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ELASTO-PLASTIC EARTHQUAKE RESPONSE ANALYSES OF
REINFORCED CONCRETE SPACE FRAMES SUBJECTED TO BI-
DIRECTIONAL HRIZONTAL AND VERTICAL GROUND MOTIONS

By Teizo Funwara and De-Ming Yvu

Synopsis

In order to have more general and proper understanding to the plastic behaviors
of space structures under strong earthquake excitations, the effects of vertical
ground motion also should be taken into considerations. According to the past
reports on earthquake damage, some of the damages of structures caused by the
vertical component of near field earthquake were observed. However, few researches
dealing with the earthquake response of structures subjected to multi-components of
ground excitations have been carried out.

In this paper, to investigate the effects of vertical motion, mass points are
supposed to be concentrated on the top part of column members and central part of
beam members. Interactions of bi-axial bending moments and axial force in the
nonlinear joints of column members are considered by the introduction of plastic
theory. By using this method, authors analyzed a series of 3-story reinforced
concrete(RC) space frames of different span length and yeilding mechanism and a
8 -story RC space frame under multi-components of recorded earthquake waves.
The response results show that the effects of vertical ground motions are quite
different for the low-rise structures and relatively high-rise structures, that is, to the
relatively high-rise weak-beam structure, those effects are remarkable both in the
structural member level and story level

1. &

TABEREYOREERS R RERYT 3 koicid, BEYE 7 vomERshiclL T, FHAHD
AR, KE—HEOMEANZZT 254 OHBINE D SRR OFE 21T 5 O —
ftshTwd, Lal, BETE, IAREREMOMERTcH LT, MBRAEROKE_HEOHEEE
FoOBEBNERNS 2 VI ANOh3 X5 TETVS,

—7%, BEYOREEICEEL T, #HEHO TR OEEIIERS OLEBI LN TNV EER,
FFAHEMES I REORHEICRERIATVEY, LdL, BEOMETRoT T, L THESHO
BANEE K EOBRANEE & ZRE CEEICR 2880607, £/, BEREOKRICLSE,
BEEEYDPBROBVIE, VWbWw3, BETEMELZZY L5, LTHOMEC L IBENOHKE

_1._.



102 BABKRERER E3MEB-1 E3. 4 (199D

MLELIERONBZE 557070, HRPOEHSNTEALLTHESHOFBI>VWT, I5IH#

LOWRHEBLETH A LBbN D,

AHET, BITNEFEECL - T, BESHMOIEABLUERICRIET F T RS OREBIcET 2HE
BFbh TV, FHEEEE LTI, J.C. Anderson & V. Bertero™® REBERERANRICERRK
ULETFHOEBIZoWTH N, £/, S.C. Goel” i3 KBIFRD S 2 L BEHERE TR, BIFE
Foto LT, SH, MOV ITHEEDS 2 RCEFHAERISIC LT, BWHHEENcRIZT ET#HOR
BIiHoVTRET L, 7, $H, &7, HH?PI3 RCEBEOFEERESE NI LT, R oOmMEEICE
BEEDLES0 L TEHORBEHE, B SEOPYIBHLMAERESTY, 4, EBRHSE
SNIEERERVTHBIGERIT 21T > 720 BAWIRKE, LTH%31F 3 RC 7 L — 2 OHIBIGEHER
OV THENI, TBPOIEERRE & EEE L T ETHESORK T 3HELIT-> 20 —H,
VAEBENENRI U, ETHES*SCEARMEEH %2 51548 0MBHHIRICE cBId 2RI
INE, B, BRI - TITO M DABRERHEIR S sV,

LT8O BERIET 5 2 L AEHE LABNRIEBAERDS 2 VWREBAIC L 2B ERIZE 72
B, SEABHERRE UREERE LT, B4, B S EHO = RTHE
BicBl T—HOER, BITNEHELT-TV53, £/, % ERPIZKRTHE 2T 2—BHEY
DIREIBEREIT»co T, ERBBRUERFELLEORESH, S, HHors v -raXRELE
FERIBDBOERTHY, 513 RC FHEHOBHNBMITERZEZTY, LTAHOFEBL >
WTHNRTWV 3,

P oBE oM, ERC X ETHESHORBEMHBEE CRETHEIHOMIIEh>25 5,
T THIBHOERIC L - T, REBMOTAMTIOBKICH S BV OREMR, BLUHEBOSHICLS
BEAOFERL S ICH>VTRIASHICEN TV,

