35

BEY D B I E B 2 — D
BT DT

Wm®E smees R

ON THE RELATION BETWEEN THE RESTORING FORCE
CHARACTERISTICS OF STRUCTURES AND THE
PATTERN OF EARTHQUAKE GROUND MOTIONS

by Ryo TANABASHI and Kiyoshi KANETA
Synopsis

Earthquake response of structures was interested to clarify the importance of restor-
ing force characteristics in relation to the pattern of ground motions. The structures
were simplified and idealized into one-degree-of-freedom systems having restoring force
characteristics of Masing as well as slip model types. Discussions on Masing’s and
the slip type mechanical models were made in this paper. Also, the idealized pattern
of earthquake motions in the horizontal components was outlined.

Analysis was carried out by using an electronic digital computer, KDC-I, located at
the Kyoto University Computing Center, and it has been disclosed that difference in the
restoring force characteristics of the vibratory system is very important, since the slip
model structures have almost always shown a relatively larger plastic deformation than
that of the idealized Masing’s models if the intensity and the duration of the ground
motions are the same. That is to say, the slip model type structures seem to be affected

more strikingly by ground motions with a larger displacement.
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Fig. 2 Resistance Curves of a Simple Riveted
Column-Girder Joint
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Fig. 3 Experimental Record of Load-distortion
for a Hinged Square Frame Stiffened
by Two Plywood Pancls

2. Mechanical Meodels
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o
3.2 BIICAV3HBEID/ N Z—
BB AEMCHSET 5 2 I3 —RITBD TN L L BORED
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4.2 EBEFHEXOES
BEYHRBPCEETTL AT 5 b0 & L CEB AR BB & L3 TIRETH D00,
Z TR R % O Runge-Kutta @ 3 RIGELIEER AV /o step-by-step BEAER L2lo T
B X BB AT B OG22 S L T, ZhboSRHEFCEESHEROBY RENSE €D
HERTL 5. ~BIATEOMPFFRLFTH L T OH L THEUFE L RDEFH2, ZOBRIIERBIEMHIE
LTS REZIHEL 1o

FHEC YD TRA M BT > D I doublet OMkfERFH] 1/20 DR JiinBArfEs { E
bhie

Z O step-by-step DY (EETEIT KDC-1 Bl F 1 © 2 VHEKTITIobRion, 8O w561
TUTHBHH Y AT E L THL TCO B OIREIRO VAR Y ADEE, TibbBASME L BHBRIC LS
= AAF~HRESNRDONDHREFEAL o IBEIFO VARV ADERHERTEIAD, AT v TR
B LEERRDE T w75 a b FHHLLY, HRETY VI THOCERMEYETSOT, 212, 30
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BRE I IEEW s NG/ B O RTRABNIGE R RO B & LR OBFO B TH D0 £
T, TRTOBHHRERIEBORKRENE L T ORR AT E O KT ebh bR (ductility factor)T
FRRIN T 5B,



42 SARBS KT 6 5 (HH.38.7)

BEYOBRRRE L BN HEROBM XL T A — 4 — g TEBRIh, KEHTILZOMER 0.5 K\
L 2.0 OROEEFMEE Shico JHUTHBRTIREIRCE S { RXER IR ROBELH OBRRAE D
0.5 f&7s\ L 2.0 fFIC7e 5 X 5 S OMBHLEEL o2 LI b HWHEREFR OBEEY OEFIRENA
] & BHD—~>DIEEE doublet DREBERFRIZ LBL 7-E, To/r, OFEIX 1/2 /e L 16 ¥ TLL,
FOBWEANTTEY DF LR AT,

ZDXSRDDAFT A~~~ g & Tor DECHALRICHL CIRENIRZ (Masing model & slip
model) DIREIFOBAREHESLFRTTSHL Table 1 DX 55, HALEHEL 3 EOMBEAT DL
TEHEIhT

Table 1 2L LR Z L% To/r DEN2 X H/NE WL E, ROBUEHEIBD TRKEVLWSH T E
ThoHo LML, 18D a & To/r DEXRIFETHIE 3 BOMBEICKL TRENRD ductility factor (kB
AR UAEI T2 & L bbb,

