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Fig. 3 Sub-bottom profile of the non-liquefied silt stratum
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Table 1 Physical properties of seabed silt

vies TR T IR /m ERE Y% T/ (g-em™) il FLBREE MR W% SRR

R L 0.5 233 1.62 2.71 0.70 18.7 26.8 8.1

1.0 23.4 1.62 270 0.69 19.1 27.0 7.9

1.5 23.0 1.63 271 0.69 17.6 26.8 9.2

25 26.7 1.58 270 071 213 28.5 7.2

3.0 25.9 1.59 271 071 21.9 30.5 8.6

35 253 1.60 270 0.69 21.7 29.9 8.2

43 27.9 1.57 270 0.72 22,6 316 9.0

47 25.6 1.59 270 0.69 21.6 29.7 8.1

CwfL L 0.5 24.5 1.61 2.70 0.70 20.6 27.6 7.0

1.0 242 1.61 270 0.70 20.6 26.3 5.7

1.5 24.9 1.61 270 0.69 18.6 26.1 75

25 23.4 1.62 270 0.66 20.6 28.1 75

3.0 23.9 1.62 270 0.67 20.6 27.9 73

35 23.6 1.62 271 0.67 19.7 27.7 8.0

43 21.9 1.64 270 0.64 15.9 252 93

4.7 22.1 1.64 2.71 0.65 16.7 24.5 7.8
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Fig. 4 Distribution curves of particle size of seabed silt
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Table 2 Cyclic dynamic stress loading program
Vs Hiflgis WER AT 3 /m [ FElFE /kPa BRI A — Wﬁ%fujmw'& —
WrEm PR /m o KHE/m
EEeyin ZK1 0.75~1.60 20 0.35, 0.40, 0.50 6.0 60.0 10.0
2.55~3.60 30 0.23, 0.33,0.37,0.42,0.47 4.7 60.0 10.0
3.75~4.70 40 0.23, 0.25, 0.30, 0.44, 0.48 5.2 60.0 10.0
(I T i ZK3 0.95~1.85 20 0.37, 0.45, 0.50 6.4 60.0 10.0
2.48~3.50 30 0.37,0.42, 0.50 7.5 60.0 10.0
3.70~4.70 40 0.43, 0.45, 0.50 9.0 60.0 10.0
2 P S T2, 2% ) K SR T IS T AR 2 11 5
s P, L 0 6 % S o s e A — 5 A R ML A, (E
16} R T, I A YN T IS AE AR SR I, £
14y R P S LS U, 0 B A N £ S T
g it e AL HESH K e M, S AL
I TSR0t ] TR E (A8 sa B Ak £ CSR 7 0.50 i), A [7]
6 B IR o T, A S B 50 CSR LA, 1 i ) 4 AL
4 —A-CSR=037 ] S P e K A B AT VRS A 2, BRIA sa r
2 =20 kPa X Corosy CSR 4 0.50( EL Ak 4 £ ) F1 & 5b 7 CSR M 0.33( K
00 2(I)() 4(I)0 6(I)0 8(I)0 1()'()() 1200 {&’ffk‘*ﬁi)ﬂﬂ‘ﬂgiﬁﬁ 5% fdj@%?ﬁl%“j‘]?[iﬂtij&ﬁi
BRI AN BT A7 S5 B R A, FEAYI 0 R IS 9 A AL TR /N
30 T HC MLV 907 28 P S, 36 AL PR e o S V7 34 90 =
27 $ YN IR 8 £ HORAL A7 e — S R BR Y . PO, T
" TR A0 th e, 2 SR S 4 WA e L IR A v Sl 1
£ RUABE 2 L R il 16 3 R A8 3K ) 5% 11 A T R - AL
25 |1 ooy IR0 30 e A
12 X R0 9T S A B 0T L VR R AR VA T Y
% ELALR) £ FLE 3 K A5 20, 2 i 4 [R] s AH 3 CSR 151 T B i ik
ok o CoRoar ] R IRACIE TR 17— AL FLIE H (o) 08 5N 2R 1K
R N HON R LA 6 B -
L Pl 6 T, SRR, R AR R A4 £, AR )
S E T BRI SRS - 1 AL H B0 B 28 v B
of KT 00 5 28, R L 1 L FE L B
ol CSR 3 K B 1 A BL A 2 '8 (AN &) 6a v CSR
sl 0.50 1Kl 6b o CSR 24 0.42 1)), 13 B A L JE 5 i 5k
ol R T B CWRAIE N £ BV 2 WAL IR B ) 47 0
=20 X Csre030 oAb, BRI B R R 0 £ I 5 T,
T X CSRoo.48 CSR /), B I8 FF 55 , 8 W00 A 368 6 8 - B 70k
N BB WA 10 B 1 5 0 41 8
N ~}-CsReds o i e U AR A AR R ool AL B K PR
T R I35 R AR R, Wi AR 2 3 S AR T
AN LA — AL FLIE He Cu o) L — 08 B0 45 008 1
K5 MR H AL R K 2 (NIN,) Z 18] i) 28 56 5 R 202,

