5536 5 1 1] =T & Vol.36 No. 1
2017 4 3 A COASTAL ENGINEERING March, 2017

BARNFAMREREAIOBRLIE
fl%'léﬁ%?iﬂlﬂﬂ’\lﬂﬁ

#Eorp LI AR L R EM, E LIS Hw', WA KA
QEHFREGH)R B, R 55 266061;2.@5%%1&?(% {Tufﬁi%iﬁg‘é%giﬁ 200062 ;
M RF EARTHEE %28, R 2 7300000

H EHERAEIAR RS TIEEER Y LANEA LA ENEZRIN . B EL2 HFERGF., AL EAC
R IANENBEAR AR FELN2N BEHAER20m UEAHEE LA T2 AR L DREL B LR
HEARD BRRBEL R LEE B BE AR LEPNEREMR RSB LEFPN N R X ESRBRHMAALH
RFHREB, R ELNFIRESHEHES ¥ f‘iﬁ(kﬁ'ﬁ?& év\Tﬁ BRI EAZRRGE AR, FHHE
T CPT #AF M A B %, xR Rk B+ A0 7T 34T 17 #), B 33 Seed i b3k 1T 89 B 8 B 4/ L (CSR) 5
Olsen 3% 71 & 89 B # ML 4 th (CRR)Y By K /N B2, 45 W ﬂnﬁmﬂwﬂf@ﬁ TEH FREXEER LT B, YTE
WIHAEN S E B EERRERM I ERAAMEE 3.7 m,

SREIR T O A B AR MR R B R R s B L b

FESES P53 XEFRIRAG A XEHS:1002-3682(2017)01-0022-12
doi:doi:10.3969/j.issn.1002-3682. 2017.01.003

W6 & TV T T BE 3G O, OQ T vE ) I A BIF ST R b AR B Ok 8 . T0 IR T R T R M B A
A I 2 1 TS R T L BTN RIS L B ) A AR bR p SRR O B, [ 3k R P B AR IBURE A S
S3 AT Y T3 B AR U IS L E ) 2 SR AR IR OB B AR R KRR R ORE R A S B g R
D3 AN 3k G 0 1 R R R Bl FL e O ik A B F A L R AT . il 4 1K 55 (Cone Penetration
Test)VER —F P HOHE % 22 R B 4 A5 AR 48 70 00 JEL A 0 38 7 ks o 78 15 1 T b 5T 9 A R b AR I 4%
T EROR R £, TE B R AT TR b T A% 1 T A RO I T 9 P A PP R TR ) i
PRI G2 R R T T 2 30 500 L 2 R0 o0 o AT A B R R ) L B AR AR ) S RD = AUR AR ) )
S W T AR R B A B TR B 5 B O N R R T B AR T TR SR T A NIRRT
3 3k 3 BT R DR i T S PR A A T T T 9 Sl S Sl 45 b B A L BB X BIF 5 DX RS A 2R R | -
SRR 53 RS BT R B 2 2 O S AR R ) S5 5 T AT IR R AT

1 W M

1.1 HREXTER

AR Y5 DAL T 38 0T 7K = A Y A5 B 3 P9 3 AT 1) 2 DXl Ay BT 22 Yk 2 8] o5 1 I e B AR BT =
S AR SR O S 2% . R T BT R MR A A0 o sl i AT I TTOAR ) O3 A AN X, HL R M SRR AE AR A [

Y fm H#2016-12-27
BRI B i v A 25 AT M BHIF L T0—— S0 1A VA G Mt O 9 I DAY 2 B P DG B R B 9T (201005005) 5 F S M PR - S HAE R TR =
BB BRI 5 H (2015ASKJ03)
PEE B AT MG (1990, 5 0 LA 5T A=, 32 2 DA S0 7 b 5T . TR b BT 5 T 5T . E-mail: chulipeng@fio. org. cn
(B 3% miD



