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Abstract - High temperature will change the mechanical properties of reservoirs. As a result, the overburdened integrity will be 
weakened. Artificial samples are prepared to simulate the formation rocks, according to the compositions of the rocks from one 
SAGD reservoir of Canada. The artificial samples are divided into 6 groups for different temperatures. Acoustic tests, Brazilian 
tests and uniaxial compression tests are performed before and after the heating treatment. In the process of Brazilian tests and 
uniaxial compression tests, we recorded the deformation and failure process of rock samples by acoustic emission. Through 
experimental tests we investigated the temperature effects on rocks properties, including dynamic elastic modulus, tensile strength 
and static modulus of elasticity, static Poisson’s ratio and acoustic emission parameters. We determined the changes in acoustic 
emission and mechanical parameters of the samples before and after heating treatment. It is found that: i) compressive strength 
and Young’s modulus decrease with temperatures from 20℃ to 200℃, ii) the tensile strength increases with temperatures from 100
℃  to 300℃ , and iii) acoustic emission can provide consistent evidence for plastic and failure deformation evolutions. The 
overburden integrity is dependent on high temperatures. 
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I. INTRODUCTION 
 
In petroleum engineering, as a typical thermal 

technology, SAGD is an important development technology 
for heavy oil recovery, which is of great significance to 
improve the production of heavy oil in the world. In the 
steam injection process, the input increase of steam will 
change the stress and induced deformation of reservoir. At 
the same time, the properties of overburden rock will 
produce significant change. If overburden rock fails under 
altered stress and mechanical properties, which deserves 
much more attention, loss of the overburden will follow, 
leading to serious environmental disasters. Therefore, 
investigation on the properties of overburden rock under 
high temperature seems to be very necessary in order to 
ensure the integrity of the overburden and efficient mining. 

When temperature changes by 1℃, the in-situ stress will 
change by 0.4~0.5MPa[1]. The researches on the properties 
of rocks under high temperature are mainly focused on the 
physical properties of rocks. Vander Molen[2](1981) and 
R.S.C.WAI[3](1982) studied the physical properties 
(thermal expansion coefficient, thermal conductivity, 
thermal expansion coefficient, thermal conductivity, etc.) of 
rocks (quartz and granite) under different temperatures 
(high temperature and low temperature) . Guo Caihua, Song 
Ruiqing[4] (1988) carried out the researches on the 
longitudinal wave velocity of rocks under high temperature 
and high pressure, and determined the influence of the high 
temperature and high pressure on the rocks. R.D. Dwivedi 
[5] (2008) analyzed the physical properties (permeability 

and heat conductivity) of granite under different 
temperatures. H.Yavuz [6] (2010) studied the velocity of 
longitudinal wave, microstructure, porosity, bulk density of 
the limestone and marble under different temperatures. By 
studying the basic mechanical properties and the micro-
fracturing process of rocks under high temperature, Oda M 
[7] obtained the influence of temperature on the mechanical 
properties of rocks and the failure mechanism. Liu Junlai, 
Mitsuhiko Shimada [8] (1999) observed the microstructure 
and macro-fracture morphology of granite under different 
temperatures, and made a classification of rocks failure 
modes. Xu Guangmiao and Liu Quansheng [9] took the 
uniaxial and triaxial compression tests of red sandstone and 
shale from different regions, and analyzed the elastic 
modulus, uniaxial compressive strength and plastic 
parameters (internal friction angle and cohesive force) of 
the two kinds rocks. Li Yunpeng, Wang Zhiyin [10] (2011) 
studied the mechanical properties of granite under low 
temperatures. Zhang Han [11] (2006) carried out 
compression tests for fine sandstone under different 
temperatures, and detected the acoustic emission in the 
entire process. 

The existing studies of the temperature on the properties 
of rocks mainly involve granite, rock salt and other rocks 
where core sampling is easily conducted. However, SAGD 
related rocks are almost unconsolidated, causing problems 
when core sampling. Therefore, for our investigation of oil 
sand or it’s overburden rocks, it seems necessary to explore 
new way of handling of samples and testing methods. 
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 In order to study the effects of temperature on the rocks, 
a constant temperature should be maintained during the 
experiment. However, at present, the maximum allowable 
temperature for most available  testing facilities is generally 
at 180℃ . When the temperature exceeds 180℃，major 
modification to the testing facilities should be made. 

 Considering the consistency of the experimental results, 
the rocks used in our experiment are heated to and kept at 
different temperatures. And the rocks are cooled to room 
temperature before the tests. 