HE S RIAEEY2HE L UBEBEEM OMER O BN EE 2 S hicd 500, TAREOH
et LT, ZaEhireX v b, BNEHOMEEREERL, RCHBMICOBRATE 3 FVEFE
ERERL, COFEERVTEEYS TAHRKEMES %2 184 OMBHRE 250, KR
Th50—EOMEO—RE LT, UFEEYMORBILE I RIT L FTHIBESHOLBFAL, 2328
O RC BVAREERRIC, FERAT E RRAROBAICOWT, EELIX3RTFETREREY D
EFMEETY, ZEEORL AL R D MRICHEE D EW, NS, UD OZBHEANELT, %
hZhOHEOMEHHBICEMHRIC S VWTHNS, T, REFEHEORE 5/ \B0D RC EXHERBIC
LTh, BBRRICR->T, FTHIEFHORELHOS»IZT S,

2. BEMEFN

AFETICAOAEEME T VA Fig 1ISRENTVL S XS BREEEMH LR AWHEHEE VT
3, NP OBFRBESOIEF2ET,

B, EEmEEFMETARBLT, UTOREEZBV
5,

D M, REMOmIRRICHRELT Y 2 1 v MEEE
REL, thoprefksd 3, £/, YafVtDE T
SIS T 3 EMOEED 1 /5937,

@ B, REMOwAMEE, REHOMEREER
T 5, ,

® LFTHESHLT, SBOHRE COBORIER S Fig.1. 3-story structural model.

.._2_.



BRI - W KSE ARk L U E T HAMESIA S £ 21 5 RC EAREORIBIMRINERZT 103

ZmptohRificEd s, Fig 209H28ELT, 2 ; L

M ORRIOERAHERERD 35T 5, 27, EE |-<——>

FEIZ1.0t/ofé LTEEST 5,
@ ATHBEIHLTHE, BIRERET 5, X-2 ///
©® —BORMBEESEET 5,

3. ERFEXS & GRS S&
3.1 BHAEORE X1 Z Y
T, HEEMOFREY a1 v bOEFMLE LT, FES 5 1
& - TERS N BRI E SV TR L 72 RC AR o
BINCH LT SIS TS SN TH 50, g 6L Mass distribution of
eac oor.

2, M LT, EREESSRDT LI MY 2

4 v PO E— X v EEOMEEREERT 2o, BROTORRIE CERS h 5 EHh
W & SEHNEEEOBSZHEAL, ChoollicdHiiEBER 252, 2L ¢, ¥Rk
LR BRI IR L 3 BEHFEOMEEL W EDEEIC L » T, SWEIRS ERET 25
OHLSBFREEE, FloRGRERAVTHRICERIT LTS,

N, WELZHERORETELSEE L TIR, Newmark DB (B=1/4) ZHV, EEH4R=
BEFVOBESREFNVOBKT—REEEABD 1/70, ABEFVOB&IZ1/100 & L1,

3.2 EEAER
Fig. 1 iZ/RE TV 35N Fvicxd 2 kEFERE) & L TiRENCBId 2 EHHERNIL To L
AT B,
M)V} +[C{V} +0 K1 {V} +(L—p) (@) = — [M] (Vg wroevvermrmmmmmminininiin, )
Z T,
M] . BE<r YR
[l : BF=<rys2
K] : #iMiE~< )27 2
(VY . BEEE~Z v (V=X ¥, 2)
(V} . BB~y vV (V=X Y, 2)
v} . BBEEM~NZ MV (V=X Y, 2)
Vot : HBABIWEE~2 b (Vo=X, Yo Zp)
p : BELHOFESSOLE (FHKTR, %005 & L7
@ : mExSh~z v
TIT, BRERIBRE-FIZO2VWTKYE, ETREE SEEERD 3% £182L31c5x1,

3.3 #pAEX
BEMEF VOB LD LEEM L ANVE TOMBIREMIRERD 512D, BL Lo &
ML~ oZEROMER VO 2 BEBRAERERD TN S0,
LR OMBOEREY a1 ¥ MRIERT AHFE— 2 Y F RAbAFAFEICE - TUTFDO L3 IcEkS
Nb5,

