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Abstract This paper examines the soil characteristic and liquefaction degree of hard shell seams at the subaqueous
delta of the Yellow River. Four typical areas were chosen for measuring, testing and studying. The hard shell seam
strength was measured by in — situ Proctor penetrometer. Undisturbed soil sample of 1 m long was excavated for la-
boratory soil property test. Sledge hammers were dropped down freely to hit the load board to simulate the wave
force acted on the hard shell seam. The excess pore pressure and strength variation were observed. The liquefaction
depth of the hard shell seams at four study areas under different wave storms were calculated by theory. From the
studies, some conclusions were gotten: (1) the hard shell seams are in overconsolidated state, and overconsolida-
tion ratio decreases with depth. The strength of the hard shell seams at Dawangbei and Diaokou are twice of those at
Xintan and Guangli ports. The strength variation coefficient near the estuary is bigger than those far from estuary.
(2) According to the pore pressure variation with vibration times, the pore pressure variation can be divided into

four stages, initial stage, growth stage, stabilization stage and attenuation stage. During vibration, the surface soil
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liquefied, however the deeper soil did not liquefy. (3) The liquefaction depth of the hard shell seam at Da Wang

Bei is 7 to 11 c¢m under 6th to 10th storms, and they reach 32 to 42¢m at Xin Tan and Guang Li ports. The lique-

faction depth of the hard shell seam with high strength was small, however the seam with low strength liquefied dee-

per, thus the difference of liquefaction depth caused the non — uniformity of seabed.
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Table 1  Physical parameters of concrete layer
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Table 2 The statistics of soil proctor strength

at four study areas

i BT/ N
em RME RO B EREK
10 79 396 226 0.36
20 197 545 355 0.31
30 223 810 442 0.34
KEL

40 242 875 505 0.35
50 263 935 556 0.35
60 262 903 631 0.28
10 103 542 213 0.53
20 120 854 274 0.71
30 131 926 300 0.67

AN
40 116 1007 475 0.52
50 147 890 468 0.48
60 136 1102 554 0.50
10 36 139 74 0.37
20 66 340 159 0.48
30 55 298 182 0.37

il
40 124 380 228 0.36
50 110 599 251 0.59
60 101 615 207 0.58
10 40 160 102 0.33
20 100 223 166 0.23
30 110 252 181 0.24

il

40 161 339 253 0.23
50 202 510 301 0.31
60 151 673 366 0.44

4 AIFFEIX R, K EAC AT 1 MK B AR
B, BMERN ) RS B AR XTI, R F AL R
SERATEY AR T 226 ~ 631N, 7 [T HBIX (1) 213 ~
SSAN HTMEH X [ Ry 74 ~ 251N, T L XA
102 ~336N, Fij & 50 B 24 1 J5 P& (B, X 2
D] Ay ST 3 118 0 AL 1 2 B () B2 L 5 V9 25 1 i) 2
Ko, REJLF AT T R 2 1964 ~ 1976 45
= g I 2 L1 B A I DS < g
1976 4 ~ Z A B i AT i), LR [ 2
IFE] S R K 2 22a, [ 45 B ) K, A SR
22 [ P JE 45 78R JE -, 5 R 3 A 801 5 e T
L T2 SRR TR

AR B NE R HAA AR S, RN
T B DR BE 7 Il B2 38 K, 7E KK ) Bl B A R385

P, A2 R — R BE AL, 1 35 7K F-J7 1) L5t B AN ) (&
3) o ARSI — A O 2 il TR AN 2T
AGER, SCHRE3 ]l T PR R N 5 R Y
FLH A, I IR 7 A= 1 L s mT 85 O ™
Hia s I Hoizt X A= Py S0 TR 7O X Az 2
WA, EWRLAIE RS S R 15 B AR 2, o
AR S RUBE 5 PR AN G, PR MR S FffE 2
SISO I N

450

400

350 -

300 /
250 [\

200 L4

7
150 |
100

50 -
0

N 58 /N

E==3
n

Il Il Il 1 | Il 1
0 30 60 90 120 150 180 210

7K F BE B/m
K3 REAL 10em PEEALHY TTAGRE
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of Dawang study area

HEORIE Ak b AR5 BE (AR 1 S PR/ A i A
St RBOR/NR R o REL AT SErMERn ]
4 /i IX 58 JEE Y AE S R B0 0. 28 ~ 036,
0.48 ~0.71.,0.36 ~0.59 F110.23 ~0.44 Z[a], #]
PAZE Y, B9 13 3 DX, AR5 8 972 S R L
MK AR, R B TSR A AR 200k o BT AT Y
M X, 7B 25 3 A P S I AR B 3L R A ik