14 RSNG4 < i DR S ) i R B0 IR - AR R RIE ST oh A 23

DXBE2E SRR . A LR, by T B ) 0O R AR A B ) R DR VD R URORS T IR 408 T TR O X R T A
RS AR R AT b X, IR AE 1976 AF LA VA 1 DX 1 i 8 A2 e s A2 il L R 2 i O LT
G0 TR BEME 4 22 A2 R E A U . BIFSE XK IR 10, 0~11.5 m, IR HBIE 43 2k 3L, JB T K T 3 3
Ry B A HIE B T 52, R AR Tk B A e ) A0 R e ) 9 R AR il O AR IS B AL LRy 2 2

1.2 #HIFEFRIEE

2016 4 H g Ak B R 90 028w TR SR G T 2 T IR S0 SR B — Y T 9 T X i v O 5 R AT b s
L AEF- G T SERL T 3 AN S il R B2 AL A 1 A TR R AN L, A B g5 o C1.C2.C3 il K3, Hip,C3 5
K3 FE B0, P & AR 20 o, TR 0 fih 28 25080 5 6 FLBCHE AMOn) LU 5T

41°00'

40°30'

40°00'

39°30"

39°00"

38°30"

38°00"

S - WHRES

1730 11830 11980 12080  121°30'E
K1 MEFEEME

Fig. 1 Location of study area and the boreholes
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Fig. 2 ROSON 100 heavy seabed CPT instrument
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Table 2 Tip resistance and side friction of different layers in CPT curves C1,C2 and C3
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Fig. 6 Change of the median diameter with the soil depth
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Table 3 Comparison of main physical-mechanical parameters between the silt in the hard crust

layer and the silty clay in the underlying layer difference percentages
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Fig.7 Contrast of stratigraphic divisions between CPT and geological drilling
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Table 4 The buried depth of the bottom boundaries of different layers divided in C3 and K3 and their difference percentages

b2 BT R/ m
+ )2 C3 5 K3 218 At (E{EH/KS)
C3 K3
b - 3.8 4.0 0.2 5%
M+ 12.3 11.6 0.7 6%
B W 15.4 15. 4 0 0
MRS+ 19. 6 19.2 0.4 2%

B+ 20. 8 20. 8 0 0
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Table 5 Empirical formulas for CPT parameters and physical-mechanical indexes in the silty clay

R ST Y H) 2 S BOR(E T

LBk [ )5 5 KM R?
(0. 335<< ¢ <2. 023 MPa)

e e = 1.155 5 exp %%l 0. 846 7 0.505~1.099

I I, = —0.438In(q.) +0.487 6 0.813 6 0.12~0. 97

C C = 14.051In(g.) + 24. 349 0.8255 9~38

@ @ = 4.130 7ln(g.) + 11. 988 0.829 7 6.5~16.3
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Fig. 8 Correlation between the tip resistance and the physical-mechanical parameters of the silty clay
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Table 6 Physical-mechanical parameters of the surface silt

G = HEPR /m o/g*cm™? G, w/% wL/ % wy/ % I, I ai» /MPa !
K3-1 1.9 1. 90 2. 69 24.1 27.4 20..3 7.1 0. 54 0.11
K3-2 2.6 2. 04 2. 69 23 27.7 20.5 7.2 0.35 0.08
K3-3 2.9 2. 00 2. 69 22.8 26.7 19. 4 7.3 0.47 0.1
K3-4 3.8 2.02 2. 69 22.9 27.2 19.7 7.5 0.43 0.08
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Table 7 Evaluation of CPT liquefaction under the action of 7 degree seismic fortification intensity