Fig. 5 Pore pressure developing patterns of seabed silt
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Fig. 6 Comparison in the normalized pore pressure develop- ol
ment between liquefied and non-liquefied seabed silt 06l
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Table 3 Coefficients of hyperbolic model for pore pressure development

B S FElJE/kPa HEHY CSR ZHa ZHb MXRER

R AH 1 20 SiliEeS 0.35 0.512 0.918 0.99
0.40 0.818 0.761 0.99

0.50 0.375 1.494 0.98

30 Xtk 0.23 0.041 1.025 0.99

0.33 0.042 0.971 0.99

0.37 0.297 0.890 0.99

0.42 0.951 0.845 0.99

0.47 0.662 0.567 0.99

40 Xtk 0.23 0.133 0.973 0.99

0.25 0.154 0.955 0.99

0.30 0.394 1.149 0.99

0.44 0.275 0.890 0.99

0.48 0.365 1.090 0.99

2k + 20 Xtk 0.37 0.146 0.906 0.99
0.45 0.128 1.072 0.99

0.50 0.022 0.969 0.99

30 Xtk 0.37 0.410 1.072 0.98

0.42 0.277 1.148 0.99

0.50 0.519 0.712 0.99

40 Xtk 0.43 0.577 0.427 0.99

0.45 0.292 0.913 0.99

0.50 0.410 0.952 0.98
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Fig. 8 Curves of axial dynamic strain with cycles for

seabed silt
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failure for seabed silt
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Comparative study on the liquefaction properties of seabed
silt under wave loading in the Huanghe River Delta

Song Yupeng '*, Sun Yongfu™®, Song Binghui', Dong Lifeng', Du Xing'

(1. Marine Engineering Environment Research Center, First Institute of Oceanography, Ministry of Natural Resources, Qingdao 266061,
China; 2. National Deep Sea Center, Qingdao 266237, China; 3. Laboratory for Marine Geology and Environment, Pilot National Oceano-
graphy Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China)

Abstract: As a common submarine geological disaster, wave-induced seabed liquefaction seriously threatens the
safety of subsea engineering facilities in the Huanghe River Delta. The structure, physical and mechanical proper-
ties of seabed soil after wave-induced liquefaction all have changed, so it has important theoretical significance and
practical value to study on the evaluation of potential possibility of re-liquefaction of seabed soil after previous li-
quefaction. In this paper, a series of cyclic triaxial liquefaction tests were conducted on core samples collected from
submarine non-liquefied and liquefied zone in the Huanghe River Delta, respectively. The differences between non-
liquefied and liquefied seabed soil in the developing trends of pore pressure and axial dynamic strain with cycles
were analyzed and discussed, and the corresponding liquefaction potentials were also comparatively evaluated. The
test results show that compared to pore pressure, the strain standard is more suitable to evaluate the liquefaction po-
tential of the seabed silt in the Huanghe River Delta. The pore pressure and dynamic axial strain development char-
acteristics indicate that the re-liquefaction resistance of the liquefied seabed silt is improved to some extent com-
pared with the non-liquefied silt. Furthermore, the correlations between the normalized pore pressure ratio u,/o; and
the normalized cycle ratio N/N, could be described quantitatively by the hyperbolic or exponential functions for li-
quefied and non-liquefied seabed silts. Finally, the critical cyclic stress ratio for the non-liquefied seabed silt is
around 0.20 compared to 0.35 for the liquefied one in the Huanghe River Delta. The research findings will contrib-
ute to deepening the understanding of the wave-induced liquefaction mechanism of seabed silt, and also provide an

example reference for the study of the mechanical properties of soil subjected to previous cyclic stress history.

Key words: Huanghe River Delta; seabed silt; re-liquefaction; cyclic triaxial test
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