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CHANON KWANGJALEARN: TARGET ROOF DISPLACEMENT FOR NON-
DUCTILE REINFORCED-CONCRETE STRUCTURE. ADVISORY COMMITTEE:
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In the past, the researches related to earthquake response analysis have been
conducted. Nonlinear Static Analysis (NSA) was extensively used due to its simplicity compared
to Nonlinear Response History Analysis (NL-RHA). Most of these researches studied about
flexure failure mode of structural models. In fact, the reinforced-concrete buildings could be
damaged by shear failure mode. The purpose of this research are to study target roof displacement
for non-ductile reinforced-concrete (RC) structure and to evaluate the accuracy of the seismic
response to the building. Both flexure and shear failure mode are considered. The relation
between the behavior of building structure and the behavior of building under earthquake is
derived by the Stiffness and Strength Degradation. This research uses NSA with Cyclic Modal
Pushover Analysis (CMPA) by utilizing the degrading equivalent SDF systems. After that,
compares response ratio of the floor displacement and the story drift demands by CMPA with
NL-RHA. The bias is shown as the ratio of floor displacement and dispersion story drifts are
computed by CMPA. The height of generic frames of 3, 6, 9 and 12 floors are not designed for
resisting the earthquake. The structures are subjected to ground motions: 20 large-magnitude
small-distance (LMSR). The following results have been found the generic frames with heights
varying from the height of generic frames of 3, 6, 9 and 12 floors, these ground motions are
scaled to intensity level 4(T,) = 0.21g. The bias deteriorates equal to 1.048, 0.884, 0.971 and
1.053 respectively and dispersion equal to 0.135, 0.353, 0.313 and 0.391 respectively. The bias
and dispersion in the case of the height of generic frames of 3 floors are smaller than the 6, 9, 12
floors and find that the bias deteriorates as the frame height is increased because of higher modes,

which cause cumulative errors from CMPA.
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MIIATIZHNINANDUAHBIT I (RESPONSE HISTORY ANALYSIS, RHA)

o

A A A o o [ g = VoA dy .
AUNITMITIAAOUNIBIDYNUS miummiwmﬂ%uTﬂﬂummgiwwu(ug(t))

4
aaaumisnae 1l
A a ] 1 A ] .
FTUVNANGANTINOY IUBIBANYY (Elastic system):
m +cu + ku=— i, (t) (2-1a)
A a ] ] 1A ] .
izummwmslﬂiimgiumﬂquu (Inelastic system):
mi +cu +f,(u,sign U)=—mu,(t) (2-1b)

{ < a 4 a J o 1 a
Iﬂﬂ‘ﬁ m, ¢, K, fs , lae WU nsuIa NI NEAIHUINLUUA TN
a a 4 F) Y A gj =} [ [ A AR d Jd o 1 a 9y
AAVUAUNT NS 1TIATUVN N U mwnuﬂszmmima@uwmLﬂuﬂﬁﬂ%‘ullmmmu
A I~ a <3 . . a 4 J o ¥ o =
YBINMIAADUN (1) NANNVBIANNITT (sign 1) LazauvgeugnameImumaumadUN
9 A 1 A A A g 1 gj o A 9
hlﬂﬂ']ﬂﬁllﬂ']i (2-1a) t1ag (2-1b) AD ANTAADUNNWUDIATLA NS T Iﬂﬂﬂ']@]’f]ﬂ“l/]ulQQWﬂ
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{ I 1 A Aa a { )
ﬁ}mﬂrmlmﬁumiﬁ (2-1a) uay (2-1b) L‘}Jul,!,imwuﬂuulmﬂ’izﬁ‘ﬂ‘ﬁwaﬁmmxm

[} 9
Auszu Insead e seamnsodouIdegluglvessameusn ladail
Pers (£) =~ (1) (2-2)

[

1A 1 g’; 1 1w 4 g’/
mummmgljmwuﬂu'l‘*ri’flmmaz%uﬁﬂmmﬂm’mmaima‘lms =m AU

[

P N , 4 . 2
ANMEINNUAY U (1) FenTzaeeglugilmasiuvesanos s, aulnuan1e 9 Asil

N N
s=) s, =TI, m¢n 2-3)
=1 =1

n

n n

Taoh ¢, WuTnuagisrsvesaumsduvai n (i 2-1 ez awi 2-2) tag

1—‘n =—1 Ln = ¢r;r m Mn = ¢r-1rm¢n (2'4)

