A3 B s ki x5 B Vol.43 No.5
2024 4E 10 A CARSOLOGICA SINICA Oct. 2024

B05E M, 5k B, T 0, S T ok R WA R Y A A B TE T K AT B R B S 0 T —— LR T Y T A K B T 1)
(1.t EAYE, 2024, 43(5): 1156-1165.
DOI: 10.11932/karst20240512

B TR R R B Y 78 B 18 8 7K AT BE 1R F1) iy
— LU T 3 Y T 4 4K R A 151

ek BLIFXL MEZLEENLZ B
(1. SR ER MR ATRNS, H 20 730199; 2. P4 —fx TA2E WA R TS, @)l REE 610031;
3.7 Bk B0 RAEAROR L TARM BRI A RS, T 0 Ak 541002; 4. e X TARLAHTRAS, bR
100029; 5. AR TR, | ®HBREHHNFEEERE/FENRAE LB ERGY E
FARAN R P/ P B RAF R B BRI, T8 Ak 541004 )

O KUV DR G A I B R O M S A ), R ™ AR TR A AT
AE SE R AT Ff, 08 B G i 7K AR AT 8 4 A B o ke e 1 SR BOAR 7 791 75 1 Ak B 4 i ) o A A0 o ol TR
T 7P SR M DY R £ AR 2, K T T A DA 22 SRR R e AT RO B, DR AR AR R T
i 3 A A R e T A T AR R o M D — R R, SR L I e 0 TR I R D 1, K
SCH S5 E A 23 BT ST B L L AT T R SRR A 134 5 3 I T K 28 T T R A R IR 3k
TEARZ BOR IR B o 25 2R e W], 00 T < B 3 2% LR BB T /K E 3R e i O 88,19, A A R B3 7K 26 T
(AT BEPE AR R, 52 Pn o i i vt T e AR BOABE A de s BER AR TR R U o %07 IE T LU SR 2
LT AR AT B 1 T R T A AR AR A

SRBR AR W TURR R BB 5 5 15 DRSREARS 5 I IO 5 ABE A5 R K R e

SN Q DR/ R SiER T £ N TR S 31 R R ) TN i S (R S R AV 3 3 STERT RN
AT REPE R 46 bR S8 (2) K T T o SRR R AR ) S T B G T K 5 D8RI RE R DR R W O 1k L dE B

S ORI T AL A
B 4 2 5. U453.61; P642.25 X EkFRIRED: A
X E RS 1001—4810 (2024) 05—1156—10 TR =2 (B EARS) #R1R43 (OSID ):
0 51 & TR s A S D) 75 B A R 1 [ A, A A S B

G U PRI A [ 7R DR 75 T i A i

Bt I B L R S SRR R M B AL PR DL A — B B A A TR 5 B

HE, AR ISR B K K By m g R, i XRRIE I K SV A R RETE BEAT W, X T X
s 14 % 3 9 7K 2 e () s 8 o, AR RO PEMIT R TAR, MR RS, i v T B R 2507
MG R T K SV TR AT TR — EDR AT W EOCE D AR R UL, BRI K T e

R BT« 2V W A DX AR A 4 i T e s DGR R B 9 (RN LR R0 H /7K 2024-39) 5 B 4% A B 8 T A 7 #2520 s 330 B T i L
(E FHABHIN 55 FRIH ); 2575 3 b 15T 5 KB T (DD20230441)

W—VEE A WEIE(1983—), T, i1, TARIM, BN F T TAR , AP AR L, St MR 45 TAE, E-mail: 81708717@qq.com,

WEVEE: &R (1981 —), Mg TR, KM K TIRHUT, &+ TR, MR E AT TR A . B3, it 725 T4F, E-mail: 281804974@qq.com;
FE(1978—), B, Wit WFFE A, WA S0, AF5E 7 [k A T R4 4 S5 B 3 KUK B 4%, E-mail: 54589998@qq.com,

