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Abstract: Aiming at the many uncertain factors in the large deformation risk assessment of deep lying tunnel in complex
mountainous area, this study proposes a novel evaluation methodology for squeezing tunnel large deformations based on combined

weighting method and unascertained measure theory. Through systematic investigation of large deformation characteristics in high-
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stress deep-buried tunnels, an evaluation system comprising seven core indicators was established, including the rock compressive
strength, elastic modulus, maximum principal stress, surrounding strength-stress ratio, geological structure, surrounding rock
grade, and groundwater. By employing a distance function to integrate the analytic hierarchy process (AHP) with entropy
weighting method, it developed a combined subjective-objective weighting model that achieves scientifically validated weight
allocation for risk assessment indicators of squeezing tunnel large deformations. Based on unascertained measure theory, this study
establishes a risk assessment model for large deformations in squeezing tunnels. The model employs linear single-index measure
functions to construct a measurement evaluation matrix, and utilizes confidence criterion for determining deformation risk levels.
The model was applied to four representative soft-rock tunnels with large deformations: Yangjiaping Tunnel on the Chengdu-
Lanzhou Railway, and Lingdana, Langzhen No. 2, and Jiangmula Tunnels on the Southeastern Tibet Railway. Comparative
analysis with actual deformation data demonstrated strong agreement between model predictions and field measurements. These
results validate the model’s effectiveness and accuracy for risk assessment of large deformations in complex mountainous deep-
buried tunnels, establishing a novel approach for such geotechnical evaluations.

Key words: large deformation tunnel; unascertained measure theory; risk assessment; combination weight model; credible degree

recognition criteria; engineering geology.
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Table 1 Statistical analysis of key parameters in typical squeezing tunnel large deformation cases
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Table 2 Mapping relationship between indicators and large deformation grades
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PRI — B PEFE A5, RIBUE A A R 0 E
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(WAL ) o DR B B S e R 28 T B4l () e 1 LA
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Fig.2 Geological profile of Yangjiaping tunnel
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OLF5NFL , Hu i 7703 25 5 36 4 iR . A 03k v
N, B KAKF E 0 ) 07 11 N32°~61°E, 5 %
FERE I 4 2 9°~38" K M AH AL . FE CLTL-YJP-01#
Bl fLHE R 349.8 m &b, S f KK S 3 N ) E 3k )
23.37 MPa, i 7R & K S, >S,>S,, H AN 71 & %
h1.71~2.48, 75 A B Ik IX A A4 3 1 S SRR AE i 4
SEEIE T o 1] L W7 24 X 3 DL K S 1 A ok 32
L OMIE 273

FE T 4% 58 1 g 18 AT 1T 2 B %R, 2R Zhou
et al.(2021) ¥ H Y 455 7 ¥ 1 8 M Bt ) 2 A5 A O
HEAT WS R 43 . AR 5 )2 ) 2 S 80E o = NI
M TRE GG E (RD).

3 2o 31 S 2T A3 BT, B A b 98 BT IR T 2
ENCENVIPNCSIGERONE SR 70 ik @y
DK1114220, K k¢ ] #5 250 m) (938 18 5 = i) 3 W

F1 8t 4 (B 5) , B 8 = ) £ B F1 43 (S, S,, S))
147396 3 M S ORI A I A oG R R F R
AR A S B E ARES VR T R OROKCOE
S /N KSE F R F3 S, N ) 3N S, #Y e E
4y %k 8.9~32.6 MPa. 5.3~19.1 MPa ., 6.3~
21.6 MPa. & 41k X AN & ) = %0 1.41~1.51, GIE 58K
A i N A 5 YR T S %A S I K R B
D 235 SR A B3, 2E— 20 BDIE 1 R 1T Il W A A7
TEIKFA8 18 10 AN H18

TR R 15 EE T X YD2K112+020
Bl AL ST B 5 = 2 O AE R (L 6) , e KROKFE &
I 77 Sy HR /K FE R F3 S, IR BN HT S, B4l AL
SN NASE UL 2 L R B R MR B K AT A
Su>>S,>S,, = I I Sy 1T 3 A X R 25 43 5 N
6.63% .10.21% F16.59%.

