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Abstract. Multi-arch tunnels without middle drift were widely applied in regions with complex terrain and unfavorable

geological conditions. However, the mechanisms of structural stress imbalance and mutual disturbance between the two

caves during construction remained insufficiently understood. Based on Xiazhai Tunnel Project of Xuanhui Expressway

in Yunnan, numerical simulations validated by field monitoring data were employed to analyze the mechanical response

throughout the construction process of a multi-arch tunnel without a middle drift under different burial depths and bias

pressures. The results indicated that the right shoulder, middle wall and right arch foot of the first tunnel were identified

as dangerous areas, and the displacement of the first tunnel was significantly impacted by the construction of the

following tunnel. When the bias angle was 25°, the vertical displacement of the right shoulder of the first tunnel caused
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by the upper step excavation of the following tunnel reached 25.9%. The horizontal convergence of the lower step line of

the first tunnel was found to be significantly higher than that of the upper step line, and the middle wall and the right

arch foot were identified as key stress concentration areas. Increasing burial depth was shown to enhance the self-weight

stress of surrounding rock and thus increase the absolute deformation of the structure, while the strengthened

confinement reduced the relative contribution of disturbance induced by following-tunnel excavation. Under increasing

bias angle, the displacement on both sides of the bench line exhibited a left-leaning tendency, and the structural load-

transfer path was altered. The initial support and secondary lining were most unfavorable under the 13° and 25° bias

conditions respectively. The results demonstrated that when the buried depth exceeded 40 m or the bias was greater than

13°, the support of the middle wall and arch foot should be strengthened. This research provided a quantitative basis and

engineering reference for stability control of multi-arch tunnels without a middle drift under complex geological conditions.

Keywords: none-middle drift; multi-arch tunnels; numerical simulation; mechanical behavior; bias effect
Received : 2025-11-24; Revised: 2025-12-17; Accepted: 2025-12-25; Published; 2026-03-20

0 5%

i 5 T 6] v R % A 0 ) P L DX AR
BAMIE 5N B i S0 B T AR B H S5 T R
BT AL BRI RS A R R i T
PRI = X107 517 BT w2 ol UK. S U I S (17
o R ol e i N ) SN R AT BEE S
A KA, Fr 28R BUEE X ME 19 A2 8 458 il 1if
Jiti O, RIS R, S 2l A BIR ) O ek i |
M SRR RS, /NG R S HE R B 7 € H 2532 2
B, T HAE Z RS X TR 2 R, LR T
E R IA BRE S 2 B

C AW I J7 2 | BB A it T4 20 45
DT ERE S INGRIE R TR T R T R R R0
9% BT NGEHER R A HE R 32 35 i e
BWAGE, N JF ST B T BIE R AT B,
2 AT R AL S I AT R R AR AR T Y
FBLA N ) B AR BB X Y B S R TR R AR | 35 Hh 3
TRATHEES HE R bRz RS B B E
Wit AR R RS A eI T WS — 1
7N T AR 75T B AN 34 50 fop A5 38 | 25 40 25 143 AT
K SGRE B R A, R e B i) e v i AR T
WG Be Al A T I T 0 2 AR R
G T A AR AR ] 5 R 032 J7 052 i A 2
(TFEE 5 SR R AR A T BT et o)

PO A BT b S Tk SRR g Tk
S TR AR ) HE R T8 O T SR R ik
R S O 2 O =t U 7 ) I A W B B 7
By S 7 45 4 it A 5 PR B 10 28 5F AR 5 R ] A
AR AR % R R T ) B T 2 1] it
TAHE TR, FESGATIR L 450 R GEIE i R 419
Z IR ZET, AT LA A A TR 32 J1IRES , 5

FHEO GRS R AR R S [ 2
ORGP D0 b R B T8 T4 AR 1 32 17
T B %t T JHG 4544 32 TR T T X B R 2,

T AE B i I 55 B AR D5 T, 524 M il 5
SN BEIE T T2 A5 A RIS . ARk
LG G W 265 5 LR RS HORTE R IE I
a2l RN IVASE RR E ) RPN B W T i i
PRI 2= B, AT 41 T T 300 S e ) 1 i
SRR A RGN RE 2

X AL R R I, B P E R T
A PSR 2R Y T A — 4 AT
ot/ = ARSI PR — SRR E 0, B B2 AR R
[RIHE TR — AR i e 7 2 25 PR R 2 T B D00 30 i
it T Ay i (RIS 5 A ) 52 1 -2 e
G AR RGOS, A7 I P sl X e i i
TR R TE 7R . 2T A BT S T
FEf K AW FARSE o B 2wl T ZER%IE TR 45
FHG WIS FLAC™ BUER T 5, A [A] LR
SN[V i A 2 B R ST SR ARG, BEIE N A
5 TR T3 A% s D00 5 B 300 S A S B A7 Y
M 7R AIE 5 X6 M 00 A - (A AU 285 SR A5 X L LA
SE ISR G0 UE ;A4 ) T OSSR 3 B 2 R i
FRAERTEERGRIRS T 52 93 53 A B 2 0 5 s AL AT iR T
FERS AT B AZ I 55 R A7 68 sk PO HEE |
st PSS SG B O AT AL R, B2 B TR &
O A T o A U o S ) — A AL Y i it
P, ARBTFERA LR T M R al SErE IR om 1A
X TR SEBRAy & A

