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EARTHQUAKE RESPONSES OF A FRAME STRUCTURE
HAVING ELASTO-PLASTIC JOINTS

—EFFCT OF ELASTIC LIMIT STRENGTH DISTRIBUTION OF
STRUCTURAL MEMBERS ON THEIR RESPONSES—

By Takuji KoBory, Ryoichiro Minal and Teizo FUjIwARA

Synopsis

For the aseismic design of elasto-plastic structures, it is very important to ensure the safety of
column members because the large plastic behaviours in column members may lead to the final
collapse of a frame structure. Nowadays one of the practical design principles may be to take
the larger safety factor for column members rather than for girders of such a structure.

In this paper, we study about the effect of the elastic limit strength distribution of members
on their responses in a three-storey frame structure having elasto-plastic joints subjected to the
typical excitation patterns. And also, we discuss on the problem how to choose pertinently the
mechanical property distribution of members in order to control the distribution of their local
earthquake responses.
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OERICLDEORAMZEET 2D ICHEBRETED SN 3 BHMOBELZLROBECEL THOKE |
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FEREE OBRICOVTOHRRGTT 2. BIFTOXMRE U-B&EY €7 v ZBHIRIC bilinear TF FF 4%
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Fig. 1 Three-storey multi-bay frame having elasto-plastic joints.
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Table I Nondimensional natural angular frequencies of model structures with 2.

7 0.2 04 0.6 0.8 ’ 10 1.2 2.0 50 | 5000

© 0091 | 0122 | 0143 | 0158 | 0.67 | 0.179 | 0205 | 0.240 | 0.277

20 0.338 | 0.396 | 0.436 | 0467 | 0486 | 0511 | 0562 | 0.632 | 0.703
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7 A=02
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Fig. 2 Natural modes of model structures.
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Fig. 3 Wave-shape function of ground acceleration; Vernon Earthquake, S82°E
compornent, 1933.
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Fig. 4 Normalized power spectral density of acceleration record of Vernon
Earthquake; 0~9 sec..
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Fig. 5 Normalized power spectral density of acceleration record of
Vernon Earthquake; 0~2.5 sec..
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ERINFEBBNS s 4 7 F ORAWME 7} SHEICE DR, R%EL 7 20BEE4E 0 T
KEbL, i 8 OFHICLBR, Y a4 Y OBBEOAHEROEHICEE LLb0T, NbogES
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FFRODVTHEDEMLEOMREEZ TS, F H1LIGETE, RRELIRBENELLLBZIKSN
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HOBHE— AV MCET DD THD. LL, AMBKEL DD FH08%Z 3 & 7=0 DEARIED
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Fig. 6 Maximum ductility ratios of elasto-plastic joints; cosine input.
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ERTo ZOTER 7 APINEERRI—FEOERIL L > TRALEDZ F vEF-BEBRINZDICHL 7
BRECE B EZNIEGESTBBRT 270 CBE LBHRICAD T A AV F—EBHAREB I EER
To COBITICAN I ET VBN TR IO U CREEN S BEY 7 v e OB SIS ED S
BAHHRE—HORBTHENT & L TRIBENEDTH S, cosine FEAHLETEEARIZZED
BEPETREL 3BWNEL BT3B Eid Figs. 6, T SR NEL L TCHKEOSSZ 707 OFHF
BT BREIUCRCEORAMMERIAE—HKTHY, #- T OBEACBBEES N TH S LHET
&5, Fig. 8 ICIBRKBHEEMGEERTH, 1, 2BR F CALTEHNICAEBNCLESERED
BWHERTH 3BETRETHEANEL B, H1b F IKBE$ 5 peak ORIEINSOAICTH, B O/NS0WE
BETIHEBKRE L Z2EBSD BH, FL0.7 OEBCHEN LT 2, TLBHINLEEETE F o/l
W TROWERIE 7 OBINCEE VIR T 32 Ehb -7, —RICROEFGHOHEB T2 F DM
WIS VKD BEHDOERT 2 F OAXWERT 7 OBARZAL ORFNGE2WHIL, #->T
DT & RBBHEN B RABUENBET 7 BRENRIE-BIBEINESLBEC EiHBEL, EOHB
2HBHIEEBAT 3 EiCk - TRFNEESS LUCBHBENEER E S IKEENT 2T E4TT. BT
A=f— & TONTH3LEEIBETRRRBEALAMIE B=1 THRAEBZN B iChT VBEKRLEIEY
—EOEMERTH o BNRELHBEE F B1EBORRGER$ILE, coT &3 B=1 OFEHETR
Z, FEERSERIC A DRI O W RE SBE SN B d E B 58 base shear FEE A —EELThi
AR, BOKEENZ F=1 TR/NENICEA2ZINEENRTEANORVEENEEZ L B &
WT& 5, CORFERITRNEE DS QR OMITREED S QUM AN T4 ICHEMET 2L END B &
Bbhz, i, BSHENLTHIELTOANTRIVE—EIVLBENET X VE—OREYO AR R
FTUY R VERNVF—ITBE En Espe EEHEOBEELE L5 cosine TATDBSRERE L Z
ATH &L, Fig. § T3 7=0025 QEEOEEKRTHO E, Eyp OHEER LI B & EpnDERERE
DEHTANVFE—, WUERTF VY + VI3V F L HMERC I HER AV F—ICHET %, o A&
{132L B=10 % peak L3 3MAIRTTITEZICIELM E & Epne DERDZ - THATAHENE
RT o WITEKY 2 4 ¥ b OBRKHMROBEHENFE LV BHEMOEAELMZ TRO SN EHED=
—FB A RE-TETBRETA2H5E Fig. 10 2155, C DEIE 7=0.025 «/=3/3 DFATH B,
B ANSOE FREBIVRTE QRN BRANEESTG IZ—HTHD, F B LIGET RN BHERIK
A>T 2 BHIEEOEAMBRSEINT 2 L 20ZBECIBOBRIINEL BB E%ERL, COEREEN
DE—FCHPFEERLRON TS, Thid F IhE0E EBIBACHIKOE BN S L3 BEEETSL
EDPOEBEOEBREIML LY, —FHREPSEEBICAZ LEEOBRENBEEIC Lo bHATEET
H5H9o

