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Influence of short-distance multi-line overlapped shield tunnelling on
deformation of existing tunnels

.1 .1 ) .2
LI Lei’, ZHANG Meng-xi , WU Hui-ming”, WANG Yong-jia
(1. Department of Civil Engineering, Shanghai University, Shanghai 200072, China; 2. Shanghai Tunnel Engineering Co., Ltd., Shanghai

200062, China)

Abstract: Considering the complicated project of four-line overlapped tunnels in Shanghai metro construction, in which Metro
Line 11 below-shield and above-shield crosses the existing Metro Line 4 successively, numerical modelling and in-situ
monitoring are employed to study the influence of shield tunnelling on the deformation of the existing tunnels. According to the
distribution law of earth pressure around the existing tunnels, the shield operation parameters are set to change with the advance
of the EPB shield machine. Particular attention is paid to the effect of the chamber earth pressure and grouting pressure on the
deformation of the existing tunnels during the below-shield tunnelling as well as the loading scope and its value during the
above-shield tunnelling. The results show that the settlement of the existing tunnels stays at the same level as the chamber earth
pressure ratio increases, while it increases with the decrease of the grouting pressure ratio. Construction measures, which follow
the principle of synchronous loading in the new tunnel mainly and loading in the existing tunnel secondarily, should be taken to
control the heave and partial uplift of the existing tunnels during the above-shield tunnelling.
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Fig. 1 Position of multi-line overlapped tunnels
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Table 1 Physical and mechanical parameters of soils

- R OEE FER N SRR
e /(kN'm®) /kPa f/(° ) H/MPa et

O+ 20 183 150 160 15.82 0.33
@O FEit 13 185 260 17.0 1568 0.32
A AN
@mg%%& 33 174 10.0  16.5 8.89 0.32
@it 84 167 11.0 125 732 0.33
®, %1 1.0 17.8 140 145 11.76 0.26
®nibFEHt 45 182 50 33.0 2874 024
®, %1 43 178 140 145 11.76 0.26
®;¥mait 150  18.1 160 225 1631 029
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Fig. 2 Mesh of 3D FEM model
WEAT B 3 1) A7 A 2503 7 08 b s ) 8 4 A7 R

115 By MATEIHZ AN AL E AR 1) % ) B )
oAb Zen &l 3 pros. FIEREAT 4 S 8on) Ji AR
) SR RIS L &5 TS Rt TS O, 08 11 S 2)E Ry
HEBEL AL 4 s v 11 5 8ty ) 5 5~23 200
LR BB, XN EATEE 990~1027 3K, N4T4k 988~
1025 31, BABAERECEN 2.4 m/b; 58 1~4 A
95 24~27 AR ACE, HEHKN 4.8 mib



1038 a5 oE L OB ¥

2014 4F

06w FATRTIEE —o— LATATH —— LATLRIEH
| S TAKTE —o—TARPE - FRRH

0.5 s )

&1 + F Jj/MPa

0 12 24 36 48 60 72 84
1S LTI
3 i 1l SEAZEARMELENNDfihk
Fig. 3 Distribution of vertical earth pressure at different positions

of excavation face of new tunnels
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Fig. 4 Excavation step of new tunnels
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Fig. 5 Simulation of shield advance
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Table 2 Calculated cases of below-shield tunnelling
0 1 2 3 4 5
TAEEIIH A, 1.0 1.3 1.6 1.6 1.6
ERIETI A, 1.0 1.0 1.0 0.8 0.6
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Table 3 Calculated cases of above-shield tunneling
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Fig. 6 Curves of longitudinal deformation of existing tunnels
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Fig. 7 Settlement-excavation step curves of existing tunnels
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Fig. 8 Settlement-excavation step curves of existing tunnels
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Fig. 9 Settlement-excavation step curves of existing tunnels
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Table 4 Settlement values of existing tunnels at completion of

below-shield tunneling (mm)

TU 1 2 3 4 5
P P e o 1232 1224 1233 14.04 16.52
AT R T 11.27 11.16 11.18 13.11 15.81
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Fig. 10 Curves of longitudinal deformation of existing tunnels
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Fig. 11 Settlement-excavation step curves of existing tunnels
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Fig. 12 Settlement-excavation step curves of existing tunnels
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Table 5 Uplift values of existing tunnels at completion of above-

shield tunnelling (mm)

T 1 2 3 4 5
N HRES 949 827 826 7177 7.8
LN ERES Ty 10.15 9.12 911 870 829
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Fig. 13 Arrangement plan of monitoring points
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