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HYSTERESIS MODEL FOR STRUCTURAL MEMBERS

By Minoru WAKABAYASHI, Yasushi WATANABE

Synepsis
Many models have been developed in order to simulate the hysteretic behavior of the
structural members, however, most of them are ambivalent, only applicable to some particular
cases. In this paper, it is tried to make a reasonable model by means of superposing several
fundamental models. And remarkable characteristics of the model are investigated. Finally,
several applications of this model are shown, and it is proved that the presented model can
simulate the hysteretic behavior that obtained from experimental studies well.
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Fig. 1 Bilinear model Fig. 2 Ramberg-Osgood model
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Fig. 3 Degrading trilinear model Fig. 4 Clough model
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Fig. 5 Slip model

Fig. 6 N.C.L. model
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Fig. 7 General concept of superposition
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Fig. 10 Model C
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HAEBBELTHOIDETHL, BRI LI, ZOATOEREE, o DEICK->TRHYEEN
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Fig. 11 Formulation of mode!l A
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Fig. 12 Formulation of model B
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ZOIGAL, BENLERS XUBEENEETS
Q A SO, a>a DPATEDLEZLNBOT, T
LT, a=a, BB OV TOREMIEEICEL
TDHRNRB, ZOPREEONV—TO—RIIFLIR%E
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Fig. 13 General shape of the loop com- Fig.14 13, RB=0.5 & UBAIK, a, a %%
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Fig. 14 Transmutation of the loop’s shape under the para-
metrical variation of the values of a, and a, (RB
=0.5; constant)
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Fig. 15 Transmutation of the loop’s shape under the para- Qc=03
metrical variation of the value of RB (2,=0.3, a, c=u
=0, 5; constant) Qs=0.5
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ERBEDbINE,

ZDE3IC, a, @, BLU RB OEABMICEDBTERL LT, HBHEL OV—FORRE, KB
FTHLEMTEENLS,

6. W—TERT NIV H—TEOHESE

WIT, SETIRNTRINV—T%, Ryt v A—T LRI HEEEL S, BIBONV— 7T,
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Fig 16. Skeleton curve
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a<Q
17 Three types of transmutation of normali-
zed loops with bilinear skeleton curve.
(a; the value of the second gradient of

the skeleton curve)

Fig.
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OBBENV-TFICh, IKROGNIZMETHS, 2/, ERICL>THELWBREERORr VY v —T %
ZDOBARMAETIE, BX% Bilinear L UTABTEZCERELZEZADESE, N.C. L BEFic
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7. $iEoHA

BESBICBT 3, v—7FOL DELIKXZWINET, T7bb, HkE, LhiceFvohicEsAh
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Fig. 18 Formulation of deterioration

KAB("H)=KABD @ Digp(fg) eeereeeereestaminiiiiiiiiiii s 2
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E 51, Dap(ng), Dep(ne) ZIRARL L »THZL B,
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i, EBOBAICELT, SiEkE REZTREND S, UL, < DEUEHMSENES L,
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B OHROHIED, ThERELN S SBBONIEV, CICRNFHEUMCS, 1cEAE, XBRDIT
BOTHRRLNTWS &S, EfncET 3 BHERORHEMICE->T, FIEfET2HEEEETSC
LETHTH S,

wic, Fig.19 KRT 3 L5884, THubb, $ABMELTILRS L3 BBEKOVTHRET 5.
£, Fig.19 CRTA—B LBEMEIES, SOICENHOEMMEMLTO R, BRHRONE
K 3, BEMEBAr Vv v —-TKETEETE, ORIcL-THEZ NS LD ET 5,

K(x) =Ko+ (/o) » “SIG{-(TJ?‘UY ................................................................. ®)

TTIT, f) REEHEEEOTERTS S,
LiehinT, LROWRTEMIEMT 254, BEMHRIT

Q 5 C BB COX DI B, 27, BB COBh, DADLR
1 2__..7;;— - ZBAIE, TOECED AR TERNICRS T LK S,
g "b COHETRE- 254, BEMRS » $LLbsHER B
: I BERRMA M E V=T DS D BORE-T s 8 & %
VA Do 1 EEZTHEOIRCE LY M, DADHER,
: t BHEEZ WIES ED’ OGBS (L L THEKRE DA R
&% - ERBTEGTES, 2O, HESLI Dis(ns)
A ! 7 ; 735 & OBIETRR, bx5& f)/SKELT() THL 5
40 3 E X N3o BiC, ZOHEOMBLIE ns, ne IHAT BHE,
5 chEs ng E6LE, 2, BRIDNROBEHEEHT.
T e, daoriation KA Ay~ A=O+C s /), O<O<D
............ (7)
(MRE np KOOWTRGE, n: BORTESL5h5,
C ..................................................................... (8)

