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Aseismatic analysis on open tunnels of freeway in
seismic region with strong motion
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Abstract: Aseismatic calculation was used for the analysis on open tunnels of freeway for an important practical engineering
project. The response of acceleration and internal forces of structure were described, and then the safety of structures embedded
at different depths of soil was discussed. It was shown that key points controlling the structure design were the locations of the
basement of sidewall and the middle part of inverted arch. The safety factor of supporting structure would decrease with the
increase of thickness of filled soil, and the shoulder of arch would become the critical position of stability.
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Fig. I Geological cross-section of soil layers for open tunnel
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Fig. 2 Variation of acceleration for bedrock
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Fig. 3 Finite element model of soil
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Fig. 4 Finite element model of support
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Table 1 Physical properties of soil lavers

Ji5 W) /(kg + m ) Bt /MPa ALV EA W IEEE AT ) 58 J1/kPa ofsi i /kPa
Heqr i1 2150 35 25 30 27
Hefidet 2200 40 30 37 31
Kb e 2410 3800 35 120 80
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Fig. 5 Comparison of different acceleration waves
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Fig. 6 Static internal force of supporting structure
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Fig. 7 Variation of dynamic internal forces for the crown of arch
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Fig. 8 Variation of dynamic internal forces for the left foot of arch
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Fig. 9 Variation of dynamic internal forces history for the left wall
foot of supporting structure
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Table 2 Dynamic magnification factor for 2 m of soil thickness

over the crown
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Table 3 Safety factor for different thicknesses of filled soil

A 2m 3m 4m
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B e EdEE 2R A R

17 % %

CL) G Rt g BE ol T 5 B A S N BB AR, 6
WP SRS 1 52 A N T2 il o

(2) 9 FEMFE R [ 0T 45 b 32 B2 s s i, 4%
I 7 B eri1) A I (1E 7 e o 8

(3) BB BN, St w4 RA%E
%, WHEE A I A e A .

5% 3Lk

(1] EHIAE. R R 5 R s RO AR IR B I R 8 [D]. plcH:
7 g A2 GO 2, 1999, (WANG Ming-nian. Theoretical
research of substructure aseismatic technology for high
seismic zone[M]. Chengdu: Southwest Jiaotong University,
1999, (in Chinese))

(2] i s, BRI R R A5 R MR ) ) B AR )]. TS
[i£iii, 1996(5): 7 - 16. (PAN Chang-shi. Research survey of
tunnel and aseismatic substructure [J]. World Tunnel, 1996
(5): 7 - 16. (in Chinese))

[3] EFoE, xgETe, M. MR a5 RO AR R HLEAE ). b
[ 24 Rl 2A 41, 2003, 13(11): 55 - 58. (WANG Xiu-ying,
LIU Wei-ning, et al. Classification and mechanism of
substructure disasters[J]. Chinese Safety Science Academic
Journal, 2003, 13(11): 55 - 58. (in Chinese))

(4] FARERE. o pE DEBEITR OB B) SR R T g TR
5 TR #ah, 1998, 18(1): 124 - 130. (ZHOU De-pei.
Dynamic research of the entrance part of tunnel in strong
seismic zone[J]. Seismic Engineering and Engineering
Vibration, 1998, 18(1): 124 - 130. (in Chinese))

(51 PYNIE SRR AT PR AT 2 ). Jbnt 4 B 23 ik Y )l
B Al 2 AR Y il O H MRS e A PE VAT AR [R]. B, 2005,
(Sichuan Sast Tech Co., Ltd. Seismic safety appraisal report
of Ya'an-Lugu freeway for Beijing-Kunming Expressway
project|R]. Chengdu, 2005. (in Chinese))





