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Abstract. Earthquake is one of the natural disasters that are very dangerous for human 

survival, therefore it is necessary to mitigate disasters, one of them is by evaluating the 

performance of building structures, evaluating the performance of building structures is aim to 

minimize the risk caused by earthquakes. Based on the Performance-Based Evaluation Design, 

buildings are evaluated using pushover analysis. Pushover analysis is one method of building 

evaluation, in pushover analysis which is necessary to notice input data such as dead load, live 

load, and earthquake load. The result of pushover analysis is a capacity curve that connects the 

base shear force and roof displacement and describes the state of the structure. In this study, 

the evaluation was conducted on Condominium Hotel Amarsvati Lombok. The purpose of this 

evaluation is to determine the performance of building structures with SNI 1726: 2019 and to 

determine the mechanism for the occurrence of plastic hinges in building structures. The 

results of the pushover analysis are that the performance level of the building for x-direction 

and y-direction respectively are CP(Collapse Prevention) and CtoD, wherein in this condition 

the structure is still able to withstand the maximum limit of shear forces but has almost 

collapsed. 
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1.  Introduction 

Lombok is one of the most admired tourism areas, both local and foreign tourists. In 2016 Lombok 

won 3 awards in the category of World's Best Halal Beach Resort, World's Best Halal Travel Website, 

and World's Best Halal Honeymoon Destination. Domestically, Indonesia's Muslim Travel Index 

(IMTI) 2019 places Lombok in the first place as Indonesia's Leading Halal Travel Destination.To 

support this, Lombok is constantly improving itself in the tourism sector, starting from transportation, 

accommodation, and hotel buildings. 

Lombok Island is located between 2 earthquake generators from the south and north. From the 

south, there is a subduction zone of the Indo-Australian plate that points below Lombok Island, while 
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from the north there is a geological structure of the Flores Back Arc which makes Lombok Island 

prone to earthquakes. 

 

Earthquake is one of the natural disasters that are very dangerous for human survival, therefore it is 

necessary to mitigate disasters. One of them is by evaluating the performance of building structures[1]. 

Based on the Performance-Based Evaluation Design.,buildings are evaluated using pushover analysis. 

Pushover Analysis can give good results if data input and the stages of the process are carried out 

properly, and refer to the correct standard method [2]. The displacement coefficient method (FEMA 

356) provides a larger target displacement than the capacity spectrum method (ATC-40)[3]. 

2.  Methodology 

2.1.  Research location 

The object of research is the Amarsvati Condominium Hotel building, located on Jalan Raya Senggigi 

99, Malimbu, Malaka, Pemenang District, North Lombok Regency, West Nusa Tenggara. (Latitude: -

8,438022, Longitude: 116,03991). 

2.2.  Research Flow 

2.2.1.  Data collection 

Collecting the necessary data in the form of general building data, material data, and dimensions of 

structural elements. 

2.2.2.  Building structure modeling with SAP2000 

After obtaining the supporting data, the building structure is modeled with SAP2000. The elements of 

the structure that is modeled in the SAP2000 program, namely beam, column and slab. 

2.2.3.  Loading from live load, dead load according to SNI 1727:2013 and earthquake load SNI 

1726:2019. 

a. Vertical Load 

The vertical load is divided into 3, namely : 

1. The dead load was obtained from the weight of its structure. 

2. Additional dead load is obtained by finishing weight (ceiling, ME installations, etc.) 

3. The live load has been regulated in SNI 1723:2013 

b. Horizontal Load 

Horizontal loads consist of earthquake loads (SNI 1726: 2019) and wind loads 

2.3.  Stages of Pushover Analysis. 

The non-linear static thrust load analysis will be carried out following the FEMA 356 instructions and 

is built-in to the SAP2000 program. The steps are as follows: 

1. The structure that has been modeled is made of its properties, namely beams and columns 

2. Creating lateral load distribution pattern 

3. Make 2 cases, namely Push X and Push Y 

4. Creating a pushover curve based on various lateral force distribution patterns 

5. The pushover curve is then used to determine the displacement target 
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3.  Analysis and Discussion 

3.1.  General 

Amarsvati Condominium Hotel has 13 floors and a total height of 50,05 m above the ground with the 

main function as a hotel. This structural modeling process is carried out in SAP2000 by modeling 

columns, beams, and slabs then defining the properties of the structural element, and the loading input 

that the structure will receive. 

