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Abstract
This paper introduces a novel three-anchor combined suction anchor (TACSA) structure and evaluates the ultimate bearing characteristics of 
two mooring types under mooring line failure scenarios: single-primary-anchor mooring (SPAM) and dual-primary-anchor mooring (DPAM). 
Utilizing the finite element software ABAQUS, the ultimate bearing capacity and failure mode of the anchor were analyzed under the mooring 
line failure conditions. The findings indicate that with an increase in the deflection angle, the bearing capacity of the anchor experiences a 
gradual decline. A comparison of the two types of mooring revealed that DPAM resulted in a reduced descending speed of the bearing capacity 
and a smaller deflection angle of the anchor compared to the SPAM. In the SPAM system, the occurrence of linear plastic damage is contingent 
upon the attainment of a deflection angle of 45°. In the DPAM system, such damage manifests when the deflection angle exceeds 60°. These 
findings suggest that the synergistic effect between the anchors and the soil is enhanced in the DPAM system. Consequently, DPAM system 
demonstrates superior ultimate bearing characteristics and a reduced rotation degree, rendering it more effective in resisting the torque load 
induced by the deflection angle compared to SPAM system.
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1  Introduction

To achieve the goal of carbon peaking and carbon neu‐
trality, China is actively promoting the low-carbon trans‐
formation of the energy structure. This is particularly evi‐
dent in the domain of wind power, which has witnessed 
continuous technological advancements and policy devel‐
opments. As a result, offshore wind power has emerged as 

a pivotal component of China’s energy transformation. Nota‐
bly, floating offshore wind turbines (FOWTs), as a key inno‐
vation in offshore wind technology, hold immense potential 
to advance the development of deep-water offshore wind 
power (Le et al., 2020; Le et al., 2021; Wang et al., 2025).

As one of the critical components of floating offshore 
wind power systems, the suction anchor boasts several 
notable advantages, including a reduced steel volume, sim‐
plified sinking processes, enhanced recyclability, pro‐
longed service life, and substantial bearing capacity (Zhao 
et al., 2020; Wang et al., 2019b). It has become a relatively 
mature and widely used anchor type in several deep-sea 
projects (Ehlers et al., 2004; Wang and Pang, 2011; Hu et al., 
2022; Zhang et al., 2023; Zhang et al., 2024). A suction 
anchor consists of a hollow cylinder with a top lid and a 
bottom opening. The outer diameter of a suction anchor 
typically ranges from 2.5 to 12 m. Research on suction 
anchors encompasses a range of methodologies, including 
theoretical analysis, small-scale model tests, centrifuge 
tests, in-situ soil tests, and finite element analysis (Ander‐
sen et al., 2005; Li, 2025). The three-anchor combined suc‐
tion anchor (TACSA) is a recently developed type of suc‐
tion anchor. The utilization of a stable triangular geometry 
has been demonstrated to enhance its anti-pull and anti-
torque bearing capacity, while concurrently reducing its 
weight, thereby facilitating transportation and installation 
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(Wang and Pang, 2011). Presently, TACSA systems have 
been utilized in practical engineering projects internation‐
ally, as evidenced in Figure 1(b). However, research show‐
ing their bearing characteristics remains limited.

A comparison of single suction anchors and TACSA 
reveals that the latter incur slightly higher costs in trans‐
portation and installation, yet the increase is relatively 
modest. Each anchor in the TACSA structure is smaller 
than a single suction anchor. For the same bearing capac‐
ity, the entire structure has smaller dimensions than a sin‐
gle suction anchor. Conversely, the TACSA is installed in 
a manner similar to that of a single suction anchor. Given 
the established mature of single-anchor installation, this 
approach mitigates the risk of substantial cost escalation. 
A cost-benefit analysis indicates that, while the TACSA sys‐
tem incurs additional expenses related to transportation, 
installation, and construction when compared with the sin‐
gle suction anchor system, these increased costs are within 
reasonable limits and offer certain economic advantages.

Because of the complex marine environment, which 
includes elements such as strong winds, huge waves, sea 
currents, and aging parts, the mooring system may suffer 
damage (Bae and Kim, 2015; Bae et al., 2017). Should an 
anchor chain be severed, the remaining intact chain will 
abruptly encounter a substantial force, resulting in a deflec‐
tion of the load direction at the mooring point on the 
anchor (Ali et al., 2025). In this case, the bearing capacity 
(Rui et al., 2023; Rui et al., 2024; Yan et al., 2024) and 
failure mode (Ibsen et al., 2014; Cheng et al., 2021) of the 
anchor need to be considered. Consequently, it is impera‐
tive to establish mooring line failure scenarios to assess 
the bearing capacity and failure mode of the anchor.

