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Table 1 Summary of the study cases of anchor behavior under unidirectional loading

unidirectional loading fluke embedment depth ratio fluke inclination angle study case number
condition Hy/B B/(°) N
vertical loading V 1,2,3,4,5,6 60,50,40,30,20,0 36
horizontal loading H 1,2,3,4,5,6 60,50,40,30,20,0 36
rotational moment M 1,2,3,4,5,6 60,50,40,30,20,0 36
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Table 2 Summary of the study cases of anchor behavior under combined loading

fluke embedment depth ratio fluke inclination angle study case number
yield envelope condition 1,8 50 N
1 1 0 75
2 1 40 75
3 2 30 75
4 10 0 75
F3 JH M
Table 3 Summary of study cases of yield envelope
yield locus VH (M = 0) VM (H = 0) HM (V/V,, = 0,0.3,0.5,0.7,0.8,0.9)
displacement ratio d,/d, d,/(Bd,) d,/(Bd,,)
value range 0.03~5.67 0.15~1.5 0.15~5.67
study case number 10 11 54
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Fig. 5 Influences of the anchor embedment depth ratio and the angle of
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Table 4 Summary of the yield envelope parameters

yield envelope condition 1 2 3 4
fluke position Hy/B =18 =0° H,/B = 1,8 =40° H,/B=2p8=30° Hy/B =108 = 0°
Vina” (AS,) 9.07 7.64 10.7 12.1
H,./(AS,) 3.97 4.1 4.61 4.65
M,/ (ABS,) 1.67 1.66 1.66 1.67
m 2.91 2.62 2.22 1.35
n 1.75 1.99 2.07 3.11
» 1.73 2.76 1.5 1.38
q 5.22 6.88 5.68 43
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Table 5 Properties of the anchor and the soil

property value

anchor submerged weight , W', /kN 274

shank length, L, /m 8.34

shank width, b, /m 1.63

fluke length, B /m 4.97

fluke width, b, /m 4.23

fluke thickness, ¢ /m 0.71

fluke-shank angle, 6, /(°) 41.2

effective chain width, b, /m 0.24

chain self weight, W/ /(kN/m) 2.0
surface undrained shear strength, S, /kPa 0
undrained shear strength gradient, S, /(kPa/m) 1.5
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Table 6  Yield envelopes applied and the controlled embedment depth ratios of the 4 methods

yield envelope condition 1 2 3 4

Hy H,

method 1 0<—=x2 - - - > 2
B B
H, H,

method 2 - 0<—=x2 - — > 2
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Hy H Hy
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Fig. 7 Comparison the kinematic behavior of the drag anchor in view of the shallow anchor behavior
P 7 B ST 4 AN ) 5 LA e JHLAS AR o ARG T 3007 3k ) T 45 2R 55 A e AU A P TR ML
IRTOAR BN Z5 R (Wu 5521 H1 07 Neill S0 (X He e rp o, A3t U808, it 1 7, 5



5 RSN ) B 1R b rp 2 s SRR S M 1145

BT LA, BT R D AR X, AR AR R HE R B RGN KRR SRR, d, MR
A5 ATRIE | d, AR U s A TR L HE VR A LB B A P A AR K B AT G 2
BB 7 (a) MHEIIRBRCE SRR R B 7(b) N ARG SHEE BN ER, B 7(c)
SRR O S SRR R, Hop deep SR BRI FH AN %5 RE R 3L A A9 Jee IR o 99000 32k
5 B A AF R A H 45 R
41 WAL AFm

Trde 1 A2 AR 1 VR RT3 A4 ) B A 3 M DX 3, 45 SR % B, o FH K R b O
HARCAA) A A TR BRI IR DI, 0 B 5925 1 F0 2, AT A IR FHAS [ D A7 £ 1 v 40 et R o, G
D8 2038 AR B AR B AH 25 R s 1 ol K Pl 1) 000 B AR B R B H /B o 1,72, T
KA AR 40° 89 J5 1 2 T4 B A (29 R 0.88. 3 R TR IHAR (1) Bl F50 0 v | 7 5 £
TEC B S HEAE FH AU FH KPR AR RS 3] 1) 8 A T 2 B0 R 1 PR e 7).
4.2 RIBEGIRE X R0

