Available online at www.CivileJournal.org

Civil Engineering Journal

(E-ISSN: 2476-3055; ISSN: 2676-6957)

Vol. 10, No. 01, January, 2024

Evolution and Implications of Changes in Seismic Load Codes
for Earthquake Resistant Structures Design

Abdul Kadir *, Ahmad Syarif Sukri 1@, Nini Hasriani Aswad !, Masdiana !, Nasrul !

! Department of Civil Engineering, Halu Oleo University, Kendari 93232, Indonesia.

Received 05 September 2023; Revised 10 November 2023; Accepted 03 December 2023; Published 01 January 2024

Abstract

Seismic load is a critical load that can trigger damage or collapse of structures, especially in earthquake-prone areas. The
susceptibility of structures to seismic loads is influenced by factors related to soil characteristics and structural behavior.
This paper comprehensively examines the development of Indonesian seismic code design parameters and their comparison
with the current seismic code. The results of the analysis showed that the design spectral acceleration of short-period AD
and long-period Al SKBI 1987 and SNI 2002 increased with increasing PGA values, with a consistent pattern of SC < SD
< SE. Unlike the previous two codes, design spectral acceleration AD and Al SNI 2012 and SNI 2019 experience
fluctuations in all types of soil. The ratio design spectral acceleration of AD and A1 SNI 2019 to KBI 1987 and SNI 2002
varies; there are up, fixed, and down for SC, SD, and SE soil conditions. The ratio of design spectral acceleration AD and
Al SNI 2019 to SNI 2012 designs also varies; this condition is due to changes in site coefficients. There were significant
changes to the SKBI 1987 and SNI 2002 structural systems, especially the low and medium seismic levels. The increase
in the seismic influence coefficient ratio of some cities varies for each type of soil and code. The increase in the 1970 PMI
seismic coefficient was < 30% for all soil types, and the highest percentage increase occurred in SC soil types. The increase
in seismic coefficient in SKBI 1987, SNI 2002, and SNI 2012 is more dominant in SE soil types.

Keywords: Code; Parameter and Design Load; Seismic; Base Shear; Comparative.

1. Introduction

Indonesia is one of the most earthquake-prone countries in the world due to its geographical location on the Pacific
Ring of Fire. Its existence on the borders of active tectonic makes Indonesia often the target of strong earthquakes.
Earthquake shaking occurs almost every day with a magnitude of 5 or 6. Earthquake shaking also increases the frequency
of events and their intensity. Based on USGS data from 1900-2022, Indonesia has experienced more than 150
earthquakes with a magnitude of more than 7 magnitudes. The earthquakes caused serious damage to infrastructure
buildings, as well as threatening the safety of the community. Therefore, the review and development of relevant
earthquake load standards is a must to mitigate earthquake risk in Indonesia.

The concept of earthquake-resistant building planning was pioneered by Boen & Wangsadinata (1971) [1]. In 1970,
the government officially issued the first earthquake regulations under the name Indonesian Loading Regulations (PMI
1970) [2]. The earthquake load uses a seismic coefficient approach following the earthquake regulations of several
countries at that time [3, 4]. The seismic coefficient approach is relatively simple, and there is not yet an adequate
understanding of the seismic characteristics of the Indonesian region.
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The 1976 Bali tectonic earthquake caused many casualties, damage or collapse of infrastructure, and loss of property
[5]. This event prompted Indonesian seismologists to revisit the seismic characteristics of the earthquake region and the
design philosophy of earthquake-resistant structures. Four years later, in 1981, the Government of Indonesia released
the first modern earthquake regulation entitled Indonesian Earthquake Resistant Design Regulations for Buildings
(1981) [6], which refers to New Zealand regulations. This regulation already uses response spectra to determine
earthquake acceleration and first introduced the concept of planning that relies on the distribution of energy through the
occurrence of plastic joints. Many new things are also addressed in this regulation, such as (1) the concept of structural
ductility; (2) the concept of collapse by the formation of plastic joints at the ends of the beam (beam side sway
mechanism), which requires a strong column weak beam (strong column weak beam) and (3) the concept of capacity
design.

In 2002, Indonesia re-published the 2002 SNI earthquake standard [7]. This standard provides more detailed and
specific guidance for the planning and design of earthquake-resistant buildings. However, a growing understanding of
seismology and experience from other major earthquakes continues to motivate improvements in earthquake load
standards. Over time, Indonesia has undergone updated earthquake load standards for buildings that reflect updated
seismic data, more accurate mapping of earthquake zones, as well as a deeper understanding of regional earthquake
characteristics. Newer earthquake load standards, such as SNI 2012 [8] and SNI 2019 [9], reflect a commitment to
improving earthquake resilience and protecting infrastructure and communities from earthquake risk.

The development of seismic standards has an important meaning in anticipating structural collapse due to future
earthquakes and ensuring that buildings that have been built with previous codes are safe against earthquake loads
according to the latest earthquake codes. Evaluations of developments as well as comparative studies of earthquake
parameters and forces against standards have been carried out by several researchers. A Comparative Study of
Indonesian Spectra Response Parameters for Buildings According to 2002 and 2012 Seismic Codes [10]. General
assessment on earthquake resistance spectral design load criteria for buildings and infrastructure associated with the
recent development of Indonesian seismic hazard maps [11]. Comparison of base shear forces on tall, medium, and low
buildings in cities representing zones 1, 2, 3, 4, 5, and zone 6 according to Standards PMI 1971, SKBI 1987, SNI 2002,
SNI 2012, and SNI 2019 [12]. A Comparative Study of Indonesian Spectra Response Parameters for Buildings
According to 2012 and 2019 Seismic Codes [13-18] Some of the studies above evaluate all codes but are general and
not comprehensive. The focus of his studies concerns the provisions and design criteria as well as the comparison of
base shear forces in cities representing each zone. Others evaluate partial codes, comparing the design behavior of
earthquake acceleration response or comparing base shear forces in one city or another.

This paper presents the development of Indonesian earthquake loads and earthquake design parameters from
International Codes or publications adopted and become references in the preparation of Indonesian loading standards.
Also, exposure to the behavior of soil types with increasing PGA, changes in seismic level comprehensively related to
seismic risk, design categories, and comparison of base shear forces can be considered in strengthening structures in
several major cities in Indonesia. This research reflects developments in earthquake knowledge that can provide benefits
in the context of earthquake disaster mitigation and community protection.

2. Development of Indonesia's Seismic Code

Indonesia has experienced five changes in the seismic code. The history of the development of seismic codes that
have been implemented in Indonesia are:

2.1. Indonesian Loading Code PMI 1970

PMI 1970 is a regulation governing earthquake loading for buildings that was first officially published before the
issuance of the 1970 PMI. Several normalization sheets on cargo were applied in Indonesia, namely translations of
normalized sheets in Dutch such as NI 02006 "for fixed loads" and NI 02007 "for net loads". The earthquake hazard
used is an earthquake with a 200-year return period. The earthquake map contained in PMI 1970 only divides the
territory of Indonesia into three earthquake areas. The design of the building structure is carried out by the elastic method.
Since the combination of earthquake loading with dead loads and reduced live loads is considered a temporary load. The
allowable stress can be increased.

2.2. Earthquake Resistance Design Guideline for Houses and Buildings SKBI 1987

SKBI 1987 [19] is a change of name from the two previous codes, namely the Indonesian Earthquake Resistant
Design Regulations for Buildings 1981 and the Indonesian Earthquake Resistant Design Provisions Code for Buildings
1983 [20]. In Code SKBI 1987, a seismic zone is defined as an area where the expected structural risk of structural and
non-structural damage due to an earthquake is nearly uniform [21]. The spectral response used for seismic hazards is
based on a return period of 200 years (10% probability of occurrence in a period of approximately 20 years). T his
regulation was later renamed again to SNI 03-1726-1989 [22] without any changes.
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2.3. Earthquake Resistance Design Standards for Building Structures SNI1-1726-2002

This regulation updates the existing earthquake map in the previous code (SKBI 1987). Indonesia is divided into six
earthquake areas. SNI 2002 adopted the Uniform Building Codes (UBC) 1997 [23] with minor changes. In SNI 2002,
spectral determination of the target acceleration was carried out using the 2002 earthquake-prone map of Indonesia. The
site conditions in SNI 2002 are grouped into 3 categories, namely hard, medium, and soft sites. The spectral response
used is the spectral response of an earthquake with a probability of occurring at 10% within 50 years, which is an
earthquake with a repeat period of 500 years.

