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ON THE INFLUENCE OF THE SHAPES OF HYSTERESIS LOOP
OF STRUCTURES ON THEIR DYNAMIC RESPONSES

By Minoru WAKABAYASHI, Yasushi WATANABE

Synopsis

There are many loop’s shapes in experimentally obtained hysteresis loops of structures. Thus,
it is needed to investigate behaviours of these structures under the excitation of earthquakes using
mathematical hysteresis model which can express many shapes of hysteresis loop.

In this paper, it is tried to investigate behaviours of structures which have many types of
hysteresis loop under the excitation of white noise. It is shown that the hysteresis area of the
loop has much influence on the responses; max. displacement, max. ductility ratio, and if the
area is the same one, the resulting responses are almost the same in spite of its shape.
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Fig. 3 Loop’s shapes constructed by parameters shown in the Table 1
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max. disp. in case of C,

Fig. 25 Influence of parameters a, (upper), a. (lower) on the
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Fig. 24 Influence of parameters a, (upper), a, (lower) on the
max. disp. in case of C,
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C, = shear coef., at yield point
" = duct, ratio
T, = elastic period (sec.)
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Fig. 32 Required strength ratio spectrum attained from Fig. 28-Fig. 31
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Fig. 34 Comparison of time histories of disp. (upper), comparison of hysteretic responces (X:
disp., Q: shear forces) (lower) by the values of a,

—_25 —



166 RAHEHEFESR 5275 B-1 (0599

DISR(cm)
‘\O,T
0.
TIME(sec,)
a. a,=0.8
i 0.5 D =0.4
0.4 T :=0.6
- 0.2
0.0
_lQJ.
Q Q
2,200 a,::0.2

Fig. 35 Comparison of time histories of disp. (upper), comparison of hysteretic responces
(X: disp., Q: shear forces) (lower) by the values of a,



o B MEROEANREOERBBMIEECRIZTHEONT 167

5. BRRALEDR TV b Y h—TORHEBEILLLED, —RAROWBYMBISE
R

Fig. 36 KRR T 5L 515, BREUEOR 7 b ra—-78, BRE&EE K, Kidsk 7 LT,
—0.05~0.05&73 3, FAE-ORIRZAETIEILHFHEOZhZNICONT, —~EAEHE L BBICERITF
EfTotee 22U, 1<0 DHDIKDNTR, WABBRBAD 20%61Ci-72ET AT, AFrrrh—7
OHEEO0EL, ThUBOWMAETFTBELLVEIR LTS, ¥, V—FDNTA—% a, a B%Z
NEN0.6, 0.4T—E L L, HBRIBRO SODANBEREZEEEFHALELLOTH B,

Q
el o.ggs
r= 0.
____________ = 0.0
Q , r=3%2s
i r=-005
|
i
!
|
| S Ky
|
Q ' |
cr T i : Q}-- :
! | 3 :
: ! Wy
! L ;
1
, Ky i
1 \ |
| i
[ 1
0 S¢ Sy ' )

Fig. 36 Skeleton curves used in this analysis

Fig. 37 LB 2, BRBE C=01 &L, & D DEIKONT, v 22342 —2 L ULBEOREEEN
T, KT B RABEERMETRLEEDOTH S, ChEOME D ROBHPIHETE S,

cr OHA LR, BREEEMRFILONE,

FEBOFERICBY BRASEEMICHT S ¢ OBBRAEL, KT 7<0DBELOVTE, Z20MH

OUBHEETH B, ,

ERMOERICBOTRBERESEMICHT 2 7 ORBROTDLTH S,

cHEEAAY =02 BRBIARRESEME, D OHEOKEICHIHLTIELALRALTSHS

25, T:=04%Ti3, D=08 OBC y=—005TBVTHRY OBRKICEEMOB AN S ON B,

Fig. 37 TBICI3, C,=02 &L, C BAD» 52 —213, TRTLEABD Fig.37 LEOBALRALLD
EEALBORIERNT SN TS, Fig. 37 LELABROBANC LBV TR oNEH, C=01
OPERELT, ERPERCETIRNEELELOOTREETNEVEO LR ->T S, Fig 37 itxt
T35, ZhEhORKIEEEERICONWTIE, Fig. 38 KRLTH 5.



RARMEFEFER %275 B-1 (| 59.4

168

ey {—

90 70 70 0

0=
0t
waasig
(oo 80 90 ’0 20 °
4
/
A
Z
=\
/ / 01
A
80+ 0 /
1'0sy
‘0t
waasio

paSueyd /£ jo sonjea oy} uoym wnnoads “dsiq L 81

o 80 i i A 1] 80 90 70 10 i 30 Y0 70 0
m 0 NI
Z
ZZ £z
s s 5
9°0s 0 20=Q z0:0
705" zoe 019
ot o o
(w3)asig w3)sio (Ww9sI0
(+99s) poraed oTIsET® = IL
£
jurod PYIT4 3@ "3J900 leays = 7D
ol £0 50 i 3 i | 80 90 70 20 0
ol S0 80 ve  zu 0 8 8 0 w0 10 CRN
]
o
tuaasig was10 (woresio



169

HENOETARREOHRBBHIEE CRIETHEOVT

bk« 0

paSueyo £ Jo sonfeA 943 UsYmM wmnoads oner ong 8¢ S

ot 90 30 ¥ ’ _ , a . .
{>25) 0 70 o ?uw.._E 90 90 20 20 ] C.Sm 0 90 0 20 ° .vwﬂ.w. 9 50 v 0 o
7/
\ \
\ \
s . . .
9050 v0-0 or
70 05 v
o1 ot o r.
100 1300 om0 e
(+99s) porasd OTISEI® = 1
£
aqutod PTOTL 3B °JV0D IBIYS = o)
[ 30 90 ¥0 v 0 . ! i ) . : o e 1o .
(2514 ] (20 I 80 90 70, 20 LI 80 50 70 20 osrd
Il!lllillllﬂﬂﬂﬂﬁﬁﬂ”” ||Illlll|lldﬂﬁﬂﬂ7//
X
N
— 500
0S
05
" o ceeeenos 52070
-——— 00
vvvvv — §20°0-
€0°0-» A
9°0:0 9°0:0 yor0 oo
102> 10 fary ot
001
001 oot oo
1900 ‘1500 1an0

1On0

—29 —



170 AW KHETER 4275 B-1 ({59.9

Yk, Fig.37~Fig.38 iItRENB LT, BT TERAL T A ANBBOMBEL ~riet LT, B
RBEHO0.2L L H2FEI1CIE, BRAUBOX bt vH -7 DEROFEED 7 12 LT —0.05~0.058 1
2o, ZOMISRAES, BEREREECRIEITEEIEBHMNI L, UL, BRBRE C=01BEDE
VERBEICBOTE, RICERYOERT, r PADHAICEBRICRENEELLELSREC LILLS,

Fig.39 i3, a,=06, a,=04, D=06, T;=028 &L, 7 2,7 2 —2 ELIBAOEMEERE LD
BEHBRETR LD TH S, TTR2HBOLZ AP S, IHERFEI, r KLABEELHERBD N5,

OlSRlem)
40
0,
TIME(sec)
. 9,20.8
0.05 @.=0.4
0:0.6
T=0.2
<ol
a a o

20,05 10,025 r=0.0

12-0025 re-0,0%

e
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