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Abstract. There is a need of a good cooperation between the architects and structural experts for the
creation of earthquake architecture. Through some ways in the design process, the architects can identify
and evaluate the vulnerability of the building towards earthquakes. Unfortunately, there is no evaluation
method available, so that the alternative is by adopting SVA (Simplified Vulnerability Analysis) method
which is the limited engineering analysis based on the information from the architecture and structure
drawings on the existing buildings. The Japan Building Disaster Prevention Association (JBDPA) and
Matsutaro Seki developed the SVA. Seki adopted the SVA of JBDPA and adjusted it with the international
earthquake regulation. In principle, the JBDPA and Seki SVA is a safe structure if the seismic structure
index > the seismic demand index. The modification of the JBDPA dan Seki SVA in this research is that the
seismic structure index is the column dimension index, column rigidity index, strong column/weak beam
index, redundancy index , and structure ductility index. Meanwhile, the seismic demand index is the
multiplication between seismic response index and the priority factors of building functions. It is a
quantitative research with experimental research method. The modified SVA formulation was experimented
through the pushover analysis from other researchers. The results were then tabulated and compared. In
general, it is concluded that the modification on SVA formulation from JBDPA and Seki shows a relatively
good result in evaluating the vulnerability of preliminary design of the structure in the architectural design
process.

1. INTRODUCTION

Indonesia is an earthquake-prone area, so that the
buildings should be constructed resistant to earthquakes.
In oder to create an earthquake architecture [1] which is
aesthetically appealing and structurally resistant to
earthquake, it needs a good cooperation between
architects and structural experts. The first step in
creating the earthquake architecture, in the design
process, the architects can identify and evaluate the
vulnerability of the building towards the earthquakes [2].
Unfortunately, there is still no evaluation method
available, so that the alternative is by adopting the SVA
(Simplified Vulnerability Analysis) method [3] which is
a limited engineering analysis based on the information
from architectural drawings and structures in the existing
buildings. Some of the developers of SVA are The Japan
Building Disaster Prevention Association (JBDPA) [4]

and Matsutaro Seki [5]. Seki adopted the SVA of
JBDPA and adapted it to international earthquake
regulation. The purpose of the SVA they develop is the
structural verification for retrofitting so that there is a
need of modification in the architectural design process
when using it to identify and evaluate the vulnerability
of buildings. The proposed purpose of SVA in this
research is to build the procedures or methods which can
be used by architects in evaluating the vulnerability of
buildings to earthquakes in the architectural design
process in accordance with the conditions in Indonesia.
In the architectural design process, the focuses are on the
dimensions of structure and geometric shapes. The
research is limited to the dimension and type of structure
commonly used in Indonesia which is moment-resisting
frame with 1 or 2-way floor system. The middle rise
maximum height (+ 10 floors) and regular-category
building's geometric shape.
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In principle, the SVA of JBDPA and Seki is a safe
structure if the seismic structure index (ls) > the seismic
demand index (lsp). The lateral force retaining system is
at least influenced by redundancy, column dimensions,
column rigidity, strong column / weak beam and
structural ductility [6]. The seismic structure index
consists of the lateral force of the column defined as the
ratio of the minimum column area and the design
column area (lac), redundancy is defined as the period
of structural vibration (I7), column rigidity is defined as
the ratio of the height and width of the column (I¢;),
index strong column/weak beam is defined as the ratio of
the number of columns fulfill the strong column/weak
beam and the total number of the columns (Iscws.;), and
structural ductility adopts the Matsutaro Seki's
procedures by including the ratio of response
modification factor (R) and the overstrength factor (Qg)
(R/Qg). The modification of SVA of JBDPA and Seki in
this research is based on the explanation that the seismic
structure index (Is) is the multiplication between column
dimension index (Iaci), column rigidity index (lc.),
strong column/weak beam index (lscwe.i), redundancy
index (ly), structure ductility index (R/Qq) , irregularity
index (Sp) and time index (T).The limited geometric
shapes are regular and considered as new buildings, so
that it is assumed that Sp=1 and T=1. The seismic
demand index (lso) is the multiplication between seismic
response index (lcs) and the primary factors of building
function (l).The problem in the proposed procedures is
to what extent the accuracy in evaluating and assessing
the vulnerability of buildings in the design process. In
order to find out the reliability of building vulnerability
assessment procedure in this design process, it will be
compared with the more detailed wvulnerability
assessment procedure, that is the pushover analysis from
other researchers.

