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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-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, we 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.
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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 of a railway in the Yarlung Zangbo River area.
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.
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Table 1 Statistical analysis of key parameters in typical squeezing tunnel large deformation cases
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Fig.1 Technical approach for risk assessment of squeezing tunnel large deformations
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Fig. 4 Analysis of large deformation catastrophe characteristics during Yangjiaping tunnel excavation
32 IRXEARKEHREEKIEITMN
WU =R X PR TE A, AR (RS ARl 5 2hn i) (GB/T50266—2013), fil{E Nmifetl
2: 1R AEIR A A 288 A T HUE RO 5t T-HEE 15 73 AT A 16 o B0k SR A T HEa MR BT T4
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Table 3 Basic parameters of rock mechanics of Yangjiaping tunnel

ait B pl(g/em’) YRR v/ (m/s) IR IERE o /MPa HMARE E/GPa JHIALE v
2.71 3781 12.25 2.01 0.28
SFRATHRE 2.74 4021 1632 1.30 0.25
2.77 3802 20.61 2.19 0.22
Fi9E 2.74 3868 16.39 1.83 0.25
2.72 3869 13.22 1.82 0.25
RRTFHE 2.74 4117 21.37 2.05 0.21
2.73 4225 33.62 1.59 0.26
Fi9E 2.73 4070 22.73 1.82 0.24

B HAFET RIS, S A THCE 5 T HUE I B H I 22 000E 5 51 8 8.5%F17.6%,
WRIERZI S 7 b e CATIEASE, 1999), MR TS5IK A BRI (10%), HeAE % bEE T-HUE B AR 1
=K.

3.3 N MR R WIta R S35 R S R

I K B v N AR AE ) K BEREE 15 B T X YD2K 112+020 ff 3 47 B CLTL-YIP-01#4%45 5L, Hb
TR S SRAN R AT o FERIR FESE B, 5 KK 328 777 [MIN32°~61°E, 547 2K PF BE il il 2 ££.9°~38°
FAAHZZ o FECLTL-YIP-0 1455 FLIHR349.8mAtk, S i KK 1 F B JJEIE £23.37MPa, MR NSy S,
>S,, HAEIIRECN1.71~2.48, FF6RENE X IRIE B I . 245 REDIE T 1] il B 3Ry X 3R LK P
AP A ERCIOPAES78

R4 BHRIFBPFE CLTL-YIP-0I#5EFL Y I ER
Table 4 In-situ stress measurement results of borehole CLTL-YJP-01# in Yangjiaping tunnel

#R/m F|RKFERS Su/MPa BEINSS/MPa BNKFERT] Si/MPa BRKFERNTIR
340.6 15.73 9.20 8.52

343.6 17.22 9.28 9.57 NE32°

345.3 2042 9.32 11.10

3474 2131 9.38 11.42 NE44°

349.8 2337 9.44 11.99 NE61°

350.6 22.35 9.47 11.53 NE55°

BT M ZR PR E M S Bk, SR Zhou et al. (2021) $2 Hi (1 @A 5 i b g b 5 ) 2 A 20 3 kA7
PR R o) AR SR S Bl B AR TRER A SRS E (RS,
®5 BHRIBESGSHENFESH

Table 5 Mechanical parameters of rock mass and faults in Yangjiaping tunnel

Eeyue il HHEE E/GPa AL v B p/ (kgm’)
SRATHA 1.83 0.24 2770
FELLFHHTE 1.10 0.31 2300
FRATHE LA 225 0.23 2750
FRERKRTFHE. RRKE 253 0.22 2750

IS D TR IR AT, BE MR IERRE R = BN (5. BT REREERZE G
DK111+220, RFEEEE250m) MRS = w8 dE S (Ble), Bl =M ER 150 &E (S, Sh S K
U BE ORI N @) EAE G, HFEE T R AR A E SWIET R SR, RAOKFEFERI IS /b
I T2 N 78, F0 R ] 32 N 1S, B AE Y5 B0 1) 8.9~32.6MPa. 5.3~19.1MPa. 6.3~21.6MPa. Pk Xl JE /1
BHON1.41~1.51, UFESOKPRIER 1 518 ST . 1245 B 5 K s B R g A B, k25
UE T el 1l B A AR R KA I 7 32 5 1N 1937
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Fig. 5 Three-dimensional principal stress contour map along the Yangjiaping tunnel
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Fig. 6 Characteristics of axial in-situ stress field in Yangjiaping tunnel

BT MR PEREIE 1 585 1T X YD2K 11240204, FL Sl $ds 5 = 4k /e s 45 1 (7D, Fe kK 8 S0



