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The objective of this research is to study the analysis, performance evaluation
and renovation of precast concrete buildings for earthquake resistance. The recent
earthquake in northern Thailand has affected the damage of many reinforced concrete
buildings. At present, the construction industry in Thailand is currently growing. The
tendency of the construction of precast concrete systems is therefore becoming more
popular as it reduces the construction period compared to the normal system
construction. For precast concrete buildings, earthquake resistance has not been well
tolerated since there have been precast concrete buildings in the past due to
earthquakes because the buildings were not designed to be able to withstand
earthquakes sufficiently. From the above reasons, this study will show the importance
of performance based design in evaluating the earthquake resistance of prefabricated
concrete buildings. 10-story apartment building, located in Mueang District Chiang
Mai Province Will be simulated by the ETABS program. The building will be
designed as per Department of Public Works and Town & Country Planning
DPT1302-18. The building is evaluated for earthquake resistance performance using
nonlinear time history analysis, which uses the acceleration of the earthquake

recorded from earthquakes of 7 waves. The acceleration of the earthquake is matched



to the design spectrum using ETABS software. The analysis identifies the plastic
hinge properties of shear walls and moment curvature by using the stress and strain
model for concrete and steel as specified in the Department of Public Works and
Town & Country Planning DPT.1303-14. The results of analysis of the linear static
analysis is designed and evaluated by the nonlinear static analysis and the nonlinear
dynamic analysis. The analysis results from all 3 methods are compared for the

displacement of buildings, Base shear and Story drift.
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M990 3.1 AauiAveIIag

Grade of Concrete C300
Concrete Compressive Strength (fcy) 30 MPa
Grade of Steel SD40
Yield Strength (Fy) 392.40 MPa
Tensile Strength (F) 559.17 MPa
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9
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Y
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"Tabulated loads represent mean load plus one standard deviation (Culver, 1976)
*Uniform Building Code
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[
A o 1

1Az Squat wall H3oMuUNINISATI@IU A /4 TEni1 2-3
wqaﬂﬁuﬁum@mﬁummf‘imwaﬁmﬂizmmfﬁua&jﬁuﬁwﬁﬂums
FUUSURNOU (Shear strength) 1arMaalunIsTUNTIAA (Flexural strength) VBIAILNILAY
Uszian d1w5014 Slender wall flosnnsasidan i /7, g1 fldfumnad Tomadiezifams
asnveunanasuSunsfateuiivsiinanzdusaadnvesuieu luneasasudy
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' 4 1
dissipation #1031 9t luMIeRALUY Squat wall 919vzdeseanuuy el uusanou

9 ]
U 1N0AAAINADINITUBI Ductility
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anwasolumsnszarenasau ldgunuziozduna lonanlumsnszaendsauves
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fums uansiidestloanulildimansiszaoluganuudunil Ductlity dmTelianymeiy
Brittle failure
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AHTUNMUNINT VLT3N 3.12 sziinganssnlugaudaadnuaymslssdenlu
5 uuuvan laun
1. WYANIIUUVY Flexural yielding 32031528111 Flexural failure A431/9 3.12
(V)
2. ‘Wf]aﬂiimm‘u Diagonal tension H30 Diagonal compression (H0ALTURNBUIZINA
M31/52d8111 Web crushing failure A931/7 3.12 (n)
3. MIAOUVDIRUNIN Construction joint wnamsdszasnuy Sliding shear failure
A3 3.12 ()
A J 1< a o a A o =2 ]
4. MIABUIEHNANANATUAVFIUIIN ISINALDINNNTUTLABUOILTITAYU I
1 S o = (% A
JEHNUMANNUABUNTA A931)7N 3.12 ()
= = o td' . . a zﬁ‘ Qy 1 td'
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(9) (2)

