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Research on Mechanical Entry Excavation and Reinforcement Measures for

Large Cross-Section Tunnel
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Abstract: With the innovation of tunnel construction techniques and mechanical equipment, mechanical drilling
and blasting for mountain tunnels have gradually developed. However, several challenges exist during the
mechanical entry excavation for mountain tunnels, including the significant influence of geological factors,
limited equipment adaptability, and constrained working space. This research, based on a specific tunnel
project, utilized FLAC’® finite difference software to study the mechanical excavation method and auxiliary
reinforcement measures for shallow-buried segments at the large cross-section tunnel portal. A comparative
analysis was conducted on the displacement of surrounding rock, the stress of supporting structures, and the
variation of plastic zones before and after tunnel face reinforcement for different advances per cycle and faces
when employing a micro-step construction method. The findings indicate that without face reinforcement, to
ensure construction safety, the mechanical excavation advance in the tunnel portal should be controlled within
1.2 m per cycle, and the overlapping length of the forepoling pipes should be no less than 3 m. When increasing
the advance per cycle, tunnel face reinforcement is necessary. With the use of 10-meter-long and 1.5-meter-
spaced fiberglass anchors arranged in a honeycomb pattern to reinforce the tunnel face, the maximum advance
per cycle can be increased to 1.8 m.

Keywords: tunnel engineering; mechanical excavation; shallow-buried segment at tunnel portal; advance per

cycle; auxiliary reinforcement measure

Y75 B BB :2024-11-27 (& M H)

E&TH . HiEA R H (45 :2023-SF-127)

EHEBNRY B, W5 E-mail: 1299291083@qq.com
*BAEIESE UG, U5 W+, IE Mm% TR E-mail: 717692502@qq.com



& 14 P % HURAL KT 8 R Ak T 5 A ) 4 AR BT R 187
0 7= sk A 9 BF 58 00 R e B L B BEWF 5 3 A

AT AR R Bl A % G it TR 5 LR 5 1 K
AL A Bl 18 i T L 28 3 £ L0 R 3 O 425 0o A oh e
R o BRI, A G853 ¥ TT 4% 04 0 107 125 X LA 2 R
T RILAR B 8 X 1 oMb 25 8] 9 75 5K, AL BRAR Tl 1 ) I
SELLAR B, Ui o] 75 45 Bk M 5 b B o Tk R Y B
AR O T 7 % TEHILAR P K BB T T % R B A i A L
PO T 8 7 A5 A 4 1] HE 2 Y S B

AR K, A L 58 3 il BB 3 B AR AR K B T it
TR R T A OCHE Y TAE . R RRIE T
B AL B bk 1 TR 6 BE GE HLAR AL it T 0 R h A A
SRSV Ry (IS & Ak E R (U AN IR R (4 RS
DA B it 1 25 2 R0 3k BRSO TR #E AT T RS s TR
A5 Ao X R T e Bk K L BIL B Ak B S LA D B
PR WA ARV |V SR A ST R R G BB
At T A v ry B e s g A A R R 23 A AR 5
HEAFSRFE BT AR R T8 TRl 2 L7 e 4R TR
TE i T A= 7 Al 2 B BT B it T 2 AR i ok T A
IV VG s Bl 25 R SR AT BILRE AR O BT T i 25 0
TR AT 5 WD A AT e o ) 400 S 4 B A ek 0 LA R
Xob M A A RO Y 2 S ST AN [l o A A T AR
VLV 2Bl T A [R] LA A R B TR T 2R ST
0393 S 40 B8 T R G O 1) 1) pR B IR AU KA TR
I3 B AE Fo o A R ASE B BE AR 5 X0V A5 0 Bk o AT
3 v S AT B N O T e Bk B G TR R T
B FA A PF T BB A8 LR AL BRI T O 42 ) PR S
£ M AL 5 2 22 LA BK B B TE A AR, A 4R T BRI
A B 5 5 kLB Al B TE B LA R R Bk i 7
T 7 AR 1 v B B G R R T IR, X G 4y
P TR A T T30k, 2 B T30k, = & B il i D
P T A 08 ] R ) SR KRR s AR AR B
Hh B TE R A 5 A8 S A S ) b AT g3 Sy T T R IR
B E TS AL ME TR TR . B ET
L% AR T, SCHRT e ) B B T A B AT 900
7 AT X T R AT 0 [ AR 3 5 A A
o BOE o A 4R T T T B 2T SRR AT B K
JE LA K I S B A 2 800 i Oy i, O E ol 8Ol
BT B, W o8 T 3% 05 1 1A ROPE 5 T 55 08 AE IA
TR T B0 A R G R, S T TR A A A B
M2 B SCHR T 58 32 B < R JH B2 5 A T LB o
O e A B RE RN B, HL R R B RN TR GE 1Y

