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Abstract: Taking the entrance section of mountain tunnel as the research object, the reinforcement effect under
different grouting reinforcement thickness is verified by finite element numerical simulation. The test results
indicated: grouting reinforcement measures have a certain impact on the peak vault settlement and maximum
acceleration. With the increase of grouting reinforcement thickness, the vault settlement and maximum

acceleration of each part of the tunnel gradually decrease, the maximum displacement reduction occurs in the
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arch crown, and the minimum occurs in the inverted arch. The peak value of the main stress on the left side of

the tunnel is larger than that on the right side, and the maximum value is at the left arch foot, which is related

to the shallow buried bias pressure on the left side of the tunnel entrance. Grouting reinforcement of surrounding

rock can reduce the stress of the tunnel. When the incidence rate of 10% exceeds the probability of seismic

wave, all the other parts have different degrees of reduction except some monitoring points. The reduction range

is the largest at the left tunnel vault and the right tunnel is at the right arch waist. When the incident seismic

wave of 2% exceeds the probability, each part of the tunnel on both sides has a certain reduction, the average

reduction amplitude of the left tunnel is about 15.5%, and that of the right tunnel is about 11.3%. Although

grouting reinforcement measures have a certain effect on the entrance section of mountain tunnel, the reduction

range is limited. For the strong earthquake area, the joint reinforcement measures should be adopted to ensure

the stability of the tunnel.

Keywords: Mountain tunnel; The entrance section; Grouting reinforcement; Numerical simulation
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Fig.1 Computational model diagram
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Table 1 Calculation of physical and mechanical parameters

iy ZXH y/(kN/m®) SRS E/MPa T INEEREF @/ () KiERT) o/MPa BIUJIEE: G/MPa
EEF=) 18.5 1 500 0.40 24 0.18 536
DN A 20 2 000 0.35 27 0.2 741
e 22 23 000 0.20 55 4.0 9 583
ZAREE L 23 29 500 0.20 60 5.0 12 292

2 R R R

2.1 EAMBITLESHT

T 2 % E B A R O RHE , Rt
A MIBRIE AR S, B 3 4 AN[F] R A 2 1y
R NEERINE R BN R T IRE R R r
AN HIZE, RIDLEH, ANAEEEERER T~
BRIE PTG I LIRS R, 10%HE AT R R Ak
{EN 0.897 em, 2%79 1.789 em, JEFINERXS A
M H —E NS, FEE LR INEYE R R,
B 18 2ASEBOL Y B AR RS B /N IR NS
FEIY 1.5 m I, SmAROIFEENE 1092 =
A 1.25%~3.47% , 2%79 2.47%~3.68% , 1FFInlE
VEEA 3 m I, ERRAIREPFNE 109 it 2 Hi =
W4 2.88%~4.88% , 2%79 3.81%~5.01%, FH N

095

—— ik mEl

090 | ol <oy
] ok 5m
3; 085
=
+ 0.0
oE

075

0.70 L

0 1 2 3 4 5 6 7 8
ek i B i
(a) 109 B A

BERVEEA 4.5 m ), SRR 1098 T2 H
BN 5.47%~1.01%, 2% 6.17%~1.21%, 1137
DOFEHEHERS 29 B AR HOE SR I, fe R fir
PR A A RTINS N AT E

2.2 EAMREXTLE 5347

4 Ay 7 DR T AN [ R A 2 O R R
KInEE A ek, PTG, HEiiEtS5K
KAIFERI A A ERFEAR — 8 I I B SR
HEA— T, HEmER, METRINERE
FERIHER, SO AR RN, 10%
FHARNTE 2 MO R R IR A K (B R AETE A HE], 2994
8.9%, 2% H = PRI IR (B A AR AEHETIT,
N 11N EH

A i ¥ /em

s s 1 s
Rt SR
(b) 2% B AT

s L L
[} 1 2 3

3 ASRIA A MR R E A R R A A (L

Fig.3 The maximum displacement curve of the tunnel with incident seismic wave with different transpiration probabilities
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Fig.4 The maximum acceleration variation law of the tunnel with incident seismic wave with different transpiration probabilities
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Fig.5 Variation law of the maximum principal stress of the incident 10% exceedance probability seismic

wave (unit; kPa)
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Table 2 Reinforcement effect of the maximum principal stress of the incident 10% exceedance probability seismic wave

BT T DN %

HETH HHYE A L LIS ZeHEH) ZEHLE EHLR

IR 1.5m  -21.0 -84 -12.0 -1.1 -16 5.6 -159 -0.3

FRgE DI 3m -30.5 -173 -175 -25 -5.6 4.1 -18.0 -6.3
IR 4.5m =337 -29.3 242 -44 -7.0 5.7 -13.8 -16.9
DI 1.5m  0.2% 5.9% -2.8% -1.2% -1.9% -5.3% -4.3% -1.2%
HhgiE DO 3m 0.9% 5.9% -6.2% -1.8% -8.4% -6.4% -8.3% —2.2%
DIE 4.5m  2.1% 9.5% -11.4% -6.4% -8.7% -9.6% -10.8% -3.7%

R 3 NG 2% BT KRR EN S MERR

Table 3 Reinforcement effect of the maximum principal stress of the incident 2% exceedance probability seismic wave

BT T _ DN %

HETIT HHYE LT ) ezt FEHER) e EHUE

JIE 1.5m  -13.0%  -122% -11.3% -8.0% -3.2% 5.9% 8.8% 2.4%

ZhgE NE3m -166% @ -17.0% -16.7% -10.8% -8.9% 8.8% 11.8% 7.3%
D& 45m  -175%  -223% -22.3% -17.3% -5.7% 13.7% 12.5% 13.0%

IR 1.5m  -3.2% -0.1% -6.7% -5.5% -9.4% -5.7% -12.3% -3.5%

HhgiE O 3m -6.5% -2.9% -8.9% -8.0% -13.6% -8.6% -14.6% -5.9%
DI 4.5m  -13.2% -3.6% -15.7% -9.2% -6.5% -126%  -19.9% -9.8%
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