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Fig. 1 Calculation of the equivalent strain
AR AL O3 T A 20 5 1) B 9B A2 B0 50 Dy WD, RHFR S &N Dy, A

G _G0 4 G0 To

E, E E E (16
LA

11

1 1
Elz E1 Ez B(J

A Lemaitre R i%%HI .
E,, =E,(1—Dy;)
E,=E,(1—D)) (18)
E,=E,(1—D,)

KR 5 R (14) I 25 i 8630 T 4

by, —1_ 1=DDU =Dy

1—D, D,
XF T 2 PR i 5 0 BPE PAAN S 2 A 0 B L IR 408 D, =0 ARA (18 A1 4% Dy, =D, , BIIL B 25 fK
(R G P 05 70 o 45 T L WA A8 B A 5 SR PR AE 0 . R S AR & OB 75 i . Dy =0, AT 4% Dy, =
D, , R 1A A R A 400 405 78 1 5 T L A0 400 05 28 i, AT S SE PRG035k U Y e i O vk T R
VLA G P78 A Y
[FIAE LT Lemaitre 15, 4 B AL 55 G ad S Oh 5 (R 19 2 20 W AR A 31 A8 1t o0
. —-D)HU Dy
a—D» +d—Dy)

AUESR, N TRA9DY D, =08, Dy, =ﬁ B Dy A Dy AU 2 R A i

IR 2 R A S A0 0 72 i BV 5 400 405 78 4 RN S5 T UL 5 78 e, AR AT 5 SEBR I A0 . i i 0 H A i

TR MM AR €1, =e) +ep SR BRI T 1 RS 4 To A0 M 3P 1™ A 4 L AE BB I 25 8 1 (D
JIT 7 A IO AL A5 25 SR AN 45 B X 20 A5 I S R AR 5 B A 5 Dy, =D,y +

1,

D]2:1 (20)




432 DS 1 5 et i %35 %

D, —D, D, JfAMNESL L FERF LT IR BZ TR
PRI LA

XF bR 3 AN [ 2 At US40 45 A i 1T A
AT X o B, B 2 R .

HE 2 B 28 AL A T DU L i 2k 1 2
AR S gy AR AR A B0 AR i, FLAE AR/ T B
A 7% A0 WA A3 A A BE n, Hh SCik 18 )by i
R A R (4 2) B R T il Sk 11 ] R
DA S R (R 3) . XU SCwk 11, 18] 5T
$ A O s K b A T T 2 A0 A A5 R A R
SIATIN S 7 A IR 0 8 32 PR R TSR] el 2 A 450105 720 A I 00 450 405 72 k7 A L e
B R HAG T T R A AR B AR L T SCHERL 18 Il B Fig. 2 Change law of the coupled damage variable
ZAH I Y BRI B PR DA R AR SR T AR O varied with macroscopic and mesoscopic damage
BANAH,

B T2 WA 0 B A S, DTSR FH Y Dy AR faf 287 F 5 1) 1 A 4 473 728 dk o PRT Ok 20 2500 5K i
b DA W25 R 7 R4 05 1) 45 1) S bk . sk AR T IR AR 2 FE R T. Kawamoto 2577 1 )5 7%, 51 A
fisk i Q.0 Q=D N, Hrf N & —AZ Bt Frk a8 orik b .

(1) X F 7 B Al 533 24 Bt 1 25 1 Bl B 24 B 1 v r
W5 o fldgefoh gL N 3 AR, B IZ AL AR B S R Y v ik

