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Abstract. This study presents a numerical investigation into the mechanical
behavior of pore-filling type methane hydrate bearing sediments (MHBS) using
the discrete element method. Based on the available experimental data of
methane hydrate (MH) samples, MH is modeled as strong bonded clusters.
A series of drained triaxial compression tests are simulated and the results show
that for the pore-filling type MHBS with MH saturation from 5% to 20%, a
higher MH saturation induces a slightly higher shear strength and slightly larger
dilatancy. The inclination of the critical state line on the q − p′ plane increases
when MH saturation increases. In addition, the evolution rule of deviator fabrics
of the strong contact is similar to that of stress ratio q/p′-axial strain.
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1 Introduction

Methane hydrate (MH) is regarded as a new energy resource to alleviate current and
future energy needs [1, 2]. MHs usually form in deep seabeds and permafrost regions
where MHs can remain stable and can enhance the strength of the host sediments [3].
However, human interventions may give rise to dissociation of MHs, which may
further lead to large marine landslide and other hazards such as instability of submarine
pipeline and drilling platform. Therefore, it is crucial to study the mechanical properties
of methane hydrate bearing sediments (MHBS) for submarine disaster prevention and
MH exploitation in the future.

Some pioneering works have been carried out to investigate the mechanical
properties of MHBS through a number of experimental and numerical studies [4–7]. It
has been revealed that the shear strength, dilation and stiffness of MHBS are influenced
by a series of factors such as MH saturation, confining pressure and temperature etc.
Typically, the morphology of MH in sandy MHBS controls the mechanical properties
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of MHBS from microscopic origin and can be categorized into four types, i.e. pore-
filling, load-bearing, cementation, and grain-coating [7]. To explore the isolation effect
of pore-filling MH on the mechanical properties of MHBS, the discrete element method
(DEM) [8] is used in this study to carry out a series of drained triaxial compression tests
on MHBS.

2 Numerical Simulation

To generate pore-filling type MHBS, a homogeneous DEM sample with an initial void
ratio of 0.84 was generated. The size of the DEM sample is 4.322 � 4.322 � 8.644
mm3. After that, MH particles are generated within the scope of a sphere with radius of
Ra, and then cemented together as a whole, forming a cluster of MH. A cluster consists
n = 60 small MH particles with radius of r = 0.024 mm. The total number of cluster
N in the MHBS sample with hydrate saturation SMH is decided by:

N ¼ VMH
4
3 pr

3 � n� ð1þ eaÞ
ð1Þ

SMH ¼ VMH

V
ð2Þ

where V is the volume of the MHBS sample and ea = 0.82 is the void ratio of MH
cluster. Note that N sphere particles with radius Ra were firstly generated in the pore of
soil sample, subsequently, 60 small particles were generated within the scope of large
sphere, which was deleted after small particles were generated. The small particles
within each scope were bonded together by the parallel bond model to form a cluster.

After the MHBS sample was generated, drained triaxial compression tests were
performed with different effective confining pressures and hydrate saturations.

3 Results

Figure 1 illustrates the stress-strain and volumetric responses of MHBS samples under
effective confining pressure of 2 MPa. Figure 1(a) shows that the deviator stress and
elastic modulus of MHBS gradually increase with SMH. Figure 1(b) shows that a larger
SMH induces a slightly higher dilatancy.

Figure 2 illustrates the critical state lines of MHBS with different SMH on the q − p′
plane. It can be observed that the inclination of the critical state line slightly increases
with the increase of SMH.

Figure 3 presents relations between the stress ratio q/p′, deviator fabrics of the
strong contact Fs

11 � Fs
33 and axial strain. The unit normal vector for the strong contacts

is described by Kuhn [9]:
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Fs
ij ¼

1
Nc

XNs
c

s¼1

nsi n
s
j ; i ¼ j ¼ 1; d ð3Þ

where Nc is the number of contact, Ns
c is the number of the strong contacts, nsi is the

component of the unit vector at a strong contact, and d is equal to 3 for 3D.
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Fig. 1. Macroscopic behavior of MHBS under triaxial compression: (a) stress-strain relation-
ships and (b) volumetric responses.
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Fig. 2. Critical state lines on q − p′ plane.
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Fig. 3. Relations between stress ratio q/p′, deviator fabrics of the strong contact Fs
11 � Fs

33 and
axial strain.
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Figure 3 shows that the evolution rule of deviator fabrics of the strong contact
Fs
11 � Fs

33 is similar to that of stress ratio q/p′-axial strain. The macro behavior changes
along with the micro response.

4 Conclusions

The DEM simulation can effectively capture the macro-mechanical response of stress–
strain and volumetric response of pore-filling type MHBS with different hydrate sat-
urations. As the hydrate saturation increases from 5% to 20%, the strength, elastic
modulus and dilatancy of MHBS gradually increase. The evolution rule of deviator
fabrics of the strong contact Fs

11 � Fs
33 is similar to that of stress ratio q/p′-axial strain.
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