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ABSTRACT

Indonesia has recently implemented a new seismic standard, SN103-1726-2019, which replaces SNI 03-1726-2012. The goal
of this research is to compare the calculations and analyses of TOD apartments in Pondok Cina, Depok, based on SNI 03-1726-
2012 and SNI03-1726-2019,and to determine the main characteristics that differ between the two standards. The comparative
results show that the parameter values of S§ and S1 in SNI 03-1726-2019 have increased, affecting the reference values for
computing the acceleration value of the response spectrum. Furthermore, as a result of the large increase in the acceleration
spectral design response compared to SNI 03-1726-2012, the fundamental static and dynamic shear force values in the X and
Y directions in SNI 03-1726-2019 have increased by 18% and 15%, respectively. The TOD apartment complex in Pondok Cina,
Depok, is rated as Immediate Occupancy under the performance-based planning approach, suggesting that it can resist an
earthquake while staying functional and minimizing the danger of casualties. Such a technique can provide useful information
regarding the seismic behavior of the building as well as the extent to which the earthquake may influence its structural
integrity.
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1 Introduction earthquake forces so that structural damage can be
avoided [5]. In addition, the magnitude of the
earthquake force also affects the response of the
structure that occurs because the earthquake force
will be received by the base of the building [6]-[9].
Performance-based seismic design is a method
that can be used to strengthen (upgrade) existing
building structures as well as planning for new
building structures to be constructed by considering
the risk of occupant safety (life), the readiness of the
building for use (occupancy) and loss of property
(economic loss) [10]-[14]. The important thing in the
evaluation target based on building performance
against earthquakes is the level of performance
(performance level) or the level of damage that is
allowed when the earthquake is working [15], namely
the Immediate Occupancy (10) in the event of a small
earthquake the level of damage, the building can be
reused and the risk of human casualties is very small,

Indonesia is a country with fairly active tectonic
conditions in the world because it is located in the
Pacific Ring of Fire and between three plates of the
earth, namely the Pacific plate, the Indo-Australian
plate, and the Eurasian plate. An earthquake is a
phenomenon that involves the movement or shaking
of the earth's crust [1]. Earthquakes occur when the
pressure by the plate cannot be resisted by the edge of
the plate [2]. An earthquake is a disturbance in the
earth's crust that causes shocks that radiate to the
earth's surface [3].

When an earthquake occurs, the strength of the
building structure is an absolute requirement so that
the building does not collapse to minimize casualties
and the impact of losses due to the earthquake [4]. One
of the factors that influence the structure to accept the
load is the configuration of the structure, where a
regularly configured building is better at resisting
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then the Level Damage Control (DC) performance with
the level of damage between Levels Immediate
Occupancy (10) to Life Safety Level (LS), then Level
Life Safety with the level of damage that occurs is
limited so that it can be repaired, then Level Structural
Stability/Collapse Prevention Performance with a
degree of structural may occur but human casualties
must be avoided.

In Indonesia, earthquake activity has been
recorded in the last eight years which caused
thousands of casualties, damage to buildings, and
property loss, namely the Aceh Earthquake and
Tsunami measuring 9.2 SR in 2004, Nias Earthquake
measuring 8.6 SR in 2005, Padang Earthquake
measuring 7.6 SR, Mentawai earthquake measuring
7.2 SR in 2010, Halmahera Earthquake measuring 7.3
SR in 2019, Maluku earthquake measuring 6.2 SR in
2019, West Sulawesi earthquake measuring 6.2 SR in
2021, Larantuka earthquake measuring 7.4 SRin 2021
[16]. In response to the above, in 2019 the government
has issued the latest earthquake-resistant regulation,
namely SNI 03-1726-2019 which replaces the
previous regulation SNI 03-1726-2012. As a result of
the implementation of the latest earthquake-resistant
regulations SNI 03-1726-2019, there have been
designing spectral changes in several areas [17]-[18].
With the design spectral changes, further research
was carried out on the performance of the building
structure against earthquakes in the Transit-Oriented
Development (TOD) apartment building Pond ok Cina,
Depok.

2 Dataand Methods

The methodology used in this research is the
dynamic analysis method of the response spectrum
with the ETABS V18.0.2 program. The research started
by collecting building data and parameter data. Table
1. Show the parameters and information data building.

Table 1. Parameters and Information Building

No Name Building Informations and
Parameters

1 Project JI. Margonda Raya no. 369,
Location Depok

2 Building Aparment Building
Function

3 Number of 29 levels
Floors

4 Main Reinforced Concrete
Structure

5 Column (f'c) 40 MPa

6 Beam (fc) 30 MPa

7 Floor Plate 30 MPa
o)

8 Shear Wall 40 MPa
o)

9  Yield Stress 400 MPa
()
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The building data are the location of the building,
the function of the building, the type of the structural
system, while the parameter data are the response
spectra of the city of Depok. For dimension of beam
and column show at the Table 2.

Table 2. Parameter dimension Beam and Column

Column Beam
Floor Dimensions Dimension
(mm) (mm)
Ground 800 x 1500 400 x 600
Floor-15th
Floor
16" Floor - 700x 1100 400x 700
22vd Floor
234 Floor - 600x 1000 400 x 800
27 Floor
28t Rooftop 500 x 900 500 x 600

Figure 1. show the 3D structural modeling is
carried out and continued by calculating and inputting
the loads acting on the building structure, then a
comparison of the response spectrum of the design of
SNI 03-1726-2019 against SNI 03-1726-2012 is
carried out to determine which parameters make a
significant difference between SNI 03-1726-2019
against SNI 03-1726-2012, then comparison analysis
output and control of the results of the analysis on
regulatory limits is carried out to review the feasibility
of the structure in carrying working loads. In the last
stage, from a comparative analysis of the overall
indicator parameters, it can be concluded by the
objectives set in the study.

