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RESPONSE ANALYSIS OF ELASTO-PLASTIC FRAME STRUCTURE
WITH RAMBERG-OSGOOD CHARACTERISTICS

By Takuji KOBORI, Ryoichiro MINAI and Teizo FUJIWARA

Synopsis

In the aseismic design of middle or short height structures, we must take into consideration
more than in that of high rise building, because of their frequency characteristics, such as structure-
foundation interaction, strong plastic behavior, initial gravity effects, combined force interaction etc.

The detailed response analysis of complex structural models with bilinear hysteretic local joints
neglecting structure-foundation interaction was studied considering the interaction between moment
and axial force of these fixed local joints in our previous paper.

The object of this research is to establish a method of dynamic analysis of inelastic frame struc-
tures composed of the members with Ramberg-Osgood type hysteretic characteristics considering
the above interaction effects.  Three-story, single bay undamped frame structural models loaded
at the midspan of each girder subjected to the S82°E component of the 1933, Vernon earthquake
accelerogram are analyzed and some interesting results are obtained.
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Table 1 Values of nondimensional natural frequency of model structures.

case (1) (2) (3) (4)

. 0 3 . 7 0 ‘ 3 1 7 0 l 3 ’ 7 3 )7
i 1.028 | 1.064 | 1.064 | 1.023 | 1.058 | 1.058 | 1.009 | 1.045 | 1.045 | 1.043 | 1. 044
" 3.113 | 3.188 | 3.188 | 3.107 | 3.182 | 3.182 | 3.081 | 3.156 | 3.156 | 3.146 | 3.154
o 6.378 | 6.432 | 6.433 | 6.377 | 6.432 | 6.432 | 6.345 | 6.400 | 6.400 | 6. 393 ’6.398

(1) No column axial force effects

(2) Column axial force effects on rotational stiffness

(3) Column axial force effects on rotational and lateral stiffness

(4) Column axial force effects on rotational and lateral stiffness considering initial condition
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Fig. 8 Time hystory of nondimensional moments of the ends of girders.
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Table 2 Peak values of end moment and corresponding curvature of
Ramberg-Osgood girders, r=3, s=0.24.

=0 p=1/3.2
1,5*1! 2,6 | 3,7 | 48 | 1 2 3 4 5 6 7 8

_ |130¢| 1.609 1.669 1.567 1.471) 1.666) 1.524 1.388 0.970 1.673 L.777 1.767 1.897
§ 170 -1 640—1.601 1,516 1. 422~1.609)—1. 712 1. 711/ 1. 8731 602 L. 459 —1. 352|—1. 062
E|20| 1285 125 1160 1038 1290 1114 0.999 0.677) 1297 1394 1.358 148
250 |1, 767|—1. 775~ 1. 736/ — 1. 706 —1. 788 — 1. 888 1. 881|—2. 008~ 1. 783 — 1. 670/ 1. 576, 1. 404

o |130| 5.264 4.796 3.487 2.603 4.753 3.124 2.162 0.955 4.856 6.708 6.487 9.760
£ | 170 |~4.3413.856 3. 030 2. 3493, 963 . 4765, 45919, 059 3. 861|—1.515/—0. 419 4. 246
£ |210| 0.915 0.948 0.789 0.662 1. 173—0.861 1. 4715743 12201 3.262 3.567 7. 560
® | 250 | 6. 497—6. 666 —5. 889 5. 375|—6. 9299, 4939 286 -13. 812 —6. 87| —4. 641 —3. 169| 0.693

* 1 This number indicates a position of girders, with reference to Fig. 6.
* 2 Each peak value exists in the neighborhood of this step number in time hystory.

EREDRBICEBLL BBOMTE— 2 M BHAShTHESEMT 3 &0 I EBEEFUREICHHER
BEELRVEECESCERMRR OGNS, -7, HBRDZVIZRRKICHEBEOBRE L ZHETEL
RRHEFTRIBARRE, BEHDPRBICHLTHIBERAMCRH LT LENDS S, COEMI
BERLECHOr=3088L0br="T0HABEETHV2~3EDHRELIED, MHFHICL-T
ETIEABBHETE— A2 FOERBRIABRE, —FChoiIKHET 2R © #li# 2 KR 0N
Table 250, BRABEH, SEBHBEOBEER VML, MET 3 HERERD M, BFNERLEOR
ELLUTOBMREERINHEELEA U BAICR 688, ZEETLL6~4BEORABMERERD,
EHich iz D DEYE, BMEES- THD CHHEHZERL 2R THEHULES C itk Byl
RPERUALBEE, BEFLRFEA»SSZ0FNRVE, HELEET 2 LHYBEORELEROATS
cEtbhs, Fig. 9 RREEBOSELRETNEEERLALSOTH D, R SBONEH, KEic
HMIETBHAEMEL » TREZH VR TSH S, Fig. 9 (a) @A EER L 2 BEREOEET, BEOD
BB BR A RICE VT linear i bilinear & U THEZ 2 W T HEHEDS, LB O M FEMIYKRET
BEE~ Y vy 7 2ABLEREZ ST, BEGECH U THIHEELRHERL, &SCRETATBAOE
BEZb2C LB EBABERNTHSB. —F Fig. 9(b) 0w BHBBERICAZHAIIR () MoK
HEEHED, 2L U TRBHICEZ -BEEHOBEBELNREL LB =XV F-—DBHEERENS,

¢ =130 L] ©=130 qs3
r=0 r= 3
n=0 2 2% s =024
p=0 185 gl P=0 2
P =132 --~
(a) (b)
=05 0.5 N3

Fig. 9. Restoring force hysteresis of the 3rd story.
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BEEODNTHD, BEPORBIEL AHBHE L TORBIIGES Lize T it XY BB TR
IRETHSD.
HBOIC, ZRLOERICHBARVINE, EHFEZEOELCEROEERDLLET.
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