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Experimental study of dynamic fracture behavior of brittle rock plate under
static pre-loading
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(1. School of Civil Engineering, Tianjin University, Tianjin 230027, China; 2. Department of Civil Engineering, University of Toronto,
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Abstract: The dynamic failure of deep seated rock materials is one of the hottest topics in rock mechanics. The
fracturing behaviour of a rock plate under static pre-load and dynamic impact was studied. The specimen size is
305 mmx305 mmx10.5 mm with a 10 mm pre-notched crack. The impact load was applied by a Hopkinson bar
system of 25 mm in diameter. The crack initiation and propagation processes were recorded with the ultra-high
speed photography, and the displacement and strain fields during the fracture process were analysed using the
digital image correlation(DIC) method. Then the crack initiation time, crack length, crack propagation velocity
and fracture toughness etc. were obtained from DIC results combined with a virtual digital extensometer technique.

Results show that the crack propagation velocity of this rock plate reaches up to 0.57 times of the Rayleigh wave
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velocity( - 1 000 m/s), which validates the advantage of using the rock plate in crack propagation investigation.

The crack propagation velocity and dynamic fracture toughness show obvious the rate dependence under the given

pre-stress condition. At the given impact velocity, the crack propagation velocity decreases as the pre-load

pressure increases, and the fracture mode change from one single crack to several cracks. The crack arrest may

also occur under the high pre-load pressure. When the static pre-load pressure is 30 MPa and the gas gun pressure

is 103.43 kPa, the crack propagation velocity is only about 452.4 m/s.

Key words: rock mechanics; pre-load; crack propagation; digital image correlation(DIC); brittle rock plate
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Table 1 The basic properties of the tested granite
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Fig.1 Specimens with speckle patterns and impact device
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Fig.2 Photo and diagram of the dynamic fracture testing

system for pre-loaded rock plate
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Fig.3 Typical u, displacement fields at different times(impact
pressure: 68.95 kPa, static pre-loaded pressure: 0 MPa)
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Fig.4 Typical strain fields at different times(impact pressure:
68.95 kPa, static pre-loaded pressure: 0 MPa)
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Fig.6 The calculation zone of DIC and the arrangement of

virtual digital extensometer
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Table 2 The impact velocity and force under different impact

pressures
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Table 3 The crack propagation velocity and fracture
toughness of rock plates under different impact

pressures
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Fig.8 Fracture morphology at different gas gun pressuress
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Fig.9 Typical u, displacement fields under static pre-load pressures(static pre-load hydraulic pressure: 5 MPa,

impact pressure: 103.43 kPa)
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Fig.10 Crack propagation under static pre-loaded pressure of 5 MPa and dynamic impact pressure of 103.43 kPa
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Fig.11 Fractured surface under different hydraulic pressures
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Table 4 The crack propagation velocity under different hydraulic pressures and same dynamic impact pressure of 103.43 kPa
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Fig.12 Fractured surface under 5 MPa static pre-loaded pressure and different impact pressures
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Fig.13  Fractured surface under 15 MPa static pre-loaded pressure and different impact pressures
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Fig.14 Fractured surface under 30 MPa static pre-loaded pressure and different impact pressures

RS IR ER T, TR Ed R B2
0, B, ryM@ﬁ%%ﬁHAIM)sﬁ
M SR FRIGYEE T BB A, HER
%ﬁ%&ﬁ%%m,m%ﬁ%&ﬁﬁﬁ%ﬁ%ﬂm
ERE AL E G

R BRTR, TN NRLUNY RN R A, B
TGNy RSN, Erhidd R, bR
TS EE RS BT IMBONE IS, B A
[ 60°, M, fEMEGSRES, BR T HfhRN J14b,

TN ERLY BT MR JIPE R, I 433
PR R SRR, HMBURS BT KRR IR,
WK 12(e) s .

B TS ) AN R R N, AR
T A GEA . TR INEOE T DR R R
A P s (L3R 4). 10BEE TS A3,
DALY RINHIIGR, FHBURHMRLS, R2ad
JeE 3 FE B S5 BRI

BORIRAE IR, (152880 e nT LUk B4



Fi36HE FHs5W

EOTCE: BTN AR T A RS BIMT 9ilig i 7t

* 1131~

MRS R, EE2 ] LUARERAREGER 0.57 fif.
WA 4 R A e 5 P15 B R R Ly e Y
(200~400 m/s)FH LLEL Ry o BR L/ A M BHE R A8,
F BRI T AR 15 A A T e, JEA
KT A BT Sk BN A I ERE s 7E 4R T
PRI, RS A, FLN A
e F EL TR LB N, B EFRR AT A, WETA
BB SR AT 9 mT LA Bl Hb 5 AR ARCR 285 44 (3] 2 J2
KA RS RL ML .

