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A real-time high-temperature true triaxial test system and its application
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Abstract To investigate rock mechanical properties under high temperature and stress coupling which is one of
the research hotspots in the field of deep resource exploitation a real-time high-temperature true triaxial test
system was developed. The system mainly composed of three subsystems including rigidity mechanical loading
system high temperature control system and servo control and data acquisition system can realistically simulate

the thermal-stress coupling environment of deep rock masses and perform various stress paths such as uniaxial
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conventional triaxial true triaxial creep cyclic loading and unloading with a standard rock sample of 50 mmx=50
mmx100mm at a highest rock sample surface temperature of 460 . The maximum loads of three loading
directions(o; o> o3) which can be independently controlled are respectively 1 000 MPa 200 MPa and 200 MPa.
The high temperature control system consists of a six-circuit detachable flexible heating element and an aerogel
insulation cover of which each circuit is separately monitored by the temperature control box to realize real-time
heating and monitoring of rock samples. Thermoplastic mold steel and water-cooled circulation system is used to
ensure the overall rigidity and working stability of the test system at a high temperature and high-precision
closed-loop servo control system with magnetic displacement sensors can accurately monitor displacement and
pressure in three directions for multiple stress path tests at a high temperature in real time. High temperature in
real time true triaxial tests were conducted and the effect of temperature and intermediate principal stress(oz)on
mechanical properties of granite were studied. It is shown that 400 temperature can enhance the strength and
elastic modulus of granite and that the intermediate principal stress(oz) can enhance the strength and peak strain of
granite at 400 temperature. Meanwhile the intermediate principal stress(cp) can enhance the strength but
decrease the peak strain in the third main stress direction of granite at RT. The reliability and stability of the high
temperature in real time true triaxial test system were verified by comparing the test results by the developed
system and the conventional triaxial test system and the research results can provide theoretical and technical
supports for the development and utilization of dry hot rock resources nuclear waste repository construction and
deep rock mass engineering.
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Fig.1 High temperature in real time true triaxial test system



* 1608 2019
2.1
(o1 o o3)
2 O3
o 02
3 . 3
Fig.3 Pressure plate
[14]
2.2
(2)
ﬁ 2 4
—> 4 4
2
4
(®)
2
Fig.2 Rigidity loading system
( ) 20 nm
(70 nm)

0.022 W/(m - K)



* 1609 «

38 8
500
—a—n—n
400
O
300
200
100 -/
.
0 1 1 1 1 1 1 1 1 i}
0 1 2 3 4 5 6 7 8 9
/h
6
Fig.6 Temperature of the sample surface while heating
4
Fig.4 Heating system interior —
3
3.1
2
5
_ RT  400°C
6 460 °C (o3 = 40 MPa) (o=
2h 40 50 60 MPa)
3.2
50
mmx50 mmx100 mm ¢ 50 mmx100

mm
(1
)
5
Fig.5 Temperature control system 400
1 °C/min
2.3 €)

°C

2h

o o0 o3 0.001 mm/min

Oy O3



« 1610 ¢ 2019
500
&3 &
400 / /‘92 /
<
& 300-
= pY
g
o 200f
£ o
100}
0 1 1 1 1
0.04 0.02 0.00 0.02 0.04

7

Fig.7 High temperature in real time true triaxial test system

33
8 RT
o= o3 = 40 MPa
— (a1 & & 3
) &
&3 & &
& &3
&3
& &3
&3
( 8(a))
9 390.8
MPa 11.44 GPa &/ (
) 0.032 9
500
400F ye £
§ 300
g \81
5 200f
100+
0 1 1 1 ]
—0.04 —0.02 0.00 0.02 0.04

&

(b)

8 o0y=03=40 MPa

Fig.8 Stress-strain curves by high temperature in real time

true triaxial test system and classical triaxial

compression test system at o, = o3 = 40 MPa

50071

4001

o3)/MPa

2001

(o1

100+

—— =R R R
—— SR R R AR R ST

0.00

9

0.01 0.02 0.03 0.04

&

Fig.9 Comparison of test results by high temperature in real

time true triaxial test system and conventional triaxial

test system

396.92 MPa 13.08GPa &’
0.032 1 —
3.4
10 RT 400 °C (03=40
MPa) (=40 50 60 MPa)

[16]



38 8

* 1611 -

5001

400

300

o3)/MPa

2001

(o1

100

£y
. :
Ve 4

0.04

500

400

300

o03)/MPa

200

(o1

100

0.02 0.00 0.02 0.04
€
(@) RT 0,=40 MPa

0.04

600~

5001

400

3)/MPa

300

(o1

200

100

0.02 0.00 0.02 0.04

&

(©)RT =50 MPa

0.02 0.00 0.02 0.04
&
(&)RT 03=60 MPa

10

03)/MPa

(o1

G3)/MP3.

(o1

os)/MPa

(o1

500

400

3001

200

100+

&

0.04

500

400

300

200

100

0.02 0.00 0.02
&
() 400 °C  5,=40 MPa

&3

/ B

&y —

0.04

600

500

400

3001

2001

1001

0.02 0.00 0.02

&
(d)400°C ;=50 MPa

&3 &y

\ \

0.04

0.02 0.00 0.02
&
(f)400°C  0>= 60 MPa

0.04

Fig.10 Stress-strain curves and failure modes of granite by high temperature in real time true triaxial test system
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