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Abstract; Based on the seismic damage data of Wenchuan earthquake, the seismic vulnerability model of entirety
and different sections of mountainous tunnel is obtained by regression analysis. The peak ground acceleration
(PGA) was selected as the ground motion parameter and the lognormal distribution was selected as the vulnerability
model, and the seismic vulnerability curves of the tunnel structure of entirety and different sections ( entrance
shallow burial section, entrance transition section, ordinary section, fractured section) were obtained by the
maximum likelihood estimation, and the vulnerability characteristics of different section and the whole tunnel were
compared and analyzed. Under the condition of slight damage, the seismic vulnerability of the entrance shallow
burial section is higher than that of other section. With the increase of the degree of damage, the seismic

vulnerability of the fractured section is gradually higher than that of other sections of the tunnel. The average loss
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rate model of the tunnel was established by combining the loss ratio of tunnel structure in a specific failure state.
The tunnel vulnerability models and average loss ratio model established in this paper can be used to evaluate the
seismic loss rapidly in the event of similar earthquakes in the future.

Key words: mountainous tunnel ; vulnerability model; average loss ratio; loss rate
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Fig.1 Typical tunnel seismic damages
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Table 1  Seismic damage classification and characteristics of tunnels
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Table 3  Seismic damage matrix of tunnel entire samples
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Table 4 Seismic damage matrix of tunnel entrance shallow burial section samples
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Fig.3 Tunnel seismic vulnerability curves based on Wenchuan earthquake
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Table 5 Parameter estimation values of the vulnerability function
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Fig.4 Comparison of seismic vulnerability curves of tunnel sections
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Table 6 Parameter estimation values of the vulnerability

function of entrance shallow burial section
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Table 7 Parameter estimation values of the vulnerability

function of entrance transition section
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Table 8 Parameter estimation values of the vulnerability

Table 9  Parameter estimation values of the vulnerability

function of ordinary section function of fault fractured section

2H LR AR JEE IR 28 BREBIR  TEBIE CEBIR Bk
SN 1.6750 1.3721 1.4153 g 1.0992 1.5057 1.7127 2.6498
bRz 1.074 1 0.1701 0.2083 i 1.0196 0.7386 0.4857 0.7094

BEA T IR B 340, DB S BBt B 18 b 7 2 M 8 e T B AR A o, i3 2 PR TE R AR T R 2
RSCHAEATY L SR B A% B ) 25 5 K ARG i T B T A 750 Ak T ) R 5 PR SR 2 SR o T
AT —i2iz 8l BRI XA, th TR A ) 56 38 BRE HAT 2 R B A A SR, A o 7 R A B
IR, PR I BB PR 25 1 T I T R AR 2 A P 5 8 D 2 A e e A A ]

4 RREMEFHMRERE

PR LI AR A5 S e — TR BE IR HIRAB S 1 B 5 AR 5 M B s 2 0 Y LU (i, MR PR T 3
IBIE A LA AN TRI R IR AR 25 ) 40 2% L 5 A 230 o P8 ot 2 P AS TR i UAORR 285 5 AR RS A SR AL Z A, 5K (4)
I

5
RM=ZPixRi (4)

AR, VIR PR i FRBIRN R AEREPR RN i FFHRMIRI IR, i=1~5,80F& X5 R 5E
If IR PRI PR EREIR DL R SR

FE AR HE GB/T 18208.4—201 1 { HUEEEIY) TAESE 4 345 9 E MRV )Y 2 A A I R 5 TR
SEMBEIRK B, g 10 FTR

K10 NBERETREMBIFHRKL
Table 10 Damage loss ratio of highway system engineering structure
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Fig.5 Average loss ratio of tunnels
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