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Fig. 1 Typical cross section of tunnel
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Table 1 Basic mechanical parameters of rock
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Fig. 2 Finite element model of karst tunnel
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Table 3 Tunnel vault displacement when karst cave is above

tunnel
I\ ) B O B 5 /m
7R
kil 1 3 5 7 9 11 13 15
1/3 2.44 1.42 0.73 0.59
2/3 4.72 3.43 1.83 0.86 0.3
1 6.06 4.64 3.13 2.15 1.19 0.68
4/3 8.4 6.61 5.22 3.83 2.33 0.72 0.4
5/3 9.56 8.56 6.09 5.15 3 1.44 1.04 0.46
2 10.8 8.05 7.24 5.15 4.09 2.91 1.32 0.72
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Table 4 Midpoint displacement of palm face when karst cave

is at front
i |\ TR B BRI A HE 25/ m
72
L\ % 1 3 5 7 9 11 13 15
1/3 1.65 1.27 0.77 0.64
2/3 3.28 2.3 1.61 0.93 0.61
1 5.31 4.04 3.29 2.37 0.81 0.56
4/3 6.77 4.88 4.34 2.47 1.71 1.06 0.83
5/3 7.56 7.27 6.26 5.38 2.13 1.71 0.9 0.38
2 9.02 6.87 4.77 4.22 3.81 1.81 0.96 0.39
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Fig. 3 Displacement change of tunnel vault with distance of

cave to tunnel L when water—fill karst cave is above tunnel
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tance of cave to tunnel when karst cave in front of tunnel face

3.2 FEkimiRExEE EE 2 XA

T o3 M FE ARV IR X6 B S T e S XA S
T S SCRE A BB 1 DR R R B2 DA 8 1) 1) i 1 A3 T g



618 i

2020 4

% 308 5 T A I Y TR O A SR ORI S BEES L
MR . AN T8 Bl 28 1 DR R R B2 TR 45 2R
LB S K6, T U IR« il TRl b
AT o ) iy 28k 2 R R K IR A4 K R D
Pl HP AR S D1 S DI T 100 Ak O i B, O 2
VT A % 30l 2 T A R DR TR 7 A DR X 8 2
SE SCHP SRR X R /N8 R TI 10 S ARTE g 16 10 5 7
I] F) R IE S

#5 FABEALFHEEE AR ESSEEXETRE
Table 5 Relative depth of plastic zone in country rock when

water—fill cave is above tunnel

eI 2 B 3 PR L/m

R/D

1 3 5 7 9 11 13 15
1/3 #@ H@ 0.38 012 — — @— —
2/3 B B@W B 0.36 019 — 0 —  —
1.0 BE BhE B 0.55 0.24 0.1 —  —
4/3 B@ BtE B BE 0.78 0.17 —  —
5/3 Biil B DU B B Bt 0.15 0.08
2.0 BhE BhE Bl BUE A PhE BhE 0.62
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Table 6 Relative depth of plastic zone in country rock when

water—fill cave is in front of palm

A B R (Y S L/ m

R/D

1 3 5 7 9 11 13 15
1/3 @ H@ 0.28 0.06 — @—  —  —
2/3 B B B 0.27 015 — 0 —  —
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4/3 Bt BiE BE Bl 0.18 0.12 0.07  —
5/3 B P Phm BhE BUE 0.25 0.12 0.07
2.0 BUiE B PW BUE PhE H Tl 0.17
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Fig. 5 Cloud diagram of plastic zones when karst cave is at dif- Fig. 6 Cloud diagram of plastic zones when karst cave is at dif-
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Table 7 Calculation results of minimum inrush prevention

thichness of surrounding rocks

I VERGTREE RN T T
T /m R /m
1/3 5 ;
2/3 . ;
1 7 -
4/3 0 i
5/3 13 .
2 15 N
4 4 £

AR SCLARR T 8k 6 /N = e o ¢ B 1 O I FE X 4R
SR PR ELARAU T 3k A 57 i ML T8 W A BR G 20 A
T BT IR 53 ) 6 T % T8 HETOULE. B 05 M 5 1 1
7 P A AN A B0, 3530 5 B 3l 2 18] 1] B A [
P IS R L 2 % N M DX R SRR AR UL L B E
BRI LA B R R AR A AT A

(1) 25 %8 5 R A B B L — 2 I, B 1L Tz
P T 18T P 3 LS S BETR A2 L R/D SR MR A H 5
T 24 VA A% LG R/D — 5 I, 5 P8 1) 1) o T 7 P
LIGR, W8 B TR A% A 110 PO a5 007 7% 24 5 B
N

(2) Y% A2 e R/D — 5 I % 38 Fil o 28 1 X
RORVN A ek SR IO B DI TR S A N oF S & A = R R
R LR/, BB DCRH R TR BE TR R RS 13K 3 — R {EL I
B T s YU S R 1 Z 8] A BE 5 L — 2 i, %
A P 8 DR X % 38 B IR A2 L A 38 DR T 48 K, O
TEHE— AR H BB PR X

(3) AR 415 % 3 Fl o 9 X% Jre ML AR BB T T S 2
HHRAE T /N =W R AR AN [R] 9 I A2 FAE SR Y
Wi 98 JZ= 2 Az IR L, 2S4S L — g I, T 6 T gl 43t
TRAE b 07 I B 7 9 2= 122 42 58 BE A R T o2 1 %
1 IE AT AR A B 98 R B R

(4) 75 Z UL A SCIFFE R 2 2 THEUE 1Y

VAR RS R /IN LA R IR 5 8 G ] ) e 2 B, 4
H A BRI Rl 7 2% = 2 A TR R X /N = e o 1 i 2
HAT—E W45 8 R SE PRt T N 45 &
i R R4S SRR ER G BB A D R IZ L 2R

&% 3k

(1] SPHE . A RIE R 58 )5 B S 2K AL FSE (D], bt b
2L K2, 2011,

(2] 8BSz, JTAR, WRNISE BT8R BT = D6 k35 “8.57 48 /K i
B SHELT]. A, 2009, 28(2) : 212-218.