2.4. Earthquake Resistance Planning Procedures for Building and Non-Building Structures SNI1-1726-2012

The SNI 2012 standard was motivated by several major earthquake events after SNI 2002 and the development of
world design codes, especially in the United States. Major earthquakes that occurred in the range of 2002—-2012 were
Aceh in 2004 (Mw = 9.2), the Nias earthquake in 2005 (Mw = 8.7), the Yogyakarta earthquake in 2006 (Mw = 6.3), the
Bengkulu earthquake in 2007 (Mw = 8.4), and the Padang earthquake in 2009 (Mw = 7.6) [24, 25]. Some fundamental
changes in SNI 2012 are the renewal of earthquake hazard maps, the determination of earthquake spectrum response,
and the earthquake return period. In addition, new analytical methods have been developed that can accommodate 3D
earthquake source attenuation models. The seismic design criteria for the SNI 2012 follow ASCE 7-10 [26], developed
by Luco et al. (2007) [27]. The design earthquake load is calculated as the risk-targeted maximum considered by the
earthquake. According to FEMA P-749 [28], this earthquake is expected to cause a small probability (10% or smaller)
that a structure with a common-use function will collapse from earthquake shaking. In SNI 2012 design, seismic events
are defined as earthquakes with a probability of exceeding their magnitude during the life of the 50-year building
structure by 2% or earthquakes with a 2475-year return period. The earthquake map was developed using ground
movement predictive equations (GMPE) based on seismic zone characteristics and Next Generation Attenuation (NGA)
by Power et al. (2008) [29], as well as a representative PSHA methodology.

2.5. Earthquake Resistance Planning Procedures for Building and Non-Building Structures SN1-1726-2019

SNI 2019 is an update to SNI 2012. This revision was made to adjust to the last few earthquake events and the
American Code, which changes periodically. Some of the earthquake events between 2012 and 2019 were the Mentawai
Earthquake in 2016 (Mw = 5.8), the Tasikmalaya Earthquake in 2017 (Mw = 5.1), and the Lombok Earthquake in 2018
(Mw =7.0) [30, 31]. There is no fundamental difference between SNI 2012 and 2019. The seismic design criteria follow
ASCE 7-16 [32], where the seismic design load is the maximum risk-targeted considered earthquake. Design seismics
are defined as earthquakes with a probability of exceeding their magnitude during the life of the 50-year building
structure of 2% or earthquakes with a 2475-year return period. The earthquake map was updated based on attenuation
models developed by Boore-Atkinson NGA West-2 (2013) [33], Campbell-Bozorgnia NGA West-2 (2013) [34], and
Chiou-Youngs NGA West-2 (2014) [35].

3. Parameter Seismic
3.1. Response Spectra Design

The response spectrum is a value that describes the maximum response of a system of single degrees of freedom at
various natural frequencies (natural periods) damped due to ground shaking. Indonesia has experienced five changes in
seismicity codes, where the last four codes (SKBI 1987, SNI 2002, SNI 2012, and SNI 2019) use spectral response in
calculating earthquake acceleration. The SKBI 1987 spectral response used the results of joint research with New
Zealand; the SNI 2002 spectral response adopted the UBC 1997 spectral response model; and the SNI 2012 and SNI
2019 spectral responses adopted the ASCE 7-10 and ASCE 7-16 spectral response forms. The shape of the SKBI 1987
spectrum response curve consists of three linear lines, as shown in Figure 1. The shape of the SNI 2002, 2012, and 2019
spectrum response curves in Figure 2 is identical, consisting of an ascending curve that is a flat curve and a descending
curve in the form of a parabolic line. The response parameters of the spectrum are presented in Tables 1 and 2.

Sa(g)
Ap

Ac
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Figure 1. Forms of Spectral Response SKBI 1987 code
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Figure 2. Forms of Spectral Response SNI 2002 SNI 2012 and SNI 2019 code

Table 1. Indonesian seismic code spectral response parameters

Parameter SKBI 1987 SNI 2002 SNI 2012 SNI 2019
Ap Table 2 Table 2 2/3F,S; Fydari (Table 3)  2/3F.S; Fadari (Table 3)
A - ApTy 2/3F,Sy; Fydari (Table 4)  2/3F,Sy; F, dari (Table 4)
Ac Table 2 - - -
Ao Ap 0.4Ap 0.4Ap 0.4Ap
Sa - Ap(0.4+T/T,) Ap(0.4+0.6T/T,) Ap(0.4+0.6T/T,)
Sb Act(Ap-Ac)(To-T)/(T-T) ATy T AJT AJT
Sc - - AT/T? AT /T?
Ta To 0.2 0.2Ap/A1 0.2Ap/AL
To SC(0.5); SE(1) SC(0.5); SD(0.6); SE(1) Aol/Aq Ao/Ay
Te - 1 1 1
T 2 - - -
Te 3 3 T T

Table 2. Spectrum response parameters of SKBI 1987 and SNI 2002 Code

SKBI 1987 SNI 2002
Zone AolAc Zone Ao

SC SD SE SC SD SE

5 0.01/0.01 - 0.03/0.02 1 010 013 0.20

4 0.03/0.015 -  0.05/0.025 2 0.30 0.38 0.50

3 0.05/0.025 -  0.07/0.035 3 045 055 0.75

2 0.07/0.035 -  0.09/0.045 4 0.60 070 0.85

1 0.09/0.045 - 0.13/0.065 5 0.70 083 0.9

6 0.83 090 0.95

Table 3. Fa values for SNI 2012 and SNI 2019 codes

SNI-2012/2019

Type of soil
$<025 S;=05 S§=075 S=1 S=125 §>1.5
SC 1.2/1.3 1.2/1.3 1.1/1.2 1.0/1.2 1.0/1.2 1.0/1.2
SD 1.6/1.6 1.4/1.4 1.2/11.2 1.1/1.1 1.0/1.0 1.0/1.0
SE 2.5/2.4 1.7/11.7 1.2/1.3 0.9/1.1 0.9/0.9 0.9/0.8

Table 4. Fy values for SNI 2012 and SNI 2019 codes

SNI-2012/2019

Type of soil
S<01 S;=02 S=03 S5=04 S5=05 5;>0.6
SC 1.7/15 1.6/15 1.5/1.5 1.4/1.5 1.3/1.5 1.3/1.4
SD 2424  2.0/2.2 1.8/2.0 1.6/1.9 1.5/1.8 1.5/1.7
SE 35/4.2 3.2/33 2.8/2.8 24124 2.4[2.2 2.4/2.0
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One of the parameters of the response spectrum is the type of soil. In the SKBI 1987, the soil is grouped into two
types, namely hard soil and soft soil. The SNI 2002 divides soil types into six categories: hard rock (SA), rock (SB),
hard soil (SC), stiff soil (SD), soft soil (SE), and special soil (SF). The SNI 2019 groups soil types into six classes as per
the classification of soil types in UBC 1997 and ASCE 7-16, namely hard rock (SA), rock (SB), very dense soil and soft
rock (SC), stiff soil (SD), soft clay soil (SE), and soil that requires site response analysis (SF). SA and SB soil types in
UBC 1997, ASCE 7-10, and ASCE 7-16 are not found in Indonesia, so they are not used in SNI 2002, SNI 2012, and
SNI 2019.

Two important parameters in the SNI 2012 and SNI 2019 design spectral responses are spectral parameters (Ss,
S1) and amplification parameters (Fa, Fv). Ss is the spectral parameter of maximum acceleration of MCEr mapped at
a short period of 0.2 s with 5% critical damped in bedrock, and S; is the maximum spectral parameter of MCEr
mapped at a period of 1 s with 5% critical damped in bedrock. The values of Ss and S; for SNI 2012 can be obtained
from the 2012 SNI earthquake map or the Indonesian spectral design (http://puskim.pu.go.id/Aplikasi/desain_spektra
indonesia_2011/). While the Ss and S; values for SNI 2019 can be obtained from the 2019 SNI Earthquake map or
the website (http://rsapuskim2019.litbang.pu.go.id).

The amplification parameters consist of parameters F, and F. The parameter F, is the site coefficient for the short
period (at a period of 0.2 s). And F, is the site coefficient for a long period. The values of coefficient sites F, and Fy
listed in SNI 2012 adopt directly from the ASCE/SEI 07-10 code. In SNI 2019, the values of the F. and Fy site
coefficients were adopted from ASCE 7-16, developed by Stewart & Seyhan (2013) [36]. FEMA-749 [37] no longer
uses site coefficients because they are less accurate, especially for soft soils.

3.2. Level of Seismic Risk or Seismic Design Category (SDC)

The seismic design category (SDC) is intended to define systems and detailing structures that meet the requirements
according to the estimated earthquake intensity. SDC is concerned with earthquake hazard levels, soil type, and building
use and function [38]. ACI-318-19 [39] describes the relationship between seismic design categories. Seismic risk and
seismic zones, Codes or standards relevant to this paper are only mentioned in Table 5.