Table 1
l Masing model Slip model
Ground motions : " Ground Motions : a
a To/t Type I  Typell Type III ~ Type 1 Type 11 Type III
0.5 3 1.402 1.042 1.042 14.054 18.203 1.526
0.5 1 3.336 3.292 3.433 4.291 6.965 4.523
0.5 4/3 2.342 3.118 2.593 4.960 4.438 2.560
0.5 2 0.652 0.651 1.632 0.652 0.651 1.797
0.5 4 0.256 0.621 0.829 0.256 0.621 0.829
0.5 8 0.295 0.398 0.137 0.295 0.398 0.137
0.5 16 0.197 0.067 0.029 0.197 0.067 0.029
1.0 4 18.789 18.443 18.789 58.933 49.213 45.794
1.0 1 8.765 8.765 8.747 14.560 9. 446 13.365
1.0 4/3 6.382 6.382 6. 400 6.640 5.421 8.218
1.0 2 1.422 1.421 3.976 ; 2.847 3.255 4.199
1.0 4 0.511 1.255 1.785 0.511 1.255 1.785
1.0 8 0.589 0.796 0.273 0.589 0.795 0.273
1.0 16 0.394 0.135 0.057 0.394 0.135 0.057
1.5 3 — 51.572 51.267 — 87.720 87.343
1.5 1 16.916 16.937 17.194 28.925 24.244 23.250
1.5 4/3 10.488 10. 486 10.518 ' 14.670 13.032 13.322
1.5 2 2.818 2.818 5.143 ‘ 9.168 4.855 6.938
1.5 4 0.767 2.240 1.938 . 0.767 2.763 2.223
1.5 8 0.884 1.201 0.410 ‘ 0.884 1.201 0.410
1.5 16 0.591 0.202 0.086 0.591 0.202 0.086
2.0 3 - 87.782 83.144 ‘ — 142.671 119.789
2.0 1 25.792 25.779 24.953 45.246 40.507 32.942
2.0 4/3 13.694 13.695 13.698 ) 25.733 25.419 18.604
2.0 2 4.944 4,952 6.599 10.050 12.342 8.681
2.0 4 1.022 3.768 2.350 ‘ 1.022 3.848 2.350
2.0 8 1.184 1.669 0.546 1.184 1.669 0.546
2.0 16 0.788 0.270 0.115 ’ 0.788 0.270 0.115
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a OfEs 1.0 X b b/ BT HBINEE doublet DR REIROBMEER Y To 12—&K
TEHLEROBULTHEIIZRERD, ¥ a 1 X0 HREVBEIEHOBPULHEIT To/r OFED
B AT Do LIch 2T, WERHYCHBEROANS B WL ¢ OEXEEL T, HEYPoBHE
B T PEBOBYR IOTEhENHRADSDEELD L, To/r OEMN1 D (AHOE, #E
W) CHL CIEEY WM ERRLIEL L, Tr OBENKRE DR, BEYIHENHIRSY T
ZENEDDIRD, T LT, BROLHAMYFEIRICE 2 5BE2MO BT TRS &, REBRORRELS
35 OIIREGR D M E A RE AN L BB OEN OB L AT HLETHLZ Lhbr b 0
T Li#ERY ductility factor TEET 3 L 0 SEWE wmwe OB TRALLTH I VIR TS S, (£D
BB OB AT 5, ) ZHIBEW OB Masing model type & slip model type &%
bR NEBHERTH B,

REBSEUETE R 0T X 5 RO B & T, IREROBET I Z O b O DZEESIFHCERLEIR
%D, fok 2 Masing model Tit To/c<2 DL XRMERD type ° a OfEWMMICH LT RARE
WEREIHEL WA slip model Tl LEEDHEAITFA A KD HIIEVe MEBEIOM X & Mg 2 8%
LWEWS&ED S & Ciislip model 13 A DS Masing model L THMAK /e lWFHE%
T Do cDZ LiX Type III oI L D Type I 5Bk [ OHERFIC oW CHICBEFCHD bt
ZHEATHOTC, ZhikTicbb, slip model HEFEWH IEIDO IEREMEL - & X HEL T BUHFKE
TR R L CIARCRFITH B Z L2 BT 5L DTH %o
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