1.1. Seismic Structure Index (Is)

In general, JBDPA and Seki define the formulation
of the seismic structure index as follow:

IS = Eo.SD.T (1)

Where, Is = Seismic structure index; Ey = Basic seismic
structure index; Sp = Irregularity Index (regular building
Sp=1); T = time index (new building T=1).The
modification of the Basic seismic structure index (Eo) is
based on the concept that the resistance of the column in
resisting the lateral load of the earthquake is defined into
column dimension, influenced by column rigidity, forms
strong column/weak beam, good structure ductility and
the unity of the whole structural elements (redundancy).
The formulation is as follow:

n+1 R

Eo= — Uac-ilc—i-'scw-i-IT) 1 (2
n+i QO

Where n = the number of levels of the building; i = The
evaluated level(s). Where the first level is given number
1 and the followings are given n; = the modification
factor of level shear capacity. It follows the distribution

=N
of \\; Iaci = column dimension index of the
evaluated level; I¢.; = column type index of the evaluated
level; lscws.; = strong column/weak beam index of the
evaluated level; I+ = structural vibration period index,
T<Tmx>>lt = 1 dan Tc>Tmax-=>1; = 0; T, = structural
vibration period based on the software calculation
(seconds); Tnax = The maximally allowed structural
vibration period (seconds) article 7.8.2 of SNI
1726:2012 or formulation 25 of SNI 1726:2002; R/Q0=
structure ductility, R = The modification factor of
moment-resisting frame table 9 SNI 1726:2012 [7] or
table 3 of SNI 1726:2002 [8], 0 = The overstrength
factor of moment-resisting frame table 9 of SNI
1726:2012 or table 3 of SNI 1726:2002.

The concept of column lateral force (IAc-i) is
assumed as the ratio of design column area (3 Ac) and
minimum column area (3 Ac min) as follow:

>
i = ﬁ ®)
min

Where, Y Ac= total design column area (m2); Y Ac min=
total minimum column area (m2) 0.15% of the
cumulative area of column load [9], in which the
minimum column area is 0.09 m2 or 0.3x0.3 m.

The concept of column rigidity (Ic.) is assumed as
the ratio of the average of column types (N¢x0.7-1.0)
and total columns (3 N¢) as follow:

~ (Nc_gX0.7) + (No_px0.8) + (Nc_x1.0)

(4)

Icoi
SN

Where, Nc.,= total of column types —a (Table 1); N¢.,=
total of column types—b (Table 1); Nc..= total of column
types-c (Table 1); 0.7, 0.8, 1.0=index of column types of
a, b & c (Table 1); > Nc= Total columns.

Table 1.Index of combined shear stress average and
ductility index of structure elements (Source: processed

from[4,5])
Type of Lateral
Elements Requirements Index
Net Height/column

Column dimension; h0/D  Definition h0/D
a). Slender Column 6<h0/D |_' 0.7
b). Normal Column 2<h0/D<6 GD > [ho 0.8
). Short Column h0/D<2 1

The concept of strong column/weak beam (Iscws.i)
is assumed as the ratio of the number of columns fulfill
the strong column-weak beam (Nscwg) and total columns
(3 N¢) as follow:



N
SCWB
lscws-i = ®)
SNc
Where, > Nc= total columns, Nscywe= number of columns
fulfill the Wp column > 1.2xWp beam, Wp=plastic

modulus, Wp=0.25xbxh? b&h= dimension of width and
height of beam or column [10].

1.2. Seismic Demand Index (Iso)

The concept of column lateral capacity (lac.i) which
is the ratio of the design column area and minimum
column area is also applied to the lateral seismic load
(Iso) concept, which is the ratio of the design and
minimum lateral seismic loads. For the design lateral
seismic loads is based on the spectral responses of Sg
and S; for those using SNI 1726:2012 or coefficients of
Ca and Cv for those using SNI 1726:2002 in each
building site, while the minimum lateral seismic loads is
based on seismic zone division FEMA 155 [11] which is
a low seismic zone with Sg =0.25 g and S;=0.1 g or zone
2A according to UBC 1997 [12]. The concept of seismic
demand index or lateral seismic load index (lso) is the
multiplication of seismic response coefficient index (Ics)
and the primary factor of building function (le).
Meanwhile, the seismic response index (lcs) is the ratio
of design seismic coefficient (Cs) and the minimum
seismic coefficient (Csmin)-

n+i

lso= ——— (Ics. 1e) (6)
2n—i+1
C
lcs = > (1)
CSmin
Where,lso = seismic demand index; n = number of
building levels; i = evaluated level(s), where the first

level is given number 1 and the followings are given n;
n+i

———— = modification factor of seismic demand of
2n—i+1

=~ b

the levels, following the distribution of ¥ i Cg =
Seismic response coefficient of the design based on
formulations 21-25 of SNI 1726:2012 or formulation 26
of SNI 1726:2002; Cgsmin = minimum seismic response
coefficient Ss=0.25g and S;=0.1g based on FEMA 155
or zone 2A of UBC 1997; lcs = seismic response
coefficient index; I, = primary factor of building
function table 1 & 2 of SNI 1726:2012 or table 1 of SNI
1726:2002.