/N K 2 B S AN B 8 7S, R AR FL S B RIS HDLE 35 Pl 33 R 08 fn (2 2R PR3 K, 9S> 80> S, — 1)
N BRI AR R ZE 53 0 R6.63% 10.21%4116.59%

354

—a— SIS, —A— SIS, —e— Ll {ES,
352 | —— BUIMES,—— BELES, —o— BUMES,

6 8 10 12 14 16 18 20 22 24

152 71{H/MPa
B 7 HERITERE SN SIS XL
Fig.7 Comparison between the measured and simulated results of Yangjiaping tunnel
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Table 6 Values of evaluation indices for typical sections in Yangjiaping Tunnel

[=¥N k= ISR

e REEE it B O 6 Ofomm E K s w
1 DK111+770~DK112+282 ZRATHE v 24.80 16.39 0.22 1.83 45 5.0 25
2 DK113+150~DK113+360 FRATHE v 14.85 16.39 0.36 1.83 45 5.5 5.5
3 DK113+360~DK113+690 FRATHE v 19.84 16.39 027 1.83 45 5.5 5.5
4 DK115+092~DK115+302 FRBTHE v 29.82 16.39 0.30 1.83 4.5 3.5 1.5
5 DK115+450~DK115+650 FRBTHE \4 19.65 16.39 0.28 1.83 5.5 5.5 5.5
6 DK116+356~DK116+506 FORATHE KA I\ 14.40 2035 0.47 225 45 5.0 55
7 DK116+506~DK116+783 SRATHE LA v 20.16 2035 0.33 225 45 5.0 15
3 DK116+783~DK117+250 FiE v 28.40 15.53 0.18 131 4.5 5.5 45
9 DK 117+346~DK117+401 FRATHE KA Y 26.12 15.92 0.33 2.01 55 45 45
10 DK119+910~DK119+970 SRR THE LA v 2637 1835 0.23 225 45 5.0 2.5
1 DK 123+060~DK123+600 BRTRERRE. BE IV 16.45 21.78 0.44 2.53 45 5.0 2.5

3.5 ITEIFNERIE

BT LI2WHFURAE, RIS -G SARCEE R = K FHUGIHR, 27675 [ERem BE
T8 K AR 15 1 2 - Sy 25 - e M i, ST 2 HE VA AE SR (8D, R AL A AL (R
#0.384) 5AHPYA (FLEE0.616), 38 it B B9 bR B AU 73 i R 7 B/ LA 200 K (0.219) #b 7K w7(0.192)
iR SRR, BERER T Hoy/omx (0.154) FIEEREE S K TN Hom (0.151) HIMRERZE, HH
PR o (0.106). #HAMMEBREE (0.123) FHUFIHAES (0.055) SiEggMHRHEZR. Hd, SN TEds
BER [ 2 AT R AR TEAE AR ISR AE, BUEIRZE SFEA R 2 UM G,
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Fig. 8 Multicriteria assessment system for large deformation of tunnel
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Table 7 Weight distribution of evaluation indicators for squeezing tunnel large deformations

TN R Omax 2 O/ Oma E K S W
TIALE wi(AHP) 0.052 0.164 0.157 0.164 0.274 0.052 0.137
ENALE wi(EW) 0.309 0.013 0.149 0.057 0.131 0.059 0.282

HAEWPINE w 0.151 0.106 0.154 0.123 0219 0.055 0.192
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FE T 55 e M B il R AT AR 25 (8] C={C1(), C2(B2 1), Cs(FF £5),Ca(5R Z1) ), #0738 L 2R 70 R b il pR 5
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Fig. 9 Linear single-index measure function
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) 0 0897 0.103]
0.040 0.960 0 0
0 0511 0488 0 (15)
()74 =| 0320 0.680 0 0
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3.6.2 M ZIRAREES R A VR )

BT ReMA(15), LADKI111+770-DK112+282B A, THER/GIIE M ER: {0.045, 0.721, 0.217,
0.016} . R4 EEEIRAEEN (Saaty, 1982; KR, 2011), BEASEAEN0.6, X KAFEARAT G IEVE
fir, C14C2=0.045+0.721=0.766>1=0.6, "1Hp=2, WMULMEANCH CRHMKRZER), SIgWl—. [
H, THRATRHERI0AFEARTES R, RSN,

#®8 BFITHEARRKBRABHERMEITNE

Table 8 Risk assessment of large deformations in typical sections of Yangjiaping tunnel

