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Study on construction scheme optimization of shallow buried eccentric
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Abstract : Aiming at the stability of surrounding rock and the selection of excavation scheme of
shallow buried eccentric pressure tunnel in soft surrounding rock, Midas GTS NX was used to
numerically simulate the construction process of Zhangshuya tunnel of Hunan Anci Expressway by
middle pilot tunnel single side pilot tunnel method and three pilot tunnel method respectively. The
stress and deformation of surrounding rock, the stress distribution of supporting structure and the
stress of middle partition wall under different excavation schemes are analyzed. The results show
that the two excavation schemes can meet the construction safety requirements. According to the
actual situation of the tunnel, although the three pilot tunnel method can better control the
settlement and deformation of the tunnel vault, the middle pilot tunnel single side pilot pit method
is suitable for the construction scheme and its surrounding rock stress is excellent, which can
better ensure the tunnel convergence and can effectively reduce the cracking of the middle partition
wall waist on the deep buried side during the excavation of the shallow buried side. Moreover, the
shallow buried side does not need internal support, which can accelerate the closure of the support
structure and speed up the construction progress. Therefore, the method of middle guide tunnel
and single side guide tunnel is a more suitable construction scheme for the tunnel. The research
results can provide reference for other similar projects.
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Table 1 Stress analysis material information sheet
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Fig. 6 Baseline diagram of tunnel deformation measurement

3 HROW

31 BEEM®
3.1 BHWRKE

3T I FE 42 07 58 0 20 A TR HE T R St TP
e FR ML an & 7 fros , SRR TR L3R 2,

it T
OO 20 40 60 80 100 120
S A BN .-
_1 -
E2r " Sk
- SR
#-3r S5
E‘_
=
=:‘ _5 [ S ———
-6r 3 m,_,,,:::::::::: .............
_7 L
(a) il a
i T3
00 20 40 60 80 100 120
—1+F ) .
g Rk
S * I — ]
27 Sk
E ------------
- O A N,
BO|
—4F T
_5 L
(b) Zei b
it T4
0O 20 40 60 80 100 120
"'l_ 7 T r . 4 4
“1F e
g2 - =Sk
= o v Gl - B
37 Sk
e
=l -4
E-s
=i "
=7r Tk e -
_8 L

| B[ 3 2/ mm
—_ | | |
S o o &

|
—_
[}
r

(c) 72 e
it T2

0 20 40 60 80 100 120

_______
......
..........
........
"""""
.......

it T

(e) £iil b

91



X @ A 5 1 %39 %
i T PIRF A (O B B 3 e T 4% R FLE ) (JTG/T 3660—
OO 20 40 69 80 100 120 N N L A ST N
— 2020) MIER . FLI S & B D T 1S
) 2T T, AT R PR TR R s R S A A6 ) AL R
e AL A — R E VAT T M TRA . R, M T
o I AR i BE AT, RT3 — ML 025 LR =
% -8 :@%@ﬁw SIS A
-op U e, 312 KMk
ol

(f) £ ¢
7 REIEBETR U v &

Fig.7 Settlement curve of tunnel vault

F2 OBEBM RIS E

Table 2 Cumulative settlement of tunnel vault mm

. EHi
VES . . . . . .
ila | b | e | HAila | A6 | Hile
=SSR | -5.339 | -2.724 | -6.687 | -11.373 | -9.829 | —11.084
2 aBs S TEER
-5.829 | -3.495 | =7.056 | -11.410 | =9.910 | —11.092
(IS STIRZS
HE 7 32, nl Al

