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Experimental study on dynamic characteristics of deep-sea
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Abstract; Previous studies on deep-sea energy gas-bearing soil mainly focus on static load effects and uncontrollable
discrete small bubbles of gas-bearing soil in size. In this study, a sample preparation method for controllable gas
content and bubble size was proposed and consolidated undrained cyclic loading dynamic triaxial tests were conducted
on deep-sea energy gas-bearing soil containing discrete large bubbles to analyze the cumulative plastic strain,
hysteresis curve, dynamic pore pressure, and dynamic strength development of deep-sea energy gas-bearing soil
under different cyclic stress ratios (CSR), effective confining pressures, saturation levels, and clay contents. The
results show that the cumulative plastic strain can be divided into “stable growth type” and “unstable failure type”.
The rate of cumulative plastic strain growth increases with the the decrease of saturation and the increase of CSR,
confining pressure, and clay content. The hysteresis loop of gas-bearing soil increases with the decrease of
saturation and the increase of vibration frequencies, confining pressure and clay content, showing a decrease in
elastic modulus and an increase in damping ratio. The development mode of dynamic pore pressure in gas-bearing
soil can be divided into “slow growth type” and “sudden increase type”. The rate of pore pressure growth accelerates
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with the decrease of saturation and the increase of CSR and clay content. Moreover, under cyclic loading, the
dynamic pore pressure does not reach the same level as the effective stress, that is, no liquefaction failure
phenomena occur to the sample before the axial strain reaches 5%. The dynamic intensity decreases with the
decrease of saturation and the decrease magnitude shows an increasing trend with the decrease of saturation.
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Table 1 Composition of kaolin %
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Table 2 Basic test indicators of marine soil samples
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Fig. 4 Accumulated plastic strain curve under different CSRs
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Fig. 6 Accumulated plastic strain curve under different clay contents
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2.2.2  ASTRMRUCT Wi In] il 2 A4 1k

8 A &L 100 kPa,CSR 24 0. 45.0. 60.,0. 75, % + & & 10 %0 M FIEE 94 %, AR F &<+
i [l i 2 A2 ke e,

1) F & 8Ca) AT, 5 A A aURE B T 10 i 2 B 2 PRk 38 0, bR AR AR AN AR N . R B e EVE R
AN VAR IR BN B G M bR BRI A A e R 1 K R X TR AR e 2 B - A i BELJE
FEREAR . BUZRE ) P R%

2) K 8(h) FIEl 8Co) AT AL, 12UAE i [l il 4 B A A I BS & e | v 300 328 A2 Ak | 5 I 58 SR B IR YRR AE
FEHR BT A X8 R 52 0 e AR i e v A RS R R RRAIE L2 T S R S M AR T R A, FE R R S LK
FEFE R /DR U T i [l Bl 400 A B 3K 380 e /0N o THD ARG 381 B K 3R A 0 12 2R IR e 20 fir 8 D A g 00 X g Rt

PR A i 2 R R R A IR AL



L AHBEKXFFROARFAFZ RO 2024 5% 2

e 36 o
100 150 180
= 75 < <
g 50 g 100 g 120
S 55 S 50 S 60
A g / AR
B s 2 /// =
B B -50 R 60 /
IE =20 IE :Ngo — %ifgo IE o ”‘///—/
& 75 & -100 A%ZZ\?O N=250 ﬁ7120 :%;go — %iég
~100 ~150 _ ~180 el
-0.2 0 0.2 0.4 0.6 -3-2-10 1 2 3 4 5 -2-10 1 2 3 4 5
Bhie B R AR /% a2 /% N A%
(a) CSR240.45 (b) CSR70.6 (c) CSR240.75
B 8 7[E#HRX T E &k
Fig. 8 Hysteresis curve under different vibration frequencies
2.3 HILE

T ARTE B AR T L FLBR K R g B384 L R BT 09 5 8 T R A AR A D DY e R AT RO 9 A B AR B
SRR/ SR o SR A Bl AL D A Al IR U S At R 3 Bl P T S R LR i AR L B S B LR
557 S5 FR FA0) U A A58 I A T B 03 IAh B R R A AR o Bl AL il 4R Y S SR ASE AT L 23 S T v

D G R BEYR UG I 3 FLIR S48 3 1 ARG A R0 ) U I I A S g B4 TR I L AT T 5

59 JRE TS o o R AR (8 AR B S R B e IR ) 40 B A7 2
2) FLIRSRIGRL . TR SN0 o 1 AFL R R - 3K o A A 2880 0z g ok o AR 7 B 5 B2 K T e (S 1

AR T R U A 0 38 B IR

9 MAE B 100 kPa, 2+ & 10 %0 AR 976,94 % .91 % . ANA] CSR 1 shfL & & e ad 72 .

D HEH 9Ca) AT A, 2 CSR 2 0. 45 B, Bl 4R U300, FLR 38 R ARG, 2 B0 2218 & JR R AT L ML i + IR A7
RN R R B E A R REAE 7. Y CSR 2 0. 60 B, 1if 1L & R #5148 , 3 L K ik 3 40
kPa B T2 i) il R & B AL FLR I KB . 24 CSR 4 0. 75 B, LI E AR IR I T iR i & &, LR
BRIGREVE , AR SO0 T R BRE AR R ) KR T R, o R R AR DRI R AR B T IR .