1.3. Seismic Structure Index (Is) Vs Seismic Demand

Index (Iso)

The concept of ratio of seismic structure index (ls)
and seismic demand index (ISO). Structure is said to be
safe if:

Is > Iso 8)
Where, I = seismic structure index; lso = seismic
demand index. For other ratios, in evaluating the
vulnerability of building structures, by comparing the
seismic structure index towards the seismic demand

index, and each level can be identified for its possible
level of damage (table 2).

Table 2. Recommendation for the evaluation of potential
seismic vulnerability based on the seismic performance
(source : modification of procedure [5])

Seismic vulnerability  Potential damage
evaluation level
Is> Iso Light Damage <05% 10 (Immediate Occupancy)
05l50<I<Tgo  Moderate Damage  <1.5% LS (Life Safety)
1< 05159 Heavy Damage <259 CP (Collapse Prevention)

Seismic Performance-FEMA 273 [13]

2. RESEARCH METHOD

It is an experimental research. In order to verify the
proposed procedure, it will be compared with the result
of pushover analysis conducted by other researchers, so
that the result will be more objective. Although the
proposed SVA procedure is to analyze the vulnerability
of building with a middle rise maximum height (£ 10
floors) but the validity limit of the observed model was
determined up to 14 floors. The data of earthquake zones
and structures were collected from the research [14-19]
in table 3 and 4. The calculation steps are as follows:

- Calculate the modification factor of level shear
capacity of each floor, based on the data —data from
table 3 and 4 are to calculate the column dimension
index - Iaci (formulation 3), calculate the column
type index - lc; (formulation 4) and calculate the
strong column/weak beam index-lscwe.i
(formulation 5). Obtain a T¢ and compare it to T e
specify the index of the structural vibration period
(I1) and obtain R and Q values from table 9 of SNI
1726:2012 or table 3 of SNI 1726:2002 calculate the
structure ductility R/Qo. Multiply all values
(formulation 1) so that the basic seismic index of
structure (Eo) can be obtained. Multiply the basic
seismic index of structure (Eq) with the irregularity
index (Sp) for regular building Sp=1 so that the
seismic capacity index of structure (Is) can be
obtained.

- Calculate the modification factor of level seismic
demand of each floor, based on the data from table
5, calculate the Cs and Cgpniy Values, and then input
them to formulation 7 to obtain I¢g value. Obtain I,
value from table 1 and 2 of SNI 1726:2012 or table
1 of SNI 1726:2002 for the office function of 1.=1.
Input the values of modification factor of level
seismic load, Ics and I, to formulation 6 to obtain
the seismic demand index (lsp) value.

- Compare the Is and lso values based on the
provisions in table 2 so that the level performance is
possible to find. Then, compare the level
performance of SVA results with the level
performance of pushover analysis SAP2000/ETABS
from the research [14-19].

The processes above are tabulated to facilitate the
calculation and comparison.



Table 3. Data of building structure of the model (source

Model Number of floors/levels ~ Beam Dimension  Column Dimension Building Dimension Module
(height-m) (cm) (cm) (m) (m)
st qrd
a 6(35m) 25%50 B5XB5 (L3 floon). —yoy1g 6X6
55X55 (47-6" floor)
40X80 (1°-4" floor), 80X80 (15" floor),
b 14 (4 m) 4070 (5"-9" floor), 7070 (6"-10" 30X30 5X5
30X60 (10™-14™ floor) floor)
40X60 (main beam), 80X80 1°-4™ floor),
c 10 (4 & 3.6 m) 30X60 (subsidiary 70X70 (5™-14" 24X24 8X8
beam) floor)
d 5 (4 m) 35X60 60X60 42X32 6X8
st qrd
e a(agasm  SOX5 (S floon) 45%45 18X18 45X45
30X40 (4™ floor)
f 12 (4m) 40x60 60X60 42X42 6X6

Tabel 4. Earthquake zone data of the model (source :

[14-19])
Model Code Barthquake Site Class Structure
Zone system
Special
a SNI 1726~ Zone 6 Moderate moment- !
2002 Ca=0.35, Soil resisting
Cv=0.54 frame
Zone 6 Special 1
SNI'1726- ————— . moment-
b 2002 Cca=03s,  SOftSoll  cting
Cv=0.95 frame
Zone 6 Special 1
SNI 1726- — . moment-
¢ 2002 Ca:_0.33, Hard Soil resisting
Cv=0.42 frame
Banyumas Moderate 1
SNI 1726- . moment-
d 2012 Ss=0.7g,  Hard Soil resisting
S1=0.25¢g frame
Ternate - Special 1
. SNI1726- __ZON€4  Moderate moment-
2002 Ca=0.28, Soil resisting
Cv=0.42 frame
Bobong City Special 1
£ SNI'1726- —__ Moderate moment-
2012 Ss=1.355 g, Soil resisting
S1=0.537 g frame

