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Optimization analysis of grouting vibration isolation behind subway tunnel
segments under urban hard rock

GUO Haipo', WEN Yiran’, YANG Weimin’* , DING Wantao’
(1. China Railway Development Investment Co., Ltd., Qingdao 266041, Shandong, China; 2. School of Qilu Transportation,
Shandong University, Jinan 250002, Shandong, China)

Abstract: In order to study the treatment measures of vibration isolation after grouting in hard rock strata stacked tunnel segment
wall and provide the basis for the research of vibration isolation materials. Utilizing the finite element simulation analysis method,
we investigated the influence of varying damping values of the grouting layer behind the tunnel segment wall on mitigating the
vibration effects caused by subway train movement. The findings revealed that as the damping ratio of the grouting layer escalated
from 0.05 to 0.50, the maximum vertical acceleration change rate on the tunnel structure registered at 14.6% , with a corresponding
60.3% alteration in the surrounding rock and soil. The acceleration change rate diminished progressively with increasing damping
ratio; When the damping ratio attains 0.50, this alteration effect had already achieved 80% of its potential impact. Maintaining the
damping ratio for the grouting layer below 0.50 was advocated to optimize efficiency and economic viability.
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Fig.1 Engineering section geological profile
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Fig.2 Detailed model of overlapping section tunnel
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Table 1 Soil, lining and structural material parameters used in the calculation model
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Table 2 Track irregularity management value

" - oo ) kil &1 L/m a,/mm
BRI 57" 51 ], s, ) 50.00 16.000
Hodr 3 Fh &4 1951 2545 Bl oy 2R 0 1 U 20.00 9.000
P.=Mo0, (5) RPIREE(i=1) 10.00 4.000
A .M, WHNEE TR, kg; o, WEAESFMET 5.00 2.500
AR &, my v A TS km/h; L, A MBI 2.00 0.500
KPS TR Km0, =2mv/L,, L, LR IR B i=2) 1.00 0300
: (1] 4o HUIE I AR 0.50 0.080
< ﬂjm%\z ‘?Efﬁﬂo B . (i=3) 0.05 0.005
FRAE SCHR[ 21 ], A TRE AR 5 42 R A T b
PERCREOD § MCMCMES M PEPMEmE M
I2300I 10 300 I230 | 4 600 '2 30I 10 300 '230 I 4600 I230I 10300 I2 30I
PAf7: mm

K3 MBS 4 2 s

Fig.3 Subway train formation diagram
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Table 3 Peak displacement table of tunnel structure measuring point under different damping ratio
{3 #%/mm
FHIE
J1 J2 J3 Ja J5 J6 J7 J8
0.05 0.015 9 0.010 7 0.010 0 0.009 4 0.016 1 0.010 9 0.010 0 0.008 8
0.10 0.015 9 0.010 7 0.010 0 0.009 4 0.016 1 0.010 9 0.010 0 0.008 8
0.20 0.015 8 0.010 7 0.010 0 0.009 4 0.0159 0.010 9 0.010 0 0.008 8
0.30 0.015 6 0.010 7 0.009 9 0.009 4 0.015 7 0.010 8 0.009 9 0.008 8
0.40 0.015 4 0.010 6 0.010 0 0.009 4 0.015 6 0.010 7 0.009 9 0.008 8
0.50 0.015 3 0.010 5 0.009 9 0.009 4 0.015 4 0.010 7 0.009 9 0.008 8
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Fig.9 Curve of vertical displacement of measuring point
of ballast bed with damping ratio of grouting layer
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Fig.11 Time history curve of vertical displacement of surrounding soil measuring point under different damping ratio
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Table 4 Table of peak displacement of measuring points of
surrounding soil under different damping ratio

BLE I WEfEL {3 %/ mm
J9 J10 J11 J12
0.05 0.008 2 0.008 0 0.008 9 0.008 3
0.10 0.008 2 0.008 0 0.008 9 0.008 3
0.20 0.008 2 0.008 0 0.008 8 0.008 2
0.30 0.008 1 0.008 0 0.008 8 0.008 2
0.40 0.008 0 0.007 9 0.008 8 0.008 2
0.50 0.008 0 0.007 9 0.008 7 0.008 1
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Fig.12 Time history curve of vertical acceleration of tunnel structure measuring point under different damping ratio

AR 12 AT RUE R TRIBELE H 250 188 g o sk
JEEA AL R, B A 38 IR S5 K, HERI R 2, HE
BN HETO S/ o pl T 0 DX 3R A A AR v i)
A7, WL 81 42 58 42 1 A g 38 JF FR 22 P Rs 17, 7R 2
WA TR 33 SR A0 XoF 158 i) Jonn St B8 S el P 15 0 AU
ERGEIR (J5) LA B ZRTE R (1) 114 18 i) Jonn s 3 9
IR, WCTE 9 42 - A2 iz A7 I, 75 BEXT 4% % 3 18
PRIEAT N B W B ATl b R 4R R AL 58 1)
T B 22 EAN K, A B 58 L X &A1 B0 T 1
LR TE PR [ 0 RGBT AT

J5 W) A5 R N S S 1 B 1 3 )2 BHLJE b AR Ak
e an & 13 fros, & 13 mTAL S RE e A
0.0534 A F1] 0.50 e, " ) Jonn 32 2 s L 1) 722 1k 5 55 )
T 14.6%,

HIE 13 0 LLE Bl 2 B L i 385 R, I A
U ) R R S T R AR AR B )N
B A 5 & B, 2 2 0 e L e SR RS A R o
By AR Ak g B L3S O, FOXT in 8 B 1) 52 ) i
HFEAR 24 BHJE He3E K3 0.50 B, HxH 1 pi Sk E

M EL 2238 3] 80% , 78 X HE K )2 247 PR AR 4L
AR K BHJE ik B AE 0.50 DL EA B K52 w
0.049 -
0.048 -
0.047 -
0.046 -
0.045
0.044
0.043
0.042
0.041

0.040O 0.10

—a— J5
WAk

Y [ o0 MR B/ (ms72)

0‘2IO 0.3I0 0‘40 0.%0
FHLE tE
13 S A SR K I (R W RELJE L 25 28

Fig.13 Maximum acceleration amplitude with
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Fig.14 Time history curve of vertical acceleration of surrounding soil measurement points under different damping ratio
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Fig.15 Time history curve of surface settlement at measuring points under different damping ratios
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Table 5 Table of peak surface settlement under different damping ratio

BB MRV IR/ mm
SEMPREES 15 m SEMPFEEY 10 m AEPEERI S m IR O m SEMFEEI-5 m SEMPFEEI-10 m EMFEE-15 m
0.05 0.007 0 0.007 6 0.008 0 0.008 1 0.008 0 0.007 8 0.006 3
0.10 0.007 0 0.007 6 0.008 0 0.008 1 0.008 0 0.007 8 0.006 3
0.20 0.007 0 0.007 6 0.007 9 0.008 1 0.008 0 0.007 7 0.006 2
0.30 0.006 9 0.007 6 0.007 9 0.008 1 0.007 9 0.007 7 0.006 2
0.40 0.006 9 0.007 5 0.007 8 0.008 0 0.007 9 0.007 7 0.006 1
0.50 0.006 8 0.007 5 0.007 8 0.008 0 0.007 8 0.007 6 0.006 1
Z2EdR, 2022, 50(3) : 309-317.
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