M} =[A, 1{o} + [A{O} HTAGIH} J=X, 7 ceeveesrmm (2

__3___



104 FABKBIEFESR F345B-1 3. 4 (1991)

[A], [Ay), [4y) : HOMMRIMEL2SUERFRE Z4 Z7 y 2
2 YT R

{0} : HimEE=FE~7 b

{8} : HEEMIEREY a1 v F NOEET A

~7 b N §1 h
H} : EFLVOEBED X RU Y HEOKEEN N—~—/71—NK
(Eq. (DD (V} DX, YES) +
BT B &5, b FHIEBICH LTI, ROMS X 0RO 2! N
R B L UEL TV B 0T, RIEHOBA (Fibb N
H, REAMOES 0L TEMRESHORE RO +
U a4 v b OBBHEET &R R oMo $
B o155 EREL, ROPRESO LFEMHEMEo#AEE N
Bric & DAEUBEAE, REHTHMEOEEEIC X 524 &, +
E, B OCREHEHASEES LTV 3 BA0EHIC &S24 "__‘154———‘

EOMPoRBEFEELL (Fig. 3B8H). INLORERET  J
W, kbiaAEEAVEE, REMOMEOMTE-X v M id

KADLHICHHTE D, . . .
Fig. 3. Superposition of vertical
{My} =B 1{®} + [By] {6} + [By] {2} displacement of mass
J=X, Y e (€)] point at the center of
coT, beam member.

[B)], [Byl, [Byl : ZowRtEEUERER ) 7 R
{9} : HifEERA~NZ bV
(6} : BREMIEREY a1 v r ROERHHETEREA <2 + v
Zy . BHEADOLTEM~NZ bV
BEMEFVOZhERO7 L— st LT, REIHOHE, REMEEE— 4 v Fo#EREBETOLS
I3 B,
(M} +CIIMY =0 J=X, Yerrreeroresssotniristitin s @)
ZIT,
[C] : EHHEH=rYIX
%72, EFHFEROBT, EFHBOEILAICET 5 ZHMOMEEE AMNTR Z>OBA P 5185, T
Bbb, —RWHOMEITE— 2 ¥ Mck3b0, b5—2RRMHERREREL L GaodH
BEO FFHABEEEAICL 2 0L EL OSN3, KEAAORE SERL 12 LT, BRENCIIREM O
IHEAMTRRRO LS icREN B,
Q) =[E,] (Mo} + [Ey] {Z) + [E] (@} +[Egl {Oy} J=X, Y ceereeeruesusanevenconencanenens )
ZlT,
@} : RBHOMIEAMA~NS bV
LE), [Eyl, (Eyl, [Ey] : BEYEF VDO AN VRS, REHMOME I 5 EHER
BerV2oX
{Mb]}i {Z}, {@j}, {@b]} : _ﬁﬁ:@@i@@
%72, HEMICEE T 3 BMEIERTM OIRICE U5 R AMN K RSN B ), BHIMICE
BHe 387 (W} BRAOHETERETE S, HL, EEFEICL 2EHMO—EHARSENTOEVY,
R GEE LTEEL TV 5,

_4__.



B - R AKSE— AR L O L TARMESASEZT 3 RC EVAEHEORBHMBRINERENT 105

(N} =[D,] (Mg} + [Dy] {My} ~+veeeeveerssssnssessssseissssessissssisisss st ssnseons ()
ZClT,

D], D] @ ANYOESICHETIERBHE M) 72

3.4 EHHEXEHRAEROMITIE
AT, HEMOIEREY a1 v MBI 2ERTbs e BRmER V5720, £, Tk
N5 A -9 ERBICEREE B 12D, BEYETFVOEFHHERS LUOBRAERICH LT, MRt
%19,
Y, BIOUEETOBE, ThZhoBRERiC L TUTO X 5 HEEEERS,
W _—kE—2 v b: T —BEEOWME _IRE—2 Vb
ghi¥e—2vb+: B, —EBRofidiERiire—x v
MHE AN N, —REHEO5RME L ERREOMD 1 /2
BER: M, —FEo2HEER, Es: L HEES
MR : A4 —FEEoNER; KE ETEAM: 6-L

s Bl M,
HeHE: K,=~p—5; WA L/

IS . —-—.E_m.- I - I ———
BN B= 27 LT T+ £

& ERarys ) — OGN, L/ 3P Y a1 v RS
LT, IhSoREMEEGHHER Eq. () KRATRE, \ERTEHFERIE DRk
%3,

_57 . @+K, VMK, _z/En, dn
M]=M,[m] , V~Z_— t2 [Cl=[lc]—%—", V=0 AT
=5 1=8.Ztn . @=10 -,

