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Tab.2 Material parameters of stratum and supporting structure
ZH RIS K& w+t AT Mg 555 YR € 1
HHE df (kg/m?) 1 830.0 1 900.0 1 600.0 7 800.0 2 500.0
AR i E/MPa 8.78 1 000 15.2 200 000 28 000
#i%J1 ¢/MPa 0.04 0.15 0.01 - -
MR @f (°) 11.8 24.0 21.1 - -
HEE /=) 0.42 0.44 0.33 - -
7KUY T VTN EE K/GPa - - - 15.0 -
IKIEK T TT ¢./MPa - - - 0.8 0.2
3) LLEh A+ KW VG AL BT el L 0.30
Lo )2 FBOR LR 50+ IR KA B S -m 2%+ swee
0.25

B R H 22 0K, HLEA: T HU T KL A,
BORE IR 5 TE MR AIRAS . AR A7 8% 410 B g 25
FRRIE S R | 1 BB R 21 3 DL R i 4 B KRR AR
A VG ALRL, e 1, B850 2 (7) (3K(8),
6-0.129 1

B _

AL 551520.129 = [i+(0.080ny % (1)
6-0.024 1

bt _

Bt 0.407-0.024 = [1+(0.080k ) *9]7® (8)

TS5 R BRI 250 B 203 o
5.79x10™ mm/s, B>+~ 4.64x107% mm/s, BRIA 25
JE R AL A AR T AN 20+ Wb R SR
X I8 A A
32 RBWAHR

0.20 |-

(N
=)
I
I

0.05 -

—e- #+ SWCC

| | | |

400 600 800 1000
LT Sy /kPa

1 BBIFLTER T TKSFMEME
Fig.1 Soil-water characteristic curves of typical red

clay and sand
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Tab.3 Orthogonal table of numerical calculation test
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Tab.4 Tunnel deformation difference when the cave is located at different locations
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Fig.4 The measured force of the tunnel structure near the karst cave



N

42 e R

4.3 REMHHEHBEFEZ=EREZHEN

3 3 X6 L S e R g 2 AR T DL R B
Vel 23 3 R R 42 0 25 AR WS R
57 7% T T8 5 B30I o 475 T A2 A 1 il R K 3R Bk 1
FEAZ G 23 RO A B BT R BOH R A R .
U=u(x) uw, Hot U AL BB R B, u(x) A
VT TET L S B B S w2 R AR
it TEALRE R RGN 0 A it 2k 1, i )
FEHOR ) R i Ak 23 RO R, B 5 Rk
B #1 JFHZ 22 0 3 W T A 92 ZK119+103 Wr i
(TEWSFRT T 8 m) M B R RBGAF 0.7 Zo A7 1t
B B B R BN 11 4 A th 2k, R Boltzmann
BRI AT HLA o #1 H-15~0 m 4k, BHERRPRE K,
FEAE WY 5 1 28 T 0, S0 7R AE—12~5 m A

THZ TR J7

—_—

—a—#1 5 A B
—e—52 ZK119+103 ¥

# i I0 T B AR
L A5z ZK119+103 B4l &

\

o, .0 I R T TN R SO SO N I
-30 -20 -10 0 10 20 30 40 50
B T 42510 1 S /m

5 BBMREYES L
Fig.6 Longitudinal distribution curve of displacement
release coefficient

F) S8 1) 2 TR0 o, 2 [ 28507 494 DR A4 DX 45 9 ) o7 T, S A IR O A 88 1 LA o A T 5 1 3 T 52
Wiy 5 Bl I 77 S 0 A (R S TR R T T2 1 28 R RNE

4.4 FRXFLERKE S5 0 B 20

T A A S BT BUA S B 0 A B A SR T SN A8 B RE K BB T 55 5 i A A A 2%
S, BT LAY R ) A A 0T PR K R T 1 0 A AT 25 52 W), DA TR 7R B Gl b K R i 2 il 181 6 S 203 +
FESELH A PR AN A1 I (B #1 8 #2 588 #3) , BE Al BT 0 FLBR K IR 1 5 B e A 1 Bl . 181 6
TR B T A P IR B G A B T BT AL K g AR B OO, g #1 R RE 60 kPa 727, 1K #2

FEACZ 20 kPa Z2 47, 350 #3 BEAIK % 30 kPa A&
Ao B TFALBRKE T B ARG, b 23 S B T K
TN e DXL I IR X Fl P ) 2570 5 1 L 2K i
7 ) BT ) MR K O 8h 4 L T 5 i o
FIY) E S G A R R AAE AR S B R
1, DT 5 B0 30 7 10 Ak 1 ok 20 45 ) 78 T 777
AT FLA S KGR SR /N 3 5 5 5 %
R A7 B A