 
Figure 1. Structure modelling 

3.2.  Existing Building Data 

3.2.1.  Material Data 

Concrete Quality : fc’ = 30 Mpa 

Reinforcement Quality : 

a. Thread : fy = 400 MPa: D ≥ 10 mm 

b. Plain : fy = 240 MPa: D ≤ 8 mm 

3.3.  Gravity Load 

3.3.1.  Dead Load (Super Dead) 

a. Dead Load on slab 

- Total dead load (Qd) on the roof plate= 0.71 kN/m
2
 

- Total dead load (Qd) on the slab = 0.1,47kN/m2 

- The weight of the pool water with a depth of 1.20 meters = 12 kN/m2 

b. Dead Load on strucutural beams 

- Light brick wall load 3.25 meters high = 2.11 kN/m              

- Light brick wall load height 4.00 meters = 2.60 kN/m              

- Light brick wall load 2.60 meters high = 1.69 kN/m              

- Light brick wall load 1.20 meters high = 0.78 kN/m 

3.3.2.  Live Load 

The amount of live load in SNI 1727: 2013 [4]: 

1. Floor or engine room = 7.18 kN/m
2 
 

2. Gymnasium = 4.79 kN/m2 
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3. Multipurpose room = 4.79 kN/m2 

4. Lobby = 4.79 kN/m2  

5. Restaurant = 4.79 kN/m
2  

 

6. Spa room = 4.79 kN/m2  

7. Park = 4.79 kN/m2   

8. Balcony = 2.88 kN/m
2 
 

9. Stairs = 1.33 kN/m2      

10. Corridor = 1.92 kN/m2 

11. Lodging space = 1.92 kN/m
2 
 

12. Roof floor = 0.96 kN/m2 

3.4.  Horizontal Load 

3.4.1.  Wind Load 

With the steps required in SNI 1727: 2013 article 27.2.1, the wind pressure value "p" is obtained as 

follows: 

- P (wind) press = q x G x Cp 

= 0.363 x 0.85 x 0.8 

= 0.247 kN / m2 

- P (wind) press  = q x G x Cp 

= 0.363 x 0.85 x 0.3 

= 0.093 kN / m2 

- P (wind) press  = q x G x Cp 

= 0.363 x 0.85 x 0.7 

= 0.216 kN / m2 

3.4.2.  Earthquake load 

a. Total Building Weight 

In this study, the weight of the building was obtained from manual calculations. 

 

b. Response Spectrum Parameter 

- Ss = 1,105696 g 

- S1= 0,438465 g 

- TL= 12 seconds 

- Fa= 1,057721 

- Fv= 1,861535 

- SMS= 1,169519 g 

- SM1 = 0,816217 g 

- SDS= 0,779679 g 

- SD1= 0,544145 g 

- T0 = 0,139582seconds 

-    TS= 0,697909seconds 

 

c. Natural Vibration Period (T) 

Ta ≤ T ≤ Cu Ta 

Ta = fundamental approach period 

T  = fundamental period of the SAP2000 calculation 
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Cu = upper limit coefficient for the calculated period 

- Ta= Cthn
x = 0,0466 x 50,050,9 = 1,577 seconds 

- Cu Ta = 1,4 x 1,577 = 2,2078 seconds 

- T SAP200 calculation = 2,63 seconds 

 

Table 1. Total weight of each floor 

 
 

-  

 
Figure 2. Response Spectrum Design 

Since T> Cu Ta, then T = 2.2078 seconds 

 

d. Seismic Response Coefficient (Cs) 

Seismic response coefficient (Cs) must be determined using SNI 1726: 2019 Article 7.8.1.1: 

Then Cs = 0,0343 
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e. Base Shear Force 

From the above values, the base shear force values are obtained as follows: 

V = Cs W = 0,0343 x 11384,0635 = 3820,47 kN 

 

f. Comparison of Static and Dynamic Shear Force 

By SNI 1726: 2019 article 7.9.1.4.1 regarding the force scale, this regulation implies that the 

dynamic shear force must be equal to 100% of the static shear force. Formulated as Vd = 100% Vs 

[5]. The shear force values are obtained as follows: 

Vd (x) = 2330,368 kN<Vs (x) = 2851,683 kN(CHECK) 

Vd (y) = 4239,533 kN>Vs (y) = 2330,368 kN(CHECK) 

To fulfill the requirements of SNI 1726: 2019 Article 7.9.1.4.1, the nominal level of shear force 

due to the earthquake on the analysis result of the building structure plan must be multiplied by the 

Vs / Vd scale factor [5], and after re-running the results are: 

Vs  =2851,683 kN = Vd = 2851,683 kN (OK). 

 

g. Earthquake Force Vertical Distribution 

The lateral seismic force (Fx) arising at all levels must be determined from equations (40) and (41) 

at SNI 1726:2019 [5]. 