HERUE D XA DU FEIE W OL B AL T
DUREI S e, B AR i U, 3] 1 B RDAR A £
RIEPAROK S T AR RTE , ] R A R — 1R h—&
I B A AR, IR SE TURR A L Al iy 21 8 iy 11 g
TERYHBIX

4 P N RS Z AL AR

4.1 WREMRBKL

TE) PO IE X AT B IR Sk B, Ui
XHEFE = MR T FEdR B e, AS R R HE AL fL R
YA ASTRIRE EE (38 T, EL L s B4R 3 O 450 T i 2
E(E4) o ATLIF H: (1) 10 ~40em AR H LK
HENEAE I, T 60cm FiI 80cm 14 JE b £L JE 14 & 4 /15
(2) FLEHIR 1 T 4 BB, R0 aa B Be 3 K B



17(3)

T RRE HFTART A A R AR AR A R AL AR A 353

B FRUE B BOMIEE G BL o

251

u,/kPa

t/min

K4 fRabd b pfLIE AR e
Fig. 4 The pore pressure variation

in the vibration test

(1) W46 B B, 763X 4> Bir B, 3k s KIT 46,
T s HORL 2 6] HAT — 5 1 4l 0 i, R
FR o A S R 2 2%, RE S AR HH — 5 1Y LR IR 3R
fr 2, FLH G 21

(2) 34 KB B, b R sl 28 74k, LRI
[F] PR e 45 i 3 S e 2K, 1 JURE AN B A% 7R $H A1 o7
73, A H ALK R, L G R

(3) T BB, 2 AR 5E il AL s LT R R
10 AR AT B R, FLIE A SR, i AR E
B o

(4) ZEWT B, FLETERS E W B s 8, 9k 3 i 2
oA OB HE — 20 %, FL B K A W7k Y, L 08
JIN 3K — B B R B B

Pt FEvh WG B Be—M4ERRAE 10min P ;3
KHrBAE 5 ~20min Z i), HBEH#ERE , K E KA
2277 I ] B 5 AR 3l T 1k 38 L s 32K 30 e R fB— ik
*E 15 ~30min 4,

MATHHIGH A B, AT LA 2 2 A 0 G 6
BRTIRIZER X5 R 2 LA 0] b HEK B AR 5L
JiL, FLBUKHE K2 55, T O A L IR 2 B 2R

WG S FL A S = A 3l =BG Y
AP, 2N 3 =8l g b R — RTEAHEK %
A N Sl fir 2, FLs 38 d ARG A 23 HE B0, i 552
PRzt b, MR P A HIE g R ER B, AL
F ]y b B i) T PS5 T T I, A E T O B

AR A 400 g J L, 24 L s 3k B A% A
Iy, BARTE WAL, SRS AR

u, =0, =Yz

X,y N IRRERRERE 2 R AR

5T X AE T )2 A L2 4 9. 8kN » m ™7
10em 20em 1 30em 3R 4b 1 7G % F 43 51 2~0. 98
kPa . 1.96kPa F1 2. 94kPa, 7E4 2l #2 43 31 e i) 3]
M) B S ABFLE 30 1. 02kPa 2. 03kPa A12. 42kPa,
Al O 10em 1 20em I & 4k 19 4K & 4 4k, 30em
DL DL TR BE AL SR R A= Ak

AR A R 7 A I L R K T 4 R
PE/INI A UL 5 i J3E 9 535 38 0005 ik B T, T K
Pk (S, H R TR R E oK 2
Rl “Ye K" HBRAR 1 ~3em, BN, B
(RFLBK e 22 46 + UKL RGP e~ ekl R L. 4R
A, Yl AT AR K AE IS K ) BE A T U
585, — B I A S 45 ak o PR L B 7 A A T
AEIR B AR P R IR AL AR R 2 —

Bs st fE b i Bag - gkl

“Mud volcano” appeared in soil liquefaction

Fig. 5
4.2 WEERWKSIENZEETL

P BT FE F R FHAE DA 5 4= A48 53 AR
71, RAEARSININISS A B, RS B 4 T [ I
HZFEJZ(10 ~20cm) , )2 (20 ~50cm) FIJK)Z (60 ~
80cm) TR AR AR, v 2 T R 0 R B o K (&
6).

