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Analysis of tunnel vibration due to pile driving under soil-structure
dynamic interaction

LI Yi-wen, ZHOU Jian
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Abstract: The pile driving of a container terminal is close to the large-diameter tunnel to be built, with the length of pile being

up to 55 m and the diameter of tunnel being about 18 m. To analyze the potential vibration of the tunnel affected by pile driving,

the vibration was simulated with FEM. The problem was the dynamic reaction of the whole system consisting of piles, soil and
tunnel under the impact load of pile driving. The mechanical relationship among piles, soil and tunnel was the key and difficulty
for such kind of problem. In fact, it was the relationship of dynamic contact under dynamic load. According to the transient
analysis and contact elements of ANSYS, and based on the verification of a practical project, the problem was successfully
simulated by setting up dynamic and contact parameters reasonably, then the vibration of tunnel under the impact load of pile
driving was analyzed. Important parameters including safe distance, pile length and energy of pile driving were provided for
reference.

Key words: pile-soil-tunnel dynamic interaction; dynamic contact; FEA
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Fig. 1 Relationship among piles, soil and tunnel
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Table 1 Parameters of soil layers
T2 JEEBE HHE E, A ¢ ®
WE  m fkeem®  MPa AR el
1 6 1700 343 0.35 7 1.1
2 4 1860 8.84 0.25 9 7.9
3 8 1880 243 0.4 12 18.8
4 14 1730 0.7474 0.3 17 1.6
5 3 1810 1.687 03 22 8.1
6 9 1800 3.557 0.25 22 5
7 6 1920 11.034 0.3 15 18.3
8 14 2020 10.56 0.2 19 5.0
9 60 1960 40.572 0.2 5 29.7
F2 M. BBESE
Table 2 Parameters of piles and tunnel
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Fig. 2 FEM model of piles, soil and tunnel
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Table 3 Values of friction parameter

12k B HUE
R IR 0.15~0.25
Btk L. B 0.25~0.40
fib-1- 0.35~0.5
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Fig. 3 Types of impact load
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Table 4 Comparison between measured and caculated values

PEAECEE 5 Hb 2 2 5 1 P U /(mm -5 1)
/m g wallEIE] A A
5 19 18.7
10 13 15.9
20 6.3 8.5
30 4.7 4.5
40 2.7 2.7
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Table 5 Different cases of piling
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Fig. 4 Area of most severe vibration sowas smeres
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Table 7 The maximum vibration velocity of tunnel at different
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LES kel J¥1) B 2 25 /m e ARSI (mm - s 1)
1 50 3.59 - -
3 100 1.16 (b) 4THEMER 200 m
6 200 0.32
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Fig. 6 Contour of vertical displacement on tunnel section
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Fig. 7 Relationship between diameter of tunnel and wave length
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Table 8 Vibration velocity of at different depths of tunnel
e e/ (mm - s )
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Tii 1.16 1.35

i 0.62 0.78
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P A Az ) 0.98 1.11
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Table 9 The maximum vibration velocity of tunnel under different

energies
DIEGYS  EEA KM RJARZ)HE(mm s )
3 8 3 1.35
4 4 6 1.28
5 4 3 1.22
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