0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000 110000

pore_pressure

(b) 5 #2
El 6

pore_pressure: 0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000 110000

(c) 5% #3

B i BT 3 LB 7K JE /135 (B2 4L : Pa)

Fig.6 Pore water pressure field near the tunnel(Unit:Pa)



5 6 NG T ABAET IR X R T A T AT 5T 43

K7 SRR AB 5 3 B 1 25 052 i1 7RI T (), B 7 (b) i, S AL T RS T AL B
KR STU/N | 77 A 1) 30 B 3 B O 8l Ok o TREEBRTR KR B AR e R B R B R IR ) 28 R T
Fiﬁ?ﬁ’]mﬂ%;ﬂﬁfﬁ%(Hu%tbﬁ%ﬁomzﬁ%itk) RV AN T7 1 B i s Ok i A R 1) b, (R
i) T3 1 B R A R i AR LIRS PR 32 09 /N T S Y ) Xt —
ﬁ?*ﬂeT4 1 Fr ik 9 28 JE /M T &%%7%4 A SUEAR L N T A AR R B G . SR T B AE R

it B ST N Pl TR G B R U5, MR KR Bl R %%E’J’W’Jﬁﬁﬂrﬂi S EUREIE AT T RS2 AN
77, BT 3 4 A i b AR T R R T A2 10 e 1Y o IRIXALE AL B K T T3 B4 i B AR 1 22 0L
J153 W, PR L 2 g sE Ay ﬁHﬁTF“ﬂ%}Wﬁﬁ’fﬁ*F A KT ”IUI&ZEI’UJMJ‘F%E’JEJJ
W B B e A i [ e b AR5 B 37 S0 A 200 S A N ) S AN 2R N i 2 A 25 S (B 4) T
DAAE W £L Bt /K T 0 2275 2R 5998 T 70 R T2 L AR WOk 23 00 B OI0 B9 F J , ITT 5 Bl i 2845 /N T IR R I
Ml EE T,
SLBRE T 25 7= A 1 1l R R Bk

FLBR R S 2 7= A 1 0] T i sh % B ‘l‘
\ !y

LT 3 2
PR T T T
i 50 2% Bt

N

%%Rﬁ%?i\
4 1) 9 S Ok i

(a) AR A 4L N2 B o (b) ¥R AL T HE TR T (c) PR AL T 2035 B

B 7 BEATARAEREAEE
Fig.7 Sketch map of the force with the karst cave located at different positions
4.5 AEEMETHMNE S
AR AE I #1 #8 1Y T3 45 S ) A1, R A O R AR TR BT Y b 1 g K ) A I BE K F) 80 m I
100 mm/d F b  J1#E 150~175 kPa, il 400 mm/d 4 175~200 kPa,, T LA7E FERR 238 KBGO0, B A2 31
) L7 3 i 268 i 22 A 2 16 K 3 I R it TR R R AR R IR E R A O B TR nY R A 3 K
0 R 2% AR W B R W ) WL 5. T LU HY B A BT B RS O, BRI A DR A B R R N W b
R5 AEEWETRESIBAREKXER S (ZK118+995)

Tab.5 Maximum principal stress of each part of tunnel under different rainfall (zk118 + 995)

kPa
i fr 5 #1 I #8
T -855.6 -862.9
L -668.9 -716.4

Uk -1165.4 —-1214.5




" R K ¥R 2020 4F

=

, JUFCHEE L K I B2 R . MBI ) = BB ZS 1 BE T 30355 A0 0 B0 17 B R b iy I A e TR T Sf 114
JI¥E R B IG IR T8 B 5 Fe 7, 30 X8 i 35k ) S0 67 A RS 1k 7 AR AN RS )
&g
1) ASTR]FE A T 3 1) X Bk 18 A8 TE 1 5 e AN (), 32 282 R R A A ) BB e ) FIReK e 1 i 25 5=
R Y FLBRK 1 A8 A B, 2056 - 2R AR B 0 K REK e 0 g 22 T b = seSE RN TR o R ) AR TP 5
e 48, /IN 420 A= FE SR I 5 1717 25 s S B T O Bk S B R e AL T L T A A SR AR VAR, X
WX TE 27 R 5 T e R
2) FE B 7S A B B T RR A ) 2R R ”'rﬂ:lﬁﬁiﬁo YR A T HE R BRE ) BR G HE AR 5 32 T 1
AN 5 IR AL T b B B S AT 1) R T 3 e — 0 7 52 1 BRI R K
3) WS A AR IR 1 Bk @E}lﬁﬁ )% 2k T‘Eﬂl”‘rl“fla’}ﬁ/ﬂﬁﬁﬁtﬂi — L HEIN T R 1A A2 A
() 25 [R1 RO, L AAR 3R B Sk ) DX 3k P 1 125457 B e okt 8 m b
4) SR FERTAN T T R K SR P AR TN ) S B KT L R T 5 2 R N N B O T A
() FE LAY T B, 5 A0 J5T k 21) 30 00 R 2 G RTR A DT A 72 85 30 ek o 3 %) 2 il