8= ) JSKELT () = (1—0)

Q Q
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~O

0 X 0 X

Fig. 20 Comparison of the deteriorating rate
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DAERBY AR, D n; KEX-THEK ED' OGESEMLILODEZLIBCEMNTESE, TDED
I, BB LTz ns, ne XEDEBREE, Bicl, 2, - DX REHRBICRERS, ZTThRNXD
RBHOHERICE CHETIE, BREEBOFE/IECNCE>T—BUTIDED C ETEEEE, £/
BREMEBDANSR-TET, EAREBLTHORELT, EA% » i LBV TERAIGERT S
B3, net+l BWBT 1 &L, TMRI-TEDONIAELTHEDT LIRS, TOLIUHREICLD
$ieHET 5L, Fig.20 IGRTLDIC, BEANETR-1EEE, CANETRE->BAETR, &Y
A7 VBT BRHETRAZCL L THREBEOFTBRELRYD, EROBRMRMICRONIEAEERTS
T EDEREEIE B,

8. FEMMERTEY

EFNVAELEFNVBLEOERSGOEBI X » THIRI NS = F VOSSR EER v, %, Fig.21 TR
TEBRICHE->TRDZ LORDXHITE B,

Vo= (1—7{1?3) (Lo Gm89) wovereereres st 9)

V.=l __LOOP-ABCDA
“"2T AOAE + AOCF

Fig. 21 Work areas taken for computation of v,,

9., EFLOENRSIA-SOKSHE

1), EXHLS EBIEREBEORNS, —DDOV—FEROBL, ZOr—7 0N, HTHhE, %
heEnOv—FORKREM, BRKAKETICK>TE
wiAb L, BRIV —TElED,

2), M ELI LESBREIROR vt v 1
— 72T CEMT 5,

3), WTkDlERT/LVv—TEFRLICERS
bEICE > THERINS v— 7 DEIIHEICH S
LI BEAWTENT S, (Fig.22)

4), BcHLShicEAEOV—- T 5, Fig.22
WIRT Yoor Tosr K1 OEERET 50

(), HELOBEMBRED, OB LIVv—TF DL
BHOBYHE po. 2HET 5,

©), WEITHBLNT Yo Tan Ki tor ZUT O
~@RicK AL, RB, a., o, DEREET 2,

B Re—Ki
R,.— R, Fig. 22 Definition of 7, 7. and K;
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a,=1 Z0B Rar i e e an
log ftos

a,=1— 108 Rar  oooiiieieeeieceeteieet ettt i)
log tq:

LT, Re=1/tee; Ru=1/10

0. & B #

L TIGRNT S FEC I VBRINE V-7 D, EBRICERETHR O NIBERIE~OREME, U
FiepERT o

1) 1512, RC EHHLNMES —# v, SR, 1.5t OBMIZHEL, HHEEL VELK
SESBHERIC L » TEO N, KEH—KEEAER CR6)) ~Dxdics] (Fig.28), a, a, RB OfE
BEbRoA BT Xk, UTDELEE -7

a,=0.88, 2,=0.38, RB=0.58

Q. 24 FL—+BROEMEEOERELRD SRC K, #1710 DFTL DELFANNEERSE
TR D NCB R CURT)) ~oxtiss (Fig.24)

4,=0.7, a,=0.0, RB=0.7
3l QRBOTENLEZ0% E LESELNIEERER CURT) ~Oxics (Fig.25).
2,=0,63, 2,=0.0, RB=0.59
@), BRIV v AEEOBNEAL DE UKFIETERIC L - TR ONERNR, BIORRGORER

Y7 200 400
8(107%cm)

-6.0

Fig. 23 Example of application (1)
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ACC.(.
9t Typo-6 9

3.0

1.5 2.0 -10
R ( rad. %)

a c

Qe Type- B ACC.(9)

14

-10 4 10

-1+

Fig. 26 Example of application (4)

static; a: experiment, b: presented model
dynamic; c: experiment, d: presented model

kOB X BENTERIC K » T O N OEEILERE—ZE0D CLR8)) ~oxitkl (Fig.26).
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Fig. 27 Comparison of time histories obtai-
ned from experiment with those
obtained from analysis using pre-
sented model
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