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Creep Behavior of CO2 Hydrate-Bearing Sand and Its Simulations by an
Elasto-Viscoplastic Constitutive Model
by

Sayuri Kivoto*, Masaki Yosuimoro** and Gyo TakuBo**

Recently, a possibility of a new technique of CO; storage in the ground, namely, CO; storage as hydrate, has been
under discussion. In the present study, the mechanical behavior of CO; hydrate bearing sediments was investigated to
provide the fundamental mechanical properties of CO, hydrate sediments. Especially, time dependent behavior was
focused on and a series of undrained triaxial tests were conducted using high pressure and low temperature triaxial
apparatus. From the results, it is found that hydrate-bearing sand specimen exhibits acceleration creep under undrained
condition while sand specimen does not. In addition, an elasto-viscoplastic model considering the effect of hydrate
saturation is adopted to reproduce the test results.
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Fig. 1 Equilibrium curve of CO, hydrate and state path during
sampling preparation and creep tests (hydrate equilibrium data is from
Sloan and Koh (2007)".
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Fig.2 Temperature controlled high-pressure triaxial apparatus.
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Table 1  Testing conditions.
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Table 2 Material parameters.

Initial mean effective stress oy [kPa] 2000
Initial void ratio e, 0.74
Compression yield stress d,,,; [kPa] 3000
Compression index 4 0.112
Swelling index x 0.0026
Initial elastic modules Gy, [kPa] 120000
Hydrate dependency of Gy n, [kPa] 103000
4.0
Strain dependency of G *
y 0.5
Stress ration at critical state My, 0.98
Hardening parameter A4* 0.98
Hardening parameter B« 40
. B 20
Hardening parameter
G 5
Structural parameter Gy,,¢ [kPa] 2500
Viscoplastic parameter m,’ 66.7
mp 0.22
Hydrate dependency of m”’
me 1.41
Viscoplastic parameter Cjs, C [1/5] 3.0x10™M
5.8%X10°
Hydrate dependency of C; e
Cic 2.6
Hydrate dependency of C» Cop 6.1
Hydrate saturation i 2.9%10°
dependency N, na 13
0 (Case S)
Structural parameter S 2.65 (Case H1)
7.25 (Case H2)
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Fig. 3 Effect of structural parameter 3 (Stress-strain relations).
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