2 [14]
AL

Wk T8 R R BV VR LR f R B T i T 4%
T B BT T 0735 TR RS L I o T 2 A
()RR, A7 9 R % T8 v 1 B I it 07 3 B9, AR
1713 % 3 3R] 11 B 14 PRl 2 3 o 4% R A8 A B 22, HL AR A K
WY TR T 22 4 XUBS B e o R T, AR SC R R GE T
g 51, 8 i = A R A O E A, WF 9 B G AL AR AL K
W 1A 18] T 3 5 Bl [ A e A f I B G it
T2 A T 52 G B JT S 106 2R 2R R 4G Bl i [
FE I, T R 2 AL R G AR TR B ROR SO

1 TR

WFE TR B% 8 K 20 5.4 km, B% i & KB IR 24
642 m. Hi BT IE A KB LA 58 e W] - 300 K O X oA
M Z AR Z H EET EEAEWRMZ
(Q) FER RN FEWREE B (egn') FERX R AT
eSS =Bt (egn’) FER R AT — B (egn’) (FE
RAAFHH B (egn') . BEhE X R WA R H 5T E
FH R BR 5 40 A, B T it TR T 0 B 56 R R
10~25 m, 1 11 Bz w3k R % B A BE , e T %2 4 KB
LN

2 eI IFAE T kL 4 B e B 35 6T 50

21 HESHERSTR

R 4l 5 1 9ERE, 2 R — i Tk i O B
WA & W S, o 38 AL AL T2, R 30 B it
TFFAE T B, B A R E P DL B [
i AT R SY . R FLAC™ 8~ A BRIk ) | 55 55
JEIUE 100 m(x 7 1)), G 110 m(y J5 1), R R%
TE iR 1)), R R O LA R 10 m.
B AL 5 110 000 4~ BT, B B A 1A 1 v o SR
JH ik A Mohr-Coulomb Ji iz B S8 ¥ W) 119 52 44 5 o6 45
LA, 7301 3240 SR FH 3 M Shell oGR8, 8 AT 45 4
SR FH B 45 F BT, DY B 2T A T DU SR FH Gl 45 # BT
PEATBERL . A BRI - R H ot A A
T R TET 247 o % 1 249 R

THA T30 AL 5« oK SR BCHE 1 17 [ 4 it 4% 1
TEFHRHRAKKH06m.1.2m. 1.8 m5 2.4 m; R H*%E
TN 15 it S5 R AR PR RARIR A 7.2 m (144 m
21.6 m.28.8 m,
22 HESHIER

R Al AR FC TRE AR, B S I T HE B R 4
RV BRI RS S BARKSE TR 5, 3



188 ¥ 4k

~%

2025 4%

(a) 2 (b) JFHZ

(c) &

(d) % F i

1 HESHRRE

Figure 1 Computational analysis model
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Table 1 Calculated mechanical parameters
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Figure 2 Variation of deformation rate of surrounding rock with advance per cycle
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Figure 3 Variation of maximum principal tensile stress of

initial support with advance per cycle
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Figure 4 Variation of maximum principal compressive

stress of initial support with advance per cycle
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Figure 5 Variation of maximum axial compressive stress in

pipe shed with advance per cycle
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Figure 6 Distribution of plastic zone of surrounding rock under different advances per cycle (tunnel face advance of 7.2 m, 14.4 m)
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Figure 7 Distribution of plastic zone of surrounding rock under different advances per cycle (tunnel face advance of 21.6 m,28.8 m)
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Figure 11 Comparative analysis of distribution of plastic zone of surrounding rock before and after tunnel face

reinforcement (with an advance per cycle of 1.8 m)
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Figure 12 Comparative analysis of distribution of plastic zone of surrounding rock before and

after tunnel face reinforcement (with an advance per cycle of 2.4 m)
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