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ON THE INFLUENCE OF THE SHAPES OF HYSTERESIS
LOOP OF STRUCTURES ON THEIR
DYNAMIC RESPONSES (PART 2)
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Takeshi NARAMURA and Hiroshi TANAKA

Synopsis

It is well-known that the restoring force characteristics of reinforced concrete structures
have a tendency to deteriorate on the stiffness and strength under repeated loading. In this
paper, the influence of the shapes of the hysteresis loop on the dynamic responses of the structure
are discussed.

Two types of fundamental hysteresis models and four parameters representing a combi-
nation between degrading model and slip model and the effects of the stiffness degradation under
unloading are considered here. The results of earthquake responses of the structure having above
hysteresis show the importance of modeling of the hysteresis loop on the aseismic safety of the
structures.
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Fig. 1 Samples of artificial earthquakes Fig. 2 Response spectra of artificial earthquakes

Table 1 Data of artificial earthquakes

GRDOL GRDO2 GRDOJ GRDO4 GRDOS ~ GRDOG GRDO7 GRDOS GRDOY GRD1O

INITIAL No. 13 57 213 319 379 481 549 631 779 913
S0tgal?xsec) 400 400 400 400 400 400 400 400 400 400
Fy, (Hz) 0 0 0 0 i 0 0 « o a
Fu  tHz) 10 10 10 10 10 10 10 10 i 10
DT tsec) 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
TI tsec) 10 10 10 10 10 10 10 10 10 10
ACC.HAX (gal) 308.5 306.0 284.5 311.6 300.7 312.2 297.4 301.1 282.1 272.2
HMAX.T1  (sec) 3.86 8.12 8.26 4.60 7.88 2.50 3.74 3.80 9.26 1.30
AVERAGE OF ACC.MAX = 297.7 (gal)

STANDARD DEVIATION OF ACC.MAX = 13.0 {gal)
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Fig. 4 Skeleton curve used in the analysis Fig. 5 Skeleton curve used in the analysis
Table 2 Parameters for analysis Table 3 Parameters for analysis
D c a5 ag Gy Tt5) r% b ¢ a0y Tyesr v
0.0 0.0 -~ 0.0 6.05 0.2 0.5 0.0 0.6 0.4 0.05 0.2
O e 6.0 0.4 -~ 0.2 - 00 0.4
0.20 0.6 0.4 00 0.6
0.30 0.8 0.6 030 0.8

- .40 1.0 0.8 0.40 1.0 -
0.50  --- 1.0 0.50  ---
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Table 4 Parameters for analysis Table 5 Parameters for analysis
D < ag ac Cy Tytsy r%) D c ag ac Cy Tyls) %y
0.5 0.0 0.8 0.4 0.10 0.2 --- 0.5 0.0 0.6 0.4 0. 10 0.2 S.0
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Fig. 9 Comparison of hysteresis (left) and time histories of 0 (right)

BRECEZDLOROBRLNZH, BRISEBEMPKIRBOREID EES & iCk SRR SN,
UbD & 5 i HERR S RBHERSE USVRD, EF vORERENOERERYT. TOHEHIL,
COBAIIL, ATt Y H— T TOUHLDNHRICHGT 2480 Q02 KAEINTEY, BREDODE%E

— 6 —



b BEE - BN - B EYORTIR QTR BTGB I RZ TR (20 2) 287

,o/%__[Cyz0.05 JO/% [Cy=0.1 Wz Cy:0.2

Clough -5~

D=0 o]

! L T oL« + 1
02 04 06 OAIB 140‘ 02 1.(;r ! %2 l : : 1(;r k
; a/X Cy=03 o/% Cy=0.4 a/X Cy:=0.5

0 1 { { Tt 0 L { {
0.2 1.0 02 1.J k %,2 ! ! ' ‘t.OT1

Tig. 10 Standard deviation spectra

BELTVADTH D, WY IKH D LS COTbIERORDEILL->TiE D-Tri EFvORELV -7
RBZOEEEVIRSEDLY, BEERBPEVBILT 558055, 201, EROEEYOEERM
WGEAT 31CH Tz » TEF VDU UHNEADFHEHEED L. TDR b H - TARITREREIDHEL
HRTHDENLHIBERSWBEHEELE U TS Degrading HOBEMPRETHZBBICRETSE
BEbhd Clough EF LV EBERAEOEOHABET VAL UTHEA L,

Fig. 10 B ADHBIOERIC L ABNIGEDIE 5D X 2R LA bOT, HMRROBEGRY, w3 25
R (ErERE/TE) & UTRIREE C€5=0.05 5050 TRRLISDTH B, BIREEH0.3
P EDBESEMEEOTIMENDEDREL BN EbH T, OEBIREIZ0. 2816 & HEmIZ 5 o
XSO, BRBEHO. 1T ARBHETERET 5 & & ICEHRIUI0. 3514, BRBEEH0.05Ti
EENEE0. 418 L8 %0 THRABESDEBKEZVEEDLRRIL LB Th2ENICRERNRD
FOERPRO DI DESD EMHTREN,

5. =T OEERPHYEECRETEE - ITILIA-THEBMEELT
h3imE—

5.1 RIS A—R—

ZZ TR Fig 4 IKRRT AL AT Vb v =T EBEELTHI ST » —2 COBETLEET, HE
LYERIC X BBV — 7 O HESBINGEICRIZ T HEICOWTINT Lz, S 5EHV -7 OEROME
EHBID T 4 — F —DBEFRICOOTHEER LTS, »5 2 ~ 28 Table3, Tabled DLBDTHY
BEEN — 7 OFREIRET 2,5 x —2 DN 4, @, D TDOTHRENIZAY » THRERT OERE
U, 4,=0.6, ¢,=0.4, D=0.5 KEAZEL, ChEELEFNVELTVD,

5.2 i@ #F 1
Fig. 11 iT Table3 /5 x —4 D55 €=0.2, 0.4, 0.6, 0.8 DFHFICONTZ OYHENRHHRE

._7,._



288

BIABIKBAFA . 288 B-1 (|H60.4)

gty

16616

0jo {m»

As

0

A0

[

0

i/
v
o

L’/

W

Fig. 11 Shapes of hysteresis loop constructed when only parameter C changed
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Fig. 12 Ductility ratio versus base shear coefficient
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parameter C changed
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Fig. 21 Comparison of hysteresis and time histories of § when only the parameter
C changed in case of r=09,
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g. 22 Comparison of hysteresis and time histories of 8 when only the parameter
C changed in case of r=—7.59,
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