1) TEX PRI T 58, ERERAN ) BE TR L

TR AR /I HRAN R P T et 1 8 1) s/~ T
BTN, S BT 2 o BEAE B A% o DRI

T e /NGt B AE HE A2, HE TS UL H 30 AE A )
a sk

2) AT a b 5 abciX 65 -, %
FH =005 T2 0 Bt w2 A% 43 il 2 ok H v &
] — B 50 vk TE A2 0 B e B8 19 91.59%
77.94% .94.78% .99.68% .99.18% .99.93% ., H.Hf, 7¥
LA HETR b AT AL, i‘.fﬂﬁﬁlﬁ%%‘*ﬁfﬁiﬂﬁ S
N 2608 B K5 T A0 LA A% W0 0, X P R 42 05
%f%a@;%ﬁgmmzuurj:o L%%HETE/H
FHIZEE, NS HE IR B A — o B B R T %
% AL TOfr 88 [ A7 %, i v MR A R 42 T X R B
S ) A IR B2 18 188 1] S 8 | %o T S 000 % T ) 5 i)
BN,

S R = G R R 2 7 58 09 45 T a5 18 15 i)
A7 B 15/ T 2R T - B e 5k R 2 T R 4%
) 5P 85 ) A5 %, LT 7 58 104 5 A D) o5 1) 15 o) 57 %

92

TR AE X A = S P - B
PN A2 J7 58 N BRI 17K PRSI L, $ LA 3
PR FAZ T 58 F A2 A TR HE TS Wl 5 i Ak %
IR I 05 G A 22 A (8 45 W ) )30 i e
el 8 firw , 22 Al Btk Pl ses 2 it il
#*3~4,

M 8 533 ~ 4 nl Jl, 78 = F % L rp Sl - P
N 02 3 T T4 07 8 v, s LA 4% M) e AP
LR AR A AN ] o v, 42 = i A
SR — B T BT T AZ 5 S0 T 203 d—e M 2k 1Y) B
L BT ISSIUE 7371 0 -2.088 .~ 1.362 mm, P AH
7£0.726 mm ; $¢ = T A T - B ST T
J5 S8 T 1 22 1 f—g I 4R ) e 2 BT 7K IS f o
H4-0.328 . —0.839 mm, FIE HH250.511 mm,

K FH o S I — B R B0 () A2 T SR AT —
T/ 32 TN F ) i s S, AL 3 A R4 O 2
TE DRI 25 W 0 57K P07 B B AR — B, Fe & R TK
ST A 22 T8 L, EL TN A A ) o5
g KRS (AR — 30, X R IR A T2 07
L T A2 BT B 0 O far 2835 K. R,
I AT S5 F B 2% 1, vl — B S vk i T
EiNc st

