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Abstract

In the past years, the researches related to earthquake response analysis, Nonlinear Static
Analysis (NSA) is extensively used, more suitable than Nonlinear Response History Analysis (NL-
RHA). The most significantly studied the flexure failure mode when applied to structural models. In
fact, the reinforced-concrete buildings could be damaged by shear failure mode. This research aims
to study target roof displacement for non-ductile reinforced-concrete (RC) structure. The objective
is to evaluate the accuracy that means to the seismic response of building. Both flexure and shear
failure mode are considered. Conformity between the behavior of building structure and the
behavior of building under earthquake is derived by the Stiffness and Strength Degradation. This
research used NSA with Cyclic Modal Pushover Analysis (CMPA) by utilizing the degrading
equivalent SDF systems that developed to obtain both degradations. The next step is to evaluate the
accuracy of proposed procedure by comparing the floor displacement and the story drift demands
estimated by proposed procedure to those computed by NL-RHA, which is regarded as the reference
value. The bias is shown by the ratio of floor displacement and story drifts computed by proposed
procedure, and dispersion of the story drift ratios were also examined. A 3, 6, 9 and 12-stories
generic frame that was not designed for resisting the earthquake load was selected. The structures
were subjected to ground motions: 20 large-magnitude small-distance (LMSR).The following
results have been found the proposed procedure can predict the peak roof displacement that are

quite similar to NL-RHA's results considering flexure failure mode and shear failure mode.

Keywords: target displacement, non-ductile frame, reinforced concrete, nonlinear static analysis
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Y0003 In1nuaa las g'mg =0, g'ch =0 uaz ¢ kg, =0 1o r =naniuvz Idnna

Tviua (Modal coordinate, g, (t)) E)fﬂ‘llgﬂﬁ’ﬂﬂﬁ
qn + 2é,na)nqn + a)rfqn = _Fnug (t) y N= 1725" .,N (2.8)

{ < { a < @ ' '
TasN @, 11UANUATITNGIA (Natural vibration period) tiag £, 11UaATIEIUAIINNUI T
4 4 A ww i 4 da o 2
Truadl n MInauMsi (2.8) e13nesuNe Ian aumMImsAdouivessUDANTEAUTUAIIY
A A 3 Aa a ] 1 A ] .
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' 9
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mu +cu +f (u,sign U) = p,; . (t) (2.10)
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(Chintanapakdee and Chopra, 2003b)
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drift), TauuAaa (Bending moment), tazisunounielusudaiuinssaiiela (Shear force)
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FSI'"I
:y = o} D, (2.23)
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Ln Dny
T,=27 (2.24)
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Analysis, MPA)
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Y o v da Y . . . . X @ 1 J a v A
EUANUFUINTIFUFUATI (Bilinear idealization) 4190318 IUVDIAAANIUTNEUNANIT

[
o

o Y o ! dquy o sa v Vo
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(Chintanapakdee and Chopra, 2003)
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AMYUNAITAN (Plastic hinge) ABNVVTIADINTZROUDIANWTOMIBIRNIZIAVY
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3.3 UV VRIINTIA3S
o A ~ 2 ) o = = ' A
LUVTIA0INOANTTUANMT 10U TUAIU InT 9831992 HaDIHaYRIAIMTITOW
a 1 d' o w = Y =) d' [
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= d‘ =) = dy a 1A 9 Qy 1 9
tazAaNudemeilosnnusueu lumsanuiinganssu liFaduvesFuaiulnseadieey
k) o =Y 1 [ v 1 dy
pruaasdonuuaesaliaTasmimudnyuzasae 1
3.3.1 UL 1209A NNALHINUDIDINUIINA (Flexural failure)

3.3.1.1 9AnyUNa1aAn (Plastic hinge model)
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PIastic-hinEe moment
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- / k" >

Rotation, &

Y v o ' s o
g‘llﬁ 3.3 ANUFUNUTTEHI THINUA (Moment) NUNNYU (Rotation) VONYANYY -

NaaANNATIIN A IM5ITONNDY (Chintanapakdee and Jaiyong, 2012)

Y Ay Y v o & 1 s o
Iau Envelope curve 1/1'lmnﬂmmanwuﬁizwmﬂmuum (moment) NUYUNYU

. da! "o a J @ @ [ dy Jo A J o
(rotation) UVUBDYNUNIITINADT 4 gmls vian €] ANU: Illl,llu@ ANTIANTIN (My ), Tllllluﬁﬂﬂ

