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Investigation on effect of ground motion duration on seismic fragility of
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Abstract: Ground motion duration has significant influence on the damage of structures. Nevertheless the impact
of ground motion duration was rarely considered in seismic fragility analysis of structures currently. In this paper

the stripe-cloud approach was proposed to investigate the influence of ground motion duration on seismic fragility of
structures. Vector-valued intensity measure ( IM) of ground motion IM = IM, IM, was introduced. First IM,

is used to perform time-history analysis of structures based on stripe method and IM, which relates to ground mo-
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tion duration is used to discretize the statistical results of the time-history analysis. Then cloud method is adopted
further to establish the probabilistic seismic demand models for structures which can consider the influence of
ground motion duration reasonably. Furthermore two suites of ground motion records with long—and short-duration
were chosen as inputs respectively and stripe—¢loud approach was conducted for 3 reinforced concrete frame struc—
tures which have varying heights. The results demonstrate that stripe—loud approach not only dramatically increases
the correlation between seismic intensity measures and structural damage measures but also improves the reliability
of the probabilistic seismic demand models of structures. Vector-valued IM can effectively consider the effect of
duration on seismic fragility analysis. Long-duration ground motion can cause severer damage at lower intensity
levels comparing to short-duration ground motion. It is necessary to explicitly consider the effect of ground motion
duration in seismic fragility analysis. The influence of ground motion duration on the seismic fragility analysis
results is also related to the IM selected. Energy-related IMs can consider the influence of duration appropriately.

Key words: ground motion duration; vector-valued intensity measure; stripe—cloud approach; seismic fragility

analysis; reinforced concrete frame
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Fig. 12 Comparison of fragility curves of the S-story structure under long-and short-duration ground motion



114

40

1.0
5 0.8
s
8 0.6
o4
Se -,
02 =
0D - SR
20 1 2 3
(/)
(b) LS, ayp
0.8 KRpATLH
’%’ — SR
0.6
% ]
¥ o4 L
* 02 P
00 S0 15 20
CAV (m/s)
@ LS, CAV
1.0 —
5038 -
% 7/
0.6
= 2
Zoap /
®o2 TR
- SR
0.0 i 3 3
PGA (g)
(h) LS, PGA
. 8

0.6
KA
M- — SEfEa
£ 04
B -
< 0.2 -
&% A
O'OO 1 2 3
A, (/s%)
() CP, Gy,
0.8

00 =—5""96 15 20
CAV (m/s)
(f) CP, CAV
1.0
M 0.8 _
¥ -
T 0.6 -
E 04 e
~- 7
— JEFFR
0.0 - = 1
PGA (g)
(i) CP, PGA

AR
[=]
'S

KA
— 4y P

Fig. 13 Comparison of fragility curves of the 8-story structure under long-and short-duration ground motion
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2 N 10 50% M, ST, 5%)
Table 2 IM, and S,(T, 5%) corresponding to 50% exceedance probability for IO limit
state under long-and short-duration ground motion
M
STy 5%)  an, ST, 5%) CcAV S.(T, 5%) PGA ST, 5%) *
5 0.53 (0.71) 3.17 (8.09) 0.24 (0.25) 0.27 (0.30)
8 0.51 (0.68) 3.00(8. 14) 0.22 (0.24) 0.25 (0.26)
10 0.50 (0.65) 2.86 (8.34) 0.22 (0.23) 0.18 (0.19)
3 N LS 50% M, ST, 5%)
Table 3 IM, and S,(T, 5%) corresponding to 50% exceedance probability for LS limits
state under long-and short-duration ground motion
M
ST, 5%) an, ST, 5%) CAV ST, 5%) PGA S.(T, 5%) *
5 1.12 (1.74) 7.06 (17.78) 0.51 (0.57) 0.41 (0.45)
8 1.28 (1.99) 7.89 (21.11) 0.58 (0.65) 0.42 (0.48)
10 1.41 (2.10) 8.67 (23.01) 0.63 (0.70) 0.40 (0.43)
4 CP 50% M, S.(T, 5%)
Table 4 IM, and S,(T, 5%) corresponding to 50% exceedance probability for CP limit state under
long-and short-duration ground motion
M
ST, 5%) am, ST, 5%) CAV S.(T, 5%) PGA ST, 5%) %
5 2.04 (3.81) 13.60 (32.34) 0.98 (1.17) 0.50 (0.57)
8 2.47 (4.99) 15.65 (42.42) 1.14 (1.52) 0.53 (0. 66)
10 3.33 (6.03) 21.8 (53.71) 1.55 (1.87) 0.57 (0.67)
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