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Experimental study on the effect of loading angle
on crack propagation in bedding shale
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Abstract: The dynamic fracture of rock materials is a basic problem in the field of rock mechanics, while the dynamic fracture
mechanism of shale is more complex due to its anisotropic characteristics. In order to study the effect of bedding angle on
dynamic fracture process of shale, a split Hopkinson pressure bar (SHPB) system was used to carry out impact tests on notched
semi-circular bend (NSCB) specimens of shale. Additionally, a crack propagation gauge (CPG) was set at the crack tip, and the
whole fracture process of the shale NSCB specimen was studied with the help of a high-speed photography system and the
digital image correlation (DIC) method. The loading rate and Mode-I dynamic fracture toughness of the shale NSCB samples
were obtained by the method recommended by the International Society for Rock Mechanics (ISRM). And the crack initiation
time and crack propagation speed of the shale NSCB samples can be accurately obtained by CPG. It is found from the
experimental results that the Mode-I dynamic fracture toughness of the shale NSCB samples has significant anisotropy, and the
loading angle has a positive correlation with the Mode-I dynamic fracture toughness. Although the crack propagation of the C-0
sample is not affected by the bedding, its crack propagation needs to cut through the shale matrix, hence the C-0 and 90° shale
specimens have a high Mode-I dynamic fracture toughness. When the impact velocity is low, the bending stress on the
dangerous section affects the fracture direction of the shale specimen, but with less effect on the bedding. The crack
propagation path finally closes to the notch direction. With the increase of impact velocity, stress concentration and micro

cracks may exist along the weak plane of bedding due to its relatively low strength. With the increase of impact velocity, the
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cracks between the weak planes of bedding begin to extend, and the failure planes along the direction of bedding and notch
occurred simultaneously.
Keywords: shale; bedding; notched semi-circular bend (NSCB) specimen; dynamic fracture toughness; digital image

correlation method; split Hopkinson pressure bar
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Table 1 Mechanical properties of shale
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Fig. 2 Loading angle of the shale NSCB specimens
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Fig. 4 Layout of the SHPB experiments
120
& St /
80t g
—=— Input wave &
—e— Reflected wave =
40 - —+— Transmitted wave S 6r
—v— Input wave+treflected wave 2
4 N g
< 9 &
& 2 47 k=356.830 GPa-m'2-s”!
g
—40 ]
=
5 sl
—80 £
1 1 1 1 1 1 1 1 1 - II 1 1 1
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100
Time/us Time/us
5 JIPEER e 6 INBRAHE
Fig. 5 Verification of the force balance Fig. 6 Determination of the loading rate
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Fig. 7 Time history curve of a typical loading waveform Fig. 8 Voltage time history curve of a typical crack growth meter
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Table 2 Dynamic initiation toughness of shale

IMERAEE whtd R (mes™) RN 2 ns ST EX I % /s N/ (GPa-m'?-s™)  SIARAEL/ (MPa-m'?) 2480 A EE/ (ms™)

3 5513 493.8 89.335 3.83 278.49
C-0 4 538.1 527.9 179.391 5.85 296.43
5 551.5 525.3 348.482 8.28 382.26
3 554.7 524.6 108.322 2.45 335.30
0° 4 571.8 538.3 309.285 7.14 383.71
5 524.9 518.4 474.167 9.23 445.16
3 570.3 547.2 119.442 4.23 312.21
30° 4 519.2 489.6 235.974 6.28 392.52
5 563.4 523.4 392.154 8.04 415.17
3 554.9 535.2 122.36 4.02 264.50
60° 4 577.4 521.7 269.242 7.03 350.02
5 576.1 549.3 430.563 9.07 382.35
3 578.8 554.3 160.947 5.13 225.66
90° 4 533.2 507.6 323.626 8.62 331.74
5 569.4 513.8 463.592 10.44 367.53
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Fig. 10 Schematic diagram of the crack propagation position
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Fig. 15 Typical displacement field and strain field of the C-0 specimens

093101-8



EROR TG, 55 N X R B DUA R RS 1 L3R oY 5593

Displacement/ Displacement/ Displacement/
pixel pixel
0.033 0.227
0.025 0.195
0.016 0.165
0.008 0.135
0.001 0.104
—0.009 0.073
—0.002 0.043
Displacement/ Displacement/
Cradli £ pixel pixel
moment ‘ 0.810 4 0.980
( 0.720 0.853
. Ho.630 1 Mo
0.540 0.600
0.450 0.473
0.360 0.346
0.270 0.220

(a) Horizontal displacement field

Strain/1073 i Strain/1073 Strain/1073
1.70 2.12 5.15
| 1.20 1.50 3.80
‘ 0.70 0.88 2.56
0.27 ‘ 0.27 . 1.27
—0.20 —0.34 0
—0.68 —0.96 ‘ ‘ -1.30
-1.16 —1.58 —2.60

/1073
Cracking Strain/10

moment 8.60
6.70

4.90
3.10
1.20

Strain/1072
‘ I o !
—2.40

5.65
4.54
343
2.32
1.21
—-0.11
-1.00
(b) Strain field

B 16 603 St AU 7% 57 A1) AR S8 AL L
Fig. 16 Typical displacement field and strain field of the specimens with loading angle of 60°

PE— 2 XF P 15 F1 16, A] W— BB R A R A AR SR B o C-0 45U iy )= B 55 17 5 159 48 0
7, PR SRS 11 75 1) L 32 J2 B T A S MR B/ 0N, 80y e BRI Tl R80T 1) &, Al 15 Hh A
YR, HAE 2LE0E 24T NS 4 3 AT Be 1 5], AR 4R v DX A) 3 A T A B AR 7 X X5 60°
R R AR TR LR BRI TR] . AP 16 FraR, 60 i 7 e 2Rt 0 1 S 2 il AR B vh G, (EHON
AR TP DX RS2 2 B B S 5, AR A 5 TR BT 1) B 60° K £ 14 DX Ik P9 A, U AE Bl A e 2 A
FHTR T2 B35 07 B Xk ALY R AR AT R, )R BRI AL PR IR ) BN T A R R,
A TN 8 A v ) 1 A A 2 BT [ B Bl i A = BT 1) B RS A e 6 TR B I () A S A

093101-9



B4 % W EGE, SF IR A2 B U 2R TR SR (¥ SRR 5 %59 4

JRE, = B Iw] (4 1WA AR AT BB, S IR B B R 00 P BN AR RN AUVE T 2 BT, Rl RE T
J2 6] R i, Tt R BN Ay AT B AR Y IR R 2 — o [RIRFES 5 2.2 5 X &% 48 v s
AR 2L e FEE ST, 75 2480 Jr it 22 TN, )2 1) 4 Bt 1) e A A SR 3 = Ay e e A T
— R AETR, (R R BB Bl ) AR, B0 i 8 52 IS IR el N B AR C-0 XA T A TE )2
A BE AR, a0 i AR B A U AR e R T Ry, N RSy R — E AT T
(S8
32 YT RER

P 17 2 5is NSCB iF: 75 SHPB 5256 i (14 Mt BB IR 25 48/ o 60°) o AT DL AE o ol 32 B 241
I, 250 A B DA AF B BT WU 28007 [ 9 15 B il 3 RE A9 B vy, SR e A2 J2 B THT R I
7oA A s WA s 2R A HE— D4 R, NSCB 4 T 4 78 a5 1y 30 fin Ak 7 A e IR, ] A 2 34555 T )
SEMRE— AR, T AR B 2 SR AR B s R OR T, AN AT 18 i o

A

K17 AR s BT sCAR e p S BRI A
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