= Y A

A A =
NIAGIFA (Mcap ), HMWHH%@@QQQ’@ (ecap) l,l,ﬁ$HNW1]1!1/]ﬂqﬂq@ﬂ’]ﬂ%Wﬂﬂqﬂgﬂq@%uﬂﬁﬂﬂ

aa Q

°o v w
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mmiﬂmnummﬂuﬁuﬂ (epc) FINTTATHIVHIATWITIUNDING 4 ﬁ?tlﬂiﬂ%ﬂﬁTﬂHﬂ’)‘Uﬂ

da 'l



33

v v d ¢ Y a d
3.3.1.2 auMsANNANRUE Iz Auyumyu 1 1Flumsdinszs
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ADUNTALETI NI ANYDY ACI 318-89 aaun1iae 1l

M, = Af,jd (3.1)

¢ v

Y o Y av
Tanunaangagege (M, ) 111501 1AINAUAITAINAUIVBUDY Haselton et

Q

Y
=

al, (2006) aaaumsae 111
M./M,, = (1.25)(0.89)¥(0.91)%01Cunics/ ¢ (3.2)

P a9 = PSP 9y Y J Y Aa
-yuviyunaansn (6,) ualesuIngIvzlszunalniaudlndgud 91983910
9114298U09 Haselton et al (2006)
“YUHYUNAITANDINYANTINDIYAGIFA (Bcap,p1) ansamua ldanaunisai

NUITBUDY Haselton et al (2006) aaarungao 11l
Bcappr = 0.13(1 + 0.55a)(0.13)¥(0.02 + 40pg,)°-65(0.57) -0 LeunitsS (3.3)

WNNYUIINNQAGIZA (Beap,tor) T1MTDAIUIB IADINANNITAINOIUTTBVDY
Q Q Q L) ’

Q

Haselton et al (2006) AaaumIne hli

Ocapror = 0.14(1 + 0.4a5)(0.19)¥(0.02 + 40pg;,)5#(0.62) %0 Cunitsf e (3.4)

[

a Y = a v d o Y
“yuryuiigagameangaggaaudaganmduiugud (6,.) amsadimanldan

Q

a o

9
AUMIANNIUIVBUDI Haselton et al, (2006) aaaumsas 111

6,c = 0.76(0.031)"(0.02 + 40pg;,)*°* < 0.10 (3.5)
A A o [ 1 Y] g ~ Y o g‘a Y
) v 0o mm’mszmwmsﬂuumuﬂuﬂuwuwwmmmwm@mmﬂ
AAIOAVDINBUNTA =
Agfeo
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Chord Rotation (radians)

~ o o & ' ¢ o .
311 3.4 namlanuFuRUTIE N TN (Moment) AUYNWYU (Rotation)

(Ibarra et al.2003 and 2005; Haselton et al, 2006)

3.3.1.3 ANUMZYOINGANTITUNSITONDOY (Types of degradation behaviors)

” v o & ' ¢ o
Tunis@ne AN udunus 521219 Tuwua (Moment) NUYUWHU (Rotation) YDA

a1iein15 1a159n52 %1 (Reloading stiffness degradation) A g (3) N15LAOUNDIVDIAIAS
(Strength degradation) Tae81909M 1NV UTIADIDINITIUITEUDI Lowes at el. (2004) x4

Y Y
I19AZIDIAANHULANWTINIBVOIPARYUNAITANNY 3 LUV UAIL

9 )
wguwmﬁmﬂi}zuﬁmaﬂymzmmtﬁama Mrua 3 gﬂxmuﬁ”mﬂu"lﬁ’uﬂ (1 ﬂ"liL%i’]iJﬂi’]EJ‘iJ@Q

gl NNTaANTINTEIN (Unloading stiffness degradation), (2) M3tdounvsvoIaaniy
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- m3taensvsveaArivaiialimsaausanszih (Unloading stiffness degradation)

Taovzuaaseglugianuduiusszrnnausuasmadezl dwaadlugii 3.5
ki = k,. (1 — 8k;) (3.6)

A A 1 oA A o A A . .
o k; Ao mﬁmwmmmumiaﬂgmmzmm’;mmamﬂm t; (Unloading stiffness at
time, &; )
A ] a A ~a o ' 2 9 .. . .
ko Ao Maaviuaiein1saausInsLI Ius G uAY (Initial Unloading stiffness)
A L= = a d' =y o d‘ A
Ski o ﬂ'l@%uﬂﬂ]'lllLﬁ'ﬂﬂ'lﬂﬂli’]\‘lﬁﬁ‘i/\lluﬁlhﬂufﬂiamﬁ\?ﬂﬁﬁfl'l‘ﬂﬂﬁ'l?ﬁﬂﬁ’ﬁ]ﬂﬁlﬂe]

