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ABSTRACT

"The design response spectrum has been widely used in seismic design to estimate force and
deformation demands of structures imposed by EarthQuake Ground Motion (EQGM). Inelastic
Design Response Spectra (IDRS) to specify design yielding strength in seismic codes are
obtained by reducing the ordinates of Linear Elastic Design Response Spectrum (LEDRS) by
strength reduction factor (R). Since a building is designed using reduced design spectrum
(IDRS) rather than LEDRS in current seismic design procedures it allows structures behave
inelastically during design level EQGM. Inelastic Response Spectra (IRS) depend not only on
the characteristics of the expected ground motion at a given site, but also on the dynamic
properties and nonlinear characteristics of a structure. However, it has not been explicitly
investigated the effect of different hysteretic models on IRS. In this study, the effect of
hysteretic models on IRS is investigated.
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R(T, 1) = Agx (1—exp(— Box D)) , Ap~0.99%x p#+0.15, Bp=23.69x p 8
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, By= —10.55 % Ln(x) +5.21

I Y
C2= Axa, B, M7 0EXut A, B= 000w+ 0.8
ca3= 0854 Bsds __ p.03x u+1.02, C;=0.03% 2 +0.99

14+ C3xa3+0.001 X a3

Ca4 =

1
14+0.11 X exp(— Cy X ay)

714 R(T, )< EPP 2dg ¢ R, 7% Heoln C,, Cp, Cs, Cu bilinear
o g3 AEAR ARAARI #A EEM Aggoltht, £2 & 1 7] AdLAX R, AFe
g EEAG0 9 3y Ae) Brh EHL} oFATY AFAE F7) A AQAA BEHAIG.

(2) R,% LERSE o] 43 &4 ggade
AETFZE 9% A AAFEFS A8 B4 OAd 2Aeqgdo Agsld F3ct oA =
o] gute} o] IRSS LERS =&k xtoldL EFAAu A ZF7tet 34 7z Azt RS

FAREE FERF7 e SEEFAY Baole} Aladel olFHo e

2= IRSA dig zZtzte] olg 2d g¥g HAFH F Hajo olHE RHPUIEE o
RS9 #HTF AzZAEe vH|EE RAZT. o] REFEH ¢ IRS Aﬂif“—}ﬁ%k% o =& 22 slope
of thaiM Qojxch o] mlel d3Fo] 21t slope AEY ZF AA4HIA 2L2FE ¢ FodA 2
= AL ¢ 5 Ut o] AFd st Y ojAdFE T IRS AZAXFE FAM MF
2 IRS MZF T 72 EPP model ¢ IRS A2 E gkl 73%01vH 4, =8, a;=15%% 2%)..

uL‘i

woL

RS9 AZAIHRLS £ ZE At ¢ 24 Aol A= 2en AA o dste) FFL
(X 3 (b),(c),(d). IRSS] NEAEZGE 2= A3, 24 A, 94, a=jn 5F 447 2
gdgvjete] Z7tsle AEE WA Frhet 1 A9 9 ¥ 2F dAd g g &
Aok o] A7 o3 HIHARN ZE A3, 24 A, AF 2de IRS A2AIFE 7t
7HE & IRS MZREFES ZZ EPP 2429 IRS AZAHGS] 123%(p:=8, a,=15%),
115%( ¢, =8, a3=0%), 108%( u,= 8, a,=5%)°ic}.

a4 ue

2 A7 RSl g ol¥ 2ol E3E ITHAT Foj@ ZE Q4o dald wety
Y 2MEYL BAGE A2de 018 54 A2 oF 4L o]%om g AHEEH 3
A FANAY FEAZASRE drold 48 94 8¢ 2q=gosry Fidn. u AT
AHE o8 mdol TS| JFe vIACAE BAA Aol Ae) x.d_zm AEIRT, 53
How EhE AN A% FAL AgURch RSE AV A FEATALR)E
AgeE o gt wEed Ate) Basts Hdod ARe den 2o
LoMety ¢ ~HERS 2E Auld met 428 #9UY. £ ol BE Q4u o

-217-



o Hgy $9 2HEPL Frlo W 53 wF7] "oy o Jgo] Ak
2. B AFA dojd Astel oatd, Z7zte] o]y mde FHE nf F7)9 @AM Fajol u)
da Fe Aoz dehgt

3. o)X 8 AAde] 23 sloped] AE7F TolAo wil vEAd 29 AMEFL Yolxl A At

4. B d79 ZAge] nzd vgy o9 A2dEPe ZE A, 44 A7 2d3: BY9 5
we gge Bt FNR FE AP 281 BIY FEr} EAG 1 n%x% R
28EY k8o 27Wh 2 oY o]y SHe EWEo Hg
37] g5kl WAs H9YY Wast o

5 IRSol i@ 7 oj8 mde ant: Z¥ QA4HJ o AAd wal o ZA Yehto

6. ZEAZASE AH&E IRSS) MZAEFol A4l IRSS Hl£et7] Hgo] RS/ 48 &4 &
gadegonnyg ANHA o FEARAFY F4FHE ASsE Re B@ddn T 5
1.

7. B A7 A oaid vgy $g 2dEde FrE Fy), BE WA¥Y HE 23}
slope, 4% Az, 244 Az, 28z B g8 Aok '

8 WA AE Fxol Y3 AN FFL AFPA zm F7)o) &SR FE FaAF
A LEDS—J A 7o) 71 S Aok vgy 7&5 *’—‘IEE*«I wﬂeu~ ey 4=

@4 RTAEE 97 Adel B4 Aususl UY FE AG AFE A8 48 £A2
AL gYHolA Fon wrHIAE Fairh

0. & ATdME FAE 2HE FAASE A8SATh Tene e ARAS e e
24 E4¢ Yopurl dste o B AFs 8Tk Y B AFE @4 SODF A2d¥ne
2@, MDOF A2dd d# R, A7 AARoz d7dolcl ¢k 287152 Far field
S} Near fieldo] wet 7284 gstch. % olo] e I= A7E BWas Aok