W%%%}n,ﬂﬂﬁ:]\’n@n[ cos?@ sm{i’cosﬁj o y

cosfsin  sin*p | B
OXFF 2 UL AR5 24 B0 A R N T3 ik T

JEWAR T A M 4L AR T 2R, R R R B

0 (m = 1,2,,M) , iii N =™ @ n , N, =

lo

B3 RPN 2 TR
FE R vk 2 Qo) AT 5K e A L A B 8 T B A 2 Fig. 3 Mechanical model of cracked rock mass
Bk B 5 RS 45 0 5K 1 Dy @2 B B 0 S A WL B | RS 1 4 05
A DR 2 A [E] RUEE (Y G B BT 5 R RS & 105 728 B 0,
d—2{—D)
I1— 92D
2.3 ETFEAMUBSHROEAMERNSEHNERG AHEE
AN JE A TP A B DR S A AR UL Bk B N BTN R S T A= (10D BT R 1Y S A 40 W B A A A
FRERY  fH 2 T TR S AR 5 A B R A5 2 L ke o DRI Ot e AR Al S A A0 0 5l 285 45 4 A R AR AR 1
A1 5 S S A 3 B R 1) 50 25451 405 AR R A AR ) 2 — A i 1 fip R Y ) R
F A0 5 LS P, 2 AR P (D B A AL A 2 AN ] RUE 14 Bk I B 7 405 A5 R e U)K B S 45
Pirs te 2L AR X — L% L JE 0 (10 i B4 A2 4w (0 I (20) ol & 405 A8 i @, B s B AT
1117 FG 8 0 LA 3 A2 A5 D AR I b o (o) DR 4 o BRIV AT A5 380 5 B 0 1) B Al 20 25 450 O AR by O B Dy

1

N
NG (ij=1,2,3) .
e

912:1* (21)

-2 U—w() L T—2(1 —ae %e"?)
o-(t) _E I_Qw(t) s_E Ifgaé*SSHHrS &=
J— =3 .,mt3 .
pd_ @ e (22)
> 8mcik T
Al H AR

T m At Dm D3



%33 HRITR 5 e LB 75 IE R A VLR B 1) SR B 2 451 A3 AR K A Y 433

3 EHlatR
AR R YR AL RBO AR 4 B B B AR 52 B B A 8 oy BRUAERTL R BRI E . B
A — 2R U Y 4571 B R A B R R A A A R LAY A% 1] S A 3 R A SX (D3 T S A A

%@m%%%ﬁmﬁn—b;émyk—mmd—aonmoﬁ%m@ﬁﬁ%%§ﬁ=g

0.27 0.27 O

0.27 0.27 0| . KT H52He 2 E AT R Ho AT o FL ] %15 B 42 P 5 5 2 52 4 1 B ) o 25l 28
0 0 0

HEAT IR BR W HEL S EO , IR S EOE AR . T TCK BB £ om 55 S 80 g AR
W7 S S2I0Hf OM ULfF4E L. ML Taylor S5 9238 Bk, RO 424 A 4% [ LA i 10. 8 GPa.
B R 6 GPa, JA#A ol 0. 2, 84 J IR B 07 200 MPa, % B8 2 270 kg/m®, Wi 2 8] ¥
1.0 MPa « m"*, W A8 253552 10° s™ "B ok Flon BT 43 IHCA 5. 12X10°2 m™* F1 7. RIGAETIR S,

m@%ﬁmﬁﬁﬁﬁgzawqwfi/ ECl—v) S Y A R 6667 m/s. H
HEF

o1+ (1 —2v
RSP T N g TR AR A TR A . AR R 28, WA BUA UK 5 58 BOE A I B R 4 S S th e an 181 5 BT .

o . 35 ~ —— Rock mass with one persistent joint of dip 45°
m ‘w ¢ —a— Intact rock
T 30
25
g 820
£ s
g ERENS
=
10
5
— Y
50 mm 1 1 1 L
0.001 0.002 0.003 0.004
€
B4 il et R A [ 5 A Bt i 4 3l 285 10 g 1o A iy 2k

Fig. 4 Two-dimensional calculation model of rock  Fig. 5 Stress-strain curves of rock under axial dynamic compression
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Abstract: In view of the fact that the jointed rockmass contains both macroscopic flaws such as the
joint and crack and the mesoscopic flaws such as the microcrack and microhole, the viewpoint that the
above two kinds of flaws should be considered at the same time in the dynamic damage constitutive
model of the jointed rockmass is proposed. Therefore, the rock classic dynamic damage constitutive
model namely TCK model based on mesoscopic dynamic fracture mechanism is discussed, then the
compound damage variable (tensor) comprehensively considering macroscopic and mesoscopic flaws
based on Lemaitre equivalent strain hypothesis is deduced. Finally, the corresponding dynamic dam-
age constitutive model is established, and the effect law of the load strain ratio and joint set on rock
mass dynamic mechanical property is discussed with this model. The results show that under different
load strain rates, the initial deformation stage of the samples coincides with each other, and then with
increase of strain, the climax strength, strain and the total strain of the samples all increase. With in-
crease in joint sets, the climax strength of the samples gradually decreases, but the reduction degree
gradually becomes little and tends to a certain value. The basic law between the above research con-
clusions and the current experimental and theoretical results is the same, which demonstrates the ra-
tionality of this model.

Key words: mechanics of explosion; dynamic damage constitutive model; macroscopic flaw; meso-
scopic flaw; dynamic fracture mechanism; compound damage variable; jointed rock mass
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