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V. /(AS) H

max

w/(AS) M, /(ABS)
V/(AS,) H/(AS,)  M/(ABS,).
1

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 H,/B B/(°) N
vertical loading V 123456 60 50 40 30 20 O 36
horizontal loading H 123456 60 50 40 30 20 O 36
rotational moment M 123456 60 50 40 30 20 O 36
2

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
H,/B BI°) N
1 1 0 75
2 1 40 75
3 2 30 75
4 10 0 75
3

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
3
3.1
5 vV H N, N, H,/B

ﬂ
£=60%50°,40530°2050°
Nuh
6 7 3 4 5 6 7
H,/B
(a) (b)
(‘a) The vertical bearing capacity factor (b) The horizontal bearing capacity factor

5
Fig. 5 Influences of the anchor embedment depth ratio and the angle of

anchor fluke on the unidirectional bearing capacity

B H,/B N H,/B < 3 N

cv
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Table 5 Properties of the anchor and the soil

3
Wu 7 10 . 6
2(H,/B=1 B=40°) 4(H,/B=10 g=0° deep) VH.VM HM
4
v./(AS)) H,/(AS) M, /(ABS,) m n p
q
4
Table 4 Summary of the yield envelope parameters
yield envelope condition 1 2 3 4
fluke position Hy,/B =18 =0° Hy,/B =18 =40° Hy/B=2p8=30° Hy/B=108=0°
Vinax /(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 4.3
4
1 2
1
O’ Neill " Vryhof Anchors  Stevpris
5

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, /( °) 412

effective chain width b, /m 0.24

chain self weight W7 /( kN/m) 2.0
surface undrained shear strength S, /kPa 0
undrained shear strength gradient S, /( kPa/m) 1.5

ug
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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 Hy

method 1 0<—<=<2 - - — > 2
B B
H, Hy

method 2 - 0<—=<2 - — > 2
B B
Hy Hy Hy

method 3 - 0<—=x1 l<—=<2 — > 2
B B B
H, H H,

method 4 - O<?D$l 1< D$3 ?D>3

B
1( method 1) 0 <H,/B<2

Sl N, :7%~ method 3 1 X H,/B > 2
—
20k // N.=9, deep"! 4
) N 2( method 2) 0 < H,/B<2
16+ 7 N.=9, deep*¥ D
n, /) 2 ;v H,/B >
12 method 4
/ / 2 4 .
8 L
: Betodl 3( method 3) 0 <H,/B<1
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% 1o 20 30 ) 30 30 60 70  H,/B<2 3 . H,/B > 2
X,/ B
4
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(a) D
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Fig. 7 Comparison the kinematic behavior of the drag anchor in view of the shallow anchor behavior
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Kinematic Analysis on Drag Anchor Installation in
Clay Considering Shallow Failure Effects

WU Xiaoni' HU Cun® LI Ye'
(1. School of Naval A rchitequre O cean and Civil Engineering
Shanghai Jiao Tong University Shanghai 200240 P.R. Ching;
2. Institute of Mechanics  C hinese A cademy of Scences  Beijing 100190  P.R. C hina)

Abstract: The drag anchor is widely used in offshore engineering as a foundation for the mooring system
due to high capacity and low cost. The prediction of kinematic behavior and trajectory 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 anchor 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 trajec—
tory. Finite element analyses were conducted firstly to obtain the influences of the anchor embedment
depth and angle 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 shallow
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 predicted 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 consid—
eration of shallow failure results in a shallower predicted 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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