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SEISMIC VULNERABILITY ANALYSIS OF SIMPLY SUPPORTED
HIGHWAY BRIDGES BASED ON AN IMPROVED RESPONSE SURFACE
METHOD

CHEN Li-bo , HUANG Cai-gui , GU Yin

(College of Civil Engineering, Fuzhou University, Fuzhou 350116, China)

Abstract: A new procedure is proposed to derive the analytical fragility models of simply supported highway
bridges based on an improved response-surface method. By considering of the uncertainties in the structural and
material properties of the bridges, the bridge samples were obtained by Plackett-Burman design method. From the
nonlinear time history analysis through the OpenSees software, several parameters that affect the seismic response
of the bridge significantly were identified. From the bridge samples obtained by using the central composite
design (CCD) method with the chosen optimal parameters focused on, response surface models under different
PGA levels were established from the finite element models with respect to each component’s response. The
simply supported bridge system was assumed to be a series system and the fragility curve was obtained by Monte
Carlo simulation method. From the same bridge samples, fragility curves generated by means of incremental
dynamic analysis were used as a benchmark. The results of the traditional response surface method and the
improved response surface method were compared to each other. It is found that the improved response surface
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function could efficiently replace the complex nonlinear time history analysis and improve the efficiency of the

fragility analysis. These resulting fragility curves will assist the users to identify the vulnerable bridge components

over a large seismic intensity range and aid the bridge management decision-making process to prioritize the

seismic strengthening repairs. Therefore, it is comparatively valuable as a new procedure in relevant civil

engineering applications.
Key words:

simply supported highway bridges; seismic fragility; response surface methodology; Plackett-

Burman design; central composite design; Monte Carlo
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Fig.1 Flow chart of seismic fragility analysis
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Fig.2 Simplified finite element model of abutment
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Table I Two-level input parameters

SRR WS 2 R/ME L ON!
X1 5 43%/m 20 40
X2 HE/m 6 12
X3 HFIHI 58 % /m 8.5 13.5

MBS x % /m 12 2.0
Xs 4 4% 55 FE /m 0.04 0.08
X6 WAES(CD) 1 2
X7 FiC 4 26/(%) 0.4 0.8
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Xo il S5 R HPB300  HRB335
X10 TREE L C30 C40

MHZH Xy VR SRR B/ MPa 3.0x10*  3.25x10*
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X13 LA R R 0.9 1.1
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Table 2 Plackett-Burman design table for bridge samples

FEA Xi X Xi2 X3
1 -1 -1 -1 -1
2 1 1 ree 1 1
3 -1 1 -1 1
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Table 3 Summary of most significant bridge parameters

RE IR Hh R R IR S B SRBTTRE/(%)

Mg X Xgv X Xgn Xg 70
M T Xav Xon X X3v Xi3 83
Br& 1A Xsv Xpv Xgn Xor X3 67
Hr & M1 X Xgr Xge X3 Xo 73
SCEEGM ) X Xov Xgn Xize Xy 63
SRR X Xon Xy3n Xgv Xg 63

R Xiv Xav X Xgn Xg 64
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Table 4 Random variable distribution types
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Table 5 Central composite design of simply supported bridge
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X1 X2 X3 X4 X6
1 -1 -1 1 1 1
2 -1 1 -1 -1 -1
3 1 1 1 -1 -1
41 -1 0 0 0 0
42 1 -1 1 -1 1
43 0 -1 0 0 0
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Table 6 Error measure of response surface function
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Table 7 Limit states for protected components of bridge
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Fig.5 Fragility curves for bridges
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Table 8 Median and logarithmic standard deviations of

fragility curves
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Table 9 Comparison of fragility curve error and calculation
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