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PREDICTION OF INRUSH DISASTER IN NON-SOLUBLE ROCK TUNNEL
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Abstract: Inrush accidents generally happen in soluble rock tunnels during underground constructions. However,
the number of inrush disasters reported in non-soluble rock tunnels have been increasing recently. They can lead to
serious disasters and huge economic losses in tunnel construction. Cases studies were thus carried out and the
analysis of three inrush accidents revealed that the causes of the inrush in non-soluble rock tunnels were due to the
effects of excavation and blasting disturbance leading to the water and fragmental materials occurred in the
fractured and weak zones flowing into the tunnels under their own pressures. The risks carrying environment must
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have the required physical, spatial and triggering conditions simultaneously: the physical conditions refers to the
existence of abundant water and in-situ or exogenous fragments including gravel, sand and mud, etc.; the spatial
condition refers to the fracture zone and the weak zone storing and transferring the inrushing materials; The
triggering condition is the disturbance to the rock caused by excavation and blasting during the tunnel construction.
The predication of inrush disaster in the construction of non-soluble rock tunnels is therefore to identify the
fracture and weak zones containing the potential inrushing materials and the components and cementation level of
material in two zones a head of the front face of tunneling. A comprehensive geological and geophysical detection
and drilling scheme was then carried out to according to the material and spatial conditions in inrush disaster; The
characteristics of seismic dynamic response of the parameters such as the reflection amplitude ratio and the wave
axis similarity to anomaly geological objects in tunnel geologic prediction(TGP) were constructed. The approach
was applied to the fault fracture zone F17 in anterior tunnels. The macro engineering geological analysis,
geological investigation and experiments in excavated sections and the trends tracking were performed to reveal
the statistical and mechanical characteristics of the surrounding rocks. The long range TGP and the short range
ground penetration radar detections and the horizontal drilling were performed to identify the risks containing
environment of inrushing disaster in the section unexcavated. The precise locating of the position, the scale and
the spatial distribution of the fault fracture zone were thus be achieved. The material components within the zones
and the cementation level were detected and the occurrences of inrush accidents were predicted successfully.
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Longitudinal section geological graph of Shilin tunnel
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Table 1  Statistics of disasters of inrush mud and sand gushing
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Fig-13 Monitoring results of acoustic wave velocity for rock mass

Bl 13 R DABSE R THZ R AN R o, AL
FIALIEA 2 me & 13 W] %0, 0.5~1.1 m kS
PEPCHBIIE K, R W I B A AR ok s, 5t
5 DAL B T AR T2 I 3 3 D A R A5
RORERERER, PRESRIIOE, 305, R REE

AR, DRI, RS OE AN e RIS R R SEBR A
HE . 1.2~1.9 m 2RI A BB RE AR YE R — A
e, JEHARE TR, RIMLBEE A SZ
BETE AR TTAZ RS 520, B AR TR P I o AR
Pl LS sE, HAE N 4 152~4 880 m/s. 7+
A BRI TS Rl 63.6~83.5 MPa. 1T &
BB AR B SHBELF . WA RS e M iR
MRS R T, AU EAE R ERENL T EE. 0
YT A SR S5 AR, ISR LBCS s
PG SEREMER LY, KERE TGP MlA/E 5 11
ZK35+165 b, H4iRuE 14 .

W 14 s, POt 367K 1) ZK35+098 ~
079 [l A A7 56 BER B B s, 5 6T I R Ul 7%
P 2 DA R A R K REAE ,  HL 2 I ST 1)

BE5/m

£
b
=
(@) R0
S /m
P
ex
2
=y
(b) WekhARMLEE
B /m
il
=
(c) Iih7g i 2k
B /m
B
2E
S

(d) Ghipbee



H33% H4l

WAl J 5« Al v Bl R oK PN T 2 TR

795

B4 /m

=
i
nE
=
X
(&) ISR BE L
B /m
o
B
B
ZE
i

(F) M HPdE

Kl 14 TGP &
Fig.14 Results of TGP

SR Lk £ -0.098, P HIARLE L 2] 0.81, [F]
I, B AR AL I AL R 3800 mis, KT
THZBeA ARSI S W 2N, 2550100 TR
ST, BRBCR R AT e FL7 W Rk . B
T ZK35+133~108 [N Ak Sk FE AR O T2 B
FARTEE B N, HRSTIEE LA E] 0.088, B
SAHALEE X F] 0.06, A% U A7 1] HH I3 B SR 1) A
KAt SRR, SRR AT RE AL F17 Wi R
PR IS o AH DG T I S8 s I AR . 5K
ST PN A (R Al A A P SRR I 5 — 20 i i
J R ISRV ER T B o

BE3E 1) AR R, T EIRRIE TN 2, TF
FEEF I EARR T WA R I, [R)IEA A E
FGEHEMEG AR 7 . SR [ R W8] 15 .

K15 Fyim Ay

Fig.15 Picture of tunnel face

MR IA R GSSI A 45710 SIR20, Fit)E
100 MHz [ BE iR 2R, B0 B 4 71 A LR A 5o
ZK35+142, AR 45 FanEl 16 Fron.

KPR ES/m

£

)

®

S S

(a) Wikl
K- B /m

N

I

=

=

(b) i
K16 e I AR s R

Fig.16 Exploring results of ground penetration radar
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