Pl J5 R B AR S A o ps R EE S R )2
/N 20% ~40% 5 9 287N 35% ~50% ; Ji5 )2 X
H10% ~20% o XS A 4 AR B, 22+
R L HEH —EB53 K SR IR 5 b 2 AR Bk
TKARXS B, I AR FE B, FLE HAA A R
SREWRIL BN )2 LR Z BN RShRE RN, i D



354 Journal of Engineering Geology ~TLAZXLF 5 2009
FN AN ®3 HRITESH
0 100 200 300 400
0 T T T 1 Table 3 Wave parameters
10 | TR Wi Hypp /m JAH T /s P L /m
6 1.7 4.6 28.5
20 |
7 1.9 4.9 31.9
" 8 2.4 5.4 35.8
@
b i 9 2.6 5.7 38.2
40
10 2.8 6.0 40.5

50

60 I

70 L

K6 fikahy| ) ko AR L

Fig. 6 Variation of soil strength caused

by vibration

FLIESG IR A, LR BRI AU

TARIRBN AR E 24 /NET G, 5 23 W O
I, R Z AR ZI K IR SR TIRIER . 3
BER MR INA - (1) X F R Z MBI L, F5 51
JEART T UUAR A AR, - JBORE R 7 18] 2 LA — , 24
AT RGBT FAE T R, R AR 7 A 1 1)
AR R0 VR T R 0RL , 0K A 52K O 1)
SR, LARSLBR L i — 28 /N, 2B B 1) T
[ , 7K 16 14 S J0RE-55 J7 1) 2 LA — 19 L BORLAR L
TS 1] b BA AR E P . (2) 7RSS 1] 1 35 i 2K
MR, LB K R T 5 A SRR L, £LBKHE
AT L RZE LT Sy A5 R AR ER AT 24
Ji s b — Bt a], LB K — 2P e Ok [R]
(R 25 BEK AL — e R L, S5 fr 2 M5 LA I, £
ARaE BEHE— 2R

5 BORFER M RESE R BT

5.1 BRFLESH

WSRO, FFE DX G K, B 3 Y 4
IKIRBE IS 6m o BUR A MDD F 70 A BE 522 /Y
WRALTE DL, KGRy 6m B, AR D TR B S g
(%3).

bR, 4 ASRIFSE X A AR B TR K [ E R
L AR S0, e — R B AL T /K- 1 1) 58 B O AR A2
(B, O A iz e RO A TR EE (. 2) o

5.2 BAUHEREEN

K TR A AR 4 1] 2 28 3 e i 5 il e )2 R4
UL IE S T R AL R S R v TR R N 5 [
AT PR N 7 HE N E A B HA A OE PR BEAT HL , HL8
PE N, i a5 i, R A, &
] - ARA AL

PR 1 AL RE I, FTh— RIN TS558 H
AAEERIRS B (w1 1 soci 4
Jo TR TRTIE I, 7E W IR N 5 1R A IR R L )
L (eyclic stress ratio, CSR ) iy -
(7o) _ 21 Po

CSR = T 20 ex
o, pg L

21z
p(- 2 (1)

o, =pg:
_ p.&H
Po = 2c0sh(2md/L)
Kb, p WK THEBEE p = p - po.p. FIEKE
B, g NEIIINEE LI H IR, d R KR
& 2 ORI IR .
Nataraja and Gill (1983) """ #t~7 T W7 T
POIRAT A E T PEERBEBT L 5 1B EAR ST B e &
N

CRR = 0.009N, = 0.009C, N (2)
A, Ny B IERIER ST, N S SsibR B AR
Z IR ECA B TRPUR BT (JTI004 -
89) Jrik, Wath Cy Wit AR ARy
Cy = 1.82exp(-0.40./P,) (3)

A, o, WA EE 1 (kPa) s P, NB %S
(100kPa) .

HR T = A I 3 XA S 5 o), T
HESTARBE N SHAME ¢, AR ER .

