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Experimental analysis on horizontal dynamic characteristics of
coastal soft soil under wave-induced cyclic loading
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Abstract: A series of dynamic triaxle test on soft soil in Tangshan Binhai area was carried out to understand
the horizontal dynamic characteristics of the soil around the offshore wind power pile foundation under wave
load. The influence of confining pressure, dynamic stress amplitude and vibration frequency on horizontal
dynamic characteristics of soft soil were studied. The results show that the horizontal dynamic strength of
soft soil increases with the increase of confining pressure increases, and decreases with the increase of
vibration. When the dynamic stress amplitude increases, the vibration times decreases. The horizontal
dynamic strain e4 increases with the increase of vibration frequency, and the larger the dynamic stress
amplitude is, the more significant the growth is. The change agrees well with that of the Monismith
model. The change of the horizontal dynamic modulus of soft soil is significantly influenced by the dynamic

stress amplitude. When confining pressure decreases, dynamic modulus decreases. The Caofeidian soft soil
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has distinct structural horizontal dynamic characteristics. Under different confining pressures, the damping

ratio shows an increasing trend when dynamic stress amplitude increases.

Keywords: coastal soft soil; cyclic loading; horizontal dynamic characteristics; dynamic triaxial test
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Table 1 Basic parameters of Tangshan coastal soft soil
Kk KRR/ N , BES1/ 1A B FE i
T HE G . fLER I TBR /%6 YRR/ %%
KEE/ % (geem ) MPa /() it/MPa
YZ-1 38.6 1.83 1. 06 34.6 21.9 7 4.6 2.4
YZ-2 36.6 1. 83 1.02 31.0 19.6 9 16.8 3.6
YZ-3 37.4 1.82 1. 04 33.0 21.1 6 7.2 3.5
YZ-4 34.1 1.77 1. 05 28.7 18.6 14 6.4 3.1
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Table 2 Dynamic triaxial test scheme
RIRTERE/ BN S
T BlE/kPa  HREGS
(g+cm ®) 5 {4 / kPa
YZ-11 80
YZ-1 1.83 50 YZ-12 120
YZ-13 160
YZ-21 80
YZ-2 1.83 100 YZ-22 120
YZ-23 160
YZ-31 100
YZ-3 1.82 150 YZ-32 200
YZ-33 250
YZ-41 200
YZ-4 1.77 450 YZ-42 300
YZ-43 400
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Horizontal dynamic shear stress-vibration times curve
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Table 3 Fitting parameters of dynamic strength curve

=24
n

+FEGg S a b R?
YZ-1 168. 94 0. 064 0.997 8
YZ-2 136. 10 0. 085 0.999 5
YZ-3 122.95 0.127 0.998 4
YZ-4 104. 91 0.142 0.993 0
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Fig.2 Horizontal dynamic strain and

vibration times relation curve
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Table 4 Fitting parameters of horizontal

accumulated strain model

R a b R?
YZ-11 0.508 8 0.208 6 0.944 1
YZ-12 0.950 5 0.416 8 0.951 0
YZ-13 1.286 8 0.401 4 0.981 6
YZ-21 0.889 5 0.290 8 0.971 4
YZ-22 1.358 4 0.644 8 0.973 6
YZ-33 2.997 2 0.655 1 0.908 6
YZ-41 1.873 7 0.359 4 0.970 6
YZ-42 1.241 2 0.412 1 0.951 3
YZ-43 0.697 2 0.427 5 0.964 0
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Fig.3 Dynamic modulus and horizontal strain curve

IR 1) B 838 £ /%
¥: —+—0,=400 kPa —=— ¢ ,;=300 kPa
—a—04=200 kPa
(d) YZ-4

HT T o B D g — D AR G AR B B A AR bk
ik o A Ji] S0 467 80 T O A% W L5 08 199 96 AR AT i
ALLAE g XLt £ 11

o, PR (3)

X K AT B 347 2K 60 BN 564
NENAL NGBS H a0 BH IH S,
RS FREMEBASH

Table S  Fitting parameters of dynamic modulus curves
R a b R? Egmax Gamax
YZ-11 0.002 9 0.084 1 0.992 5 350 116.7

