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Abstract; To investigate the rock mass crack propagation pattern in deep-buried tunnels during drilling and
blasting excavation , two combined model tests ( labeled as Model 1 and Model 2) consisting of multiple cement mortar
blocks were carried out. The dimensions of the models were both 180 ¢m x 80 em x 25 c¢m(length width height) . A-
mong them, the matrix size was 60 cm X 80 cm X 25 cm,and two sides had single and multiple joints. Furthermore ,a
thorough analysis was conducted to determine the influence of dynamic loads stemming from nine cumulative explo-
sions on the crack propagation in a matrix by applying various static stresses,particularly on the direction of the ap-
plied static loading. The experimental results reveal that cracks emerge on both Model 1 and Model 2 surfaces along

the direction of static stress loading when the static stress increases from 0.5 MPa to 5 MPa. The crack propagation
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direction forms an angle on the loading direction,and the main crack is longer than 60 ¢cm. A blasting funnel contour

with about 30 ¢cm diameter is formed on the bottom of Model 1, which does not fall off. In comparison,a funnel with a-

bout 52 ¢m diameter and a 10 ¢cm depth is formed on the bottom of Model 2, which has fallen off. Numerical analysis

verified that the static stress has a guiding effect on the propagation direction of blasting cracks,which is consistent

with the model test results. The difference was that the length of the main crack calculated by numerical calculation

was smaller than that of the model test. Finally,the reason for this deviation was analyzed.
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Fig. 2 A combined model test consisting of

multiple cement mortar specimens

2 AR

AT IR SRR O U, BERD 1 R S R A
T2 e, PRI 1A O YRR AR R T 1 A S i
W +KBEEE, 1 AT EMET 1.0 g KE2y, F
2EREE2UCRI L R +4.9 g MEZh + Ju e sk 58
b, Hk 8 YWCHKBIRL L AR, B ST 0.5 MPa —
FUNZRE] S MPa, 9 RAEMR R | AR 2 AEIA
EREM RSO A R 3 B, E AT L g
B ()RR FIRERY 2 b SRR = A T 24 R
or, HRBKERT 60 em, 240 W] WA WK )40
IS 3 INART5 1147 e F) A sk B G 3 1T 40 i e 1z
FFF XS B e BE AR 2 5 1] VR, LI DA S 12
BB 33 55 #5088 i A T A IIARORE , A A SR
TR AR R I A5 18] L 07 19 48  B) A
Z o (2) LB 5 17 I AR S i A
J7 R SE 2 AT, iR SN0y 6 2 — e f U, nl ARz
GRS , 5% 2 15° 0 E AP IS
LY DT I AN 4R b TS RO R
JEAAE 15° ~45° 2 i) 202 (3) ARUCIAB AR 1 1Kk
TP IR HR I 22 O AT, 3 B0 4 # i 287 [0 46 ¢
ARNUEEEN R, S M7 I PR A B 16 4f 07 18] By 7 A
NIy G SR TR R i A BN 1)
TN ZREAEZTT 1) L AR S Fdu /), 2 W]
IR GE AR SRy 123 1 & A LA I AN R R ) V]
TEH

PRS2 e, BT Y R BRAEA R 1 IS
2 JERHA — AR A [ DX, Al 4 B, AR



BALE A AT AR Sl T 1 RE R S E T 139

FRE S AR 0 T SRS R AR 2 30 em, {H g AR
JBi e o AL 2 Y2l se LR T REA, HARZY 52 em,
W10 em, PIAMEERS Y < ROT FE 2SR [R] 2 By T8
B2 RS 2 YR T 4.9 g M2l (AR 2

)9 YRHRIE BBURE 21 K TREAL | 3k 24, i L : e ...
e AT 2 A L B (a) MU T TR AR (b) MU A LRI
(a) Crater profile at the bottom (b) Blast crater at the bottom
of the matrix of Model 1 of the matrix of Model 2

P4 RS 1 FISAL 2 RECRJR B AR s <}

Fig. 4 The blasting craters at the matrix
bottom of Model 1 and Model 2

3 EHEpH AR AL

R0 i B A 2 R B G, AT TR
| | | | TR 2 RSB TTAZ I AR B 0 g RIS RS 43 A B R
(o) BUBLLRBR B RTERS )M bRmEga R BN b, ShEker B R SR A2 0 o A
(a) Main cracks on the surface  (b) Main cracks on the surface 5 }:}T‘ZT_\‘ . [g] 5 ( a) 'fE%/—\HET—/I\% I}Ej( B/\lez‘*)i EF. /a\ﬁ

1 60 |

of the matrix of Model 1 of the matrix of Model 2 _‘/I\iiéﬁf_éjj a E@}L,i}%*)ﬁ%ﬂiﬂa}j}éﬁ,#&bﬂ
B3 B AR 2 RS AR, ZHYEES A P S (a) ATBEHLA I 5 (b) (RS
JIR LA Ry A (AL ) AR S (o) 9 3h 5 IR Y A, o
Fig. 3 Dist.ribution of main cra.ck propagatif)n a.round P, 1P, 4 ) 3k U i) 7 1 FK SR 1, P (1) 31k 3
the blasting hole of the matrix after blasting in B 97.0 BT AT — 5 5 AL P % 4 5 KO S
Model 1 and Model 2 (unit:cm) > e £
P, P,
AAAAREREEE ARAARAREEER
SR ENcH
[ EEEEERRERNEN] [ EEEEEREREEN)
P, P,