:Jjﬂﬁ 3. 12 AaRNAULNITITAVOI Slender wall (Paulay & Priestley, 1992)
A o d’d [ 1 9 1 4! U dld
Squat wall WIBMUNWINTEAI AU 2, /1, T08nI12-3 H919 14 upIAITNNANNGY
[ A I o A @ A 0911 1 09: a
linnnseluemsgalaadluiumeneesuus uneuluszo dosauduusnminiv Tagina
¥ A ° ) A A o 99a . 2 4 o
HANUDINNANUGIVOINUNITOIUTUROUNIZ N 1HINA Yield moment YUNFIUVDIA N
% A9 ' Y A o o Y o % a v 9
WP UANTIDINIIANUAIUMIULTURBUVDINWNIT 1A nadnazinanslszasaens
A A @ dy = e 1 9 o @ qul o dy v
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=2 o ' A YN Y o qYa 9 ' o '
awnsogatwmaludiuiusan’3ld sldinasessnlunuamuesyuymalvauaziirllg
MIYUYTINAIUDIN N
2. diagonal compression failure ﬁ’ﬁgﬂﬁ 3.13 () uaz 3.13 (N) Hanyauzadeiy web
. a 'ﬂ' v . s A
crushing 14 slender wall 1NAIHBIINLTIOA U compression strut Glumunmumqa sznou
AUNTARAIVBIMNAIT UL IOAVEIAUNI AL INHAYDY cyclic loading W 1¥IAAMT5dY
= a [} 1 . o dycﬁ ] ] LY
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3. sliding shear 991N wne AT DusInsERDeBUdaadnuas 1ATDusInsEIi
9 9 Y} Y A o N y 2, v '
dounau liuds sesuandnngruvessinsazitlanieiu dldanuawisolunisae
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sliding shear Ng1MvoIt N 14 lufige
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‘gﬂﬁ 3.13 aNHULMIIVAVDI Squat wall (Paulay & Priestley, 1992)
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(% :/' A o Y = . <3 1 4
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Y 9 ° = A a 1o &£ & Y
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d‘ o d’d ] a =)
717 3.14 Auwantaenanse Couple structure wall

a ) ~ a < 1 a a
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o Y 9 o v qgj dy a <o =\ A 3
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& I v o a 1 a A a o 3
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I Yo J A 9 > " o v o o ° A Aa
1%l adumanizesno1as Nl udy (ine element) 1131 §9UUHBUT AR WNIADUNTANT
o [ Y A . =2 ) 4 a 4
aﬂymzmumuma Wide-column frame mgﬂumﬂﬂumsamﬁm
a o [ o a .
AMINUATIEH IAFIa 19t nesSunsa1aedT wide-column frame %
o o I 9 Y 9 va Ao 1 ¥ g 4
$raewvuwmanazauiwdu neudeguauiiadieoum nuuaunuguénivesosn
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] a A o I~ a Y o d' a a
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v ) v Y
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rigid ann rigid arm
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YDI VBN, 1303-57 HAAIAIN15199 3.9 aaualsn 1y lunisidenaininaiseanaiulsiuny
USIALUINUIEY Boundary element UAIB99 10T IMMIUAMN YYD UE 1921 s11lFouna0n
a 4 Aad . | [ 09/1 ~ Y A A 1 A
M1391A311 19875 Nonlinear static pushover AaHUHTINNUILAUN IHNoEDNA1 I HAIT 190
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3.9 oz ldusensilumunaaanuaiinsziide Inseas eneumssunsansziidiudeves
JGERGERY
AHSUNIANAWNITUUIIPAAIVANNITIIA TABTIAA VB, 1303-57
Yo Yo v w s o Y <3 a
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v Y
uu2ATUUTIUY0I Boundary element IMNIUNTOAADATZHE 25% 1INV VDI MW TN Tl
d’ o =
Anuma 1l Boundary element
v Y
A1 FUNIANSWNITUNTIPAAIVANNITINA TaLTURoUNY
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ANNFUNUTA9T
Vo=V +V, (3.17)
V.=214/ft,l, (3.18)
Avbnfylw
V = (3.19)

Tagh  MAITUUTUNOUTLYUDIRWNITUUTI (Nominal wall shear strength) Aoeiian litios

A9 4l Al foe 1wz lnnndn 100 ) £, 1

A 9 [ = o
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3.5.4 P-Delta Effect
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M=Fxh

A @ Y a 7Y . . .
g‘ﬂ‘w 3.16 M3 lenAue9 IATIdT 1 (A1) 91AN15UAIITHAIY Linear static analysis
<3| [ a {a & 4

P-Delta Effect tilunavosms liifludaduninaiulunninseasre o lassadrawu

o 1T A a A o 9 Y A o Y I v o o A A
nndunuaanTunufe meennusInsgiaudEai Inims Tnsdrddunaeanuin

2 o A A a = A )

YU ueraenagili 3.17 eAanavod P-Delta effect IunmmMoNv09 P x (A1) 191 1 Tuauns

=2 o Y a s a o w A
1 ldanaluwuananai aeaunsi 3.21
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PA
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1 Y [
a35197 3.11 dhminussnan s luTasead

Gravity Load

Wall 7.1 kN/m’

Typical floors 4.7 kN/m’

Structural Dead Load ,
Roof 4.7 kN/m
Floor Finish 1.5 kN/m’
Typical floors 3.0 kN/m’
Live Load

Roof 1.0 kN/m’

