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NON LINEAR SEISMIC RESPONSE OF R/C FRAME STRUCTURE

AND EQUIVALENT SINGH― DEGREE― OF―FREEDOM SYSTEM
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ABSTRACr

Nonlincar scismic analyscs wcrC Carricd out for rcinforccd concrctc frame structurcs
which wcre designcd on thc basis of AIJ's"Dcsign Guidclines for Earthquake Rcsistant
Reinforccd Concrcte Buildings Bascd on Ultimatc Strength Conccpt"[1]・ ThC Cffcct of hys―
tcrctic charactcristics of bcams on thc rcsponsc、 vas studicd.A fundamcntal oscillation modc
was extractcd fronl calculatcd horizontal displacemcnt response.A wholc framc was rcduccd

to an cquivalcnt singic―dcgrcc― of― frccdom systcm. It was shown possiblc to approxilnatc
scisnlic displaccmcnt rcsponsc of thc framc by thc nonlincar analysis of an cquivalcnt sin―

glc― dcgrcc― of― frecdonl systcm.
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2.DESIGNED FRAME STRUCTURES

謡:戯鶯鳴1露柵ド[凝誓鮮
猟籠F器留謂鳳よ:ノ錦::httWl星『せ‖焉ぶll滉:脳rollcrs(Fig.1)・ SCCtions of mcmbcrs,arrangcmcnt of main rcin―

forccment and strcngths of concrctc wcrc listcd in Tablc 2.
Strcngths and sizcs of lnain rcinforccmcnt wcrc shown in Tablc 3.

Unit wcight of framcs was assumcd to bc l.2 ton/m2,sum Of dcad
and live loads for carthquake loading.Thc foundation was as―
sumcd to bc supportcd by fillll sand gravcl laycr.

Fig。 l Analytical Modcl

of Tokyo

Tablc l List of Framcs

Name Story
Initial

Perlod

A06 6 0.37sec

A09 0.55sec

0.73sec

0.91sec

"
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Dcsign for carthquakc loading was

bascd on AI」ゝGuidclincs11]・
Yicld mcchanism dcsign:Yicld

hingcs wcrc planncd at thc ends of an thc

bcams and at thc bottom of thc first story

columns.Dcsign earthquake loads was
calculatcd by assuming standard base

l酢i麟鵬懸描轟1墨勝
In lincar structural analyses,stiffncss was

assumcd to bc O.5 tilnes as clastic stiff―

ncss for bcams and O.7 times for thc first

群:πξ∬躙 t:T:代稔:;解iT瑠:
calculatcd under earthquakc loads was not

morc than 1/300 rad.Rcinforccmcnt of all
thc bcams and thc first story columns
intcndcd to dcvelop yicld hinges were
arrangcd for dcsign strcsscs,WhiCh werc
attaincd by rcdistribution of thc stresscs

obtained by linear analysis under design
carthqulL:ll∫

]::thanlsm assuring dcslgn:

Yicld mechanism assuring dcsign was
bascd on static nonlincar analysis assum―

1群
1熙

端 撫 鱒 纂

nonlincar analysis.Lincal mcmbcrs wcrc

l idcalizcd by one― componentFnOdCl with
nonlincar rotational springs at thc ends of

an clastic mcmbcr."Takcda modcl“ 〔4〕
was used in rotational springs.Ficxural

l勲∴:ill雌1椎琶善要
I躍嶋器「::[∬ξ:猫FT晰:rW
strcngth.Post― yiclding stiffness was

assumcd to bc O。 l pcrccnt of thc initial

stiffncss.