Sukumaran et al. (1999) conducted a study on the rela‐
tionship between the ultimate bearing capacity of suction 
anchors in soft clay and the position of mooring points. At 

the maximum ultimate bearing capacity, the suction anchor 
experiences only translation, with no rotation. By position‐
ing the mooring point at the top of the anchor, rotation can 
be effectively mitigated, thereby enhancing the ultimate 
bearing capacity. In their seminal study, Zhang et al. (2011) 
utilized the finite element software ABAQUS to investi‐
gate the impact of mooring point position and the length-
to-diameter ratio of suction anchors on their ultimate bear‐
ing capacity, as well as to elucidate the instability modes 
of deep-sea suction anchors. The position of the mooring 
point exerts a significant influence on the ultimate bearing 
capacity and stability of the suction anchor. Changes in the 
mooring point position can induce instability, including 
forward rotation, translational sliding, and backward rota‐
tion. The instability mode is also influenced by the length-
to-diameter ratio. Wang et al. (2012) analyzed the influence 
of different loading directions on the failure modes and 
ultimate bearing capacities. The failure modes remain ver‐
tical pullout, and the primary factor influencing the ulti‐
mate bearing capacity is the reverse end-bearing resis‐
tance at the anchor tip. However, lateral displacements 
and ultimate bearing capacities exhibit a substantial increase 
when the loading direction varies from 40° to 20° for suc‐
tion anchors with inclined loads at the optimal load attach‐
ment point. Liu and Wang (2013) examined the failure 
mode of suction anchors and developed a method for ana‐
lyzing the bearing capacity of suction anchors using finite 
element method. The interaction between the anchor and 
soil is determined by the anchor’s failure mode. In the 
event of anchor failure mode as a vertical pullout, the uti‐
lization of a critical shear stress friction model is deemed 
appropriate for the purpose of delineating the interaction 
between anchor and soil. In the event of anchor failure 
mode as designated by lateral failure, the Coulomb fric‐
tion model is deemed an appropriate means to describe 
the interaction between anchor and soil. Wang et al. 
(2019a) developed three-dimensional finite element mod‐
els of suction anchors using ABAQUS software platform. 
The present study investigates the effect of mooring point 
position, mooring direction, and anchor depth on the ulti‐
mate bearing capacity of suction anchors. Faizi et al. 
(2020) presented a closed-form model to estimate the lat‐
eral bearing capacity of caisson foundations for offshore 
wind turbines (OWTs). The proposed solution has demon‐
strated the capacity to provide a superior estimate of the 
lateral bearing capacity of caissons in comparison to exist‐
ing models.

This paper primarily analyzes the bearing characteristics 
analysis of a novel TACSA for floating offshore wind tur‐
bines (FOWTs) under mooring line failure conditions. 
Two mooring types are designed for this special three-
anchor structure: single-primary-anchor mooring (SPAM) 
and dual-primary-anchor mooring (DPAM). The analysis 
of the TACSA’s ultimate bearing characteristics under the 

Figure 1　Form of suction anchor structure
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mooring line failure condition is instrumental in the opti‐
mization of anchor design and the enhancement of its 
safety and stability. Two mooring types will result in dif‐
ferent force distributions on the TACSA structure under 
the mooring line failure condition, thereby leading to dif‐
ferences in bearing capacity and failure modes. In order to 
explore the advantages and disadvantages of two mooring 
types and optimize the anchorage design under the moor‐
ing line failure condition, it is necessary to study their 
bearing characteristics respectively. Therefore, the aim of 
this paper is to study the ultimate bearing characteristics of 
two mooring types under mooring chain failure scenarios.

2  TACSA model

The finite element software ABAQUS was utilized to 
construct a TACSA model, with the Mohr-Coulomb model 
selected for the soil simulation. The dimensions of the 
TACSA structures were determined based on the specific 
working conditions, with each structure exhibiting distinct 
dimensions. Following preliminary calculations and a com‐
prehensive consideration of both bearing capacity and con‐
struction cost-effectiveness, it was determined that the sub‐
sequent analysis will be based on the dimensions. The 
length-to-diameter ratio (L/D) of the TACSA is 6, and the 
distance-to-diameter ratio (S/D)-defined as the ratio of the 
clear distance between two adjacent anchors in TACSA to 
the anchor diameter- is 0.1. Additionally, the mooring point 
is positioned 7.2 m below the top of the anchor (3/5 of the 
anchor’s height), as this location has been identified as the 
optimal mooring point in prior studies.

