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Table 1 parameters of geometrically similar HCFBD specimen

id 2a, WM D/mm b/mm 28/C°) d/mm 2a,/mm Pl
1 42 16.8 20 8.4  21.0 1.0
I 80 32.0 20 16.0 40.0 1.9
Il 122 48.8 20 24.4  61.0 2.9
K1 FLAE CF A BT R SRS B v 155 62.0 20 31.0 77.5 3.7

Fig. 1 Parameters of the HCFBD specimen

(a) Geometrically similar specimen $ (b) One-size specimens (25 mm<2a,<41 mm)
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Fig. 2 Two types of HCFBD specimens of marble
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400 Table 2 Strain signals recorded on the Hopkinson bar

¢ 202' K4S D/mm o/(m/s)  e./100° A A
3 M1 -01 42 4,57 542. 84 0.82 0.03
—2001 MI-02 42 4. 86 533.25 0.91 0.03
_a00} MI1-03 42 4.56 519.17 0.91 0.04

600l : : : : : :
—300 0 ?/(;‘)S 600 900 MIV-01 155  4.62 525.42  0.81 0.29
P 4 Hopkinson JEAT b [ 45 {5 2 MIV-02 155 4.48 537. 31 0.78 0.30
MIV-03 155 4. 67 519.68 0.84 0.29

Fig. 4 Strain signals from Hopkinson bars
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Fig. 5 Fracture patterns of HCFBD specimens
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Fig. 7 Experimental values of dynamic {racture toughness using HCFBD specimens
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Table 3 Results of the dynamic split experiments

R D/mm 2a,/D i/ ps K/(GPa+ m'"?/s) K 4/(MPa+ m'?)
MI]-01 42 0. 50 52.0 33.3 1.73
MI]-02 42 0. 50 55.0 40.5 2.23
MI]-03 42 0. 50
MI[-01 80 0. 50 76.0 38.8 2.95
MI[-08 80 0. 31 91.0 24.6 2.24
MIl[-13 80 0.51 85.0 27.3 2.32
MII[-01 122 0. 50 92.0 28.8 2.65
MIl-02 122 0. 50 86.0 35.1 3.02
MII-03 122 0. 50 95.0 20.0 2.85
MIV-01 155 0. 50 103.5 28.3 2.93
MIV-02 155 0. 50 113.5 27.8 3.15
MINV-03 155 0. 50 107.0 30.6 3.27

4 7£ = [8)- 18] 430 A RE 3 S BT 1 H) B R I AR

Fie FEZ 3 P W7 284 07 7 0 A SCHR 14 J0 WS, 76 B4Rk %) Deir 4 78 v, 4 BTG ) B 34 B0 B0 H 2 Y T 5
J3E PR P L AR FE Ak v A 1 BRI KR B 2R R DX R — S R BB RN R S % 5 O DL R R A i
TR, UL S R DX LR W7 24400 1 4 72 X 248 B T30 03 B AN 28 5 4 L 7 2 WL 58 5% 2 i A A — 1> T 2 1) 1
ARBRAG DK I AN FETE LR PE W R 7 27 4 A 1 T AT S . S T O A TR Y R R R O e A VTR A
THE I 1 A R S DT ) (™ A RSO 1 T LR T L BRI L e A D 2 ) A % R R )
AR B Bl 25 W7 490 B B R AR T L T 2 R 0 5 A E LA B 9 SR ) Bl 2 U R i T R )
S5 SR RST RN 43 PRHE 5 33X A [R) 180 28 4 1 R Aokt