1.0

05F gooee 0 0enne,

|
o
n

JE S/ mm
|
=

|
—_
9
=L
:l
|

-
[y

|
g
(e
T
H
i

|
g
i

20 40 60 80 100 120
it T4
(a) 10 d—e ML

o



% 44 Kom, 5 458 B 8 R AR R A B 6 T EARALHT R
6 -
R4 &R ZRHksk
5 5 .00 ooooo i
. s Table 4 Right hole cumulative convergence table mm
£ 4F v
=] f
2§ 3k ! E SR ¢
= ¢ SR PIECVIE - : - : - -
E 2t [ S S o P I B S B B S R 5 B S il
! LIS SYRES ; ; . ; ; ;
e N Mrid | Wiie |MLd—e | M/ | Wiig | ML f~g
st Y
i Kok “‘._J =AY | -6.156 | -1.055 | 5.101 | -2.346| 2.030 4.376
0O 20 40 60 80 100 120 e
-
WA S -6.012 | -0.968 | 5.044 | -2.361 | 2.068 4.430
(b) 7 d=e W2 —
3r 32 BEENA
s R I = G b 53— B 5 B
2F o ;“"" ..o A * EFI i = LY ) —
- SR musk T 42 1 Wk 18 d 2 B B Bl 2 g 0 An L 9 TR
£ ! 2 ' . o e e - IR
= \ SR = v G - B S T X PR T A T
= ! ’ - . N
2 \ L AR A5 LB W B K E ) LK 5.
B | ) A\
P, . b .
oY ., TR AI/ (10°kN-m)
L * e 2.860
1 v . ; Spresens | i -0.096
0 20 40 60 80 100 120 -0.635
LA -1.093
(c) 72 f-g M2k -1.506
sc -1.913
i i -2.331
s -2.829
; 3r F 7 -3.445
Eap P/ ~4.154
§ | | -4.973
1T ' - A
§ o - -6.084
O pragzeeesy P ERITC S IRER -11.730
-ir AN ' (a) =ik
'.""‘m"':'-.‘.:-"s “-
0 20 40 60 80 100 120 F 41/ (10 kN-m™)
T 2.279
(d) A3 f~g M2k -0.137
8 i A M S R E :(1’?;‘1’
Fig. 8 Comparison of convergence curves around tunnel _1:539
F3 AR RIMsA -1.930
-2.338
Table 3 Left hole cumulative convergence table mm 5805
Fitlse -3.358
-4.036
THETR | Zeimm | 22X | Z2ma | 230 | 22 | 22 ~4.905
Hd e | Zd-e | Kif | Mg | &fw -6.055
-11.710
=S¥k | -4.681 | -6.769 | —2.088 | —2.091 | -2.419 | -0.328 (b) S — 2 Sl
rpr Gl - B9 mAFierEEnh=H
S —5.031 | -6.393 | -1.362 | -1.5%6 | -2.435 | -0.839 Fig. 9 Nephogram of maximum principal stress of two
schemes

93



R

5 1T # %39 %

RS RZRXIRHE

Table 5 Maximum principal stress table MPa
7l iR
THZIr% — : T .
BTG | AU | AU | 2 | ZehE A | SRR | ZE B | A HUI | AL | AR
=k | -0.149 | -0.476 | -0.318 | -0.196 | —0.071 | 0.045 | -0.370 | -0.074 | -0.542 | -0.974
rh il -
-0.098 | -0.431 | -0.254 | —=0.122 | -0.031 | 0.043 | -0.364 | -0.078 | -0.543 | -0.966
RS EoIRES

H P9 S 36 5 T, 78 = S A0 v Sl — e A
SR IR PP R Ay SN $1: 8y NG =y VL PN
Lo o3 A X S I AH 22 T8 U s Bl e 02 ) X340 345 1
b A T A T s RS AN BN 7 XA T A IR TS A
B 16 JE 38, T 6 R B 2 R Ot B T RO B
(RN FT X PR 28 i g 1 IX B R X OB 4y
A7, 26 ) T0U38 241 6 W Sk 7 17 7 X, {H 22 3] A 22 5% £
A LT B RN T SR B G  SXRNT
T3 58 B AR B8 1 3B R/ I B AR — B, 3222 DXk
PRAE 23R 25 D s By 1 38 b o v e — B S
27 Z8 00 2 45 T s 1) e R F2 N B L =
T8 32 FF42 T 58 R e KR FE 1 1 P34 1E A /1 0.055 MPa.
33 A

DAASE TR R RO R 9 m A % A I T A B9F 5 %o
G0 X BRI T TR R ) AT . A
BT 7 53 A B SL AN 10 B .

ML 10 HrT LA H, HJE 04 i -5 3005 T R AT
B IR A AT RR I 5T A A o SR Y il
7 3 /N TR B A 7T ] — AR A T Sk AR iy 1)
IR R 22T o — A R HEAT il 7 W AT & 52
A S AT, SRR S ) Bl T A TR SR Y H R T
PO AT IR B T o 32 e R Sk 2 PR R O

3 30 A3 AT A B oh Sl - B S R A O
SR 22 I B S AR AR IR W] K T = Sl
REN . =Rk A S - B S 50k P A
T ZE W ZE i A A S R 0 53 91 22.96..110.26 kN,
SR FH -SR] — BRI S 370 425 118 2 IR 8 %) B Al 7 B
BRFRH = FRIFZ0 . X2 e S -
M50 2 7 v 2R T 6 B it T
Jite, "SR] A TG PN S SO0 2 IR FR) B AT Al ) R
ASTEHE I o R £ B it T S ) 30 3
(R R DAk Sy ) SR T IR i R A

