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Uncertainty parameters sensitivity analysis of base-isolated structures

WANG Hao'?> WENG Dagen’ LUO Chao' > SONG Jianing' *
(1. School of Civil Engineering Shijiazhuang Tiedao University ~Shijiazhuang 050043 China; 2. Cooperative Innovation Center
of Disaster Prevention and Mitigation for Large Infrastructure in Hebei province ( Shijiazhuang Tiedao University) — Shijiazhuang 050043 China;

3. State Key Laboratory for Disaster Reduction in Civil Engineering Tongji University Shanghai 200092 China)

Abstract: As the randomness of the earthquake and the inherent uncertainty of the structure unexpected shifts
might occur in the structure response leading to a significant reduction in accuracy and precision of safety evalua—
tion. Therefore it is necessary to explore the influence of the uncertainty inherent in isolators on the structural re—
sponse. This paper focuses on the study of the uncertainty of the base-isolated reinforced concrete structure inclu—
ding the structural uncertainty and the stochastic earthquake. The parameter sensitivity of the random variables is
analyzed by using tornado diagrams and compared for both the base-solated and non-isolated structure. This paper
proposes a dual response surface method based on Chinas national conditions and uses the response surface model
to investigate the impact of the uncertainty within in earthquake and structure on earthquake response. Results show
that the base-isolation technology can reduce the influence of the uncertainty within structure and the influence of
the randomness within the ground motion considerably exceeds the uncertainty within the structure.
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Table 1 Mechanical properties of lead rubber bearings
( MPa) (kN) K, ( kN/mm) K, ( kN/mm) K, ( kN/mm) K, ( kN/mm) Q,(kN) Hﬁq( %)
LRB700 15 5603 3157 14.213 1.093 1.643 76 20.4
LRB800 15 7275 3671 16.447 1.265 2.052 123 23.1
LRB900 15 9202 4260 18.511 1.424 2.337 160 23.5
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Table 2 Statistical characteristics of random variables of isolation structures
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Fig.3 Normalized response spectrum for parameter sensitivity analysis
o N 10% 90%
50% o 50% N 3
m oo
10% 90%
M g o °
emax Al Al 4 o
Sirp S 5.
0.7 T T T T T T T T 30 " . .
©® /NREWIRL
W PR R
0.6 1 a5k A KEwWR A
— A (u=3.4623,0-1.3559) A
; —— FAIA (4=8.7865,6=3.0876) A
0.51 1 = | | = EABIA(=17.2266,0=5.8471)
_ g 20
IS S "
R < 15t
& " =
0.3f 1 I Y
= ! K 10
5 [ o /R B
B 02 PR
I A KRR 5
0.1f e E AR (4=0.2076,6-0.0207)
’ — EAA (1=0.3237,0=0.0432)
— IE A LA (4=0.4385,0=0.0640) 0 1 . . | . | |
00 150 200 250 300 350 400 450 500 550 100 150 200 250 300 350 400 450 500 550
PGA(cm/s?) PGA(cm/s?)
4 5

Fig.4 Banding analysis of the maximum interstory drift of the  Fig.5 Banding analysis of the maximum displacement

median model of the median model

( Tornado Diagram) o
" o
o NN 6~ 11,
NN 12~ 14, 10
90 o

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



190

JRGH
1
E.
Y
045 05 055 0.6
Honan(70)
0.16 018 0.2 0.22 0.24
Honan(70)
6

Fig.6  Tornado diagram of the mean value of the maximum

interstory drift of the base-isolated and non-solated

structure under minor earthquakes
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Fig.8 Tornado diagram of the mean value of the
maximum interstory drift of the base-solated and non-isolated

structure under moderate earthquakes
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Fig. 10 Tornado diagram of the mean value of the
maximum interstory drift of the base-isolated and

non-isolated structure under major earthquakes
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Fig.7 Tornado diagram of the standard deviation of the
maximum interstory drift of the base-isolated and non-isolated

structure under minor earthquakes
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Fig.9 Tornado diagram of the standard deviation of the
maximum interstory drift of the base-isolated and non-isolated

structure under moderate earthquakes

Yo

fe

E,

052 054 0.56
o %0)

0.58

0.02 0.04 0.06 0.08 0.1
aﬂmax(%)

11

Fig. 11 Tornado diagram of the standard deviation of the

maximum interstory drift of the base-isolated and

non-isolated structure under major earthquakes
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Fig. 12 Tornado diagram of the maximum displacement

of the base-isolated structure under minor earthquakes
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Fig. 13 Tornado diagram of the maximum displacement

of the base-isolated structure under moderate earthquakes
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