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Ultimate Displacement Ductility fun,
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Fig.l Flow chart of verification for seismic safety of a
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EARTHQUAKE
MOTION : Ei

Ei=E:1 ~Ex
(N=Number of Earthquake Motion)
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STRUCTURES
(SDOF) .

Restoring Force Model (Q-hyst,Bi-linear etc.)
Ultimate Displacement Ductility £,
Damping Factor h

..........................
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' LIMIT STATE D=Dxr :
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Yield Strength Ratio R=Ro
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Fig2 Analytical flow for mean required yield strength ratio
spectrum Rrm
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Sa=w 2 Xemax : Pseudo Response Acceleration Factor, w :
Natural circular frequency, XemaXems / Xomax , Xemax «
Elastic Maximum Displacement, Xomax : Maximum Accel-
eration of Input Earthquake, Se=SaXomex : Pseudo Re-
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Rz : Required Yield Displacement, Komaa=w*Xy / (SaRx)
: Required Maximum Acceleration of Input Earthquake,
Xy * Yield Displacement

Fig.3 Required yield strength ratio spectrum Rw and its

variation
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Table 1 Characteristics of artificial earthquakes

EQG-NAME{GC| M D (W[ t= Pt Ts
(GROUP) (km) |(1/cm)| (sec) | (cm/sec) | (sec)
No.l [ 115.3]1201]30.1]0.24] 66324}12.76
No.2 | I{53]400]30.0[0.251 74236 13.76
= No3 | 1(5.3( 20]28.6{0.25] 52168| 9.38
=|Ned4 | 1|53 60]28.6{0.24] 54301]12.50
S5 (N5 | 1]6.0120(27.0]/0.25| 88651 15.62
2 N6 [I]6.7| 20(25.2(0.29! 98676} 16. 60
s(N7 | 11531200124.6/0.257 70234 | 13.20
N8 | I {6.0| 20124.5{0.29| 62868 |12.96
Ne.9 | I (6.01200124.2(0.27| 101567 |17.58
No.10| 1 | 6.0 | 60 ]22.6|0.27| 79883 | 12.34
No.11| I | 5.3 1120 119.0|0.36] 100042 { 13. 98
No.12| I |5.3| 60]18.6]0.36] 84801} 13.14
= No.13}{ I | 6.0 120 |18.3]0.42| 87545 | 14.72
SiN14jO16.0) 20]15.510.45]111825| 15. 34
SN 15| {5.3] 120 |14.9]0.47]106728 | 15.28
2 No.16| I | 6.7 { 120 {14.2|0.55( 137849 ] 25. 84
5 |Ne 17|10 (6.0 (400 §13.4(0.63] 113594 | 22. 04
Ne18|I|6.0| 20 (12.7(0.62} 114528 | 15. 48
N 19T [ 6.0 | 60 [12.5[0.64]| 107962 | 14. 44
No.20 | T [ 6.7 ] 60 [12.2]0.59| 149637 | 22. 06
No21 | DL § 7.4 200 )10.9(0.72] 208259 ] 32.78
No.22 | I | 6.7 | 200 {10.4]|0.84} 160464 | 31. 38
=S No.23 |II | 6.7 | 120 ] 9.9|0.84} 153970 | 29. 46
S INo24|IM|6.7] 60| 9.6|0.88( 144737 | 28.72
S Ne25 |1 [7.4]1400( 8.9/0.68(210819 | 36.02
= No.26 [T | 7.4 1200 | 8.7]1.11] 152664 | 32.70
S(N27|0(7.91 20 8.5(0.94]| 203863 ] 33. 80
No.28 | 1L [ 7.9 200 { 8.5/0.891 265569 | 43. 44
No29 |IM | 7.4 {120 | 7.3(1.11] 164486 | 25. 00
No.30 | TH | 7.4 | 400 | 6.0]1.08] 227829 | 37. 10

GC=soil condition, M=magnitude, Pt=total
power, D=epicentral distance, V and A=maximum
velocity and acceleration, Ts=duration of
strong motion, ts=mean period.
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Fig.5 Rz spectra for ten earthquakes in group(H) and (L)
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Fig.6 Coefficient of variation (COV.) for Rr among
ten earthquakes in each group( D), (M) and (L)
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Table 3 Coefficients in regression EQs.(17)and(18)
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REQUIRED YIELD STRENGTH RATIO SPECTRUM AND ITS APPLICATION
FOR VERIFICATION OF SEISMIC SAFETY OF A STRUCTURE EXCITED
BY SEVERE EARTHQUAKE MOTIONS

Kiyoshi HIRAO, Shuuji SASADA, Yoshifumi NARIYUKI,
Tsutomu SAWADA and Shigeki KAWABATA

The objective of this study is to develop a practical method to verify the safety for an ultimate limit state of
SDOF structures excited by severe earthquake motions. In this study, the required yield strength ratio Re is defined
as the value of yield strength ratio R by which the value of a given damage index D for a structure becomes to be a
prescribed one Dr, which corresponds to an ultimate limit state of the structure. Then a verification method of the
seismic safety, by the use of Rr spectrum, is suggested. As a concrete example of the method, the Rr spectrum for
the SDOF structures with Q-hyst type of restoring force model is obtained by using the Park and Ang’s damage
index D (Dx=1.0, 0.75, 0.5) and thirty artifical earthquake motions which vary -in their A/V value (A is maximum
acceleration and V is maximum velocity ). After examination of the influence of structural parameters and A/V
value of the earthquake motions on the Re, the regression equation for the Rz is derived.
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