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Effect of Mineral Composition on Microcrack Propagation and Static Characteristics of Granite
ZENG Qiming s LENG Guangtao, WU Ying , DENG Yongjun
(School of Civil Engineering and Architechture, Southwest University of

Science and Technology, Mianyang, Sichuan 621010, China)

Abstract: In order to study the effect of mineral composition content on Microcrack propagation and static mechanical
parameters of granite, a numerical model considering the meso-components of rock was established by combining thin section
identification analysis and particle flow discrete element software PFC2D. The mesoscopic parameters of the model were
calibrated by static uniaxial compression tests, and the effects of mineral component content on microcrack propagation,
compressive strength and elastic modulus of granite were discussed. The results show that with the increase of quartz content,
the failure mode of rock changes from “ y ” -shaped shear failure to “ X ” -shaped shear failure. With the increase of potassium
feldspar content, the failure mode of rock changes from oblique section shear failure to “ y ” -shaped shear failure. With the increase of
plagioclase content, the failure mode of rock changes from “ V ” -shaped shear failure to “ X ” -shaped shear failure. Biotite has the
greatest influence on the failure mode of rock, with the increase of biotite content, the failure mode of rock changes from “ V ” cross
shear failure to monoclinic shear failure, and then to composite shear failure. The elastic modulus of granite is negatively correlated with
potassium feldspar and plagioclase, and positively correlated with quartz and biotite. Biotite has the greatest influence on compressive
strength of granite, followed by plagioclase, then quartz, and potassium feldspar has the least influence. The Stiffness Heterogeneity
Factor (SHF) is further introduced to analyze the relationship between mineral composition content and rock mechanical parameters. It
is found that the peak stress and elastic modulus of rock decrease linearly with the increase of SHF.
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Fig.1 Observational image under a microscope
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Fig.2 The proportion of various mineral components
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Fig.3 Stress-strain curves
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Table 1 Mechanical parameters of rock uniaxial compression

sk BYY) MUhET W[
ks ikt B/ JRSREE/ N/
GPa  GPa  MPa %

A wEE/
G (kg/m?*)

GSYM-1  2604.96 0.213 43.95 18.80 90.84  0.242
GSYM-2  2614.62 0.196 37.99 19.40 87.86  0.272
GSYM-4  2618.60 0.202 42.59 20.22 95.07  0.240
GSYM-6  2604.45 0.214 40.16 20.03 88.73  0.221

GSYM-45 2636.63 0.220 38.52 15.61 88.38  0.241

FHIE 2615.85  0.209  40.64  18.80  90.18  0.243
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Fig.4 Failure morphology of specimens
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Table 2 PFC mesoscopic parameters

WUk %5 BE URL T RIEE I R 1) PATRIEEN PATRESS F ﬁ éﬁ 45 AT, VAT R4
R/ o/ it E./ 5 7}, JEE 45 R 5 B o/ FiEIic/ EER e BUprag B K BZ LE
(kg/m?*) GPa nes “ ) MPa ¥ift E./GPa o./MPa kolks
Fag 3 2 900 50 2.5 0.5 30 37 50 24 1.8
LRIy 2 800 30 2.5 0.5 20 28 30 18 1.8
KA 2 700 30 2.5 0.5 20 33 30 22 1.8
BB 2 500 70 2.5 0.5 40 50 70 33 1.8
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Table 3 Smooth joint parameters
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Fig.9 Comparison of laboratory tests and

numerical simulation results
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Table 4 Simulated working conditions of quartz in granite

. mEn AEs mem
/% &/ % /% G/ %
1 10 30.00 30.00 30.00
2 20 26.67 26.67 26.66
3 30 23.33 23.33 23.34
4 40 20.00 20.00 20.00
5 50 16.67 16.67 16.66
6 60 13.33 13.33 13.34
7 70 10.00 10.00 10.00
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Fig.10 Micro-crack propagation and mineral crystal failure diagrams of quartz with different contents
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Micro-crack propagation and mineral crystal failure diagrams of potassium feldspar with different contents
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Fig.12 Micro-crack propagation and mineral crystal failure diagrams of plagioclase feldspar with different contents
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Fig.13 Micro-crack propagation and mineral crystal failure diagrams of biotite with different contents
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Fig.14 Relationship between peak stress, elastic modulus and mineral composition of granit
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factor calculation
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