4 2 i

ATV B I VR TN SN 3 S AR R AT )
Arhdiigs &, SEsh. #EaT RINER . 454 DIC
JIEFIE SRR, SEEL T RN EOE R A
[F) 7L 73 R R R s A R0 e Je Wi 247 S i
Fto IS AT NN R TR B 6 A R R
B Wi R R A s, EEAE IR

(1) AR RSP i 16 & Rk 21 5 ) T8
[17°0.57 f%, ik T R KA SRR A . 178
FEE TN 164 R, AR IIRET Rl 2 5 32
YR BRI B 0k &
I, RGBS A W R g, ARk
Hi

(2) Tl AT, B ERAS TN I
s, RO R 2 20E], Ry R RN,
Moy REE T, BERENMERNA R .
R R B — 2 i 1) 2 AR R AU AR S
PR A, HEHPLUERS.

(3) @i DIC Jrikgs & Wi J12E e, 152
WY ROERmALE . RO R R Y
N8R, RERFM T AERBIAT AR TH 7
[17iR 58 22 73 b F Bt

£E 30 #k (References):

[1]  ZHANG Q B, ZHAO J. A review of dynamic experimental
techniques and mechanical behaviour of rock materials[J]. Rock
Mechanics and Rock Engineering, 2014, 47(4): 1411 -1478.

[2] KURUPPU M. Fracture toughness measurement using chevron
notched semi-circular bend specimen[J]. International Journal of
Fracture, 1997, 86(4): 33 - 38.

[3] GUO H, AZIZ N, SCHMIDT L. Rock fracture-toughness

determination by the Brazilian test[J]. Engineering Geology,

1993, 33(3): 177 - 188.

(4]

(3]

(6]

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

ZHOU Y X, XIA K, LI X B, et al. Suggested methods for
determining the dynamic strength parameters and mode-I fracture
toughness of rock materials[J]. International Journal of Rock
Mechanics and Mining Sciences, 2012, 49: 105 - 112.

LIXB, ZHOUZL, LOKTS, etal. Innovative testing technique of
rock subjected to coupled static and dynamic loads[J]. International
Journal of Rock Mechanics and Mining Sciences, 2008, 45(5):
739 - 748.

OUCHTERLONY F. On the background to the formulas and
accuracy of rock fracture toughness measurements using ISRM
standard core specimens[J]. International Journal of Rock Mechanics
and Mining Sciences and Geomechanics Abstracts, 1989, 26(1): 13 -
23.

FOWELL R J, HUDSONJ A, XU C, et al. Suggested method for
determining mode-i fracture-toughness using cracked chevron-
notched Brazilian disc(CCNBD) specimens[J]. International Journal
of Rock Mechanics and Mining Sciences and Geomechanics
Abstracts, 1995, 32(1): 57 - 64.

XIA K, YAO W. Dynamic rock tests using split Hopkinson(Kolsky)
bar system — A review[J]. Journal of Rock Mechanics and
Geotechnical Engineering, 2015, 7(1): 27 - 59.

FHuoe, W OB, S BT E A T A LI A )
BN REHT L], B0 1% 5 TR, 2015, 34(2):
249 - 260.(LTI Diyuan, CHENG Tengjiao, ZHOU Tao, et al.
Experimental study of the dynamic strength and fracturing
characteristics of marble pecimens with a single hole under impact
loading[J]. Chinese Journal of Rock Mechanics and Engineering,
2015, 34(2): 249 - 260.(in Chinese))

HALL W J, MOSBORG R J, MCDONALD V J. Brittle fracture
propagation in wide steel plates[J]. The Welding Journal, 1957,
36(1): 1-8.

FINEBERG J, GROSS S P, MARDER M, et al. Instability in the
propagation of fast cracks[J]. Physical Review B, 1992, 45(10):
5146 - 5154.

DAIF, XIAK, ZHENG H, et al. Determination of dynamic rock
mode-I fracture parameters using cracked chevron notched
semi-circular bend specimen[J]. Engineering Fracture Mechanics,
2011, 78(15): 2633 -2 644.

WANG Q Z, YANG J R, ZHANG C G, et al. Sequential
determination of dynamic initiation and propagation toughness of
rock using an experimental-numerical-analytical method[J]. Engineering
Fracture Mechanics, 2015, 141: 78 - 94.

GAO G, HUANG S, XIA K, et al. Application of digital image
correlation(DIC) in dynamic notched semi-circular bend(NSCB)

tests[J]. Experimental Mechanics, 2015, 55(1): 95 - 104.



