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Influence of Blasting Excavation of Deep Karst Tunnel on Damage

and Seepage Characteristics of Surrounding Rock Mass
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Abstract: The excavation of deep buried karst tunnel will cause special damage and failure forms of the sur-

rounding rock mass,and the damage zone will also affect the seepage field of the surrounding rock mass and the water
inflow condition of the tunnel boundary. To understand the impact of blasting excavation on surrounding rock damage
and seepage ,a numerical model was created using COMSOL Multiphysics software. The model included a stress-seep-
age-damage coupling equation for calculations. The stress distribution of surrounding rock during tunnel excavation

was calculated using both analytical and numerical methods. The results showed that there was consistency between
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the two methods. Large tensile stress was observed near the shoulder and foot of the tunnel due to the blasting load.

Additionally, a tooth-shaped damage zone was formed in the water-resisting rock mass after blasting, leading to in-

creased infiltration velocity in the shoulder and foot area,which can aid in determining the direction of the cave. Fur-

thermore , changes in cave spacing and diameter,as well as water pressure, can influence the “tooth” extension an-

gle ,maximum water inflow position, and water inflow at the tunnel boundary. By considering the extension direction of

the “teeth” ,a reasonable position for detecting the damage zone can be determined. Moreover, adjustments in water

inflow prevention measures and key prevention and control areas can be made based on changes in the maximum wa-

ter inflow position and water inflow on the tunnel boundary.
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Fig. 2 Time-history curve of explosion load
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Table 2 Calculation of material parameters
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Fig. 3 Time-history curve of maximum principal

stress near the waist of tunnel and cave

4 2 8 ms I FE iR TN o K, g R
AL TR R EAERAS o BRIl 2247 LA 1 )
ARZEROR AR I8 B 1 B 3 2, 157 7 373 2 #oR
AT, BEI RS 120 57 ORI/ T 5 T
ABEIE AT DN , phy T3 R A A7 B 1 R0 A PR B o
JIERAE R/ T Fp ] LA 9 2SR AR
AT A PR d5 e I 7 DX A B 1 7 S
T, - EL )P 5 16) 1373 AN 0k, 7 A 1 — 7 3
FRRL I B P DX Tl A Ak o A B 1 30 51
S ZN VAR

-15

-10 -5

m

Bl 4 BIERT A Bl R 0T 2

Fig. 4 Maximum principal stress

0 5 10

nephogram of explosion load stage

1.3.2  fRAF RIS E

VR T 8] 0 A7 AE I s, ST PR B
T 55 VIR T AL S A R 2 s, SR R LL ) R A i i
SRARFLR TR, 24 XUAL 22 6] A6 2 A /N, R FL 22
V) P 1 T3 A B M), 5 0 L ORI i 35, — R
IV T BRI U AR A v 52 728 R B0 it B 2% 38
B AR T kAT R M. E Radi SR B BUMR A% A £
ENT MES T A AT /N B L 8 JCBR MR AE A2
SIS a2 LN A2 B30 R G LT BN T
4 E Radi (%773 , SR A SCRTEE ST 558U (1Y) ik by



FalE 3 %

12,08 R M W AE RELA R B IE R TT 208 B 10005 S8 R PR A R 89

fifto SRARISIEIAE ] BT 2 o0 A AR P B AR AL 1 5
FRAFBCE A TR S B VR, FE A ) R BB 1
B TTRARZ B 10 MPa /KR 7, K% H A e A

522 LBUK IR R 5 B T 30e TR % R I AE
FH PR MR 5 T 5 ) B 0 R Ao 2004 7 45 8 T3
21,8 ms 0] P %I 0 AT 2 BB R /N
k1 55 MPa, LABCAE R BRIE T I % E 10 A7 32 A A
FH o ARPET TR, FAS B R oA i S e dn &
5 7N

K5 B R IR I RIFNTR (SR . MPa)

Fig. 5 Analytical solution of maximum

principal stress(unit: MPa)

