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Tab.2 Experimental parameters of expandability
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Fig.1 'Typical cross-sectional vault settlement monitoring values
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Tab.1 Grading standards for large deformations

of surrounding rock
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Fig.2 Topographic map of the tunnel inlet section
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Tab.3 Calculation parameters of surrounding rock

and initial support
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Fig.3 Displacement cloud diagram of working condition 1 and 2
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Fig. 4 Schematic diagram of convergence-constraint
method considering loosening effects

A B8 SCAP R T B T A 1] L A 1Y I B R R G R
WKL 2 BRI K103+ 365 W7 i 248 JE RRAE
gD S 4 a0, e BE 16 T 2 ) Bl [ A
ARTE AL T S AR Y B B Bl A B T8 W T A 1 A%
S o BE A 16 g A DD 5 B T T A 1) 62 #
&I B 7 LR AR SO R BE R B A B A DX
TE RS T2 1A 0 ARk e B O A% A 1) 37 %
IS JE A 5 20 98 AR T A K 5 B0 B
K HE RN B REIR A% 1w IO A3 Bl AR ) 0 A% B AR R
KA TGN S S5 32 T3 KRR I N T 2 K103 +
365 Wi & 4k IR,
34 MEERERMm

KRG T 2 25 B B GE I 12888 30° 1 AR RH
B 3 3 B e 7 A RS 15~50 m, Ay
T 1 A ARG B 10~30 m, B I 1 B3 )8
TR B ELHIE 2% A AT B S A9 i P RRAE

RGO 7 2 % 8 OB R AR HL
BBERE AR DR 0 SR T T B8 L 5 TR Jit ER AR
PTG 1 Bl B TR T 5 5 IR i
TET b 4000 P g R B D) M IR A% A AT AS AR AR
AT

5 Pl o A0 2 T e g Mo R TR ) 23 A G 2R DL
5, HLBgE I 1 B 332 I o0 5 181 5 v G T

Bs5 ZhSWE

Fig. 5 Force analysis diagram

O3 A T — B0 A



. 136 - KoHOH

2023 4F

Q=W —T—T =W — (T +Tsinfd (1)
£ FBC Ak | & WL A0 ADE A& H

"W, Al
1, 1
—?}’h tanp’ + tana
1, 1
Wi 7?7]1 tanf + tana 3
I 3 ] ] A T 2R v A 7 BEL 3 51 R
T.T" . Bp:

W (2

;L sin(8 — ¢) ,
T _sin[9o°—(ﬁ—¢+0)jwl “
sin(b —j) W 5

T:sin|:9O°—(/)—j+q):|
MO ~GHHRBEEET Q -
Y

Q=>[(h+nh"HB— Qh* +1"h"tand] (6)

2
X,y NEAERE A A 5350 BRE A2 AT P
T TR MR R s @ a4 TH S BE S A 50 1 T
T RPN EE R A s B O BRIE SERE A AT A A
ZEAT PRI 7 FR R

WEIE 2L MK T e H e

e; =7YhA YD)
BB A MK RS e R
e; =vh'A’ (8

Iy R A A A R AT B ) b T
Y #E B

W& T8 ) BE K SE- A0 T ey O

ey =Ce, +e,)/2 €))

K ey ey 4350k Bk 8 T000 R v ) T K7 77

MRAE Kt 7 2 B TR 2505 3 i
TS AR E A L 22 o AT b e R X g T O RE 7 A
fR L5 TR 1 B y =26.7 kKN/m® Lo =43°.0=230°
h=40 m.A' =30 m.L=11.2 m . H=9.2 m. H
K@~G)HAEEH A=0.16.2"=0.12, HRX
(7))~ (o) 1530 HE R T 7 A WA A0 7K P 6 g 349 43
e, =190 kN/m’ e, =110 kN/m”,

STIBUL L0 T e I S B DS - A
TE VR N K SR g L R N K SE R
1. 73 4% B H A 22 80 kKN/m” , iZH I 45 11 °F Bl 2+
Xof g T8 7 A TR I A R AT 2K

4 KRERIZFHEIER IR

4.1 RS E ¥ e

(1) B L R @70 4K A8 4 & L 3R 1] 3
Bl 2F A7 $80 ST B A 8 3 SR [ 38 2o A A [
SR A FHAE 2 T A AR W) I 31 [ A Y

YER A R T Bg i 5 8742 .