Wik H 199 2023—08—01


mailto:81708717@qq.com
mailto:281804974@qq.com
mailto:54589998@qq.com
https://doi.org/10.11932/karst20240512

Fa3E HsH

REAESE ST USRI B0 5 A T 9 /K T BB DR iy —— L] g Y T < g3 91

1157

A W7 i TR I AR 14 Y A S A AR 14 A
JER™ . R, FE A A B I T 7K 2 A T R ST
FEEEPEY BT E T, IRZ O Tz A
BT IR A W AT TR, T L B A R s
i, XF R R A A A A, TEAE S EOHR A R A
AP, AT S TR, O T RO A, SR ZR R AT T
2, A RAE M B AR LB B AR TR B TR
10, BEINT TR, SR T TR, AT
ek A1 B 28 9P 7K XU -3 249 BAS,, Tt T iy e R AT g
B 7K AT BETE B — i LR AL . R
IR BRI FITAL 9 5 K S 5T A58 2 DIAR OC T, f 4
BRI X A R B R AT K S SRR IE L BE
5 HR R BRI R 4, P R LR A
2%, MR, 38 3 5 1R o M AR A AR T e
HR i (DTA) TR K F o) KAk SER PR AR
JrEA ATz Y, R EDLE FAERE HT
Toft RT3, 2 A L 2% oA 0 6 A 3R (0 5L, 3
Ao A S SRR R SR I B P S SR AR T2 T 1Y
MR, I AT BEME A BRSOk o AE L BR AN
PR 2R 22 18] A AH EL 52 R 7 1T, RSB 23 B i (DTA) [
JEWR AT R (AHP) A AR, IF BLAE X% 1 KA T
9 BASBS IPAL 5 S s oK iR A
B0 5 KPP 505 I, PSR 43 T (DTA) #B
UG TR LRk

AR SR X S ¢ DX R R e T R X o 3 e

B T AT, A ] e 30 T B 3 A 161, R 2R FH ok
TR0 BT 7 1k AT AV B TR K R BB ) A R
PLFE S IR B AT X T A T TR, R AR XU
FIRAS

1 IR

TR AR — ] 3l v A B A VT g k) S 57 TR AR
T I A DX Y I A, 2 J it T RO X A AT,
216 km, BETHEFEE 100 km-h™', #5804 42308 2%
WY TR R 1 42 5.6 km, &) PH XN 2 @R K
TN BRI (] 1), SRR i) A hy O B B 4 il 1 T
R, BRI B O R 473.42 m, MY AR 340.87 m, Hx
KERERZ) 301 m, NI N —2.367% B B [a1 3, 9F 11 33k
] 125°, BERE 12°, H 3k ) 296° , HEFE 15°,

2 BEFEKMBREEHST

TR BRI T K S R AR 22, LA M L
HJZ A MO S | K SCHE BORRAE 25 55, (H A T
TR U B T A T K Y S IR R, H Al PR AT AT
DU WRAEIX PN T7 T, L BoA i 5 m i R B R
FERI T KB 4R B R RBAMIE, A A AR 2l
TR T KGR L BRAE A T T K I S E AR
D), WA 5y e HE K, v A 8 MRS A T

[Sesgagn|
(K66)

/)

Bk A

BEIEATT (K66)

e R ] UK B [ em A B

MUEAS G|

-
P

T

»*
AR

0 2.5 5km

AR

B 1 TR E R E A E
Fig. 1 Location of Siding tunnel
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Table 1 Number and scale of karst developed in each mileage of the tunnel

