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Abstract: [Purposes] During the extraction of seabed energy soil, a common issue is the reduc-
tion in cementation strength around the wellbore, which triggers shear deformations at the interface be-
tween the seabed energy soil and the extraction well, consequently impacting the well’ s stability.
[Methods] In order to study the geomechanical properties of reservoir soil-structure, research was
conducted by using a GDS interface shear device on remolded soil samples from the Shenhu area’s
seabed energy soil reservoir in the South China Sea. The interface shear mechanical properties with
various moisture contents and shear rates were examined, and the shear mechanical behavior of the
reservoir soil-structure interface with different conditions was investigated. [Results] The findings re-
veal that the interface shear stress—strain demonstrates distinct elastoplastic characteristics, which can
be represented by a logarithmic curve model. Shear induces volumetric changes in the soil, higher
moisture contents and lower shear rates lead to more pronounced interface shear compaction deforma-

tion. The shear strength of the reservoir soil-structure interface increases with both normal stress and
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shear rate but decreases with an increase in moisture content. These findings provide a basis for the sta-

bility analysis of seabed energy soil reservoirs.

Keywords: seabed energy soil; soil-structure interface; interface shear test; moisture content;

shear rate
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Fig. 1 Interface shearing illustration
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Table 1  Grain size composition of hydrate—bearing soil in Shenhu
sea area of the South China Sea®”
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) (A

HAR/mm =0.004 g 0.25) 0.5 2.0
e/ % 0.4 23.5 32.2 29.1 14.8
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Table 2 Clay mineral composition of hydrate-bearing soil in Shenhu
sea area of the South China Sea®”

LEZL %y e ixike] LR U AT

LB/ ¥ 8.68 9.18 3.79 2.26

B2 BrilideE
Fig. 2 Shear sample
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Fig. 3 Grain size distribution curves of the test soil samples
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Fig.5 Seabed energy soil structure illustration
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Fig. 6 Shear stress—shear displacement curves with different

moisture contents
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Fig. 7 Shear stress—shear strain curves with different shear rates
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Fig.8 Normal displacement-shear displacement curves with different moisture contents

3.2 AEAHVIEETHERLE-HIILBEXR

KN 1500 B AST) 3 1) 1 g 4 F T BT U0
2R 0. 006 mm/s B 2 [0 07 8% 5 T 0. 02 mm/s % 1 (1)
2w 2 5 M AE 35 U162 F% 2 6 mm &b, 5 U 3 R
0. 006 mm/s7E & 8] i 11 50,100,150,200 kPa F X Ji
(3% T AE A 43 918 0. 26,0, 391.0. 483.0. 605 mm, It
i 3 1] 457 8% i 45 5 1] 17 ) %) 385 o 28 9 15 R (IR 9D,
Ji R EE T AL B K HE K R BE AN [R]85 A1 9 BT 1) 3 3%
T AR G B ) A 5 D) ST R A R Y A LB K
JE 3 75 S B, 0 S AR AR AR A gk

4 WA B 28 AT R AL

4.1 TxﬁgykﬁT MEEEERTH
4 55 Y1 3 20 0. 006 mm/s F A9 b 36 5k U8 4T

5L EAH G, B S 5 D) 5 | A9 A 4 B K
R 3G KT 3G 0 5 24 5 in 08 325 1) R 9 A 50 kPa 8 b
% 200 kPa i, #5745 5 75 & K % 1520, 18% .
21% 2% 0 T 3 iR B 4 5 oA 132.7% . 134.4% .
175. 2% (I 8) , HJF R AE TR & &K % B I, 14k
VAR FL B3R T v, B e 4 M o R 4 25 [R5 R,
5590 K A BIE 9 4 R O H AT E) TR Rl Y
A,

1 2 3 4 5 6
B Y] AL /mm
(b)E: i 2 H7 100 kPa
BkE

—=—15%

——18%

——21%

1 2 3 4 5 6
¥ Y] fL % /mm
(d)¥: 11 B2 J7 200 kPa

LNELE A5 B [A] 5 7K 38T ST 0 8 5 B vk )
N 71 5 & CIEL 10D 15 T 470 89 98 2 4 A (R 4D, 7
T A SR T 3045 G B R - PR AR W PR v 0 . 55 T e B
JEE it 5 9% 1] N7 7 0 38 i 38 K5 ) — 3k N R
S TH BT 5 SR B A T K R0 R AR T . vk )
120 200 kPatif, & 7K 38 21 % B & 1596 % B ) Bt
BY SR BRI T 203. 72 % , i B B K R 1 A8 b2 52
Prey o EE g E BN, X 5 Fredlund \Escario 2814
NI 6 2518 A ) .

TR RBARK , R ARZE ) R BRI 5 & KE
S IE M SO B A B A K SR 8 B (3R
4o MEAKEM 5% BN 2 215 B, H AR & 7K R
[F] (%) 5% T JBE 42 7 3 ol s/ 1 41,020 Fn 71, 28%, +
A0 K B Ry, S T PR R A I R K, X



5 [ QS S [ 8 e e A R T TR ) 5 W 0 953
0.25F 04+
0.20f
g £
g £
f% 0.15 @ "
= e . ’ i Lol
= 0.10 B9 5)5% % /(mm-s ) E B P/ (mm-s )
Ny —=—0.006 & | 3'3?6
0.05 e 001 0.1 0.
—+—0.02 +—0.02
O 1 1 1 1 1 1 O 1 1 1 1 1 1
1 2 3 4 5 6 1 2 3 4 5 6
WYL WYL
(a)¥% 1] B2 J) 50 kPa (b)3: il 7 J7 100 kPa
0.5} 0.6k
0.5_(.,//
=) £
k| E 04p
£ < (//%’j
& . o & 03 .
F 02 By P) R/ (mm-s ) = BT Y &K /(mm-s )
# —=—0.006 #x 02} —=—0.006
0.1} ——0.01 —e—0.01
——0.02 0-1r —a—0.02
0 1 1 1 1 1 1 O 1 1 1 1 1 1
1 2 3 4 5 6 1 2 3 4 5 6
WY YL
(c)¥%: [ % J7 150 kPa (d)¥: A1 7 /3 200 kPa

B9 EEALRE-SIARE £ (Av)
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Table 4 Shear strength indices of seabed energy soil-structure
interface with different moisture contents
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Fig. 11 Relationships between shear strength of the interface and

normal stress with different shear rates
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Table 5 Shear strength indices of seabed energy soil-structure
interface with different shear rates
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