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Abstract

The objective of this paper was to perform a seismic assessment of the 4 story Anulukthai commercial
building of Thailand using the DPT Standard of the assessment and retrofit of building structures in earthquake-
prone areas (DPT. 1303-2014). The building structure was assumed to be located in Muang Chiang Mai Province
and High-Risk Area, Moderate Risk Area, and Risk Area. They were simulated by a 3D model. The model was
analyzed by nonlinear pushover analysis and nonlinear time history analysis. The nonlinear time history analysis
was applied using nine earthquake ground motion records. In the nonlinear pushover analysis, the results
revealed that the structure’s performance level was at the life safety level in the transverse direction and the
immediate occupancy level in the longitudinal direction. When considering the story damage, it was found the
4th floor of the transverse direction inter-story drift ratio was higher than the value allowed by the DPT. 1303-
2014. In fact, the columns at the 3rd floor along with the columns and some beams of the 2nd floor had local
member damages. As for the longitudinal direction, it was found that the inter-story damage ratio complied with
the life safety level. The results of the time history analysis showed the damage was less than the nonlinear
pushover analysis. Moreover, there were only ground motion records that resulted in story damages on the 2nd
and 3rd floors, as well as some beam damage on the 2nd floor. The analysis also showed that the structure's
performance level in the immediate occupancy level and inter-story drift ratio was in accordance with the
standard criteria. Overall, the seismic assessment of the Anulukthai commercial building by both methods met
the life safety level with most damage occurring on the 3rd floor.

Keywords: The seismic assessment, Anulukthai commercial building, Earthquake, Reinforce concrete
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wsaLHuAul (seismic resistance) wagzAUAUNTYY
yasuglasEd (ductility of structural members)
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(seismic assessment) LWUITN19MII980UTEA VAL
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Figure 1 The Performance Level of buildings [5]
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Figure 2 The relationship of force and deformation [4]
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Table 2 The structural index of column

sres e | no. column  Size of size of @ (%)
: of beam deform stirrup  reinforce
" i ] _,t floor ment
| 4 a 0.20%0.20 40816 0.20 230
14 @ 0.20%0.20 4-DB16 0.20 230
wanzs wkdabl 5 | o
| 3 0.20%0.20 40820 0.20 3.59
7 B B B|E B B = B B 2 B ca 0.20%0.20 4-0B20 0.20 359
s 0.20%0.20 4-0B20 0.20 359
k|
“ [ 1(|f| 1|[| L 1 ||[|C 1
_ B C =]jll= : H : H — ,V 6 0.15%0.15 4-RB9 015 136
ez i : HiE =
i H 3 a1 0.20%0.20 4-DB16 0.20 230
P [ 70 I M (8 I T 73 7
la] la] i (@) 0.20x0.20 4-DB16 020 230
o
M T e 3 0.20%0.20 40820 0.20 3.59
@ ® ® ® ca 0.20x0.20 4-DB20 0.20 359
. s 0.20%0.20 40820 0.20 359
(a) front view
6 0.15%0.15 4-RBY 015 136
©  © & ® 0 2 a 0.20x0.20 40816 0.20 230
1 I I [ 1 !
i 1 @ 0.20%0.25 40816 0.20 179
. [ &) 0.20x0.25 4-0820 0.20 2.79
i S WEE == ca 0.20x0 40820 0 9
ol 20x0.25 -DB2 20 27
®";ﬁ¢ =) [ &ﬂs | o & B e g 8 @ %
& z] =] = T c5 0.20x0.25 6-DB20 2x0.15 279
il il el
| = = Mezzanin  Cl 0.20%0.20 4-0B16 0.20 230
< [ &l e [ 5] - B -
@ 0.20%0.30 8-DB16 2x0.20 292
g i e o s I B &
O 1 5 ¥ Chginses 5 &) 0.20x0.30 6-DB20 2x0.20 457
&
S L. o v RN S 0 20 ca 0.20%0.30 6-DB20 2x0.20 303
g pfa i
@ pha B , s 0.20%0.35 8-DB20 2x0.20 386
- T Toe & it
(Fr BE g B = T 1 } 0.20%0.20 4-DB16 0.20 2.30
) g c 0.20%0.30 8-0B16 2x0.20 2.92
E pha 4l pfa Bt i
ol . § 3 0.20%0.30 6-DB20 2x0.20 457
@ ca 0.20x0.30 6-DB20 2x0.20 343
E s 0.20%0.45 10-DB20 2x0.20 3.69
@1 1 bunting  Cl 0.20x0.20 4-DB16 0.20 2.30
g
1T @) 0.20x0.30 8-DB16 2x0.20 292
3 0.20%0.35 8-DB20 2x0.20 386
(b) Floor Plan ca 0.20%0.40 10-DB20 2x0.20 419
. . - s 0.30x0.45 10-DB20 2x0.30 231
Figure 3 Detail of the sample building [6]
Table 1 The Calculation of the effective weight of a Table 3 The structural index of beam
building No. Size of size of deform @ (%)
beam beam stirrup  reinforcement
No. of floor  high (m.)  Weight (tons) Effective weight (kg.)
i 25 25 196430 B1 0.20%0.40 6-DB16 015 165
Fp— s p 109260 B2 0.20%0.40 50816 0.15 138
B3 0.20%0.40 4-DB16 0.10 172
2 3 25 237,190
B4 0.20%0.40 6-DB16 0.20 165
3 3 % 174,89 85 0.20%0.40 5.DB20 0.15 215
4 3 28 173,880 B6 0.20%0.40 6-DB20 0.10 2.58
rood 275 17 41,994 B7 0.20x0.50 6-DB20 0.15 203
E—— o 93360 BR 0.20x0.40 4-0B16 0.15 1.10
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Figure 4 The comparison result of maximum

