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OPTIMUM DESIGN OF PLANE FRAME STRUCTURES
WITH ELASTO-PLASTIC BEAMS CONSIDERING SOIL EFFECTS

By Teizo Funwara and Masahito AKIMOTO

Synopsis

In order to obtain the optimum base shear coefficient of plane frame structures
and the stiffness/strength distribution of composed members subjected to the filtered
random excitation, a method of optimization of structures which were composed by
strong columns and weak beams with bi-linear hysteresis is presented.

Equivalent linearization technique is introduced in the elasto-plastic beams of 3
— and b-story structures. Input excitation used in this study is white noise
modified by the Kanai-Tajimi filter. Performance index is selected so as to
minimize the sum of the second moment of cross section of columns and beams
considering the constraints of ductility ratio of beams and fiber stress of column
members. Root mean square responses as well as peak responses such as ductility
ratio of beam rotation, base shear coefficient, stiffness/strength distribution of each
member are theoretically obtained and compared with the results of simulated
responses.
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Tablel. Parameters of Structural Model

Span Length 1="750cn

No. of Story 3 and 5

Column Length h;=350cm

Mass m;=2btonf

Depth of Column h,=40cm and 50cn

Depth of Beam h=50cm and 60cm

Critical Damping Ratio h=0.02

Stiffness ratio of 2nd Branch of Beam | r=1.0, 0.5 and 0.25 (r=1—7)
Allowable Ductility Ratio ©=10, 1.5, 2.0 and 2.5
Young Modulus E=2100tonf/cd

Power Spectral Density So =500ct/sec?

Duration Time of Input Motion T=20sec

Predominant Frequency of Soil f;.=1,2,3,4,6 and white noise
Allowable Failure Probability P:,=5%
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Fig.3. Design Value and Simulated Responses of 3 story frame due to White
Noise.
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Fig.4. Design Value and Simulated Responses of 3 story frame due to Filtered
White Noise (Fg=4Hz).
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Fig. 5. Design Value and Simulated Responses of 5 story frame due to White

Noise.
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Fig.6. Design Value and Simulated Responses of 5 story frame due to Filtered
White Noise (Fg=4Hz).

p=2 OB, BOBEELBYNSTEIEIED, BBORBYRERICTEILNTES,
EREEOMSE TER SN A EROROBIFAMIE1 :05:038ELZY, HARTHEE Shin
FP X0 BETBORAMEEZHMAX TISEDH BT EMH B, —FH, F ROTMEEELIETDH



BRI « Bou : R 2 E R L o R AR ORI kT

97

STORY . A:DEPTH OF COLUKN=40CK(——~ )
7% 1% DEPTH OF BEAM =50CM( ------ )
RN B:DRPTH OF COLUMN=50CH(==en- )
Yo ¥,° DEPTH OF BEAN =GOCN( ------ )
a [
§ O u=1.0 @ u=2.0

I
‘STIFFNESS RATIO

1.0

Fig.7. Effect of the member depth
on the optimum stiffness
distribution of members.
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structures.

CoOZ &R, FUABLEXLT

BEGTEAMIBREIREBEELL, BHMORENZERHMEMFOAEEICEELEBEIEEREL TS,
B X5 i, EEYICER T 2 RS EI O AR © B o B 082 B2 3,

ZITH,

DX ERENORLBEMISERE LTS« HIER 7 + V¥ — I white noise 3 AF

L& oBIERERD, HROBEBCL » THERSED X S BT 305 5hicd 5, Fig. 9
~Fig. 1237 4 V9 — D LRI w,= 2 7f EELS B BEOBITRRTH 3, Kb w,=W i3,

f=W OF5rI13 white noise AJJOFERTH 3,

FURDAXENTAL .
TREQUENCY o
Wet e
——— 3-STORY
5-8TORY

{sM) awt. o
PREDONINANT PREQURNCY OF SOIL w,(rad/sec)

Fig. 9

& w0 20 ) ) w

Fig.9. Optimum circular frequency
versus predominant frequency
of soil.

BASE SHEAR

COBFFICIENT
0.8 --  3-STORY
e 5-8TORY

——— 3-STORY DESIGN CURVE

o 1 1 3 H s .

Fig. 10. Optimum base shear coef-
ficient versus predominant

frequency of soil.

— 1]7 J—

BIBBLUSEOEEYIc>WTELNHE

Fgsl

o Pt
n 18

CIRCULAR FREQUENCY

(rad/sec) Fga2
5 peg
=1 B-STORY "
)
50
3-8TORY
ORDER
-] ]
1 2 T 2 3

CIRCOLAR FREQUEKCY
(rad/sec)

e §-ST0RY
50
o 0

1 2 1 2 3
Fig. 11. Effect of the predominant

frequency on the circular
frequencies.



98 EOABSKBIEAES $£3458-1 ¥3. 4 (199D

STORY 3-STORY

-?\\
Y, Y, ——  COLOKN

° 0.5 RATI0 *0

o 0.5 1.0 1.0

§-STORY

5123 /A e COLUMN

RATIO
° 0.5 1.0 1.0

Fig.12. Effect of predominant fre-
quency on the optimum stiff-
ness distribution of members.

FatsoBEARRSMERLZKTH 5, Rk o
GBI 0 7 BRI HAR 0 SRIREIEL & BEY OB
ﬁﬁﬁbi‘%bhﬁa&fxé}ﬁf&éo &, I‘E_I%‘, %ﬁ'ﬁ Flg‘ 13. Effect of

the prescribed

¥ L UEBBAEZEAE LTELTVWS D), K ductility ratio on the stiff-
& SBEERITHIE LB ERSEEL, 3 EiEY ness distribution of members.