Table 5. Correlation between seismic level of seismic risk, design categories, and seismic zone in model codes [39]

Code or standard Level of seismic risk or design categories as defined in the Code
ASCE 7-98. 7-02. 7-05. 7-10. 7-16; NEHRP 1997. 2000. 2003. 2009. 2015 SDCA.B SCC SDCD.E.F
ACI 318-05 and previous editions Low seismic risk  Moderate seismic risk High seismic risk
Uniform Building Code 1991. 1994. 1997 Seismic zone 0. 1 Seismic zone 2 Seismic zone 3. 4

The SNI 2002 code classifies the category or level of earthquake risk based on seismic zones as UBC 1997.
Zone 1-2 is a low-risk category; zones 3—4 are a medium-risk category; and zones 5-6 are a strong-risk category.
SNI 2012 and SNI 2019 as ASCE-7-10 and ASCE-7-16 specifically determine SDC based on: (1) building risk
categories and designing spectral response acceleration at 0.2-second periods or short periods (Ap) and (2) risk
categories and designing spectral response acceleration at 1-second periods or long periods (A1). Each designed
building should be specified with the most decisive SDC from Tables 6 and 7. SDC "A" is the lightest SDC. While
SDC "F" is the SDC with the most stringent requirements. Structures with risk categories I, 1, or 111 built on sites
with S; > 0.75(g) should be designated as SDC "E". Structures with risk category I'V located in areas with S; > 0.75
(9) should be designated as SDC "F".

Table 6. Level of seismic risk and SDC based on Ap value

Seismic design categories (SDC)

Ap value Risk categories
lorllorlll v
Ap < 0.167 A A
0.167<Ap<0.33 B C
0.33<Ap<0.50 C D
Ap > 0.50 D D
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Table 7. Level of seismic risk and SDC based on A1 value

Seismic design categories (SDC)

A value Risk categories
lorllorlll v
A. < 0,067 A A
0,067 <A;<0,133 B C
0,133 <A;<0,20 C D
A;>0,20 D D

3.3. Seismic Reduction Factors

The seismic reduction factor represents a structure's ability to dissipate energy through inelastic forces [40, 41]. In
the development of the Indonesian seismicity code, there are two terms used as seismic reduction factors: structure type
factor (K) and response modification (R). The structure type factor (K) is used in SNI 1987, and response modification
is used in SNI 2002, SNI 2012, and SNI 2019 codes. The structure type factor (K) is the reduction factor related to
ductility (R,). Studies of the relationship between reduction factors and response modification have been carried out by
many researchers [42—46]. The relationship between ductility reduction factor (Ru), response modification (R), and
overstrength factor (Qo) is shown in Figure 3 [47]. For the special moment-resisting frame, the response modification
value ranges from 3-8.5, UBC 1997, ASCE 7-10, and ASCE 7-16.

V. E,
Elastic /’
response ¢ x 1/R,
Vy
xI/R
Vi

>

D D Dy Story Drift.
- xC >

Figure 3. Relationship of strength reduction factor and response modification [47]

According to Elnashai & Sarmo (2008) [48], the value of the overstrength factor structure is in the range of 1.8-6.5
for long and short periods. According to Malhotra (2005) [49], the value of the overstrength factor (Qo) = 1.5 is generally
acceptable. If the value of Qo is taken as 1.5, then the value of R in SNI 1987 = 1.5x4=6. The values of the seismic
reduction factor for the Indonesian code are shown in Table 8.

Table 8. Seismic reduction factor values for Indonesian code

Seismic Reduction

System Structure System Structure

K R

Elastic (E) 4 6

SKBI 1987 Limited ductility (L) 2 3
Full ductility (F) 1 15
Ordinary moment-resisting frame (O) 35
SNI 2002 Intermediate moment-resisting frame (1) 55
Special moment-resisting frame (S) 8.5

Ordinary moment-resisting frame (O) 3

SNI 2012/SNI 2019  Intermediate moment-resisting frame (1) 5
Special moment-resisting frame (S) 8
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3.4. Fundamental Period

Until now, there have been no methods or analysis techniques that can be used to calculate the fundamental periods
of vibration in a building structure. The building structure is known as the building plan, view, section, and cross-
sectional dimensions. Therefore, to determine the fundamental period of building structures, a simple empirical approach
is used. These empirical estimates produce a relatively small value, thus yielding a conservative base earthquake
coefficient (C). The fundamental period calculated by the formula has been validated with the natural vibration time
recorded by several buildings during the 1971 San Fernando and Northridge earthquakes [50], and it turns out to show
satisfactory natural vibration time values as estimates.

The fundamental period approach (T.) used in SKBI 1987 and SNI 2002 adopts the NEHRP formula (1997) [51]
and UBC 1997, which define T empirical (Te) as the average fundamental natural period. T empirical (Te) is calculated
using the form T = Ct.H%*4 where H is the height from the ground to the highest floor and Ct is the numerical coefficient.
The vibrating time approach used in SNI 2012 and SNI 2019 adopts the ASCE 7-10 and ASCE 7-16 formulas developed
by Chopra and Goel in 1997 (Table 9) [50].

Table 9. Fundamental period (Tempirical) and limit conditions Indonesian seismic code

Code T empirical (Te) Limit conditions

SKBI 1987 O'OGHSM Te < 1.2TRayIiegh; TRayliegh:6-3

0.8TRayliegh < (Te or T from vibration 3D) < 1.2 Trayiiegn. and < { n;

3/4
SN12002 0.0731H (= Numerical coefficient depending on the earthquake zone. n = number of levels
SNI 2012 0.0466H°° Te < Vibration 3D < C,Te; C, = Coefficient dependent on design spectral parameters 1s
SNI2019 0.0466H°° Te< Vibration 3D < C,Te; C, = Coefficient dependent on design spectral parameters 1s

4. Design Base Shear and Seismic Influence Coefficients (SIC)

The design base share is the maximum lateral force on the building during seismic activity. Base share can increase
or decrease depending on several factors, such as site characteristics, building importance, and seismic load resistance
systems (types of structures). The factors that affect the design of the base shear are called Seismic Influence Coefficients
(SIC), expressed by the V/W ratio [52]. The base shears in PMI 1970, SKBI 1987, SNI 2002, SNI 2012, and SNI 2019
are:

PMI 1970; The total horizontal base shear V that should be in design against seismic load, is determined by;
V=a.W 1)
where a; is the acceleration of the earthquake formulated by;
a; = kipkgk, (2)

where, kin is the earthquake coefficient at height I, kq is the area coefficient depending on the area where the structure is
built, and k is the soil coefficient depending on the type of soil (hard, medium, soft, very soft) and type of construction
(steel, reinforced concrete, wood)

SKBI 1987; The total horizontal base shear V that should be in design against seismic load, is determined by;
V=CILKW, €))

where C = the base earthquake coefficient obtained from the spectral response for the fundamental natural period T, | =
Importance factor, K = structure type factor which depends on the ductility of the type of structure used, and W;is the
total weight of the building.

SNI 2002; The total horizontal base shear V that should be in design against seismic load, is determined by;

_y @

where C = the base earthquake coefficient obtained from the spectral response for the fundamental natural period T, | =
Importance factor, R = response modification factors, and W; is the total weight of the building.

SNI 2012; The total horizontal base shear V that should be in design against seismic load, is determined by;
V=_C. W, (5)

where C; is seismic response coefficient calculated by;
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_Ap
ST @®/D (6)

The value of Cs in Equation 7 above does not need to be greater than:

Com ik ™

The minimum C; value is determined by the equation:
C,min=0.04441 >0.01 )]
for areas with S; > 0.6g, the minimum C; value should be taken at;
C,min= 231 9
SNI 2019; The total horizontal base shear V is the same as SNI 2012.

5. Research Method

The research method used in this study is a literature review, which is specifically focused on the in-depth analysis
and synthesis of literature relevant to our research topic. In this context, we will explore and evaluate various existing
literature sources to develop a more comprehensive understanding of the problem we are researching. This literature
review approach allows us to identify similarities and differences and compare the various earthquake load standards
that apply. This research method is carried out in the following stages (Figure 4):

Data: Site/Zoning; Soil Type: Structural Determined or Calculated

System: Structural Configuration; Structure
Height; Codes @
Response Spectra Design Figure 1, Figure 2
ﬂ Table 1, Table 2, Table 3, and Table 4

Le_vel_of Sel_smlc Risk (LSR) or 0—’| Table 5, Table 6, and Table 7
Seismic Design Category (SDC)

i

Seismic Reduction Factors Table 8

i

Fundamental Period )| Table 9
Desian Base Shear +—) Equations1to9
ﬂ o Comparison of Ap and A,
Analvsis ) ¢ SRR
o Change of Structural System
o Ratio of SIC

Figure 4. Flowchart of the research methodology

6. Results and Discussions
6.1. Design Spectral Response Acceleration

The design spectral accelerations Ap and A; of SKBI 1987 and SNI 2002, as shown in Figures 5 and 6, increase
linearly and parabolically with increasing peak ground acceleration (PGA). The design spectral acceleration for soil
conditions appears to be consistent and uniform, with an SC < SD < SE pattern at each level of peak ground
acceleration.
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Figure 5. Design acceleration spectrum Ap and A1 SKBI 1987
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Figure 6. Design acceleration spectrum Ap and A1 SNI 2002