94

73/ kN
86.660

I 55.900
46.540

H 40.240
34.450
29.330
24.350
19.390
13.890
7.656
2611
-3.669
-43.020

(a) = FIW%
PATANN
110.300
I 60.710
50.150
43510
38.400
33.100
28.220

23.620
= 18.910

13.570
7.749
0.656

-43.060

(b) Hh Sl AN 07k
10 AR # RIREH 9 m g b7 @ 4oy AT 4 ) = B
Fig. 10 Nephogram of axial force of anchor bolt at y =9

section of tunnel

JRAE SR o ST — B S T 42 4 2 T A
JIRT R = T2 R, Bk g 38 o e 22 475
TE AT 45323 BN 2 ) D37 i B s
PR , >R PP Sl = B S A A T2 R Al AT Y
EEF R 3 Bkt O ) S A T ] b
3.4 RN

eI IR R =36 5 BRI Z K]
SC5E R 5 RN TR = T2 5E R 44 T
Wy B AT o BRI 23 A, 3k 4 B Be i rp B 2
I35 P 11 ~ 14 iR



% 447 TRAm, 5 3R 55 B 2 R IEAR R 4 B T 5k T R ARALET R

FRF3/ (10 kN-m™) FR F1/(10* kN-m™)
46.530 40.956
28.620 35.979
22.032 31.002
17.191 26.024
13.626 21.047
10.660 16.070
8.203 11.092
5.933 6.115
3.954 1.138
2.087 -3.840
-0.050 -8.817
-2.407 -13.794
-19.956 -18.772
(a) =53 (b) H Sl AN 30 vk
El12 M 2RISR P R = B
TR H/ (10 kN+-m™) Fig. 12 Nephogram of stress of middle partition wall when
41.028 the excavation of the main tunnel at the shallow buried side is
26.828 completed
20.738
16.011 R/ (10°kN+-m™)
12.436 40.783
9.592 35.070
7212 29.357
5.007 23.644
3.053 17.931
1.278 12.218
-0.806 6.504
-2.978 0.792
-18.868 -4.921
(b) S - S B
-16.348
Y . NN _ . _ -22.060
B REM R LS MR IR R T iR = B -27.774
Fig. 11 Nephogram of stress of middle partition wall after (a) =ik
circular excavation of upper steps of main tunnel at shallow S/ (102 kN-m2)
buried side 41631
— 36.047
30.462
FR A/ (10 kN-m™) 24.878
45.871 19.294
; 40.386 13.709
. 34.901 8.124
29.416 2.540
23.931 -3.044
18.446 -8.629
12.961 -14.213
7.476 -19.798
1.990 -24.382
-3.495 (b) Hp Sl AN 307k
~8.980 BE13 M 2R LS B TS TR i = A
B Fig. 13 Nephogram of the stress of the middle partition wall
-19.950 . . .
when the circular excavation of the upper step of the main
(a) =% tunnel at the deep buried side is completed

95



5 T # %39 %

FRE S/ (10 kN-m™2)
40.763

35.043
29.323
23.603
17.883
12.163
6.443
0.723
-5.000
-10.717
-16.436
-22.156

(a) =ik

01/ (10°kN-m™)
41.645

36.053
30.461
24.869
19.277
13.685
8.093
2.501
-3.091
-8.683
-14.275
-19.867
-25.459

