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Shape changes of various minerals on granite surface
during uniaxial compression test

AN Chen-hao, XU Jin-ming, SUN Hao, LIU Fang
(Department of Civil Engineering, Shanghai University, Shanghai 200072, China)

Abstract: The shape changes of the minerals on the surface reflect the deformation/failure process of the rock material. In the current
study, after analyzing the textual features of various mineral regions on a granite specimen surface, the video images photographed
during the laboratory uniaxial compression test and the grayscale threshold segmentation were used to investigate the distributions of
the minerals in each frame. The shape parameters were extracted from the frame to depict the configuration features of various
compositions at any time during the deformations of the rock. The relations between the changes in shape parameters of various
compositions and the propagation process of cracks were further explored. It is shown that during the deformation of the granite
under the external load, the magnitude sequence of the circularity is feldspar, biotite, and quartz; that of the inscribed circle radius is
biotite, feldspar, and quartz; and that of the variance index is feldspar, biotite, and quartz; the feldspar region beard the most part of
the axial load; and the shape changes of the feldspar regions are much depended on the actual locations; during the failure of the
specimen; the magnitude sequences of the areas are feldspar, quartz, and biotite where new cracks generated; and the most of the
cracks propagated on the feldspar and quartz regions if the cracks developed quickly.
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Fig.1 Shape parameters with time curves of
various composition
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Fig.2 Curve of crack area with time under external loads

30

251
g L
E 2.0
=5t

= Lo

05 F

0.0

0 160 260 360 460 560 660 7&0
A /s
B3 hndE BRI B B I R4k i 2%

Fig.3 Curve of crack width with time under external loads
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Table 1 Area of various compositions at different time

AN IR 2 () AN R 4y X B i B /mm®

Sy A Ip'% AN
0.00 200.00 235.84 235.88 300.00 400.00 500.00 600.00
B A 13.64 13.64 527
BB XY pS 16.73 17.09 14.18 17.45 17.45 16.36 16.18 15.82
T B 27.27 26.00 2145 2473 22.18 2491 24.36 28.00
B A 37.27 33.09 34.91
KA BB 38.18 35.64 37.64 3891 33.09 3491 2745 37.64
T B 84.00 8527 80.36 86.36 82.00 84.18 82.00 83.09
B A 118.18 108.36 107.45
FBE ZABR BT 83.64 75.82 7527 58.18 74.00 7527 62.91 67.09
P e 22145 203.82 203.45 213.09 216.73 220.55 214.55 193.45
K2 AR ZIAF s X B R
Table 2 Circularity R, of various compositions at different time
- S AN T B Z00(s) AN 7 B3 XIS B L Ro
0.00 200.00 235.84 235.88 300.00 400.00 500.00 600.00
B A 635.84 686.69 1640.63
BB XY pS 397.83 549.66 375.14 335.11 449.94 35427 397.84 686.63
T B 334.98 259.14 479.85 354.16 354.19 259.15 301.12 286.02
B A 130.36 89.77 130.37
KA ¥%WWﬁﬂi 22527 206.32 168.19 197.71 22531 22529 15591 174.92
T B 55.59 4238 47.82 49.86 4322 4498 4239 48.82
B A 33.92 35.15 37.10
FBE PP 67.04 65.44 59.53 82.51 100.72 107.06 150.02 68.76
06 B2 15.79 1391 15.99 13.90 15.24 13.75 16.17 19.57
K3 AR ZIZRS KR A VB v
Table 3 Inscribed circle radius » of various compositions at different time
- S ANTA BN ZA0(s) % 4y X8R ) 2P 4 /0.22 mm
0.00 200.00 235.84 235.88 300.00 400.00 500.00 600.00
B A 5363.4 5573.8 8616.8
Brtl XY B 42422 4986.4 4119.7 3893.4 45114 4003.3 42423 5573.3
6 B 3891.9 34232 4658.6 4002.0 4002.4 3423.3 3690.2 3596.2
B A 2427.4 2014.5 2 427.6
KA %WW& 3190.9 3053.8 27572 2989.3 3191.5 3191.2 2655.1 2811.7
T B 1583.6 1382.7 1469.0 1499.7 1396.5 14245 1382.9 1484.1
R 12363 1258.8 12933
FBE BB 1739.2 1718.6 1639.2 1930.4 2132.1 2198.1 2602.5 1761.9
TR 841.7 790.3 847.2 790.0 827.0 785.4 852.0 937.6
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Table 4 Variance index e of various compositions at different time
- B AN T BN Z00(s) % B oy XS IR B R 3L e
0.00 200.00 235.84 235.88 300.00 400.00 500.00 600.00
B A 0.019 8 0.018 3 0.007 7
Bt} BB 0.0316 0.0229 0.033 5 0.037 5 0.027 9 0.035 5 0.0316 0.018 3
6 B 0.037 5 0.048 5 0.026 2 0.0355 0.035 5 0.048 5 0.041 7 0.0439
B A 0.096 4 0.140 0 0.096 4
KA BB 0.055 8 0.060 9 0.074 7 0.063 6 0.055 8 0.055 8 0.080 6 0.0718
T B 0.226 1 0.296 5 0.262 8 0.2520 0.290 7 0.279 4 0.296 5 0.257 4
B A 03705 0.3575 0.3387
FBE BB 0.187 4 0.1920 02111 0.1523 0.124 8 0.117 4 0.083 8 0.1828
06 B 0.796 0 0.903 5 0.786 1 0.903 8 0.824 7 0.9142 0.777 0 0.642 0