In SNI 2012, as shown in Figure 7, the values of Ap and A; no longer follow the same pattern as in SKBI 1987 and
SNI 2002. The values of Ap and A; of the three soil types (SC, SD, and SE) tend to fluctuate with increasing PGA. The
value of Ap soil type changes or shifts with 4 variations, namely 1) SC < SD < SE, 2) SE < SC < SD, 3) SE < SD < SC,
4) SE < SD = SC, while the value of condition A; is consistent SC < SD < SE. The value of Ap is in the PGA range of
0.0g to 0.35g, or the cities of Pontianak, Palangkaraya, Banjarmasin, Makassar, Medan, Surabaya, and Jakarta have fast
conditions, namely SC < SD < SE. In cities such as Bengkulu, Manado, Semarang, and Denpasar, spectral design
conditions are SE<SC<SD. In Mataram and Yogyakarta regions, the condition of design acceleration is SE < SD < SC.
The design spectral acceleration of the cities of Padang, Aceh, Bandung, Jaya Pura, and Palu is SE < SD = SC.
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Figure 7. Design acceleration spectrum Ap and A1 SNI 2012
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The design spectral acceleration of Ap and A: SNI 2019 is shown in Figure 8. It appears that the three types of soil
appear to increase more consistently than SNI 2012. Fluctuations in the spectral value of acceleration occur only at PGA
0.39, with an insignificant difference in value. The increase in Ap values for SC types appears to be greater than for SD
and SE soil types. The value of Ap soil type also changes or shifts with 4 variations with different patterns with SNI
2012, namely 1) SC < SD < SE, 2) SD < SC < SE, 3) SE = SD < SC, 4) SE < SD < SC, while the value of condition A;
is SC < SD < SE. Ap values with SC < SD < SE conditions occur at low PGA 0.03g to medium PGA 0.32g, namely in
the cities of Palangkaraya, Banjarmasin, Pontianak, Makassar, Medan, and Surabaya. Ap values with SD < SC < SE
conditions occurred in the 0.38g transition PGA in Semarang and Jakarta. Ap values with SE = SD < SC conditions
occur in Denpasar City with PGA 0.43g. Ap values with SE < SD < SC conditions occurred at PGA 0.46-0.77g in
Mataram City, Manado, Bandung, Yogyakarta, Aceh, Jayapura Bengkulu, Palu, and Padang.
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Figure 8. Design acceleration spectrum Ap and A1 SNI 2019

Fluctuations in the spectral value of acceleration occur only at PGA 0.39, with an insignificant difference in value.
The increase in Ap values for SC types appears to be greater than for SD and SE soil types. The value of Ap soil type
also changes or shifts with 4 variations with different patterns with SNI 2012, namely 1) SC < SD < SE, 2) SD < SC <
SE, 3) SE = SD < SC, 4) SE < SD < SC, while the value of condition A; is SC < SD < SE. Ap values with SC < SD <
SE conditions occur at low PGA 0.03g to medium PGA 0.32g, namely in the cities of Palangkaraya, Banjarmasin,
Pontianak, Makassar, Medan, and Surabaya. Ap values with SD < SC < SE conditions occurred in the 0.38g transition
PGA in Semarang and Jakarta. Ap values with SE = SD < SC conditions occur in Denpasar City with PGA 0.439. Ap
values with SE < SD < SC conditions occurred at PGA 0.46-0.77g in Mataram City, Manado, Bandung, Yogyakarta,
Aceh, Jayapura Bengkulu, Palu, and Padang.

The design spectral acceleration of Ap and As that occurs in the 1987 SKBI Code and 2002 SNI Code, as shown in
Figures 5 and 6, is caused by amplification in SD and SE soil types. Amplification of short and long periods has been
adopted by several codes, such as UBC 1997, NZS 2004 [53], and Eurocode 8 (1998) [54]. Long-period amplification
has also been described by several researchers [55, 56]. Pitilakis et al. (2012, 2013) [57, 58] and Kim et al. (2019) [59]
recommend a spectrum form that is identical to SNI SKBI 1987 and SNI 2002.

In SNI 2012 and 2019, as shown in Figures 7 and 8, there is amplification and de-amplification in the Ap acceleration
spectral. Amplification of SNI 2012 tends not to show a consistent pattern, and international codes are rarely adopted.
In SNI 2019, the design spectral acceleration of Ap amplification occurs at low PGA and de-amplification occurs at high
PGA. Amplification at low PGA is in line with SKBI 1987 and SNI 2002. The opposite phenomenon that occurs is de-
amplification, which occurs in short periods [60, 61] and has not been accommodated by the International Code.

6.2. Comparison of Design Spectral Acceleration Ap and Az

Comparison of design spectral acceleration Ap and A; SNI 2019 codes to the 3 previous codes for hard soil (SC),
stiff soil (SD), and soft soil (SE) soil types is as follows:

6.2.1. Comparison of Design Spectral Acceleration Ap and Ax for Hard Soil (SC) Type

SNI 019 provides consequences for the design spectral accelerations Ap and A; in previous codes. Some have
increased and decreased, and some have not changed. The Ap and A; values for the 18 major cities for the SC site class
are shown in Figure 9. It appears that the increase in spectral value of SKBI 1987 occurred in 16 cities. Average increase
in design spectral acceleration (Apsni 2019/Apskai 1987) = 2.321. The highest increase occurred in Semarang City, with a
design acceleration ratio = 3.833. The decrease in design acceleration occurred in the cities of Palangkaraya and
Banjarmasin with a ratio = 0.833.
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Figure 9. The design acceleration spectrum Ap and Az soil type SC SKBI 1987, SNI 2002, SNI 2012, and SNI 2019

The increase in the value of Ap SNI 2002 occurred in 15 cities, with an average increase in design spectral
acceleration (Apsni 2019/ Absni 2002) = 1.773. The highest increase occurred in the city of Semarang, with an acceleration
spectral design ratio = 3.450. The smallest increase occurred in the city of Denpasar, with an increased ratio = 1.129.
The decrease in spectral value occurred in 3 cities, with an average decrease = 0.65. The largest decrease occurred in
the cities of Palangkaraya and Banjarmasin, with a spectral ratio = 0.5. The smallest decrease in spectral design
acceleration occurred in the city of Makassar, with a design spectral acceleration ratio = 0.9.

The Ap values of SNI 2012 against SNI 2019 are up and down, and some have not changed. The increase in design
spectral acceleration value occurred in 12 cities, with an average increase in acceleration (Apswni 2019/ Apsni 2012) = 2.111.
The highest increase occurred in the city of Pontianak, with a ratio of Ap = 11.029. The smallest increase occurred in
the city of Banjarmasin, with an increase ratio = 1.008. The decrease in Ap values occurred in 5 cities, with an average
decrease = 0.706. The largest decrease occurred in the city of Makassar, with a ratio of Ap = 0.748. The smallest Ap
decrease occurred in the city of Yogyakarta, with a spectral ratio = 0.927. The city that did not experience any change
in its spectral value was Mataram.

The increase in A; SKBI 1987 value occurred in 13 cities, with an average spectral increase = 1.549. The highest
increase in A; occurred in Semarang City, with an acceleration ratio = 2.467. The smallest increase in A1 occurred in
the city of Manado, with a ratio of 1.044. The decrease in A; value occurred in 5 cities, with a decrease in average ratio
=0.791. The highest decrease in A; occurred in the city of Palangkaraya, with a ratio of 0.667. The smallest decrease in
A occurred in Denpasar city, with a ratio of 0.889.

The increase in A1 SNI 2002 value occurred in 14 cities, with an average increase of (Aisni 2019/A1sni 2002) = 1.709.
The highest A; increase occurred in Semarang City, with a ratio of 2.467. The smallest A; increase occurred in the city
of Denpasar, with a ratio of 1.143. The decrease in A; value occurred in 2 cities, with a decrease in average ratio = 0.767.
The highest decrease in Az occurred in the city of Makassar, with a ratio of 0.733. The smallest decrease in A; occurred
in Palangkaraya city, with a ratio of 0.8. Two cities have not experienced changes in A; values, namely Pontianak and

Banjarmasin.

The increase in A; SNI 2012 value occurred in 14 cities, with an average increase (ratio Az sni2019/A1sni 2012) = 1.2.
The highest increase in A; occurred in Palangkaraya city, with a ratio of 1.43. The smallest A; increase occurred in
Semarang City, with a ratio of 1.06. The decrease in A; value occurred in 3 cities, with a decrease in average ratio =
0.84. The highest decrease in A; occurred in the city of Makassar, with a ratio of 0.7. The smallest decrease in A;
occurred in Aceh City, with a ratio of 0.9. There is 1 city that has not experienced a change in A; value, namely the city
of Mataram.

