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ABSTRACT

This research presents the maximum displacement evaluation of reinforced concrete building under seismic
force. The cyclic loading protocols are applied to represent earthquake loads. A 4-storey reinforced concrete school
building was selected for this research. For the peak roof displacement analysis, four loading protocols were used
to model the lateral forces applied to the building. The responses were compared with Pushover Analysis and
Nonlinear Dynamic Analysis. Ten pairs of ground motions were scaled to match the response spectra of the northern

region of Thailand. The results show that the errors of the peak roof displacement, the peak story displacement,
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the peak inter-story drift rafio and the damage indices of Cyclic Pushover Analysis were 11.6, 6.1, 9.1 and 34.65%

respectively. The results are more accurate than those of Pushover Analysis because the characteristics of loading are

more consistent with earthquake loads.

KEYWORDS : Cyclic Pushover Analysis, Pushover Analysis, Nonlinear Dynamic Analysis, Peak Roof Displacement,

Damage Indices
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Max Displacement at Roof {m)
EQ Pushover Analysis Cyclic Pushover Analysis Monlinear
Lab Type 1SO ATC-24 SPD Time History Analysis

IWP-1 0.0303 0.0371 0.0383 0.0419 0.0457 0.0561
IMP-2 0.0429 0.0375 0.0387 0.0387 0.0411 0.0440
PARK-1 0.0521 0.0478 0.0509 0.0472 0.0501 0.05186
PARK-2 0.0441 0.0515 0.0523 0.0516 D.0528 0.0443
IMP-3 0.0416 0.0418 0.0468 0.0434 0.0472 0.0573
IMP-4 0.0334 0.0348 0.0348 0.0339 0.0355 0.0368
TAR-1 0.0495 0.0516 0.0565 0.0503 0.0531 0.0525
MAM-2 0.0350 0.0398 0.0403 0.0459 0.0468 0.0548
MNAHAMN-1 0.0204 n.0212 0.0207 0.0208 0.0202 0.0263
NAHAMN-2 0.0185 0.0167 0.0175 0.0174 0.0192 0.0222
SPI-1 0.0319 0.0367 0.0376 0.0388 0.0419 0.0441
SPI-2 0.0460 0.0547 0.0592 0.0574 0.0592 0.0660
LOMA-1 0.0325 0.0330 0.0328 0.0330 0.0327 0.0388
LOMA-2 0.0458 0.0451 0.0514 0.0438 0.0482 n.0522
LOMA-3 0.0398 0.0441 0.0476 0.0487 0.0498 0.0510
LO MA-4 0.0365 0.0371 0.0376 0.0376 0.0385 0.0415
LOMA-5 0.0351 0.0520 0.0550 0.0581 0.0594 0.0616
LOMA-6 0.0312 0.0349 0.0366 0.0365 0.0400 0.0449
NORTH-1 0.0160 0.0179 0.0187 0.0186 0.0187 0.0237
NORTH-2 0.0192 0.0193 0.0195 0.0194 0.0190 0.0211
Mean 0.0350 0.0377 0.03396 0.0381 0.0410 0.0445

Error (%) -21.3981 -15.2815 | -10.9896 | -12.1937 -8.0151
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AN 4 ANANLAANALAARUAINTE NTHA @N1s1iAn AN 5 AIANNLARNALARAUANNIE NTHA d1151AN

ﬂ’mﬂgauﬁ@qqmmLwia:%ummi ﬂW?LﬂgﬂuﬁﬁMﬁﬂﬁ{Q\iq%‘HﬂﬂLLV]IEHZ%U
Error (%) Error (%)
Storey CPA Storey CPA
PA PA

LabType| 1SO | ATC-24 | SPD Lab Type | 1SO ATC-24 SPD
Roof -21.40 -8.37 -5.22 -7.69 -4.77 Roof -26.60 -12.78 -4.27 -21.29 -23.41
3 -20.78 | -7.85 -5.34 -6.09 -2.57 3 -25.83 -10.14 7.74 -2.95 -18.53
2 -19.45 -7.24 -4.70 -6.92 1.66 2 -26.49 -4.85 -5.69 4.41 0.20
1 -15.18 | -8.68 -4.09 -13.79 2.54 1 -15.18 -8.68 -4.09 -13.79 2.54

G 0 0 0 0 0 G 0 0 0 0 0
% + ; ; ; ; 210 % + . - - 4.41 1.37
% - 21920 | -803 | -4.84 -8.62 -3.67 % - -23.52 -9.11 -5.45 -1267 | 2097
% Absolute | 19.20 8.03 4,84 8.62 2.89 % Absolute| 23.52 9.1 5.45 10.61 1MA7