DARTEARAZAIN B INIE R  BEAE R B I
TR . AR REmE BIA, K2t
LRIy, R LKA R R AR A
IR AERPERA G P BIAR MBS DL, B
EARAERB BT IR AAC B 740 T BRI
Ay, 3z B AR A RN R R AR A A
AREE TR I Ry AR SRRy
AR, AEEIEEEAN A I B2 K B
ol NI AT DE DI AT RERIR, IR 3 EA
B DA 5 DXIHE LARBEEA o

5 4 @

(D fERaA R, BIEREMAKENY
AR > BABE> A58, AR EAR ARSI
ABEBE>KAT >0, BHEEREM KB NIT A
K>3> R otk

(2) FERdE BIVRE BB PR 2 BEARAZ AL
Ky BRI AT A T i) 77 i 1%
o> KATEIRZACK NG P E R R BN £
PO S AR T AT R

(3) E i B I R 2R BT AR 5 J3E 18
B AHBIE TR AT Brdishy, R BRI B
EAS 26 NN SR T R AN NP ST S L 5 N
BB R AR N R BOR 2 HE A A A 2 X

2 % L W

[1] WANG L B, WANG X R, MOHAMMAD L, et al.
Unified method to quantify aggregate shape angularity
and texture using Fourier analysis[J]. Journal of
Materials in Civil Engineering, 2005, 17(5): 498 —504.

[2] Xi3E, Tiff, BUDHU M, %. b H30R IR Ak
X Ty AR bs M A3 ). 4 0%, 2011, 32(1):
191—197.

LIU Qing-bing, XIANG Wei, BUDHU M, et al. Study of

particle shape quantification and effect on mechanical

(3]

property of sand[J]. Rock and Soil Mechanics, 2011,
32(1): 191—197.

Wi, RARSC, BUNHE, S HURIRD ORI AR VA 77
IR OGTET]. BRI ST TAE, 2012, 34(4): 162
—164.

YE lJian-xiong, YU Lin-wen, YAN Cong-jin, et al.
Correlation between particle shape and evaluation
methods of manufactured sand[J]. Journal of Cibvil,
Architectural and Environmental Engineering, 2012,
34(4): 162—164.

HAVERKAMP R, LEIJ F J, FUENTES C, et al. Soil
water retention. I. Introduction of a shape index[J]. Seil
Science Society of America Journal, 2005, 69(6): 1881
—1890.

MACSLEYNE J P, SIMMONS J P, GRAEF M D. On the
use of 2-D moment invariants for the automated
classification of particale shapes[J]. Acta Materialia,
2008, 56: 427—437.

fLoe, w7, BURLAROR SERD I 27 S5 wi 1) ks
WARIT]. A 285 TRE2ER, 2012, 30(10): 2112—
2119.

KONG Liang, PENG Ren. Particle flow simulation of
influence of particle shape on mechanical properties of
quasi-sands[J]. Chinese Journal of Rock Mechanics
and Engineering, 2012, 30(10): 2112—2119.

e, JHRH, Beg. JETRRIEAR I BRAE b 2
ReRMURL BRI E[T]. BHARAR S TR, 2014, 25(14):
123—130.

SU Hui, TANG Yang, DUAN Yu. Numerical simulation
research based on particle shape of joint mechanical
property of gneissic granite by particle flow code[J].
Science Technology and Engineering, 2014, 25(14): 123
—130.

M, R, SR, A& T PIRRLIARI S A1 ) 2R v
BN R TRESAR, 2013, 35(3): 540—550.
LIU Guang, RONG Guan, PENG Jun, et al. Mechanical
behaviors of rock affected by mineral particle shapes[J].
Chinese Journal of Geotechnical Engineering, 2013,
35(3): 540—550.