ma

S 3K

[1] %], BE/NR B 44 JEF FLAC~(3D)F 5 1 il B JE 1 AR I A B 2 BT[], 4 + 715 ,2014,35(3) : 855-861.

[2] BRak S, [ RR XT L& R 18 [R5 52 0 28 52 i Al 58 [D]. s 1k Tl K2 ,2013.

[3] AR 2. B W A8 X I 38 1) 52 i E(E 43 Fr (1], th v 28 38 RHE ,2016(2) . 83-85.

[4] FHE, INGEIE 4582 ﬁiﬁ’*ﬂﬁé}g%?ﬁ% VAU A B R SEL]. A AR A8 R 2 2 4, 2018 ,35(3) 1 23-28.

(5] JEI S5 6, XUME T2 )11, 4. 25 Vs R 142 X0 3 Ak v 25 40 52 i 19 B AL 2 BT (0. %A = J5%%,2011,32(1) :269-275.

[6] FREDLUND D C,RAHARDJO. 4E’f§$ﬂi)‘]%[M]. Jbt b E S Tl AR, 1997.92-95.

(7] & Bl A AR, K RRAE i 2 K FEAE AR A A g 2 v i o2 FHC /7 7K b I8 B2 K = 2 35 8% e R 3 20 e 00 T4 0F 938 SC 4 iR
B ATER B, 1998 :79-90.

[8] VAN GENUCHTEN M T. A closed—form equation predicting the hydraulic conductivity of unsaturated soils[J]. Soil Science Soci-
ety of American Journal , 1980,44 :892-898.

[9] ITASCA CONSULTING GROUP INC. Online Manual of FLAC3D Fast Lagrangian Analysis of Continua in 3 Dimensions[M]. Ver-
sion 5.01. Mineapoils : Itasca Inc,2013;1-24.

[10] 4% % 5, X Hatil, VAR B, 45 2036 £ T K RRAE it S50 B L0 SR 5 (1], a1 SR 24 5%, 2015,41(1) 1 126-129.

[11] e, BB &, MES % LR ACRE B AL BRK 23 A 55 M i il e B9[], LA b BT 2% 4k ,2017,25(1) : 73-79.

[12] TRAEFR. 5 p& s ] R0 B9 VR 3L 78 7K L B 8 42 2 TR 52 (D], R0 A8 pRh 4 k3% 2017.



%

5 6 A BT AB AR A DR R A T LR AT 5 45

=

Research on Deformation of Tunnel in Karst Cave Area Under
Rainfall Infiltration

Li Yang'?, Yang Xin’an'?

(1. Key Laboratory of Road and Traffic Engineering of the Ministry of Education, Tongji University, Shanghai 201804, China;
2. College of Transportation Engineering, Tongji University, Shanghai 201804, China)
Abstract: The Haide tunnel needed to pass through a large number of caves in the construction, and encoun-
tered the problems of over limit deformation and collapse caused by heavy rainfall. Based on FLAC3D, an unsat-
urated seepage module considering rainfall infiltration was developed in this paper. Orthogonal numerical experi-
ments considering three factors of filling medium, karst caves’ location and rainfall intensity were designed.
Combined with measured deformation and pressure data, the tunnel’s mechanical characteristics were studied.
The conclusions show that the karst caves with different filling medium have an effect on the tunnel deformation,
which is mainly caused by the change of pore pressure due to the difference of medium’s gravity, permeability
and water holding capacity. The spatial position of the karst cave causes the spatial difference of the mechanical
properties of the tunnel. The caves near the arch have a restraining effect on the deformation and stress of the
tunnel’s arch, while the caves near the side wall increase the deformation and stress of the lower section of the
tunnel. According to the displacement release coefficient, the existence of these caves increases the spatial effect
of tunnel construction. Heavy rainfall supplies the groundwater, which then increases the magnitude of the
ground stress in a short period of time, finally brings additional bearing capacity to the tunnel structure. When
the rainfall enters the well —permeable soil in the cave, the influence of the cave on the tunnel will also be
changed.

Key words: highway tunnel; karst cave; rainfall infiltration; numerical calculation; secondary development