T 3 B R XA ik 1.2 4 HE ARk, BV BEIX R T 2 AN B B JE IR 1hL 4 L 4
PR AN A4S 5, T 3 4520 A0 TUI BRI b RN A Bt 7 2404 HAth s RV R BRI R
3 AR AR IR R s ) DX SR AR AL ARG T A R ) IR R i 1.2 RN 4 SR T
TR A T AR 1A 18 4 o DX 3, (L Pl TR A e o oy R L 22 i Rk B AR e, DR e 1 AR L X
Sl 3 A L, AT AR HE AR DX sl TR (MR X R 00 e R TR ) 5 i A5 4 R
FEEEE 1w/ N (BT 7(b) Al (e) ).
4.3 $HERFERBHIFMW

T 1~ 4 BT B EE AR R BN 7.8 534 [R5 0 T A% 8 AU A FH R 33l IR 1) 245 2
(N, =7,deep) .5 Wu % {UR FHERHERE IR A 00 25 S XT L AlBE R 2R 8 Vv, A 7 34 0m3] 9,
BRI EVR G d /B NS D8/ INE 3 AH R A AROR B0 1, D 25 B8/ INE 1S (B 7 (b) Rl (e) ) 1T
UL, | BB PR AR AR B B S 1 0 X S BEL Ty, PR S TN 3 R N Ak g s,
4.4 SINKRIBHIFSESUE A RIEBIFRS I ERT L

XL 3 7 SRR IR O A5 2 A 45 R S5 GSCR FIRMEREIR (N, = 7, deep) Y45
ATLAE Y VREEBEIR XS Sy P 14 52 ) 2 S22 7R B Ak BRSO IR A BT (AR B0 4 R 25 50B
Ab) , T RAN R ) 2N TR G OUR R BRI 25 5. 76 0 ~ S0B i M 25 X3k
IR BRI AN IR RS B, d/B e d /B B2 S SEH S N TE 2B ~ 20B (1)
i BLIE B PN 22 0K, e R B 22 (8 % AR A6 3 MBS 7B BFHIT | 2% S e L 10t TR T 15 28] ) b L R
L d/B HAR G AU FH R IR W0 A5 2 (R 25 5 /N 7% ~43% , 1% DL () R B A R HE d /B
/N 8% ~53% , LLARALHE m, /N T% ~58%.

I, fr 7 0T LA Y 76 A AR B RS A i PR R AT , =5 B 7 JHL A TR 1) Tl 445 3] 4/ s
AR BRI B o AELJ A5 2 R VR SARA N , XoF A B4 A SR R N4 B2, 7 I T M.

5 4 ik

RS Ao 2 5 B AR IR EE R (57 A X8 4 BB R 280 I T A2, B 5 1 P Il e, b TS
T ARG I A P LIRS B AN AL SR 4 B R DA e IR T 45 YA XS Stevpris
BHEAT TN, AT TR Z R B AR AR RS DX AR E Sl
IS GATE PRI BIA I RO L R IEAT R e FZ A58 T

1) HHIGREC/NT 3 i SR HE A5 57 A X8 Tt A 1 A R/ VR AR YA 0] 5 M IR R T 3



1146 #onE R’ [} yaa 1

ZJE  Je I s A P2 R

2) SHHE ) R ER B G N 2N R AR A TR R s S AR T 5 A 1 T A R I3 I 2 OG E
B SR RN A 2 G S Tt IR A 92 T 45 3R LU, 2% BB P B IR I, e 44 BB A e A
FIRSRE RS AT, PO 220 K, T BRI B B8N,

3) Yt B B A TR BRAE R RS I, 275 25 SRR R AR BT AR BE A3 B )
FEATEE TR A G T E LA B FROR S, PRI P B O ) 25 i TR S PR A 5 2 8 X

4) SETIRNE IR IRk I T X W AR T OMINT-Max 55 ) 22 36 FH AR B @/\1‘)?
ARTOHH B BT R R AR B 25 TR 1 X L L T ) Ak B — E S AR AL

2 2% 3k ( References) .

(1] EHeA, Sk, XA, 46 B 5 LA 48 A B AR i R b e[ J]. A 0%, 2013, 34
(11): 503-512.( YUE Yanzhao, ZHANG Wei, LIU Haixiao. Study of calculation for interaction-
al force between drag anchor and installation cable[ J]. Rock and Soil Mechanics, 2013, 34
(11): 503-512.(in Chinese) )

[2]  Vryhof Anchors. Anchor manual 2015; the guide to anchoring[ Z]. Netherlands, 2015.

