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Abstract

Seismic evaluation of a typical row commercial building, which represents commercial building
structures commonly found in Thailand, was carried out in this research. Nonlinear static pushover
and nonlinear time history analyses were performed. The structure was analyzed using the
maximum considered earthquake (MCE) ground motions for three different earthquake intensity
levels. The small-to-moderate, moderate-to-strong, and strong-to-very-strong earthquake intensity
levels were represented by ground motions from Kumpangpetch, Kanchanaburi, and Prae provinces,
respectively. The analysis results indicated a similar damage pattern in all the areas. The damage
initiated in the infill walls was followed by the damage in the first story columns in the form of a
soft story mechanism. The strain in the columns was found to be greater than the specified crushing
strain. The reason for low deformation capacity of the structure was the relatively high axial force

ratio of the columns in the first story due to gravity loads leading to limited column ductility.

Keywords: Seismic Evaluation, Nonlinear Static Pushover Analysis, Nonlinear Time History

Analysis
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v X o ' o uiel
o 1 A 133900 WHNIVUIY HTUHIUUIION o
#1308 1N9N (P NEI]
(kN) (cm?) (kN/cm?)
(kg/cm?)
1 129 168 0.76 77.47
2 133 180 0.74 75.43
3 130 174 0.75 76.45
1nae 130 174 0.75 76.45
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v X Lo . v vy
o 44 115990 NUNSUNSS | HUIEus9I90 .
M98191N 15990
(kN) (cm?) (kN/cm?)
(kg/cm?)
1 33.53 25 1.34 136.72
2 31.98 25 1.28 130.40
3 32.82 25 1.31 133.84
1nae 32.77 25 1.31 133.65
M99 2.3-3 AT VLT IDAVINDMNS ST UR VKLY [4]
v 5 do . v vy
o 4 4 115990 NUNSUNSS | HUIEU59I90 .
M298197 15990
(kN) (cm?) (kN/cm?)
(kg/cm?)
1 17.91 25 0.72 73.02
2 18.09 25 0.72 73.80
3 18.54 25 0.74 75.60
1nae 18.18 25 0.73 74.14
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2.4 UV 1aﬂﬂﬂﬂ!ﬁuﬂﬂﬂl®ﬂ®5ﬂ®
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waa A o o

ﬂmﬁﬂﬂﬂ@j}ﬁ@ﬂﬁ']ﬂﬂlﬂiuﬂ@ﬂﬂ’w RRORGH! ﬂ"l’f)iﬂﬁﬂﬂillﬂaﬁ (Modulus of Elasticity) L8
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8300 (ASTM - C1314-07 [10]) AU dUWU T VDI U BT S - AI1UIATUA (Stress-Strain
a a 1 [ [ o 4 1
Relationship) ¥091/35udgne lanaminadouaszl 2.4-1 uaz 2.4-2 KaAUAUNUT 52119

WUIBITT - AIIWATOA (Stress-Strain Relationship) ¥091/55udgne lanasagl 2.4-3

fa’rl E!"‘f
Brick type (MPa) Failure strain (MPa)
(a) Prisms with weak mortar—1:0:6 (4 X 7 specimens)
M 4.0 [0.13] 0.0052 [0.53] 2,239 [0.30]
B 2.9 [0.17] 0.0034 [0.45] 1,795 [0.17]
0] 5.1[0.16] 0.0086 [0.15] 2,630 [0.14]
5 4.3 [0.17] 0.0065 [0.14] 2,355 [0.19]
Average 4.1 [0.24] 0.0059 [0.43] 2,300 [0.24]
(b) Prisms with strong mortar—1:0:3 (4 X7 specimens)
M 7.4 [0.10] 0.0067 [0.28] 3,585 [0.18]
B 6.5 [0.14] 0.0041 [0.39] 3,592 [0.25]
0] 8.5 [0.21] 0.0057 [0.36] 5,219 [0.50]
5 7.6 [0.17] 0.0050 [0.55] 4,250 [0.44]
Average 7.5[0.18] 0.0053 [0.41] 4,200 [0.38]
(c) Prisms with intermediate mortar—1:0.5:4.5 (42X 7 specimens)

M 6.5 [0.19] 0.0102 [0.17] 3,542 [0.27]
B 5.9 [0.23] 0.0062 [0.40] 3,509 [0.49]
0] 7.2 [0.24] 0.0092 [0.32] 4,712 [0.33]
5 6.8 [0.23] 0.0066 [0.31] 3,325 [0.26]
Average 6.6 [0.20] 0.0080 [0.34] 3,800 [0.35]