1 EFRHEPRETHENA

1.1 ZHERIENDS
SRR TEAR, TSR TEAELE TS



8 EH 1M

ABR, A Jorh SRR T T 2 S b 45

] B4 T SR 2 A T SR A Al 2R A A e i 4t
B A RS AE R . BART R, 7 5 S BT Y
FHZEVRA, 155 HAd it T se Bt ik BRI A,
JA SRR T AZ AR , P 22 T PR R 2 [ B A
(EAR IR, Ja A7 T 40 0 S 3 ) B 2R 5 R 5

11

D,~12.38 m

T LA G 254 T 2 38 23 95 308 30 5 2 A7 IR 7 9 52
PSR A HE R e i i

Horp iy =B Z O+ T3k, 517
KW B R A A TR A TG H T R R T 2548 W
TS0t T T 1 s,

P

2

BT il T TS 5 R B A

Fig.1 Construction process and key points diagram
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Table 1 Coordinate information of key points
KB J)g (DA Aefr/m
Py AR HETH (-7.108,8.847)

P, JETRYIZ HETH (5.979,8.804)
P, FeATIWIX BEEZEM  (-12.376,5.187)
P, TP EAMLAM (-1.030,5.137)
Ps  SeATIRRIZ N AMLAM  (-12.907,2.296)
Py SEATIRYIZ BOEAM (-0.524,2.218)
P, EATIRVIZZ BN (0.173,3.632)
Py JEATIAPIZ  BE&AM (12.319,3.627)
Py SEATIA A HETR (-7.047,8.150)
Py JEATIR A HETH (-5.840,8.195)
P, EfTRA B ZEM (-11.648,5.091)
P, SEATIR A BHLAM  (-1.755,5.038)
P SEATIR A BRLLEM  (-12.193,2.173)
Py AT A BEEAM (-1.358,2.110)
Py JEITRZAT BB (0.818,3.548)
P JEATIRZR AL (11.674,3.544)
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Table 2 Constitutive model and material parameter table of surrounding rock and support of models

VA AR E/GPa I ¢/MPa ¢/(°)  y/(kgem?)  JEE/m
FlE (V 40) JEE IR -PEAR 1.00 0.40 0.08 20.00 1 800
i g il
LB b T 31.50 0.20 2 380
SEATE A HPE G 32.60 0.20 2 340
T X EEIR - FEAE 1.50 0.36 0.12 20.00 2 000 3.50
WIS HPERRIT 31.50 0.20 2 350
JEATIR WA PRI 32.60 0.20 2 340
HEH I X EEIR-FEAE 1.50 0.36 0.12 20.00 2 000 3.50
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Fig.2 On-site surrounding rock condition of Xiazhai Tunnel
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Fig.3 On-site bias condition of Xiazhai Tunnel
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Fig.12 Horizontal convergence diagram of primary lining
at upper step line in the first tunnel in different burial depths

Fig. 13 Horizontal convergence diagram of primary lining
at lower step line in the first tunnel in different burial depths
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Table 4 Horizontal displacement of primary lining of the first tunnel in different burial depths
SEAT R R By AR BB PN g
. s ”;“\, kT “%{\, SATIR AR AT AR
ZE 7K~ ﬁ 7K~ ZE: 7K~ ? 7K KU 8/ mm KT 8/ mm
%%/ mm fi#%/mm fi#%/mm {1 #%/mm
20 0.25 -0.15 1.14 -2.64 0.40 3.78
30 0.84 -0.93 2.92 -5.39 1.77 8.31
40 1.93 -2.54 5.55 -9.68 4.47 15.23
60 6.81 -7.81 15.52 -21.56 14.62 37.08
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Fig. 14 Vertical displacement diagram of secondary lining
at top of the first tunnel in different burial depths
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Fig.15 Vertical displacement diagram of secondary lining
at arch shoulder of the first tunnel in different burial depths
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Table 5 Settlement at the top and arch shoulder of secondary
lining of the first tunnel in different burial depths

