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Anti-seismic effect analysis of two kinds of surrounding rock grouting
measures in the shallow and eccentric pressure section of tunnel portal
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Abstract ; In order to further improve the safety of the shallow overburden and eccentric pressure section of the
tunnel portal during earthquake, based on a railway tunnel portal section project, the seismic effect of two
kinds of surrounding rock grouting anti-seismic measures were studied by using the finite difference numerical
calculation software, and the influence of two kinds of anti-seismic measures of contact grouting and interval
grouting on the displacement and internal force of the tunnel lining structure is compared and analyzed. After
the contact grouting is adopted in the surrounding rock, the results show that the lateral and longitudinal

displacements of the secondary lining structure are reduced by 86. 7% and 38. 1% respectively, the axial force
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and bending moment are reduced by 45.12% and 64.20% on average, and the minimum safety factor is

increased by 61.36% on average; after interval grouting, the lateral and longitudinal displacements of the

secondary lining structure are reduced by 49.3% and 23.8% respectively, the axial force and bending

moment are reduced by 39.42% and 44.90% on average, and the minimum safety factor is increased by

43.11% on average. The anti-seismic effect of contact grouting is better than that of interval grouting. The

research results can provide reference for the development of anti-seismic technology of tunnel portal section.

Keywords : tunnel portal ; shallow buried partial pressure section of portal; contact grouting; interval grouting;

anti-seismic effect

0 3]

I 25 T2 11 74 g o I 420 0 % 01 2 R, 2 3 il i
G S L AT A0 AN LS P X M | R
S PRI 2R B 2 B SR 1T B R A v L
RN, TR E R X Ak T R R X,
FLRRGE IR O BT RR R g2 Y A e B B A
i R 211 5 3 ) 11 B SR A A0 1 0 R i

H G, % TR O Bt AR, | NS E Xt
K FHIAT T WA URFE, O 5@ i % 51 H
2 0 O A AT L DA R 1 BE Y R
Tl ] 5 TR 7 £ 1) 5 o 37 % L B Hb 52 T ) s
{9, I 45 H SR FH R 300 [ B R R PE AT B YA 5 S i B
i O S o S R 5% PE % 11 B F 5T )RR R SR
0 T £ 1 v B 0 Dk 5 Ik TR B ) M R 0 7
o7, A NPT IR AR . W TR R R A A R
M PB4y L R A X AT 0 B 5T, S A N
LT o T S Al S B ) ) 2 R HEAT TORFSE A N
S 5% T ) B T LR 2 i IR TR A R
W2 A A 0 6 E 48 T3 A 1 5 v I 45 Rl g v
i 5 % 3 69 FBL 5 6 3 306 A4 43 7, S 1 8 5 0 o fi I %
B 5 A0 T A 2 5 A 5 5 1 3 3 e vk 4 A T
I T i 72 g W KA 43 BT % B 5, 6 4 2 D S
{9 384 00 B T e 0 X 2 0 D T3 00 ) 7 A8 K 2 4 R B
WA RS 5 kst ek 10 308 3k o A S 1L 0 R T T R B E AT
i LR S A D () R B T S B e T T A 48 o 4
e R B A — A A T B R ok A BB 4
S BB B R A AR e PR AR . 45 TR, 6 TR
S 1 BT Y AR LA R v H (R PR R S B R AR S B B
A RERAHBBESE 15X T 52 DX % 0 3 11 10 I Bt
R M BT 5 R X i 20 o AR SO T Bk B % 3R 1
Bt , % 72 X I T R 10 94 0 T B L R RO o 1 0 T
] 8 32 58 4 P A2 S ) 0 R R AT AT 9T . RSO
ST A T AR BB B B B RS %

i

1 FEHREERERORBRR

1.1 M &

K I Bk T b T LR BELED JE A B A A
TG S P B VLR A v e B B e 04 R i A 3
VG SB35 1) A 4 AT o 0L A B X9 R Ay b 2R A
SO R AR R (Q)) LRl AR A AR BT L B2
(Pz,gl) FH LW R R B A (vs,) IRV REE,
Bk 3 IR 1T B O A A 45°,

1.2 Frmgsr it

K I Bk SR A A 1, ol A B &5 by R
o WISCRH C20 FIREE+ R 25 em; R AT )
SR FH A 7 TR 6 - 254, SR8 Ol 45 em,