3. RESULTS AND DISCUSSION

3.1. Model a [14]

Table 5. Seismic structure index (Is) model a.

n+l il | i

Model floor i Ac-i*lc-i "SCWB-i T R Qo Eo Sp s
st 7/7 1.00 2.36 1.00 100 8 3 6.30 1.00 6.30

2nd 7/8 0.88 2.02 1.00 100 8 3 470 1.00 4.70

@ 3rd 7/9 078 1.67 1.00 100 8 3 346 1.00 3.46
4th  7/10 0.70 1.38 1.00 100 8 3 258 1.00 2.58

5th  7/11 0.64 1.21 1.00 100 8 3 205 100 2.05

Rf 7/12 0.58 1.15 1.00 1.00 8 3 179 1.00 1.79

Table 6. Seismic demand index (lso) of location model
a.

n+1
Model floor —————— Ics  le lso

2n —i+1

st 7/12 058 218 1.0 1.27
2nd 7/11 064 218 1.0 1.38
3rd  7/10 070 218 1.0 1.52
4th 7/9 078 218 1.0 1.69
5th 7/8 0.88 218 1.0 1.90
Rf 7/7 1.00 218 1.0 2.18

@

Table 7. Comparison between seismic structure
index (Is) and seismic demand index (lso) as well as
comparison between SVA and pushover analysis model
a.

Pushover analysis-
SAP2000

drift Performance
matio level

Model floor Iy Iy  SVA

1st 630 127 0
2nd 470 138 0
3rd 346 152 0

@ 0.61% 0
4th 253 1.69 0
5th 205 1.90 0

Rf 179 218 LS

Floor
1st Ind 3rd 4th th Ri

0.00%

0.20% -
0.40% -

0.60% -

0.80% ~
1.00% -

Performance level

120% -
1.40% -

1.60% -
Fig. 1. Comparison between between SVA and
pushover analysis model a.

In table 5, Is value is the multiplication between E,
and Sp. E, is the basic seismic structure index of the
special moment-resisting frame which is the result of
multiplication between the modification factor of level

n+1

shear capacity ( ), column dimension index (Iac.i) >

n-+i
1, column type index (lc;)=0.8 normal column
(2<h0/D<6), strong column/weak beam index (lscwa-
i)=1, structural vibration period index (I7) = 1, structural
system ductility index (R/Q)=8/3 and Sp is the
irregularity of building geometry because model a has a
regular geometric shape so that the value = 1. Table 6,
lso is the seismic demand index which is the
multiplication of the modification factor of level seismic

demand (n—+i )

2n—i+1
(Cs/Csmin)=2.18 and the primary factor of the building
function (l)=1 (office). Table 7 shows that from the 1st
floor to the roof floor, the comparison is I > Iso, means
that the column and beam dimensions are well designed
so that ensuring the adequate rigidity, strength and

seismic  response  index



ductility when a strong earthquake occurs, so that will
only result in light damage or 10 (Immediate
Occupancy).

Table 7 and Fig. 1, the research conducted by Siti
Aisyah et. al. on model a with pushover analysis resulted
in the target displacement= 0.132 m with drift ratio=
0.61%. Based on FEMA 273, model a, which is located
in the Earthquake Zone 6 with Moderate Soil, is in
inelastic condition which is able to resist the earthquake
load up to the level of Immediate Occupancy (10). At
the 10 level, there is only little potential for structural
damage that can be repaired. The prediction on the
proposed SVA procedure is relatively similar to the
result of the research conducted by Siti Aisyah et. al.

3.2. Model b [15]

Table 8. Seismic structure index (Is) model b.

Model  floor N*L 1o lsewes | R Q Eo S I
n+i T
st 15015 100 133 100 100 8 3 354 100 354
2nd_15/16 094 143 100 100 8 3 357 100 357
ad_ 1517 088 155 100 100 8 3 364 100 364
4th_ 1518 083 169 100 100 8 3 375 100 375
Sh 1519 079 142 100 100 8 3 300 100 300
6ih_ 15020 075 158 100 100 8 3 316 100 316
@ _h teiom  1m 100 100 8 3 337 100 337
8ih_ 1522 068 201 100 100 8 3 366 100 366
oth 15123 065 233 100 100 8 3 406 100 406
10th  15/24 0.63 277 1.00 1.00 8 3 462 100 4.62
11th  15/25 0.60 3.25 1.00 1.00 8 3 520 1.00 5.20
12th  15/26 0.58 3.86 1.00 1.00 8 3 594 100 594
13th  15/27 0.56 4.36 1.00 1.00 8 3 645 1.00 6.45
Rf  15/28 0.54 4.36 0.29 1.00 8 3 180 1.00 1.80

