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HYSTERETIC BEHAVIOR OF MULTI-STORY BRACED FRAME

By Minoru WAKABAYASHI and Michio SHIBATA

Synopsis

The hysteretic behavior of muiti-story braced frame is herein analyzed. The variation of
column axial force is taken into consideration where the restoring-force of braces are evaluated
by the hysteresis function proposed by the authors. The restoring-force of a braced frame
as a whole is expressed analytically as a function of the hystory of the relative displacement
of the story.

The restoring-force function is also formulated and proposed for the design use, based on
the parametric study where the brace slenderness, the column shape and strength and the
arm-length of the horizontal force which is the function of the structural height and the
horizontal force distribution, are chosen as the parameters.

1 F

TRABEICENT, BRCBETIRIRETHHIEBERY 2, MERERCBY 5AROMNET
EHULHERD R0, HRNRETRMIKENIRREL, ULdSHEOMBEREMSKET 510,
MEHEEOR L R - L BBERTOOLELIONE, BRICHETIROEBCKETERBESX S
RO BEMRE ¢ 2 106K, REZDOIThIT SRR, BTHFITICL D T SIS hicd®,
BR8N EB) 5 L U E O BB R R U BRIV,

AW —OMR & —HOBER L » 518 5 —REEEHER RBIC B 2 BHEEOMHILTH, Bk
ELTOBBESHCRIZTEEZHONICL, BhE LTOBBETIEORITRERFETE L LI
WL OHOFEORRITHERE b LK BEETHREOERERH L DTH S,

2, & E
Fig. 1 ICAT BB B H AR OME UK EN 220 5 B4 O WK B 2T T 210 b7 DR
DIREEHDT 5o

1° pER XHCEEIN, MRy 2 BRERE ol s RE L U@L OMEBEERZAETEV,
2° EgmmicETAEH T, =1 2) REFHEN 4 MK

T;=T,* f(4:/4s0) [6)]

TEZON3, CCit To BLU 4, REEOERES B XCBRKEHHEMNTSH S,

3° RREMN I ERHOBE IENEMET S,

4° REAOEEIHI>TiE, TOBLY LBHATO P-i HREZEET 5, BHAMNOEEIS
oo TRESNCK S P—0 $hREERT 5,

5° RHIMEdTs.

6° EEHAL LTOEHREBAMEROHEEL, BERIDHREIELLN,

...1_



336 AP RAEFER H225B-1 (0 54. 4)

i 3° i ki, BoMTEIEEl B XUMliTcoLBle— !
AV E My CERET No OBRBRRMOBROTHEE ¢, &F
3&

{EI =N, - d°/(4e,) (2)

Mo=N, - d/2

THEAONB, ¥/, B d &EXD olid, WEOFHhERE
GROEHIC—HIEHE d/D~0.9~1, BEXEELEE d/D~
0.5~0.7 BEDEZELEIDEELIONS,

RE 4 RESHE, 5B TORBIRZOBOBEEMDLD
BEELTELION, LALORELRIZCLICKIEERRE
AEMECEL RN bDEEL LMD, Tk, BREOBKCEBT
HFEROEE IR &Y, @FREEEE L ELhEROH - '—T
BRI ARES 7o, BEEMUZLTIOES LB TER, ULk h
L7EH5, O FETHIFERRSEFET S E8TENIE, 5 ~J_
AEER D DT EREE LIV BRTARER I LT EREIC -

WM RETIERELFEBT L ENTE S,

AP TR EOET AN I T 2 LR BRI E

LT3, A TREL, 6°FHELL, _ =
3. B e Fig. 1. Multi-story braced frame.

Fig.2 (a) it7RT free body ieBW\WT, FHEDOEMAE ¢ LThiE, BEAKN QI
Q=+ @+ (T,—T,) - cos 8 (3)
RE2° L D HBEOWA T, T: ZBEEAMEY ¢ OBMEHE LTEbEN, Fig.2 (b) X0EHARED

—

a | Mi~
—< -
- w | h/2
|oi |
H 4
s NiF46/2

. - -_r

i o] l _h_il_z

PN -
T T T2 ‘tQZ
N N2

Figs. 2. Stress resultants

.__2__.



ZEHK - SEH  BREGENERO BT IEECET 2R 337

AW Qy Q BRRATEALLND,
Q=@+« M;+N;-8)/k [(i=1, 2) (4)
ZZie h REETHY, EEREOET Ny Ny BXUMEE—2 v+ My M, @34\ ih iR H, R34
SEFEE W Edhid, KE3S 4'KETVT
Ni=+Q« H/I—-{(T,+T,) - sin 8+W}/2 [1=1, 2) (5)
6EI/h2« (3—07) s R
M= (i=1, 2) (6)
£ My« A—|N;|/Ny) : 8k
FREBOTHEOBEBEET 67 13, WEMICR—EEZED, Wikt v I hAd s ERRCHE > TE(L
T3,
82 =6—M, - h*/(BET) (7
@H~B)A% ) RIRAL, Q K20 THIE, Q REZOBOBMETAMERICHRTIER 5 # —
4 r OBMELTERETE S,