(3] ok, sRECPE, FhEPK . BTk BF — S8 7 5 /K 7ot
B AN BRE AT ], k3B TRA:4R, 2010, (3): 81-86.

(4] SREBR, B4, skAES5 . BT Pt RS BRIE 1.21 98K
FPIERIR B AT ], ki TRE2EH, 2008, (11): 49-56.

(5] kMg, B8 BT D R R 0 101 TR 46938 175 e
THARLT]. BUARERER A, 2008, 45(6): 70-75.

(6]  Mks. BT HKEE B REE WG 1 0 5 1) TR AR R [T]. M
Il TAR2E], 2011, 7(3): 581-586.

(7] ZRA, VRIS, 88, 5 BEROK RIE A 1532
IR 2 R G I R e [T ). B i S TR
#i2, 2018, 37(5): 1041-1069.

(8]  ZARA, TRE, ZRF, 5. AIRREE 287K I FIE ML
JERILT]. F12E2E, 2017, 49(1) : 22-30.

(9] ZERA, WEAZR, VAN, 5 AR RSB ARV 5K K AR AL
SRR [T ], 24 J12%, 2018, 39(9): 3164-3173.

[10]  Z=RA, ARIG, VFPRiS, 45 . SETF A0 R R R BT A &
IR 5 5K e e /NI AR [T]. 55+ 1%, 2015, 36(7):
1989-1994.

(11] ZERA, A/, 22 45 . =0 2 X TR 25 % 3 28 T /K
KFERIR G, 50 525 TR . 2014, 33(9) :
1887-1896.

[12]  S0HE# % CIRFIE . A0 X T 58K 95K B 6 5 &
TSR [T]. b [ BT R E 5 B A AF A, 2014, 25(3)
56-61.

[13]  SRHEAF, BRES, RIS . 5 bk By 4 Y B0 4 1 1 58 /K )
P B g AR [T ], E S B, 2018, 31(10) : 118-129.

[14]  SRHEAr, 28227, BRWLSE . 5 WE A o 1 i By 98 )5 1 B3 43
Br[J]. 4R 28 6] 5 TR =R, 2017, 13(5) : 1373-1380.

[15]  BEEE MRMS , VPPRTE 45 . 40 BRI 287K 508 B 5374 J ik I
HTRE R HI] e K (A REBER) , 2018, 49
(10) : 2533-2544.

[16]  EFEW], sk pCAn , ok, 55 . W72 MRy Ik 1 98 7K 98 e K 722 ¥l
ARG SE [T]. 4+ 12, 2016, 37(10) : 2851-2860.

(17]  #2, KRS BE, % TR Sk & 0 B 45 M 78 Xt %
TSR W 2w o [T ). 4 + TR 2. 2018, 40(3) :
449-458.

(18] XBIr M . FLJT Rk R B A B 7R B AE IR [T]. i T
TR, 2011, (4): 58-66.



F39E B4l gk /N T B R B 9% )2 e A R A BROT AT 621

[19] 38 3C% . B 7B 55 L b5 E 629 5 H 78 7K U Jis b 34 R Jitt, 2017.

(7], BURERIE S A, 2011, 48(4): 116-121. (22] M4 A, VERT, BRZZG. ¥4 057 B X ok 1 45 1) 5% ) 4 AR (A8
(20]  SBEAF, T AT . BT BB A W B AR S R T U5 [T]. A8, 2015(8) : 275-280.

=T P E LT K E SRR R, 2013, 24(2): 72-78. (23] XUMEHE, SL0H . BRI 71 S5 2 R o [T, B
(21  Brf, e . WA T (55 D (M. Kb P R BRI A, 2012, 49(3): 109-113.

Finite element analysis on safety thickness of the inrush prevention layer in
rock beds of the small Three Gorges karst tunnel

ZHANG Qiao
(Yu—Qian Railway Co. Ltd. , Chongqing 400014, China. )

Abstract In view of the geotechnical characteristics of the karst in the small Three Gorges tunnel, the finite ele-
ment method is used to establish a numerical calculation model of a typical tunnel section to analyze the variation
laws of tunnel surrounding rock displacement and plastic zones when the water filled karst cave is located in differ-
ent directions and distances of the tunnel. Then in combination with the displacement change of surrounding rock
and the distribution of plastic zones, the minimum safe thickness of the rock layer to prevent water inrush from the
surrounding rock of the tunnel is determined. The research results show that under the action of karst water pres-
sure, when the cavity diameter ratio is fixed, the influence of the karst cave on the tunnel is gradually weakened as
the cave gradually moves away from the tunnel. When the interval diameter ratio is fixed, the larger the diameter
of the karst cave, the more obvious the influence on the tunnel. At the same time, according to the displacement of
surrounding rock and the calculation results of plastic zones, the minimum inrush prevention thickness of the tunnel
surrounding rock is obtained. The research results can provide technical support for the safe construction in the
small Three Gorges karst tunnel.

Key words Kkarst tunnel, water-filled karst cave, water inrush, finite element method
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