L % HIE /m CSR CRR AL 50 45 SR
) 1.9 0. 720 1. 389 N T
¢ 2.9 0. 540 1. 040 Nl
) 2.1 0. 694 1.312 N
¢ 3.7 0.471 0.829 AW
5 2.6 0.576 0. 980 N4
0 3.8 0. 463 0. 968 itk
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Table 8 Evaluation of CPT liquefaction under the action of 8 degree seismic fortification intensity

i = W /m CSR CRR AL 531 45 2R

1.9 1. 440 1. 389 WAk

Cl
2.9 1. 080 1. 040 Ak
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C2
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C3
3.8 0. 926 0. 968 e

WAL R VR X R 2R bR R B B 7 BB AR S kAR WAL T Y PR R B R 8 B
L BR C3 4L 3.9 m HEIRAL AR WAL AL , Hoa i s 34 & AR WA, B TR FE LT 3K 30k 4 2 J R IR S, A otk ]
DIHEWTTE 8 LR ZUEEAE NN R X R B R kB .

5 &

7R SC VTV R 2 0 e PR R A S R R L BRAS T T IS A B S BEL L R L RS B L S R SR
{8« 38 5 X R I 2 RS BUE M Z7 G o A ST B B LU T 4518

1) 38 2ok 78 PR 2 7 o R R FRAT 0 7 7 A 1 2 B A0 AR e b sz B ke J22 1) 8 1) 2 ARG A R K v L R B S
JZ DU 5% e J2 A5 iR Hb o B 42 A5 AR I b s ke

2) A SC P ST R T A L D AR SO S W) B AR AR AR AR B 2 8] AR OGO AR T DU TaE i CPT J s
R 530V IR o 6 A ) B ) A S R, T A T T AR I IS Y AR R

DI X RJEM H PR B ZE Ry 7 BT N S R AR A8 BT B R IR TR R 3.7 m, it
Vg T AR A S T DA EE AR

2 % 3Lk (References) :

(1] BRESHE 08 AT VP g 5, 55 R U Bl 4000 DG VR 62 1 0 MR 2 05 W B0 0 S48 bR AR DG A BT LT ] LA 89 5%.2009,37(6) £ 34-37.

[2] DE P J, BERIGEN F L.Pile foundation for large North Sea structures[ J].Marine Geotechnology, 1979,3(3) :267-314.

[3] ROBERTSON P K.Soil classification using the cone penetration test[ J].Canadian Geotechnical Journal. 1990, 27 (1) 151-158.

[4] LUNNET, ROBERTSON P K, POWELL ] ] M.Conepenetration Testing in Geotechnical Practicel M].Oxford: Chapman &. Hall, 1997.
(5] Bl XUz il S, BE W 36 b ¥ 3 Sl £ CCP DD WA AR 1 2 e SRR R, T LT )L P R L 2004, 23(4) £ 32-36.



32 mwoE TR 36 %

(6] REMS, FhsKAm 2= I A0 VA Y #0032 0 AE 0T K T = U A 1 DD DL P T R 545 B8, 2012, 29(1) :61-66.

(7] A AN RS [ GRS 40 1 & S b TR B M - GB/ T 175032009 ST.4b&¢ : i [ bk i fi Ak, 2010.

[8] k. A s I L3R Jy B L T A M) AE 50 b o WAL . 1997 :6-8.

(90 FNJKAR 38 37 0, SR TR M. BT 7K = A k) I3 - B 3l - J2 RS A B R BT L) ] 1 912 ,2008.,29(6) :1494-1499.

(107 R o 30y, sRoOBHE A5 3 = A U T Hb 92 = 2 5007 O U R () . B A B2 i, 2015,30 (4) + 1952-1958.

[11] a7 SO, SEARAE X R WY, 45 R 2R g 90 3t XA 4 i 0 A PR 2 ORI DG 3 A L 42 715, 2005, 26(5) : 733-738.

[12] SEED H B, IDRISS I M.Simplified procedure for evaluating soil liquefaction potential[ J].Journal of the Soil Mechanics and Foundations
Division, ASCE, 1971, 97(9): 1249-1273.