6.2.2. Comparison of Design Spectral Acceleration Ap and Az for Stiff Soil (SD) Type

The Ap and A; values for 18 major cities for the SD site class are shown in Figure 10. It appears that the increase
in the value of Ap SKBI 1987 occurred in 15 cities, with an average increase (Apsni 2019/Apskai 1987) = 1.763. The
highest increase occurred in Semarang City, with a ratio of 2.792. The smallest increase occurred in Denpasar city,
with a ratio of 1.106. The decrease in Ap values occurred in 3 cities, with an average decrease of 0.792. The biggest
decrease occurred in Palangkaraya City, with a ratio of 0.5. The lowest decrease occurred in Makassar City, with a

ratio of 0.958.
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Figure 10. The design spectral acceleration of Ap and Az soil type SD SKBI 1987, SNI 2002, SNI 2012, and SNI 2019

The increase in Ap SNI 2002 value occurred in 12 cities, with an average increase of 1.326. The highest increase
occurred in Semarang City, with a ratio of 1.763. The smallest increase occurred in Mataram City, with a ratio of 1.071.
The decrease in Ap values occurred in 5 cities, with an average decrease of 0.742. The biggest decrease occurred in
Palangkaraya City, with a ratio of 0.462. The lowest decrease occurred in Manado City, with a ratio of 0.916. One city
that does not experience changes in Ap value is the city of Medan.

The increase in Ap SNI 2012 value occurred in 11 cities, with an average increase of 1.945. The highest increase
occurred in Pontianak City, with a ratio of 10.478. The smallest increase occurred in Denpasar City, with a ratio of
1.011. The decrease in Ap values occurred in 5 cities, with an average decrease of 0.742. The biggest decrease occurred
in Palu City, with a ratio of 0.689. The lowest decline occurred in Yogyakarta City, with a ratio of 0.941. The two cities
that did not experience changes in Ap values were Mataram and Jaya Pura.

The increase in the A; SKBI 1987 value occurred in 12 cities, with an average increase of (Aisni2019/Aisksl 1987) =
1.463. The highest increase occurred in Semarang City, with a ratio of 2.133. The smallest increase occurred in Bengkulu
City, with a ratio of 1.106. The decrease in Az value occurred in 3 cities, with an average decrease of 0.738. The largest
decrease occurred in Palangkaraya City, with a ratio of 0.5. The lowest decline occurred in Manado City, with a ratio of
0.927.

The increase in A1 SNI 2002 value occurred in 16 cities, with an average increase of 1.433. The highest increase
occurred in Semarang City, with a ratio of 2.105. The smallest increase occurred in Denpasar City, with a ratio of
1.024. The decrease in A; value occurred in 2 cities, with an average decrease of 0.757. The largest decrease
occurred in Palangkaraya City, with a ratio of 0.769. The lowest decline occurred in Makassar City, with a ratio of
0.746.

The increase in A; SNI 2012 value occurred in 14 cities, with an average increase of 1.31. The highest increase
occurred in Palangkaraya City, with a ratio of 1.61. The smallest increase occurred in Padang City, with a ratio of 1.15.
The decrease in A; value occurred in 2 cities, with an average decrease of 0.96. The largest decrease occurred in
Makassar City, with a ratio of 0.81. The lowest decline occurred in Palu City, with a ratio of 0.91. Two cities that did
not experience changes in A; grades were the cities of Mataram and Aceh.

6.2.3. Comparison of Design Spectral Acceleration Ap and Az for Soft Soil (SE) Type

The Ap and A; values for 18 major cities for the SE site class are shown in Figure 11. It appears that the increase in
the value of Ap SKBI 1987 occurred in 14 cities, with an average increase (Apsni 2019/Apsksi 1987) = 1.495. The highest
increase occurred in Semarang City, with a ratio = 2.333. The lowest increase occurred in Jaya Pura and Bengkulu cities,
with a ratio of 1.026. The decrease in Ap values occurred in 4 cities, with an average decrease of 0.832. The biggest
decrease occurred in Palangkaraya City, with a ratio of 0.5. The lowest decline occurred in Jaya Pura City, with a ratio
of 0.949.
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Figure 11. Design spectral acceleration Ap and Az type of soil SE SKBI 1987, SNI 2002, SNI 2012, and SNI 2019

Different levels of earthquake risk with different return periods have implications for earthquake acceleration in the
design of seismic loads. The ratio of the peak acceleration of seismic ground motion with a return period of 2500 years
to 475 years ranges from 1.5-3, uake [62—65]. Figures 9 to 11 show that rather close amplification due to increased re-
period occurs only in SC soil types; in SD and SE soil types, de-amplification occurs.

6.3. Level of Seismic Risk (LSR) or Seismic Design Categories (SDC)

With the implementation of SNI 2019, the level of seismic or design categories affects several cities; some have
increased and some have not changed. Changes in LSR or SDC occurred at the low level (zones 5 and 1-2) and middle
level (zones 4-3 and 3-4) (SKBI 1987 and SNI 2002). Changes in LSR and SDC occur in all types of soil or certain
types only. Pontianak and Banjarmasin cities rose from low level to medium level, or SDC "C" and only occurred in SE
soil types. While the city of Palangkaraya remains at the same level but changes the SDC level to "B". Makassar City,
which is at a low level (zones 4 and 2), SKBI 1987 and SNI 2002 did not change the level for the SC type; they changed
to the middle level, or SDC "C" for the SD type, and increased two levels to the high level, SDC "D" for the SE type.
The cities of Surabaya and Semarang, which are at low levels (zones 4 and 2), SKBI 1987, and SNI 2002 increased 2
levels to SDC "D" for all SC, SD, and SE soil groups. Medan, Jakarta, Yogyakarta, Mataram, Bandung, Aceh, and Palu
cities, which are at the middle level (zones 3-2 and 3-4), SKBI 1987 and SNI 2002 rose to the high level, or SDC "D"
for all types of soil. The cities of Denpasar, Manado, Jaya Pura, Padang, and Bengkulu did not experience changes in
the level of seismic risk, or SDC "D" for all soil types.

Changes in SDC SNI 2012 to SNI 2019 only occurred in 3 regions, namely Pontianak, Banjarmasin, and Makassar
cities. Pontianak City with SDC "A" type SE rose to SDC "C". Banjarmasin City with SDC "A" and "B" rose to SDC
and SDC "B" and "C" for SD and SE soil types. Makassar City with SDC "C" and "D" for SC and SD soil types dropped
to SDC "B" and SDC "C".

6.4. Structure System

The structural system in SNI 2019 tends to have stricter criteria and requirements than the previous SNI, SKBI
1987, and SNI 2002. Changes to the system structure are shown in Table 10. It appears that many cities are
experiencing changes in their structural systems, especially in cities with low and moderate seismic risk levels.
Changes occur in all types of soil and in certain types of soil only. Palangkaraya City is the only city that has not
experienced changes in its structural system. Pontianak and Banjarmasin cities experienced structural system changes
where the elastic (E) system of SKBI 1987 and Ordinary Moment Resistance Frame (O) SNI 2002 were not allowed
to be applied, especially to SE soil types. Makassar City experienced a structural system change where the (E) or (O)
structure system was not allowed on SD soil types and only the S structure system was allowed on SE soil types.
Cities that, by their standards, were previously at low seismic risk, such as Surabaya and Semarang, and cities with
moderate seismic risk levels, such as Medan, Jakarta, Yogyakarta, Mataram, Bandung, Aceh, and Palu, can only use
the (S) structure system. The cities of Denpasar, Manado, Jaya Pura, Padang, and Bengkulu did not experience
structural system changes for all types of soil.
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Table 10. Change of Structural System

) SKBI 1987 SNI 2002 SNI 2012 SNI 2019

v SC=SD=SE SC=SD=SE SC SD SE SC SD SE

Pontianak FIL/E S/II0 S//IO  s/N/o S/M0 SN/O - S0 S/
Palangkaraya FIL/E S/II0 S/I/IO  sS/IIo - S0 SN/o - S/110 - S//O

Banjarmasin FIL/E S/II0 S//IO  s/N/o S/M0 SN/O - S0 S/

Makassar FIL/E S/II0 S/l S S SO sl S

Surabaya, Semarang F/L/E S/N/o S S S S S S

Medan, Jakarta, Yogyakarta F/L S/ S S S S S S

Mataram, Bandung, Aceh, Palu F/L S/ S S S S S S

Denpasar, Manado, Jaya Pura, Padang F S S S S S S S

Bengkulu F S S S S S S S

In SNI 2012, structural system changes only occurred in 3 cities, namely Pontianak, Banjarmasin, and Makassar.
The structural system in Pontianak and Banjarmasin cities changed, especially in SE soil types where the ordinary
moment resistance frame (O) is no longer allowed. Makassar City underwent changes in the opposite structural system,
where the structural system (O) was allowed on the SC soil type and the (1) structure system was allowed on the SD soil

type.