[ Y
UNUNFUNT (2-3) adluaums (2-2) ANUU usauruau lvlseansnamunsomiou

Y
Irteglugdannslansse lail

N N
peff (t) = Z peff n (t) = Z_Snug (t) (2_5)
n=1 n=1

. w A g A4 A9 9 Y

s UsTUUFAGUMIIAaoUNA I u(t) ansouaadlvioglugll

A A Y 9 ~ g’/ ~ A A Aa A
yosmandouiamdesnyululnuei n, u (t) Wesmnuswsuau lnalsz@nsna

A A o ¥ A Ay 9 Al
TuTnuaN n, Py, (t) MunszIfUszUVYedlnsIas e Taemsmasunaudansu lu Tnua

' B ' P
fin, u (t) danudiusiFaduiyTvuaziivesmumsaului g, ¢, dsaumsaelafil

u, (t) = ¢nqn (t) (2-6)

Tagi q,(t) Ao Wnalruaves Inuai n

v & A 3

agaiumsmaeuiaudanarua u(t) iHes1nus P (1) mmﬁmgﬁﬂﬂﬁ’agﬂu

4
sUvesniia Tnuauaz Tnuagdiielaasdl
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u() = Y40, @-7)

v ] 9
unuAauMIN 2-7) asluaumsh (2-1a) udrguunigodenie ¢ tazeids
A 14 an $ 4 [ 3};
AuauiAvet00s InTnuaa Tash ¢'mg =0, ¢ cg =0 uaz ¢ kg =0 1o r = n aain

vz 1A Tnua (Modal coordinate, gy, (t)) oglugannis
A, +2¢,@,6, + @i, =-T,U,(t), n=12,....N (2-8)

v J

| < | a 3 '
Tagh @, 11uAMUATITUHIA (Natural vibration period) ttaz £, JusasiaIuaumily
~ ~ a Y d' A R [ g’/
Truai n 110aUMTN (2-8) 309311819711 FUAITMIAADUNVBITLUVNTTLAVTY
A A I A a ] ] A [ .
ANULE LAY (SDF) Lﬂuizummwmﬂiinagiumwwqu (Elastic)
{ a ] 1 1 1 . 4 4 9 9 4
Tunsalvesszuuniinganssuoglusie ludangu (nelastic) nMsadouNA UGN
gi { 4 ] Y ] { 9
U Tu THNAT n1HBaIANTE Py, () TansadisnTieglugdaumsi 2-6) 18 mawa
A = @ . a o v & A a o 9 9 o
HOIN191nANNEY 189U (Coupling) VBINNA 11UA AU INTZINATUI19UINTET
@ 9 9 Y] v 7 1 9 9 1] A ~ 1
A1 1A59a31991A15 [ AUATINLEAIANNFUNUTTEHINUTIAUI NN UM Ao UN THEI9
A 9 = I 9 = =~ (] ] A [l 1 [ =\ A
FuAuIzlanyaluduaT Iz N0 UAU00Y IUBTINBANGUUANEINNLNI TN
@ o 9 a v o 7 ] 9 9)
NANIUNTTNITLUV IATIAF19DIMTNANTATIN ANVTUNUTITTHINUTIAUD
@ A ~ = [ 9 = (] ] a (= 1
numamdeunaziianyag luthuduaswaslinanouausseglusrawganssunuy lidangu
. o ' ) { Y ' vd
(Inelastic) 117 lanansaldannsn (2-6) udaums 18 lasasa uaanunsalailumuinaly
msvagdaumsi 2-1b) Woeglugiina TvuamwRernuszuuTassad 19ndingans sumuy

garigula Taofmualn
N
u,(t)=>_4q,(t) (2-9)
r=1

v Y
IFURAGINUUTE Py (1) 3031 I lAnnaunisn 2-1b) dainegld

mui +cu +f (u,sign U) = py , (t) (2-10)
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v H 9
unusaumah (2-9) aslluaunsn 2-10) udrguaaoasie ¢ wieunvagll

