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Shape factor of irregular internal cracks in rock-like materials

DAI Feng, ZHU Wan-cheng, LI Shao-hua, YU Yong-jun
(School of Resources and Civil Engineering, Northeastern University, Shenyang 110819, China)

Abstract: The initiation, propagation and coalescence of internal cracks will lead to the failure of rock mass. To study the
fracture characteristics of the internal cracks in brittle rock mass, the validity and reliability of a cylinder FEM numerical model
containing a horizontal circular crack with 1/4-point singular elements are verified by the similar material simulation tests. Then,
to analyze the effects of the size and curvature on the fracture characteristics of internal cracks, the relative-size-ratio (n) and
relative-curvature-radius-ratio () of crack are defined to describe the geometrical feature of the internal cracks. Furthermore,
the influences of » and ¢ on the shape factors of crack (Y) are examined by the numerical model with circular and elliptical
internal horizontal cracks. In addition, based on the above research results, a simple formula is proposed to calculate the shape
factor of arbitrary convex-curve-type internal horizontal crack. Moreover, the comparisons of the calculated results and the
numerical simulations of circular, elliptical and irregular crack show that all the deviations are within 2%. Meanwhile, SIF of
the irregular crack in this research approaches its maximum at positions of 60° and 300° from X-axis positive direction
approximately, where the crack will develop firstly. The results can be applied to the estimation of SIF value of internal cracks
in laboratory tests or practical engineering.

Key words: brittle rock-like material; direct tensile test; irregular internal crack; shape factor; finite element analysis
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Table 1 Results of conventional tests
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Fig. 1 Uniaxial compressive stress-strain curves of similar

materials
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Fig. 2 Internal circular crack and steel sheet
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Table 2 Results of tensile tests
Roee L DR Rifpiem PiE
fomm RS N WIMPa KAIMPa
5 T-5-1 1.50 1.34 1.36
5 T-5-2 1.69 1.51 1.36
5 T-5-3 1.38 1.23 1.36
6 T-6-1 1.40 1.25 1.22
6 T-6-2 1.35 1.24 1.22
6 T-6-3 1.27 1.17 1.22
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Fig. 3 Equipments for direct tensile tests and appearance of
fracture
K 4 b hh TANVEROGARE. WERBRIE /KPR
AR 5, 6 mm IR FE E IR N ) - AR
2o I 4 ATUAE PRI AT 2R AR AL T3 IR A
A& B i B ) e iR R, SR B S A s
fito JFH, ATCABIEAE Y, RO ARG R

AREAETIIE TR, R BRI AE I o

201

18 o ¢=0mm
1.6 —=— d=5mm
—— =6 mm

141+
1.2+
1.04
0.8+
0.6
041
0.2

o/MPa

0 20 40 60 80 100 120614() 160 180 200 220 240
€/10™

B 4 REZELG R EERIERI R ) - K%
Fig. 4 Uniaxial tensile stress-strain curves of specimens with
different-size cracks
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Fig. 5 Coordinate system at crack tip and singular element of FEM
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Fig. 6 3D numerical simulation model for specimen with internal crack
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Fig. 7 Comparison of stress-strain curves between numerical

modeling and experiment (¢=5 mm)
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Fig. 8 Comparison of stress-strain curves between numerical
modeling and experiment (¢=6 mm)
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Table 3 Comparison between simulations and calculated results of

shape factors of irregular crack

ZN 4y L AV K{’égj 27 M2 Y
o W i Y . AEXF
. K ol (€SS

B K/mm &/mm (FEM) R /%
/mm 7R

A& 25 10.00 0400 3.4 04742 0.4658 1.7799

ch 25 8.68 0347 7.4 06199 0.6217 -0.2920

BAE 25 10.00 0400 7.8 0.6017 0.6117 -1.6597
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Table 4 Comparison between simulations and calculated results of

shape factors of elliptical crack
RFE B ME v

Y y AR
BROER B oafl ol kM
/mm /mm /mm (FEM) AT RE %

25 10.0 2.500 0.40 0.250 0.4219 0.4125 2.2394
25 5.0 20.000 0.20 4.000 0.8479 0.8830 -4.1406
25 10.0 3.600 0.40 0.360 0.4832 0.4763 1.4278
25 6.0 16.700 0.24 2.783 0.8070 0.8212 -1.7610
25 10.0 4.900 0.40 0.490 0.5360 0.5303 1.0663
25 7.0 14300 0.28 2.041 0.7678 0.7697 -0.2535
25 10.0 5.625 040 0.563 0.5636 0.5544 1.6242
25 7.5 13300 030 1.773 0.7506 0.7470 0.4771
25 10.0 6.400 0.40 0.640 0.5866 0.5770 1.6285
25 8.0 12.500 0.32 1.563 0.7318 0.7259 0.7968
25 10.0 8.100 0.40 0.810 0.6218 0.6183 0.5595
25 9.0 11.100 036 1.235 0.6955 0.6882 1.0582
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Table 5 Comparison between simulations and calculated results of

shape factors of circular crack

B o et y T
Sk il *x
£/mm 4%/mm (FEM) RE %
/mm 2R
25 5 5 0.20 1 0.6465 0.6403 0.9640
25 6 6 0.24 1 0.6489 0.6423 1.0139
25 7.5 7.5 0.30 1 0.6526 0.6463 0.9695
25 9 9 0.36 1 0.6591 0.6513 1.1873
25 10 10 0.40 1 0.6669 0.6552 1.7556
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Fig. 12 Curvature radius of irregular crack
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