2 WAREBER

2.1 FEEA

MRFEIZ 0 B % 38 T 101 B R B 5 7 S, S T A
B RRIE R OB 20 m W 9E 13,5 m BRIETR 02
M1 530 m, A0 5 40 m R E RN SR Y
PEES 12,8 m, B3 I 11 B 500 45°, bk 18 I 356 5L A
JE 15 m, PR BSR4
A0, PR TCAR, THABIRIE 1 R,

HEHX

R

Fig.1 Computational model

2.2 HEBH
ARG SE bR B P ok AL P RSB E 1 iR,



- 100 FEDGHRE 45 < R TR IR 100 3 Al 1R B 9 A R S A A B R R 4

2020 4F

®1 HHEHERSH

Table 1 Calculate model parameters

HE/ MR WEEHE S/ iR I1/

ZH (kN-m ) CPa HEL/ 24 ) MPa
V& FEEH 20 2.0 0.4 25 0.2
IRy 25 20 0.2 50 1.5

WX 22 28 0.2 - _

-t ) 25 28 0.2 - _
HH X 23 7 0.35 - -
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Fig.2 Calculation condition
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Table 2 Calculation condition

T IR /m TEIR TR/ m
1 0 0
2 3 0
3 3 1
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Fig.3 Acceleration time history curve in Z direction
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Fig.4 Layout of measuring points
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Fig.5 Cloud chart of lateral displacement of secondary

lining structure
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Fig.6 Cloud chart of longitudinal displacement of secondary

lining structure
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Fig.7 Cloud chart of vertical displacement of secondary

lining structure
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Table 3 Maximum horizontal, vertical and vertical

displacement
T R R/ mm YA R KRS/ mm B g d KA B/ mm
1 2.70 0.21 2.74
2 0.36 0.13 2.63
3 1.37 0.16 2.81
MG 3 B, T3 TP AOCR (LT A 1
FXTLE) S IFREEE R WK 4,

x4 HEER.HEOREBECBRERR
Table 4 Anti-seismic effect of horizontal, vertical and

vertical displacement
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Fig.8 Time history curve of X-direction internal and external

strain recording at measuring point of arch crown
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Fig.9 Time history curve of internal force at vault
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Fig.10 Comparison of internal forces of monitoring points

under different working conditions
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Table 5 Axial force and aseismic effect of each monitoring

point of the second lining

MWasfrE T T2 PEgR/% TH3  HESR/%

HETR 665 314 52.78 401 39.70
it 884 445 49. 66 632 28.51
A HER 149 125 16.11 89 40.27
el 83 26 68. 67 32 61.45

JIE?:S 677 361 46. 68 521 23.04
Ao HE 666 402 39. 64 382 42.64
sug 50 36 28. 00 34 32. 00
At E 308 125 59.42 161 47.73
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Table 6 Bending moment and aseismic effect of each

monitoring point of the second lining

WSfiE Tl T2 BURSCR/%  TH3 HUEAR/%

HE T 30.5 5.8 80. 98 17.2 43.61
ki ] 28 6.5 76.79 13.6 51.43
okl 7 2.5 64.29 5 28.57
17 i k% 3.4 1.4 58.82 1.2 64.71

kSIS 16. 6 4.6 72.29 6.7 59. 64
ki3 11.3 4.2 62. 83 3.7 67.26
ek 2.4 1.5 37.50 1.6 33.33
Ao b 17.8 7.1 60. 11 15.9 10. 67
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Fig. 11 Minimum safety factor of each monitoring point
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Table 7 Safety factor and aseismic effect of each monitoring

point of secondary lining

MEME Tl T2 FIEsR/% TH3  PESR/ %

HETR 4.79  26.31 81. 80 9.67 50. 46
A 10019 17.81 42.79 17.96 43.29
A 2540 54.40 53.31 29.95 15.20
ks 131.4  401.01 67.23 232. 14 43.39

it 9.71  20.44 52.50 21. 60 55.05
LR 16.90  27.96 39.57 34.32 50. 77
M 71.02 299.07 76.25 172.99 58.95
LHE 756 7.1 60. 11 15.9 10. 67
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