V) at level i 

III. RESULT AND DISCUSSION 

1. Fundamental Value of Structure 

The calculation of the fundamental period of a structure (T) has minimum and maximum limits determined 

based on SNI 03-1726-2019. The value of the natural vibration time coefficient (T) is not permitted to exceed 

the upper limit of the calculated period (Cu). From the results of the sap analysis, building period data was 

obtained as in Table 1. 

Table 1. Building Period 

Mode Period 

1 1.808608 

2 1.632236 

3 1.561282 
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4 0.686746 

5 0.556653 

6 0.528477 

7 0.491924 

8 0.472324 

9 0.453959 

10 0.440303 

11 0.41423 

12 0.362096 

with the output results obtained through SAP2000 software, the data can be analyzed by calculating the period 

limit coefficient: 

Cu  = 1,4 

Ct  = 0,0466 

x  = 0,9 

hn  = 44 

Tamin  = Ct x hnx         

= 0,0466 x 440,9 

= 1,4044 detik 

Tamax  = Cu x Tamin          

= 1,4 x 1,4044 

= 1,966 detik 

Tc (Sap2000) = 1.808608 

 

2. Seismic Basic Shear Force Value (V) 

Based on the results of analytical calculations, the static and dynamic earthquake shear forces (base reaction) 

are as follows. 

Wtotal = 6646160 kg 

Cs   = 0,09 

V   = Cs. W      

V   = 0,09 x 6646160 

V  = 598154,4 kg 

3. Vertical and horizontal earthquake force distribution values 

Analysis of vertical and horizontal earthquake force distribution is described in Table 2. 

Table 2. Distribution of Lateral Earthquake Force and Building Shear Force 

Earthquake Force Distribution 

Lantai Wi hi Wi.hi Wi.hikx Fx Fy Vx Vy 

(m)  (m)       

roof 303130 42 12731460 567304215801 88651 88651 88651 88651 

11 410410 38.2 15677662 800520736683 125095 125095 213746 213746 

10 418520 34.4 14397088 695266621670 108647 108647 322394 322394 

9 438520 30.6 13418712 618854725701 96707 96707 419100 419100 

8 459500 26.8 12314600 536905517738 83901 83901 503001 503001 

7 509550 23 11719650 494675483779 77302 77302 580303 580303 

6 550670 19.2 10572864 417191478984 65193 65193 645496 645496 

5 780190 15.4 12014926 515463406828 80550 80550 726046 726046 

4 804190 11.6 9328604 339140439891 52997 52997 779043 779043 
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3 980820 7.8 7650396 244279805612 38173 38173 817216 817216 

2 990660 4 3962640 82270954150 12856 12856 830072 830072 

Total 6646160 76,53 

 

123788602 24432484419271   5925068 5925068 

 

4. Base Shear Force 

In SNI 1726:2019 article 7.9.1.4.1, the dynamic base shear force of the response spectrum must be equal to 

100% of the equivalent static base shear force. If the combined response for the basic shear force resulting 

from analysis of variance (Vt) is less than 100% of the shear force (V) calculated using the equivalent static 

method, then the force must be multiplied by V/Vt, where. V is the equivalent static basic shear force, and Vt 

is the basic shear force obtained from the results of the variance combination analysis. In Table 3, it is known 

that the VD values in the So after scaling, Table 4 is obtained. 

Table 3. Base Shear 

Earthquake Load Base Shear (kg) 

X-Direction Y-Direction 

Static Base Shear (Vs) 915387 915387 

Dynamic Base Shear (Vd) 812096 840275 

Scale Factor Vs/VD 1.12719063 1.08939 

Control (VD)≥ 100% VS Not Ok Not Ok 

 

Table 4. Base Shear Modification 

Earthquake Load Base Shear (kg) 

X-Direction Y-Direction 

Static Base Shear (Vs) 915387 915387 

Dynamic Base Shear (Vd) 915387 915387 

Scale Factor Vs/VD 1 1 

Control (VD)≥ 100% VS Ok Ok 

5. Inter Story Drift  

Acording SNI 03-1726-2019, structural serviceability limit requirements are calculated from the deviation 

between levels of the building structure which must not exceed 0.03/R x story height in the X or Y direction.  

S permit = 0.03/6.5 x 44 = 0.0203 m 

Below in Table 5. you can see the deviation between floors in each structure which was carried out using 

equivalent static analysis and dynamic analysis. 