Table 9. Seismic demand index (lsp) of location

model b.
n+1
Model floor m Ics le lso
1st 15/28 0.54 3.36 1.0 1.80
2nd 15/27 056 3.36 1.0 1.87
3rd 15/26 058 3.36 1.0 1.94
4th 15/25 0.60 3.36 1.0 2.02
5th 15/24 0.63 3.36 1.0 2.10
6th 15/23 0.65 3.36 1.0 219
) 7th 15/22 0.68 3.36 1.0 2.29
8th 15/21  0.71 3.36 1.0 2.40
9th 15/20 0.75 3.36 1.0 252

10th 15/19 079 336 1.0 2.65
11th 15/18 0.83 3.36 1.0 2.80
12th 15/17 0.88 3.36 1.0 2.96
13th 15/16 0.94 336 1.0 3.15
Rf 15/15 1.00 3.36 1.0 3.36

Table 10. Comparison between seismic structure
index (Is) and seismic demand index (lso) as well as
comparison between SVA and pushover analysis model

b.
Pushover analysis-
ETABS
Model floor s Iso SVAm
ratio level

st 354 180 10
2nd 357 1.87 10
3rd 364 194 10
4th 375 2.02 10
5th 3.00 2.10 10

} o
O e o Y8 lo-Ls

- - Floar = 5 & =
ESEEFFREEZEEE D
0.00% +—— . .
0.20% -
— 040% -
FR vvv.vvv-vvv.\
g 080% -
£ 1.00% -
£
1.20% SvA
140% Pushover
1.60%

Fig. 2. Comparison between between SVA and
pushover analysis model b.

In table 8, Is value is the multiplication between E,
and Sp. Eq is the basic seismic structure index of the
special moment-resisting frame which is the result of
multiplication between the modification factor of level

n+1

shear capacity ( ), column dimension index (Iac.i) >

n-+1

1, column type index (lc;)=0.8 normal column
(2<h0/D<®6), strong column/weak beam index (Iscws.i)=1
except for the roof floor=0.29, structural vibration period
index (ly)=1, structural system ductility index (R/
Q0)=8/3 and Sp, is the irregularity of building geometry
because model b has a regular geometric shape so that
the value = 1.

Table 9, Igo is the seismic demand index which is the
multiplication of the modification factor of level seismic

demand ($ ),

2n—i+1

(Cs/Csmin)=2.18 and the primary factor of the building
function (l¢)=1 (office).Table 10 shows that from the 1st
floor to the 13th floor, except for the roof floor, the
comparison is ls > lIso, means that the column and beam
dimensions have been quite-well designed so that
ensuring the adequate rigidity, strength and ductility
when a strong earthquake occurs, so that will only result
in light damage or 10 (Immediate Occupancy).

Table 10 and Fig. 2, the research conducted by Puput
R et. al. on model b with pushover analysis resulted in
the target displacement=0.474 m with drift ratio=0.85%.
Based on FEMA 273, model b, which is located in the
Earthquake Zone 6 with Soft Soil, is in inelastic
condition which is able to resist the earthquake load up
to the level of Immediate Occupancy (10). At the 10
level, there is only little potential for structural damage
that can be repaired. The prediction on the proposed
SVA procedure is relatively similar to the result of the
research conducted by Puput R et. al.

seismic  response  index
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Table 11. Seismic structure index (ls) model c.

n+1

Model  floor o no-i-lesi Tsewssi I; R @ Eo Sp s
1st 1111 1.00 119 1.00 0 8 3 000 100 0.0
2nd 1112 092 132 1.00 0 8 3 000 100 0.0
3rd 1113 085 148 1.00 0 8 3 000 100 0.0
4th 1114 0.79  1.69 1.00 0 8 3 000 100 0.0
© 5th 1115 073 198 1.00 0 8 3 000 100 0.0
6th 1116 0.69 181 1.00 0 8 3 000 100 0.0
7th 11/17 065 2.27 1.00 0 8 3 000 100 000
8th 1118 061 294 1.00 0 8 3 000 100 0.0
9th 1119 058 414 1.00 0 8 3 000 100 0.0
Rf 11/20 055 536 0.50 0 8 3 000 100 000

Table 12. Seismic demand index (Iso) of location model
b.

Model  floor & Ics le lso
2n —i+1
1st 11/20 055 181 1.0 1.00
2nd 11/19 058 181 1.0 1.05
3rd 11/18 061 181 10 111
4th 11/17 065 181 10 117
5th 11/16 0.69 181 10 1.25
6th 11/15 073 181 1.0 133
7th 11/14 079 181 10 143
8th 11/13 0.85 181 10 154
9th 11/12 0.92 181 10 166
Rf 11/11 100 181 10 181

©

Table 13. Comparison between seismic structure index
(Is) and seismic demand index (Iso) as well as
comparison between SVA and pushover analysis model
C.