AL 5 R 3R T A A R BT LY
OMRHEAE , BEIE 2o 1V A1 39 IR AL, R IE T 5
(Vi 2y 25 Sl EMANIE KK AWASI 2 NS o G P e
T2 b ZE N B B Ly X Ik, g2
ZESAET AR th T RUE R 5 I8 S 15, I A%
T Z—SEMHTA] 8 ms R AT 2RI ELI 77 1) Pl
PNERfL i T —RE B ES , [ARAE R A AR T RUE R Y52
W1 PR T A A A s (BT 3 o e L 2 R R o)
52N FLBUK LA I3 AR IR 20, (AT i S
—E R B AR B H R T BRIE 5 T A AT gk
J1DX INBEE 1 5 1) L A sl o (ELEVASR U, B (LA
5 AT AR R IS 3 o A — B0 Bk TREH R A
HPE
1.4 5R{53H4HE

P 6 Syl T -5 9 31 A TS SRR Ak 453 £ 72 A P 7
2, AERRKE AT A T T B T8 B AL B0 28 1 AE 3 ms
29 ms BN O R K Z 0. 6, J5 PRIFHE ; IR HE
WEA Bl S R M Ar 3 A 72t AE 8 ms £ 10 ms
MO TGHIE R % 0. 35, J5 (R F5 e EE:,Ff“jﬂ’??%%
T FRAACEFE B RE , AT 575 28 o 1 I ] A
18 T hzaEm

7 SR B Be B i 2 ] g 1 7 I el
R ERAR S, DABEE 11 5 16 L R A 45}
DA A s/, A e 2908 3.5 mo Mi%iE
AR T 52 B TR A2 ), B BAS B R A4 1

BRIy 1 7 1] B 52 R A7 R o 9 0 g
A7 AT 3 AT 2R/ v R S R e Y
BOARRL S i T XN R SRR, B K
HRE TR HEAT AT, A 8 R RSB A7 AR
0. 1 B HZRFIE R BIBR, “Ih 7RI T
RIS ABE 0 X0 5% , 1] ST A S e, AR B R 57 T K]
WTHER R AT Il o AN [ Ak ™ 04 B 182 v s B9 6
B 5 B IE S S LR TR O D
SEARBR, U, 7 1A BT A AR RS, TR
I 45 I e

0.7

0.6
0.5
0.4

.............................

BGERE

0.3

0.2} — RELE

- WRER
0.1

0 S
0 5 10 15 20 25 30 35 40 45 50
I} [ /ms
P 6 BRIE -5 VAR AR SR BERE AL B2 i A th 2k
Fig. 6 Time-history curve of tunnel and

cave adjacent arch waist damage

i

7 IR AE B BB A = K
Fig. 7 Nephogram of surrounding rock

damage in unloading stable stage

TR T TR 2 LA 5K &
BRRE, EL iﬁ%éﬁl?ﬁn& L, 0 75 57 B8 B2 X
T35 KA i RN - DR IR S 8 8 TR o 14
PRI , 25 B 1 5 — 00 0 55 W Ak s IR R A 5 , B
A X P R AL ] REAT Vi A1 AR vh A T
A DX AGHIN A — et it 7E T B AR AT AL, USRI [
PR, ARG 8 Wl v BRIl — AV, N
AR B K S A T 2 Ak ATV L o AT R LA
I, AL 0 52— A 1] Rl LR T AL, A



90

1/

2024 4E9 H

REAS I 21 5 45 BHLAY B3 13 L 1], 4 141 8 Jr 7w, ml AR 4l
“ U SEAR L AR (EATERIEILR ), BEATREfi,
2Tl BL LB e B AL

y
PR 0.1 1S HL

’\\(
HifLEsz

-

B8
Fig. 8 “Tooth” shape description

1.5 ZimiAtHiE

P9 SR RE 5 B A A, BRI T2 Ak
T Bk BRI I FOK R % B SR R
B KRS AN/ )N , T Bl A PAAS W o i 1 i
ko PRk 8 R 2R T DT 1A, 85 S K/ Tt
JRAE L, R L7 30 5 ATl 1) i 1 0 e s
Tt B L A 5 0 03 A A A S, U A e T
EAR AR B ARG, T 04 e K R 47
YR Ak Siivie BIERy N (] 51 WS 17 STEB R SR TEY S I
O, AT A2 B T — 0 320 5 A R A 5 R 8 i 7,
A X — M T A P A7 A

