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Deformation control techniques for small-clearance stacked tunnels

constructed using the bottom-first, top-second method
LEI Fengxing', MAO Xiaoyong”, SHI Peixin'
(1. School of Rail Transportation, Soochow University, Suzhou 215006, China;
2. Suzhou City University, Suzhou 215104, China)

Abstract: In order to solve the problems of excessive deformation and structural damage of stratum and tunnel
lining caused by excavation of small-clearance stacked tunnels, a three-dimensional finite element model was
established based on the superimposed tunnel with a net clearance of 1.6 m on Suzhou Rail Transit Line 8 by
using numerical simulation and engineering verification. The control effects of “synchronous grouting” “stratum

” o«

reinforcement” “support trolley” and “stratum reinforcement + upport trolley” reinforcement schemes on stratum
and tunnel deformation were compared and selected. The results show that single synchronous grouting cannot
meet the requirements of stratum and tunnel deformation control. The ground reinforcement can significantly
inhibit the surface subsidence (reduction 57%) and the floating of the downward tunnel (reduction of 63%). The
reinforcement of the supporting trolley reduces the circumferential stress of the lining of the downward tunnel by
21%, and the adjacent stage of the new tunnel shield machine slows down the floating of the tunnel (a decrease of
51%); the combined reinforcement scheme of “stratum reinforcement+support trolley” has the best control effect.
The surface settlement is 9.3 mm, the tunnel floating is 3.3 mm, and the clearance convergence is 3.6 mm, which
is highly consistent with the measured data of the project. The research conclusions provide a valuable reference
for the construction safety of similar small-clearance overlapped tunnels.

Keywords: stacked tunnels; deformation control; synchronous grouting; stratum reinforcement; support trolley;

small-clearance
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Fig.1 cross-section of overlapping tunnel
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Tab.1 physical and mechanical properties of soil layers
and materials

W RN NE FE4q At

= Ag-em™)  /kPa /) HiE/MPa L

O3 xR+ 1.91 13.6 23.7 15.00 0.25
A1+ 1.97 14.0 14.5 14.76 0.26
@2 ¥ %+ 1.93 13.4 17.0 13.58 0.32
@3 F#i Tkt 1.92 10.3 15.3 16.60 0.26
@2/t 1.96 72 206  28.96 0.25
G FZEE A+ 1.92 13.8 18.2 15.31 0.24
©1%h+ 1.95 11.8 15.1 15.50 0.24
Bh 2.50 3.45x10°  0.20

JE % 7.50 2.06x10° 0.18
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Fig.2 3D numerical model of vertically stacked tunnels
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Fig.3 schematic of upper tunnel excavation
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Tab.2 synchronous grouting pressure and equivalent
layer elastic modulus

T TEHTE ) /kPa SR RS L/ MPa
1 150 150
2 200 200
3 300 300
4 350 350
5 400 400
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