YZ-12 0.00 24 0.086 6 0.997 6 412 137.3
YZ-13 0.001 9 0.063 0 0.999 0 530 176.7
YZ-21 0.007 9 0.058 1 0.974 0 126 42.0
YZ-22 0. 006 5 0.081 2 0.998 8 155 51.7
YZ-23 0.005 3 0.051 4 0.997 2 188 62.7
YZ-31 0. 006 3 0.075 1 0.952 4 160 53.3
YZ-32 0.005 1 0.059 8 0.977 6 195 65.0
YZ-33 0. 004 0 0. 040 4 0.9977 250 83.3
YZ-41 0.002 9 0.045 0 0.953 6 342 114.0

YZ-42 0.002 ¢ .039 6 0.993 1 396 132.0

(21

YZ-43 0.002 2 0.036 4 0.973 8 463 154.3
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Fig. 4 Dynamic damping ratio and dynamic strain curve
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Fig. 5 Effect of wave load on dynamic modulus

Pl 5 2 W il 52 ¥R A 280K /D 1) o803 6 AN [ LI
R T B ) Sl SRR AR R R R 2 0l 3R
S AT BB e KPR E o AR K BY U 384 14
G 2 W] B IR AT 280802 A [6] [ IR 2% 16T - B
TR AR W4 R Ee 53 KBS

3 4

1) 8 400 Ao 2 7K 1 Sl i 52 L 1 8 o i 34
R+ B4R B RO T s/ o 24 2l 15 g W (EL /0 T
PRAR UGN o IR A 2 3l ff B8 WA T S 3 i 2
WA B h B R B Bl R Y T IR R Oy A B
WA oK B 1 ek T 2t — 22 5 AN [ [ 45 EL LR
B AR R AR

2) W e ) B 10 Y 1) 2l 1 A B AR B U O
MK . Rl ha B B » 20 1 28 36 /N Bl i 32 5 K
L AR LR IR 5 52 3 13 R (LR R o i B K 4
] AR o X R BEAT 8] UA 8L 0 L % M X K
A1) BBV L UAE FH T Monismith $5 487

3) 4G ) ¢ K P i 2l B 32 Bl R i 1Y
SO . BB W (E K KT 1) B 0 AR 3K, Bl 5
AR /0N 5 L BT /) » ) 95 R A A B 2 s o X
B B8 AT [l U AU 20 M 2K - 1) 2l R A A T
AT AR R Dy UL £

DFHJE L A0 5328 5 & il 23 W I ) 4K
A B A 5 R AEH P B K I (450 kPa)
Wit - UKL 5 3 L B/ » BR8] B 45 1 1 3 5 . fE
IHFESE N LS Fe R . B R B/ K 1)



R FRRVERTBERA T EEKRLIK @I AFEXEFA 121

B/ F T3 080y o BELJE B R . AN [ LR 25 AR T S Bl 3
IO 1 L 4 18 o BELJE PE 24 B R i

SYERAT I3 B AN [ B R A 208 AR . ik
E g P G 32 U2 TR 28 19 728 A0 52 000 25 i 5 TR 46
IR s Ednas G BIEIGEH

5% 30k :

LT BI, AT 5857, w5, 45, I b XU 37 109 K i g o A i
b LT, A - £, 2008, 23(6) . 31-35.

Ge C, He Y P, Ye Y. et al. Development composing
and foundation of offshore windfarm [J]. China
Offshore Platform, 2008, 23(6): 31-35. (in Chinese)

(2] BeTiy, Xk, k. 4% 50 A T RO 1 30 i

TR KR BFE )], TR, 2014(1): 1-5.
Bi X M, Zhao R B, Qu G S. Experimental study on
dynamic stress-strain relation of reclaimed soil in Tianjin
subjected to cyclic loads [J7. Geotechnical Investigation &-
Surveying, 2014 (1): 1-5. (in Chinese)

[ 3] 8k, sobe, STEM, 5. NI ERERERHZE

AE SR AU 1] A2 7% 43 BT P g LT ], VLR 2R 2 4l T
2FRR, 2014, 48(4) . 721-726.
Hu A F, Zhang G J, Jia Y S, et al. Application of
degradation stiffness model in analysis of cumulative
lateral displacement of monopile foundation [J].
Journal of Zhejiang University: Engineering Science,
2014, 48(4) . 721-726. (in Chinese)

[ 4 ] Basack S. Design recommendations for pile subjected to
cyclic load [JJ]. Marine Georesources & Geotechnology,
2013, 33(4) . 356-360.