(Unload stiffness damage index at time, £;)

load )\
"/
ik

vy,
T fa
<= 77

/]

50 3.5 uaaamsiennesvesaaviuaieinsanusansziil (Lowes at el., 2004)

- msideuneavesavivmiiodimsldusanszih (Reloading stiffness degradation)
Tavvzuaasogluanuduiusszniasaazmaidog) dueaalugii 3.6 (Lowes at
el., 2004)
(dmax)i = (dmax)o- (1 + 8d;) (3.7

A A ' = A4 £ ' o A A
$\)3} (dmax)i 1) ﬂ']ﬂ’]iLﬁﬂg1Jgqqﬂluaﬁuqﬂﬂ’liiﬁlli\jﬂigﬂ11/]!;’)%1’]1’7365@“1@6]
A ' = A~ ' o A A g9
(dmax)o 1) ﬂ']ﬂ’]ilﬁﬂgﬂg\iq@1,1]f]i]ﬂ’]islﬁlli\jﬂig‘ﬂ']‘ﬂljauiuﬁu

8d;  fe maylianudsevesaaniuailoimslausenseinnamsesenlag
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load y,
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M

4

’
.

+” No

O

N

-/

deformation

N
>

= 4 a A~ . o
31]7] 3.6 uaaamsidonnvevosaariuauelns lausanszim (Lowes at el., 2004)

4 o 1 o v d 1
- nmﬁemeﬂmmmm (Strength degradation) IﬂﬂﬁwLLﬁﬂQ’OQiMﬂ?WNﬁMWM‘ﬁ§$ﬁ3NLLﬁQ

nazmaaegy daaaslugili 3.7 (Lowes at el., 2004)

(fmax)i = (fmax)o- (1-5f)

(3.8)

d‘ A 1 o w d‘ A .
W0 (fnax)i A0 ﬂ1ﬂ1ﬁﬁ§ﬂﬁjﬂﬂﬂﬁ11’ii@i@ﬂ1@ﬂ t; (Current envelope maximum strength at

time t; )

(finax)o A® AIMAg9galuaIau5uAY (Initial envelope maximum strength)

6f;

at time t;)

Ao MAFNANUFINIEURIMaINIaIesoulagt; (Strength damage index

load A

i (fmax)1
\ T (fmax)z

" (fmax)a

N

deformation

N
>

suii 3.7 HAAIMIIABUNDEVDINAT (Lowes at el., 2004)
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- nmﬁameﬂmmaﬁwmmﬁaﬁmsaﬂusamzm (Unload Stiffness Degradation) 9

o 1 2
%meﬁumsmm”lﬂu

3 YK3 E; yK4
Sk; = (yKl “(dmax)  +VK2- (E—) (3.9)
monotonic
A A oA 2 N A o A A
10 8k;  Ap MAarUANUTIIwYIdANuAUBNNTUaaLTINIETINNaII 0
bl ’e‘)‘lJGlW] t; (Unload stiffness damage index at time t;)
A 1 a P 9 o A= =) a A~
yK1-yK4  f9 Mo inlamuiaiimasianudesriievosaaniuaiiod

MsYanusanszim

(3.10)
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~ d Code

d = max [ max i ) min i ]
max defmax defmin

A 1 = d‘ Qs’ 1 o

dmaxi o ﬂiﬂﬁLﬁEJg‘lJQ%jﬂLiJﬂﬁMjﬂmﬂﬁuiﬁﬂ’izm

=

1 9 A Qy ! o
A mini o MMsidegdosgalioaugans lausinsgimn

mo))Y
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defmax o mmiaﬁﬂgﬂmaﬁ’muﬂuum
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defmin 00 mﬂmﬁﬂgﬂmqﬁ’muﬂuau
A a 4 [ A o 4 1 2
E; Ao winiwmeiwasnungaduaznizae lvesesdoimsuaaz i
MoldngAnssunuuiging

o A o Y o . .
Emonotonic o Wa\‘lﬂuﬂﬂ@]‘ﬂmﬂwcl,{v“ll,l,'ﬂﬂ'w‘m monotonic loading
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- mﬁlaﬂuﬂﬂﬂmﬂﬁﬁaﬂmmﬁﬂﬁﬂ]ﬂﬁ’!!iﬁnﬁz‘m (Reload Stiffness Degradation) ¥q

