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To acquire more knowledge about the mechanical properties of gas hydrate-bearing sediments and assess the long-
term stability of the strata, samples of clayey sediments containing methane hydrate were prepared and tested for their
mechanical properties under various conditions by triaxial compression. The effects of temperature and confining pressure
on the mechanical properties of methane hydrate-bearing sediments were analyzed. And a strength criterion considering the
influence of temperature was developed for methane hydrate-bearing sediments. It agrees well with the experimental data,
it and can be taken to predict the shear failure strength of methane hydrate-bearing sediments under subzero conditions.

INTRODUCTION

Gas hydrate has attracted global attention due to its widespread
occurrences and large potential as an energy resource (Brown
et al., 2006; Glasby, 2003). It generally exists in the regions of
Arctic permafrost and submarine continental margins where there
are acceptable P/T conditions (MacDonald et al., 1994). Addi-
tionally, the naturally occurring hydrates are always associated
with large quantities of gas trapped underneath, with the hydrate-
bearing strata acting as seals for trapped free gases. Gas may
release abruptly during mining and well drilling, which can lead
to blowouts and well-control problems (Cameron et al., 1990;
Vanoudheusden et al., 2004). Characterizing the mechanical prop-
erties of gas hydrate-bearing sediments will provide a scientific
basis for the evaluation of the safety of the structure and the sta-
bility of the reservoir.

Up to now, the mechanical properties of gas hydrate-bearing
sediments have not been fully understood. Durham et al. (2003)
and Stern et al. (1996) indicated that the mechanical properties
of methane hydrate are very different from those of water ice.
Winters et al. (2004, 2007) studied the strength and acoustic
properties of laboratory-formed methane gas hydrate. In previous
work, we carried out a preliminary study of the mechanical prop-
erties of artificial gas hydrate and gas hydrate-bearing sediments
by triaxial compression tests; the effects of temperature, confining
pressure, strain rate and kaolin volume fraction on the mechan-
ical properties of gas hydrate-bearing sediments were obtained
(Li et al., 2011; Song et al., 2010). Hyodo et al. (2005) carried
out triaxial compression tests to study the strain-stress curves, the
modulus, Poisson’s ratio and the effects of saturation on these
parameters. However, the analyses of the mechanical properties
of gas hydrate-bearing sediments under various conditions are
qualitative. It is not enough to completely understand the defor-
mation mechanism. The strength criteria applicable to the descrip-
tion of mechanical behavior for gas hydrate–bearing sediments
have scarcely been investigated. Establishing a strength criterion
to guide the mining and assess the stability of methane hydrate-
bearing sediments is required. Miyazaki et al. (2010, 2011) con-
sidered that the strengths of methane-hydrate-bearing sediment
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can be described as a function of effective confining pressure
and methane hydrate saturation, and they proposed a model to
express the effect of saturation on the cohesion and internal fric-
tion angle, which can be used to formulate a constitutive equation
for methane hydrate-bearing sediments. Li et al. (2012a, b) inves-
tigated the strength behavior of ice containing methane hydrate,
and proposed a modified Mohr-Coulomb criterion considering the
influence of methane hydrate content on shear strength. In this
paper, a strength criterion considering the influence of tempera-
ture was developed for methane hydrate-bearing sediments.

In this study, a series of triaxial compression tests on synthetic
methane hydrate-bearing sediments was conducted under various
conditions. The effects of temperatures and confining pressures
on the behavior of stress-strain curves were clarified, and a piece-
wise linear strength criterion of methane hydrate-bearing sedi-
ments was established.

EXPERIMENTAL APPARATUS AND TEST
CONDITIONS

Gas hydrates may coexist with ice in Arctic and permafrost
regions (Tsypkin, 1993; Worthington, 2010). Frozen sediments
can exist in various areas of the Arctic Shelf, including areas
in the Barents Sea, Kara Sea, Laptev Sea and Beaufort Sea
(Romanovskii, 1993). Geophysical data indicated that such sed-
iment contains gas hydrates (Ginsburg and Soloviev, 1998; Col-
lett and Dallimore, 2000), and ice and gas hydrates can form in
subaerial sediments (Romanovskii, 1993; Collett and Dallimore,
2000). Drilling and sampling has indicated high saturations of
methane hydrate in clayey silty sediments on the northern conti-
nental slope of the South China Sea (Wu et al. 2007, 2008, 2010).
The grain sizes of sediment cores recovered from the Gulf of
Mexico are typically silty clay (Winters et al., 2008). The crystal-
lite sizes of gas hydrates from locations in the Indian Ocean, Gulf
of Mexico and Black Sea are in the range of 200–500 �m (Klapp
et al., 2010). And Klapp et al. synthesized methane hydrate as a
comparison to the various natural samples, formed from water ice
crystals (crystallite fraction of 200–400 �m) and methane gas. In
this study, we used the ice powder 250 �m in size and kaolin clay
to form the hydrate-bearing sediments.

All the tests were conducted by using the TAW-60 low-
temperature high-pressure triaxial testing device shown in Fig. 1
(Li et al., 2011). It consists of a temperature control system, a