P N Y R [ P S W N B i Y VA 5 P R e v 1| 7 PN T ) DA N S e RV S
A 33 A b2 L U S B8 T 30 25 W 28 0] 250, K1 A b 118 8 285 8 24 AN AN R Bl 25 07 ) ik BE TR 7 45 T B
ok Bl A5 W R B (R T HL R S A iR AR B sh AW W A Z R B A — A2 I
o O BN A A W R R S OR [F 2 Ak, A TR o T R R R B L — RE R AR SR
Z M Y. V. Petrov % fil J. F. Kalthoff 48" (1 338 , AT DL BB < 099 B8 SC.7E A I ) 98 B R 7
K B 2y 25 W 2B BE(E I, RAI R AN 23 I 0 7 BIGR B — KT 0 BYME , U 2t 7 DX B — B ] AT
FEIR B Al SRS S B2 0 T 58 B2 PR 38 3 20 25 W7 24 49 32 A 20 08 284 5 7 X v A 2R 804 36 381 D 24
b AR XA RE £, DT 5 | A2 ek 2 WO 2R i 5 2 A B [ A2 B AT, 22 I (R] « A B S R
MR c=1/v,v=da/dt WHELY JRHEE  HT v A& c=10/c, c HHPPWH, XHEMARW « 2L
B o N —ME .t BGIAKNIE 1A% G2 3 25 W 2400 BE 1 o8 5 VR AR &5 8] RUBE 2% 1 2l 285 W 8 10) R i) AN
F S BN ORE I ] RURE 975 . Bl 25 Ui 2 R] e ) ok b s (R] - R TA) J0O0 R DA )T A e A B T A
W HE i TS 00T MR 22 B B « LA RHIE SR A 8 ) A8 2 B « v] DL 2SR 3T
U FE RS W 248 B RO b, R B e S B XK ¢ s, M ZE s S #iG O0F . i TRk
(S 2R ] ¢ AR, 22 B B8]« AN T o 2 AN BB Z W 1 ¢ (L A2 AS T) I 28 238 A B AN ) RUST 18 52, 3¢
R 2l 285 Wy R A I ] RO B e — 2D Ak,

Fi B8 Y. N. Petrov 887 @57 19 25 &M R} 2 (8] -0 (8] 35 149 3 265 7 284 o U] f JEL 865 o 2 ) RO AR i ] IR
J3E [ 50 5L A A 4 T OB 2Rl o DX B ¢ R T T o R 2 ] - ] 35 2 25 1 4 49

1 !

K"{d<r,z>=—J iJTK]u,r)dAdr D
[Jo TJo



%5 6 1 KRR A gl A I SRR B B R RO 549

K K ) R S48 93 0 1 N 3 58 3 TR T 14 25 ) - s 8] 43 A5 R B0 A R 55 2 8 I TR RE 56 0 B ] 2 s 5
SCA=0 XN ER T[] =2, A B9 IE 0102 ¢ W/ 7 1), BDAE RS R 2 = AT — D22 B B B, A
() B KB BV 22 B 0] o5 Ry 85 FF 2490 (0 R 25, 2 55 4004 7 280 o 8 DX RS R DG 14 25 ) AL A o o )RS A5 2
S5 HAE 7 [ N AR IE KR B R BT i BB XK B ¢, Ko (oa D) Fos 5K RF 56 1
HH) LS B A W )

TCAE 5 3 X6 o i 1 Ao R g — Tl T A o s )-SR B P A R h A R R i A 2 (D) LB R R IR R
H R R A AE W R AR X N R BT R B IF IR B A B L DL R B « Z 5. ATIAH . H
D) AT B 1 20 25 W7 2490 B (A AR 8 /N 38 T B RS 8ns . A6 20 (D) b, i W 2 ot R XK R 2
HOCHENY 1 L —MOA Sy, i B X B 5 RS A 6. A M. Wecharatana %590 85 4 H 5 B X ¢
JE B F R 25 B9 R E s ML G, Alexande 557 (1) S 56 485 JL Al 36 B, o B2 XA K B2 20 S 30 IR 1Y)
0.368~0. 684 fff, XL 5 Z. P. Bazant 55 48 H 19 £ X R F A4 RS #1359 57 4 09 R 2 44 kL
SRS G . Fobr b IE Ak AE S 48 L W R R XK R ¢ S R OGO A A T
PRI Ry F 58 385 I TR AS BB 30 40 Tl R4 4% %) S I S ™ i o i P DX S 00 245 5 1) AN 4 o 1 s o it 2 0, S
BRL15-16 1r A 25 SR R 5 7 IXORT I B M8 . HA Y i RS R 88 K, A w] AR 31 51 52 1 % IXOR
S PR T RIS AR R 0 R DR BE SR 5 RST TR A B 2 8k, (B X Se RS R S BR T 80 S G L
A vy R W R R XK R S A R R — S MR I S8 8 2 R M R
{14 Vi 2L P — R R I R A 2RO 7 S5 Ah . Y. N. Petrov 2807 75 0 2 AR 64 30 25 e 200 BE I, 43 50 45 10
TR ORREEO N 0.4 Y% B AR A 2 (ASTM 4340) IIZE B ] c=7 ps LA S v B 15 (Hom-
alite-100) (Y ZEF B[] c=9 ps., Z2FH B (0] 5 W 2400 72 XK B A7 AR 2L 0], B 02 B 02 — MU S5 #
BHE G ZH, I H R e 249014 45 bR 2 50— 26 90 280 38 80 2 AT SR B A A 5T