(2Ol F1 B AE 23R A2 22 A5 ) v (8] 9 90 1)
Ml 30 m 525 N A& NP HE @168 45 A% . Ak 8] #E
1.5 mX 1.5 ms 48 AR BE Sy 1 a7 28 40 46 i &8 5 B
[ 35 i1 v A M (D168 AR LA HE R 1.5 m X
1.5 m, BETSUAL & AR it T 2 BETH 2L | 50 em, 77 0]
A it T 2 A HE RS s BE TR T C30 i R R 40
em X 80 em (FE X =7 ) Wr & HE B A T 3% #2520 34,
RSP R R AR & T A A AR AR AU 3 Y
R P o () A BEL L AT 33 5 3kt G T 5 B A2

(3) Y1) T5T H B 5 S A 168 o 3 70 4 A R
2 mX3 m, K 25 m, A 0B 0
KASIE
4.2 B R E FEE

(D HFBR ST B W) 1 34, R ) 125D 1549
Jsi 3 ok 38 0 Ak 45ROk R B B L VR ]
TEZSH AR 55 U1 73, DT 35 3] 42 1 4 55 6]
A B Y (3t B ) 9] 340 S w5 C25 TR BE 1
30 cm, L% 125b, a8 60 cm/Af) .

(2) Wb BT e 5 oK JF 42 B ok F M i S 47 B K
B+ XUZ /NP EERINE, KEMK 15 m, 3F
4345 32 AR .M FE 40 em, 4. 5 m K B2 5 /N
A, RN R TE AT O A 4R L R
AE 7 U/ R G AR T TR S 8 30 1 B R K Y98
Il /D A 120 B e I ik A28 T Al R B S

(3) R 41 B 37 A2 T2 A% B0, K Je 9 0088 T 1% DA
400 mm B 700 mm, il [ A5 R 15 2B
JINFEL 0 SCAP A R AR T P AR B AR R L Y R E
Qb TR E AT ARSI YRR I s S A% B i A —
WA 1]

43 TEREHBR

T F1 B AR T 2R B P9 40 Jn 8 45 5t )5 3 45

Jiti T HE T I0 R AN B (L R 6, ) 1R AR T BER
A7 W R e /d

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Ofg—7—T——TT"T"TTTT—T—T—T T

=500 L
—=— ZK103+3804k # fi—e— K103+3 654 # i —a— ZK 103+365 4L L §if
v— ZK103+4204b F 5 K103+4054 71 Ji5 ZK103+425 40P )5

B 6 GBI N E

Fig. 6 On-site vault settlement monitoring values
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Large Deformation Mechanism and Treatment Measures of Shallow Buried

Unsymmetrical Tunnel Portal Section with Silty Mudstone

MIAOQO Jing-chuan'*, CHEN Nuo’, ZHENG Wen-fei', LI Wen-jie*, LIANG Bin®
(1. The 1" Construction Co. , Ltd. of China Railway Construction 15" Group, Xi’an 710018, China;

2. School of Civil Engineering and Architecture, Henan University of Science and Technology. Luoyang 471000, China)

Abstract: In view of the local large deformation, collapse and erosion of silty mudstone entrance section of Daliangs-
han Highway * 2 tunnel, through the field monitoring, indoor swelling test of surrounding rock and 3D modeling analysis,
the mechanism of large deformation of initial support was studied. The impact of factors including rainwater, secondary
deformation of surrounding rock and silt bias on the large deformation was discussed. The remediation plan was put for-
ward. The results show that the surface clay rock above the tunnel is swelling rock. and the silty mudstone is non-expan-
sive rock, and the tunnel deformation has little affected by the expansion of the surrounding rock. Affected by continuous
rainfall, the change in the settlement of the vault is the most obvious, and the settlement increased by 150 mm compared
with the pre-rainfall. The theoretical value of horizontal pressure on the deep buried side of the tunnel is 1. 73 times that
of the shallow side, and the tunnel structure is subjected to obvious bias load. The comprehensive treatment scheme of
strengthening temporary support + advanced support of large pipe shed + grouting reinforcement of double-layer small
conduit + addition of anti-slip piles at the junction of light and dark at the top of the cave + two rows of pipe piles on the
left side of the left hole and two rows of pipe piles in the middle of the left and right holes of the hole section of the hole
was adopted, and the deformation of the tunnel was reduced by 87% , and the large deformation of the initial support is
effectively controlled.

Key words: rainfall infiltration;silty mudstone; shallow buried biased tunnel; large deformation mechanism; labora-

tory test; numerical simulation