N = (g, -26.97)/29.54 (4)

X, g, WEABREE(N)

FI(2) . (3) F1(4) ALK A A BHSL L 5 3
IR CR , N B RR, KRN



17(3) FHBE:®AKTZAMNAT ERFIER L RACTEIR 355
CRR = C,(3.05 x 10*4qp - 0.0082) (5)

5.3 BEERBRWUITESH

H 2300 AN(S) 703 4 A58 X FE A5 2
WGRAEFTT BIPEZRI T FE FIRERBEBT LE , 1345
20 TE T o 2 CRR/NT CSR I, HARWiE, X
ZANWAL, CRR 55 CSR A5 s % LA TR JBE R A HE 2%
PIRAEF N R AL TR E o

CSR & SRR

0.0 0.1 0.2 0.3 0.4
T T 1

6~102% iR KICSR

—- === “REJLCRR
""""" 71 ACRR
i —— #WCRR
ST AIECRR

54

H/cm

K7 4 MR REETEZAE 6 ~10 2
KR AL IR B
Fig. 8 The concrete layer liquefaction depth

at 6" ~10" storm at four study areas

NI 7 R XU 56 B R, R A TR R
4 AR, K E I IX A AR BT iR Ab e ) ok,
WALTR S /N 7E 6 ~ 10 FXIRAE T B IR B
KT ~1lem; X 6 ~7 HXIR T MR AR BE
HREILRAIE, BAE 8 ~ 10 ZAE N AL X
18 ~ 23 cm s 7 FEFN ) F1) s Y - (A58 B2 AR X BLAI, BT
WAL RE S A 2% 78 6 ~ 10 FRGRAE T B9 AL I
JEH 32 ~42cm,

BT Pl A TR B 2 SR IS DX AP 25 B B
7,40 E R, R ARSR BEAE AP 1) E B R A,
SR P B A OB A TR B R T 18T 7 v %K
{BL, AH L, 8 T X i 3 A DI, AT TR /)
TP AR, 3 R i 1 AR K 1] B VR AR AR A
o TRBALSE SR BESE 2k, 45 5 TE IR FNE R
IKSNIIVERTTE K AR, g b AR B 5 i
ey ) DX, R R 3 AT 1 DXl A AR e 2 1/ ik el i
BT AR AR S M R B I R AR iy M A
o

6 zt

TEFR ] 70 J2 MR X, B L il
TR B ARRAE 5 ISR B A IR S5, DR AL
P R T T RS 4 SR R IE ST X AE A
[e] KUIR SN VAL IR EE A5t T LA 451t

() W72 L AREEA B AL T AR, HAL T
R [ A AR R [T 45 L B R 3 T S I /) 5

(2) RFEACFNA 1 30 DX 5T 5 BE 24 28 v Al
J R A G i DA A ) (31 45 P ) BE IS
IE

(3) BT 10 3 1) M X, A 5 J2 i 5 1 28 S R 4K
PO IE 8 0 DR, AR I AP, W] B 1T i i IX []
52T 3 R TR P ) )4 A A

() Prsh 5| 52 2 WAL R rp, LRI K 4
i 4 ASBr B, BI) 6 B B 8K B B R B BORI
B, HARJE TR BN AL, R IZ R AL 5

(5) B4 3h il 56, & BLT ) b XA 5 )2
20cem PREEAL AR, 30em TRIBE LU R A A AL ;

(6) WA AP, 1 T kSR B AR 1, T2
(30 ~40cm) AR R, SR FR)Z BT BN

(7) REALH X AESE 2 B TR B /0N 12 6 ~
10 ZXIRAE N ROBALTREEACR 7 ~ 1lem; A 1713
X 6 ~7 IR T R AR 5 R EJLpyAHIE (HTE
8 ~ 10 ZAE I FIRALIR L IK 18 ~23cm Bt A1) H)
WERESE 2 1E 6 ~ 10 ZXURAE T A AL TR B2 ik 32
~42cm,

2 % X M

[1] Morgan J. P., Coleman J. M., Gagliano S. M.. Mud slumps at
the mouth of South Pass, Mississippi River sedimentology, paleon-
tology, structure, origin and relation to deltic processes [ J].
Coastal Studies, Louisiana University, Baton Rouge, 1963,
(10); 190 ~215.

(2] BOKWI,ERE, VFEMESE. SRR =M TTRA R A2 1L
JEAL AT T]. 45 4727 ,2004,25(6) :876 ~881.

Jia Yonggang, Huo Suxia, Xu Guohui, et al.. Intensity variation
of sediments due to wave loading on subaqueous delta of Yellow
River. Rock and Soil Mechanics, 2004 ,25(6) :876 ~881.

(3] JHAd, BRI, Sl AR . ST 03 ey e A [ 45 4 2 59 1k
IR T]. A+ 7127,2006,27(7) 1147 ~1152.