1 9
Tnii Tagordonaauiinvesess InTnuaa laoh ¢ mg, =0, ¢lcg =0 aninaglania

Trua (Modal coordinate,qy, (t)) ?Jiﬂugﬂﬁilmi

- . F._(q,sign¢ .
d, +2¢,0,4, +W =Tl () (2-11)

n

A 3 A a . . . I o J
o @, WUANUDTITUWIA (Natural vibration period) tag ¢ 1HudnsraIu

AN lulviuen n

. N 4T . .
R (a,sign @) =4, (u,sign 0) (2-12)
= Y 9 A 4 an . a [ g’/
ainms lsgaauiavessss InTniuaa (Orthogonality) ENITNDTUIBTEALUL
=) A 1 lﬂ' o ! d‘ ! d‘
ANud VoI IR peazI e lugmsnusuReenazusiigIu Truad n
o W A Y < A A a o A 9
auaay Tagaunisn (2-1a) uidluaunsmandounluglvesnna Tvua n voalasaaing
{ a ] [} 1 R o Y (% a o o (%
niinganssuluge lidanguidinalsznou ldreanis Tugdvesiing Tnuasiuau N @7
A @ = ~ o 1 Y o & 1 Y
wls iesnnginalinnumned Teanu Tudiuvoausidmumuasiumswial u(t) Tasnisun
' ! ' 9 ' ¥ 4 @ Y
AuUMIN (2-11) NOHIAT g, (£) udwmua g, (t) Hasluaunisn (2-9) azdaingla

HaABUaUeURd U(t) mileuduar u(t) #ldanmsudaunsh 2-1b) Taasa
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NNN 2-1 El]i'l\‘li’ﬂllﬂﬂ'ﬁﬁullﬂﬁ 3 T’Villﬂl!iﬂ VBIBIATAIDYIN 6 YU
(Chintanapakdee & Chopra, 2003)
5 sl SZ 53
6 W
5
4 =
[
E 3 = + + +
@
2 ,
1 -
0 ! 1 1
-m 0 m -m 0 m = 0 i = 0 m

1 9
NN 2-2 ﬂ1'§ﬂi$%1€l§1JiNI‘I"HJWU’ENLl‘i\1Llwuﬂullﬂ’)ﬂ‘i%ﬁﬂﬁﬁﬁﬁWﬂi‘]JﬂWﬂ15@]’JEJEJN 6 ¥U

(m = ¥IA%U) (Chintanapakdee & Chopra, 2003)
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msanszilaglFusenszimudnaunenlviig (MODAL PUSHOVER

ANALYSIS, MPA)

=2 Y1 ada 4 1 Y o 9 A a
fuiiMsAnTIzRIDY NSA a2 ldansaldnuszun Inssasehlingdanssy
A 9 J 9 d'd a 1A 9 J & A d'd
lusadu uameldamsaovauesvesoimsilinganssy lusuduaoussduaziouniiving
1 LY Y ' d' v o d‘ A 1
Tiluaiiin sdinwunanuner Tesvesnanouausslu Tnuaranny Tnuadu aziiar liun
9 v
asiuneldauudgiuvesnsaeauessved Inssadwiinannu@onioua biguusaen

' A 44K Y a X
ﬂﬁzmmmwa@mmuawmmﬁmaaumlwummﬁ"lﬂmﬂfmmim (2-13) Tﬂﬂaguuwugm

'
A o w 1

v Y
auuagiund i wavesnnuine Testusgrin Inualiadesninaunsadangla
n
u(t) = 3 ¢0,(t) (2-13)
n=1

' { { ) ) ¥ & o
UNUAFNNITN (2-13) adluaunish (2-10) LANNUNDOANY ¢nT Wiaum%@gﬂ

1 [ o 14 ana
TmiTagordonaiauiiavesoss InTniuad (Orthogonality) 1218

. . F ,sign g, .
qn +2§na)nqn + Sn(an g q )=_rnug(t) (2_14)