Tablc 3 ProPcrtiCS of Rcinforcemcnt

SD295:3000(Reliable),3900(Upper

SD390:4000(Reliable).5000(Upper
d.:Dianeter(cm),A3:Area(cm2)

ψ :Perineter(cm)

3ound)

3ound)

Dimention
ment of

Name σ ッ db A3 ψ

SD295 0,95 0.71

SD295 2.22 3.87

D25 SD390 2.54 5.07

SD390 2.86 6.42

SD390 3.18 7.94 10.0

:Yie ding strength(kg/Cm2)
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Static nonlincar analysis was carricd out undcr carthquakc loads corrcsponding to an

invcrtcd triangular distribution of scislnic cocfficicnt.Dcsign momcnt and shcar for columns
planncd to dcvclop no hingc wcrc obtaincd by considcring magnification duc to dynamic
cffcct and currcncy of bi― directional carthquake action.Rcinforccmcnt of columns、 vas
arrangcd for dcsign lnomcnt and shcar.

3.NONLINEAR SEISMIC ANALYSIS OF FRANIE STRUCTURES

Nonlincar seismic analyscs of thc four framcs(A06,A09,A12 and A15)wcrc Car_
五cd out to investigatc thc cffcct of hystcrctic ParamCtCIS of bcams on carthquakc rcsponsc.
Earthquakc rccords:Thrcc

carthquakc accclograms werc uscd ;

NS componcnts ofthc 1978 Tohoku
Univ.record(TOH),NS compo―
ncnts ofthc 1940 EI Ccntro rccord(
ELC)and EW componcnts of thc
1968 Hachinohc rccord(HAC).
Thc thrce carthquake accelograms
werc lnagnificd to maxilnum ground

Tablc 4 Earthquakc Accclograms      I

VdOIけ 0皿
:“::ldes:Thc hyttcnに

3謡::∬占;TRどぷれ∬[諸∬鏃:1胤"Takcda modcl‖〔4](Rg.2)and"Takcda Sl
modcl of bcams to invcstigatc thc cffcct of hystcrctic modcl on scisΠ lic rcsponsc. Flcxural

cracking momcnt, Mc, and stiffncss dcgrading factor,α y, of lncmbcrs wcrc calculatcd
according to AIJ Standard〔 2].Flcxural yiclding moment,My,Was calculatcd by using
"rcliablc strcngth“  as lnatcrial strcngth.Post― yiclding stiffness was assumcd to bc O.l pcr―

ccnt of thc initial stiffncss.Unloading stiffncss degrading paramctcr,ct,slipping stiffncss

dcgrading paramctcr,β ,and slip hardcning paramctcr,Y,Was assumcd to bc O.4,1.2 and l.1,
rCSPCCtiVCly(Figs.2 and 3).Thc initial damping factor wcrc assumed to bc O.05;Thc
damping was assumcd to vary proportional to instantaneous stiffncss.
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Displacemcnt

Fig.2 Takeda modcl

Displaccmcnt

Fig.3 Takeda SHp Model
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using Takcda modcl(T)fOr thc samc canhquakc mOtion.Howcvcr,thc effcct of diffcrcnt
hystcrcsis lnodcls on thc scismic rcsponsc of framcs was ncgligiblc.Maxilnurn rcsponsc
ductility factor dccrcascd in thc ordcr of Framcs A06,A09,A12 and A15.Framcs A06 and
A09 dcvcloPcd yicld mcchanism for an thc carthquakc motions. Howovcr, bcams of uppcr
storics in framc A12 and A15 did not yicld for ELC and IIAC motions.

(Fm,Dm)Yielding Point(Fy,Dy)

Cracking Point(Fc,Dc

Kr=(諄馬:)。 (部 )°
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Maximum Duct‖ ity Factor

Fig.4 Maximum Ductility Factors of Frames

4.EQUIVALENT SINGLE― DEGREE-OF― FREEDOM SYSTEM

Reduction塑 墾 Cquivalent single― dcgrcc―of―frcedom systcm:Equation of nlotion
of an undampcd multi― dcgree― of― frccdonl systcm undcr horizontal ground motion was
cxprcsscd as Eq.(1):

[m]{X}+{R(x)}=― [m]{1}文。 (1)

ln、vhich,

Im]=mass matrix;{x}=vCCtOr of■ oor displaccmcnts rclat市 c to ground;{R(x)}=
Vcctor of floor forccs;{1}=veCtOr consisting of l;XO=hoHzontal ground accclcra

tion.