6.5. Design Base Share (DBS) and Seismic Influence Coefficient (SIC)

Design base shear (V) and SIC (V/W) in a reinforced concrete building were analyzed based on PMI 1970, SKBI
1987, SNI 2002, SNI 2012, and SNI 2019. Considered a 5-story building, width X direction: 15 m, beam span: 5m.
Width Y direction: 30 m, beam span: 6 m. Building height: 20 m with a 4m level height; beam dimension: 250 x 500
mm; column dimension: 500 x 500 mm:; floor plate thickness: 130 mm; roof plate thickness: 120 mm. Only the types of
full ductility (F) and special moment resistance frame (S) structures are analyzed in this paper.

6.5.1. Seismic Influence Coefficient (SIC)

The results of the SIC analysis of soil types SC Code PMI 1970, SKBI 1987, SNI 2002, SNI 2012, and SNI 2019
are shown in Figures 12 to 14. It appears that the SIC of PMI 1970 ranges from 0.025-0.075, SKBI 1987 ranges from
0.01-0.088, SNI 2002 ranges from 0.009-0.071, SNI 2012 ranges from 0.002-0.121, SNI 2019 ranges from 0.011—
0.104.
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—e— SNI 2002 &— SNI 2012
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Figure 12. Seismic Influence Coefficients (SIC) PMI 1970, SKBI 1987, SNI 2002, SNI 2012, and SNI 2019 soil types SC
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Figure 14. The SIC PMI 1970, SKBI 1987, SNI 2002, SNI 2012, and SNI 2019 soil types SE

The SIC of the SD soil type is shown in Figure 13. It appears that the SIC of PMI 1970 ranges from 0.025 — 0.075,
SKBI 1987 ranges from 0.02 — 0.109, SNI 2002 ranges from 0.013 — 0.092, SNI 2012 ranges from 0.002 — 0.136, SNI

2019 ranges from 0.014 — 0.125.

The SIC of the SE soil type is shown in Figure 14. It appears that the SIC of PMI 1970 ranges from 0.025 — 0.075,
SKBI 1987 ranges from 0.03 — 0.13, SNI 2002 ranges from 0.024 — 0.112, SNI 2012 ranges from 0.004 — 0.163, SNI

2019 ranges from 0.024 — 0.112.
6.5.2. Ratio Analysis of Seismic Influence Coefficient (SIC)

The results of the ratio of SIC analysis for the SC soil type are shown in Figure 15. It appears that based on the ratio
of SICpmi 1970/SICsni 2019, 4 Cities experienced an increase or had a base shear force greater than SNI 2019, and 14 cities
decreased. Average increases and decreases in base shear of 3.167 and 0.728. The highest increase of 5.526 and the
lowest of 1.036 occurred in Banjarmasin and Denpasar. The highest decrease of 0.531 and the lowest of 0.891 occurred

in the cities of Yogyakarta and Surabaya.
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Figure 15. The ratio of the SIC PMI 1970, SKBI 1987, SNI 2002, SNI 2012, and SNI 2019 soil types SC

Based on the SICskei1987/S1Csni 2019 ratio for SC soil types, it shows that 6 cities experienced an increase and 12 cities
experienced a decrease in base shear. The average increase and decrease in base shear were 1.256 and 0.714. The highest
increase of 1.6 and the lowest of 1,034 occurred in Palangkaraya and Manado. The highest decrease of 0.438 and the
lowest of 0.922 occurred in the cities of Semarang and Mataram.

Based on the SICsni2002/SICsni 2019 ratio for SC soil types, it shows that 2 cities experienced an increase and 16 cities
experienced a decrease. Average increases and decreases in base shear of 1.322 and 0.62. The highest increase of 1,361
and the lowest of 1,282 occurred in Palangkaraya and Makassar City. The highest decrease of 0.381 occurred in
Semarang, and the lowest decrease of 0.94 occurred in Pontianak and Banjarmasin.

Based on the SICsni 2012/SICsni 2019 ratio for SC soil types, it shows that 4 cities experienced an increase, 13 cities
decreased, and 1 city did not change. The average increase and decrease in base shear were 1.256 and 0.759. The highest
increase of 1,427 and the lowest of 1,049 occurred in Makassar and Aceh. The highest decrease of 0.188 and the lowest
of 0.941 occurred in the cities of Semarang, Pontianak, and Surabaya.

The results of the SIC analysis for SD soil types are shown in Figure 16. It appears that based on the SICpmi 1970/SICsni
2019 ratio, 4 cities experienced an increase and 14 cities experienced a decrease. The average increase and decrease in
SIC ratios was 2.58 and 0.633. The highest increase of 3.636 and the lowest of 1.625 occurred in Banjarmasin and
Makassar cities. The highest decrease of 0.488 and the lowest of 0.789 occurred in the cities of Yogyakarta and Manado.
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Figure 16. The ratio of the SIC PMI 1970, SKBI 1987, SNI 2002, SNI 2012, and SNI 2019 soil types SD

Based on the SICskgi 1987/SICsni 2019 ratio for SD soil types, it shows that 6 cities have increased and 12 cities have
decreased. Average increases and decreases in SIC ratios were 1.524 and 0.737. The highest increase of 2.667 and the
lowest of 1.30 occurred in Palangkaraya and Makassar City. The highest decrease of 0.478 and the lowest of 0.886
occurred in the cities of Semarang and Bengkulu.
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Based on the SICsni 2002/SICsni 2019 ratio for SD soil types, it shows that 2 cities have increased and 16 cities have
decreased. Average increases and decreases in SIC ratios were 1.521 and 0.724. The highest increase of 1.77 and the
lowest of 1.272 occurred in Palangkaraya and Makassar City. The highest decrease of 0.467 and the lowest of 0.965
occurred in the cities of Semarang, Pontianak, and Banjarmasin.

Based on the SICsni 2012/SICsni 2019 ratio for SD soil types, it shows that 3 cities have increased, 14 cities have
decreased, and 1 city has not changed. Average increases and decreases of 1.146 and 0.764. The highest increase of
1.241 and the lowest of 1.104 occurred in Makassar and Palu. The highest decrease of 0.157 and the lowest of 0.97
occurred in the cities of Pontianak and Aceh.

The results of the SIC analysis for SE soil types are shown in Figure 17. It appears that based on the SICpm) 1970/SICsni
2019 ratio, 3 cities experienced an increase and 15 cities experienced a decrease. Average increases and decreases of 1.906
and 0.692. The highest increase of 2.353 and the lowest of 1.143 occurred in Banjarmasin and Makassar cities. The
largest decrease of 0.533 occurred in Yogyakarta and Bandung, and the lowest decrease of 0.987 occurred in Pontianak.
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Figure 17. The ratio of the SIC PMI 1970, SKBI 1987, SNI 2002, SNI 2012, and SN1 2019 soil types SE

Based on the SICskgi1987/SICsni 2019 ratio for SE soil types, it shows that 9 cities have increased and 9 cities have
decreased. Average increases and decreases of 1.454 and 0.822. The highest increase of 2.667 and the lowest of 1.143
occurred in Palangkaraya and Makassar City. The largest decrease of 0.571 and the smallest decrease of 0.973 occurred
in the cities of Semarang and Mataram.

Based on the SICsni 2002/SICsni 2019 ratio for SE soil types, it shows that 13 cities have increased, 3 cities have
decreased, and 1 city has not changed. Average increases and decreases of 1.17 and 0.817. The highest increase of 2.092
and the lowest of 1,021 occurred in Palangkaraya and Padang City. The largest decrease of 0.672 and the smallest
decrease of 0.941 occurred in Semarang and Yogyakarta.

Based on the SICsni 2012/SICsni 2019 ratio for SE soil types, it shows that 9 cities have increased, 8 cities have
decreased, and 1 city has not changed. Average increases and decreases of 1.205 and 0.715. The highest increase of
1.502 and the lowest of 1,011 occurred in Bandung and Padang. The largest decrease of 0.14 and the smallest 0.917
occurred in the cities of Pontianak and Medan.

7. Conclusion

The design spectral acceleration Ap and A; of SKBI 1987 and SNI 2002 for 18 major Indonesian cities increased
with increasing PGA values, with a consistent pattern of SC < SD < SE. Unlike the previous two codes. The design
spectral accelerations Ap and A; of SNI 2012 and SNI 2019 experienced fluctuations with inconsistent patterns on all
types of soil. SNI 2019 has an impact on changes to the design spectral acceleration of Ap and As, the application of the
structure system, and the design base shear to the previous 3 codes. Design spectral acceleration Ap and A; SKBI 1987,
SNI 2002, and SNI 2012 on soil conditions SC, SD, and SE vary; there are up, fixed, and down with a pattern that is not
uniform. Changes to the structural systems of SKBI 1987 and SNI 2002 occurred in cities, especially those with low
and medium seismic levels. All cities that, according to SKBI 1987 and SNI 2002, are at a moderate level of seismic
risk are becoming at a high level of seismic risk, or SDC "D". The system structure, according to SNI 2012, is relatively
fixed; changes in the system structure occur at low seismic levels. The increase in the ratio of seismic influence
coefficient or design base shear in some cities varies for each type of soil and code. The increase in base shear design in
PMI 1970 occurred more in SC soil types than in SD and SE. The increase in SIC in SKBI 1987, SNI 2002, and SNI
2012 is more dominant in SE soil types.