4 4
3 3
§ —e— NTHA g
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(4) SPD Protocol
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P o I a
LWHUﬂUﬂautLNumu\lW? IMP-1

mssafnmsiadani (aimns)
CPA Lab Type CPAISO CPAATC-24 CPA SPD
00258 -0.0258| 0.0031 -0.0031| 0.0080 -0.0080 | 0.0040 -0.0040
00371 -0.0371| 0.0058 -0.0058| 0.0080 -0.0030 | 0.0040 -0.0040
00371 -0.0371| 0.0058 -0.0058| 0.0080 -0.0030 | 0.0040 -0.0040
00371 -0.0371| 0.0119 -0.0119| 0.0170 -0.0170 | 00112 -0.0112
0.0119 -0.0119| 0.0170 -0.0170 | 00112 -0.0112
0.0119 -0.0119| 0.0170 -0.0170 | 00112 -0.0112
0.0184 -0.0184| 0.0220 -0.0220 | 0.0183  -0.0183
0.0184 -0.0184| 0.0220 -0.0220 | 0.0183 -0.0183
0.0184 -0.0184| 0.0220 -0.0220 | 0.0183 -0.0183
0.0242 -0.0242| 0.0419 -0.0419 | 0.0231 -0.0231
0.0242 -0.0242| 0.0419 -0.0419 | 0.0183 -0.0183
0.0242 -0.0242| 0.0419 -0.0419 | 00112 -0.0112
0.0311  -0.0311 00112  -0.0112
0.0311  -0.0311 00457 -0.0457
0.0311  -0.0311 0.0457 -0.0457
0.0383 -0.0383 00457 -0.0457
0.0383 -0.0383
0.0383 -0.0383

TA99ase asnalnlpgeasalAnanniudganad sanaina
o6 ¥ v = Ay v =<
M nAuaLs0luNIsAIUNISLARELUNAUANIAAAY TLTTL
WOANgIUNADAARINUNNANTINIBdIATIATIINE A LSS
weluAU 17
ATNSLARBUNGNGATBILARTTUANANTAIEIENNT
s s s a | v a s 1 dl v a TV
HANLULINANS DA lnalAsUANLAAINNITIATIZARE
Tewarmansludiadu Inedaanunainindeuatsznng
FRHAY 2.69 - 8.62 UULNNITHNANLUUADALAIAIN
AANALARDLIDEIRY 19.20 TUAIUUAIAIBRFIAIUNITIARAUN
AumsssMetulTIBNINANLULANAnstANLINAAENTL
| dl Vv | a | QI 1 1 v
AONFRIINNT TneilAmAuARIAIAGRLRE TN INTaEAL
5.45 - 11.17 WaWEUNLUNITNANLLLADA N NaAaALARAL
Sariaz 23.52 ANVANINNENANLLILANANT YilviadenAs
UTudUiinsAeLiuaAAT N Wunalimainiuaanas

&4 ad X < o o v
ANLIALNNTIARAUNNININAUINNNITIABUNAIUAILATIATIN

Mean Damage Index = 0.119

Mean Damage Index = 0.187

0.002 0.004 0.004 0.004

. . » °

i.o.cm; o.13o. RXIT 0.013)

.0.051 n.osi 2:216 0.259)
g 0344 0250 0203 0.2479

(n) CPA (Lab Type)

Mean Damage Index = 0209

(1) CPA (ISO Type)

IMean Damage Index = 0.217

(n) CPA (ATC-24 Type)

lean Damage Index = 0.102

0.004 0.005 0.004 0.005
| 4 * | 4 .
0.013 0014 0.013 0.015
[ o . |
0.244 0265 0.244 0.282
4 L . o
0.331 0.373 0330 0391
. R 2.