2) HE 9 AT AN 2 CSR My 0. 45 B, 38X 3l £L s R A 22 80 1 A2 e B K AR AE . 24 CSR i 0. 6 B, 8l fL
JE AT AR E B, 2 b B R 2R AL R R SR B, CSR 2y 0. 75 B, 3L 2 80 B 00 L e R 1 A
FEAE
3) HE 9O A, Y CSR 2 0. 6 B, FLEZEB/NMRK T R 3L B HARER DRI N A3 TR, 2
PS5 E 9 T CSR 24 0. 6 B[R A REPE . W1 2700 B T B A, LR & 8 ok 72 1T i DA 22 158 348 K 84 1] L

R 2

100 1 — CSR> 100 . CSR> 100
. Siggé‘é SR - CSRH0.45
¢ 801 _ CSR%0.75 5 = 80| - CSR%0.60
& ' & e / ~— CSR}0.75
a" a0 f; ff 60
é a0 é é 40
= = =
20 20

0

100 200 300 400 500
NAR
(a) A EOT%

0 100 200 300 400 500
NIK
(b) TRAEI4%

0

B9 AECSR THIELZELE

Fig. 9 Development process of dynamic pore pressure under different CSRs
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Fig. 10 Development process of dynamic pore pressure under different saturation levels
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Fig. 11 Development process of dynamic pore pressure under different clay contents
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Fig. 12 Dynamic strength curve

3 i

B ) — P REAZ P2 1] & Ui B SOEIR/N B TRE D kL A TR PR M TR S A AR M TR R IR
S BBIR N b e, EEEB T .

D 44 T 00 F B &R 0 0 28 32 08 AR M R B A R AR IR L P26 . 2 CSR A/ L i
PR UG AN T 106 A TR RS s 2 CSR BRI L B R Az I AR I o 0 0 38 6 e 8 e 7 72 52 i I 5%
Y R0 R AR R P 5 B DR AR U A 25 T B AR RS T S8 B A Ml 106 B R R UR AR R B 208 .
W A7 280 P 38 DA, AR A DGR I 2 o e A R TR B A8 e 5 38 B Ay T B R, R A A P 22 , AR
oy AWK . B & BN, — O TR BEAE Bl R S S 0 s I A K R R 5 5 — T THT
B b S RN R SR B R i

2) TR RE IR 5 A [l gl 2 i [ B I O B R R T T LT 9 O R A b 2 B A A
PR AR /DN L TR R B T 5 A o] R AT BELE FE O R R PTASIE BE 0  E REREBE ) B R

3) TR AR IR & A A AL R AR AT 23 0+ 48 434 1K R RN AL TR BRI AL LT 0 4 A B A AR T e
CSR 384 MR £ 55 5 bk . A6 3047 24 TR L 4% T 00 A9 3l FL U 55 R00 0 B FE (R R 16 3] 1. 0, B
Al 16 97748 TR B 5 06 BT 1R R HH B ACBOR B G 3 W5 A R HIOR 00 1 5 R 22 B O B IR R A

A HRL N BE XoF AR Bl i R R o B S e A R B A ) 5 R A ¢ g T AR R R E AR gl iR BE L A AR T B
UCT o Bt 5 0L R RE ARG 5l 3 Bt Bl =2 T W I L 4 0 R0 B2 PR AR I Sl i JBE ) I i B2 22 LA I

S X

(1] %848, 8,89, 5. RAAAKSH A AR AT FHBEBGT )] B FH,2023,44(4) :657-671.
WEI Na,PEI Jun,CAI Meng.et al. Simulated calculation of heat balance of natural gas hydrate autogenous thermal unplug-
ging agent[ J]. Acta Petrolei Sinica,2023,44(4) :657-671.

(2] %125, e F . §AB. F. &REMTRWIBEAF G Z X B R[], %5 £ TRFHH.2013,35(8):1565-1572,
LIU Fang,KOU Xiaoyong,JIANG Mingjing,et al. Triaxial shear strength of synthetic hydrate-bearing sediments[J]. Chi-
nese Journal of Geotechnical Engineering,2013,35(8):1565-1572.