Figure 1. Modeling Structure 3-D
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3 Results and Discussion

3.1 Design Response Spectrum Comparison

The issuance of SNI 03-1726-2019 will certainly
affect building planning against earthquake loading
[19]. For this reason, the design spectra of SNI 03-
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1726-2019 will be compared with SN103-1726-2012
in the city of Depok to see how far the significant
differences in the design spectra response parameters
(Table 3) (Figure 2).

Table 3. Comparison of Design Response Spectra Parameters

No Parameters SNI103-1726-2012 SNI 03-1726-2019 % Increase
1 S 07 09 22,22
2 Si 03 04 25
4 Fa 1,1 1.3 1538
5 Fv 27 24 -12.50
6 Swms 07 1,1 36,36
7 S 08 10 20,00
8 Sps 06 0,7 14,29
9 Spi 05 0,6 16,67

Comparison of Design Response Spectra Parameters
3.00
2.50
2.00
E
= 150
=
1.00
- I I I I I I I I
0.00 II
Ss S1 Fa F

v SMS SM1 SDS sD1

WSNI03-1726-2012 0.70 0.30 110 2.70 0.70 0.80 0.60 0.50

WSNI03-1726-2019 0.90 040 130 2.40 1.10 1.00 0.70 0.60
Parameters

Figure 2. Comparison of Design Response Spectra Parameters

Based on the observations in Table 3 and Figure 2
therewas an increase in the parameter values of Ss and
S1 by 22.22% and 25% which resulted in an increase
in the values of Fa and Fv as the multiplier coefficients

38

to get the values of Smsand Sm1 so that it is related to
an increase in the value of Sps and Spi1. This causes a
difference in the design response spectra curve Figure
2.
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Design Spectrum Response Curve
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Figure 3. Design Spectrum Response Curve

Based on Figure 3. the maximum response 3.2 Comparison of Mass Participation
acceleration (Sa) value of SNI103-1726-2019 is greater The fundamental period is the time required for
or tends to be higher than SNI 03-1726-2012 due to a vibration when an earthquake occurs against the
changes in the 2010 Indonesia Earthquake Hazard structure. Mass participation can be seen in Figure 4
Map on SNI 03-1726-2012 and the 2017 Indonesian (a) and (b).
Earthquake Hazard Map on SNI 03-1726-2019, so that
there is an increase in the parameter values of Ss and
S1 which is quite significant so that it affects the
parameters Sps and Soi.

1.1
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20
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@ ]
@ 03 g03
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Mode shape Mode shape
W SNI03-1726-2012 W SNI 03-1726-2019 W SNI03-1726-2012 mSNI03-1726-2019
() (b)

Figure 4. Comparison of Mass Participation: (a) x direction; (b) y direction.

Based on Figure 4 (a) for the X directions and Figure 4
(b) for Y directions, it shows that the combined mass

3.3 Comparison of the Basic Shear Force

participation variance has met the requirements of From the calculation of the basic shear force
SNI 03-1726-2012 of 90% and 100% of SNI 03-1726- using SNI 03-1726-2012 and SNI 03-1726-
2019 clause 7.9.1.1. 2019.comparison of the basic shear force can be seen

in Figure 5 (a) and (b).

39




Tampubolon, et al.

2500000
2300000
2100000
1900000
1700000

1500000

SX SY

mSNI1726-2012 mSNI1726-2019

(a)
Figure 5. Basic Shear Force

Based on Figure 5(a) the value of the static base
shear force in the X and Y directions in SNI 03-1726-
2019 experienced an increase of 18% from the value
ofthe basic static shear force in SN103-1726-2012 and
based on Figure 5(b) the value of the dynamic basis
shear force in the X and Y directions in SNI 03-1726-
2019 experienced an increase of 15% from the value
of the force dynamic base shear in SN103-1726-2012.
The basic shear force increases because the
acceleration spectral design response has a high

Table 4. Level Performance Building
Direction Earthquake Load Maximum total Drift

Journal of Infrastructure Planning and Engineering (JIPE), June 2023. 2(1)

2500000
2300000
2100000
1900000
1700000
1500000

DX DY

mSNI1726-2012 mSNI1726-2019
(b

increase in 03-1726-2019 instead of SNI 03-1726-
2012.

3.4 Evaluation of Structural Performance

Deformation limits for the performance level of
building structures are set out in [20]. Table 3 shows
the limits of the deviation ratio to Building
performance level.

Maximum total In-elastic Drift Performance Level

X 0,007

0,0020 10

y 0,007

Based on Table 4 shows the results of calculating
the performance level of the building structure for the
X directionand the Y direction, which is included in the
Immediate Occupancy (I0) which means when it
occurs the earthquake building did not suffer heavy
damage, it can still be used and the risk of casualties is
very small.

4 Conclusion

1. Parameters Ssand Si in SNI 1726-2019 increased
by 22.22% and S1 by 25% which resulted in an
increase in the values of Fa and Fv by 15.38% and
-12.50%, thus affecting the values of Sus and Smi.
In the value of Sws and m there was an increase of
36.36% and 20%, respectively. An increase in the
value of Sps and Sp1 0f 14.29% and 16.67% then
affect the response spectrum graph which has
increased in SNI 03-1726-2019. The thing that
causes the value of the response spectra to
increase is the change Hazard on SNI 03-1726-

0,0027 10

2012 and the 2017 Indonesian Earthquake
Hazard Map on SNI 03-1726-2019.

2. The basic shear force increases because the
acceleration spectral design response has a high
increase in SNI 03-1726-2019 compared to SNI
03-1726-2012.

3. Performance-based planning can provide
information on how the building behaves during
an earthquake and the extent to which the
earthquake will affect the structure.
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