JE 71 /Pa
10 - 11.(())
8 0.9
6 0.8
‘21 0.7
0.6
50 0.5
-2 0.4
-4 0.3
—6 0.2
-8 0.1

K9 i ERBE g =K
Fig. 9 Nephogram of seepage field in unloading stability stage

WRIEB T = - o Ai B XERR, BOREE A
L BRSO, T bR G A
0 m. P10 kA b3 AN (] e BE A B ek, 52
FEL 5 03 RS2 D, 795 S A o L 11 B T T8 I
BRI KL, BT 7K B/, 6 e B, %
B 5K ST 90, A R T A F X
3 m Ay VE R PRI, T 25 i T e v G i 3]
P L) DA A ) I O 1 T B A -5

DX S ) K DR, SR B B B 3

0 1 2 3 4 5
7K AL 5 BE /m
P10 BRai A7 bt A RO 5
Fig. 10  Flow velocity at different positions
on the upper right boundary of tunnel

2 R AR R E kB A

S

SR TR T 38 20 TR AR /N L TR S R T Y
() 3 L R85 1) P9 7 S 0 2 AN A 1, 3K 6 45 1 1) i
AR | SR R M B 1 R L 1) 32 RS e i
Fl A0 B AR L, PR 40 DX A7 & LA
KR K 7 i a0 R T AR O A, AR L R R
B THZ 5  WF 5 B — 1 T S5 AR el 28 B L5 7
A STERUR S SN AR -8 a = X < Tl S AP0
FRME, LABRTE A7 1 Bt DA e i1 A D4R Sk ik 4 3o
1708, IRl 8 i o
2.1 BiEEERNIE

Wi 7 V25 1) 147 B ) BI85 3R T R T TR 5
Mt B/, 98N T B K A B N SR AR 3
X TR IE FLA I AR U R KB AR, 5
AL 7K 5 AP0 43 DX R B A 0 TR K 0 R o X
T30 5 m 6 m 7 m 8 m 9 m fFH 7 BT
R
2.1.1 HBEE#H%

B 11 g AS [R) FE EE _b30< UF 7 R A5 4 DX B A
AR B VR I, 2T AR S AN AR
B 5% S PSS 43 40 DX S L 488 A [) sk bl 2 o 7 AS
ARG U R K RSN, 15 R E] 9 m
R KEC AR 0.5 m, RIEE 11 iR, Xf
FUAN [ B F * 1A7 S0 fuf b 35 D 30, 7 3 Tl v iR KT
8 m I, “ 7Bk, FE A by e A Y i A )
7 m B, UG ) b ) R R A Y, SR
T7 m 5, 57 EL AT HAEM, 5w R A
B Bl /N AT BT R I, AR U A AR A s
2zl 1 A5 03 DX ARSI B A LB AR AN 1] v R R T o, AT
D% = 3 F N i < B £ S S0 A N { WY vl W VA Y s [



FalE 3 %

12,08 R M W AE RELA R B IE R TT 208 B 10005 S8 R PR A R 91

14, BtifL 5 Tl AT A6 IR iy AT, 150 £ AN BRI sl )
MV T mE B LT TR AT T

h
tn

Py
=

w
W

VB S mAS AL
g, S

g
o
T

g
n

——%fH6m

—— YT m

—— V8 m
1 2 3 4 5
1 B8 R 3 A A K 4 B /m
B 11 AN [R] R R 1 0 4 i 3
Fig. 11

BRES BB A R B 2 E B /m

g
o
.

