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Study on the Material Properties of Synchronous Grouting Damping Layer for Metro Shield Tunnels
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Abstract. In order to enhance the seismic safety of subway shield tunnels in high — intensity earthquake zones, a multi — material
synchronous grouting damping layer for subway shield tunnels was proposed to mitigate damage under strong earthquakes.
Through mix proportion tests and numerical simulations, the damping effects of the material were verified and analyzed. The
results indicate: as the rubber content and water — to — cement ratio increase, the fluidity and bleeding of the grout improve,
while the setting time gradually increases, but the mechanical strength decreases; as the powder — to — cement ratio increases,
the fluidity of the grout weakens, bleeding intensifies, the setting time gradually lengthens, and the mechanical strength gradually
diminishes; as the PVA fiber content rises, the fluidity and bleeding of the grout weaken, the setting time shortens, and the
strength exhibits a trend of first increasing and then decreasing, reaching its peak when the fiber content is 0. 8% . The lower the
stiffness of the damping grouting layer material, the better the seismic isolation effect, providing effective flexible energy
absorption. The optimal mix proportion for the synchronous grouting damping layer is: water : cement : closed — cell perlite :
rubber: PVA fiber content =1:1.667:0.076:0.792:0.0172.
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Table 1 Requirements for slurry performance indicators
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Fig.2 Effect of mix ratio on slurry bleeding rate
and consolidation shrinkage rate
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Fig. 3 Effect of mix ratio on slurry setting time
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Fig. 4 Effect of mix ratio on mechanical properties
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Fig. 5 Finite element model of shield tunnel

®3 REATESBH

Table 3 Model soil layer parameters
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Table 4 Model Material Parameters
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Fig. 6 Displacement of pipe segments under earthquake action

ARIE R )2 BBHE kobe HuRZ I R (10 1 284k 17
BLANEE 7 B . MURAERIR, BEE R KN ) ¥
PUAERR B A HE A B, A IR)ZE X T A Z g7 1)
U 55— =0 753 5 R 3 850 1 3 500 kN iR
FH ST BGRRJZR R, X J7 a1 F Z J5 ) e K5 —
F14350k 2 800 13 000 kN, HH Fb 3% 5 7b 3 J2 PRI
27.3% F114. 3% ; 4R S11 JF2J2ABHE, X J51a]
7 J5 1) KA — 20 1439024 2 600 F12 800 kN, #H
PSP 2 AR 32. 5% F120% 5 43R S17 Wik )2
PBHEE, X D7 1A Z 75 )i KA — FE 0 143 3112R 2 450
12 550 kN, A HEE DI ZBEAIG 36. 4% F127. 1%

FH AN [A] B R 5 )2 1 IR RO AT AT, SR 817
FIFL A FLISE, 7 2Rk 58 2 U8 R SR e, BPSR



5 FBEIR AT . MR A B E K YRSk R A SR E A B R 5T 135

HRIR A PVA L4 5107730, RS B 5 AR As
BEJr, TS 2 R R RN, R R, R
VR AR BT

T
see - AR E%u?lﬁw
'$é&%%5‘ i
o !
S {#@%%?%’} it
JEX
S~ —
Ze " i
o W
—&— gl
—A— 811
—o- 517
it

(b) ZFMm
7 WBERTERNE—ETRAZHER

Fig.7 Stress distribution of the first principal stress

of the segment under earthquake action
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