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Variation Law of Volume Loss Rate Induced by Shield Tunnelling

ZHANG Jinxun!, JIANG Hua?, CHENG Jinguo?, ZHOU Liugang!, QU Xingtong?, JIAO Xingfei?
(1. Beijing Urban Construction Group Co., Ltd., Beijing 100085 ; 2. School of Mechanics and
Civil Engineering, China University of Mining and Technology, Beijing 100083 )

Abstract: Based on the project of Fangzhuang to Shilihe Section of Line 14 of Beijing metro, ABAQUS numerical calculation
simulation was established to fit the deep ground settlement curves by Peck's formula. A fitting method modified by polygon
method model was put forward to calculate volume loss rate in different depths and was verified by field in-situ test. The results

indicate that volume loss is positively related to coefficient of settlement trough width and maximum settlement value. Deep

ground settlement curves follow the normal distribution of Peck's formula. Volume loss rate keeps almost unchanged in different

depth and shows about 0.38% ~0.39% in in-situ test. The paper can provide some reference for the control and calculation of

volume loss in similar condition.
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Fig.2  Geological cross section of monitoring section A
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Tab.1 Parameters of shield,segment and grouting layer

A A%/ (kN/m?) 7514/ MPa NN

&k 78 206 000 0.28

EH 26 35 000 0.25
ERE 15 2 0.2

B3 ABAQUS = AEAEA | T 1] Kl 5 A1
Fig.3 ABAQUS 3 = D numerical model
and layout of measuring points
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Tab.2 Calculating parameters of earth material

LEmE 14 LW ER AR WERR BRA/

(kN/m?)  MPa ) kPa
1 O 17.5 3 500 12 5
2 #E 19.9 38 500 24 15
3 B gL 20 24 850 15 27
4 1 19.3 31 500 11 34
5 B tm 5y 19.5 63 000 29 0
6 BwRsL 211 53 550 15 31
7 o 4 5 20.5 98 000 33 0
8 E. % 22 20 51 800 13 31
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Fig.4 Settlement trough curves of different depths
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Tab.3 Simulation results of fitting formulas
for surface and deep ground settlement curves

) £, WML R
IR DI EVEEIAE Y RAE FTEZRHK
zZ/m Smay (2)/mm §(z)/m
0 so(x) = —11.50exp[ —2*/(2x6.92)]  11.50 6.9
1.3 s,(x) = —12.46exp[ —2*/(2x6.4%)]  12.46 6.4
4.3 s5,.(x) = —13.3%xp[ —4*/(2x5.92)]  13.39 5.9
7.8 s.(x) = —16.58exp[ —x>/(2x4.5%)]  16.58 4.5
9.3 s5,(x) = —18.30exp[ —#*/(2x3.92)]  18.30 3.9
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Fig.5 Comparison between fitting curve and

polygonal line for surface settlement trough
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polygonal line for settlement trough with the depth of 7.8 m
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Tab.4 Simulation results of volume
loss rate with different depths

. HEHK Y/ (1077 m’/m) -2 TS
MAE/Vy  WEE/V,  AEEMAY, V/%

0 198.39 193. 89 198. 39 0.64
1.3 199.29 194.76 199.29 0.64
4.3 197.53 194.95 197.53 0.64
7.8 186.52 191.02 198.01 0.64
9.3 178.42 184.94 194.19 0.63
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Fig.7 Cross section of monitoring section A
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Fig. 8 Field test of settlement trough with different depths
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Tab.5 In-situ test results of fitting formulas for
surface and deep ground settlement curves

e WML A
IR R A K RRME TEARH
z/m Smax (2)/Mm i/m

0 so(x) = —10.98exp[ —2?/(2x4.4*)]  10.98 4.4
1.3 s.(x) = —10.99exp[ —2%/(2 x4.4*)]  10.99 4.4
4.3 s (x) = —11.22exp[ -22/(2x4.32)]  11.22 4.3
7.8 s,(x) = —11.30exp[ —x>/(2x4.22)]  11.30 4.2
9.3 s5.(x) = —11.87exp[ —2*/(2x4.1)]  11.87 4.1
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Fig.9 Boundary determination of settlement curve
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Tab.6 In-situ test results of volume
loss rate with different depths

wiR/ mMwghg RERX V007 mY/m) gy e

w BEA/m sy, LRV, V%
0 0.28 120.78 117.75 0.39
1.3 0.33 120.90 118.14 0.39
4.3 0.29 120.57 120.21 0.39
7.8 0.42 118. 66 119.02 0.38
9.3 0.29 121.66 119.10 0.39
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