n

3 4 < 4 4 . 4 Y da
Faaumsn (2-14) Wuaumsmandoun lugvesiina Tvuan n vealaseaiiand
wpanssuegluy hidanguidinalsznon ludedunls lugdvesiina Tnuasou ¥
@ A o =Y A @ 1 Y o Ay Y A
als iosnndinadinnuines Tean Tudiuveussdiumu Tasnaansin ldninaunisi
(2-14) amnsoutlaalfeglugdvesaumsmamasuivesszuy SDF 1@ lasldnnudiuiug
4
ORERREY
q.(t)=T.D.(t (2-15)

uasaumsh 2-14) Weglugiwnd D, (t) sreaumsi 2-15) wla

. . R
D, +2{,w,D, + f =, (1) (2-16)

n

way F, =F, (D,,sign D,) = ¢ f.(D,,sign D,) (2-17)
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A < A4 da o 2
qun1sin (2-16) Wuaumsveamsnaoun lu Ivuale o vesssuuniseausu
A A d'd a ] ] 1A ] é 9 d‘ a
anuds AeIntnganssveglua idanguialsznouais 1) ANuda s TuINa (o, )
[ 1 1 1 o o Y] 4
HaZBATIAIUANUNUN (£,) NTnuala 9 2) szuvuialsed Inua wag 3) ANUFUNUS

seuausamun (F, /L) fuina Tuuagilsie (0,) amlaanaunsi 2-17) Tu

) a @ D) o ¥ 9 A A A
VUABUVDINTAATIZH Iag 1Fusanszsnd vt anuuuen Tvua (MPA) HuAImMsnasui
v Y Y
IFANFUVUTAVDIDIAT TUTLVVNABTEAVVUAINET (MDF system) a101501)5za1ma1
Y v
lannHaneUaUBIgIgAYIA1 D, YITTUDIUANMET Ao uTReUIM Faasanla

1 . H vy
Tagasa0nauns (2-16) dumnsndouNgegaNFUUUTAv0901A15 U, TUszUUHae

9 9
v £ A @

] 1 vy 1
srAvTUANUES ULaINsoulasnInAIMsndouigaganTuUUgAvY0eIT U THuai n

9
=) v £ =)

A = = 1 9 v o Jo 1 49’
ﬂ1ﬂi$ﬂﬂﬂhi$ﬂﬂﬂluﬂ’31hlﬁilﬂEJ’JL‘V]EJ‘UWHT@EJGLGW]’Ni]f:‘filwuﬁ@]\?@ﬂhlﬂu

u.,=I.4D. (2-18)

rno

{ v o J v Y v Ao 1
Tueunsn (2-16) ANUFUNUTIEHIUTIUMUADNAA THUAF1T19
g { a 1 1 1 1 9
(F, /L, —D,) vosszuniuanudimerninganssueglugi higangu aunson ldnn
Y 59 o Y 9 { v Yy 9
tdu TR IN3ZINAUDN (Pushover curve) Tu THuaN n A2e3uDUNMTNIZIIBUTIATUNS

Y
(s;) ameaumsnne il

*

s, =Mg, (2-19)

n

a o Y Y ax o 9 9 3 axa '
ﬂTi'JLﬂiWZ’ViIﬂiﬁﬁiNﬂ’Jﬂ?‘ﬁ!tiﬂﬂﬁ$ﬂ1ﬂ1u"ﬂNLL‘U‘ULLfJﬂTTﬁJ@Lﬂu')‘ﬁ')kﬂiW%‘WWW
9 Aasy 14 1 A A a
HanpuaueIgege (1) vedlaseainlagisiszmnmunnszuu luganguaninnudase

9 1] [
vaneuie lasunswruau 1% pg (1) TaoTiusesdutna (s;) mnaumsi 2-19) nszih

=

@ 9 @ Y Y A A A A g = [T A A
ﬂ‘]JIﬂ'i\‘iﬁiN IﬂEJNaﬂGl“HIﬂNﬁ'iN‘JJﬂ1ﬂTiLﬂaﬂu‘ﬂ‘ﬂﬂmﬂuﬁjﬂmﬂu‘ﬂ1ﬂ‘]Jﬂ1ﬂTiLﬂﬁfJu1/]Q’QQ’ﬂ