The model’s configuration is depicted in Figure 2, with 
an anchor height (L) of 12 m and single anchor diameter 
(D) of 2 m, and clear distance between adjacent single 
anchors (S) is 0.2 m. The three single anchors within 
TACSA have identical dimensions and are arranged in a 
regular triangular configuration. The reference point (RP) 
is established and subsequently coupled with the anchor. 
The load is applied to the reference point to simulate the 
force of the mooring line on the anchor. For SPAM, loads 
are applied to reference point 2 (RP2). RP2 component is 
situated at the core of the primary anchor surface, with a 
distance of 7.2 m below the anchor’s top. For DPAM, 
loads are applied to reference point 1 (RP1). The location 
of RP1 is precisely defined as being horizontally centered 
between the two primary anchors, with a distance of 7.2 m 
measured from the top of anchor. To eliminate the influ‐
ence of boundary conditions on the bearing capacity of 
suction anchors, the soil is modeled as a rectangular prism 
with a side length of 30 m (15D) and a height of 36 m 
(3L), as stated in the literature of Lv et al. (2005). The bot‐
tom surface of the soil is fully constrained, and the side 
surface is horizontally constrained. The soil within the suc‐

tion anchor is meticulously shaped to mirror the anchor’s 
geometry, with its base securely tied to the surrounding 
soil. The friction between the soil and the suction anchor is 
simulated by establishing contacts. The soil surface within 
the anchor is in direct contact with the inner wall of the 
anchor. The inner wall of the anchor is designated as the 
master surface, while the soil surface within the anchor is 
considered the slave surface. The soil surface external to 
the anchor is in direct contact with the outer wall of the 
anchor. The outer wall of the anchor is designated as the 
master surface, while the soil surface external to the anchor 
is considered the slave surface. It has been determined that 
the mesh of the inner and surrounding soil of the TACSA 
model, which are the stress concentration areas, must be 
refined (Luan, 2023). The mesh size of the soil in contact 
with the anchor’s top is set to 0.2 m, and the mesh size in 
height direction of the soil in contact with the anchor’s 
wall is set to 0.8 m. It is noteworthy that the mesh size of the 
anchor is consistent with the mesh size of the soil. And the 
selected mesh density ensures both computational accu‐
racy and computational efficiency.

In finite element calculations, clay was selected for the 
soil analysis. The specific soil parameters are presented in 
Table 1.

To verify the effectiveness of the finite element model, 
a three-dimensional finite element model with an L/D ratio 
of 1 was created. The diameter D of the suction anchor is 
5 m, and its length L is 5 m, as illustrated in Figure 3. To 
adequately eliminate boundary effects, the diameter of the 
soil model is set to 5D, and the height is set to 3L.

The calculated result indicates an ultimate horizontal 
bearing capacity of 457 kN, Nh = 3.7, and the error margin 
between the results and the calculation of Taiebat and 

Figure 2　Finite element model

Table 1　Main parameters of soil

soil

clay

ρ (kg/m3)

1 600

E (kPa)

2 500

ν

0.49

Su (kPa)

5
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Carter (2005) is 7.5%. The ultimate vertical bearing capacity 
is 1 490 kN, and the error margin is 4‰. The ultimate torque 
bearing capacity is 1 101 kNm, and the error margin is 7%. 
The finite element simulation results have been validated, 
as evidenced by the fact that both error margins are within 
7.5%.

3  Principle and method

3.1  Mohr–Coulomb model

The Mohr–Coulomb plastic model is extensively uti‐
lized in geotechnical engineering, primarily for granular 
materials under monotonic loading. The yield surface func‐
tion for the Mohr–Coulomb model is as follows:

F = Rmcq − p tan φ − c = 0 (1)

where φ is the tilt angle of the material yield surface on the 
q-p stress surface, 0° ≤ φ ≤ 90°, c is the cohesion of the 
material, and Rmc( )Θ, φ  is the deviatoric stress coefficient, 
which determines the shape of the Mohr-Coulomb yield 
surface in the π plane.

The formula for Rmc( )Θ, φ  is:

Rmc =
1

3 cos φ
sin (Θ +

π
3 ) +

1
3 (Θ +

π
3 ) tan φ (2)

where Θ is the polar deflection angle, the formula of Θ is:

cos (3Θ) = ( )r
q

3

(3)

where r is the third invariant of stress deviator.
As illustrated in Figure 4, the shapes of the Mohr–Cou‐

lomb yield surface on the meridian and π planes are 
depicted, thus elucidating the relationships between the 
Mohr–Coulomb yield surface, Rankine yield surface, Tresca 
yield surface, and Drucker-Prager yield surface.

3.2  Loading method and ultimate bearing 
capacity determination criterion

The fixed displacement ratio method, proposed by 
Bransby and Randolph (1997), is employed to apply load‐
ing to the anchor model. This method involves directly 
applying displacement loads in different directions at the 
anchor load application point to obtain the V-H load enve‐
lope. The displacement-load curve via finite element numeri‐
cal simulation, and the method for determining the ulti‐
mate bearing capacity proposed by Villalobos (2006) is 
employed. As demonstrated in Figure 5, tangents are 
derived at the onset of the elastic stage and the end of the 
plastic stage of the curve. The two tangents intersect at a 
point, and a horizontal line is drawn from this intersection 
to the curve. The intersection of the horizontal line and the 
curve is defined as the ultimate state of the anchor. The 
corresponding load at this point is referred to as the ulti‐
mate bearing capacity.

