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Abstract: The shear strength of gas-hydrate-bearing reservoirs is one of the most important parameters 
used to study mechanical properties of gas-hydrate-bearing reservoirs. The shear strength of gas-hydrate-
bearing reservoirs changes with fi lling and cementation of gas hydrates, which will affect the wellbore 
and reservoir stability. Traditional shear tests could not be conducted on gas-hydrate-bearing core samples 
because the gas hydrates exist under a limited range of temperature and pressure conditions. This paper 
describes a novel shear apparatus for studying shear strength of gas-hydrate-bearing core samples under 
original reservoir conditions. The preparation of gas-hydrate-bearing core samples and subsequent shear 
tests are done in the same cell. Cohesion and internal friction angle of the core samples with different 
saturations of gas hydrates were measured with the apparatus. The effect of gas hydrates on the shear 
strength of reservoirs was quantitatively analyzed. This provides a foundation for studying wellbore and 
reservoir stability of gas-hydrate-bearing reservoirs.
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1 Introduction
Shear strength is one of the most important mechanical 

parameters of reservoir rocks in analyzing wellbore stability. 
However, it is diffi cult to measure the shear strength of gas-
hydrate-bearing core samples with commonly-used shear 
apparatus due to the presence of gas hydrates, which form 
when natural gas molecules and water come into contact at 
low temperature and high pressure (Tan et al, 2005).

To solve this problem, Wu et al (1997) developed a Hoek 
triaxial cell for gas hydrate-bearing deposits. This device 
could be used to measure mechanical properties and failure 
mechanisms of sediments containing gas hydrates under 
confi ning pressures. However, its core cell is so small that the 
gas hydrates are not evenly distributed in the artificial core 
samples, leading to large errors in shear strength. Clayton and 
Priest (2005) built a resonant column apparatus to synthesize 
methane hydrate-bearing sediments and to measure their 
shear strength based the original triaxial shear apparatus.

After conducting triaxial shear tests on original hydrate 
deposits from the Malik 2L-38 well, Mackenzie Delta, 
Northwest Territories, Winters et al (2004) proposed that the 
shear strength of sediments containing gas hydrates increased 
with an increase in gas hydrate saturation. Researchers at the 
Georgia Institute of Technology tested the Poisson ratio, shear 
strength, and other mechanical parameters of sands, clays, 

and quartz powders containing gas hydrates in the laboratory. 
Moreover they studied the cohesion and friction angle of 
quartz powders when the saturations of gas hydrates were 
50% and 0. 

In this study, we developed a new experimental setup to 
investigate the properties of gas-hydrate-bearing core samples 
under high pressure and low temperature.

2 Experimental 

2.1 Experimental apparatus
The shea  r apparatus shown in Fig. 1 was used for gas 

hydrate formation followed by shear testing. In the same cell, 
the core samples containing gas hydrates were formed and 
then shear tests were conducted, avoiding inconveniences 
involved in core preparation and installation in shear tests. 

The main component of this device was the shear unit 
installed in the pressure cell and the shear unit consisted 
of the shear cell and piston mechanisms. The shear cell 
had two chambers, and the connection was sealed with an 
annular piston. The upper cell was equipped with a piston for 
compacting and a water inlet, a transverse piston mechanism 
was installed on the middle of the upper cell. Piston 
mechanisms were installed on both side of the lower cell. 
The lower cell had a gas inlet and a water outlet. All piston 
mechanisms were connected to the high pressure pump by 
hydraulic lines. The lower shear cell was fi xed on the bottom of 
the high pressure cell, and the upper one was connected to the 
top of the high pressure cell. A circulating water bath with an 
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water from the bottom of the shear cell until the pressure 
reaches 7 MPa. 13) The pressure in the high pressure cell 
will decline as the reaction goes on. It is necessary to refill 
the distilled water at frequent intervals to maintain pressure 
at 7 MPa. 14) Repeat Step 13 until the pressure is constant. 
The methane injected into the cell will completely react with 
water to form hydrates. 

Shear test  1) Apply the confi ning pressure of 7 MPa to 
the shear cell, which equals the pressure in the high-pressure 
cell. 2) Push the annular piston down to shear the core 
sample. 3) Record the pressure changes. The pressure will 
rise slowly at the beginning and then decline sharply when 
the core sample is sheared. 4) Record the pressure P when 
the shear failure happens in the shear cell. The lateral pushing 
force F is equal to the product of the pressure P times the area 
of the lateral piston A. The ratio of F to A is the shear strength 
of the hydrate-bearing core sample.

2.3 Determination of gas hydrate saturation
The hydration reaction of methane is given by (Sloan, 

1998):

4 hyd 2 4 hyd 2CH (g)+ H O(l) CH H O(s)n n

where nhyd is the hydration number, the molar ratio of water 
reacting with methane, nhyd = 5.75 in this case.