- Lateral force on the Roof Floor 

Croof x-y =  

Froof x-y = 0,0166 x 3820,47 kN = 63,70475kN 

So that the lateral forces of each floor are obtained as follows : 
 

Table 2. Lateral force on each floor 
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3.5.  Mass participation control 

By SNI 1726: 2019 Article 7.9.1.1 the number of various vibrations/shape modes reviewed in the sum 

of various responses must reach 100%.And as an alternative to the analysis allowed to enter the 

number of varieties that minimum to achieve a mass variety of combined most slightly to 90% of the 

actual mass [5]. 

 

Table 3. Modal participating mass ratios 

 
 

Table 4. Drift control on x-direction and y-direction 
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3.6.  Drift Control 

- Roof floor 

Drift limit = Δa = 0,025hsx = 0,025 x 2600 = 65 mm 

X-direction drift = Δroof = (δroof-δ13floor)Cd/I= (110,497-108,922)5,5/1 = 9,3115 mm 

Y-direction drift = Δroof = (δroof-δ13floor)Cd/I = (76,36 -74,667)5,5/1 = 8,6625 mm 

due to drift in x and y direction <Drift limit, the structure is safe. 

 

3.7.  Pushover Analysis 

3.7.1.  Capacity curve 

From the results of the SAP2000 analysis, the results of the basic shear force and displacement for the 

X and Y-directions are as follows. 

  
 Figure 3. X-direction capacity curve       Figure 4. Y-direction capacity curve 

 
Figure 5. Comparison of the capacity curve in the x-direction and y-direction 

3.7.2.  Displacement target using the transfer coefficient method (FEMA 273/356) 

  
Figure 6. X-direction displacement target Figure 7. Y-direction displacement target 
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The displacement target obtained for the x-direction: δT = 0.487 m with a shear force of 14230,36kN, 

and for the y-direction : δT = 0,309 m with a shear force of 23228,169 kN. 

3.7.3.  Structure Performance Evaluation 

Table 5. X-direction capacity curve                Table 6. Y-direction capacity curve 

 
 

 
       Figure 8. X-direction performance point               Figure 9. Y-direction performance point 

 

With the displacement target for the X-direction, δT = 0.487 m, it can be seen that in step 105 where 

the displacement reaches 0.4872>δT and the basic shear force for δT = 14230.36 kN. The performance 

shown by the structure is already at the point of CP (Collapse Prevention). 

For the Y-direction,δT = 0.309 m, it can be seen that in step 35 where the displacement reaches 

0.310>δT with the basic shear force for δT = 23228.169 kN, the performance shown by the structure is 

already within the CtoD limit. 

3.7.4.  Plastic hinge mechanism 

X-direction pushover analysis yields 107 steps. Plastic hinges have been formed in step 1, namely on 

the corridor beams on each floor with B to IO performance with a total of 316 points. For the next 

step, there is an increase in the number of points that experience plastic hinges but are still within the 

B to IO limit. In step 38, there has been an addition of plastic hinges to the beams and plastic hinges 

have been formed in several columns on the 3rd floor with an IO to LS limit of 6 points. For the last 

step, to be precise, at the foot of the GF floor column, a plastic joint has been formed with the CP 

(Collapse Prevention) performance. 

Y-direction pushover analysis resulted in 66 steps. Plastic joints have been formed in step 1, 

namely in the corridor beams, balcony beams, and beams in the lodging room on each floor with B to 

IO performance with a total of 316 points. For the next step, there is an increase in the number of 

points that experience plastic hinges but are still within the B to IO limit. In step 21 a plastic hinge has 
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been formed with IO to LS performance, namely on the 1st-floor column. At step 29 the column on 

the 1st floor has decreased the LS to CP performance. In step 32, as the load increases, the column on 

the 1st-floor decreases in performance, namely C to D, and in the last step, step 66, the performance 

on the 1st-floor column is already in condition E. 

 

   
Figure 10. Step 107 x-direction pushover Figure 11. Step 66 y-direction pushover 

4.  Conclusions 
Based on FEMA 356, the δT displacement target for the X-direction is 0.487 m with a baseshear force 

of 14230.36 kN and for the Y-direction the δT displacement target is 0.309 m with a baseshear force of 

23228.169 kN. 

The performance of the Amarsvati Condominium Hotel for the X-direction is CP (Collapse 

Prevention), which means that there has been significant damage to structural and non-structural 

components. The structure's strength and stiffness decreased a lot, almost collapsing. Whereas for the 

Y direction, the performance obtained is C to D, which means that the structure is still able to 

withstand the maximum limit of shear forces that occur but has almost collapsed. 
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