Q 1 dal
WUAAITUMTAIND N1l

di = (YD1 (@) ™ +¥02 - (=2 )) G.11)

monotonic

A‘ A ! v A = a d’ = 1 o d' A
10 8d; e mavdaNudsmevesadaniuaiolnmslausinszminnavsoe
bl fJ‘UGlW] t; (Reload stiffness damage index at time t;)

1 a 14 1 o 1w a 4
yD1-yD4 f@e svnsiiwesnldmuiamamarianudsmevesaiuaiiod

USINTSINNAL
d — max [ maxti min it ]
max defmaxl defmin
A ' ~ A 2 ' °
dmaxi A9 MMs@deglgegaiioduganslausanszsm
A ' ~ ] A4 2 ' o
dmini A9 AIMs@ezidesgalioaugans lausinszimn

X

Y
defimax 00 mﬂm?rﬂgﬂmqmmmuum

defmn A0 AIMI@IFUMIMULNUAD

) v Y
- MILAONDDVDINAY (Strength Degradation) FavzuaaIaumsaane 1/i

E; yF4
5f, = (yF1 (mar)” +yF2- (—2) ) (.12)
Emonotomc
d‘ A = = o w d‘ G
53] Sfi o ﬂ?@]%’uﬂ’NNLZ‘(EMWEJGU’ENﬂ1aQ“I/]L’J’(,11Wi’E)i€J°]JGlW] t;

(Reload stiffness damage index at time t;)

A 1 a sAq Yo 1T o A =) o v A A
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dmini A9 AIMs@ezidesgalioaugans lausinszimn
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3.3.2 !!Uﬂi‘i1ﬁ@ﬁﬂ31ﬂl!§ﬂﬁ1ﬂ!ﬁﬂﬁ‘iﬂﬂ!!iﬂlﬁﬂu
2 1 a < 4 a
mulL%&wamawumuﬂauﬂ%mmumamﬁmmmﬁuﬁau ATNITITUIIN

v o 1 9 ) ] A
ANNFNNUTIZHINLsURounuMIIFeg vesatSaluanzmssuusuRouuDuADe Y

o

a = . [ A =3 dy 9 o o v w
159 1uNANIAYET (Monotonic) aanaasluzili 3.8 Taslumsanwiilahuuusiasetidssy

a o % 1 a A o w o
13 UNDUIINIUITEVDI Sezen (2008) 1114 Falinmrsitimeind iy ndeairld 14 luns

o a o = 9 < o 1 2
MruANgAnssNvealseSuusuRouves Insetouds asne 1l

- Maximum strength point ~ Beginning of shear degradation

(Av,nJ Vneak) (Av,ur Vneak)

shear force

Response-2000

Axial load failure
. (AV, fr 0).

shear displacement

d‘ v o 1 A = I~ o =
gﬂ‘ﬂ 3.8 ﬂ’ﬂll’dllW“L!‘ﬁigﬂ’JNLL‘NLﬂfJulmzﬂ']i!’dﬂg‘ﬂ"llﬂﬁﬁﬂi\iiﬂlliﬁmﬂu (Sezen, 2008)

A A ° ' A dyy a ¢ ¥ A~
- U3AURNBDUNIANIN (Vy)E]ﬂﬂﬂ’iuﬂIﬂﬂﬂnliﬂm'ﬁ)u%llﬂiﬂﬂﬂ1i’JLﬂ‘ﬂ$1’iIﬂi\‘1ﬁ‘iNﬂN

a A [] . ?x’z =3 9 % [ Y d' A :& 1
NEANTININTTYU (elastic) NUUIABAIIAIUTVUNAT k 1NDAANDULTIUNDUAY FIVSTING

G

T aseadgnnszquldinaanuidenedionsudou

- 1532oUNYAgIga (Vpear) 1H0I01NUVVTIABIUDI Sezen (2008) MHUATIAWT

=) A o A S ' v v ?1}/ ! A a0 v 1 dy
mmmi}ﬂﬂs*mmm1]@1qqqﬂummmumuumuﬂm@uqqqﬂummuﬁumimm”lﬂu

Vpeak = Vy (3.13)
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tﬂ' nd' A td' o F) v 1 dy
- mamdeunvewsudouiigann (A, ,) annsamulaldninaumsdsae lil