—_
(%)

o

The extension trend of “tooth”

at different net distances

2.1.2 [ RARALAE
P12 S AN [R] v BE ok 3 0 53 [l A7 5 T 7K A
B FEARREHE AR, b6 T8 i 38 DX i 45 K T
PRIV . Bt v IR ) 00/ )N , K T T 08 O A T 4
KEHEN 9 m Jg/NE 5 m (2 B d KU A
3 m/d BEME 14 m/d, R A% L 2 Bl v B sk /N A 7
YR AN R T S LN W N T D I IS 5 N1 8
SATEMN 3. Sm SER TEAIE 2.7 m S, Fit
FEVEATIRA K B 1A, 224 7 ) v I A R, o Bk 11
AT SR R ¥ 50 W B I T it T i s T B Y
U/ 0, B T TR S X S5 B U e it g o N5 , TR A
[ S e e Vi RN (O A VA A X s AN N
%l
14 —= H§¥ES5m
| ——¥Hi6m
—a— 557 m

10} ——#%ME8m
——45HE9m

o
. 8_
£
B of
2,
2
0 1
0 1 2 3 4 5
K (LR 5

P12 AS[R] I AR B T 0 S0 2K 1 L
Fig. 12 Water gushing at tunnel boundary

with different net distance

2.2 BRAXMIZIE
AR AR A T 2 el /N X B A CE AR B 2 AR I
LA JE) 321 7K 7 5 Wi 91 R B84 5310 ) 320 el

B A P FH S S, DT 5 | R A A P B
AR Ui S FHRR G DL AL o RIS
AR, XA AR50 9 6 m 8 m 10 m 12 m 14 m [
LTI
2.2.1 B

AR BLAS AT S S LI 13 Fra, m]
A BRFEAE P ELAR BRI, 157 S L T iR
AN HBAE T R IE T B, A A 2 B G I AR A5 1 DX
ZE 7 N il e DE A R a3 NP IS = 2 PN
13 rpa] DLFE 21, A [) EAR I 0™ A0 2 i 35Kk
HOMTA] , TR AT ARARAL, 25 18 14 B A 4 S
(RS B8, e A R B 47 DA P, 5 B A B AL
AL NP R IS, B TR AR, Bl AL A g
JRE IS AN W 380 T 1) A% E) B % 4l L A A 5

BN

45-

E 40

o

W

2 3.0}

2

iﬁz.s- N .

i - ER6m

ool ——WAERSm ——FFHERI2m

= — A A 10 m —— A B 14m
1’5 1 1 1 1 1

0 1 2 3 4 5
T g 1 A K S v /m

13 ASRIVA I B 157 (9 e fif i 4
Fig. 13 The extension trend of “tooth”

with different cave diameters

2.2.2  [EiERRIIE

(& 14 S AN [F) ¥ R 1 370 A RS2 B9 7K 1 L o
Wit IR ELAR A K, IR 0 It A DB A T
PR AT T I8/0N , 190 5 e AR B . A ¥ R T
N6 m $EHNZE 14 m () FR v, 5 500 e R A
4.5 m/d BEINZE 10. 5 m/d, K48 45 B R 3 ] ) 2
(BT DA Y, B R Pt I LA 2 P 1 e R
HAAIENE 2.5 m A FHEE 3 mo FL, AT
K BB Ia B, Bl R ELAR SN, J8 B 0 b7 A 1
it 1V A SR, TOURS N AR 1 5, e B YA R
(VANEN [SATE
2.3 BREKEHKZEmM

VAR A R T 3N, 2= 14 L 30 L A FL B K
., RS R 3 5 e 38, Wi e[RRI T, o
] JE 300 B O AR AS e A el AR 45 B o e 42



92

1/

2024 4E9 H

Je B ACE A B TR PR K AR R o WA TR K
53 0.5 MPa (i %7K ) ,5 MPa, 15 MPa,20 MPa
SRR R =
AR ER6m ——HEHER12m
12 o AR Z8m ——FAERE14m
10 B FAERZ10m

T o8y
26t
b
B4y
2
0 1 2 3 4 5
KA B B 5 B /m

B 14 OR[R] I B AR A R 2 SRR K A 0
Fig. 14 Water gushing at tunnel boundary

with different cave diameters
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