WA AV MW AL ABIAEI HNTHEIAR ARIEAVE L RREG BRI
Ly WECE RS EcEH BR BRI miE Al middE BT ImfE AW RRE
mh Bukk EBAE Rie MRS Y% A T i E /% A B 5 E/% BI%  BF%
k61+000~k62+000 11 1 1 2439 2 18.18 9 215  81.82 0 3545 0
k62+000~k63+000 7 0 0 19.73 0 0 5 433 7143 2 2429 2857
k63+000~k64+000 0 0 2 0 0 0 0 0 0 0 0 0
k64+000~k65+000 3 0 1 11.53 1 33.33 2 8.14  66.67 0 2667 0
k65+000~k66+000 7 0 0 2031 2 28.57 3 512 42.86 2 3286 2857
k66+000~k67+000 9 1 3 26.36 3 33.33 5 12.87  55.56 1 3778 11.11

T AR P A T UG G 8 (0 7 1) ELA, VAL | ARSI

Note: The karst scale in this table refers to the diameter of the karst cave, the width of the solution trough and the gap exposed by the longitudinal section.
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Fig. 2 Diagram of karst hydrogeology of Siding tunnel
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Fig. 3 Relationship between tunnel and karst groundwater level
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Table 2 Relationship between tunnel and karst groundwater in each mileage of the tunnel

PR EAHE X R RIX KA 5 1% T 5 /N %%Eﬁﬁiﬁé?ﬁ%

(J&1, #0) (21, 750) PR /m (571 4K T ) (b)) G2 1, 750)
k61+000~k62-+000 1 0 13.4 0
k62-+000~k63+000 0 1 0 0
Kk63-+000~k64+000 0 1 ~11.84 0
k64+000~k65+000 0 1 -35.51 1
k65+000~k66+000 0 1 -59.18 0
Kk66+000~k67+000 1 0 -78.11 1
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Table 3 Physical parameters of decision tree model for rapid assessment of water and mud inrush in the tunnel
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Fig. 4 Decision tree model of water and mud inrush in the tunnel
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Table 4 Calculation parameters of decision tree model for rapid assessment of water and mud inrush in the tunnel (K66)

B REHE BEREME KA /% SHREATRENE PTREMEIAL% IRLKALE /% RASFEHEAR /%
WREFSEE 165 h 75.00 1.24
AESRLEHE 356 /M 25 0.89
WL % 4.90 PN 100 4.90
AR ERE ElfLIETR % 2.93 /M 25 0.73 33.61
66100067000 PWITAAFIE 9.82 PN 100 9.82
HZR AR 8.15 h 75.00 6.11
HE W A 13.22 h 75.00 9.92
WEHECR 1.03 N 100 1.03
WRIE SATKOCIRE Rk 20.45 PN 100 20.45 55.77
SRR B 34.29 K 100.00 34.29
*5 BEAEBRREBRESHEER
Table 5 Probability of state branch in each mileage of the tunnel
HLEE Y57 REBAER/%
AR ERE 25.20
K61+000-k62+000 B 5 kR 1472
AR ERE 24.87
K62+000-k63+000 B 5 kR 1446
AR ERE 13.51
K637000-k64+000 B 5 kR 13.94
AR ERE 20.71
K647000-k65+000 B 5 kR 50.40
AR ERE 24.87
K65+000-k66+000 B 5 kR 29.80
k66+000~k67+000 AR 3307
[SERSESY S QI 3E S 55.77
PR ke gl 35 T1% 55.77%
0.5577 0.8577
TRUE Chance
0.3 0.766 143 9
44.23% 44.23%
0.350 7 0.650 7

A et
76.61%

5

Fig. 5 Calculation results of decision tree model for the likelihood of water inrush in Siding tunnel (K66)
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Fig. 6 Location of water inrush in Siding tunnel (K66+660)
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Rapid assessment of water and mud inrush likelihood in karst tunnels based on
decision tree model: A case in Siding tunnel of Guihe expressway

GUO Baode', ZHANG Yi’, WANG Xinwen', CHEN Zhigao’, DONG Zhiming', MENG Yan’