FRAT AT LA A H0ME T A T 3 A il 3 23 )-SR 38 ) S A T S R K e R XK L R
B ¢ BOCHR R LA o 23 518 280 0/ B 5 (R R 58 2 A8 5 I8 W 2450 B XK A2 F It [a))
WS K o724k, . AR SCH i HCFBD 30 R 616 £ %53 R n 3 o l=n AL, 0 BT R HEE K R a,
(A 0 B 25 07 3 B R PR R AR Ky (03X B s =ao + 1.4, =iAlG=0,1,2,.n) . XF 22 5 B[]
o & t=1/c. ¥ c F R m A B c=mAc, ;= jAc (=012, m) , il TR R —Z2F R o Al
ANTR] ¢, % R 1) B 285 W 4 4]

K'Id(r,ZJ:%JTKl(A,Z,-)d/l i =0,1,2,n 2)
0
B F R RG] — AR Z2F B8] o X3 0B s 25 W7 2460 5
l
Kn;d(fj,l)Z%JKl(f],r)dr P =0.1.20 0 m (3)
0

T A5 BAS TR 20 7 36 o 14 25 - B ) Bk sh S W 4B K 1 (o0 B8 il (2) L (3) 15 A5 5

_MTamioe L s @Mz L e Y
2 3.0F : P (] - <\
g ey £ 3.0r ~N
ét_s‘ 2.8 - I B ANA
s -y s 2.8 e T
= 2.6 I <,
& 247 o
EME 29 EM_

2.0

0
1 —

10 |
8 T/us2 <o )

0 2 4"l/mm
&l 8 =3 [ -t ] 35 114 3 2 W 24 49 )&

Fig. 8 Dynamic fracture toughness in spatio-temporal domains
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Size effect of rock dynamic fracture toughness

ZHANG Sheng'?, WANG Qi-zhi'® " | Xt He ping!
(1. Department of Civil Engineering and Applied Mechanics, Sichuan University ,
Chengdu 610065, Sichuan, China;
2. Department of Mining Engineering , Henan Polytechnic University ,
Jiaozhuo 454001, Henan, China;

3. State Key Laboratory of Hydraulics and Mountain River Engineering ,
Chengdu 610065, Sichuan, China)

Abstract: In the experiments, two types of holed-cracked flattened Brazilian disc specimens were a-
dopted, one was geometrically similar with the diameters of 42, 80, 122 mm and 155 mm respective-
ly, the other was a one-size specimen geometry with an identical 80-mm diameter and varying crack
lengths. The discs were diametrically impacted by the split Hopkinson pressure bar, and the strain
waves and typical failure patterns of the specimens were given. It is concluded that the rock dynamic
fracture toughness increases with the increasing diameter size for the geometrically similar specimens;
however, it increases and then decreases with the increasing crack lengths for the specimens of the i-
dentical 80-mm diameter. The size effect of rock dynamic fracture toughness is caused by the fracture
process zone length 1 and incubation time z. To reduce the size effect, a method to determine the rock
dynamic fracture toughness was proposed by averaging the integration of dynamic stress intensity fac-
tor distribution in the spatio-temporal domain.

Key words: solid mechanics; dynamic fracture toughness; size effect; rock; fracture process zone

length; incubation time; spatio-temporal domain
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