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Large deformation finite element analysis on the kinematic behavior of

drag anchors in the seabed

LI Peidong, LIU Haixiao, ZHAO Yanbing

(School of Civil Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Because of better performance both in pullout capacity and deepwater installation, drag anchors are widely utilized in
mooring systems for offshore applications, such as the conventional drag anchor in the catenary mooring system and the vertically loaded
plate anchor in the taut-wire mooring system. The penetration behaviors, such as the movement direction of the fluke, the drag force
and drag angle at the shackle and the trajectory, are involved during the anchor installation. A large deformation finite element analysis
using a coupled Eulerian-Lagrangian approach is performed to simulate the installation process of drag anchors in the clay with uniform
and linear strengths, in which a chain equation is introduced to reflect the interaction between the installation line and the anchor. By
comparing the results of the published FE method and theoretical method, including the movement direction of the fluke, the drag force
and drag angle at the shackle and the trajectory, the efficiency of present work is well verified. Compared with the published FE
method, the FE model of present work has a better performance in computational efficiency.

Keywords: drag anchor; kinematic behavior; coupled Eulerian-Lagrangian; chain equation; large deformation FE method

W 5 R Tl T AN T i) TR K SRR R e, R s ~F- 15 B F T Rk =T & 9 B X &RTH
JrAARE T FOBTZ AR, RN ROK RIAR G I T R A EOR 3k R B A R AR REOL S A
B TR LR R, TR V2 R HIAEROK RIAR G

T R R 55 A et B 1% 2225 05 QA (]t P50 5 0 0 10 e 0 20 2 42, 4 L 0 i 2 9 PR T
J& MR — 2 7 R Bh i BRI A IR 8 % EARUREE R B AR (L R RN A B

Y5 B #5:2015-01-19

BE®WE  KET RS BRS04 BT H (14JCZDIC39900) ; [EI5K A AR A B & BE BT H (51179124)
PEE BT 2554 (1990-) , 55 R A B 0F 0 A, A TR RIASERIAUA AT Y . E-mail: zplpd@ 163.com
BIES X, E-mail: liuhx@ tju.edu.cn




552 4] AEHGACAF MU IR P g SRR Y R IR A R T B 57

A R h A A Mol i A8 4 1 18 13 B WA AW A AR AR A U 2RSS U R RE
JE M T Bre A AR BE IR AOIT A o o A TR EE RV Al 5 (67 e 8 B4 932 Sl I R, T 32 sl Bl 7 22
P AR R AN AT UL DN IHCBI ST Bl A R ds S HoA R S

i M AL R b RIS S PUE T A, S K R AGE B D T O FR A HE T N
12T SRR Bl RV XA SRRV B A I AE BB AT, ST B IS S R i B
TR G SR S BRI TR AR I ST, Zhang " ST IOAE T IRANAY SESE . BEE A BRICHOAR M R & Ok i
Z T TG A FROCEOAR I H] T8 B BB A b (0 T3 BBz SR T 5 e b, A BROT /M 4t Ll
18 SRR A P AE R H— S AR RRE S VR T 2 0 A A ORI | 2 G A FROT T I AU R AR

L FMICZE Bt A =350 AT B B T 25 % BBl 1 it A M BB S i 25, 7 BR T 4 A7
WZTER PG 2 A 5 R AR A B BB R o

Zhao 1 Liu" " 3 F K AR I 47 BR IC 43 M1 F2 AR KB A #9 BKBE — 7 4% B H 325 ( coupled Eulerian-Lagrangian
CEL) N7 1 BEMS DL FUA TR PR - Pk A 2B R A FRITMTAR R . CEL 2 5l 1 A& 5e A BRoT 7 12
TR AT [ RERE DL A4 fh [ R0 O A W A2 RV R, J i 5 AT BEIE T 45 3R 0 L, B0 E T CEL %73 #r
i RIS SRR A IR A B SR R M, Zhao 1 Liv 383 LINK 3% H2 B0 AT I B fhok
PR B A0 | L2 A A 5 1 2 W) (R A E i LINK M BT . X HUZS SR EGAIE 1 3k Fh T ik 7E B A B0
AR RFE I A 2 ) RIS E T AR 4 A A (AR 4 AR RS K, ph 5 UL ) T80
BAR, P, $e th—FPREAS AT R i TSRO A 0 B B R SR A AT

ASCHET RASIEAT BRIC A AR & AR —his B H vk 5 A SR8 )7 A, A 7 i -2 28— K LR 5 1
FHRA BRIT/ AR, Hovb | 2R 480 5 A 8 48 15 3 i AH ELVE P ih 48 26 D7 Rk i id , il ik ABAQUS F P 77
J¥ VUAMP KSCER, A RUASTAEL T Hi LB 7 24 0 A2 P ot 3 28+ rp ik A el i ARG T i ARGE sl
I] R4 AT AR A B A B Sz sh Ul s sh itk . il S B A BROCA T T IE A TR L R B
WISERY B A R8P A E TS0 I T A