[ 5] Basack S. Response of vertical pile group subjected to
horizontal cyclic load in soft clay [J]. Latin American
Journal of Solids and Structures, 2010(7) . 91-103.

[ 6 ] Banerjee S, Shirole O N. Numerical analysis of piles
under cyclic lateral load [JJ]. Indian Geotechnical
Journal, 2014, 44(4) . 436-448.

L7188 m%E, Bafh, S, & JGHH 2T WA L3
JPREPEBEFELT ] TS, 2015, 45(3): 109-114.
Zeng X J, Deng Z W, Gao Q F, et al. Study of
dynamic characteristics of lacustrine soft soil under
cyclic loading [J]. Industrial Construction, 2015, 45
(3): 109-114. (in Chinese)

[ 81 kM, XN, 5 pE. 18P 20E R L8l ke
PRI T[T ]. AR, 2014, 31(5): 1-7.
Zhang X D, LiuJ S, Zhang H W. Experimental study
on dynamic characteristic of soft soil under cyclic
loading [J]. Journal of Highway and Transportation
Research and Development, 2014, 31 (5);: 1-7. (in

Chinese)

Lo &R, L4, BmER. BREEWER L3 MR

s BT RO 5 NI BB AE LT ], A = TR 4R,
2013, 35(3): 583-589.
Cao Y, Kong L W, Yang A W. Waveform effect of
cyclic loading of dynamic character and stiffness
degradation characteristics of marine deposited natural
soft clay [J].
Engineering, 2013, 35(3): 583-589. (in Chinese)

C10] o, Jaat, . JFCRARR 0 ) 4l 2 A5 4% 1
BTl ] R B ARARE R, 2014, 45(3)
902-909.

Chinese Journal of Geotechnical

Cao Y, Zhou J, Yan ] ]J. Dynamic principal stress
rotation test on intact soft clay [J]. Journal of Central
South University: Science and Technology, 2014, 45
(3): 902-909. (in Chinese)

C11] SR EA, e 5Er « BT, POA sk d b « 0R L. 7

=058 4 7 i b XUy e AL BR AT S il O 1) £ 7%
(0. %A+ TR, 2009, 31(11) . 1729-1734.
Kuo Y S, Achmus M., Abdel-Rahman K. Estimation of
lateral deformation of monopile foundations by use of
cyclic triaxial tests [J]. Chinese Journal of Geotechnical
Engineering, 2009, 31(11): 1729-1734. (in Chinese)

[12] #xgnm, F245, R, WA R )/ FIG 5 LU 40Rs

ke 5 e mi ot (], a4 1%, 2007,
28(11) . 2291-2302.
Cai Y Q, Wang J, Xu C J. Experimental study on
dynamic elastic and damping ratio of Xiaoshan saturated
soft clay considering initial deviator stress [J]. Rock
and Soil Mechanics, 2007, 28 (11). 2291-2302. (in
Chinese)

[13] Lentz R W. Permanent deformation of a cohesionless
subgrade material under cyclic loading [ D]. East
Lansing: Michigan State University, 1979.

[14] Monismith C L, Ogawa N, Freeme C R. Permanent
deformation characteristics of subsoil due to repeated
loading [J]. Transportation Research Record, 1975,
(537): 1-17.

C15] BhAE, BOSGAN. 238 A7 40 0F T 2 B 30 1 b A 4 01370
BEMTHFILI]. 5+ J1%, 2009, 30(11) . 3342-3346.
Wei X, Huang M S. A simple method to predict
traffic-load-induced permanent settlement of road on
soft subsoil [J]. Rock and Soil Mechanics, 2009, 30
(11): 3342-3346. (in Chinese)

CE )



