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Fig. 1 Curves for earthquake damage prediction proposed in this study
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Table 1 Equation for computing the required strength judgment indices (Eq) and seismic capacity evaluation
indices(&, G, P) in response to the ground motion acceleration( )

Ground motion acceleration ()
Indices
0.1g<a<0.2g 02g<a<03g
o _ For slight or no . | For moderate damage
B Euy=FEo=Fuys=Fu damage (Eq)) For light damage (Eq2) (s, Ego) For severe damage
(=1-4) E43:1.5 2+0.15
+ +0).2 2 2+0.05 o - -
2a+0.05 1.1 2+0.23 2 @+0.05 Ey2 2+0.05
e 21-6¢ 142 + 262
G" 2.2 @+0.06 e+ 03
P 0.15 0.31 - 0.8«

" Required strength judgment indices ™ Seismic capacity evaluation indices
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Determining the degree of
earthquake damage

Slight /
no damage category ?
En={0.77Ca+0. 3C/|-j:<0 78

Slight/
no damage

Light damage

Light damage

Er=(083Cu +0.5C5)x 0.8
Ep=\{ Gu—Eus/ 2} +{Cpx127}

Ey > Eyy And gy > Eyy

Moderate
damage

Severe damage

£, (/=1t04) indicates the required strengths for
earthquake damage

Note:

Fig. 3 Details of determining the degree of earthquake
damage
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Table 2 Degree of earthquake damage and seismic
capacity grade

Farthquake Seismic capacity | Seismic capacity
damage R
dlassification evaluation score grade

221-240 1
Slight/no damage 201-220 2
181-200 3
161-180 4
Light damage 141-160 5
121-140 6
101-120 7
Moderate damage 81-100 8
61-80 9
41-60 10
Severe damage 21-40 11
0-20 12
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Table 3 Comparison of seismic capacity evaluation results for the example buildings

Buildings First building Second building
Proposed method severe damage moderate damage
(seismic capacity rank) (12) (7)
seismic evaluation using the Second—level procedure (Z5) 0.34 0.65
Japanese standard third—level procedure (5 0.28 0.63
@ kN) 1400 5050
nonlinear static analysis [Cal [0.12] [0.21]
dy (mm) 20.0 19.0
Qe (N) 1680°(1592) 5630 (4440)"
[Crrand [0.145°(0.137)"] [0.236°(0.186)"]
Uy (1) 79.4°(44.6)" 27.8°(1D"
nonlinear dynamic analysis — -
ductility ratio
o= M 3.97°(2.23)” 1.46"(0.59)™
u,

Is is the structural seismic capacity index, &), is the shear streng that the yielding point, Gz is the shear streng thcoefficient
at the yielding point, u, is the displace ment at the yielding point, G iS the shear streng that the maximum response, Guax
is the shear streng thcoefficient at the maximum response, tmy is the displace ment at the maximum response, and xis the

ductility ratio
# results of the Hachinohe (EW) earthquake with 2=0.2¢
=+ results of the Elcentro (NS) earthquake with #=0.2¢g
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Fig. 5 Comparison of the results of the third—level
procedure in the Japanese standard and the
nonlinear analyses for the first building
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Fig. 6 Comparison of the results of the nonlinear
analyses for the second building
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