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Study on the Mechanical Properties of Coarse-grained and Fine-

grained Granite Under High Temperature Triaxial Stress
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Abstract ;: The real development of hot dry rock (HDR) geothermal is deep HDR geothermal.
Because of different diagenesis environments, the mineral composition and micro-structure of
deep granite are quite different from those of shallow granite. To reveal the real characteristics of
deep granite and guide HDR geothermal development, the difference of thermal and mechanical
properties between the granite in LLuya Mountain, Shanxi Province, China (coarse-grained gran-
ite) and the granite in Shandong Province, China (fine-grained granite) under triaxial stress at
high temperature (100-400 °C) was studied. The results show that the thermal expansion coeffi-
cient of coarse-grained granite increases linearly with the increase of temperature, and the thermal
expansion coefficient of coarse-grained granite is 1. 52 times that of fine-grained granite on aver-
age, and the difference between them reaches the maximum at 400 ‘C. The elastic modulus of
coarse-grained granite increases first and then decreases with the increase of temperature, and its

threshold temperature varying with temperature is 300 ‘C. The elastic modulus of fine-grained
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granite is 1. 4~2. 6 times that of coarse-grained granite, and the difference increases with the in-

crease of temperature and confining pressure. Micro-observation shows that the large number of

preexisting fractures and extreme heterogeneity in coarse-grained granite lead to larger thermal

deformation and more deteriorated mechanical properties of coarse-grained granite, and further

make coarse-grained granite has higher permeability under high temperature and high pressure.

This provides a good geological foundation for high efficiency, low cost and large-scale construc-

tion of artificial reservoirs in the process of HDR geothermal development.

Keywords: coarse and fine grain; granite; high temperature and triaxial stress; mechanical

properties; HDR geothermal development
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Table 1 Mineral composition and properties of coarse-
grained and fine-grained granite
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Fig. 2 HTHP rock mechanics triaxial testing machine
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Fig.3 Axial thermal strain of coarse-grained and fine-grained

granite versus temperature

http://www.cnki.net



630 51

10.0 . ,
90F- 1" y 00263:-17871 .~
p 8or Charcoal R* 09567 - ,
2 70 | P _
= 60— e i °
T os0r s o 3) BAUER 6. =27. 6 MPa ,
40 i -
3.0 | oo ST ‘}‘.’ 0.019 2x-1.487, Charcoal (0. 91 ~1. 80) X
20F _&m-=""T R 09172 se—
LogsT o—°TCt, 4
0 1 1 1 1 1
100 150 200 250 300 350 400 °
/°C ,
4 .
Fig. 4 Thermal expansion coefficient of coarse-grained and ’ ’
fine-grained granite versus temperature ’
3. 4 : s o
D 100~400 C s
3 \
s 100 C 1.09x10°C! ,
400 °C  9.44X10°C 1, 8§ s
2) N °
. 100~400 °C SR
, 10% ~30%
1.07~1.50 - o N
1.03~1.95 o.
BAUER™ 25
(Charcoal ) e i e |
[24] g
. i ° 5L
). SR e
0 B
D 100~400 C , . Bt
5k
0 1 1 1 1 1
- BAUER Charcoal 100 150 200 250 300 350 400
100~400 C , /°C
. . 100~400 °C , e 4 o
Fig. 5 Elastic modulus of coarse-grained and fine-grained
N granite versus temperature
, , 5 :
’ 9 1) 100’\“400 OC ’
o H 100’\’
2) s 300 C s
. 100 °C .
400 C, 100 °C  11.9 GPa 300 C  12.5 GPa.
1.03~1.95 ,  Charcoal 300~400 C )
1.19~5.23 o
N 300 °C  12.5 GPa 400 C

, 7.2 GPa, 0.053 GPa/C.



5 ’ : N 631
2) 100~400 C , . ; s
100~350 C 300 C
.  350~400 C ,
o 350 C o ,
R 100~400 C , R
1.4~2.6 s , ,
b o b b
3) 100~400 C , . o
4
s s 4.1
s DMRX
b o b 6- b
4) 1.
(H- s P- s Mu- ;B s Ma— s Q- s - )
6
Fig. 6 Micro-observation image of granite
YANG et alt*! .
, 12
D s o
( 6 (b) N .
) o
2) 6 1 , , s
’ [19]
3) 1 . Y b



632 51
. 260% ,
, [3,27]
( 1 (2 ) ( (m Tz ) )
) H D) 6) 1)
[19,28] ,
4.2 N s
, 400 C o
o (100~400 C)
o D )
b 7 b b
@ 2)
E; a,
! .52, 400 C
7 o
Fig. 7 Thermal cracking mechanical model of hydraulic 3)
fracturing process 300 °C
El s o Ez ' Q2 I N ; R
[[ ’ AT ’ o ’
oxr 1.4~2.6
O‘AT:((M*az)ATElEg/(E1+E2) . (2) N
) 4)
. ’ OAT
oy ’ ° ’
. 400 C ,

1.4 PN



mal Engineering,2017,110:1533-1542.