Pushover analysis-
ETABS

dril Performance

ratio level

Model  floor L Lo SVA

0.00 100
0.00 105
0.00 111
0.00 117
0.00 125
0.00 133
0.00 143
0.00 154
0.00 166
0.00 181

() 178% LSCP

REBEREELELR
R|3|3(R|R|R|R|3|R|R

Floor

Ist 2nd 3rd 4th 5th 6th Tth 8th 9th Rf

0.00%

0.50% -
——5VA
1.00% - Pushover

1.50% -

2.00%

Performance level

4500
230% 1 4ttt —%

Fig. 3. Comparison between between SVA and
pushover analysis model c.

In table 11, Isvalue is the multiplication between E,
and Sp. E; is the basic seismic structure index of the
special moment-resisting frame which is the result of
multiplication between the modification factor of level

n+1

shear capacity ( ), column dimension index (Iac.i) >

n-+i
1, column type index (lc;)=0.8 normal column
(2<h0/D<®6), strong column/weak beam index (Iscwe.i)=1
except for the roof floor=0.5, structural vibration period
index (I1)=0 since T:=0.69 seconds > Tmax=0.5

seconds, structural system ductility index (R/€)=8/3
and Sp is the irregularity of building geometry because
model c has a regular geometric shape so that the value =
1.

Table 12, Igo is the seismic demand index which is
the multiplication of the modification factor of level

seismic demand (&), seismic response index
2n—i+1

(Cs/Csmin)=1.81 and the primary factor of the building
function (I;)=1 (office). Table 13 shows that from the 1st
floor to the roof floor, Is< lso. Actually, the column and
beam dimensions had been well designed but there is a
need of combination with the shear wall structure, so that
it does not only guarantee the strength and ductility but
also the adequate rigidity so that the building will not be
too flexible (Tc>Tha) and the requirements on the
security of the architectural elements and structure and
the comfort of the habitants will be met.

Table 13 and Fig. 3, the research conducted by
Yosafat et. al. on model ¢ with pushover analysis
resulted in the target displacement=0.648 m with drift
ratio=1.78%. Based on FEMA 273, model ¢, which is
located in the Earthquake Zone 6 with Hard Soil, is in
inelastic condition which is able to resist the earthquake
load up to the level of Life Safety (LS) — Collapse
Prevention (CP), means that there is a potential moderate
structural until severe damage. The prediction on the
proposed SVA procedure has relatively approached the
result of the research conducted by Yosafat et. al.

3.4. Model d [17]

Table 14.Seismic structure index (Is) model d.

n+1

Model  floor o | PV P ISCW&i IT R Q Eo Sp Is
Ist  6/6 100 114 1.00 100 5 3 190 1.00 1.90
ond  6/7 086 142 1.00 100 5 3 202 100 202
(d) 3rd 6/8 075 186 1.00 100 5 3 233 100 233
4h  6/9 067 252 1.00 100 5 3 280 100 280
Rf  6/10 060 3.20 0.33 100 5 3 104 100 1.04

Table 15. Seismic demand index (Iso) of location model

d.
Model floor & lecs le s
2n —i+1
1st 6/10 060 226 1.0 1.36
2nd 6/9 067 226 10 151
(d) 3rd 6/8 075 226 10 170
4th 6/7 086 226 10 1.94
Rf 6/6 100 226 10 2.26

Table 16. Comparison between seismic structure index
(Is) and seismic demand index (lsp) as well as
comparison between SVA and pushover analysis model

d.
Pushover analysis-
SAP2000
Model floor s lso, SVA —m8m8™mM
drift ~ Performance
ratio level

st 190 136 10
ond 202 151 10
(d) 3rd 233 170 10 031% 10
4h 280 194 10
Rf 104 226 LS
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Fig. 4. Comparison between between SVA and
pushover analysis model d.

In table 14, I5 value is the multiplication between
E, and Sp. E, is the basic seismic structure index of the
moderate moment-resisting frame which is the result of
multiplication between the modification factor of level

n+1

shear capacity ( ), column dimension index (Iac.i) >

n-+1

1, column type index (lc;)=0.8 normal column
(2<h0/D<6), strong column weak/beam index (Iscws-i)=1
except for the roof floor=0.33, structural vibration period
index (l7)=1, structural system ductility index (R/
Q,)=5/3 and Sp, is the irregularity of building geometry
because model d has a regular geometric shape so that
the value = 1.