 As the core samples from the field is very difficult to 
retrieve, artificial cores are made according to the 
compositions of the overburden rock. After the heated 
artificial cores cooled to room temperature, acoustic 
experiment, Brazilian tests and uniaxial compression tests 
are carried out. In addition, the acoustic emission recording 
is performed simultaneously in Brazilian tests and uniaxial 
compression tests. According to the experimental results, 
the influence of temperature on the mechanical properties 
and acoustic emission parameters of the artificial samples 
are obtained. 

II. EXPERIMENT DESIGN 

In the experiments, the rock samples are the artificial 
cores, which are made based on the compositions of the 
overburden rock. Two blocks of 20cmX5cmX5cm are made, 
named A and B. Then core samples of standard sizes of 
Ø25mm×50mm (cylinders, Type 1) and Ø25mm×5mm 
(discs, Type 2) are drilled and polished to the requirements 
of IRSM. There are 32 Type1 samples, and 17 Type2 
samples, with labels from A1 to A16 for Type1 and B1 to 
B16 for Type2. Type 2 samples can be prepared from Type 
1samples, since both have the same diameters. The standard 
cores of artificial rocks are shown in Figure 1. 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 1. Rock samples (Blocks, Type 1 samples of cylinders, Type 2 
sample of discs) 

The facilities used in the experiments include the 
electric furnace for heating, which temperatures can be 
adjusted, and high-pressure pulse generator for acoustic 
tests, the apparatus for Brazilian tests, and the equipment 
for uniaxial compression. The device for acoustic emission 
recording device is a Locan-AT14 of American Acoustics, 
which can detect the acoustic emission during the loading 
process. The tests facilities are shown in Figure 2. 
 

 

 

 

 

 

(a) Acoustic emission device                  (b) Uniaxial frame 

 

 

 

 

 

 

 

 

             (c) Brazilian apparatus                                 (d) Rocks triaxial frame 
Figure 2. Testing facilities 

 
For clarity, temperatures for heating rock samples, and 

the sample labels are listed in Table 1: 

TABLE I. EXPERIMENTAL SCEMARIOS 

 
The samples after the heating treatment are placed in the 

room temperature. When the temperature of the samples 
returned to the room temperature, the density of the samples 
is measured again. In addition, acoustic properties of the 
Type1 are also tested again, after heating treatment. 
Brazilian tests and uniaxial compression tests are conducted 
for Type samples 2, with acoustic emission recording 
during the entire testing process. 

T（℃） 20 100 200 300 400 500 

number of Type1 4 4 5 4 5 5 

number of Type2 2 3 2 2 2 3 

Labels of Type1 

A2 A3 A4 A5 A6 A7 

A9 A10 A11 A12 A13 A14 

A16 B1 B2 B3 B4 B5 

B7 B8 B9 B10 B11 B12 

B14 B15 B16 

Labels of Type2 

A9 A3 A4 A12 A6 A14 

B9 B1 B2 B15 B4 B5 

B14 B12 
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III. EXPERIMENTAL RESULTS AND ANALYSIS 

A. Acoustic test results 

 
Figure 3. Distribution of density before and after the heating treatment 

 
The parameters that we have got before the tests 

included the size and the mass of the samples. The results 
of acoustic tests included transit time of compressive and 
shear waves, and velocities of compressive and shear waves. 
According to the results, we got 2 parameters of samples, 
dynamic elastic modulus and dynamic Poisson’s ratio. Two 
elastic properties for the samples can be obtained, dynamic 
elastic modulus and Poisson’s ratio, as in Fig.4 and Fig.5. 

 
Figure 4. Distribution of dynamic elasticity modulus before and after the 

heating treatment 
 
Fig.3 shows the distribution of the sample densities 

before and after heating treatment. The density distribution 
of the samples before heating is from 2.14 g/cm3 to 
2.21g/cm3. In addition, the slight variation indicated that 
the samples used in the tests can be considered as 
homogeneous. However, the densities of the samples are 
significantly decreases after heating. This phenomenon is 
due to the reduction of the water in the samples during the 
heating process. The maximum reduction of the density 
occurs at 300℃. Only one data is got at 400℃ and 500℃, 
because the samples under high temperatures is easily 
damaged and unable to measure. 

Fig.4 show the distribution of the dynamic elasticity 
modulus before and after heating treatment. It can be seen 
from the figure 4 that, the dynamic elastic modulus 

decreases from 100℃  to 500℃ . When the temperature 
increases, the magnitude of the decrease in dynamic elastic 
modulus increases. 

