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surface sediments in tidal flat of Yellow River Delta under tide and wave loading
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Abstracts: In order to study the pore pressure response and consolidation mechanism of the surface sediments in the tidal flat of
the Yellow River Delta under the action of wave and tide loading, the fluid sediments imitating the rapidly deposited seabed
silty soils are made in situ, and they are promptly filled into a one-meter deep pit excavated at the tidal flat. By using the static
cone penetration tests and the pore water piezometer tests, a comparative study is conducted about the pore-water pressure
responses of pit soils and the tidal flat soils under the action of tide and wave loading, meanwhile the non-uniform consolidation
mechanism of the tidal flat soils is discussed. It is shown that the pore-water pressure responses between the the tidal flat soils
and the pit soils are different under the tide loading, in the process of rising and falling tide, the excess pore-water pressure of
the pit soils undergoes negative-zero-positive changes, and it is equivalent to a process of loading and unloading, however, the
tidal flat soils only produce negative excess pore-water pressure. Under the coupling action of tide and wave loading, the
accumulation of pore water pressure is obvious in the surface soils of tidal flat, and the maximum excess pore water pressure is
generated near a depth of 0.3 m. The strength of the tidal flat soils in the Yellow River Delta presents the phenomenon of
high-low-subhigh non-uniform consolidation along the depth, and the mechanism of this phenomenon is related to the
characteristics of pore pressure responses of tidal flat soils under the tide loading and coupling action of tide and wave loading,
especially near the surface of 0.3 m of soils, which is significantly affected by long-term wave loading and a hard shell layer is

formed.
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Fig. 1 Location and arrangment of research area
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Fig. 2 Arrangement of pore-water piezometers in soils
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Tablel Mechanical properties of testing pit and in-situ soils

R/ w/

KV/ Esl -2/ Cu/ P, C/

i m % p ¢ S b (cm's™) MPa kPa kPa OCR
s g 0.0-03 248 194 074 91 7.7  2.32x10° 11.88 20.5 180.9 30.4
g 0306 253 196 073 94 8.0  2.12x10¢ 7.62 31.8 143.8 12.1
R 0.6~1.0 268 195 076 95 87  9.78x107 10.29 50.5 171.5 8.79
st 0003 264 192 0.78 92 8.0  4.86x10° 8.68 9.5
Sope 0306 280 192 081 94 85  437x10° 7.19 13.6

0.6~1.0 201 193 081 97 78  4.25x10F 8.24 18.7
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Fig. 5 Comparison of pore-water pressures between in-situ soils and testing pit soils at stages rising and falling tide
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Fig. 6 Responses of pore-water pressures of in-situ soils in tidal flat under wave and tide loading

ALK, FTAN R FR) T AR L s 70 A1 3 52 ) i
FE NI AE R ALE. 0.5 m LBk oyiER)
UL, 7 0.3 m BHESUS B ECRME, FLBRKK
Ll BB, EERE T, EMERUREEL K
HEHEK, SRFEHRE, IX AT AR PR 2 ALY
FIBARIERTS, R ERRR . 0.5 m BIF L4k
ol LRSE S IE, 200 TR Tt itan ik E £
RLETIRAE T N RME LA, £ 0.5 m Ak bR —3E
VO B I RO ARL /DS, TSR AT MR ER, 2 AR Y A
SRR RS, T — X85 X £E 0.75 m [7 R AN
it AR R, T SE AT RO A, AR R AR A K
B, TR N RRIX o PRI AE W S IR A T )
MER JZ L ARSREE N EBIN T RIE] 4 P - 55— IKGR 1
AR AL AEKIR BRI A S, W
TARRIE AL SIPEARE 55, RJZ 0.3 m Mgtk
SEWCRAE AR 2, AERIE I TR 5T Z .

5 & i

ASCAE H]  CI = f MR, B
77 R B P TR B T 10 B A T R 137 AR
W), FIF AN AR R . FLBKIE J A B,
st EEIF 98 T S0 JE0HR L R AHA SR 2D Lk 1.0 m RS
SEE P, FERARRIME R T AR IR SR, IR

TR ERAS R, EEAFH BT 5 fghig.

(1) ST BRI SOk 57 -7 B4 T [ 4
FEARDR, H 51 E A LIS AE KL 51 h CIHEGEE,
47071 N e T A 7 S 9B N R =Y L B
WE, IR A 2N B3Rk e A 5T [
2R -

(2) FEMIBAE R, 1T AR SO A4 L
B2 7K Hs 3 L UL A PR3 i AR B L R, X5 1
W 5538 2800 %, A RILLBUK IS AR RIS

(3) FERIBAE AT, e SRR [ 45 AR Rt
Eie /= Ions  Eim n N oW A N D E WA R PV =i e
AR BGR AR R LUK R e P 1 % -1k
AL, BIREAM B T4 7 — O Ef i fe: m
Y 2 B I R St e A A B N, A B A
IEREGEEN Y VA A

(4) 532N AN, £ 5 PR AR R
A R WP AT BUIR AR A T B ALK
TR, FEEREE 0.3 m BT H BB AL ISR IS ) o KA
PAIEAR B ALK S o o WM 3 A4 32 iR A
PRS2 A R, FEBKIF BOR R KA 7
b BON B ALK

(5) SR = HPNEIMER = AR 2 I s~ A
P 5] [ A5 LR 5 e ARAE I IR AT A TLAR
EAER T FLR MR A 5K o FERIYIA IR AT A



2118 =

+ T B % ik

2024 4E

FITR e R AR O [ 25 AN ST AN I 5, 931
FERIZE 0.3 m L LA ZPGRIE R, R
TER TR Z .