° 1132

A1 TR

2017 4F

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

KX, M, & B 5 hlEEHER N A A T BREE)
BRI T[] RSN Hebdi, 2014, 33(11): 49 - 53.(SONG
Yimin, YANG Xiaobin, JIN Lu, et al. Dynamic fracture test for rock
I-type crack under impact load[J]. Journal of Vibration and Shock,
2014, 33(11): 49 - 53.(in Chinese))

EWIL, TT, WP, B RO 77 S B AT TTRE (7).
J1% 8k, 2005, 35(2): 195 - 203.(WANG Huaiwen, KANG Yilan,
XIE Heping. Advance in digital speckle correlation method and its

application[J]. Advance in Mechanics, 2005, 35(2): 195 - 203.(in

Chinese))
FEAE, WM, W, S RRNESEE L REECR BT RAL Y

Her WB R RIT RS RG], & TR, 2016,
38(6): 996 - 1 003.(WANG Xuebin, ZHANG Nan, PAN Yishan,
et al. Statistical analyses of maximum shear strain fields for wet soil
specimens in uniaxial compression using digital image correlation
method[J]. Chinese Journal of Geotechnical Engineering, 2016,
38(6): 996 - 1 003.(in Chinese))

ZHANG R, HE L. Measurement of mixed-mode stress intensity of
factors using digital image correlation method[J]. Optics and Lasers
in Engineering, 2012, 50(7): 1001 -1 007.

YONEYAMA S, MORIMOTO Y, TAKASHI M. Automatic
evaluation of mixed-mode stress intensity factors utilizing digital
image correlation[J]. Strain, 2006, 42(1): 21 - 29.

ALAM SY, LOUKILI A, GRONDIN F. Monitoring size effect on
crack opening in concrete by digital image correlation[J]. European
Journal of Environmental and Civil Engineering, 2012, 16(7): 818 - 836.
SUTTON M A, ZHAO W, MCNEILL S R, et al. Local crack closure
measurements : development of a measurement system using
computer vision and a far-field microscope[S]. ASTM Special
Technical Publication, 1999, 1343: 145 -156.

PATAKY G J, SANGID M D, SEHITOGLU H, et al. Full field
measurements of anisotropic stress intensity factor ranges in
fatigue[J]. Engineering Fracture Mechanics, 2012, 94: 13 -28.
SOSCHE, TS, HOKZE, S5 T HF I R T R ]
it B FAE A A RSB SN KR [I]. 5 755, 2011,

32(10): 3 196 - 3 200.(GUO Wenjing, MA Shaopeng, KANG

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Yongjun, et al. Virtual extensometer based on digital speckle
correlation method and its application to deformation field evolution
of rock specimen[J]. Rock and Soil Mechanics, 2011, 32(10):
3196 - 3 200.(in Chinese))

XIAK, ROSAKIS AJ, KANAMORI H. Laboratory earthquakes:
The sub-Rayleigh-to-supershear rupture transition[J]. Science, 2004,
303(5665): 1859 -1 861.

XIA K, ROSAKIS A J, KANAMORI H, et al. Laboratory
earthquakes along inhomogeneous faults : directionality and
supershear[J]. Science, 2005, 308(5722): 681 - 684.

e N RIEH [ B S bR S 41. GB/T 50266—99 TFE#H 1415
TrEFRAES]. AL v [ iRl Rt s 1999.(The National Standards
Compilation Groups of the People’s Republic of China. GB/T
50266—99 The standard of the engineering rock mass test method[S].
Beijing: China Planning Press, 1999.(in Chinese))
KURUPPU M D, OBARA Y, AYATOLLAHI M R, et al
ISRM-Suggested method for determining the mode I static fracture
toughness using semi-circular bend specimen[J]. Rock Mechanics
and Rock Engineering, 2014, 47(1): 267 - 274.

PAN B, LU Z, XIE H. Mean intensity gradient: An effective global
parameter for quality assessment of the speckle patterns used in
digital image correlation[J]. Optics and Lasers in Engineering, 2010,
48(4): 469 - 477.

SUTTON M A, LI N, GARCIA D, et al. Scanning electron
microscopy for quantitative small and large deformation
measurements Part II: Experimental validation for magnifications
from 200 to 10, 000[J]. Experimental Mechanics, 2007, 47(6): 789 -
804.

KOLSKY H. Stress waves in solids[J]. Journal of Sound and
Vibration, 1964, 1(1): 88 - 110.

SHAH S G, CHANDRA KISHEN J M. Fracture properties of
concrete-concrete interfaces using digital image correlation[J].
Experimental Mechanics, 2011, 51(3): 303 - 313.

BURDEKIN F M, STONE D. The crack opening displacement

approach to fracture mechanics in yielding materials[J]. The Journal

of Strain Analysis for Engineering Design, 1966, 1(2): 145 - 153.