5 s N 633
(1] , [(M]. : .2004,
[2] H/\NI EY E J,.DEWITT D P,ROY R F. The thermal diffusivity of eight well characterised rocks for the temperature range
300-1000 K[J7. Eng Geol.1978.,12:31-47.
[3] BAUER S J,JOHNSON B. Effects of slow uniform heating on the Westerly and charcoal granites[ C] // Proceedings of the
20th Symposium on Rock Mechanics. Austin, TX,New York,1979.7-18.
[4] HOMAND H,HOUPERT R. Thermally induced micro-cracking in granites: characterization and analysis[ J]. Int ] Rock Mech
Min Sci Geomech Abstr,1989,26.125-34.
[5] HEUZE F E. High-temperature mechanical, physical and thermal properties of granitic rocks-a review[ J]. Int ] Rock Mech
Min Sci Geomech Abstr,1983,20.3-10.
[6] GAUTAM P K,VERMA A K,JHA M K,et al. Effect of high temperature on physical and mechanical properties of Jalore
granite[ J]. Journal of Applied Geophysics,2018:460-474.
[7] HEARD H C. Thermal expansion and inferred permeability of climax quartz monazite to 300 °C and 27. 6 MPa[J]. Int J] Rock
Mech Min Sci Geomech Abstr,1980,17:289-296.
[8] TULLISJ,YUND R A. Experimental deformation of dry Westerly granite[ J]. ] Geophys Res,1977,82:5705-5718.
[9] CLARK J R S P. Handbook of physical constants| M]. New York: Geological Society of America,1966.
[10] . . [JJ. .2014,35(11) ;3177-3183.
XU X L,GAO F,ZHANG Z Z. Research on triaxial compression test of granite after high temperatures[J]. Rock and Soil
Mechanics,2014,35(11) ;3177-3183.
[11] . , [l ,2014,36(12) :2246-2252,
XU X L,GAO F,ZHANG Z Z. Influence of confining pressure on deformation and strength properties of granite after high
temperatures| J ]. Chinese Journal of Geotechnical Engineering,2014,36(12) :2246-2252.
[12] . . [JJ. .2004,35(4) ; 396-399.
KANG J,ZHAO M P,ZHAO Y S. Numerical experimental study on thermophysical properties of granite at high tempera-
ture[ J]. Journal of Taiyuan University of Technology,2004,35(4):396-399.
[13] ) . (11 .2010.29(6) : 1245-1253.
XI B P,ZHAO Y S. Experimental study of thermophysical-mechanical property of drilling surrounding rock in granite under
high temperature and high pressure[ J]. Chinese Journal of Rock Mechanics and Engineering,2010,29(6) :1245-1253.
[14] YANG S Q.RANJITH P G.JING H W,et al. An experimental investigation on thermal damage and failure mechanical be-
havior of granite after exposure to different high temperature treatments[J]. Geothermics,2017,65:180-197.
[15] LIU S,XUJ Y. An experimental study on the physico-mechanical properties of two post-high-temperature rocks[J]. Engi-
neering Geology,2015,185:63-70.
[16] GAUTAM P K,VERMA A K,SHARMA P, et al. Evolution of thermal damage threshold of Jalore Granite[ J]. Rock Me-
chanics and Rock Engineering,2018,51(9) :2949-2956.
[17] ZHAO Y S,WAN Z J,FENG Z ] ,et al. Triaxial compression system for rock testing under high temperature and high pres-
sure[ J]. Int ] Rock Mech Min Sci,2012,52:132-138.
[18] ZHAO Y S,FENG Z J.XI B P,et al. Deformation and instability failure of borehole at high temperature and high pressure in
Hot Dry Rock exploitation[ J]. Renew Energy.2015,77:159-165.
[19] ZHAO Y S,FENG Z J.ZHAO Y.et al. Experimental investigation on thermal cracking.permeability under HTHP and ap-
plication for geothermal mining of HDR[]J]. Energy.2017,132:305-314.
[20] YIN W T,ZHAO Y S,FENG Z ]. Experimental research on the rupture characteristics of fractures subsequently filled by
magma and hydrothermal fluid in hot dry rock[J]. Renew Energy,2019,139.71-79.
[21] WANG H F,BONNER B P,CARLSON S R,et al. Thermal stress cracking in granite[ J]. ] Geophys Res,1989,94(B2)
1745-1758.
[22] WHITNEY D L,BROZ M,COOK R F. Hardness, toughness, and modulus of some common metamorphic minerals[J]. Am
Mineral,2007,92(2/3) . 281-288.
[23] ZHOU H,LIU H,HU D,et al. Anisotropies in mechanical behavior, thermal expansion and P-wave velocity of sandstone
with bedding planes[J]. Rock Mech Rock Eng.2016,49(11) :4497-4504.
[24] LABUZ] F.SHAH S P,DOWDING C H. Experimental analysis of crack propagation in granite[ J]. Int ] Rock Mech Min
Sci,1985,22(2) :85-98.
[25] , [J1. .2003,22(5) ; 757-761.
YOU M Q.SU C D. Heterogeneity of rock and the definition of Yang’s Modulus[]J]. Chinese Journal of Rock Mechanics and
Engineering,2003,22(5) :757-761.
[26] . [M]. : ,1984.
[27] . . .. [Jl. .2008,27(1) : 72-77.
WAN Z J.,ZHAO Y S,DONG F K,et al. Experimental study on mechanical characteristics of granite under high temperature
and triaxial stresses[ ]J]. Chinese Journal of Rock Mechanics and Engineering,2008,27(1) ;72-77.
[28] CHEN S W,YANG C H,WANG G B. Evolution of thermal damage and permeability of Beishan granite[ J]. Applied Ther-