KlS  Shisfir a8 E T BAL52 1 Wit S e A
Fig. 5 Calculation model for single-hole stress analysis under dynamic and static loads
HUA A 5 i, — A S AL GRS AR g dT il 250 (1) Fom
Aty ) BRI g LA R ) 1w 187 g (BN T3 ) AEAR A
N R a\1. P - P a\’ a\t
o= U= () ] - 4(E) 3 Jeos 26

r r r

o= P ()] 3( ) Jeos 20 (1)

ry= D12 @) 2 5( ) Tin 20

Ko, BARRIBL ST 05 AN RLIT 57 S BN ANBIAL, Y7EFLBERE IR B A 48 P (¢) , W& 5 () B
J1 1 AR A — KR L OB S IS S IR AT B 5 A1 A e 8 42 ) D7 R R A0 i
B AE— RIS MR A A R & A — SRR AR A (2) For



140 15

I3 2024 4F 12 A

Polra) | 2 o(rit) _ dp(r.0)

or’ r or Ciat2 > 8,
o(r,0) =¢'(r,0) =0 >0 (2)
limp(r,t) =0 ,r=a
a'(a,t) = P(1) >0

o (r ) ARE ARG @' (r,0) F %
NI B — B R AR (2) B IV ) 5 3 B 3 f
GEEET0)

ey = POK k)
P T (N 2w F(s)

(2/D*r)K, (kyr) + kKo (kyr) —

2
a'i(r,t) = )\Vzgo +2,u,?97q20
;

ozg(r,t) =A Vch + (2u/r) %“f (3)
oL (r,t) =v(a, +oy)
DL A 7 R R A o TRME , T B B T
Laplace ZZ 4 , g 2] A5 4E AL AR T 151 L& 321 A8 428 [ o
JIRNER RN 7R

P(s)
(4)

P(s)

o (1,1 = (2/D*a)K, (kya) + kK, (k)

‘) = (=2/D°r)K, (kyr) + (1 =2/D*)k,K,(k,r) —
Tol T4 = (2/D*a)K, (kya) + kK, (ka)

a(r) = Belnn) POk G

A W s F/n Laplace B S8 F (s) =
(2k,/D*a)K, (kya) + kK, (kya) sk, =s/C 5D, =
(A +2u)/p; Ky FK, 5355020 0 BT 1 B — 218 1E

M) Bessel BEL, W “ -7 AT 5 F A~ Laplace 2% i
55

4 Ry REEZEU

4.1 B|EEURE

F TR TR e P A 2 K R DS, B T3
B 584 S IPRIE BUARRF . AR REEFLA, T 22 Hr
Bl AT (0 G AR A e LA, Z ek e AL R
PS5 AR 2 o DR ISR P B B I8 78 R Y 9
PERE AR, R A A K (5)
o, = [1+(E) Jton +EED
E = E\E.,,

! Eo - Elan

L, 00 Ey Fl & 5350 0 A B0 1 St ARB; 7
W IS AN N A8 4 . € 1 P 2}y Cowper-Symonds
N AR SR SHL, AR AR R UE . E, Ry k98
PR B, A DV, B oy R 45 ) [m) P A
LRGSR AL STk O T 28,0 <B <1, & N
AABIBTER A, A3 (6) T

ff ta ff
el =f de,
0

P

Qe = [Fdede

o ce, g R HE IRV AR BTN 8] 5 & oA S i

(5)

(6)

ar (A +2u)F(s)

A R B ST 5 0 2807 742 R 0 8 i T
Ko HITBZAHR B9 5255 7 B Bcdis , A R iy 3h 2840
JESREZ A R(T)

Ty = 0'68;7 (7)

K, o, F o, 3 50 Ry 2 1A ) 25 BT S 5 B2
SRR,

S5 G K e b AP 3 ) 2 280, BUE T R b
IAMERE AL A PR Y Y S OB AN 3R 1 s

R 1 BHBLAGERSH
Table 1 The parameters of plastic
hardening constitutive model

28 fif B i

p/(kg-m™) 2156 | BELSHBO<<I) 0.15

FAERLRL E/CPa 2.65 BAERBHC 263

AR 0.47 ROERSH P 3.69

J IR N F1/ MPa 20 A5 R T A 1.25
DIZE/GPa 0.85 S NAE _

4.2 KIUEN

LT Bl A PRI IR W, G G AR ANSYS/LS-
DYNA A &5~ « MAT_ADD_EROSION 4= i,
ey BIE M F AL YE 2, R Jones-Wilkins-Lee
(JWL) AR5, Hkak Uk

p = A(l - R(:)V)e_R]V + B(] - ij/)e'ﬁ'zv + %

(8)
Krf:p BEJI;ABR R, o w ZSHGV HE 53
HUERFRNGE . MELYSEBUE N 2 B,




Fa G Hal ATHTHT

WO IR BRATE ST 43 T 10 2 80 il S (e A 141

®2 FUEHSHE
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