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Thermal and mechanical properties of fracture-filled granite with different
structural forms under high temperature and high pressure

YIN Weitao, FENG Zijun
(Key Laboratory of In-situ Property-improving Mining, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The reservoir of deep hot dry rock (HDR) geothermal energy is not intact rock mass, which includes a large
number of fractures induced by geological tectonic movement. The tectonic fractures are subsequently filled by hydro-
thermal fluid. This kind of reservoir is so-called fracture-filled reservoir. To guide deep hot dry rock geothermal mining,
this paper used a 600 “C high-temperature and high-pressure rock mass triaxial testing machine independently developed
by the Taiyuan University of Technology to study the thermal and mechanical characteristics under high temperature (500 °C)
and high pressure (20 MPa confining pressure) of four types of granite from the Luya Mountain, Shanxi, China, including
parent rock (type I granite), hydrothermal fluid backfill (type II granite), cementation interface between the backfill and the
parent rock laterally positioned through the specimen (type III granite), and cementation interface between the backfill and

the parent rock longitudinally positioned through the specimen (type IV granite). The research shows that the thermal ex-
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pansion coefficient of four types of granite can be divided into three stages with the increase of temperature: the slow fluc-
tuation stage at low temperature, the rapid increase stage at low and medium temperature, and the rapid decrease stage at
medium and high temperature. The elastic modulus of four types of granite increases slowly and then decreases rapidly
with the increase of temperature. The dissolution pore structure and the presence of minerals with low bonding strength
lead to the lowest elastic modulus of hydrothermal fluid backfill. In addition, the critical temperature of the closure of pre-
existing fractures in the fracture-filled granite is about 200 °C. The critical temperature for the backfill near the cementa-
tion interface to restore the weak-plane structure characteristics is about 250 °C. Finally, the failure modes of four types of
granite under high temperature and high pressure are obtained. The coarse grain boundary of the parent rock, the dissolu-
tion pores of the hydrothermal fluid backfill and the cementation interface in the fracture-filled granite are very likely to
form a large-scale efficient water channel during the reservoir construction by hydraulic fracturing, which provides a new

idea for the theory and technology of reservoir construction for HDR geothermal exploitation.
Key words: fracture-filled granite; high temperature and high pressure; microstructure; mineral characteristics; thermal

and mechanical characteristics; hot dry rock geothermal development
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Fig.2 Fracture-filled granite in Luya Mountain, Shanxi
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Fig.4 Micro-observation images of fracture-filled granite.
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Table 1 Properties of minerals of fracture-filled granite
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(L 11, I, IV) versus temperature
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Table 3 The elastic modulus of four types of granite (I, 11,
11, IV) at different temperature

SRR /GPa
TRLEE/ °C
I I m v

25 13.88 10.80 11.68 13.01
100 14.68 11.20 12.06 13.46
150 14.98 12.40 13.02 14.13
200 15.22 12.70 13.43 14.09
250 15.64 11.86 13.98 14.65
300 16.05 10.60 13.07 14.98
350 15.32 10.10 11.96 13.20
400 14.68 9.28 11.60 12.68
450 12.87 9.12 10.60 11.98
500 12.41 8.86 10.17 10.80
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Table 4 Mechanical parameters of four types of granite in
the failure test at 500 °C

Ak VEEAEL R 3/ W fi SRV B B
B MPa NiAE Vi /1 2%/MPa
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Table 5 Failure models and controlling factors of
fracture-filled granite under HTHP
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