Tl w,= 20 BB TR OBEMRIFSRE L, B

EALHET 2 & RIS 155, BEWH 5B 5 & SRIREEL 2 HZLL T OAELIC LT
BEERESROE VAICETEI B >h 3, Fig 10 3EBOEREAMNRMIS>VWTRLERITS 5,
SEEEIC ST, BHELA (=1) KEitT 3otz —ic e ANTIREE 025 ~ 03 BE,
SRR 3 ~ A Ho & TS A M TIE 05 LIEDSUEL T B4, HBORSLVHTREZNLDFHVRY
BAH- & 5 IcRitd 3 L2ERS NG, BHEREZHFET HHAITILREANNIRRO/NE VET
BEMABLCE LB 5, MhOKVEE 3 BRSO TELTVAAED 1 /2 DMEER>
L E DB AN R L R 2 THRET L2 & S OBFHAMNREROKRE WHEEALMBETS 5, Bl
A, BEwOREERDIc—EIRET 5 TH 5 HHBIH L TdlRtE, X O ZBRAROHME
KL TRER 2 BECTIANAT 5L ELD L, 2OMA2IERT 3 EERIRHORVRTERS
h3E5NBHETELBENSZEVS T LN B, Fig. 1123, 3BRUSBEREICOVT, REEB
SRR E bOAF I LTEO N, BERD L XZORROBEEHRBBIRINTNS, 5B
At RERIEFEOYNE VEEAEZLEERIRE B A0IMLT, IBOHAEERIREICL T
PE BT 3 & B, Fig 12 ZHBOWERRE 25808, ROBERMSHEZRL TV S,
AR DR, RIS ICINS L, &L TRAMDER I L TREVWT L5, —7F, Fig.13
P O¥D LS IHREREAEL EBE, FEROFEERIMELS NS (5D, MTROREEIRY
BRTER B, £, BBEGROBMELA/NS S B EBHBRON S,



BRI « BAOT - MR 2 2R U /- R AT O #IERSG 99

5. € ¥ U

REBRTIEEE MR, BMMOWE 2RE — 2 ¥ + ORMER/NE 2 HETOREARKILEIF MR
AEAEE, 3BRIULEEEYIC OV, REMBEER, R 2oEENE, MR ESE
FRICRETEBICODWTRET L, RONKPIBECIRDEM, BohiEREsENTALUTOEBD
THb, BILNEHAMNONREBAT L L, REMEOEEEMA L], 2A[EVLIE
3HEHBEANIOIEHT 2 BEBOBEMBRIME L bic, SBRRFLIVWEELTVS,

1) BRRRZEROBERSECEMEEITEEEALT, & 2AELICKHT % base shear {535k, M
Bl « MEAAOBEEMEEB 2 FEERRL, 20 HoBEHES < X 305 EH» SAREO R LM%
RLT
2) MIBEDOR~<7 bR O L IRHRO SEIREEIL, HECANARRICKET 00, #EHA
BESHEA T, B AATERE IS L CRiSGT & M REERGT D 2 8 2R T ARERD BLED
H5b,

3) KENPUHRLHAETIL, LEROTMAFELEMNICKE T2 LEMERSNE—F, |
BHEOMMERIM: S € 2 LB 5,

4) BUZBMEREREL TS, FHELEE LToEEE, Thbb, BEROYANIMRKPEER
B RFAEBIR LISV, LcA-T, HFMRIIBEREB -0 EREABIEREELZ NS,

2 E XM

1) Robert L. and E.L. Ovadia: Recent Developments in Structural Optimization, J.
Structural Eng.,, ASCE, Vol. 113, 1986, pp.1939-1962.

2) Hisatoku, T. and T. Kobori: On the Optimum Aseismic Design Data for Multi-Storey
Structures Based on Elasto-Plastic Earthquake Responses, Proc. 3 rd European
Symposium on Earthq. Eng., Sept., 1970, pp. 435-445.

3) /NESET - EHEER - WEAK: BEEHBEYOMBINEE R bo—Fk (), TR KIHFER,
145 A, HF055, pp.315-332.

4) EHERM -7 #HE LREEEVMORIHMERTRICET 2 BBHA (20 1), BRRE
FOMSCHREE, F 2885, FH55 pp.97-1086.

5) Nakamura, T. and I Takewaki: Ductility Design via Optimum Design of Nonlinear
Elastic Frames, J. Structural Eng., ASCE, Vol. 115, 1989, pp. 608 -625.

6) Kapoor, M. A. and J. V.N. Rao: Optimum Aseismic Design of Multistory Steel Frames,
J. Engineering Optimization, Vol. 11, 1987, pp.339-353.

7) W B e/NEEZ .23 H-NE B RKREMHRENE (201 HEMNREMP S 0EFR),
BEYOLZEE BT sTFARKZSFHE, H30.9.

8) Caughey, T.K.: Random Excitation of a System with Bilinear Hysteresis, J. Applied
Mech., ASME, Dec.,, 1960, pp.649-652.

9) Foss, K. A.: Co-Ordinates Which Uncouple the Equations of Motion of Damped Linear
Dynamic Systems, ]J. Applied Mech.,, ASME, Sept., 1958, pp.361 -364.

10) FKTEC: EHAELEZY 2 RIBREREOWHRHIKEET BT 288, FABLRX 1991.

1) 5% % 10F #: JestEE: (OR 54 759 —6), BARIEEMNES, 1978,

12) Kobori, T.,, M. Minai and T. Fujiwara: Optimum Design of the Structural Members due
to Ground Motion, Proc. 6th World Conf. Earthq. Eng., Vol.2, 1977, pp.5,79~5,84.



