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Response Analysis of Directional Pulse Type Ground
Motion to Immersed Tunnel

ZHANG Yuqi, WANG Juncheng, WU Yongxin "
(College of Civil and Transportation Engineering, Hohai University, Nanjing, Jiangsu 210098, China)

Abstract: In order to reveal the influence of the pulse effect of ground motion on the dynamic response
of the immersed tunnel, a finite element model for the dynamic analysis of a bi-directional four-lane im-
mersed tunnel was established based on the Foshan immersed tunnel structure in Guangzhou. The non-
linear dynamic constitutive model of soil was introduced into the dynamic finite element model, and the
seismic responses of 40 groups of forward directional pulse ground motions (FD) as well as the corre-
sponding non pulse ground motions ( NP ) with velocity pulse excluded were compared and analyzed by
inlaying ground motions horizontally at the bottom of the model. The results show that: (1) the response
of FD ground motion of immersed tunnel is larger than NP ground motion ( displacement, acceleration
and stress) ; (2) with the increase of PGV of ground motion, the structural responses also show an in-
creasing trend. At the same time, the corresponding influence coefficient K of structural responses pulse
is large when the influence coefficient R of peak velocity is large, indicating that the ground motion with
velocity pulse has a greater response to the structure; (3) with the increase of pulse cycle T, ,structural
responses of pulse influence coefficient K increased at first and then decreased, Moreover the structural
responses are larger when T performed in the interval near the first natural vibration period of the struc-
ture, The damage performed similarly showed that there was significant influence of pulse period of
pulsed ground motion on the seismic response of the immersed tunnel.
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Fig. 1 Cross-section view of immersed tunnel
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Tab. 1 Soil parameters

s HE/ BYIE, %j@fﬁ} HR R
(kg m?)(m-s") Bigt/MPa . /m
it 1 880 100 18.8 0.4 5
KimEmb 1920 190 69.3 0.4 10
At 1940 220 93.9 0.4 15
i 1 980 270 144.3 0.4 30
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Tab. 2 Structural parameters of immersed tunnel

ORI ZFR SRPERiR GPa I/ (kg - m™ ) JAMLL

REE L 30 2 300 0.18
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Tab. 3 Ground motion characteristic parameters
NGA 5 HuEsi WEH  WZEM/km PGV_FD/(cem-+s™') PGV_NP/(cm-s™') R T, /s

147 5.74 9.02 28.92 11.54 2.51 1.1
148 Coyote Lake 5.74 7.42 26.31 17.85 1.47 1
149 5.74 5.7 22.15 24.04 0.92 0.8
170 6.53 7.31 79.99 71.06 1.13 3.1
173 6.53 8.6 44.11 33.75 1.31 1.8
178 6.53 12.85 34.34 31.71 1.08 2.5
179 Imperial Valley-06 6.53 7.05 33.59 34.77 0.97 1.1
180 6.53 3.95 32.57 28.27 1.15 3.5
181 6.53 1.35 56. 47 26. 50 2.13 3.5
182 6.53 0.56 55.93 49.35 1.13 3.1
185 6.53 7.5 72.30 54.03 1.34 4.3
316 Westmorland 5.90 16. 66 53.67 43.81 1.23 5
459 Morgan Hill 6.19 9.87 20. 43 11.31 1.81

764 6.93 10.97 40. 16 26.38 1.52 1.4
766 6.93 11.07 35.40 27.34 1.295 1.4
802 Loma Prieta 6.93 8.5 20. 44 13. 81 1.48 1.6
803 6.93 9.31 55.47 43.33 1.28 1.1
982 Northridge-01 6.69 5.43 43.58 30. 56 1.43 1.3
983 6.69 5.43 21.03 17.55 1.20 0.8
1004 6. 69 8. 44 24.06 23.45 1.03 3.2
1013 6.69 5.92 54.16 32.27 1.68 1.2
1054 6.69 7.46 40.91 21.76 1.88 1.2
1084 6. 69 5.35 31.17 31.17 1.00 1.4
1161 , 7.51 10.92 43.11 37.02 1.16 0.5

Kocaeli, Turkey
1165 7.51 7.21 43.11 40. 05 1.08 2.6
3744 Cape Mendocino 7.01 12.24 31.71 29.27 1.08 1.9
4065 6.00 2.85 23.01 11.42 2.02 1.1
4098 6.00 3 31.88 25.92 1.23 1
4100 6. 00 3.01 30. 59 21.98 1.39 0.8
4101 6.00 5.55 9.69 8.20 1.18 0.3
4102 6. 00 3.63 20.52 13.18 1.56 0.7
4103  Parkfield-02, CA ¢ 4 4.23 19. 04 11.70 1.63 0.6
4107 6. 00 2.51 23.26 21.27 1.09 0.8
4113 6.00 2.85 50. 03 37.55 1.33 1.1
4115 6. 00 2.65 45.08 36.35 1.24 1.1
4126 6. 00 3.79 13.79 14.12 0.98 0.5
482 Aquila, Tialy 6.30 6.55 19. 54 16. 62 1.18 0.6
4483 6.30 5.38 33.79 23.43 1.44 1.7
6928 vajr;;’;:nd 7.00 25. 67 19.93 16.24 1.23 3.2
gryg  Christchurch, 6.2 1.98 48.81 34. 45 1.42 1.8
New Zealand
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Fig. 4 40 sets of ground motion acceleration response spectrum
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