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Triaxial shear test of natural gas hydrate-bearing saturated silty sediments
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Abstract: This paper aims to investigate the mechanical behaviors of natural gas hydrate-bearing silty sediments, which provides an
important basis for the production of abundant natural gas hydrate resources deposited in silty reservoirs of the South China Sea.
Thus, silty sediments were artificially prepared according to the particle size distribution curve of hydrate cores from the South China
Sea; the natural gas hydrate-bearing saturated silty sediments were simulated based on the “hydrate formation water saturation iso-
tropic consolidation” method, followed by a series of triaxial drained shear tests under low effective confining pressure. The study re-
veals that:(1)at a low effective confining pressure, the failure strength of silty sediments increases almost linearly with the increasing
hydrate saturation, while for the sediments containing hydrates of the same saturation. the failure strength under water saturation is
significantly lower than that under gas saturation; (2)the natural gas hydrate with a saturation of 40% contributes to an increase by
about 4 times in the cohesion of silty sediments and by about 5. 2° in the internal friction angle; (3)as the effective confining pressure
increases, the volumetric strain of silty sediments containing hydrates increases at first and then decreases, whereas that of pure silty
sediments decreases continuously; the volumetric strain of all silty sediments decreases with increasing hydrate saturation, and the
difference in volumetric strain gradually decreases; (4)the hydrate cementation can reduce the initial consolidation degree of silty sed-
iments, while the shearing deformation behaviors of sediments are mainly influenced by the combination of initial consolidation de-
gree, hydrate cementation and effective stress. The conclusion indicates that the cohesion reduction, re-consolidation and shear de-
formation as result of the decreased hydrate saturation may be the key reason for the deformation of silty reservoirs induced by natu-
ral gas hydrates production in the South China Sea.
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Fig.1 Particle size distribution curves of silty sediments

and hydrate cores

fi%
fe ks

i
&
b

BER

U

»

pesk N i
%@F
4

AR LCR
Ber Bt

PR E

REM

40’

R
RN

TR

A 4 A 4
b 2
CH, 50 N, SR

B2 KkEMZHABES

Fig.2 Schematic diagram of the hydrate triaxial test apparatus
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Table 1 Sample parameters and test conditions

WK KR TEORE PALEERE FESGEARE WHASKEER KemimE RAaKmmE AEE
Ui Mmy/g ms/g ni/ % ne/ % Ve /mm? Su/ % Sree/ % o' v/MPa

1 9.6 155.5 41.70 33.89 0 0 24.9 0.5

2 9.6 155.5 41.18 33.05 0 0 24.9 1.0

3 9.6 155.5 40. 25 32.02 0 0 24.9 1.5

4 9.6 155.5 41.87 35. 41 21156 19. 66 10. 8 0.5

5 9.6 155.5 40. 98 33.75 18598 17.93 12.5 1.0

6 9.6 155.5 40. 41 32.63 20167 19. 91 11.5 1.5

7 17.3 155.5 41.33 37.26 38859 36.93 19.1 0.5

8 17.3 155.5 41.57 35.17 41023 38.61 17. 6 1.0

9 17.3 155.5 42.53 33.56 42562 38. 50 16. 6 1.5
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Fig.3 Thermo-baric path of hydrate formation
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Fig.4 Schematic diagram for preparation of hydrate-bearing saturated silty sediments
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Fig.5 Stress-strain and volumetric strain curves of hydrate-bearing silty sediments with different hydrate saturation
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Fig. 6 Failure strength of hydrate-bearing silty sediments with
different hydrate saturation under various effective

confining pressure conditions
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Fig.7 Schematic diagram for the effect of hydrate on shear strength behaviors of water-saturated silty sediments
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