A 2
g A7E A% FYUGTS 20y FRATAHY A ol A=Yk
REFERENCES

1. ATC (1995), A Critical Review of Current Approaches to Earthquake-Resistant Design,
Applied Technology Council Report ATC-34, Redwood City, California.

2. ATC (1995), Structural Response Modification Factors, Applied Technology Council Report
ATC-19, Redwood City, California.

3. BAP (1992), Basic Strong-Motion Accelerogram Processing Software Version 1.0, Open File
Report 92-296A, US Geological Survey.

4. Bertero, V. V., Anderson, J. C., Krawinkler, H., and Miranda, E., (1991), Design guidelines
for ductility and drift limits, Report No. EERC/UCB-91/15, Earthquake Engineering
Research Center, Univ. of California, Berkeley, Calif.

5. Building Seismic Safety Council (1994), NEHRP Recommended Provisions for Seismic

-218-



regulations for new Buildings, Washington, D.C..

6. Han, SW. and Wen, Y.K. (1997), Methods of Reliability~-Based Seismic Design I :
Equivalent Nonlinear System, Journal of Structural Engineering, Vol. 123, No. 3, ASCE.

7. Han, SW. and Wen, Y.K. (1997), Methods of Reliability-Based Seismic Design I :
Calibration of Design Parameters, Journal of Structural Engineering, Vol. 123, No. 3,
ASCE.

8. Housner, G. W. (1959), Behavior of structures during earthquakes, Journal of Engineering
Mechanics, ASCE, 106(1), 69-86.

9. International Conference of Building Officials (1994), Uniform Building Code, Whittier,
California.

10. Krawinkler, H. (1995), New Trends in Seismic Design Methodology” , Proceedings of
Tenth European Conference on Earthquake Engineering, Duma, pp. 821-830.

11. Kunnath, SK, Reinhorn, AM. and Park, Y.J. (1990), Analytical Modeling of Inelastic
Seismic Response of R/C Structures, Journal of Structural Engineering, Vol.116, No.4,
ASCE.

12. Lee, Li-Hyung, Han, Sang Whan, Oh, Young-Hun (1999), Determination of Ductility Factor

Considering Different Hysteretic Models, Journal of Earthquake Engineering and
Structural Dynamics (in press).

-219-



£ 1 03 =99 94 soigs 13

Hysteretic Model Parameters Effect on Hysteresis Loop
. Ko Initial Stiffness
Elasto Perfectly Plastic Model 0. Yield Displacement
Ko Initial Stiffness
Bilinear Model U Yield Displacement
a, Second Slope (0, 2, 5. 7, 10, 15 %)}
Ko Initial Stiffness
Strength Degradation Model U, Yield Displacement
Qs Strength Degradation (0, 3, 6, 9, 12%)
. Ko Initial Stiffness
Stiffness Degradation Model Us Yield Displacement
a3 Stiffness Degradation (15, 4, 2, 1, 0.5, 0)
Ko Initial Stiffness
Pinching Model Uy Yield Displacement
a4 Pinching (100. 40, 30. 20, 10, 5%)

¥ 3. Aeld o]& W= 21d IRS Ordinatesd HT 718 Z4

Target (a) IRS Ordinate of Bilinear Model to one of EPP Model (percentage)
Ductility for_a.1=0 for_@1=0.02 for 2,=0.05 for_a,=007 for_@,=0.1 for @,=0.15

2 100 97 93 91 - 88 83

3 100 9% 0 87 84 - 80

4 100 95 38 84 81 78

5 100 94 86 82 78 76

6 100 93 & 81 77 75

8 100 92 33 78 76 73
Target (b) IRS Ordinate of Strength Degradation Model to one of EPP Model (percentage)
Ductility for a2=0 for a2=0.03 for a»=0.06 for @2=0.09 for a2=0.12 for a»=0.15

2 100 102 104 106 109 111

3 100 103 106 108 111 113

4 100 104 107 110 113 116

5 100 105 109 112 115 118

6 100 105 109 113 116 120

8 100 106 111 115 119 123
Target (c) IRS Ordinate of Stiffness Degradation Model to one of EPP Model (percentage)
Ductility for @315 For a3=4 for as=2 for as=1 for @3=05 for a3=0

2 100 101 103 106 109 115

3 100 101 103 106 109 115

4 100 101 103 106 109 115

5 100 101 103 106 109 115

6 100 101 103 106 109 115

8 100 101 103 106 109 115
Target (d) IRS Ordinate of Pinching Model to one of EPP Model (percentage)
Ductility for a.=1 for @4=04 for a4=0.3 for @4=0.2 for @4=0.1 for a,=0.05

2 100 101 102 103 106 108

3 100 101 102 104 106 108

4 100 102 103 104 106 108

5 100 102 103 104 107 108

6 100 102 103 105 107 108

8 100 102 104 106 107 108
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(b) Strength Degradation Model for ®2=0.06
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