--_@'Km_lﬁlm-ﬂ-z 7,
{V"}_L’Mo ° Em ° , ]Vl ’

}I_./‘Olmax.MO.Z I_./.o

= = a®)=|4—"—
Bm I II_/OWIT
[m:l {7'7'} + [c] {7'7} +p . [k] {n} +(1 —p) . {q} = I:m] {1} sqae a(t) ........................... (1’)

COHT, a 3AEBEE YT 2 -5, a@® BEAEE 1.0CERLL ZBRTOASATIMEETH 5,
7, BEHEREq (D~@) LT, ERRICLITO & 5 2@\t z1T50

{M}=B,+{m} , {(B=0-{¢} , {6}=6-1{9} , {H}=6+L- )}
[Au] =%i[au] , [AZJ] =%‘[02]] , [Aaj] =£ZE‘2!‘[¢13]]

my =lay)igp +ayl O +lagl (h} J=X, ¥ oovereecmmsmnniiiiie @)
{Mb]} "—'Em * {mb]} s {@b]} =0- {91;]} , Z}=6+L+ {z}

[Bu] E[bu] [sz] =—2%£[sz:| s [Baj] ="2izEl'[b3]]

__5__.



106 HARSKIHFERESR £345B-1 F3. 4 (1991

{mb]}:[bU] {¢]}+[sz] {gb]}+[b311{g} ]ZX, Y LT T T PP PP PP PP P PRI R PPPR P (3’)
{mb]}+[c]] {m,} =0 JEX, Yorereeerrrctenci (4’)

@ =N+ (@} . (Bl=ple)) . [Bd=Tile]

[E3j] :% [331] s [E4/:| 2%[&1}]

{g) = ley] (mo} + ley) (& + [eg] {9) + ey] By} J=X, Yoerrosrommsmsesssssnnsnnsinsinnns &)
)= (@), DI=T5 4], W =R+ )
{n}= [dlj {mx} + [dzj {my} ............................................................................... 6)

4. BT R

4.1 BT
AT, BEF L BAMER2ER L L REMIERE Y 2 4 v Mo € — 4 v b —oEfA0R
L LT, $/, HEMIEREY = 4 v + OSMEMEI—FMEEOBBEREE LT, UTOoL371
ek aETAERERVE® (Fig. 438),
2=[A,—Brsgne2)+y} o {2 |™] ofi cvrevmermmmmnmen e )
T,
Z2: TR OEE
g EERS OEE
A, tEFHCR T 3RE (4,=1.0-0.03 » EQ, 1.0 RERTOVEMIME E@ FERET
OEIRTRAREIEHE)
sgn : FFSEE
B 7 n: BETHORRIETE 5 2—% (T, B=r=05, n=2)
ZEHHC LT, ERTEEHERIMEEY o 1 v FBodS £ — 2 v b &g e AT ER O
WA, EEORBMOIEEY = 4 v it LT, BRTOBREBMHSFRROLI KD SN S,

. . 1 . 1
E =Z< . gF - 2. + P O LR
Z
15
=8
p=r=05 Ly n=0o .
n=2 1.0+
1
A =2
2 - 05 n=4
-1
. . nqc 1 1 1 u
2=[A~{Bsonig-2)+¥ |z 12 0 0.5 1.0 1.5 20

Fig.4. One dimensional restoring force characteristics.
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Fig.5. Time history & Fourier spectrum of acceleration record.
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Tablel. Details of 3-story structural models
Model Span ratio Column |Column bar Beam Beam bar
L/H) dimension |arrangement| dimension | arrangement
Weak 2.0 70X 70cdt 12D25 40X 70cdt 6D19
beam 3.0 80 X 80cf 12D29 40 X 90cdf 4D29
Weak column 2.0 65 X 65crf 12D19 40 X 90crf 5D41