N, h
oo/ G i Emi) : TS

[[—gf—o(m;il)d:t.-—ué—eJ/—g'+w]/(l—t‘.—Il—{—/—z')

RLEREE () S, BT (O
=g\ v st 3/ rvw ]/ (1t /)

B LG O) i RTRE () Bt
(2 —m)/ g+ : I, O

(2295 /4+0)/(1+2- /5 ) - Fitimst, W ouiaIs
iz, (8)
Quo=2+Tocosf
w=w;—w,* Ry-7
rE—%“/Ro
Ri=¢, /{Z%‘isinﬂ - cos?§ +3 gfo (%ﬁ)’]

w =Ty {f(B-r)—f(—p+n)} - cosb/Qso

w,=(Tor {f(B+r) +f(—B+7)} - sin§+W3/Quo

L=sign V), mr=3+ R [ o), =it/ (R,
B=Rysin g » cos b/¢,

t8) ROEERSRBHH RIS CTELLRADHEE LY, H/l RKEAOSGREBRICET2EHMT
H-T, 3I~VEOHEFEEENRETEE, H/I=0.5~4 BEOHEERD, ¥/, b/d JREEEOMHER
CEET2ERTHY, SHNEOFELEAREIC—HI LGS /d~10~12, BEXIXRBS h/d=~
15~ 202 DEA B2 bDEEZ 505,

3 No/Qpo BHEOHIICHATIETH 2. HHEEZRET 5ICHlc» TRICHHT 2B KE T &
Qo DA a EF0IT, BORETREFHARELOFD N=—W/2x1+a) + Q- H/l BETHD, 2
AOREHEE LS BKER 2Mo/ (Noh) « @No— N1 —|N2)) M8 a« Qui b bBENIEMEID N/ Qo
R#EEN s,



338 FARBRAETEHR $225B-1 (8 54. 4)

N, 1 W 1 14 h H
oe=max [y g o (e gta,), 5 g raroT) ®

$7e, BRIO No/Qso KT a RARTEL BN,
. N, N,
“z’“‘"'[(%"{" Qbo)/ L 2 -+ g.:)/%, (Q,"D 'zﬁ)/

(% % +%) =0 (10)

4 B W B B

& Euler EE Ty O ns % ne=3 &L, a=0.1, H/I=2, h/d=15 W/Q,,=2, tanf=0.6,
MEOBRRISHEZ 2.4t/cm* & LB AOBBEMRFEZBEE LN 81 5 3 EER% Figs. 3~6
WCRT o BREOETHE £ 1330 4 TRES L HDEA W, Fig. 3 (a) 30 #fRE LA &S
Bk (k) o#ih N CEMENOBERTH S, BEV— 7121212 bi-linear BTHY, EHMEFRED
HMARDRVD, BFAREERIASEERNIEZT 5, Fig. 3 (b) dA#Emc BT RETsE F
) o#h N, EAEELOBZETHD, Fig .8 (a) &#EIcE UIZITNFOBRIcH 5. Fig 4 (@) X
EROMIEE—» v b EERECOBRTS 5. EHAEABIMAINS O THBHAEEWAZEL
TW3D, BEFASNEHCRIRSECERNIZEIET 200WMMNTNS 0. BR UKo nS XCENRED
BMAEEDCEMADOKREIMED LT 20, BEV—FRIRFICHELRLTHL . Fig. 4 (b) BAEHD
Hie—x v LEHEENOBRTHY, EREEBIZAKOERNERLTVS, Figs. 5 (@), (b) 13 P-d
BEAZERUEAEORBAENEAEEMOBRTHD, MEHZEORE Q.. =2My/h TERTALE
T3, RTRIOREIBNT P—d HHIRIELL, BLAOETROTOTE S, MELZERADETE

iﬂ"ﬂl

(a) Left column, (b) Right column.
Figs. 3. Axial force of column.
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Fig. 4. End moment of column.
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(a) Left column. (b) Right column.
Figs. 5. Shear force of column.
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(c) Braced frame (Wall) —nz=3, a=0.1, H/I=2, h/d=15.
Figs. 6. Restoring-force of columns and braces.
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—— Anaiytical Results
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Analytical Results
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Figs. 7. ng=0.4~8, a=0.1, H/l=2, h/d=15. Figs. 8. nz=3, a=0~0.3, H/l=2, h/d=15.
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(d) H/l=4. (@) h/d=10.

Figs. 9. ng=3, a=0.1, H/I=0,5~4, Figs. 10. ng=3, a=0.1, H/I=2, h/d=10~20.
h/d=15.
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Figs. 21. Example for parameters combined arbitrarily.
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Examples for random input—ng=3, a=0,1, H/I=2, h/d=15.
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