 
Figure 5. Distribution of Poisson’s ratio before and after the heating 

treatment 
 
Fig.5 shows the distribution of the Poisson’s ratio before 

and after heating treatment. The average Poisson’s ratio 
before heating is 0.2036, and the average after being heated 
is 0.1933. The Poisson’s ratio of the heated samples is 
generally greater than the untreated value. But at the 
temperature of 300℃ , there is a slight decrease of the 
Poisson’s ratio. Before 300℃, the Poisson’s ratio of the 
samples decreases with the increase of temperature. 
However, when the temperature reached 300 ℃ , the 
Poisson’s ratio increases with temperature up to 400℃, and 
then decreases after 400℃. 

B. Brazilian test results 

With the Brazilian experiment, the tensile strength of 
the samples along with temperatures is measured. During 
the Brazilian tests, the acoustic emissions are recorded. 
Meanwhile, the hits and the energy of acoustic emissions 
are calculated. 
 

 

 

 

 

 

A9                                                B2 

 

 

 

 

 

B1                                                B4 

Figure 6. The damage forms of samples 
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The rock samples in the Brazilian experiment are 
destroyed, when tensile stress reaches the tensile strength. 
Fig.6 shows the failure form mode of the samples. The 
failure mode of A9 represents the typical failure mode for 
the tensile failure, and also other samples share the similar 
failure mode as A9, including B9, A12, B15 and A4. The 
tensile failure is featured as only one fracture through the 
samples, and the propagation direction of the fracture is in 
the direction of the compression. As for the failure mode of 
B2, failure begin at the bottom of the samples, the failure 
zone is large, and the fracture propagation is in the direction 
of the compression. There are two fractures in the failed B1, 
and the main fracture does not go through the samples; and 
there is a short fracture at the bottom of the samples, both 
fractures being parallel. The failure modes of B14 is similar 
to that of B1. The failure mode of B4 is more severe, the 
upper and lower ends of the samples failed completely. 

 

Figure 7. Distribution of tensile strength before and after the heating 
treatment 

The failure mode of A9 is typical tensile failure under 
room temperature, when the tensile stress exceeds tensile 
strength. As the failure mode of B2, B2 is under 200℃, the 
failure beginning at the bottom, may because the 
compressive strength reduces under high temperature. B1 is 
under 100℃, the reason of the two fractures on B1 may be 
the decreasing of tensile strength from 20℃ to 100℃. The 
main cause for failure mode of B4 is the extremely low 
compressive strength under 400℃. 

Fig.7 shows the distribution of the tensile strength 
before and after the heating treatment. In the figure, the 
tensile strength of the samples decreases after heating 
treatment. However, the tensile strength increases with 
temperatures from 100 ℃  to 300 ℃ . Because of the 
extremely low strength of the samples at 400℃ and 500℃, 
the tests cannot be carried out with the existing apparatus. 
 

 

 

 

 

 
Figure 8. Distribution of acoustic emission hits before and after the heating 

treatment 

 

Figure 9. Distribution of acoustic emission energy before and after the 
heating treatment 

The acoustic emission is recorded in the loading process. 
The acoustic emission hits under different temperatures are 
shown in Figure 8, and the acoustic emission hits increases 
with temperature from 100℃ to 300℃. 

Fig.9 shows the distribution of the acoustic emission 
energy before and after the heating treatment. From the 
figure, the acoustic emission energy after being heated is 
higher than that of the original value, which is also 
increases with the temperature from 100℃ to 300℃. 

C. Results of uniaxial compressive tests 

The uniaxial compression tests are carried out under 
different temperatures, with A9 being under  20℃ , B2 
being under 100℃ , A10 being under 200℃ , A5 being 
under 300℃ . The uniaxial compressive strength, elastic 
modulus, Poisson’s ratio and the influences from different 
temperatures are obtained. 
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Figure 10. Rocks stress-strain curve under different temperatures 
 
From Fig.10, it can be seen that temperatures have 

remarkable effects on the stress-strain curve of rock 
samples. Before 200 ℃ , compressive strength of rock 
samples significantly decreases with temperatures. Before 
the maximum strength, the growth trend of the stress-strain 
curves clearly slows down. At 300℃, compressive strength 
of rocks sample still decreases with temperatures, but the 
growth trend of the stress-strain curves obviously becomes 
faster when approaching the maximum stress. 

