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EFFECTS OF TEMPERATURE AND PRESSURE ON MICROSCOPIC
PHYSICAL AND MECHANICAL FEATURES OF MINERALS IN GRANITE

CHEN Tao XU Jinming
( Department of Civil Engineering Shanghai University Shanghai 200444)

Abstract The engineering properties of a rock are much dependent on the microscopic features of the minerals
comprising the rock. The physical and mechanical features of various minerals( i.e. quartz biotite and albite) in
Beishan granite are investigated in a micro scale in the current study. The microscopic physical features of the
minerals are characterized by volume and density while the microscopic mechanical features of the minerals are
characterized by Young modulus and Poisson ratio. The open database is used to obtain the initial crystal structure

initial cell parameters and the unit and super cells of the minerals. The stable configurations of the mineral cells
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are obtained using the geometry optimization. The microscopic physical and mechanical parameters of the stable
configurations are then computed using the molecular mechanics simulation. The effects of temperature and pressure
on these microscopic physical and mechanical parameters are furthermore examined using the molecular dynamics
simulation. It shows that in the main minerals included in granite the great-small sequence of the cell volume is
albite biotite and quartz while that of the cell density is biotite quartz and albite. The Young modulus values
of quartz biotite and albite are 161.70 to 168. 78GPa 164.85 to 579.93GPa and 110.72 to 112.49GPa

respectively. The Poisson ratio values of quartz biotite and albite are 0.25 0.16 to 0. 31 and 0. 27 respectively.
When the temperature changes from 300K to 500K under the pressure of 100kPa the volume increases 0. 17% and
the density decreases 0. 15%with no obvious changes in the Young modulus and Poisson’s ratio for the quartz cell;
the volume increases 0. 24% and the density decreases 0. 26%with the Young modulus increased 140. 55% and the
Poisson’s ratio decreased 26. 92%for the biotite cell; and the volume decreases 3. 76% and the density increases
3.91% with the Young modulus increased 319. 71% and the Poisson’s ratio decreased 7. 41%for the albite cell.
When the pressure changes from 0. 010 to 0. 020GPa at the temperature of 298 K the volume density Young
modulus and Poisson’s ratio have no obvious changes for the quartz cell; the volume and density have no obvious
changes with the Young modulus increased 53. 79% and the Poisson’s ratio decreased 23. 81%for the biotite cell;
and the volume and density have no obvious changes with the Young modulus decreased 36. 24% and the Poisson’s
ratio increased 29. 41%for the albite cell. These theoretical results can be referable in analyzing the macroscopic
physical and mechanical properties of the rock materials in a micro scale.
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Table 4 Microscopic physical features of unit and super cells
) § 0 for various minerals in granite
‘ 2 /A3 /g*em™
’ 110.622 2.705
A ° 13826.722 2.706
492.115 3.029
( 3o 3 \ 61519.800 3.028
—27.148 keal *mol ™' 676.830 2.574
16829.766kcal*mol™"  33134.906kcal * mol ' . 84605.308 2.573
3 Eu Helmholtz
Table 3 Potential energy of unit cell A( Theodorou et al. 1986) . ~
of various minerals in granite
Cijkl
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I S T .
0.071 42.460 49.961 M e |7 v, 08,084 |11, 0, (7)
0.029 16821.014 33474.218 B}
1.198 2.767 2.668 S = Cii (8)
0.000 0.000 0.000 -1 °
0.000 0.000 0.000 Ciu S Voigt
-28.446 -36.475 -391.942 By Gy Reuss
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Table 5 Microscopic mechanical features of unit and

super cells for various minerals in granite

/GPa /GPa /GPa

111.75 67.60 168.78 0.25
108.05 64.65 161.70 0.25
142.14 63.08 164.85 0.31
286.75 249.34 579.93 0.16
81.77 43.44 110.72 0.27
81.66 44.27 112.49 0.27

110.72~112. 49GPa. 0.27.
4
( MD)
4.1
NVE( ) \NVT( )
NPT( ) \NPH( )
(
)
NPT( ) .
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200°C(  473K) .
( 2015) 500 ~
600m 10 ~ 25MPa(
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300 ~ 500K
0.010~0. 020GPa. o 1
N 0. 0001GPa( ) 300K
400K  500K; 2 N 298K (
) 0.010GPa+ 0.015GPa
0. 020GPa. UFF NPT
Maxwell Boltzmann
( 2003) . 1. Ofs
200ps( 200ps ) o
4.2
0. 0001GPa
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0.17% 0. 15%
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Table 6 Microscopic physical features of mineral

crystal under various temperatures

/K /A3 /gecm™

300 13861.198 2.699

400 13873.066 2.697

500 13885.268 2.695

300 61616.855 3.024

400 61699.841 3.020

500 61767.006 3.016

300 84398.677 2.580

400 83326.810 2.613

500 81225.026 2.681

298K
(7). 7 208K .
0. 010GPa 0.020GPa 3
0. 0001GPa
( 8- 8
Wang et al.(2007) . Wang et al.
(2007)
41.1% 30.0%;
8 0. 0001GPa- 300K
500K
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Table 7 Microscopic physical features of mineral

crystal under various pressures

9
Table 9 Microscopic mechanical features of mineral

crystal under various pressures

/GPa /A3 /gecm™
0.010 13860.028 2.699
0.015 13859.386 2.700
0.020 13858.880 2.700
0.010 61626.967 3.023
0.015 61622.909 3.023
0.020 61622.296 3.023
0.010 84420.593 2.579
0.015 84398.493 2.580
0.020 84437.654 2.578
140. 55% - 26. 92%
319.71%- 7.41%
8

Table 8 Microscopic mechanical features of mineral

crystal under various temperatures

/K /GPa /GPa /GPa

300 107.10 63.83 159.76( 113.2)  0.25( 0.06)

400 107.01  63.10 158.20 0.25
500  106.18  63.79 159.44 0.25
300 9371 52.94 133.64 0.26
400 16125  138.84 323.64 0.17
500 170.92  135.47 321.47 0.19
300 7930 53.13  111.27(159)  0.27(0.5)
400 15744 102.85 221.66 0.27
500 315.68  185.13 467.01 0.25
298K
( 9.
9 298K. 0.010GPa
0. 020GPa
53.79% . 23.81%

36. 24% - 29.41% .

/GPa /GPa /GPa /GPa
0.010 106.56 64.20 160.39 0.25
0.015 106.96 63.34 158.69 0.25
0.020 107.75 63.56 159.35 0.25
0.010 122.51 89.67 216.25 0.21
0.015 143.66 115.79 273.80 0.18
0.020 163.67 143.19 332.57 0.16
0.010 98.29 65.78 197.23 0.17
0.015 84.78 61.05 151.06 0.20
0.020 75.85 54.04 125.76 0.22
(1) 3
(2) 161. 70 ~ 168. 78GPa.
0.25 164. 85 ~
579. 93GPa. 0.16~0. 31
110. 72~ 112. 49GPa., 0.27.
(3) 0. 0001GPa. 300K
500K 0.17%
0. 15% ;
0. 24% 0. 26%
140. 55% 26.92%;
3.76% 3.91%
319. 71%- 7.41%.
(4) 298K. 0.010GPa
0. 020GPa N
53.79%. 23.81%;
36.24% . 29.41%.
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