[3] YONEDA J,HYODO M, YOSHIMOTO N,et al. Development of high-pressure low-temperature plane strain testing appa-
ratus for methane hydrate-bearing sand[]J]. Soils and Foundations,2013,53(5) :774-783.

[4] HYODO M.NAKATA Y., YOSHIMOTO N, et al. Basic research on the mechanical behavior of methane hydrate-sedi-
ments mixture[ J]. Soils and Foundations,2005,45(1) :75-85.

(5] F&F#% ,RAE, TH., ¥ BEASRGHASRN A FHLGH 0[] B mBIRE IF A ,2011,38(5) :637-640.
LI Yanghui,SONG Yongchen, YU Feng, et al. Effect of confining pressure on mechanical behavior of methane hydrate-
bearing sediments[ J]. Petroleum Exploration and Development,2011,38(5) :637-640.



EOEE RIA AT WA TR AR S R R TR + 39

[6] KAJIYAMA S,HYODO M,NAKATA Y,et al. Shear behavior of methane hydrate bearing sand with various particle char-
acteristics and fines[J]. Soils and Foundations,2017,57(2) :176-193.
(7] A% B4, P& F. RERELTFYAANESHA»MI] £ 2 T4 FIR.2014,36(9):1624-1630.
JIANG Mingjing, PENG Di,SHEN Zhifu,et al. DEM analysis on formation of shear band of methane hydrate bearing soils
[J]. Chinese Journal of Geotechnical Engineering,2014,36(9):1624-1630.
(8] #RR.EHE AL F. AL ARKAABEN TSI & £ 4 5F,2021,42(9):2507-2517.
HUANG Jiasheng, WANG Lujun, LIU Yanjing, et al. Time-dependent behavior of thermal-hydro-mechanical coupling of
gassy soils[J]. Rock and Soil Mechanics,2021,42(9) :2507-2517.
(9] B4, 25 R ER . F. R A LAY BB 4 &[] FR AR LR EF.2022.41(D :11-16.
YAN Kai, WANG Yong,ZHANG Junjie,et al. Discussion on the preparation of seabed muddy gas-bearing sediment sam-
ples by zeolite method[]J]. Research and Exploration in Laboratory,2022,41(1) :11-16.
[10] x L, 3L R R B, F. SR L =M XA M &3 7 %[]]. FREAMTEIRE,2018,37(4) :63-67.
LIU Wenzhuo, KONG Liang, YUAN Qingmeng.et al. New method of preparation of gassy soil specimens in triaxial tests
[J]. Research and Exploration in Laboratory,2018,37(4):63-67,
(1] %R AP ZEAF FTRARETEAY L Z 4K []]. 5 £ %.2019,40(9):3319-3326.
KONG Liang, LIU Wenzhuo, YUAN Qingmeng,et al. Triaxial tests on gassy sandy soil under constant shear stress paths
[J]. Rock and Soil Mechanics,2019,40(9):3319-3326.
[12] k%, 25 .G F. 5. —HBEARSAKRLO T AEMAH T E[]] TR EMRL 54K %,2021,40(1) :16-21.
HAN Zhufeng, WANG Yong.SUN Fuxue, et al. A method of preparing submarine gassy soft soil in laboratory[ ] ]. Re-
search and Exploration in Laboratory,2021,40(1) :16-21.
[13] A—%. RARAKGHRBRHHHHFZHEARL[D]. KRiE. K&EH® T X%,2016.
ZHU Yiming. Study on the statics and dynamic mechanical properties of natural gas hydrate-bearing sediments[ D].
Dalian: Dalian University of Technology,2016.
[14] BES . kK. 50,5 SR RSk Z X Bar e [J] L AAR X FFROA XA ,2020,39(2):69-
76.
GAO Yunchang,PENG Xiaodong, GAO Meng,et al. Dynamic triaxial test on liquefaction characteristics of calcareous sand
in South China Sea[]]. Journal of Shandong University of Science and Technology(Natural Science) ,2020,39(2) :69-76.
(150 TH FE#F BAAF SR L TRAERMELIREG R ZRZ[]]. il &3 (P % ),2021,41(4) :537-553.
DING Zhi,ZHENG Haiyang. FENG Conglie, et al. Overview on research of engineering characteristics of gassy soil and
prospects[ J]. Tunnel Construction,2021,41(4) :537-553.
[16] 4% . &0 . %28 . 5. ARV EALS R HHERBARI] b AHRKXZFRCA ZHF ) ,2021,40(4) :56-
64.
WANG Haiping,GAO Meng,GAO Yunchang,et al. Experimental study on dynamic characteristics of calcareous sand so-
lidified by polymer[J]. Journal of Shandong University of Science and Technology(Natural Science),2021,40(4) ;:56-64.

(WAE%HEE . Bk