After the temperature and pressure of the core cell are 
stabilized, all methane injected into the cell is assumed to 
react completely with water. There are only gas hydrates and 
water remaining in the artifi cial core samples. Then the gas 
hydrate saturation can be calculated as follows (Ren et al, 
2010):

4 4CH CH h
h

pore h

P V M
S

ZRTV

where Sh is the gas hydrate saturation; VCH4 
and PCH4 

are the 
injection volume and pressure of methane, L; Mh is the molar 
mass of methane hydrates, g/mol; R is the gas constant, 
R = 8.31 J/(mol·K); Vpore 

is the pore volume, L; Z is the 
gas compressibility factor; ρh is the gas hydrates density, 
ρh= 0.91 g/cm3.

2.4 Analysis of shearing process
In the process of gas hydrate formation, the injection 

pressure of methane was kept at 3.7 MPa and the methane 
injection volume was 2 L. The gas hydrate saturation was 
calculated to be 55% from Eq. (2). In the shearing process, 
the back pressure was kept at 11 MPa to insure the confi ning 
pressure higher than 11 MPa. At the early stage, the shear 
piston did not contact with the shear cell and the data were 
recorded every 5 seconds. At the later stage, the piston pushed 
down into the shear cell and the data were recorded every 2 
seconds as the pressure changed quickly. The experimental 
results are shown in Table 1.
2.4.1 Shear pump pressure

As shown in Fig. 3, the shear pump was pressurized 

Time
s

Pressure in 
the shear cell

MPa

Confi ning 
pressure

MPa

Shear pump 
pressure

MPa

Temperature
ºC

0 10.7 11.0 6.00 3.9

5 10.7 11.0 6.13 3.9

10 10.8 11.1 6.22 3.9

15 10.8 11.2 6.28 3.9

20 10.8 11.1 6.32 3.9

25 10.8 11.1 6.32 3.9

30 10.8 11.1 6.32 3.9

35 10.7 11.2 6.32 3.9

40 10.8 11.1 6.32 4.0

45 10.9 11.2 6.32 4.0

50 10.9 11.2 6.32 4.0

52 10.9 11.2 6.32 4.0

54 11.0 11.1 6.40 4.0

56 11.0 11.1 6.45 3.9

58 11.0 11.1 6.58 3.7

60 11.0 11.0 6.78 3.5

62 11.0 11.0 6.90 3.4

64 11.0 11.0 6.44 3.4

66 11.0 11.0 6.32 3.4

68 11.0 11.0 6.32 3.4

70 11.0 11 6.32 3.4

Table 1 Data acquired in the shearing process

during 0-20 s, and the shear piston began to move when 
the pressure reached 6.32 MPa, i.e. starting pressure under 
experimental conditions. The shear piston began to move 
upwards to push the upper shear cell at the time of 54 s, and 
the shear failure occurred during 54-62 s for gas-hydrate-
bearing core samples. The maximum shear pressure was 
6.9 MPa. It was at the pressure release stage after 62 s, and 
the pressure was back to 6.32 MPa at the end. So the shear 
strength was 0.58 MPa (6.90−6.32) under the test conditions.

Fig. 3 Curve of pump pressure vs. time in the shearing process
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2.4.2 Shear cell temperature
As Fig. 4 shows, the temperature of the high-pressure 

cell increased slightly due to the interference of external 
temperature in the piston compression process. The 
temperature declined significantly at 58 s, eventually to 3.4 
ºC. This is because the lower and upper shear cells were 
disconnected and the gas hydrates absorbed heat and then 
partially dissociated into gas and water (Sun et al, 2002). 

3 Result analyses
Shear test data on gas-hydrate-bearing core samples 

are shown in Table 2. The shear strength is the cohesion of 
hydrate-bearing samples when the axial pressure is 0. The 
internal friction angle of hydrate-bearing core samples was 
calculated according to the Mohr-Coulomb criterion and 
shear forces at different axial pressures (Huang et al, 1999).

Fig. 4 Curve of temperature vs. time in the shearing process
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No.
Gas hydrate 
saturation

%

Gas hydrate
 formation time

h

Gas hydrate formation
 pressure

MPa

Temperature
ºC

Axial pressure
 MPa

Shear force
MPa

1 0 158 11.1 3.7

0 0

1.0 0.29

2.0 0.56

2 5 162 11.0 3.7

0 0.05

1.0 0.32

2.0 0.60

3 15 160 11.3 3.7

0 0.14

1.0 0.45

2.0 0.78

4 25 160 11.2 3.5

0 0.20

1.0 0.55

2.0 0.9

5 35 159 11.0 3.5

0 0.28

1.0 0.72

2.0 1.13

6 45 160 11.0 3.5

0 0.41

1.0 0.95

2.0 1.47

7 50 161 11.2 3.3

0 0.52

1.0 1.06

2.0 1.62

8 55 161 11.1 3.3

0 0.55

1.0 1.22

2.0 1.85

Table 2 Shear test data on core samples containing different contents of gas hydrates

3.1 Cohesion
Fig. 5  shows that the cohesion of artifi cial hydrate-bearing 

core samples increased quickly with increasing hydrate 
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