78



Civil Engineering Journal Vol. 10, No. 01, January, 2024

8. Declarations
8.1. Author Contributions

Conceptualization, A.K.; methodology. A.K., A.S.S., N.H.A., M., and N.; software, A.K. and A.S.S.; validation.
AK., ASS., N.HA., M, and N.; formal analysis. A.K.; investigation. A.K., A.S.S., N.H.A., and N.; resources. A.K.
and N.H.A.; data curation. A.K.; writing—original draft preparation, A.K.; writing—review and editing, A.K., A.S.S.,
N.H.A., M., and N.; visualization, A.S.S.; supervision. A.S.S. All authors have read and agreed to the published version
of the manuscript.

8.2. Data Availability Statement

The data presented in this study are available in the article.

8.3. Funding

The authors received no financial support for the research, authorship, and/or publication of this article.

8.4. Conflicts of Interest

The authors declare no conflict of interest.

9. References

[1] Boen, T., Wangsadinata, W. (1971). A Brief Outline of Seismicity and Earthquake engineering Problems in Indonesia. LPMB,
Jakarta, Indonesia.

[2] N.I-18:1970. (1969). Indonesian Loading Code. Foundation for the Research Institute for Building Problems, Indonesian Standard
Code, Bandung, Indonesia. (In Indonesian).

[3] Otani, S. (2004). Earthquake Resistant Design of Reinforced Concrete Buildings. Journal of Advanced Concrete Technology,
2(1), 3-24. doi:10.3151/jact.2.3.

[4] Dhakal, R. P. (2011). Structural design for earthquake resistance: Past, present and future. Canterbury Earthquakes Royal
Commission, 22 February, 2011, Christchurch, New Zealand.

[5] Leimena, S. L. (1979). Disaster in Bali Caused by Earthquake 1976 (A Report). Disasters, 3(1), 85-87. doi:10.1111/j.1467-
7717.1979.tb00203.x

[6] Indonesian Standard Code. (1981). Indonesian Earthquake Resistant Design Regulations for Buildings. Building Problem
Research Institute, Jakarta, Indonesia.

[7] SNI 03-1726-2002. (2002). Earthquake Resistance Design Procedures for House and Building. National Standardization Agency
of Indonesia, Jakarta, Indonesia. (In Indonesian).

[8] SNI 1726-2012. (2012). Earthquake Resistance Design Procedures for Building and Non-Building Structures. National
Standardization Agency of Indonesia, Jakarta, Indonesia. (In Indonesian).

[9] SNI 1726-2019. (2019). Earthquake Resistance Design Procedures for Building and Non-Building Structures. National
Standardization Agency of Indonesia, Jakarta, Indonesia. (In Indonesian).

[10] Afriadi, Y, & Satyarno, 1. (2013). Comparison of Design Spectra of several Big Cities in Indonesia in the 2012 Earthquake SNI
and 2002 Earthquake SNI. National Conference on Civil Engineering 7 (KoNTekS 7), 24-26 October, 2013, Surakarta,
Indonesia. (In Indonesian).

[11] Sengara, 1. W., & Aldiamar, F. (2021). Assessment on earthquake resistance spectral design load criteria for buildings and
infrastructures in Indonesia. E3S Web of Conferences, 331, 07009. doi:10.1051/e3sconf/202133107009.

[12] Nugroho, W. O., Sagara, A., & Imran, I. (2022). The evolution of Indonesian seismic and concrete building codes: From the
past to the present. Structures, 41, 1092-1108. doi:10.1016/j.istruc.2022.05.032.

[13] Faizah, R., & Saputra, E. (2018). Seismic Demand Due to the Earthquake Hazard Map 2017 Determination in Indonesia.
Proceedings of the 7! Engineering International Conference on Education, Concept and Application on Green Technology.
doi:10.5220/0009007101080116.

[14] Faizah, R., & Amaliah, R. (2021). Comparative Study of Indonesian Spectra Response Parameters for Buildings According To
2012 and 2019 Seismic Codes. International Journal of Integrated Engineering, 13(3). doi:10.30880/ijie.2021.13.03.020.

[15] Nugroho, N. S., Erizal, & Putra, H. (2021). Structure evaluation of building based on the earthquake response acceleration
spectrum of the SNI 03-1726-2019. IOP Conference Series: Earth and Environmental Science, 871(1), 012013.
doi:10.1088/1755-1315/871/1/012013.

79



Civil Engineering Journal Vol. 10, No. 01, January, 2024

[16] Sutjipto, S., & Sumeru, . (2021). Anomaly Phenomena on the New Indonesian Seismic Code SNI 1726:2019 Design Response
Spectra. ICCOEE2020&2021. Lecture Notes in Civil Engineering, 132, Springer, Singapore. doi:10.1007/978-981-33-6311-
3 43.

[17] Partono, W., Irsyam, M., Nazir, R., Asrurifak, M., & Sari, U. C. (2022). Site Coefficient and Design Spectral Acceleration
Evaluation of New Indonesian 2019 Website Response Spectra. International Journal of Technology, 13(1), 115.
doi:10.14716/ijtech.v13i1.4132.

[18] Tampubolon, S., Simanjuntak, P., Tarapandjang, G. P., & | Putu Ellsa Sarassantika. (2023). The Performance Analysis of High-
Rise Building Structure Based on SNI 03-1726-2012 & SNI 03-1726-2019 (Case Study: Tower 1 Transit-Oriented Development
Apartment Pondok Cina, Depok). Journal of Infrastructure Planning and Engineering (JIPE), 2(1), 36-41.
doi:10.22225/jipe.2.1.2023.36-41.

[19] SKBI 2.3.53.1987/UDC 693.55.693.25. (1987). Design Instructions for Reinforced Concrete and Reinforced Wall Structures for
House and Building. Public Works Publishing Agency Foundation, Jakarta, Indonesia. (In Indonesian).

[20] Indonesian Standard Code. (1983). Indonesian Earthquake Resistant Design Provisions Code for Building. Foundation for the
Research Institute for Building Problems, Jakarta, Indonesia. (In Indonesian).

[21] Fraser, I. A. N. (1983). A new draft code for seismic design of buildings in Indonesia. Bulletin of the New Zealand Society for
Earthquake Engineering, 16(3), 247-254. doi:10.5459/bnzsee.16.3.247-254.

[22] SNI 03-1726-1989. (1989). Earthquake Resistance Design Guideline for House and Building. National Standardization Agency
of Indonesia, Jakarta, Indonesia. (In Indonesian).

[23] UBC-97. (1997). Uniform Building Code Volume 2 Structural Engineering Design Provision. International Conference of
Building Officials, Whittier, United States.

[24] Irsyam, M., Hendriyawan, Asrurifak, M., Ridwan, M., Aldiamar, F., Sengara, I. W., ... & Firmanti, A. (2013). Past earthquakes
in Indonesia and new seismic hazard maps for earthquake design of buildings and infrastructures. Geotechnical Predictions and
Practice in Dealing with Geohazards, Springer, Dordrecht, Netherlands. doi:10.1007/978-94-007-5675-5_3.

[25] Sengara, I. W., Irsyam, M., Sidi, I. D., Mulia, A., Asrurifak, M., & Hutabarat, D. (2015). Development of earthquake risk-
targeted ground motions for Indonesian Earthquake Resistance Building Code SNI 1726-2012. International Conference on
Applications of Statistics and Probability, 12-15, 2015, Vancouver, Canada.

[26] ASCE 7-10. (2010). Minimum Design Loads for Buildings and Other Structures. American Society of Civil Engineers. Reston,
United States. doi:10.1061/9780784412916.

[27] Luco, N., Ellingwood, B. R., Hamburger, R. O., Hooper, J. D., Kimball, J. K., & Kircher, C. A. (2007). Risk-targeted versus
current seismic design maps for the conterminous United States. SEAOC 2007 Convention Proceedings, 26-29 September, 2007,
Squaw Creek, United States.

[28] FEMA P-749. (2010). Earthquake-Resistant Design Concepts, an Introduction to the NEHRP Recommended Seismic Provisions
for New Buildings and Other Structures. National Institute of Building Sciences Building Seismic Safety Council Washington,
United States.

[29] Power, M., Chiou, B., Abrahamson, N., Bozorgnia, Y., Shantz, T., & Roblee, C. (2008). An Overview of the NGA Project.
Earthquake Spectra, 24(1), 3—-21. doi:10.1193/1.2894833.

[30] Sengara, I. W., & Aldiamar, F. (2021). Assessment on earthquake resistance spectral design load criteria for buildings and
infrastructures in Indonesia. E3S Web of Conferences, 331, 07009. doi:10.1051/e3sconf/202133107009.