(b) Hh-Sil — B 470
14 [EE I8 TR P R R A & A
Fig. 14 Nephogram of stress of middle partition wall after

tunnel excavation

M1~ 14 0] LUE W, 76 28 0 T 42 0o 7
e, T 2 B P D e 0 1R R TR SR e 5
JEEAL 7= A= 1 Ny AR I . IR I A R
G IS5 ST, SR = 0 v 1 - 2 ) 5
Btk I 42 1 Je KN JI(E 5300 K 4.65.4.10 MPa; Y4
VRN 323 FF A2 BT A SR = R b R -
A BT 425 008 TR S o o ik 35k M A 1% 5
FIEAT 1K 4.587 .4.096 MPa. K1, 76 7 L0 FF 42
b A ep, SR S - S T T 7 R A R
A T B it 17 ) B T B4 B Ak T LA Y A

Wi 5 TR SN S 42 0 2R AT, v B 8k 1 Rz g 4
FER AR . YR R & B e
THIZ S5 AR, R = S0 | rh S - ) S 4k
TEHZ T3 580 00 d R B 3B 43 5 ol 4.078 L 4.163

96

MPa; 24 %8 4 5, o RA =8 W%k P S
) — BN 5 3T 3 T 42 0 d K N 1B 5390 4 4.076
4.165 MPa, X W i JF42 07 22 19 1 7 4R v Ao i
AR — 0, e KW I E RS Y

SR A E S D e e s S R NS B
A3 590 R FH = S T A0 b 3 — ) 3 v R TR
W FEAT 5t T 1], P o 35 000 o A A 357 BT
SRR RIS . TR T2 T U B IF 245
W I R R AR R BR A R LA
b, SR FH v Sl — B S 370 5 425 BE B A A5 b 4
FE VA TN 425 B R S 00 335 MO Ak ) B S . 6 e
K WP —Fh 4207 58 AE R T 1 ds i AR v 3 2
B LB R R T R 1 7

4 it

AHIF S LI P A8 L 26 e T A R 3 kR
oA TARTS 56, 8 2 f 3r = 4EBUE AR, X 78 i
MO T B = T 1 3 A v ] — B R Tk P R
T R FHZ S B AT R, AT X WA Z T R
R IE ST A 2R R A LA 458

1) BUEAGE R R0, 5TV 9 5 B
JEREIE , R = 50 5 5 b S T - 5 S vk 1 I
P27 SRR IR UE N T 4

2) MBS = R, v T - B S T AR R
TR SR £ v it T A%, IR AN 23 (4 2 )
AR TEAG — 5 R, H X R0 A 52 i AR /)N, ]
ZREANTE

3) FEF ] B 88 ) AR TR L BB Al 0 O i, —
SHRE LT 8 - B S BTk 7 FELE KIS
Sk =3 A s TIe el o s R 15 e s 81
o X PR IFAZ T ZIFEAN R FR B - 2 22 2
I 5, B VTR TR ) P61 5 158 ) AR T 5 7K -
WS R T45 F AR Y

4) FECTF =R, oS - B 5T T
T PR T S AP A AR B P DR A T L ER
TR I T P S A BORT — R b R T
Ao AR TR TR RGO, AT e % ek
FH S - B S BT

5) M T = FRE T R - B S Uk e
D i 98 70 332 SR 472 B vl 68 8 28 358400 58 2 284 0

b=



% 40 KA, 5 4R 55 B 2RI AR B B IR 46 T R ARALAT

BN A P BFgE V], TR, 2019, 27(2) : 277-285.
DOI: 10.13544/j.cnki.jeg.2017-503.

£ 2% X #k (References) : HUANG Weixin, WU Han, WANG lie, et al. A

[1] L8, WAL . WA o 25 mA gk ii ik & FgE comparison study on excavation sequence of

(2]

(3]

(4]

(6]

[J]. zg@ R 5 T8, 2019, 35(1) .
10.16544/j.cnki.cn43-1494/u.2019.01.018.
ZHANG Meiyi, CHEN Jiawei.

107-111. DOI:

Study on the urban
transportation hub city system in Hunan Province [J].