 

 
Figure 11. Distribution of compressive strength, elastic modulus and 

Poisson’s ratio under different temperatures 
 
Fig.11 shows the distribution of compressive strength, 

elastic modulus and Poisson’s ratio of rock samples under 
different temperatures. The compressive strength decreases 
with temperature; as temperature increases to 100 ℃ , 
compressive strength decreases by about 7 MPa. The elastic 
modulus of rock samples decreases with temperature; as the 
temperature increases to 100 ℃ , the elastic modulus 
decreases by about 0.7GPa . When the temperature is higher 
than 200℃, the elastic modulus of rock samples increases 
with temperature. The Poisson’s ratio of rock samples 
increases with temperature before 200℃; as temperature 
increases to 100℃, the Poisson’s ratio increases by about 
0.06. When the temperature is higher than 200℃ , the 

Poisson ’ s ratio of rock samples decreases with 
temperatures. 

 
Figure 12. The relationship between axial strain and acoustic emission 

energy of A9 
 

  

Figure 13. The relationship between radial strain and acoustic emission 
energy of A9. 

 
Figure 14. The relationship between axial strain and acoustic emission 

energy of A10 
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Figure 15. The relationship between radial strain and acoustic emission 

energy of A10 

 

Figure 16. The relationship between axial strain and acoustic emission 
energy of B2 

 
Figure 17. The relationship between radial strain and acoustic emission 

energy of B2 

 
Figure 18. The relationship between axial strain and acoustic emission 

energy of A5 

 

Figure 19. The relationship between radial strain and acoustic emission 
energy of A5 

From Fig.12 to Fig.19, the relationships between the 
acoustic emission energy of the samples and the axial 
stress-strain and the radial stress-strain, are observed in the 
uniaxial compression tests, at the same time. From these 
figures, it can be seen that both stress and acoustic emission 
increase. This shows that intensive acoustic emission occurs 
almost along with failure of rock samples, which implied 
that acoustic emission can be an indicator for characterizing 
rock failures. The stress state at which abrupt acoustic 
emission took place can be considered as Kaiser’s point. 
The cores from the formation can be used for stress 
measurements, where some of the abrupt changes in 
acoustic emission can be seemed as the indicator of the 
Kaiser’s point, where the corresponding stress may 
approximately be the in-situ stress in the formation. 
Through the comparison of the eight figures, it can be found 
that, the time for Kaiser’s point becomes early with the 
increase of temperature. That is to say, the starting time of 
failure becomes early with the increase of temperature. At 
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the same time, the strain for Kaiser’s point decreases with 
the increase of temperature. 

 

IV. CONCLUSIONS 

In this paper, through experimental tests, temperature 
effects on overburden rock properties, including dynamic 
elastic modulus, tensile strength and static modulus of 
elasticity, static Poisson’s ratio and acoustic emission 
parameters, are investigated. And it is helpful to further 
understand and control overburden integrity under high 
temperatures. 
(1) The acoustic test result shows that temperature had 
a great influence on the overburden rock mechanical 
parameters. The dynamic elastic modulus of the samples 
decreases with the increase of temperature; the Poisson’s 
ratio of the heated samples is generally larger than original 
value. But at the temperature of 300℃, there is a slight 
decrease of the Poisson’s ratio.  
The most important point from acoustic tests is that, the 
influence of temperature not only on rock strength but also 
on deformation. 
(2) The Brazilian test results show that the tensile 
strength of the samples decreases after heating treatment. 
However, the tensile strength increases with temperatures 
from 100℃ to 300℃. Because of the low strength of the 
samples at 400℃ and 500℃, the tests cannot be carried out. 
In view of this conclusion, the overburden integrity may be 
safe from 100℃ to 300℃ due to the increase of tensile 
strength. 
(3) The acoustic emission results show that the 
acoustic emission characteristics of the Brazilian testing 
process are similar to each other. The acoustic emission hits 
increases with temperature from 100℃  to 300℃ . The 
acoustic emission energy after being heated is higher than 
that of untreated. And the acoustic emission energy 
increases with temperature from 100℃  to 300℃ . The 
increase of acoustic emission hits shows that the high 
temperatures accelerate the development of fractures. 
(4) The results of uniaxial compression tests show 
that, the elastic modulus and compressive strength of the 
rock samples decrease with temperature before 200℃. The 
Poisson’s ratio increases with temperature. After 200℃, 
the compressive strength of rock samples decreases with 
temperature, however, the elastic modulus of rock samples 
increases with temperature, and Poisson’s ratio decreases 
with temperature. From this conclusion, the compressive 
strength decreases with temperature from 20℃ to 300℃, it 
is a dangerous tendency for overburden integrity. 
(5) In the process of uniaxial tests, it is shown that, the 
acoustic emission is always accompanied by acoustic 
emission. Especially in the initiation and development stage 
of fractures, the acoustic emission obviously increases. 
Therefore, it is possible to predict the failure of rock 
samples with the help of the acoustic emission. 
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