1 BETr ik

1.1 BEWEAI-FrigEA HiE (CEL)

A BRICH B R YA SRV T 9 05 1A WA hiak B B ARk . BAg 9 H 12 ( Lagrangian ) J&
— T AR AR BT T AR TR T WA BEAA R AR T AR TE . AR PN S0 B — B ) RE A AR A HbaB 1 kL i 5t
AR, BT RASE [a]d, WA 2 AL ™ A8 IE ¥ R BOT RIS, BhivE: (Eulerian ) SR F A% [ 22 1M
PORLATZE S o B RS 07 2, AR ASBERA BL S TR AR TE | 5 IR 1 P T H 325 D00 A 183 722 e 2 > 10 500 47
St AERRT AN REAR g i3l B2 b4 e 1 A A8 4k

H T FERRAE A BROCEE BB, KASTE A BRICHE: CEL #3105 B die e i Noh' ™ 2 Hi | Benson F11
Okazawa'"™'®) M b— 4 H5e 3%, CEL 3E8EA T BRI A AP ) B Bk A, 140 LS i ki &
VRIS , AR PR 580 | BR[| - AARTE A& a3l , AN AE RS e A8 (R8T, 38 ) 15 A SR s A R
PP BMATL 0 (EVE) S8 B RTFE RS TF BT s AT  EVE = 1 3278 S 8% T R SEH , EVE = 0 s A%
WA AR, S50 R PR ) H 505 B 450 (i FoRIE BR S 45 i ilia A2 4k, BT, CEL Ik &)
20 AT AEHULE )5 AR B VR T A R AR T )i 12720
1.2 FiEF VUAMP

ABRTCEAE ABAQUS #2447 FORTRAN 15 F 4’5 TR /p 82 11 L PR R R i T — kP k. AT
i IR A A i 22 R A 2 s A T S RE RS, AR SO i A48 T R R A AR 2 s A A 4R S B A LA L B EE E H,
B AL S ARHE IR WA 3, T . VUAMP R85 #2345 F P mT DL SO 56 A8 S %) e i il 2, an 28 e
FMb R RNTE S5 3 AR s 72 B B () B0 A S S R AR A

R T SEIRAE A B R B S AR AN AR A ) M T T R S v ey B R R AR b Y L £ . B LA
R SCHTRIFFE IR) R R 0], A28 VUAMP i FH 3o A5 b i e g R

1) 28 SCE AR atar (i 88 ) ) AH DGR D s R AR S 938 A 1% B (Sensor ) K AH I A9 % HH AR S AL B 45 T



58 ped T P %34 4%

FERF VUAMP , ]I T8 T — 8P OB (L, i B ZR 80 a4 B2, 5 3R 5 i A KT RS o) 2 RS AHH G
b, T B 2R B0 55 KT R ) (3 RS AR Ay i A

2) B Ty (H LS |, SO P 8B ( User amplitude) , 76 8 X P IR AEL B 48 58 T 7 IR 25
A5t (Svars ) PYECH | ARASAS 5 1 T 78 W8 YR ] 42 7 () A5 138 75 5 5

3) ABAQUS TERF & 20 (Increment ) THEFFURET , 22T VUAMP 358 A IRAEL , DE T 5035 R 48 s 4k
gk e (HEH D) .

2 BUEITE AR
2.1 HEFHE

wE 1 s, g5 g i AT IR R AR 4y, Bl A S, BT 0 ) MBI D7 i 2 RIAE DB iU R IR A
AL S e RS SAN R A AR B AR il SR g AL i T T, LA 5K e 6, Hie
W B ZE VPR - B shperE , HE A ek R, 0, RN T, B EiHE K, RSV FHAE S b 0 8 1) 7 248 T 186 K
PRAERARZ BT . A G 5| AZigs Jr Rk i dizn 5+ Bide SRR S 1EH] .

ﬁ/ﬁtw
i /; SR

Bl 1 28R

Fig. 1  Definition of installation line
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Tab. 1 Parameters for anchor in the model

L, /m B, /m t;/m L, /m B, /m t,/m 6,/(°) v, /(kN - m™)

2 1 0.2 2.4 0.2 0.1 45 68

®2 THERBESH

Tab. 2 Parameters for soil in the model

L/m W/m H/m s,/kPa v./ (KN + m™)

44 3 13 10/5+1.5z 7

=3 AERB)ETRBH
Tab. 3 Parameters in Eq. 3

E d/m N 5./kPa “

n c

1.0 0.1 10.8 10/5+1.5z 0.1
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Fig. 6 Comparison of results in the clay with linear strength
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