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Correlation between fracture energy and geometrical
characteristic of mesostructure of marble
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(1. School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiaotong University, Shanghai 200240, China;
2. Department of Civil Engineering, Shanghai University, Shanghai 200072, China)

Abstract: Rock consists of mineral grains at the mesoscale. The grain boundaries form an interface network and grain sizes are also
uniformly distributed. Besides mechanical properties of mesostructure, the geometrical characters (i.e., topology of grain interface
network and grain size distribution) also contribute to fracture energy. The aim of this paper is to explore the effects of geometrical
characters on the fracture energy and get insight into the mesomechanism of macro fracture energy of rock. Three-point-bending tests
are carried out on marble specimens to obtain the fracture energy of marble. Then a rock slice is taken from fracture surface to obtain
the image of mesostructure of rock using the scanning electron microscopy (SEM). The technique of digital image processing is used
to obtain the grain interface network. Through analyzing of the interface network, it is found that both the topology of interface
network and the grain size distribution present a strong fractal feature. There exists a close correlation between macro fracture energy
and the fractal dimensions, in which the fracture energy increases with the increase of the fractal dimension. The relationship between
fracture energy and fractal dimension of interface network can be well characterized by the quadratic function, while the relationship
between fracture energy and fractal dimension of grain size distribution can be characterized by the linear function. The research
results reveal a mesomechanism of macro fracture energy.
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Fig.1 Geometry and dimensions of a specimen
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Table 1 Dimensions of specimens for three-point bending
tests (unit: mm)

o h t a
AT / mm / mm / mm
Al 50.8 25.8 12.0
Ay 50.6 25.7 11.5
Az 50.2 255 12.8
Ay 50.8 25.8 12.8
B 50.6 26.0 13.0
B, 50.1 25.6 12.8
B; 50.3 24.6 11.8
B4 504 26.0 12.9
Bs 504 25.6 12.8

IR AEA M IR 2T e E Sk
By B EE 2 Bros, In#iEss oy 1 mm/min.
WU R RRR 5 5 SR A4S A Bl % It In s 2 22
BRI E.

(b) W5 fE 1k
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Fig.2 Experimental equipment and a specimen
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Fig.3 A typical load-displacement curve (Specimen A)
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Table 2 Tested fracture energy of marble

o I K Aur g% KA Wi fe
/N / mm / (N/m)
A 800 0.36 161.1
As 700 0.55 152.8
As 990 0.52 199.5
A4 720 0.35 191.3
B, 765 0.28 165.6
B, 890 0.28 180.0 254
Bs 1090 0.26 151.6 X et B e e
B, 1370 0.32 225.6 B — =
Bs 1100 0.36 135.7
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Fig.4 Rock slice and its SEM photo
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Fig.6 Interface network of rock grains (Specimen A,)
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network of rock grains (Specimen A,-04 )
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Table 3 Calculated results of fractal dimension
and correlation degrees of specimens

S S YR HIRE
Ay 1.706 0 0.985 4
A 1.665 7 0.986 5
As 1.806 8 0.9870
Ay 1.7970 0.986 9
B 1.7622 0.9857
B, 1.765 6 0.986 9
B; 1.623 8 0.986 1
B, 1.8478 0.9873
Bs 1.614 4 0.983 5
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Fig.8 The curve of grain size distribution
(Specimen A;-06)
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Table 4 Fractal dimension and correlation degrees 0.8 1.0 1.2 1.4 1.6
of grain size distribution of specimens SRS A 43 2

ke S YK MR
A 1.024 4 0.9747
A 0.9443 0.9727
As 12629 0.964 8
A4 14191 0.9930
B 1.036 2 0.9475
B, 1.1950 0.9890
B; 0.938 1 0.9649
By 1.4835 0.9747
Bs 0.864 4 0.9712
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Fig.10 Correlation between fractal dimension of
mesostructure and fracture energy

5 4 @

(1) REL S AU F 1 P 2% 45 F L AT 1k )
TP IRAEAL, T [RYA50 Bir A5 5 0 ) 2 5 A (1 50 T
YER G R TR RE AT R ) — UCHRHE, 20 T
HoloK, R Rl B

(2) KB LU R 70 A1t 52 W1 2 (1970 %
AL, L RT3 Hr A R RDRERE FEE 73 A1 1) 23 T 45
TR RE B AT IR Gk R 2R, 20 TR 4R E0BOR
T LK BE A g

(3) AT T ORHE AR A K4 R 23 TR AIE
CAR AR N 73 TEAE R 2 WL N2 BE 2 TR ARG, Py
FHE VT IR B A W R RE A A LB R A T
TR MWIERREA AN ERA T2

2 % 3 M

[1] &K, T2, (M. 0 o Rl s 1 528 A b
B2 OC R [I]. S T IR, 2013, 41(3):
59—64.