[3] Bruce Anchors. Brochure of Bruce FFTS MK 4[ Z]. Douglas, England: Bruce Anchor Limited.
[4] STEWART W P. Drag embedment anchor performance prediction in soft soils[ C]//Proceed-
ings of the 24th Annual Offshore Technology Conference. Houston, Texas, USA, 1992.

[5] NEUBECKER S R, RANDOLPH M F. The performance of drag anchor and chain systems in
cohesive soil[ J|. Marine Georesources and Geotechnology, 1996, 14(2) . 77-96.

[6] DAHLBERG R. Design procedures for deep water anchors in clay[ C|//Proceedings of the
30th Annual Offshore Technology Conference. Houston, Texas, USA, 1998.

[7] THORNE C P. Penetration and load capacity of marine drag anchors in softclay[ J]. Journal
of Geotechnical and Geoenvironmental Engineering, 1998, 124(10) . 945-953.

(8] KIM B M. Upper bound analysis for drag anchors in soft clay[ D]. PhD Thesis. Texas: Texas
A&M University, 2005.

[9] AUBENY C P, CHI C. Mechanics of drag embedment anchors in a soft seabed[ J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2009, 136(1) . 57-68.

[10] BRANSBY M F, O’ NEILL M P.Drag anchor fluke-soil interaction in clays[ C]//PANDE G N,
PIETRUSZCZAK S, SCHWEIGER H F, ed. Numerical Models in Geomechanics ( NUMOG
VII). Netherlands: CRC Press, 1999. 489-494.

[11] O’NEILL M P, BRANSBY M F, RANDLPH M F. Drag anchor fluke soil interaction in clays
[J]. Canadian Geotechwical Journal, 2003, 40(1) . 78-94.

[12] ELKHATIB S,RANDOLPH M F. The effect of interface friction on the performance of drag-in
plate anchors [ C |//Proceedings of Ist International Symposium on Frontiers in Offshore
Geotechnics. Perth, Western Australia; Taylor & Francis, 2005.

[13] ELKHATIB S. The behaviour of drag-in plate anchors in soft cohesive soils[ D ]. PhD Thesis.
Australia; University of Western Australia, 2006.

[14] ZHAO Y B, LIU H X. Numerical simulation of drag anchor installation by a large deformation
finite element technique| C]//Proceedings of the ASEM 2014, 33rd International Conference
on Ocean, Offshore and Arctic Engineering. San Francisco, California, USA, 2014.

[15] ZEinsc, XS, e, i A TEIR IR g AR KRBT A BROC/M T [ J]. 18 TR, 2016,
34(2): 56-63.(LI Peidong, LIU Haiyan, ZHAO Yanbing. Large deformation finite element a-
nalysis on the kinematic behavior of drag anchors in the seabed [ J]. Ocean Engineering,



5 RSN ) B 1R b rp 2 s SRR S M 1147

[16]

[17]

[29]

[30]

[31]

[32]

2016, 34(2) : 56-63.(in Chinese) )

DUTTA A. A simple method of analyzing mooring chains with embedded anchor point[ J].
Journal of Offshore Mechanics and Arctic Engineering, 1988, 110(1) . 71-73.

TR, XSS, i RAR AN N8 SRR SE R OEIE [ I ], AR R 22 # 4 ( AR RHARR) | 2010,
40(3) ; 581-586.( ZHANG Wei, LIU Haixiao. Experimental research for embedment mechanism
and kinematic characteristics of drag anchors[ J . Journal of Southeast University ( Natural
Sciences) , 2010, 40(3) ; 581-586.(in Chinese) )

GAULT J A, COX W R. Method for predicting geometry and load distribution in an anchor
chain from a single point mooring buoy to a buried anchorage[ C|//Proceeding of the 6th An-
nual Offshore Technology Conference. Houston, Texas, USA, 1974.

VIVATRAT V, VALENT P J, PONTERIO A A. The influence of chain friction on anchor pile
design[ C]//Proceedings of the 14th Annual Offshore Technology Conference. Houston, Tex-
as, USA, 1982.

CASSIDY M J, GAUDIN C,RANDOLPH M F, et al. A plasticity model to assess the keying of
plate anchors[ J]. Géotechnique, 2012, 62(9) . 825-836.

