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Analysis of the minimum safe thickness of water inrush in fault fracture zone
based on the silo theory
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Abstract; When a tunnel is near a water-rich fault fracture zone, water and mud inrush disaster easily occurs,
where the determination of the minimum safe thickness of water-resistant rock mass is a key issue. Based on the silo
theory and the limit equilibrium method, models of water inrush in fault fracture zone were established under the
conditions that the tunnel axis is orthogonal and parallel to the tunnel face respectively. The analytic formulas of the
water-resistant rock mass influenced by ground stress were obtained. Then, the criterion of water inrush in fault
fracture zone was established, and the influence of the width of the fault fracture zone on the minimum safe
thickness of the water-resistant rock mass was analyzed. Finally, the research result was applied to the Yonglian
tunnel and the Qilianshan tunnel. Results showed that the width of the fault fracture zone had a significant influence
on the determination of the minimum safe thickness of the water-resistant rock mass when the width of the fault
fracture zone was less than 200 m. The minimum safe thickness of the water-resistant rock mass of Yonglian tunnel
was calculated as 7. 34 m. Water inrush occurred in Yonglian tunnel due to the insufficient safe thickness. The
minimum safe thickness of the water-resistant rock mass value of F6 and F7 faults in Qilianshan tunnel were 10. 22
and 11.59 m respectively. In the construction of Qilianshan tunnel, it is safe to pass F6 and F7 faults with 12 m
water-resistant rock mass, which indicates that the theoretically calculated value is relatively close to the actual
value and has certain reliability.

Keywords: tunnel engineering; water-rich fault fracture zone ; water and mud inrush; silo theory; minimum safety

thickness; limit equilibrium method
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Fig. 1  Stress situation of silo material layer
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Fig.2 Mechanical model of fault fracture zone
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Fig.3 Water inrush pattern orthogonal to the tunnel axis in the

fault fracture zone!™
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Fig.4 Mechanical model of rock plug

KR 3 AR 1/ FHAE I P4 7 T 3 BRI
TP i
Fi=(P+0Q)Asin 0:%02(1%()). (12)

B 9 B E SR Fyy 0 2A AT DU
F, = wDSr,
o= Y vl
T =otang +c¢ = Y yHtan g +c'.
(13)

HRAE Sy 2 A 7 FE AN R B 45
SRR f/ N A R AR

A TET]

Sz%l):
. Mbeos 6
w(sm@ % )(l_exp(_l’«KZ))+'yb0050+%h
M b '

4( 2 v,Htan @' +¢")

(14)
Xy, B EES |2 HEEKN/m’ 5y HEZ R
P AR 8L kN/m' s H, o B R R R
B ,m; Y H, Bige a5 o AR, my PO T2
FEFTZ 300 1, kPas Q SRy 5 TR 7 5 e O AR Y
IKIETT  kPas ", ¢' 43 5 ok By 5 4 itk 4 1A 1) A AT oA
B A ANEER T1,kPa; 0 AW 2B A, (°)
w R RE D R TE I AR B AR A AR myz
P AR AR, m.

RIS e, SRR T 42 0 20 AR
BRI FZ P B4 405 )5 BELK B8 77t K T B, w0
ICBHAK R T s, BVRR A el A2 sh i iy . A<
SO BT 32 P Sh AR 5 B BB R 1.50 m™™
W /N AR (S +1.5)m.

2.4 RhREEERZMERZDH

H 2 (14) AT DA A Y R T 33 0R | B 22 e e
I TEE TR K Sk B A IR A B S A
()3 g 27 Jo 34 % g/ N2 4 JEL FE A S el TR K
Sk BE A R /N A R I RS AR | R 2k
(), Bl A HE R K Sk e B A R HE ORNTHG OK, 5
HRL14 ] S50 A — B0 A SCE S TR SCHI
BrAs 3 1 W2 B e 1Y e B2, DL SR K 1242 p
(RS 7K 72145 5 DB 2 B e o R T )2 4 Jre
JEA K TEAFIEMH BT, fie/ Ve 4 5 B2 R W 2 i
s Sa BE AL I 5 it o LAFE Y, 7E KT 2 Rty
FIEARH FE 535124 500,1 000, 1 500 m fFAL T, HoAth 4%
SHEME M F:y =20 kN/m’, ¢’ =25°, ¢ =
300 kPa,y =18 kN/m’, 0 =0.1,D =20 m, Q =
3500 kPa,H =500 m,K =1.2,60 =90°. }ii & Wi 2%
TARHT Wi B B K, B/ Ve SR R T — e L, B
Vi BE R BE A4 095 KAF L. 575 AIME 2 J K B 4 K )
TEOLT 4B B AR A0 T2 42 8 BE A 52 i 58/,
K5l LA 1 ZE S /T 500 m TSI T , i /NG
4 JE R I T S22 e ety o L8 AR ol ) i, 22 BRARCK
T S B T v B 2 i ety B B AL R B L
KNG AL TR R A Fl b, BRI
dpe/ NG ARSI, 7 R 22 B AR Y B ) 5 i A il
AL TS FR AT AR A b S — o5



%2 1 TR, 2. Wi E BT R K d Ve A R R AT BRIS r - 93 .
12 [#] Sl GRS i A U3
11 M oM
E 10 a’max _]Zymﬂx _BSZ$|:0-] ’ (16)
9
= [P+
7 S= 4—i——ﬁ 17
ﬁ 6 "N 2B[o] (17)
i i [ 7 G P oY o 5 v 55
S,
; TII]HX :Q[LB;“&X :%g[)r] b <18>
0 100 200 300 400 500 600 700 Z
W1 =R 95 B /m SBn3E‘P+Q>L. (19)
E5 REKETRINRSEEREERESEETY Bl7]

Fig.5 Curve of minimum safe thickness varying with the width
of fracture zone at different lengths

2.5 SREWLE TITHIET R BEES RKERXF S
FIE

ENIA NGy P L VAR S DR R 185
M 5K L B 9 98 L BE 1 2 el 6,7
JIe7s . E K SR T S B R A 67 T B 1B 2 8 R Ak
R B17 2 S e 1 4 S 1] 5 ) 11 52 5%, T 52 22 )
JEE RV W2 B R ) JRE L DRI 2 T TR A T s A 2
[0 S P o, 2 B2 BT 2 P+ Q BOFE . R r
T PEIEAR T B x S, S MBI , B A
JEE, Bl = A5 B R A BUEL AN [R] , AN B8 BT 5 s 4
.

B 6 Sk TIThE KRR ekt

Fig. 6 Water-rich fault water inrush pattern parallel to tunnel
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Fig.7 Water inrush model of clamping beam
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