(1) CPA (SPD Type)

IMean Damage Ihdex = 0.280

0.002 0.005 0.005
. . o
0.009 0.004
o A .O 015 0.0 14.
0.059 0063
o s '0 543 0.375.
_80.284 lil‘201,_”7 _$0.288 0.251g

() Pushover Analysis (2) NTHA (IMP-1)

aisznau 12 ma‘ﬁmﬁ'jamguwmaﬁmmzﬁﬁﬁﬂjﬁ

ANUBINEAMTUNTHANLLLAN )

daunsriunasumisnisifindevyunatannuas
ANRULAMUAEYTIE WU TUAINTINATATHANLLL
Tpansaunsn vinesumisnisifiadeanyunanasnla
ANABNASIALAUILIAE dumndatinmEemeniu e
mwmmmm%‘lauagi:wiw Satiaz 6.10 - 34.65 ASilieq
NTHANDIANTULLINANT U 1LY Lab Type Wit
ANFANLLA BN EAAALAG O mﬁmﬁgﬂr}fmag'um
dwSnednuLLARMAL fielilaninen Yinunesuvaed
m’uﬁWﬁ'awquwmaﬁniﬁﬁlﬁwﬁmﬁ gu sl Al
mmL?ﬁﬁlmﬂﬁﬁ‘li’mﬁﬁdﬂﬁgﬂﬁm@éwﬂ TneilrnAnuRanALAREL

$pE1AY 63.57

37



AnAngsuilsznIA

TBUDLAMIVTINENAEATLY uazaniumalulat
WaBLTe (ASIAN INSTITUTE OF TECHNOLOGY) lunnsl
nsatiuayudayalunisinie

U’i’im']‘tgﬂ’ill

Inyad Joyaazll 2852, 'fdsimunuusuaulnves
NS IAEIBNTHANULLANANS.” lanansnns sz
Jamsdrnssalanuieni s 14. annend
wAluladiasuns. STR-50083

2554. 'nnssziduminuidannanials
uwsauruAulnIveeIAsddnedsnisudnuuy
ININT. $IBIUNNTINE. UMINENAEATUYL.

American Society of Civil Engineering (ASCE). 2007.
Seismic rehabilitation of existing building. ASCE
Standard No. ASCE/SEI 41-06.

Antoniou, S. Pinho, R. 2004 "Development and
verification of a displacement-based adaptive
pushover procedure." Journal of Earthquake
Engineering, 8(5): 643-661.

Carr, AJ. 2006. Ruaumoko User Manual, University of
Canterbury, New Zealand.

Chopra, A. K. and Goel, R. K. 2002. "A modal pushover
analysis procedure for estimating seismic
demands for buildings." Earthquake Engineering
and Structural Dynamics. 31: 561-582.

Chopra, A. K. and Goel, R. K. 2005. "Role of higher
mode pushover analysis in seismic analysis of

buildings." Earthquake Spectra. 21(4) : 1027-1041.

>> A19U 119991895

Chopra, A. K., Goel, R. K. and Chintanapakdee 2004.
"Evaluation of a Modified MPA procedure
assuming higher modes as elastic to estimate
seismic demands." Earthquake Spectra. 20(3) :
757-778.

FEMA. 2005. NEHRP Improvement of Nonlinear Static
Seismic Analysis Procedures (FEMA 440). Federal
Emergence Management Agency, Washington
D.C.

Goel, R. K. and Chopra, A. K. 2004. "Evaluation of
modal and FEMA pushover analysis; SAC
buildings." Earthquake Spectra. 20(1) : 225-254

Panyakapo, P. 2010. 'Seismic Performance of RC
Building by Cyclic Pushover Analysis." The 7"
International Conference of Urban Earthquake
Engineering (7 CUEE) and The 5th International
Conference on Earthquake Engineering (5 ICEE),
Tokyo, Japan.

Papanikolaou, V. K., Elnasshai, A. S., Pareja, J. F. 2006.
"Evaluation of conventional and adaptive
pushover analysis Il Comparative results."
Journal of Earthquake Engineering, 10(1): 127-151.

Park, Y. J. and Ang, A. H. 1985. "Mechanistic seismic
damage model for reinforced concrete."
Journal of Structure Engineering, ASCE, 111(4):
722-739.

Sezen, H. and Chowdhury, T. 2009. "Hysteretic Model for
Reinforced Concrete Columns Including The Effect
of Shear and Axial Load Failure." Journal of

Structure Engineering, ASCE, 135(2): 139-146.

gsanisAne Usgnin dmnssuminsumitiuda ara13minssulasn (daseasno
NNUMNINENdEATNY UTn1eT anandmnssumnstign anandmnesulesn AnumInenat
f9surnans dilsraunisalinnusmunisesnuuulasiadeiasszionane g Tnsanizenmsratssmnu
<) a % d' o @ a o a ¢ @ a a a' o 13 o @
MEANN-AATIZYlATINYG anuvineulagiiu 13 Weewiies 1Wulllese Aeudaunuvia a1

o I a @ v | o= a
ALALN Qﬂ?ﬂiiﬂﬁﬁ’ﬂ’]’giﬁ MU 8 AN A2 ALATINAG

38