( 1. Huabang Construction Investment Group Co., LTD, Lanzhou, Gansu 730199, China; 2. China Railway Eryuan Engineering Group Co., Ltd.,
Chengdu, Sichuan 610031, China; 3. Guilin Hydrological Engineering Geological Survey Institute Co., Ltd. of Guangxi Zhuang Autonomous Region,
Guilin, Guangxi 541002, China; 4. CHELBI Engineering Consultants Incorporation, Beijing 100029, China; 5. Key Laboratory of Karst Dynamics,

MNR & GZAR/Innovation Center of Karst Collapse Prevention, CGS/Institute of Karst Geology, CAGS, Guilin, Guangxi 541004, China )

Abstract With the ongoing advancement of infrastructure projects, such as highways and railways, in China, karst
tunnel construction is increasingly evolving towards longer, larger, and deeper dimensions. The problem of water and
mud inrush in tunnels is becoming more and more severe. Effective measures for the advance prediction of water and
mud inrush in tunnels have consistently been a pressing convern for management departments and engineering
construction units. This issue also remains a significant challenge in related research fields. It is essential for us to
assess the likelihood of tunnel water and mud inrush when determining whether to carry out advance prediction and
identifying the appropriate mileage segment for conducting the prediction. This assessment is vital for targeted
interventions, minimizing construction costs, and enhancing prediction accuracy. To some extent, the assessment of the
likelihood of water inrush in tunnels falls under the category of advance prediction and serves as the foundational
element for conducting such prediction.

The rapid assessment of the likelihood of water inrush in karst tunnels is an important basis for deciding whether
to carry out advance prediction and to take measures for emergency treatment. This rapid assessment was often absent
in previous work. Even though assessments for the likelihood of water inrush were conducted occasionally in several
tunnels, they were primarily based on qualitative methods of geological analysis. This often resulted in discrepancies
from actual conditions, leading to misjudgments. In some tunnels, significant manpower and resources were sometimes
expended on predicting water inrush, advance prediction, and tunnel waterproofing design, yet no water inrush
occurred. Conversely, the sections of some tunnels that were neither predicted nor adequately protected experienced
severe water and mud inrush. Therefore, the accuracy of assessments regarding the likelihood of water inrush in
tunnels is crucial for determining whether to undertake subsequent prediction and prevention efforts.

This study explored Siding tunnel on Guihe expressway as a case study. Utilizing karst hydrogeological surveys
and research, in conjunction with geophysical exploration and drilling data, the study started with the degree of karst
development and the relationship between the tunnel and karst groundwater, both of which are closely associated with
water and mud inrush in the tunnel. Ten representative parameters for the decision tree model were identified and
quantified, including karst rates in the transverse and longitudinal sections of the tunnel, as well as the vertical zonation
relationship between the tunnel and groundwater. Based on this analysis, a rapid assessment method, along with
indicator parameters and a predictive model for assessing the likelihood of water and mud inrush in the karst tunnel,
was developed and practically validated. The results indicate that the highest probability of water inrush in each

mileage of Siding tunnel is 88.1%, suggesting a very high probability of large-scale water and mud inrush. Notably,
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during the actual construction process, the occurrence of water and mud inrush was observed in the segment with the
highest predicted likelihood.

Using a decision tree model to analyze and assess the likelihood of water and mud inrush in the tunnel represents
a valuable exploratory study. The decision tree model offers the advantage of selecting the optimal solution among
multiple complex options, effectively mitigating errors arising from human experience-based judgments. This approach
enhances the scientific rigor geological analysis related to assessments of water and mud inrush in tunnels. According
to the principles of the decision tree method, this model can quickly assess both the likelihood and magnitude of water
inrush based on various critical values for water inrush sizes and the probabilities associated with different branches.
Furthermore, it can determine the probability of a specific scale of water inrush based on the rapid assessment of the
likelihood of water inrush. In the future, it will be essential to refine the indicator parameters of scheme branches, state
branches, and probability branches on different scenarios of water and mud inrush in tunnels. This refinement will

provide targeted guidance for advance predictions in similar projects.

Key words Siding tunnel, karst, decision tree, tunnel advance prediction, probability, water and mud inrush
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