3.6.2.  usapuaulng
TFuasgiuindlemses nuuuImIdumumsauaziouveauruaulvg
WeK.1302-61 (N3uTes1EmsuazAuiios nsgnstaumalng, 2561) uaaaluaisnan 3.12 uay

anlnasuanussevauesdiivesnuuulusuneiion daniamoalvi uaaslugili 3.18

{ a S 1A a @
A15190 3.12 Wﬁ"IiJLG]’EJiLLW‘IJ@IUUlﬁ’J (ﬂilliflﬁ?‘ﬁﬂﬁ!tﬁgﬂﬂlﬁﬂﬂ ﬂi%i/li’Nll‘H"lﬂhlVIEJ, 2561)

Type of Soil D
Seismic Data Zone 11
Damping 5.0%
Importance Factor (/) 1.25
Category Intermediate Precast Shear Wall
Reduction Factor (R) 4.0
System Over Strength (QO ) 2.5
Deflection Amplification (C,) 4.0
Spectral Acceleration at Period of 0.2 s (S,) 0.963¢g
Spectral Acceleration at Period of 1.0's (S)) 0.248¢g
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A15199 3.13 Foyamsdu Inannaduuruan1n) (Pacific Earthquake Engineering Research

Center, 2019)

Scale

Event Station EQID Year Magnitude
factor
Imperial Valley El Centro ECETO 1979 6.53 1.2963
Victoria Mexico SAHOP Casa Flores VICTO 1980 6.33 1.9603
Kobe Japan Kakogawa KOBE 1995 6.9 0.7257
Northwest China Jiashi NOWST 1997 6.1 0.5853
Denali Alaska R109 (temp) DENLI 2002 7.9 2.2789
Chi-Chi Taiwan CHYO014 CHICHI 1999 6.2 0.9326
Tottori Japan HRS003 TOTTO 2000 6.61 2.5453

E-3
100 =
75
50 -
25

-25 —
50 —
& 4

0.0 20

4.0 5.0

16.0 20.0
El Centro
1 |

6.0 10.0

Victoria

1
28.0

14.0

1
e ] B0

16.0 18.0

40.0

200
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E-3
400 —

-300 o 1 1 1 1 1 I 1 1 1 1
] 5.0 1000 15.0 2000 250 30.0 50 40.0 45.0 50.0

Kobe

0.0 4.0 BD 120 18.0 20,0 240 280 320 3B.0 40.0

Northwest

I 1 i I
0.0 BO 18.0 240 2.0 400 48.0 58.0 84.0 2.0 30.0

Denali
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E-3
180 -
120 _
0 _
40

A0 _
40

-120 o 1 1 1 1 1 1 1 1 1 1

0.0 6.0 120 18.0 24.0 300 /0 420 480 54.0 an.o

Chi Chi

103 120

Tottori

gﬂ‘ﬁ 3.19 foauﬂaﬂﬁumiuﬁu"lmﬂiz’iﬁnm (Pacific Earthquake Engineering Research

Center, 2019)

o'/ dy a 9 [} T 9 [ d’ Y o Y d'
2. msauluivesiuanazdssgnauliuaidisnaini Tasdesirliaundeves
[ d'cscu 1 ] = l<; 1 Y d' 9
alansunsao U U INIINIIEIUANUKUIL 5% Ua ludinnalansumsaouaueanly
v ' v Y
luMsenNULUAABATINAIUMIAUTZHINN 02T 09 15T Tasf T Ao AMUmMsauiugIu
a 1 ) a 4 o'.l
voalassadalunanianiinisiaiied Taeolulisunsy ETABS aeila%u Matched to
o 4

' Y ]
response function 3dwsviSumdoyatlszanamsduiuauie lddmsvoinsie 19

asanumiansuthnine msdSummiansuaevaussvesnauuaaslugil 3.20
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317 3.20 MedmsSumanlansunouaueIveIAAY El Centro (Pacific Earthquake

Engineering Research Center, 2019)

3.8 mslszdivaussouzveso1ms

ag a ] I ad 9 1
Fmsisziiuaussouzuseanilu 4 35 laun
I o 4 !
1. Displacement Coefticient Method Wumsmuamsinaeuithueves Node
v Y v I i
avuguiFuUUgavesemsudasluzili 321 msdaumsmaouiithuuiedimuan

11933714 ASCE 41-13 ttag FEMA 440 uaun1s 3.24 uag 3.25 MUY

2
d,=C,,G,8,(7,/2p) g (ASCE41-13) (3.24)

2
d, =C,C,C,C,8, (7, 12p ) g (FEMA 440) (3.25)
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Elastic Response Spectrum

q Capacity Spectrum

Base Shear

InitialStiffness

Inelastic response spectium

- -
Or Roof Displacement
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sUn 3.21 ANUAUNUTTEHINUTIURDUNTIULASNITIAADUNNF UV UG A