Table2. Natural period of 3-story structural models

Model | Span ratio | Horizontal natural period | Vertical natural period
(L/H) Ist (s) | 2nd (s) | 3rd (s) | lst (s) | 2nd (s) | 3rd (s)
Weak 2.0 0.28 0.074 0.037 0.050 0.047 0.046
beam 3.0 0.32 0.092 0.043 0.092 0.089 0.087
Teak | 20 025 | 0074 | 0.042 | 0039 | 003 | 0.034
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Table 3. Ratio of dimensional value to nondimensional value of 3-story models
Model Weak beam model Weak column mocdel
Span ratio (L/H) 2.0 3.0 2.0
Column bending moment 180.04t * m 269.22t * m 137.83t * m
Column axial force 620.97ton 806.82ton 503.9ton
Column bending rotation |[3.428x107"rad|3.005X10 *rad 3.53%107*rad
Column axial deformation | 4.828 X107 %?cm | 4.803%X10"*cm 4.54X10 %cm
Beam bending moment 37.82t*m 65.52t * m 170.95t * m
Beam bending rotation 2.52x107%m | 3.081x10 *cm 5.36X10 %cm
Horizontal & vertical 1.37cn 1.202em 1.412n
displacement
Excitation acceleration 137.84en/s* | 91.6len/s’ 105.53en/s*
when a =1 _
Base shear coefficient 0.78 0.58 0.48
é/
\/
/
1st mode 2nd mode 3rd mode
Vibration mode of vertical direction of mass points
on the central part of beam members
A
” O —]
o d -
—
L ]
1st mode 2nd mode 3rd mode
Vibration mode of vertical direction of mass points
on the tops of column members
y - A
{] /
\ | /7 V4
/V Z Y
1st mode 2nd mode 3rd mode

Vibration mode of horizontal direction

Fig.6. Vibration mode of weak-beam model when span ratio is 3.0.
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Fig. 7. Ductility ratio of rela-
tive rotation of beam
joint of weak-beam
model subjected to El
Centro waves.
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waves.
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Fig.10. Time history of vertical displacement of mass point at the center of
beam.

Table4. Maximum relative displacement of weak-beam
structural model when span ratio is 2.0

Input wave form El Centro Taft Orion

Input Story |X dir.|Y dir.|X dir.|Y dir.|[X dir.[Y dir.
direction |number| max | max | max | max | max | max

EW 1st 1.32 1.06 1.79

2nd 2.19 1.65 3.45

direction 3rd 1.92 1.44 3.70
NS 1st 0.87 1.21 1.61
2nd 1.38 2.16 3.07
direction 3rd 1.24 1.96 3.13

EW+NS+UD| 1st 1.37 | 0.85 | 1.03 | 1.12 | 1.79 | 1.81
2nd | 231 | 1.39 | 1.66 | 2.00 | 3.49 | 2.90
direction 3rd 198 | 1.33 | 1.72 | 1.81 | 3.76 | 2.98
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Fig. 11 Ductility ratio of relative Fig. 12. Ductility ratio of relative
rotation of beam joint of rotation of beam joint of
weak-beam model subjected weak-beam model subjected
to El Centro waves. to Orion waves.
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Fig.13. Time history of vertical displacement of mass point at the center of

beam.

hicx LT, L TFHIBSHOEEICL - T,
HEERY a 1 v b OMEF 0RO
BERDLRKELLE>TVS,

RIT, Orion BB AN OB OERIC
SWTKREY 3, Fig.150 B)XE (A)
RE#Es 5 &, ZHBANC X 2EEME
HogEc BROZELOBHRI
ARG 2 BHERICH~NTKREL
H-oTWb, Tk, ZHEAND (OX
DB D EW HEOBMEY a4 v PO
ihFEE A & R B & O NS A
ORI ol Bz A 0 BRI (BX
DY 2EHR I TE, ML 1.
LT, (ONROBHED NS HRIOHHER
O ElEEA OBERIE BINOFERIC
T L& E-TwW3, UL,

Table5. Maximum relative displacement of
weak-beam structural model when
span ratio is 3.0

Input wave form El Centro Orion
Input Story (X dir.|Y dir.|X dir.|Y dir.
direction |number| max | max | max | max-
EW 1st 1.47 2.14
2nd 2.98 4.29
direction 3rd 2.83 4.75
NS 1st 1.20 1.94
2nd 1.96 3.80
direction 3rd 1.79 4.03
EW+NS+UD| 1st 1.83 | 1.18 { 2.10 | 1.85
2nd 3.15 | 1.98 | 4.26 | 3.62
direction 3rd 2.87 | 1.80 | 4.73 | 3.90

