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Fig. 1 Prevention and control of mud and water inrush
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Fig. 2 Disaster mechanisms of karst tunnels
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Fig. 3 Disaster mechanisms of mud and water inrush
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Table 1  Geological model of mud and water inrush
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Fig. 4 Diffusion mechanisms of grouting fluid

3.1 ERIEP

TR FERAREIE RS | A5, B
BIME A H SR TN A, BIORK ., BAR
B BY L TTFE N

v:L“z[1_f(ZT°/“)+%(2T°/“)] &)

8u 3V 24 A
2 \Te(3n+1\'( ¢ 7
A — len_ 1-n R2n 5
P=, ( m )(swk) (R =) (5)

Kooy BB (cm-s ); a WEBAEIE AL (cm);
N BB AR R (Pa-s); o b 5 DU A i IR I 7
(Pa); & W B FE JIBEIE (Parm); Ap MUY BT 71
2% (kPa); n g T U0 U 9 25 96 %0 T 5F i BE
T=(RIr)’s ¢ WEHEEZAL (Pars"); @, k. 8 SPHIAFLIRE,
BB R (cmes ) BOK I FEEE (Pass); R WI R
BEBS (cm); r R TESAL AR (o).

BRI E R — B — R — B AR sh B AE
FHIT R, BELY WK A R BEAT 2 83 55 Hoth Jr
P U B B I, O — R LA
TEE 2 ShASFRAER (B 5), 24878 1 52 3 U
S Y 5K (X 6).

h={% (©)
ho+A(p—per)
s by R LR A TT RE (em); kM 3% S 5 R
T RBRIFEE (cm); p S RBRIE B N KRR T (Pa);
P N KM TR TT (Pa); Ry 55 1Ak 1] PR R AL
(m-Pa’),

KW —4 LN IR EERT, R E iR

Sy AN

24uq . (1
p= e ln(;)+a'3 @)



Faak o2

ZEME A BRI S YR K EICHLEE B B AR B S 363

RS T

MK JES

(a) shZ5H5A1EH Dynamic coupling effect
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(b) ZPRH BE AR LA Characteristics of crack variation
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Fig. 5 Analysis of grouting mechanism in fractured rock mass
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Table 2 Main properties of polymer grouting materials
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(a) RAMR/T T 454 Molecular structure
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Fig. 8 Analysis of the mechanisms of pulsating and constant pressure grouting
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Research on the mechanism and prevention technologies of
mud and water inrush disasters in tunnels

QIN Pengfei, ZHAO Yamin, SONG Meng, WANG Wenjing
( Department of Engineering, Huanghe University of Science and Technology, Zhengzhou, Henan 451000,China )

Abstract Tunnel water inrush disasters are characterized by large flow, strong bursts, high water pressure, and
various types, making them complex phenomena that involve multi-scale and multi-physical-field coupling. Analyzing
the characteristics of adverse geological structures, their development patterns, and damage trends under water pressure
is conducive to profoundly revealing the disaster mechanisms caused by mud and water inrush.

This study was focused on the evolution of the performance and states of three key elements, water sources, water
supply channels, and impermeable rock masses. The dynamic process of disaster evolution of mud and water inrush
was firstly analyzed. Based on theories of elasticity, fracture mechanics, and engineering hydraulics, this study then
explored the disaster mechanism of compression shear and tensile shear failures. The rock layers between the tunnel
excavation face and the water sources were divided into three areas: the stress relaxation zone caused by tunnel
excavation, the protection zone of intact rock masses, and the fissure zone. This study proposed optimal protective
thickness against mud and water inrush. Additionally, it discussed the technical measures for disaster prevention and
control from the perspectives of grouting theory and grouting materials, aiming to enhance the safety of tunnel
construction.

Tunnel mud and water inrush in tunnels is a complex phenomenon involving multi-scale and multi-physical-field
coupling. Such disasters are characterized by substantial concealment, high destructive potential, and low
predictability. The structural morphology and constructive forms of the disaster mechanisms are the foundation for
revealing the mechanical principles of mud and water inrush. A comprehensive analysis of these structural
morphologies and forms facilitates the scientific prediction of the spatial and temporal distribution of such disasters.
This enables targeted disaster management and prevention strategies, thereby reducing safety risks for construction

machinery, production materials, and personnel on-site.

Key words deep-buried tunnel, mud and water inrush, engineering disaster, grouting technology, research on

prevention and control
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