response spectrum and design response spectrum

2.4 aduuiunulualunisimsizide33
warans lidadu

ilesandaqguudilifinduurudulmvunelvgi
uiinldlutsemdlne dadu cideaduisddady
wiuAulmangudifediuieinssuukuiulniuva
U & ¥ n (Pacific Earthquake Engineering Research
Center, PEER) [8] Imaisﬁ'ﬂﬁluuduﬁulmmﬂwicqmszﬁ
wruAulmfiTdnvarlndidsatumgnisaiuiudulug
UsnuniamiovesUsenalng $1u7u 9 Adu A
JULSIWIA 5 e 7 Tszezinagandaliiu 12 Alawes
wiazgnaduusuAuln Uszneuseaduvuiusesidou
(fault parallel) LarAauRaInfuTeldey (fault
normal) fsuansly Table 4 waz Figure 5 Tneroudiaz
thaduwsiuAulmldlunsiesesissdonihnisguuiu
A (scale) frefAsTivindy 1.17145 [9] wielianasy

HsgAuanusuusveskuiulmaenadaivanasuna
ANSABUAUBIFINSUNITOBNLUUVBITINInLTaalvd T
Wuluanuiiigirvuaily wew.1302 [7]

Table 4 A study was applied using nine earthquake

ground acceleration records

62

No. event year Magnitude Distance  PGA (g)
(Mw.) (km.) unscaled
FN FP
1 NGA 30 1966 6.19 9.58  0.444 0.368
2 NGA 95 1972 6.24 4.06 0.372 0.329
3 NGA147 1979 5.74 9.02 0.191 0.252
NGA 148 1979 5.74 7.42 0.252 0.256
5 NGA 149 1979 5.74 5.70 0.233  0.252
6 NGA 161 1979 6.53 10.42 0.163 0.200
7 NGA162 1979 6.53 10.45 0.277 0.203
8 NGA 179 1979 6.53 7.05 0.484 0.370
9 NGA185 1979 6.53 7.50 0.258 0.221
0.60
- 0.45
e:’n 030
2 1 |
© 015 Al #
% lw m b’\ )‘\,ﬁ/z\:’\’;\\['r&(‘ﬁr"'“'v\mw,'«‘*w/\./‘".,m_'\,"-‘-,w'v"’wuw'“v'v
g ! J ' 10.00 15.00 20.00 25.00 30.00
|
0.45 Time (sec)
(@) NGA 30

Figure 5 The example of earthquake ground
acceleration records
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(c) NGA 149
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Acceleration (g)
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(e) NGA 179

Figure 5 The example of earthquake ground
acceleration records
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Figure 6 The simulated by a 3D model
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Figure 7 The relationship of force and deformation
by the plastic hinge rotation
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3.1 wamsAeeizuuuUNsauYeseIAs

N1INIAIAUANTATINAAIAN3UI01ATT
Usgnausne sUuuunsdulin (natural vibration mode
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Table 5 The analysis results of the period and the

vibration mode shape

No. of  Period natural vibration
mode  (sec) frequency mode shape
shape (cycle/sec)
1 0.631 1.558 Y direction
2 0.563 1.777 Y direction and
torque
3 0.516 1.937 X direction and
torque
4 0.258 3.881 Y direction
0.242 4.140 X direction and
torque
6 0.223 4.488 X direction and

torque
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Figure 9 Pushover curve (Y direction)
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Figure 14 Position of the plastic hinge rotation
(Y direction)

nsasIsasuAMUEsMIEIdesaInusudou
finrsananusadeudiing uioidafuniuusadeu
auaavesmthialusUresdn DCR . SudiuiauazA1 DCR s
Fudruaniluuny X ianfid1 DRy gegnoglutandu 3
WU 0.73 audaedu 2 Wity 0.68 dmSuay DCRy
geanogluauduaosiinfiu 039 audetu 2 wity
0.23 waa@wiaz%uazﬁwLauamﬂ Figure 15 luwnu Y
i1 DCRue geamaglutandy 3 wihiu 0.33 mudedy
3 ity 0.29 dmuauiiet DRy gean agluaudy
asuwiny 0.5 et 2 wihiu 038 Faaaguudas
Fuauelu Fieure 16



DPT.1303-2014<1.0

M DCR (VO)
I M DCR (VB)
3 4

Figure 15 DCR of shear of the column and beam
(X direction)

o o o
IS o =3 -

Demand Capacity Ratio
°
S

1 Mezzanine 2
Number floor

o

DPT.1303-2014<1.0

0
=1
©
T 08
£
g 0.6
8 B DCR(VO)
2 04 B DCR(VB)
qE, 0.2
N | [

0 | -

1 Mezzanine 2 3 4

Number floor
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(Y direction)
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Figure 17 Design response spectrum from DPT

standard and vibration period of the building
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Figure 19 The results of the nonlinear time - history

analysis (X direction)
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Figure 20 The analysis results of the nonlinear time
history analysis (Y direction)
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