YANG M, MURFF J D, AUBENY C P. Undrained capacity of plate anchors under general
loading[ J ]. Journal of Geotechnical and Geoenvironmental Engineering, 2010, 136 ( 10) .
1383-1393.

WEI Q, TIAN Y, CASSIDY M J, et al. Behaviour of OMNI-Max anchors under chain loading
[ C1//Proceedings of the 3rd International Symposium Frontiers in Offshore Geotechnics
(ISFOG). London, UK, 2015. 925-930.

LIU J, LU L H, HU Y X. Keying behavior of gravity installed plate anchor in clay[ J]. Ocean
Engineering, 2016, 114(1) . 10-24.

MURFF J D. Limit analysis of multi-footing foundation systems|[ C|//Proceedings Sth Interna-
tional Conference on Computer Methods and Advances in Geomechanics, 1994, 223-244.
TAN F S C. Centrifuge and theoretical modelling of conical footings on sand[ D ]. PhD Thesis.
London; Cambridge University, 1990.

MARTIN C M, HOULSBY G T. Combined loading of spudcan foundations on clay.: numerical
modelling[ J]. Géotechnique, 2001, 51(8) . 687-699.

BRANSBY M F, RANDOLPH M F. Combined loading of skirted foundations[ J]. Géotechnique,
1998, 48(5) . 637-655.

ZHANG Y, BIENEN B, CASSIDY M J, et al. Undrained bearing capacity of deeply buried flat
circular footings under general loading[ J]. Journal of Geotechnical and Geoenvironmental
Engineering, 2012, 138(3) . 385-397.

WANG D, HU Y, RANDOLPH M F. Three-dimensional large deformation finite-element analy-
sis of plate anchors in uniform clay[ J]. Journal of Geotechnical and Geoenvironmental Engi-
neering, 2010, 136(2) . 355-365.

WU X, CHOW Y K, LEUNG C F. Behavior of drag anchor under uni-directional loading and
combined loading[ J]. Ocean Engineering, 2017, 129 149-159.

MERIFIELD R S, SLOAN S W, YU H S. Stability of plate anchors in undrained clay[ J].
Géotechnique, 2001, 51(2) . 141-153.

WU X N, CHOW Y K , LEUNG C F. Prediction of drag anchor trajectory with both shallow
and deep anchor behavior [ C ]//Proceedings of the Offshore Technology Conference Asia.
Kuala Lumpur, Malaysia, 2016.

LIU H X, ZHANG W, ZHANG X, et al. Experimental investigation on the penetration mechanism



1148 #owmE R [} yaa 1

and kinematic behavior of drag anchors[J]. Applied Ocean Research, 2010, 32(4) ; 434-442.

Kinematic Analysis on Drag Anchor Installation in
Clay Considering Shallow Failure Effects

WU Xiaoni', HU Cun’®, LI Ye'
(1. School of Naval Architecture, Ocean and Civil Engineering,
Shanghai Jiao Tong University, Shanghai 200240, P.R.China;
2. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, P.R.China)

Abstract: The drag anchor is widely used in offshore engineering as a foundation for the moor-
ing system due to high capacity and low cost. The prediction of kinematic behavior and trajecto-
ry is still challenging due to the complex interaction of the anchor fluke with soil. The existing
plastic yield envelope method is generally used for the kinematic analysis, where the deep an-
chor failure is assumed to occur during the whole dragging process. In reality, the penetration is
a process of anchor fluke being dragged into seabed soil continuously from shallow to deep
depths. Obviously, the existing yield envelope method could not capture the effect of shallow
anchor failure, which may lead to inaccurate prediction of the anchor trajectory. Finite element
analyses were conducted firstly to obtain the influences of the anchor embedment depth and an-
gle of the fluke on the drag anchor behaviors under unidirectional and combined loadings. The
yield envelope for the shallow anchor failure was determined accordingly, with which the shal-
low failure effect can be taken into account for the yield envelop method. The effects of the
fluke angle, the bearing capacity factor and the shallow zone size were investigated. The predic-
ted trajectories with and without the shallow failure effect were compared. It is shown that the
fluke angle and the shallow failure zone size influence significantly the kinematic behaviors and
the trajectory of the drag anchor. The consideration of shallow failure results in a shallower pre-
dicted anchor embedment depth and a smaller anchor line force before the anchor penetration
depth stabilizes, but hardly changes the ultimate embedment depth.

Key words: drag anchor; shallow anchor failure; plastic yield envelope; trajectory
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