FTHEGHOREI L - T, ONOBEDOHIEY 2 1~ F OMEREHRI BROHGOMRICL

NTEL LR > T0B I &P o7,

%7, Taft WEFBHEEANEZY 3BAOFig. 160 (A), (B), (O IKRINTLAHERICOL
T, CITEHLVBELEIET 5, Orion RANDOBALFAICHEREEZRLTVS I LM 10
Fig. 1T~ ICRENTVEDORIDEFNVO—EORELMENFN EL Centro #, Orion %,
Taft AN EZ T 3IBAOEIIT L T AHREMOHZIBELE TS 5,
NFRBREIE F L ORER B - T, REARREEEORFAEMMEL TV S, THIIBEN, HIES

LIoghbdEIIL,
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Fig.17. Time history of vertical displacement of mass point subjected to El
Centro waves.
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Fig. 18. Time history of vertical displacement of mass point subjected to
orion waves.
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Fig.19. Time history of vertical displacement of mass point subjected to
Taft waves.

Table 6. Maximum relative displacement of weak-column
structural model when span ratio is 2.0

Input wave form El Centro Orion Taft

Input Story X dir.[Y dir.]X dir.|Y dir.[X dir.|Y dir.
direction |number| max | max | max | max | max | max

EW 1st 2.80 2.85 2.09

2nd 3.25 3.30 2.54

direction 3rd 2.30 2.22 1.96
NS 1st 1.69 2.02 2.57
2nd 2.13 2.76 3.27
direction 3rd 1.75 1.98 2.33

EW+NS 1st 3.04 | 1.75 1 2.90 | 1.57 | 2.32 | 2.43
2nd | 3.29 | 2.07 | 3.30 | 2.45 | 2.74 | 3.07
direction drd | 228 | 1.78 | 2.23 | 1.86 | 2.08 | 2.20

EW+NS+UD| 1st 307 | 1.69 | 2.94 | 1.57 | 2.35 | 2.45
2nd | 331 | 2.03 | 3.38 | 2.47 | 2.64 | 3.06
direction 3rd | 231 | 1.79 | 2.28 | 1.87 | 2.10 | 2.18
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Table7. Details of 8-story structural model
Story Column |Column bar Beam Beam bar | Strength ratio of
number| dimension |arrangement| dimension |arrangement| column vs. beam
8th 80x80ct |6(D32+D29) | 40X90cd 4D25crk 1.92
Tth 80%80cf |6(D32+D29) | 40X90crf 4D25ecf 2.15
6th 80 X 80caf 12D32 40X 90crf 4D29erf 2.01
5th 80 % 80cdf 12D35 40 90cxf 4D32cdf 2.00
4th 80 X 80caf 12D35 40X 90cnf 4D32crt 2.12
3rd 80x80ct |6(D38+D35) | 40X 90cf 4D35¢crt 1.97
2nd 80 X 80caf 12D38 40 % 90cdf 4D38crf 1.82
Ist 80 < 80caf 12D38 40X 90cof 4D38cdf 1.89
Table8. Natural period of 8-story structural model
T &

z © Horizontal natural period | Vertical natural period
::—_ . Ist(s) | 2nd(s) | 3rd(s) | Ist(s) | 2nd(s) | 3rd(s)
1 © = 1.07 0.32 0.16 0.12 0.11 0.10

T
1 o
z © Table9. Ratio of dimensional value to nondimensional
a & — value of 8-story weak-beam model
I_‘L Bending moment of beam member 129.28t * m
T = ; M Bending rotation of beam member 6.08x10™*rad
A 2 o 3xM
I‘ o Horizontal & vertical displacement 1.27cm
R A o . 2
. /_ e Response acceleration 482.33cm/s
X, ) st Excitation acceleration when a =1 96.47cm/s’
Base shear coefficient 0.42
Fig. 20. 8-story structural
model.
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X-1 FRAME Maximum Vertical Displacement Maximum Vertical Acceleration
w (®) ©
Fig. 21. Maximum elastic responses under vertical input.
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Fig. 23. Maximum displacement and acceleration of elastic response under
3-directional input.
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Fig. 24. Ductility ratios of relative rotation of beam joint of elasto-plastic response.
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Fig. 25. Maximum displacements of elasto-plastic response.
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