5U7 2.4-1 wamsnadeu FFudgoeImBaaan lugdd [7]
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d‘ = VoA < J Y ~ 1 @
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1:2
1.0 -
0.8 -
0.6

ed Stress

0.4 -

Normaliz

0.2

0.000 0.002 0.004 0.006 0.008 0.010

Stress in terms _Strain in prism for mortar grades

of f, 1:0:6 1:0:3  1:0.5:4.5
0.00 0.0000  0.0000  0.0000
0.33 0.0009  0.0005  0.0005
0.75 0.0021  0.0014  0.0015
0.90 0.0029  0.0021  0.0021
1.00 0.0036  0.0025  0.0030
0.60 0.0059 2 .
0.50 5 0.0045  0.0062
0.20 . 0.0053  0.0080
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! H 1T % )
311 2.5-1 MduLuIMuBANEUIS U 10ANE908191A87 (Equivalent compression strut)
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NUYIAUAYINUAITUNINUNINY a FEMA 356 (Seismic Rehabilitation Prestandard) [8] llﬂslfl/i
[ Y
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h, =a2ugUeniInNedy (in)

e = AUEUINUEAUDINIIDYND (in)
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M13190 3.4 ﬂﬁlﬂliﬂiﬂﬁi"lﬂﬁllﬂﬂlﬁ"l

Han5a1529 lag
Project No. AR TN [1] 91A15A20819
(Mean 4 story)
Height (#) 300 300
alh 4.19 3.75
M, /aV, 0.0067 0.0064
p=Albd 0.0324 0.0403
p= A; /b,d 0.2218 0.2294
p0"ls 0.0334 0.0246
V, /b,d\/f, 0.932 0.9355
A f,Ibs 6.0329 6.7858
3190 3.5 il Insaarsvnsany
nan3d1529 1ag
Project No. AR SN [1] 21A15A0619
(Mean 4 story)

Height (h) 384 400
alh 5 5
M_/aV, 0.0054 0.0053
p=Albd 0.0163 0.0196
p=A /b,d 0.0149 0.0196
pb" s 0.0551 0.0722
V,/b,df, 1.0128 0.9355
A f,Ibs 7.184 6.7858
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Controlling Scenario Earthquake Range
Source Strike Slip

M 7.1-7.9

R 10 km - 60 km

Vs 180m/s - 360m/s (D)
Record Type Any

Scaling Period 0.1s-0.5s

No. | NGA# MSE ScaleF D5-95 (s) Event Year Station Mag
1 882N North Palm

0.0102 1.66 37.0 36.3 Landers 1992 7.28
2 882P Springs

Palm

3 884N

0.0121 | 2.9426 | 35.8 394 Landers 1992 Springs 7.28
4 884P

Airport

5 1149N Kocaeli-

0.0124 | 1.9421 359 31.7 1999 Atakoy 7.51
6 1149P Turkey
7 1762N Hector

0.0144 | 1.2208 24.0 27.9 1999 Amboy 7.13
8 1762P Mine
9 1636N Manyjil-

0.0332 | 1.3197 20.2 24.7 1990 Qazvin 7.37
10 1636P Iran
11 1602N Duzce-

0.048 0.4252 8.5 9.9 1999 Bolu 7.14
12 1602P Turkey
13 1177N Kocaeli-

0.0613 | 2.4002 39.3 38.9 1999 Zeytinburnu | 7.51
14 1177P Turkey
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Controlling Scenario Earthquake Range

=

E]

Source Strike Slip
M 6.5-7.1
R 0 km - 30 km
Vs 180m/s - 360m/s (D)
Record Type Any
Scaling Period 0.1s-0.5s
No. | NGA# | Scale F D5-95 (s) Event Year Station Mag
15 175N Imperial El Centro
2.4613 19.4 19.1 1979 6.53
16 175P Valley-06 Array #12
17 721N Superstition El Centro
1.2082 18.8 17.5 1987 6.54
18 721P Hills-02 Imp. Co. Cent
19 1107N
1.236 17.6 10.4 | Kobe- Japan 1995 Kakogawa 6.9
20 1107P
21 167N Imperial
2.2273 22.7 21.7 1979 Compuertas 6.53
22 167P Valley-06
23 728N Superstition Westmorland
1.4121 15.2 20.2 1987 6.54
24 728P Hills-02 Fire Sta
25 82IN Erzican-
0.9257 6.9 10.0 1992 Erzincan 6.69
26 821P Turkey
27 1119N
0.553 5.1 34 Kobe- Japan 1995 Takarazuka 6.9
28 1119N
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Controlling Scenario Earthquake Range
Source Normal/Oblique/Strike Slip
M 6-7

R 0 km - 30 km

Vs 180m/s - 360m/s (D)
Record Type Any

Scaling Period 0.1s-0.5s

No. NGA# | ScaleF | D5-95(s) Event Year Station Mag
29 114IN Dinar-

1.353 16.7 15.7 1995 Dinar 6.4
30 1141P Turkey
31 290N Irpinia- Mercato San

2.9923 | 28.4 24.0 1980 6.9
32 290P Italy-01 Severino

Long Valley

33 231N Mammoth

2.0341 10.1 10.9 1980 Dam (Upr L 6.06
34 231P Lakes-01

Abut)

35 169N Imperial

1.3935 | 54.9 49.7 1979 Delta 6.53
36 169P Valley-06
37 1119N Kobe-

0.6121 5.1 34 1995 Takarazuka 6.9
38 1119P Japan
39 170N Imperial EC County

1.6154 149 83 1979 6.53
40 170P Valley-06 Center FF
41 821N Erzican-

0.9791 6.9 10.0 1992 Erzincan 6.69
42 821P Turkey
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