R3 BREBESANZFEELSY

Table 3 Basic parameters of rock mechanics of Yangjiaping tunnel

ORI E /WA 34

Ak B p(g/cm?) PP HE v (m/s) 5 (MPa2) # VLR E(GPa) NER /N
2.71 3781 12.25 2.01 0.28
e f THCE 2.74 4021 16.32 1.30 0.25
2.77 3802 20.61 2.19 0.22
M 2.74 3868 16.39 1.83 0.25
2.72 3869 13.22 1.82 0.25
BT A 2.74 4117 21.37 2.05 0.21
2.73 4225 33.62 1.59 0.26
P-4 4E 2.73 4070 22.73 1.82 0.24
F4 BHREFE CLTL-YIP-01#55 7L b 57 ik 25 3
Table 4 In-situ stress measurement results of borehole CLTL-YJP-01# in Yangjiaping tunnel
P (m) e RIKFE ) Sy(MPa) M H E NS, (MPa) e/ E R T S (MPa) I KK 3R 3 77 17
340.6 15.73 9.20 8.52
343.6 17.22 9.28 9.57 NE32°
345.3 20.42 9.32 11.10
347.4 21.31 9.38 11.42 NE44°
349.8 23.37 9.44 11.99 NE61°
350.6 22.35 9.47 11.53 NE55°
x5 BREBEEFEHENZSH
Table 5 Mechanical parameters of rock mass and faults in Yangjiaping tunnel
AR BPEBLE E(GPa) AR/ A W p(kg/m”)
il THCE 1.83 0.24 2770
T At e 7 )2 1.10 0.31 2300
g1 T-BUH Je 1 58 ik 2.25 0.23 2750
THCH FR BT KU DR 2.53 0.22 2750
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Fig. 4 Three-dimensional principal stress contour map along the Yangjiaping tunnel
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Fig. 5 Characteristics of axial in-situ stress field in Yangjiaping tunnel
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BT 23K 6, TR AT 454 S BT Ik T8 R X B
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282 X Bt i A 7 K AR I T A 1 AR SL I (£ 6)
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N
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F6 BERITFEARRXEEZIFMHMIERIE
Table 6 Values of evaluation indices for typical sections in Yangjiaping tunnel
TEAN F6 b
FEA P 5 % 18 LA ik [l 25 4 i)
G 0 oo E K S W
1 DK111+770~DK112+ 282 gl TR v 24.80 16.39  0.22 1.83 45 50 25
2 DK113+150~DK1134+ 360 ST v 1485 16.39 036 183 45 55 55
3 DK1134360~DK113-+690 e T HCA Y 19.84  16.39 0.27 1.83 45 5.5 5.5
4 DK115+092~DK115+ 302 LA THCE vV 29.82 16.39 030 1.83 45 35 1.5
5 DK115+450~DK1154 650 e THCA V 19.65 16.39  0.28 1.83 55 55 55
6 DK116+356~DK116+506 gklle 0 T HE Je A B ik v 1440 20.35 047 225 45 50 55
7 DK116-+506~DK116+783 gklle A T e Je A e ik v 20.16 20.35 033 225 45 50 1.5
8 DK116+783~DK117+250 TR v 28.40 1553  0.18 131 45 55 4.5
9 DK117-+346~DK117+401 gkle T H Je A B ik i 26.12 1592 033 201 55 45 4.5
10 DK119-+910~DK119-+970 ghife T #E Je A e ik v 26.37 1835 0.23 225 45 50 25
11 DK1234060~DK123+ 600 B THCE KA W v 16.45 21.78 044 253 45 50 25
KT FEEBEXRTEESIENIERNE
Table 7 Weight distribution of evaluation indicators for squeezing tunnel large deformations
P FE AR . o, 64/ Gnax E K S w
F WAL E w,(AHP) 0.052 0.164 0.157 0.164 0.274 0.052 0.137
FIALE w (EW) 0.309 0.013 0.149 0.057 0.131 0.059 0.282
A TRAUN E w 0.151 0.106 0.154 0.123 0.219 0.055 0.192

282 B o, it 55wl 45 M0 B ) & o - £0.045,0.721,
0.217, 0.0161. # #5 & 15 B P00 J5 ) ( £ 0% i
1990) , B A5 B ABL 0.6, XF K AE &AL A BE4T 1 6 M R
#, C+C, =0.045+0.721=0.766=> A =0.6, 1] 15
P=2, BORFEAR N C P R R AR TE ) , 5 337 W
— L [F P A A A L0 R AT B R, ik
8T .

TR IFRERIE 1141 K AR TR A 1 A 5 A1

JEVEH 45 2R (32 8) , B AL 5 35 90.9 04 , AL 5F 8 41
RASFEREA RN CoZ (vh 3 RALIE , SEbr o B2 4
KA ) A T AE 52 bR A% o N ROR BAF, 8 4E
A7 15, A L DX PR S % 1 728 B XU A 42 416 T 81
VAR D7 58 50 S A RAZIE REAR M 5 52 P S5 AT
—E A AT REIR T g TR A A S0 L B
PG5 R W G B DN I, BR S i T AP 2 4 S o S
O K if BORE A [l 7y ) 22 2 8 25 AR PE 2 BRI SR
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Table 8 Risk assessment of large deformations in typical sections of Yangjiaping tunnel