3 V., L
Ayn,= [ ] Y (3.14)
" 10.2 4+ 0.4P E A,

A A A A A A
$V13] Av,n A9 NITAADUNVBILIIURDUNIANTIN (m)
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V,  feusuneuiganin (kN)

¥ [
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Y o 4 2
Ag A9 NUNUUINAVDIDIADIAIT (M)

)

A
L A9 ANYNIVDUFTWALATU (m)
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[ 1 1 o w Y (3
B, A0 9MT 1INV T UL A UADAMAIRIUNIUUTIBAANLAUYDILEN
P
Py

P A9 usealuuuiuny (kN)

o v 9 v
P, ﬁﬁ) NAIFTUNIULIIDANUUNUUDILE T (KN)

P, = 0.85f/As(1-p) + fAq

[ 1 d‘g}wg// < dy Y o
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P ﬁ’e) mwmummﬁuwwmmmwmmmmaﬂﬁuimmmwuﬁﬁmm
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%

NinuavoIgan
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Un
Ayyu= [4 - 12 F] Ayn (3.15)
c

A A A I~ A =~
LD Av,u o mima@u%mmumm@u%@@g@g@ (m)

. A Yy A A 5
Up = Vpeak 1) ﬂﬁ?ﬂlﬂﬂlﬂ@ﬂﬂﬂﬂgﬂgﬂ (kN/m)
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A A A
Vpeak 1) Ll,ﬂmmmimq\iq&] (kN)

b o ﬂ’JTZJﬂ’SINGUFNGI}’NLﬁT (m)
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9 ANNANszanswa (m)
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P=667 kN

1473 m

31U 3.9 uaaanmuuuiIaeam 2 ia

P=667 kN
F—»0 (4 Yy = Node number
|:| = Element number
©) = rotational spring
= shear spring
1.473 m
3

' y
317 3.10 uanaEBaUYAGD (Node) HAZHINBIAYFUAIU (Element) YOILVLTIADIUA
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Y 1 a E4 [
319 3.11 mafSeuieuseramsinszH 1aeley 1151054 Opensees AUWANINAABIVDA (Sezen, 2008)
MelAus I3 2NIaAIUENa (Lateral Force) tlazmsinaoui (Displacement)
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S
[ (%

H 1 [ a 4 {
3199 3.2 MM 3UTuuR (Calibration) W1515masna 13 daua)sn 1891 TU51nTU Opensees

Degrading Parameters for a plastic hinge

yK1 1.50
rK?2 1.00

Unloading Stiffness Degradation
yK3 1.00
yK4 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
yF4 0.90
Energy Dissipation 7E 4.50

3.5 aauuEuan lvINFlumsansn

= dy 9 A T A A A Ao 1 1 1 9
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1o (Large magnitude small distance record, LMSR) “deﬁﬂluMﬂ’NiJ?uuiﬁzﬂ’jN 6.6 04 6.9
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1 d’Q a d' 1 a =) A' d‘d 1 1 [] 9 A'
ﬂ:ﬂilli\?‘VIWTJ@H"U@QﬂaHLLWHﬂulIWTJ ﬂmma‘Lmuﬂ’ngumwumi‘waﬂm"lu1ﬂaiaﬂlaau

(Large magnitude small distance record, LMSR) Iauanal3dazti 3.12 vazansnei 3.3
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(Large magnitude small distance record, LMSR) 31174 20 AAU (Chintanapakdee and Chopra, 2003)
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I Aa a A 1 a A A Aa oy ) A
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ms19h 3.3 Yoyanauunuau lvinsainauntianugunssvinalugua lylndseeidon (Large magnitude small distance record, LMSR) $11494 20 AQY

]
A

Distance to PGA
No. Earthquake Name Recording station Magnitude | fault rupture 2
(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 6.7 15.8 412
Canyon
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 | EI 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
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n 1/2

> (Inx —Ing)°

S =42 (3.18)
n-1

1 1 4 a % d
Tagaums 3.17 uag 3.18 FonNauNIAUNAOTIFUNTI (Geometric mean) Fu U3
T W A 9 a < &
WnseguuazmMInszate Taslszua iedeyaiiminszneuuvasnn 1 (Lognormal
distribution) M1z NUNIU5ENIANAVDINITABUAUDIFIFAVEL IATIE3 1WNgNNTZAUAI0
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AauHuAY 112
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a 1 [ 1 1 <3
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4.1.1 MIVANLHMEITMInanemsivinasui lmafied (Monotonic pushover

analysis)
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