. o SZERBINE o e
s SEE S A KRERRERFE
Ci G (&) Cy TNER

1 DK111+770~DK112+282 0.045 0.721 0217 0.016 Z3 Z30

2 DK113+150~DK113+360 0.190 0.501 0.180 0.128 Z35 Z30

3 DK 113+360~DK113+690 0.190 0.418 0.263 0.128 Z35 Z30

4 DK 115+092~DK115+302 0.286 0.535 0.179 0.000 Z3 Z30

5 DK115+450~DK115+650 0.190 0.204 0.478 0.128 P& P&

6 DK 116+356~DK116+506 0.386 0.376 0.110 0.128 Z35 Z30

7 DK116+506~DK116+783 0.461 0.456 0.083 0.000 7 7

3 DK116+783~DK117+250 0.000 0334 0.606 0.060 hE Z308

9 DK 117+346~DK117+401 0.123 0.353 0.524 0.000 k3 hE

10 DK119+910~DK119+970 0.123 0.670 0.207 0.000 Z3 Z35

11 DK 123+060~DK123+600 0.350 0.616 0.034 0.000 Z3 Z30

ST MR FEBEIE NN R ATEAE AR AN EE VR 45 R (3R8), MERIERHIL90.9%, IUEHSLLRALIY
FEARRFINC R (PEERAT, SERRNRMOETE), ZBARE SR TR R BOR R, #RAERIE, N
L DXCIR B R AR T RS VA St 1 BUBTVERR O T R B8 KATURE AN 5 SEPR25H —E N, W]
REdE TEY IR A A S 8l s, BT S RN ER . PRIE, BB il A 204 & s il S SRR 0k
HNFESH AR, SR ST EOR I RN E A A R . AP RGO T Z R A R TR 4F
fiE Sl = FVEEEE), ULSIEIEMN /1528 456 ROt EdE . FE 715 Rt Kb
M, TOCACREIE AR T WS AL B I H, I sh AR BRI SR IS . X — Tk BT e i
JREETHZ BRI ARG, it T2 iR Rl 4K o .
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BT REAFIIN FEVEAN L A R AT SE R VRV A5 2R, S5 A Bk M X PSS B IR KA T Pl TR 5K
B, TFEEGEEMGEAT. PR, KNS B SR ELS, INaRiNAE . ZRET AR, sRA R
TR R I, DA, ORAUESS K 22 4 48 i 2% 00 R It 22 o il Bl R8T, B AN RS T A [
KAL) TRESCH O SR S U 7 A AN R ORN10,  FEIE KA TREFE Mt T )m,  BEXT S K sl Ja 1
TR Joy BV S A T RAI SCAR I T 28 1), JR T i BB . RSO BRAREEIE . XUZ A PR
WL R AR SR Al B 8T, AbomAEAR . THBRRAL, S iRt n B2 /e .

RI BEPEARALTHFEN IR REN

Table 9 Principles of engineering support countermeasures for different large deformation grades of single-line tunnels
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Table 10 Principles of engineering support countermeasures for different large deformation grades of double-track tunnels
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Table 11 Large deformation monitoring data of a typical railway soft rock tunnel project in Yarlung Zangbo River area

[ SEMR b Car o, b T E K S w KAEFLLER
LIRERE DK241+525~DK241+665 0.14 10.20 4.4 0.63 5.5 6.5 4.5 SRFY
BE-SkEE DK261+190~DK261+820 0.39 8.36 6.8 1.29 4.5 4.5 4.5 LZ3
STARIRRE DK270+410~DK270+525 0.20 30.62 11.36 1.31 5.5 6.5 2.5 h&

TR Z IR ML JBGE R A RAGE I ZE AR AR, AR :0(1)~(10), THE A A AU
FE SAVERLE . RN, HRREEN b, HuiAiE . A GO H R KSR A BCE REKIKCN0.257,
0.033. 0.200. 0.104. 0.197. 0.078. 0.131. F&-TF ARMMENIMEELS Lt 500, W11~ (14), FH4ik
WS TIARH AE3 R MR HCA R TE T e KA T S R M . PRSI B R (3R12), 3BERRIE IR
AT S 6 S ) 5 45 R S B SERR AR TS L SE WA, B0AE TN 5k S . B4R U s
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Table 12 Risk assessment of large deformations in typical soft rock tunnels of a railway in Yarlung Zangbo River area

BB TR o2 SERBENE KBRRER
e G G Cs TFNER S5
LDIRERE DK241+525~DK241+665 0.033 0.000 0.328 0.639 2N BZ
BE—SHEE DK261+190~DK261+820 0.033 0.640 0.199 0.128 Z30 B
STARRIRRE DK270+410~DK270+525 0.000 0.183 0.739 0.078 P& &
5 45 i
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