Table 5. Inter Story Drift 

Floor High 

(hx) 

 Story Drift Inter Story Drift Levels S 

permit 

 Δhi X-direction Y- direction X-direction Y- direction  
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 44       

   4 0.000944 0.00298 0.002983 0.002854 0.0203 

11FL  40       

   4 0.001022 0.001069 0.00571 0.003458 0.0203 

10FL  36       

   4 0.001365 0.001299 0.004583 0.004332 0.0203 

9FL  32       

   4 0.001685 0.001528 0.005799 0.005202 0.0203 

8FL  28       

   4 0.001935 0.001682 0.006749 0.005788 0.0203 

7FL  24       

   4 0.002133 0.001812 0.007501 0.006282 0.0203 

6FL  20       

   4 0.002209 0.00391 0.01022 0.006388 0.0203 

5FL  16       

   4 0.002251 0.001854 0.01038 0.006431 0.0203 

4FL  12       

   4 0.002159 0.001779 0.01003 0.006156 0.0203 

3FL  8       

   4 0.001189 0.001578 0.006536 0.005278 0.0203 

2FL  4       

   4 0.001228 0.000939 0.004262 0.003106 0.0203 

BASE  0       

  

  

 

 

 

 

 

 

Figure 4. Inter Story Drift 
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Table 6. show the story drift ultimate floors in each structure which was carried out using equivalent static 

analysis and dynamic analysis. 

Table 6. Inter Story Drift Ultimate 

Floor High 

 (hx) 

 Inter Story Drift Levels S permit 

ultimate 

Condit

ion 

 Δhi X-

Direction 

Y-Direction 

m  m m m  

ROOF 

FLOOR 

 44      

   4 0.01357265 0.0129857 0,08 OK 

11FL  40      

   4 0.0259805 0.0157339 0,08 OK 

10FL  36      

   4 0.02085265 0.0197106 0,08 OK 

9FL  32      

   4 0.02638545 0.0236691 0,08 OK 

8FL  28      

   4 0.03070795 0.0263354 0,08 OK 

7FL  24      

   4 0.03412955 0.0285831 0,08 OK 

6FL  20      

   4 0.046501 0.0290654 0,08 OK 

5FL  16      

   4 0.047229 0.02926105 0,08 OK 

4FL  12      

   4 0.0456365 0.0280098 0,08 OK 

3FL  8      

   4 0.0297388 0.0240149 0,08 OK 

2FL  4      

   4 0.0193921 0.0141323 0,08 OK 

 

 

 

 

 

 

 

 

Figure 5. Inter Story Drift Ultimate 
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6. Number of Variety 

Based on SNI 03-1726-2019, the number of variations in combined mass participation is 100% of the structure 

mass, however there is an alternative by including a minimum combined number of variations of 90%. 

 

Table 7. Number of Variety 

Case Mode Sum UX Sum UY 

Modal 1 0.00436 0.715 

Modal 2 0.368 0.77 

Modal 3 0.789 0.788 

Modal 4 0.792 0.788 

Modal 5 0.797 0.788 

Modal 6 0.797 0.894 

Modal 7 0.797 0.911 

Modal 8 0.82 0.913 

Modal 9 0.904 0.913 

Modal 10 0.907 0.913 

Modal 11 0.907 0.913 

Modal 12 0.907 0.915 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 6. Number of Variety 

 

In the analysis of the number of variations, the participating mass ratio in mode 12 still reached 90.7% in the 

X direction and 9.15% in the Y direction. In the analysis results it was found that the participating mass ratio 

reached 100% in the 31st mode in the X direction and reached 100% in 29th mode in Y direction. 
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7. Comparison of FEMA-154 Vulnerability Values and Spectrum Response SNI 03-1726-2019 

The results of the evaluation conducted through the application of both the Rapid Visual Screening (RVS) 

method, as outlined in FEMA-154, and the Spectrum Response method specified in SNI 03-1726-2019, allow 

for a comparison of findings, as presented in Table 7. 

Table 7. Comparison of FEMA-154 and Spectrum Response 

FEMA-154 
SNI 03-1726-2019 

Level 1 Level 2 

Ok Not Ok Ok 

 

In the table it can be concluded that there is a difference in vulnerability values between the FEMA-154 method 

at level 2, namely in the evaluation using the FEMA level 2 form it was found that the structure of the building 

did not meet the standards provided by FEMA so that there was a need for a detailed evaluation using SAP2000 

software. 

In the evaluation using SAP2000 software, based on the results of the analysis carried out using SAP2000 v22 

software, the building meets the aspects of natural vibration time (period), base shear, deviation between floors, 

story drift and number of variations, according to the analysis. 

 

IV. CONCLUSION 

Based on the research and analysis that has been carried out get conclusion: 

1. Rapid Visual Screening (RVS) method using FEMA-154 as an evaluation reference, it was found that the 

building studied had met the cut-off (s > 2) on the level 1 form but experienced a decrease in value. S on 

form level 2 (s = 1) but is still in safe condition, because the minimum value of s is at level 2 or Smin = 0.3. 

2. In the analysis results it was found that the participating mass ratio reached 100% in the 31st mode in the 

X direction and reached 100% in 29th mode in Y direction. 

3. Value of inter story drift limit for X-direction 0.0135-0.047 and Y-Direction 0.0129-0.0292. These values 

are still below the specified limit of 0.08 
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