(18] ZR[E %, XAA T 57 70, 45 3 T 0 il R0 3 £ 1 o A - Al 0 50 O i [0 0. 56 4 02 5 TR 2441 . 2008, 28(5) :1019-1027.

[14] YOUD T L,IDRISS I M.Liquefaction resist ance of soils: summary report from the 1996 NCEER and 1998 NCEER/NSF workshops on
evaluation of liquefaction resistance of soils[J].Journal of Geotechnical and Geoenvironmental Engineering, ASCE, 2001, 127 (4):
297-313.

(150 rhfe AR 2L [ SR 4 5 4l PR B . GB 5001120100 St 5t E S Toll th i 2001.

[16] LIAO S CC, VENEZIANO D, WHITMAN R V.Regression models for evaluating liquefaction probability[ ] ].Journal of the Geotechni-
cal Engineering Division, ASCE, 1988, 114(4) . 389-411.

[17] ROBERTSON P K, WRIDE C E.Evaluating cyclic liquefaction potential using cone penetration test[ ] ].Canadian Geotechnical Journal,
1998, 35(3): 442-459.

[18] OLSEN R S.Liquefaction analysis using the cone penetrometer test[ CJ// Proceedings of the 8th World Conference on Earthquake Engi-
neering.San Francisco, 1984 247-254.

[19] OLSEN R S.Using the CPT for dynamic site response characterization[ C]// Proceedings of Earthquake and Soil Dynamic 2th Conference.
New York, 1988: 374-388.

[20] OLSEN R S, KOESTER ] P.Prediction of liquefaction resistance using the CPT[C] // Proceedings of the International Symposium on

Cone Penetration Testing.Linkoping, 1995: 251-256.



14 RSNG4 < i DR S ) i R B0 IR - AR R RIE ST oh A 33

Application of Seabed Cone Penetration Test in Research on the Seafloor
Geotechnical Engineering Characteristics in the Yellow River Estuary

CHU Li-peng',SUN Yong-fu', SONG Yu-peng', DONG Li-feng', ZHOU Qi-kun',
MA Bin-bin*, ZHANG Wei-peng'*?
(1.The First Institute of Oceanography . SOA . Qingdao 266061, China;
2.East China Normal University, State Key Laboratory of Estuarine and Coastal Research » Shanghai 200062, Chinaj
3.Lanzhou University » School of Civil Engineering and Mechanics » Lanzhou 730000, China)

Abstract: The equipment for seabed cone penetration test (CPT) has a high working efficiency and can de-
tect the strata continuously and vertically with a better data resolution. By analyzing 3 CPT boreholes and
1 geological borehole taken in the Yellow River Estuary, the strata of 20 meters below the seabed are di-
vided into 5 layers. From top to bottom, they are silt, silty clay, silt interbedded with silty sand or silty
sand, silty clay and silt, respectively. The CPT curves can give better reflections of special geological phe-
nomena such as the hard crust layers in the silt and the shell interlayers in the silty clay. A regression e-
quation suitable for the study area is obtained through the correlation analysis carried out between the CPT
parameters and the physical-mechanical parameters of the silty clay. For evaluating the liquefaction poten-
tial of the surface silt in the study area, the methods for liquefaction evaluation based on CPT data are a-
dopted, of which the Seed method and the Olsen method are considered to be accurate in predicting lique-
faction resistance of sandy soils. By comparing the cyclic stress ratio (CSR) calculated by the Seed method
with the cyclic resistance ratio (CRR) worked out by the Olsen method, it can be concluded that the sur-
face silt in the study area won’t be liquefied if the seismic fortification intensity is designed as 7 degree. If
the seismic fortification intensity reaches 8 degree, however, the silt layer will be liquefied, with the calcu-
lated maximum liquefaction depth being 3.7 meters.

Key words: Yellow River Estuary; Cone Penetration Test (CPT); liquefaction evaluation; Cyclic Stress
Ratio (CSR); Cyclic Resistance Ratio (CRR)
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