Table 15, I is the seismic demand index which is
the multiplication of the modification factor of level

seismic demand (&), seismic response index
2n—i+1

(Cs/Csmin)=2.18 and the primary factor of the building
function (I;)=1 (office). Table 16 shows that from the 1st
floor to the 4th floor, except for the roof floor, the
comparison is ls > lso, means that the column and beam
dimensions have been quite-well designed so that
ensuring the adequate rigidity, strength and ductility
when a strong earthquake occurs, so that will only result
in light damage or 10 (Immediate Occupancy).

Table 16 and Fig. 4, the research conducted by
Yanuar H et. al.on model d with pushover analysis
resulted in the target displacement=0.060 m with drift
ratio=0.31%. Based on FEMA 273, model d, which is
located in the Earthquake Zone of Banyumas with Hard
Soil with Sg=0.7 g and S;=0.25 g in inelastic condition
which is able to resist the earthquake load up to the level
of Immediate Occupancy (10). At the 10 level, there is
only little potential for structural damage that can be
repaired. The prediction on the proposed SVA procedure
is relatively similar to the result of the research
conducted by Yanuar H. et. al..

3.5. Model e [18]

Table 17.Seismic structure index (Is) model e.

n+1
Model  floor — IAc—i'IC—i ISCWBH IT R Qo Eo $p Ig
n+i
1st 5/5 1.00 1.20 1.00 100 8 3 320 100 3.20
© 2nd 5/6 0.83 1.34 1.00 100 8 3 299 100 299
3rd  5/7 071 1.35 1.00 1.00 8 3 257 100 257
Rf 5/8 0.63 1.35 0.31 100 8 3 069 100 0.69

Table 18. Seismic demand index (Iso) of location model

€.
n+1
Model floor m Ics le lso
1st 5/8 063 126 1.0 0.79
© 2nd 5/7 071 126 1.0 0.90
3rd 5/6 083 126 1.0 1.05
Rf 55 100 126 1.0 1.26

Table 19. Comparison between seismic structure index
(Is) and seismic demand index (lso) as well as
comparison between SVA and pushover analysis model
e.

Pushover analysis-
SAP2000

drift ~ Performance

ratio level

Model floor Ig lso SVA

ist 320 079 10
2nd 299 090 10

(@) 0.60% 10
3rd 257 105 10

Rf 069 126 CP
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Fig. 5. Comparison between between SVA and
pushover analysis model e.

In table 17, Is value is the multiplication between
E, and Sp. Ey is the basic seismic structure index of the
moderate moment-resisting frame which is the result of
multiplication between the modification factor of level

n+1

shear capacity ( ), column dimension index (Iac.i) >

n+i
1, column type index (Ic.;)=0.6 slender column (6<h0/D),
strong column weak/beam index (Iscwgs.i)=1 except for
the roof floor=0.30, structural vibration period index (It)
=1, structural system ductility index (R/Q)=8/3 and Sp
is the irregularity of building geometry because model e
has a regular geometric shape so that the value = 1.
Table 18, Igo is the seismic demand index which is
the multiplication of the modification factor of level

seismic demand ($), seismic response index
2n—-i+1

(Cs/Csmin)=0.26 and the primary factor of the building
function (I¢)=1 (office). Table 19 shows that from the 1st
floor to the 3th floor, except for the roof floor, the
comparison is Is > lso, means that the column and beam
dimensions have been quite-well designed so that
ensuring the adequate rigidity, strength and ductility
when a strong earthquake occurs, so that will only result
in light damage or 10 (Immediate Occupancy).



Table 19 and Fig. 5, the research conducted by
Mufti A et. al. on model e with pushover analysis
resulted in the target displacement=0.872 m with drift
ratio=0.60%. Based on FEMA 273, model e, which is
located in Ternate in the Earthquake Zone 4 with
Moderate Soil in inelastic condition which is able to
resist the earthquake load up to the level of Immediate
Occupancy (10). At the 10 level, there is only little
potential for structural damage that can be repaired. The
prediction on the proposed SVA procedure is relatively
similar to the result of the research conducted by Mufti
Acet. al.

3.6. Model f [19]

Table 20.Seismic structure index (Is) model f.

n+1

Model  Floor N Lailei lsewsy 1+ R @ Eo So s
1st 13/13  1.00 0.58 1.00 1.00 8 3 155 100 1.55

2nd 13/14 093 0.63 1.00 100 8 3 157 100 157

3rd 13/15 0.87 0.70 1.00 1.00 8 3 161 100 1.61

4th 13/16 0.81 0.77 1.00 1.00 8 3 168 100 1.68

5th 13/17 0.76 0.87 1.00 100 8 3 178 100 178

6th 13/18 0.72 1.00 1.00 100 8 3 192 100 192

® 7th 13/19 0.68 1.16 1.00 100 8 3 211 100 211
8th 13/20 0.65 1.00 1.00 100 8 3 172 100 172