[31] Nugroho, W. O., Sagara, A., & Imran, I. (2022). The evolution of Indonesian seismic and concrete building codes: From the
past to the present. Structures, 41, 1092-1108. doi:10.1016/j.istruc.2022.05.032.

[32] ASCE 7-16. (2017). Minimum Design Loads and Associated Criteria for Buildings and Other Structures. American Society of
Civil Engineers. Reston, United States. doi:10.1061/9780784414248.

[33] Boore, D. M., Stewart, J. P, Seyhan, E., & Atkinson, G. M. (2014). NGA-West2 Equations for Predicting PGA, PGV, and 5%
Damped PSA for Shallow Crustal Earthquakes. Earthquake Spectra, 30(3), 1057-1085. doi:10.1193/070113eqs184m.

[34] Campbell, K. W., & Bozorgnia, Y. (2014). NGA-West2 Ground Motion Model for the Average Horizontal Components of PGA,
PGV, and 5% Damped Linear Acceleration Response Spectra. Earthquake Spectra, 30(3), 1087-1115.
doi:10.1193/062913eqs175m.

[35] Chiou, B. S.-J., & Youngs, R. R. (2014). Update of the Chiou and Youngs NGA Model for the Average Horizontal Component
of Peak Ground Motion and Response Spectra. Earthquake Spectra, 30(3), 1117-1153. d0i:10.1193/072813eqs219m.

[36] Stewart, J. P., & Seyhan, E. (2013). Semi-empirical nonlinear site amplification and its application in NEHRP site factors. Pacific
Earthquake Engineering Research Center, University of California, Berkeley, United States.

80


https://open.library.ubc.ca/search?q=contributor:%20%22International%20Conference%20on%20Applications%20of%20Statistics%20and%20Probability%20%2812th%20%3A%202015%20%3A%20Vancouver%2C%20B.C.%29%22
https://open.library.ubc.ca/search?q=contributor:%20%22International%20Conference%20on%20Applications%20of%20Statistics%20and%20Probability%20%2812th%20%3A%202015%20%3A%20Vancouver%2C%20B.C.%29%22

Civil Engineering Journal Vol. 10, No. 01, January, 2024

[37] FEMA P-749. (2022). Earthquake-Resistant Design Concepts an Introduction to Seismic Provisions for New Buildings. Second
Edition 2022. National Institute of Building Sciences Building Seismic Safety Council Washington, United States.

[38] FEMA 450. (2004). NEHRP Recommended Provisions for Seismic Regulations for New Buildings and Other Structures. Part
1. National Institute of Building Sciences Building Seismic Safety Council Washington, United States.

[39] ACI 318-19. (2019). Standard Building Code Requirements for Structural Concrete-Commentary on Building Code
Requirements for Structural Concrete. American Concrete Institute (ACI), Farmington Hills, United States.

[40] Uang, C. M. (1991). Establishing R (or R w) and C d factors for building seismic provisions. Journal of structural Engineering,
117(1), 19-28. d0i:10.1061/(ASCE)0733-9445(1991)117:1(19).

[41] Mwafy, A. M., & Elnashai, A. S. (2002). Calibration of Force Reduction Factors of RC Buildings. Journal of Earthquake
Engineering, 6(2), 239-273. doi:10.1080/13632460209350416.

[42] Uang, C. (1991). Comparison of seismic force reduction factors used in U.S.A. and Japan. Earthquake Engineering, Structural
Dynamics, 20(4), 389-397. Portico. doi:10.1002/eqe.4290200407.

[43] Paulay, T., & Priestley, M. N. (1992). Seismic design of reinforced concrete and masonry buildings. John Wiley & Sons,
Hoboken, United States. doi:10.1002/9780470172841.

[44] Miranda, E., & Bertero, V. V. (1994). Evaluation of Strength Reduction Factors for Earthquake-Resistant Design. Earthquake
Spectra, 10(2), 357-379. doi:10.1193/1.1585778.

[45] Whittaker, A., Hart, G., & Rojahn, C. (1999). Seismic Response Modification Factors. Journal of Structural Engineering, 125(4),
438-444. doi:10.1061/(asce)0733-9445(1999)125:4(438).

[46] Elnashai, A. S., & Mwafy, A. M. (2002). Overstrength and force reduction factors of multistorey reinforced- concrete buildings.
The Structural Design of Tall Buildings, 11(5), 329-351. doi:10.1002/tal.204.

[47] Structural Engineers Association of California (SEAOC). (2009). Seismic Design Recommendations Compilation Seismology
Committee Structural Engineers Association of California. Structural Engineers Association of California (SEAOC),
Sacramento, United States.

[48] Elnashai, A. S., & Di Sarno, L. (2015). Fundamentals of earthquake engineering: from source to fragility. John Wiley & Sons,
Hoboken, United States.

[49] Malhotra, P. K. (2005). Return Period of Design Ground Motions. Seismological Research Letters, 76(6), 693-699.
doi:10.1785/gssrl.76.6.693.

[50] Goel, R. K., & Chopra, A. K. (1997). Vibration properties of buildings determined from recorded earthquake motions. Berkeley:
Earthquake Engineering Research Center, University of California, University of California, Berkeley, United States.

[51] FEMA 302. (1997). NEHRP Recommend Provision for Seismic Regulation for New Building. National Institute of Building
Sciences Building Seismic Safety Council Washington, United States.

[52] Xiaoguang, C., Jingshan, B., Youwei, S., Jianyi, Z., & Yudong, Z. (2012). Comparison of seismic fortification criterion of eight
Asian countries. 15" World Conference on Earthquake Engineering, 24-28 September, 2012, Lisbon, Portugal.

[53] NZS 1170.5:2004. (2004). Structural Design Actions and Commentary, Part 5, Earthquake Actions. Standard New Zealand,
Wellington, New Zealand.

[54] EN 1998-1. (2004). Design for Structures for Earthquake Resistance, Part 1: General Rules, Seismic Actions and Rules for
Buildings. European Committee for Standardization (CEN), Brussels, Belgium.

[55] Seed, H. B., Ugas, C., & Lysmer, J. (1976). Site-dependent spectra for earthquake-resistant design. Bulletin of the Seismological
Society of America, 66(1), 221-243. doi:10.1785/bssa0660010221.

[56] Mohraz, B., &Sadek, F. (2001). Earthquake Ground Motion and Response Spectra. The Seismic Design Handbook. Springer,
Boston, United States. doi:10.1007/978-1-4615-1693-4_2.

[57] Pitilakis, K., Riga, E., & Anastasiadis, A. (2012). Design spectra and amplification factors for Eurocode 8. Bulletin of Earthquake
Engineering, 10(5), 1377-1400. doi:10.1007/s10518-012-9367-6.

[58] Pitilakis, K., Riga, E., & Anastasiadis, A. (2013). New code site classification, amplification factors and normalized response
spectra based on a worldwide ground-motion database. Bulletin of Earthquake Engineering, 11(4), 925-966.
doi:10.1007/s10518-013-9429-4.

[59] Kim, D.-K., Park, H.-G., & Sun, C.-G. (2019). Design Earthquake Response Spectrum Affected by Shallow Soil Deposit.
Advances in Civil Engineering, 2019, 1-18. doi:10.1155/2019/4079217.

81



Civil Engineering Journal Vol. 10, No. 01, January, 2024
[60] Cubrinovski, M., & McCahon, I. (2011). Foundations on deep alluvial soils. Technical Report Prepared for the Canterbury
Earthquakes Royal Commission, University of Canterbury, Christchurch, New Zealand.

[61] Dhakal, R. P., Lin, S.-L., Loye, A. K., & Evans, S. J. (2013). Seismic design spectra for different soil classes. Bulletin of the
New Zealand Society for Earthquake Engineering, 46(2), 79-87. doi:10.5459/bnzsee.46.2.79-87.

[62] Leyendecker, E. V., Hunt, R. J., Frankel, A. D., & Rukstales, K. S. (2000). Development of Maximum Considered Earthquake
Ground Motion Maps. Earthquake Spectra, 16(1), 21-40. doi:10.1193/1.1586081.

[63] Luo Kaihai, W. Y. (2006). Research on conversion relationships among the parameters of ground motions seismic design codes
of China, America and Europe. Building Structure, 36(8), 103-107.

[64] Carvalho E, C. (2011). Overview of Eurocode 8 (Background and Applications). Eurocode, Brussels, Belgium. Available online
https://eurocodes.jrc.ec.europa.eu/sites/default/files/2022-06/S1_EC8-Lisbon_E%20CARVALHO.pdf (accessed on December
2023).

[65] Beer, M., Kougioumtzoglou, I. A., Patelli, E., & Au, S. K. (Eds.). (2015). Encyclopedia of Earthquake Engineering.
Berlin/Heidelberg, Germany, Springer. doi:10.1007/978-3-642-35344-4.

82


https://eurocodes.jrc.ec.europa.eu/sites/default/files/2022-06/S1_EC8-Lisbon_E%20CARVALHO.pdf