Journal of Transport Science and Engineering, 2019, 35

(1) : 107-111. DOI: 10.16544/j. cnki. cn43-1494/
1.2019.01.018.
Joil i . A M P 3 A B T A T 0 R (R AR 8L 40 T

[T, AR 51T, 2017(4): 89-91. DOI: 10.13616/
j.cnki.gejsysj.2017.02.136.
ZHOU Xinzhi. Numerical analysis on construction
sequence of shallow buried multi-arch tunnel under
unsymmetrical pressure [J]. Construction & Design for
Engineering, 2017 (4) : 89-91. DOI: 10.13616/j. cnki.
gcjsysj.2017.02.136.
RIEF, oA, w s . e i 3% SRR I 4t A0
OB S Ar 32 TR A e [T ). A 1 1%, 2008, 29(10)
2747-2752, 2758. DOI: 10.16285/j.rsm.2008.10.013.
ZHU Zhengguo, QIAO Chunsheng, GAO Baobin.
Analysis of construction optimization and supporting
structure under load of shallow multi-arch tunnel under
unsymmetrical pressure [J]. Rock and Soil Mechanics,
2008, 29(10) : 2747-2752, 2758. DOI: 10.16285/j.rsm.
2008.10.013.

s HR, I i 3%
J1%, 2007, 28(4):
rsm.2007. 04.017.

ZHANG Zhiqiang, HE Chuan. Research on optimized

BEIE PEALE T RIBFIELT ], At
723-727, 732. DOIL: 10.16285/j.

construction procedure for double-arched tunnel in

unsymmetrical pressure [J]. Rock and Soil Mechanics,

2007, 28 (4) 723-727, 732. DOI: 10.16285/j.
rsm.2007.04.017.
VRS, A, EARs . R W T 7 HE R 28 v 55w R

BLH St T2 o3 A (1] h‘Eﬁ%'ﬁTﬁ%ﬂi, 2010,
20(HEF]1): 2819-2826.

XU Chongbang, XIA Caichu, WANG Hualao. Analysis
of mechanism of mid-partition eccentric compression and
construction effect on super-large section multi-arch
tunnel [J]. Chinese Journal of Rock Mechanics and
Engineering, 2010, 29(sup 1): 2819-2826.

WAEHT, RIE, BN, . n AR B R E TTHZ U

(10 Bk4R , ki, 2R, % . ARRIJTH207 00 Ik

[11] T, 2475, Lid¥,

unsymmetrical loading tunnel in weak surrounding rock
[J]. Journal of Engineering Geology, 2019, 27(2): 277-
285. DOI: 10.13544/j.cnki.jeg.2017-503.

ZENE, ALIRTT, ZRE, AR S B A R 4 R Gl i T
S PR R I o347 [T ). 9 22 SRR R 224 4l (A SRR
SFRT) , 2017, 49(4) ; 485-491. DOI: 10.15986/j.1006-
7930.2017.04.004.

LI Hui, DU Shafang, LI Heng, et al. Construction
sequence comparison and numerical analysis of
Benlongping shallow and unsymmetrical pressure multi
tunnel [J]. Journal

arch of Xi'an University of

Architecture & Technology (Natural Science Edition) ,

2017, 49 (4) : 485-491. DOI: 10.15986/j. 1006-7930.
2017.04.004.