Multiplying fundamcntal oscillation modc vcctor,{lu}T,■ Om ic量 :

{lu}TIm]{x}+{lu}T{R(x)}=― {lu}TIm〕 {1}XO                  (2)

NomJレ ing by{lu}lm]{1}:

{lu}TIm〕 {k}{lu}T{R(x)}  ..

{lu}T[m〕 {1}+{lu}TIm]{1}=~XO                                     (3)

Equivalcnt rcsistancc,P,and diSplaccmcnt,x,of a SDOF systcm wcrc dcfincd as
foHo、vs,rcspcctivcly:

{lu}TIm]{x}   _ {lu}T{R(x)}
X=tttT回

‖ ,p=tttl暉叶
Thc cquation of motion of an cquivalcnt SDOF systcm(masS=1)WaS Obtaincd as

follows,by substitution of Eq.(4)into Eq。 (3).

x tt p=― xO                                               (5)

Fundamcntal oscillation modc:A fundamcntal oscillation modc,{lu},COntinuOusly
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changcs with damagcs in a■ ame.A con―
stant fundamcntal oscillation modc,
howcvcr,was uscd to rcducc a wholc
systcm to an cquivalcnt SI)OF in prcviOus
rcscarchcs.A fundamcntal modc vcctor,
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Placcmcnt rcsponsc.Thc fundamcntal

lilili」|)1:]|:i苺
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(lm][R]〔m]){lu}=λ l〔 m〕 {lu} (6)

in which[R]=

modcslttd:議littil墳。::;・■

=lilltll
framcs wcrc shown in Fig.5.Thc cffccts
of hystcrcsis lnodcls of bcams and carth―

quakc motions on cxtractcd fundamcntal
modcs wcrc not remarkablc.
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framcs wcre rcduced to cquivalcnt SE)OF sy〔

派:::il胤盤牌::電器七脳:葛罪吼懇群&lh謝
:rT糧『器鷺ぶr群:乳Tstatic monotonic analysis was used.Static moI

rlcd out to cxtract tllne― avcragcd modcs sho、 vr

Thc rclationship of cquivalcnt rcsistanc

a static monotonic analysis was shown in Fi

framc analyscs.

珊[l孵椰茫憑翌il怪

of framcs.

Nonlincar scismic analyscs of thc     4-
A06               ultinate Point

Yielding Point

Cracking Point

― Static Analysis

―  Hysteresis Model

o     O.1 0.2      0.3
Displacementい )

Fig.7 Primary CuⅣ c of Hystcrcsis Modcl
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Discusslon   :
Rcsistancc   rcsponsc
waveforms wcrc com―
parcd in Fig。  9. Thc
wavcforms 、verc vcry
siΠlilar. E)isplacemcnt rc―

sponsc wavcforrns wcrc
comparcd in Fig。 10.Thc
wavcforms of a framc and
an  equivalcnt  SDOF
systcrn wcrc gcncrally
similar.There is a tcnd―
cncy that SDOF systems
producc sHghtly largcr
displaccmcnts.
Comparison of

maxilnurn rcsponsc dis―
placcmcnts of framcs and

SDOF systcms was
shown  in  Fig.  11.
卜faxilnurn rcsponsc dis―
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of a framc by nonlincar
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5。 CONCLUSIONS     ~0・ 4

Conclusions arc summarizcd
as fo1lows:

(1)Diffcrcncc of hystcrctic
bchavior of bcams did not signifi―
cantly influcncc thc lnaxilnunl ductil―

ity factor of bcams and thc scisrnic
rcsponsc of frames.

(2)It waS pOSSiblc to prcdict
maxilnunl rcsponsc displaccmcnts of
framc structurcs by scismic analysis

of an cquivalcnt singlc― dcgrcc― of―
frcedom.

2     4     6     8
Tine(sec)

Fig。 10 Displaccmcnt Responsc Waveform
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Fig.1l Maximum Displaccmcnt of SDOF systems and Framcs
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