WA { cosine AAN & UTHEBE/¢F » — 84— a %—EH04ITED 7=0.025 DBEADIEE
FERERT, Fig. 11 BRLBOBRAMUEREETHD, Fig. 12 IBEREBROCBHEEMIEE THEH
COBERICEEREL—EIC L TRREAREREDEMS 55T TELs i LiKit, - T base
shear FHE A<l TR F IKHHIT 5D THRC OER TRBDFZAWMR S KORKBMEM I § »
NEVBREL LB, —F B BKRICE 5 EHAMMRIEE, RABMEMBEESEZLHLLENOEA
W E RO EICEET 2 A ERT o FEORKNERI F 508%#82 25 LABICEALEY a4
YIDBEEDESDEEMUL BN, BIK F BPREABIERBCLEC—EEIET L, Hbe A WA
BERTREHEEHOBFRHBSIEERELLBBT EERLTV S,

DX IEEROEABEFELEIET 2 cosine T—lEANE LIBARBIEESHRICELIET A
OXEEBEUBRNBRBCRNTC E0TE, &2, RAAFBRECHR HbHR2ORAMERREH2052
BEUTCHIBT 2 & 5 S EMECH LT, RREMAZHBEND 6 BREIRERC LICk-T, HOBE
EBMER S 5 VRB/NEEERICHIMTE 2 LM B, L LD o —RICHIBIRAE LW AR
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Fig. 8 Maximum nondimensional relative displacement of each storey; cosine input.
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B LT B, Pigs. 13, 14, 15 {34 Figs. 8, 8, § KB LZhTNY 3 4~ + OBRAPBEREE, &
ABHEMBES LCAN TRV F—, BT AVF—OEEKTHOBRITELRRLALDOT, H1,

2 AN, 7 B2 TO0BDEATH B, 2o DRAEXNY % cosine WAHDEELHEL TH B
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Fig. 10 Distributions of the maximum ductility ratio of joints and the upper
bounds of deformation of structures; cosine input.
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Fig. 11 Maximum ductility ratios of joints; cosine input, a=0.4.
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Fig. 12 Maximum nondimensional relative displacements; cosine input, a=0.4.
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L
. 13 Maximum ductility ratios of elasto-plastic joints; Vernon input.
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Fig. 14 Maximum nondimensional relative displacement of each storey; Vernon input.

BOBALELT 34, ¥=1/150B8R LERBESAS LB LR TR B, BIAICIE Vernon I
FT v'=a'/¥=125 DEAIZ cosine PWOBAD o’ =1/3~2/3 ILIE YL T 5. cosine Ji, a'=2/3
DIEAE F=06 THOBRAMERZ 1T, ROPERIZIEETH-7-. ChiCiL Vernon W% D
Bh BREROSAMBROEAH 1 : OEEICK 2 0k §=04 OEATHD, ¥=1/20, 1/30 T F=06
DL EFREOFRUHRZ 1T LN 5RORAMERISHETHY, v=1/15, F=06 AR, &
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Fig. 15 Nondimensional input energy and total dissispated energy; Vernon input.
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Fig. 16 Dimensionless restoring force characteristics of the third storey; cosine input.
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Fig. 17 Dimensionless restoring force characteristics of the third storey; Vernon input.
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