ZHAO Bin, WANG Zhi-yin, WU Jin-peng. Relation

between mineralogical composition and microstructure to



2346 b +

2 2016 4F

(2]

[3]

[4]

[7]

(8]

the mechanical properties of rock materials[J]. Coal
Geology and Exploration, 2013, 41(3): 59—64.

YUE Z Q, CHEN S, THAM L G Finite element modeling
of geomaterials using digital
Computers and Geotechnics, 2003, 30(5): 375—397.
WRMGET, RIFFE, XA B BIGBORAE S i)
SRS ] A2, 2010, 3105 T 1): 53—
6l.

CHEN Cong-xin, LIU Xiu-min, LIU Cai-hua. Application

image processing[J].

of digital image processing to rock meso mechanics[J].
Rock and Soil Mechanics, 2010, 31(Supp.1): 53—61.
FHERR, BAIFIM, W ase, 45 kT Otsu FIGARRERI S A1
YRR TR S BRI, 51 1%, 2015, 36(9): 2532
—2540.

YIN Yan-chun, ZHAO Tong-bin, TAN Yun-liang, et al.
Reconstruction and numerical test of the mesoscopic
model of rock based on Otsu digital image processing[J].
Rock and Soil Mechanics, 2015, 36(9): 2532—2540.
TIRAE, R, RITK, 55, TR RGAEH
AT 2230 ]. 124 SRR, 2006, 28(4): 60
—64.

YU Qing-lei, TANG Chun-an, ZHU Wan-cheng, et al.
Digital image processing based modeling of rock failure
in meso-scale[J]. Mechanics in Engineering, 2006, 28(4):
60—64.

Aevewr, M, HE S ST HCTERIBRAL B AR
FUa A MRR R[], &%, 2011, 32(12):
3780—3786.

ZHU Ze-qi, XIAO Pei-wei, SHENG Qian, et al
Numerical simulation of fracture propagation of
heterogeneous rock material based on digital image
processing[J]. Rock and Soil Mechanics, 2011, 32(12):
3780—3786.

XIE HEPING, KWASNIEWSKI MAREK A. Fractals in
rock mechanics{M]. Netherlands: A A Balkema
Publishers, 1993.

AT, i, A, A5 W R i) 43 T
T B TRESAR, 2003, 23(4): 1—9.

XIE He-ping, GAO Feng, ZHOU Hong-wei, et al. Fractal

fracture and Fragmentation in rocks[J]. Journal of

[10]

(11]

[12]

[13]

[14]

[13]

Disaster Prevention and Mitigation Engineering, 2003,
23(4): 1 —09.

HILLERBORG A. The theoretical basis of a method to
determine
Materials and Structures, 1985, 18(4): 291 —296.
RUER, MY, 5KF5T7. BNGUR B RL LA T At
KIWTRBEN]. KR4, 2007, 38(6): 683 —689.

XU Shi-lang, BU Dan, ZHANG Xiu-fang. Calculate the

the fracture energy G; of concrete[J].

fracture energy using wedge splitting compact tensile
method[J]. Journal of Hydraulic Engineering, 2007,
38(6): 683—689.

WERAR, WARE, Bk, R RS AR TS
JHED]. BRI, 2004, 33(1): 19—24.
PENG Rui-dong, XIE He-ping, JU Yang. Computation
method of fractal dimension for 2-D digital image[J].
Journal of China University of Mining & Technology,
2004, 33(1): 19—24.

FeUE, RIS, RS, A AR AT R 2 T AT R A
GERPEINT). A0 15 5 TR, 1994, 13(3): 240—
246.

GAO Feng, XIE He-ping, ZHAO Peng. Fractal properties
of size-frequency distribution of rock fragments and the
influence of meso-structure[J]. Chinese Journal of Rock
Mechanics and Engineering, 1994, 13(3): 240—246.
AT, BRI, LS a A MR [T]. 55,
1988, 20(3): 264—275.

XIE He-ping, CHEN Zhi-da. Fractal geometry and
rockfracture[J]. Mechanics, 20(3): 264 —275.

W7, 5. AR RUBE T A Vi et T 2 1 g ik FEE TR 7
WM. & 1%, 2011, 32(3): 941—945.

CHEN Fang, QIN Hao. Study of intercrystalline facture
stress intensity factor of rock in meso-scale[J]. Rock and
Soil Mechanics, 2011, 32(3): 941 —945.

BUKLL, WA, TA-. A AR A I BT )
IRALIATFE]. A0 S TRESAAR, 1992, 11(3): 284
—294.

ZHAO Yong-hong, HUANG Jie-fan, WANG Ren.
Real-time observation of microfracturing process in rock
during compression test[J]. Chinese Journal of Rock
Mechanics and Engineering, 1992, 11(3): 284—294.