SE -

(1] FRE, x| xI8E, & ST = AR REX K
REHGI)]. AR S S VUZCHR, 2004, 24(3): 19-27.
(ZHOU Liangyong, LIU Jian, LIU Xiqing, et al. Coastal and
marine geo-hazards in the modern Yellow River Delta[J].
Marine Geology & Quaternary Geology, 2004, 24(3): 19-27.
(in Chinese))

[2] #7545, POKNI. B 0N v UT AR 45 R 3L
FUMBFFT[T]. A TREAR, 2013, 35(4): 671-678. (YANG
Xiujuan, JIA Yonggang. Long-term field observation of
sediment consolidation process in Yellow River Delta,
Chinal[J]. Chinese Journal of Geotechnical Engineering, 2013,
35(4): 671-678. (in Chinese))

[3] YAMAMOTO T. Wave-induced pore pressures and effective
stresses in inhomogeneous seabed foundations[J]. Ocean
Engineering, 1981, 8(1): 1-16.

[4] MEI C C, FODAM A. Wave-induced response in a fluid-filled
poro-elastic solid with a free surface boundary layer theory[J].
Geophysic Joural of the Royal Astronomical Socity, 1981, 66:
597-631.

[5]1 JENG D S. Porous Models for Wave-Seabed Interactions[M].
Heidelberg: Shanghai Jiao Tong University Press, 2013.

[6] THOMAS S D. A finite element model for the analysis of
wave induced stresses, displacements and pore pressures in
an unsaturated seabed[J]. Theory Computer and Geotehnics,
1989, 8(1): 1-38.

[7] GATMIRI B. A Simplified finite element analysis of
wave-induced effective stress and pore pressure in permeable
sea bed[J]. Géotechnique, 1990, 40(1): 15-30.

[8] JENG D S, LIN Y S. Finite element modelling for water
waves-soil interaction[J]. Soil Dynamics and Earthquake
Engineering, 1996, 15(5): 283-300.

[9] SUMER B M, HATIPOGLU F, FREDSOE I, et al. The
sequence of sediment behavior during wave-induced
liquefaction[J]. Sedimentology, 2006, 53(3): 611-629.

[10] 75847, fLAER, SREME, & BRMEH MR-
SR8 BTN I TR B O R B JOIE[T]. A TR
%, 2022, 44(6): 1156-1165. (SU Siyang, KONG Degiong,
WU Leiye, et al. Development and validation of a modified

simulate

moving boundary model to liquefaction-

solidification behaviors of seabed under wave loading[J].

Chinese Journal of Geotechnical Engineering, 2022, 44(6):
1156-1165. (in Chinese))

[11] LIU B, JENG D S, YE G L, et al. Laboratory study for pore
pressures in sandy deposit under wave loading[J]. Ocean
Engineering, 2015, 106: 207-219.

(12] W%, TR, sKEAE, 55 BORAEM N S =M
R g PR 3 ma B 4y # [0]. E £ 1%, 2013, 34(7):
2065-2071. (LIU Hongjun, WANG Hu, ZHANG Minsheng,
et al. Analysis of wave-induced dynamic response of silty
seabed in Yellow River delta[J]. Rock and Soil Mechanics,
2013, 34(7): 2065-2071. (in Chinese))

[13] skBeA, XILL%, ZRmesR, S5, BRAE T3 ok 2
W5 BRI TR ML R LRIR BT T[], A s,
2009, 30(11): 3347-3351, 3356. (ZHANG Minsheng, LIU
Hongjun, LI Xiaodong, et al. Study of liquefaction of silty
soil and mechanism of development of hard layer under wave
actions at Yellow River Estuary[J]. Rock and Soil Mechanics,
2009, 30(11): 3347-3351, 3356. (in Chinese))

(14] FPLTAl, SREEL, SN, 5. SR PR B R £ F
i BT AR RS TR R, 2006, 25(8):
1676-1682. (SHAN Hongxian, ZHANG Jianmin, JIA
Yonggang, et al. Study on consolidation process of rapidly
deposited seabed soils in Yellow River Estuary[J]. Chinese
Journal of Rock Mechanics and Engineering, 2006, 25(8):
1676-1682. (in Chinese))

(15] JEUR 12, S =ML R M. JERt: Ve AL,
1996: 26-85. (ZANG Qiyun. Alongshore Mud and Sand of
Yellow River Delta[M]. Beijing: Ocean Press, 1996: 26-85.
(in Chinese))

[16] 28 H, FKRM, T M 55 BORMEM NHRERABKE
TR RE SIACHEAA AT (1], KRR, 2004, 35(2):
94-100. (LUAN Maotian, ZHANG Chenming, WANG Dong,
et al. Numerical analysis of residual pore water pressure
development and evaluation of liquefaction potential of
seabed under wave loading[J]. Journal of Hydraulic
Engineering, 2004, 35(2): 94-100. (in Chinese))

[17] BENNETT R H, FARIS J R. Ambient and dynamic pore
pressures in fine-grained submarine sediments: Mississippi
Delta[J]. Applied Ocean Research, 1979, 1(3): 115-123.

(18] #/b, Vi, #ETr. BORVEM TR AL RIHL
M. A TRE2ER, 1995, 17(4): 28-37. (YANG
Shaoli, SHEN Weiquan, YANG Zuoshen. The mechanism
analysis of seafloor silt liquefaction under wave loads[J].
Chinese Journal of Geotechnical Engineering, 1995, 17(4):
28-37. (in Chinese))