3 < & 0 Y I~ 4 A
%uuuqﬂmmmmﬂuiwmw n (U ) mmmmmmmﬂmmﬁumm (2-18) LUBIWHLLIN

mo

(s;) manlilaseadraliauda (u ) udrdannsammaneuauesdun 18 wu msmdeui

rno
[ v . d o . A Qa/ 1 9 9
FUNNT (Story drift) TuNUAAA (Bending moment) tazisaRounelugsuaiulaseadala
I o & o
(Shear force) 11 uAY AU HAADLAUBITINGIFA (1, ) FsomuIn 1d91nNT5Im
HAADLAUDIYDINN 11HNARIBITIINNADIVDINATINVBIMAIADI (Square-Root-of-Sum-of
X 3 axaq Y A Y A Y a N

Squares, SRSS) Fuiluithliwanouausssmiin lndifssnanouauesiuias wag luigeen

v

Fudou Tneligilaumsaal
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N 1/2
~ 2
I~ (Z rnoj (2-20)

aaanlAvesszuylitanguiifiszduvrunannaified (nelastic SDF system)

1 { L g v W '
m3ma (F,, /L —D,) luaunsi 2-16) Fuiluanuduiussznnausadiuang

{ a o a (Y
(f) uaz D, Tuaumsn 2-17) mldlasmsdnsed lnssaeningdnssunun lidadu
moldusensziuuuata wiloun Inseaiunamamaounnioldn u =D ¢, arensiiy
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1.3 ﬁ’ﬂymzﬂlquaﬂﬁﬁnﬂmﬁamaa (Types of degradation behaviors)
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1.3.1 muieunssvesadrhueniofimsanusanszih (Unloading stiffiess
degradation)
Tavazueaseglunnuduiusszv s aasmadogy dauaasluning 3-5
(Lowes, Mitra & Altoontash, 2003)
ki = k,. (1 — 8k;) (3-6)

d‘ A 1 a d‘ = [ d' . . .
o k; Ao maariuaisiimsaausinszyiinnaila 9 ¢; (Unloading stiffness at time, t; )
A 1 A A A o A A g . . .
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A 1 v A =) a d‘ = o d‘
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(Unload stiffness damage index at time, £; )
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(Lowes, Mitra & Altoontash, 2003)

1.3.2 msaeunesvesaarluaiolinislausansei (Reloading stiffness
1 v o 1 (% {
degradation) Tagazuandad luanudunusszrIuIwazmsaegl Aaasluning 3-6

(Lowes, Mitra & Altoontash, 2003)
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MU 3-6 Msdeuasveaarluaieiin1g 1disan5ei (Reloading stiffness degradation)

(Lowes, Mitra & Altoontash, 2003)

1.3.3 M3LToNNDeV0IMIAY (Strength degradation) Tasaziiaasaglu
v o J J [ {
ANVAUNUTIZHINNT I aznsdeg)) aanaaalunini 3-7 (Lowes, Mitra & Altoontash,

2003)
(fmax)i = (fmax)o- (1 — 6f) (3-8)
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" (fmax)3

N
7
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NN 3-7 MIAOVDOHVDINIAA (Strength degradation) (Lowes, Mitra & Altoontash, 2003)
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- Maximum strength point ~ Beginning of shear degradation
(Av,nr Vpeak) (Av,u' Vpeak)

shear force

Response-2000

Axial load failure
. (Av, fr 0).

shear displacement

= o v J 1 A = [ A
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11U Monotonic envelope (Sezen, 2008)
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P= 667 kN
F—» A
1.4732 m
A
NN 3-9 MNUVUIBDUE 2 UA
P= 667 kN
F—»@Q (4 VY = Node number
|:| = Element number
@ = Rotational spring
= Shear spring
1.4732 m
3

v Y
A 3-10 NV (Node) Loz v¥UaIU (Element) VOULIUVIIADAUM
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] — Experimental
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1 1 @ a 4 glz @ y
M13199 3-2 AMIYSULA (Calibration) W1513tmei 14 13 @59 18010 11/50A53 Opensees