A7 177 & P —
%%/ mm i #%/mm

20 m HETH -0.43 -1.98 217 783
30 m HETH -0.41 -2.64 15.5 84.5
40 m HETR -0.27 -3.20 8.4 91.6
60 m HE T -0.20 -4.53 44 956
20 m #bJH -0.40 -2.01 19.9 80.1
30 m #t)8 -0.41 -2.80 14.6 85.4
40 m #t8 -0.27 -3.54 7.6 924
60 m #t/g -0.19 -5.22 3.6 96.4
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Fig.16 Horizontal convergence diagram of secondary lining

at upper step line in the first tunnel

in different burial depths
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Table 6 Horizontal displacement of secondary lining of the first tunnel in different burial depths
SeATi B B By FeATI TR BB P g
. - . SEATR LA AB JATR R B
HR/m ZEfoKF fKF ZE 7K HKF Tl 4 Tl 4
- N - N APUE/mm KIS/ mm
{57 #%/mm {57 #/mm {57 #/mm {37/ mm
20 -0.12 0.45 -0.39 0.15 -0.57 -0.54
30 -0.20 0.48 -0.59 0.14 -0.68 -0.73
40 -0.26 0.46 -0.75 0.14 -0.72 -0.88
60 -0.34 0.48 -1.07 0.15 -0.81 -1.22
VIR RS IERR F RS
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Fig.18 Maximum principal stress of support structure in different burial depths
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Fig.19 Minimum principal stress of support structure in different burial depths
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Table 7  Stress of supporting structure of two tunnels in different burial depths

BRI AT ECR N S/ MPa ST /NN 1/ MPa JEATIR R 0 1/ MPa

JE TR & /N F R 1/ MPa

20 m ¥ 3Z 1.86 -18.33
20 m —4f 1.02 -7.34
30 m HI 2.09 -22.36
30 m —4f 1.70 -9.75
40 m ¥ 32 3.02 -24.66
40 m —%} 1.48 -11.28
60 m ¥ % 4.79 -38.24

60 m —4F 2.00 -19.09

2.44
1.03
1.48
1.44
3.79
3.79
4.79
2.18

-16.57

=7.57
-22.36

-9.06
-16.63
-13.60
-38.28
-16.49
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Fig.20 Vertical displacement diagram of primary lining
at different key points in the first tunnel under different bias
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Table 8 Settlement of the top of primary lining
of the first tunnel under different bias

A TR JEATR p -

T %ﬁ%mgmiﬁg@ Lo

1 #%/mm 1V #/mm ‘ °
Jo A HEBE TR -8.45 -11.38 74.3 25.7
ImIE 13°8ET -8.65 -11.57 74.8 25.2
ImE 25° 8T -9.66 -13.15 73.5 26.5
Joim EHE -9.47 -12.80 74.0 26.0
fRHE 13°8tH  -9.68 -13.07 74.1 25.9
R 25°8t)H  -10.87 -14.95 72.7 27.3
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Fig.22 Horizontal convergence diagram of primary lining
at different key points in the first tunnel under different bias
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Table 9 Horizontal displacement of primary lining of the first tunnel under different bias
‘ JEATI LT B SRS B ST AR R A
D 175 B ZEMAKE FKE LMK K K8/ mm IR S/ mm
{3 #%/mm {7 #%/mm {7 #%/mm {37 #/mm
To & 1.93 -2.54 5.55 -9.68 4.47 15.23
1 13° 1.57 -3.22 5.59 -10.38 4.79 15.97
1 [T 25° 0.69 -4.64 5.30 -11.41 5.34 16.71
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Fig. 23 Vertical displacement diagram of secondary lining
at different key points in the first tunnel under different bias
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Table 10  Settlement of the top of secondary lining
of the first tunnel under different bias

SUEATR EATIRITZ

WML PR soRts o0 0
fi#%/mm  HiF%/mm
Je i R HE 5 -0.27 -3.20 8.4 91.6
P& 13°HE -0.38 -3.29 11.6 88.4
fRE 25° L -0.38 -3.87 9.8 90.2
Teth R HE A -0.27 -3.54 7.6 92.4
fRJE 13°HEH  -0.39 -3.73 10.5 89.5
R 25°8F  -0.38 -4.45 8.5 91.5
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Fig.24 Horizontal convergence diagram of secondary lining
at different key points in the first tunnel under different bias
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Table 11 Horizontal displacement of secondary lining the first tunnel under different bias
ST L b AR A i Ll T
IR Zemkor A ZEMAF KT s mm KPS mm
fii#%/mm £ #%/mm £ #%/mm fi#%/mm
e -0.26 0.46 -0.75 0.14 -0.72 -0.88
P JE 13° -0.49 0.15 -0.94 -0.02 -0.64 -0.91
i FE 25° -1.06 -0.33 -1.46 -0.33 -0.73 -1.14
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Fig.25 Maximum principal stress of support structure under different bias
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Table 12 Stress of supporting structure of two tunnels under different bias

fIERA AT R R N T/ MPa ST NN J1/MPa JE AR B R E N ) MPa

JEATi Fe /N T3/ MPa

T =] 3 3.02 -24.66 3.79 -16.63
JoAmE 4 1.48 -11.28 3.79 -13.60
TR 13°%) 32 4.81 -26.89 4.81 -26.89
IR 13° — %) 2.10 -12.49 2.14 -15.26
I FE 25°W) 32 3.21 -33.32 4.68 -30.97
s 25° — 4t 2.33 -14.74 1.75 -14.84
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