SR N R

P55 W i B AR — Fe bR RAE I 5
C, ; C, C, BEESES
1 DK111+770~DK112+ 282 0.045 0.721 0.217 0.016 %% =
2 DK113+150~DK113+360 0.190 0.501 0.180 0.128 B B
3 DK113+ 360~DK113-+690 0.190 0.418 0.263 0.128 =30 B
4 DK115+092~DK115+ 302 0.286 0.535 0.179 0.000 E=30 B
5 DK115+450~DK115+650 0.190 0.204 0.478 0.128 w2 A
6 DK116+356~DK116-+506 0.386 0.376 0.110 0.128 i LY
7 DK116+506~DK116-+783 0.461 0.456 0.083 0.000 i B
8 DK116-+783~DK117+250 0.000 0.334 0.606 0.060 2 B
9 DK117+346~DK1174401 0.123 0.353 0.524 0.000 4 4
10 DK119+910~DK119-+970 0.123 0.670 0.207 0.000 i i
11 DK123+060~DK123+ 600 0.350 0.616 0.034 0.000 i i

P s ey A 0 DR I 2 A 5 B TR AP R SR SR IT
2 2ok B o UK R T i R R AR Can e S50 3 | ¢ v )R
JE ), 95 e 3 A4 1E #1155 2 K 65 5 BT L TR
P B 7 2 e v K st B ) BT RO AL BE GE R AR
TE XIS 437 B A4 T, IF: 2 25 98 B R AR T fG I 1 S5 4
X — T VA BT S A M R S 20T 4 B i R AR
FE XU , it T2 4= 4R I RE 2 KA
3 REEHIEXIHXRE

LT AR B R DA R R ) R R A6 B R
I 2R 255 2 B B S B T Ak R AR g
TR, 3 2 H S8 H R AT ™ B T B, Bt
WG R | B DAY S 4 R, T A A 20 T AR R
P [ A AL T A R AT B DR IR 45 A 4 4 5
o 2% 3T TR 1 A ) B G R S R AR IE BRI
2 S ERNTIPNGSS AR RN AP Y
U 9 2 10. % 18 K AL TR Il it 1 i, B4 4
S K ECHR e P K A R T 5 B T R S I
T2 [R) 8, 340 ] 3 ik AR b 5 | T AR N 2 | AR
P BUZ R Al A R AR 1] T S 25 Bl B A
b 5 2 BT BR R AL 4R = SCP H i A BEA Z )
EH .

4 WZRRIE TRRUE

JFE 5 T A 5% Kk B 27 AT R e DA O M Ak
TV RE A B 5 WP A Bk 5 Z0 4 A A O T R IX L %
X BT 2R AR MR UK A 3 a2 2
F . 2 R 5 AT K ZR R AR D) R e T 4R M
AR AR S, TP R85 20 85 8 A L0 M b B O R A

TLH BRI VR R RS G (48 & I =5 LA
A5 ) AE it T 2ok R v SRS 8 [ S K AR T R R % X
B 2 DL T MO R R e A A RRD A 52
FUkg i AE s, A R R E H T
ARSI RG T AR R e S
AR, 2B v — A% s MR ) SR B B B 42 R R
BB BOEA 7 A R R R B B R AR R L X
Tl i, 53 4 8 55 107 0 PRI O RR IR A 6, 1 45 32 DX S8R Bk
TE TR T R A R AR T U KUBS: 7 R i T
LR

N T — A B B T B T K AR A I T T
i 14 A A JH 00 R A R g R AT M SR R A
AR SCE Ak M T B % B W L 5 Sk o B
B T2 L 46 5 TR WA T Ak 6 8 A VLR R It 4 ik
= BB TS TTOR R4 3 R LRI AR A %G TP LA R
TR iR 11 TR .

2 B2 R A Mk R RGE RV B A T 1) 3 AR
IS AT SRR ARG A K (1) ~(10) , iH B AT A3 A
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Fb Ml A T RS O B R K B 45 A RO B RO
K M 0.257.,0.033,0.200,0.104,0.197.,0.078 ,0.131.
BEF AR A0 B e KT SR AR A L (11) ~
(14) , XAk 8 WIBH 5 VTR PLAE 3 )4 3 30 40
W% I T B R B G W6 M VE M M 45 R R (%
12), 3 JAE & 18 19 R AR TP fi5 o 55 90 e 45 1 5 L 3 52
PRASTEAG L 5E WA, S00E T % PE M 7 ik i ol SE 1
A A 4 M TR R S R G G TR 56 E 2R W, AR B 5
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Table 11  Large deformation monitoring data for typical soft rock tunnels of a railway in Yarlung Zangbo River area
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Table 12 Risk assessment of large deformations in typical soft rock tunnels of a railway in Yarlung Zangbo River area
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