Degrading Parameters for a plastic hinge

7K1 1.50
yK2 1.00

Unloading Stiffness Degradation
K3 1.00
K4 1.00
yD1 0.20
yD2 0.00

Reloading Stiffness Degradation
yD3 1.50
yD4 0.50
yF1 0.60
yF2 1.50

Strength Degradation

yF3 0.30
yFa4 0.90
Energy Dissipation yE 4.50

aauusuau v Flumsfinmn
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= Aq 9 A " a ~ A oy Y
GLUﬂ’]ﬁﬁﬂ(H']uGlG]fﬂauuwu@uhlﬁj NIUAA T]iJﬂ’JHJ'gTuLLNGIJumGlﬁﬂJuLmthGlﬂai’aﬂ

=

iAo (Large magnitude small distance record, LMSR) 454110005 UITI5E 0N 6.6 14 6.9
I [ 1 1 o A 4 1 a o 4
wazumMInsI93ANls LTI INUMAIA AN AUTLHING 13 D4 30 N laiuAT 91491 20 AAY
2 J 4 1A 1 . o A
FuiludoyanauuruanliinllunsAny1veq Chintanapakdee and Chopra, (2003) #atitie
2 - A 4 A
AumsSeudeuanuaaamasuiazmIingzNenNUAIANIOUYBIATUIINNANT
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1aou (Large magnitude small distance record, LMSR) 1auaaslidenni 3-12 uazarsieh 3-3
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NR9%4cnp (No. 9) NR9%4far (No. 10) NR94fle (No. 11) NR9%4glp (No. 12)
NR94hol (No. 13) NR94nya (No. 14) NR94stc (No. 15) SF71pel (No. 16)
SH87bra (No. 17) SH87icc (No. 18) SH87pls (No. 19) SH87wsm (No. 20)
Raua -~
0 20 400 20 400 20 400 20 40
Time (sec) Time (sec) Time (sec) Time (sec)

tﬂ' 1 tﬂ'Q a d‘ 1 a = d‘ d‘d 1
NNN 3-12 ﬂ’ﬂmiﬁ‘ﬂW?WL!‘UENﬂﬁL!LLWL!ﬂuhl‘l’i’)ﬂ3mﬂﬁuﬂhﬂ31ﬂgutliﬂmu1@1ﬁﬂ]ﬂ

ua lilndseadeu (Large magnitude small distance record, LMSR)

911U 20 AAY (Chintanapakdee & Chopra, 2003)
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A15199 3-3 doyanauuruan lnansaiaaundinnuguussvualvgua lilndseedou (Large magnitude small distance record, LMSR) $1121 20 AU

=

Distance to

No. Earthquake Name Recording station Magnitude  fault rupture PGAZ
(cm/s%)
(km)
1 1989 Loma Prieta Agnews State Hospital 6.9 28.2 169
2 1989 Loma Prieta Capitola 6.9 14.5 435
3 1989 Loma Prieta Gilroy Array #3 6.9 14.4 360
4 1989 Loma Prieta Gilroy Array #4 6.9 16.1 208
5 1989 Loma Prieta Gilroy Array #7 6.9 24.2 221
6 1989 Loma Prieta Hollister City Hall 6.9 28.2 242
7 1989 Loma Prieta Hollister Diff Array 6.9 25.8 274
8 1989 Loma Prieta Sunnyvale—Colton Ave. 6.9 28.8 203
9 1994 Northridge Canoga Park—Topanga Canyon 6.7 15.8 412
10 1994 Northridge LA-N Faring Rd 6.7 23.9 268
11 1994 Northridge LA-Fletcher Dr 6.7 29.5 236
12 1994 Northridge Flendale—Las Palmas 6.7 25.4 202
13 1994 Northridge LA—Hollywood Stor FF 6.7 25.5 227
14 1994 Northridge La Crescenta—New York 6.7 22.3 156
15 1994 Northridge Northridge—Saticoy St 6.7 13.3 361
16 1971 San Fernando LA—Hollywood Stor Lot 6.6 21.2 171
17 1987 Supersitition Hills ~ Brawley 6.7 18.2 153
18 1987 Supersitition Hills  El Centro Imp. Co. Center 6.7 13.9 351
19 1987 Supersitition Hills ~ Plaster City 6.7 21.0 182
20 1987 Supersitition Hills ~ Westmorland Fire Station 6.7 13.3 169

414
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X =exp '=T (3-17)
n 1/2
> (Inx, —In%)?

o= 1 (3-18)
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Comparative of cyclic pushover
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Comparative of cyclic pushover
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