Y

2. Capacity Spectrum Method MldTagnsinsaniiaaussous (Performance Point)
1 d o o { 4 o
suilugadaveuduTnsmlansuaussovzuaziduInsanudesmsuaaslugld 3.22 et

1ﬂ!ﬁ8ﬁﬁﬂi$ﬁﬁﬁﬂﬁﬂuzl‘ﬂTﬂll”IEJ (Performance Objective) Lm@]ﬂummgm ATC40

Decmand Curves for fer =5%. 10%, 15%. 20%. 25% and 30%
Line commecting points plotted
as specified in step 6

| Berformance point at intersection
of capacilty specimnm and line
4 plotted as specified in swep 7

Capacity spectrum for
ifl====5 step 3

/ 5% damped response
ayp-s (_- spectrum for the stzp |

|

1 A :

: ] Sep 2
i Dashes:!ir.-e for step 4

1

I
-
dy d*
Spectral Displacement, inches

9
%

319 3.22 FupeuanlaniuanuasalumsnnsagaauIIauE
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. [~ @ 1 4 {o o o ' 3
3. Inter-story Drift Method UJUﬂTﬁﬁi"]ﬁﬂﬁ@’ﬂ'ﬂﬁﬁﬂlﬁﬁuﬂ15lﬂaﬁ]uﬁﬁuw1’]‘ﬁ3$ﬂ31qcﬁu

= £ 3 ' o oA
(Inter-story drift ratio) Llﬁﬂﬁiugﬂﬂ 3.23 FuuUANuAnA19U0IN1T 1eNAITEHINTUNOY

u

A o 2 & sl o o o
@W’]ﬂuﬁd]);\iﬁ'lu’liﬂllﬁﬂ\?!iJULﬂﬂilcﬁu@ﬂl@\iﬂj'luqqclucﬁuuu 9 !lﬁﬂﬂﬁlum1ﬂ5§1u ASCE 41-06

Deflection at the level x

Cddxe
d - (3.26)

X
1

e

The inter-story drift ratio (Z/DR)

IDR =— (3.27)

la

[

A A A o J ' QQJI
5UN 3.23 MIAaoUNTUNNTTLHINTU

U

< a @ a
4. Member-level Performance Method uJum511‘izmmmuauimuzmanmﬂﬁiu

1 4 J Y a J
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paalunInTgIu NOK.1303-57 H991n3UN 3.24 MIIFe3UNTIV04 single shear wall and

Y H
A A

' a va |
coupled shear wall W‘]J’Nmil?fﬂg‘ﬂﬂiﬂﬂ]@ﬂ single shear wall Imstanuunsznedunui

9

= £ = A a wa I A A
gy G])'\m%‘lmﬂﬂﬁ!ﬁﬂz‘ﬂﬁll’ﬂ\‘i coupled shear wall “mJﬂﬁ?‘]JGILL“]J‘]JLﬂuﬂﬂﬂﬂﬁWﬂﬂWU“ﬂﬁlG}f
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®© 2
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2 S Plastic Hinge
'UE) 8 / /| Zone

gﬂﬁ 3.24 ﬂmﬁﬂgﬂmwm single and coupled shear walls (Igbal et al., 2016)
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Tunssraesganyunaraganie 15 lun1sinszd Inseaiie 151U VoK. 1303-57
=2 o Y o 1 a @ 9 Itﬂld! @ dy [ Y
vimualvdumisgavyunaaanlumislassaseegininaavesnids geanniumii 7
o A ' Aq Yo o a L4 o A T & =
uaasAazli 3.25 Taean 7 MlFdmiumslinsgriuuuiand YAwNAUAINGRATIHHEUeN

9 9

FUNU )

Vi

1 3.25 yunyuvesganyunadanTumislaseads

q Q



68

PPUYUNAIAANILYNT1aaNnANT5U 1Y ETABS ﬁ%’aﬁmuﬂmummgmﬁizuﬁlu
won.1302-61 Tasfviualipuauiavesgavsuilunuy p-m3 uﬁmﬁﬂgﬂﬁ 3.26 TINTUNTI
%’mmﬁauﬁqgﬂﬁ 3.27 uag 3.28 mm‘fuﬁmuﬂqwuuwmﬁaﬂmuﬁﬁmuﬂﬁlu WYH.1303-57
FmsunuusiaowazinasinssensuFIdnav T uIT IRz liFuduvea i
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Q/Qy
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B ey yunyunaafnioenlsl
Fou'ly YUKUNAIEAN | daaIu .
. g (151A8U)
(151R8U) MGIGRGEN -
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' 14
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' ' b c 10 LS CP
tl Al a
thWfC ww fC
@ 0.10 a 0.33 0.008 | 0.015 0.60 0.002 0.004 0.008
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