RGBT, UL, SR ELA IR % HE R E
1R A B T AR SR g [T, 2R TR 2440, 2017, 50

(H57]2): 66-74. DOI: 10.15951/j.tmgexb.2017.52.011.
ZHAO lJinpeng, WANG Xiuying, TAN Zhongsheng, et
al. Study on the reasonable construction layout of main
tunnel in unsymmetrical loading multi-arch tunnel with
weak rock [J]. China Civil Engineering Journal, 2017,
50(sup 2): 66-74. DOI: 10.15951/j.tmgexb.2017.52.011.
XKL, VR, XB/INE, 2 i I 12 45 B T TR Bk v e 4
Js T J7 2 R PR ST (). sl B2 5 TR, 2021, 37
(3) : 50-57, 77. DOI: 10.16544/j. cnki. cn43-1494/
1.2021.03.008.
LIU Chang, LIU Hui, DENG Xiaozhao, et al. Study on
construction mechanical characteristics of unsymmetrical
widdle wall in biased double-arch tunnel [J]. Journal of
Transport Science and Engineering, 2021, 37 (3) : 50-
57, 77. DOI: 10.16544/j.cnki.cn43-1494/u.2021.03.008.
R 5 % i
Fil 5 A PR XS L2 BT (0], TR BT 2 4, 2018, 26
(4): 866-873. DOI: 10.13544/j.cnki.jeg.2017-332.
GENG Zhao, ZHANG Bin, LI Weihan, et al.
Comparison and analysis on surrounding rock stability of
bias large span tunnel with different excavation methods
[J]. Journal of Engineering Geology, 2018, 26(4) : 866-
873. DOI: 10.13544/j.cnki.jeg.2017-332.
S5 TR B Bl R T
HER J5 12 KR E e H RS (1], AR EHR
(4% 1047)
97



Xo@ A

5 T 2

%39 %

[10] 2ok, FFIa, sk, 5. T BRI R HUE +

(1]

SCHFIRSO BRAT S 23 A [0 ). e L TR 240, 2020, 42
(6): 1101-1107. DOI: 10.11779/CJGE202006014.

QIN Huilai, ZHOU Yuqi, HUANG Maosong, et al.
Passive earth pressure analysis of berm-retained
excavation by upper bound method[J]. Chinese Journal
of Geotechnical Engineering, 2020, 42(6) : 1101-1107.
DOI: 10.11779/CIGE202006014.

B, BREE, REVEE, 55 55T M-PREMIHTIEAESL
PR E T[] A R, 2015, 36(2) : 451-
456, 469. DOI: 10.16285/j.rsm.2015.02.021.

LIANG Guanting, CHEN Changfu, ZHU lJianfeng, et
al. Stability analysis of pile stabilized slope based on

Morgenstern-Price  method [J]. Rock and Soil

Mechanics, 2015, 36 (2) : 451-456, 469. DOI:
10.16285/j.rsm.2015.02.021.

XS AT AT 34 5% FT 0 A A L BR 23 #r
[D]. #| K. = K K2, 2015. LIU Jie. Upper bound
analysis of stability of retaining wall and anti slide pile
with different displacement modes [D]. Chongging:
Chongqing University, 2015.

PRI & AR A7 5 RS [ ML S ok, 3% . Jb st
N RAZH H A, 1995.

Chen Huifa. Limit analysis and soil plasticity [M].
Translation..

Zhan, S. B. Beijing:  China

Communications Press, 1995.

(REHE: FF ;B BOKER; R HE A FH)

(E#F977)

2018, 55 (4)
mtt.2018.04.024.
WANG Daoyuan, YUAN lJinxiu, WANG lJiping, et al.

178-185. DOI: 10.13807/j. cnki.

Fast entrance excavation method and stability control
techniques for a shallow tunnel with uneven rock
pressure and a weak rock mass[J]. Modern Tunnelling
Technology, 2018, 55(4) : 178-185. DOI: 10.13807/j.
cnki.mtt.2018.04.024.

(12 ] BURAN, FEWIAR, A0 . XSG R 18 P 0 T3k At T

104

1oy M 0], A 012 5 TR, 2005, 24 (3 1)
2): 5727-5732.
JIA Yonggang, WANG Mingnian, DENG Dunyi. Study
on construction mechanics of two kinds of construction
methods for double-arch tunnel [J]. Chinese Journal of
Rock Mechanics and Engineering, 2005, 24 (sup 2) :
5727-5732.

(BREHRE TR TR, HXHE L EH)