9th 13/21  0.62 1.16 1.00 100 8 3 191 100 191

10th 13/22 0.59 1.38 1.00 1.00 8 3 218 100 218

11th 13/23 057 1.72 1.00 1.00 8 3 259 100 259

Rf 13/24 054 2.21 0.25 1.00 8 3 080 100 0.80
Table 21. Seismic demand index (Iso) of location model

f.
Model  Floor & les le lso
2n —i+1

1st 13/24 054 333 10 181
2nd  13/23 0.57 333 1.0 1.88
3rd  13/22 059 333 1.0 197
4th 13/21 0.62 333 1.0 2.06
5th 13/20 0.65 3.33 1.0 217
6th 13/19 0.68 3.33 1.0 228
7th 13/18 0.72 333 1.0 241
8th 13/17 0.76 333 1.0 255
9th 13/16 0.81 333 1.0 271
10th  13/15 0.87 3.33 1.0 289
11th  13/14 0.93 3.33 1.0 3.10
Rf 13/13 1.00 3.33 1.0 333

Table 22. Comparison between seismic structure index
(Is) and seismic demand index (lso) as well as
comparison between SVA and pushover analysis model
f.

Pushover analysis-

el | | | SAP2000
Model  Floor SVA—/————————
s o drift  Performance

ratio level

st 155 181 LS
2nd 157 188 LS
3rd 161 197 LS
4th 168 206 LS
5th 178 217 LS
@ 6th 192 228 LS 1.36% 1O-LS

7th 211 241 LS
8th 172 255 LS
9th 191 271 LS
10th 218 289 LS
11th 259 310 LS
Rf 080 333 CP
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Fig. 6. Comparison between between SVA and
pushover analysis model f.

In table 20, Is value is the multiplication between
Eo and Sp. E, is the basic seismic structure index of the
moderate moment-resisting frame which is the result of
multiplication between the modification factor of level

n+1

shear capacity ( ), column dimension index (Iac.

n-+1

)<l for the 1st to 4th floor while column dimension
index (Iac.i) > 1 for the 5th-roof floor, column type index
(Ic;)=0.8  normal column  (2<h0/D<6), strong
column/weak beam index (Iscws.i)=1 except for the roof
floor=0.25, structural vibration period index (I)=1,
structural system ductility index (R/Q0)=8/3 and Sp is
the irregularity of building geometry because model f
has a regular geometric shape so that the value = 1.

Table 21, lgo is the seismic demand index which is
the multiplication of the modification factor of level

seismic demand (&), seismic response index
2n—i+1

(Cs/Csmin)=3.33 and the primary factor of the building
function (I¢)=1 (office). Table 22 shows that from the 1st
floor to the 11th floor has 0.5150< Is< Iso (LS) while for
the roof floor 1s< 0.5lso (CP), means that the column and
beam dimensions have not been well designed although
the rigidity and ductility have been adequate but the
structure is less adequate so that there is a potential for
moderate damage or LS (Life Safety) when an
earthquake occurs.

Table 22 and Fig. 6, the research conducted by
Sudarman et. al. on model f with pushover analysis
resulted in the target displacement=0.65 m with drift
ratio=0.36%. Based on FEMA 273, model f, which is
located in Bobong City, North Maluku, with Moderate
Soil with Sg=1.355 g and S;=0.537 g is in inelastic
condition which is able to resist the earthquake load up
to the level of Immediate Occupancy (10) — Life Safety
(LS), but according to drift ratio, it has already
approached the LS, means that there is a potential
moderate structural damage which is still possible to
repair. The prediction on the proposed SVA procedure
has relatively approached the result of the research
conducted by Sudarman et. al.

4. CONCLUSIONS



Based on the results of the research, there are some

conclusions as follows:

The prediction on the proposed SVA procedure for
model a (6 floors), d (5 floors), and e (4 floors) has a
relatively similar result to which have been
conducted by other researchers on the building
models.

The prediction on the proposed SVA procedure for
model b (14 floors), ¢ (10 floors), and e (12 floors)
has a relatively approaching result to which have
been conducted by other researchers on the building
models.

For the buildings with moment-resisting frame < 10
floors, the building performance is dominated by the
dimensions of beam, column, and the ratio of height
and width of the building, while for the buildings >
10 floors, the building performance is dominated by
the dimensions of beam, column and the height of
building.

The purpose of the prediction on SVA procedure

here does not look for exactly similar results to the more
accurate results of the procedure analysis such as
pushover analysis, but the result of SVA prediction is
one level higher or lower than the accurate calculation is
considered adequate because according to [3],the result
of the SVA procedure can be used to underlie the

potential

status of the selected buildings and

subsequently there are a list of the lower buildings which
needs more detailed vulnerability assessment conducted
by the structural experts.
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