Zhou Qijian, Jia Yonggang, Ma Decui. Research of consolidating

inhomogeneity of silt seabed in Yellow River estuary shore. Rock



356 Journal of Engineering Geology ~TLAZXLF 5 2009

and Soil Mechanics, 2006,27(7) ;1147 ~1152. Oceanologiaet Limnologia Siniea,1994,25(6) .573 ~581.

(4] #/0m, WwiEs, mrEF. WIRVER T I8 % A AL 4 [8] Prior D.B., Suhayda, J.N., Lu N.Z. , et al.. Storm wave reac-
MrlT]. AT RE2AH ,1995,17(4) .28 ~37. tivation of a submarine landslide[ J]. Nature, 1989,34(7) .47 ~
Yang Shaoli, Shen Weiquan, Yang Zuosheng. The mechanism a- 50.
nalysis of seafloor silt liquefaction under wave loads. Chinese Jour- (91 B K. vhb e /E G ok S A5 [ ) . K TR A B Be i,
nal of Geotechnical Engineering, 1995,17(4) .28 ~37. 1998 ,15(3) :50 ~53.

(5] ZREAR IEF, B BURERK R = /U b i o 3 3L Bai Bing. The reconsolidation of soft clay caused by impact load.
LA E Al oA [ )] . e T 5568 DU 42 # 5, 2006 ,26 (4) 37 ~ Journal of Yangtze River Scientific Research institute, 1998, 15
43, (3):50 ~53.
Li Haidong, Yang Zuosheng, Wang Houjie. Factors of geo — haz- [10] F%m 4508 & W TR P RMER M. Jt:
ards in the modern Yellow River sub aqueous delta. Marine Geolo- VR H R, 1987.
gy and Quaternary Geology, 2006,26(4) :37 ~43. Feng Jianzhang, Li Yuanzhi, et al. . Wave projection methodolo-

[6] BETE,%1ETE,Prior, D.B. |28, 80 /K TR AT E M gy in marine engineering. Beijing: Ocean Press, 1987.
WFgE[ AT, B HK P IRARE(C. F 5 . H S iEE R [11] Nataraja, M.S., and Gill, H.S.. Ocean wave — induced lique-
H At , 1991 .43 ~56. faction analysis[ J]. Journal of Geotechnical Engineering, Pro-
Chen Weimin, Yang Zuosheng, Prior, D. B. ,et al.. Studies on ceedings, ASCE, 1983,109( GT4) . 573 ~590.
submarine slope instability of abandoned Yellow River mouth. Sub- (127 PAZLAl, X, BRACIR , Bk W, XUZLZE. i 9 3847 3 B8 3] 11
marine Slope Instability of the Yellow River Mouth. Qingdao: THEUURR ) A 1] 32 B B 3% W I AF 5% [0 ], 1R b o 2% 4
Qingdao Ocean Unversity Press,1991,43 ~56. 2008,16(2) :216 ~221.

(7] T, BRI BRAs, 5. B COK R IR R T]. 8RS Shan Hongxian, Liu Tao, Chen Youyuan, Jia Yonggang, Liu
WITH ,1994 25(6) 573 ~581. Hongjun. In situ measuremmt of vertical transfer of sediment in
Yang Zuosheng,Chen Weimin, Chen Zhangrong, et al. . Subaque- the silty seabed under wave loading in the Yellow River estuarine
ous landslide system in the Huanghe River( Yellow River) Delta. area. Journal of Engineering Geology, 2008,16(2) :216 ~221.

AN

wmoB

fH

kel

FHIT 7

J

€512 5301 M= b R

EI=-N=N
HXA3lo

7]
2k

JRRE )

1 B ARIERL, BB, T R4 T R S iR

ENGE iV € LY A V& ) e |
ZEALHE DOV 52 TS 5 I R L U6 A U MR FE ) S5
Jo I R R, DA R se B Y A T G R SR L PR
ESCINAINIEIN
P& iobiF

AR SRR ZR GE S R T 0 1 7

TR, B B, SO —E R

Br, AT O BT B TR e b TR SR R R
RS HAT, o n] B | B K LA 55 N B

4P ENY 150 I6, R %% 20 IC,

EEE S e
EirE LR PN AR =

KR 27 H g1k : 100029 , b 50 9825 {46 € T 7% it 2= 4t )

5 TR 4l 2 B4 TR M

Bt 22 HL G S B4R 010 — 82998121

gcdz@ mail. igeas. ac. cn