4  Analysis of the ultimate bearing characteristic 
under the mooring line failure condition

Presently, floating wind turbines are typically moored 
with 3-9 suction anchors. In the event of a mooring line 
failure due to breakage, the magnitude and direction of the 
loads on the remaining chains undergo a change. This 

Figure 4　Yield surface of the Mohr–Coulomb model

Figure 5　Determination criterion of ultimate bearing capacity

Figure 3　Finite element model
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change leads to alterations in the load direction at the 
mooring points on the anchors and affects their ultimate 
bearing capacity. To ascertain the bearing capacity of the 
anchors under mooring line failure conditions, it is 
assumed that the load on the mooring points of the remain‐
ing anchors is applied at angles of 15°, 30°, 45°, 60°, and 
75° relative to the vertical plane. Each load direction is 
horizontally deflected by 7.5°, 10°, 20°, 30°, 40°, and 60° 
from a reference direction.

Figure 6 presents a top-down view of the TACSA model 
for the two mooring types. Figure 6(a) illustrates the moor‐
ing configuration in which the mooring line is attached to 
a single primary anchor (designated as SPAM). This 
arrangement subdivides the TACSA model into a primary 
anchor and two auxiliary anchors. The auxiliary anchor 
located in proximity to the load deflection direction is des‐
ignated as “auxiliary anchor #1” while the one positioned 
distant from the load deflection direction is referred to as 
“auxiliary anchor #2”. Figure 6(b) illustrates the mooring 
configuration in which the mooring line is attached to two 
primary anchors (designated as DPAM). This configura‐
tion subdivides the TACSA model into two primary anchors 
and one auxiliary anchor. The primary anchor, situated in 
proximity to the load deflection direction, is designated as 
“primary anchor #1”, while the other primary anchor, posi‐
tioned away from the load deflection direction, is desig‐
nated as “primary anchor #2”. The dashed line arrow indi‐
cates the load direction of the anchor is under intact moor‐
ing line conditions, while the solid line arrow indicates the 
load direction of the anchor under the mooring line failure 
condition. In this context, θ denotes the load deflection angle.

4.1  Ultimate bearing capacity

In this section, loads are applied at the mooring point at 
angles of 15°, 30°, 45°, 60°, and 75° relative to the vertical 
plane. Each of these load directions is deflected horizon‐
tally by 7.5°, 10°, 20°, 30°, 40°, and 60°. The bearing capac‐
ity of the anchor is calculated via numerical simulation, 
and the results were compared with that when the deflec‐
tion angle θ is 0°. The relationship between the deflection 
angle θ and the bearing capacity is analyzed.

Figures 7 and 8 illustrate the displacement-load curves 
for the two mooring types, respectively. Plots representing 
various loading angles are included in each figure, with 
seven displacement-load curves per angle, one for each 
horizontal deflection angle. The ultimate bearing capacity 
of the TACSA under the 0° deflection angle is designated 
as Fmax, and the ultimate bearing capacity under the other 
deflection angles is designated as F, thus resulting in the 
normalized ultimate load curves. The results of the study 
are as follows: 1) With an increase in the deflection angle 
θ, the bearing capacity of the TACSA gradually decreases. 
2) When the deflection angle θ is no greater than 30°, the 
ratios of F to Fmax for both SPAM and DPAM are greater 

than 0.98. At this time, the deflection angle exerts minimal 
influence on the ultimate bearing capacity of the TACSA. 
3) When the deflection angle θ undergoes a change from 
40° to 60° , as shown in Figure 7(a), the force F changes 
from 0.94 Fmax to 0.84 Fmax, resulting in a substantial 
decrease in the ultimate bearing capacity for SPAM. Simi‐
larly, when the deflection angle θ varies from 40° to 60°, 
as shown in Figure 8(a), the force F changes from 0.96 Fmax 
to 0.92 Fmax, leading to a modest decrease in the ultimate 
bearing capacity for DPAM. 4) When the deflection angle 
is 60°, the ratios of F to Fmax for DPAM range from 0.92 to 
0.94, as shown in Figure 8, which is significantly higher 
than those for SPAM. Therefore, compared with SPAM, 
DPAM is advantageous in terms of resisting the torque 
load that is caused by the deflected mooring line.

4.2  Failure mode

4.2.1 Anchor displacement vectors
In this section, the load is applied at the mooring point 

at an angle of 15° from the vertical plane. The load direc‐
tion is subsequently deflected horizontally by 0°, 15°, 30°, 
45°, and 60°. As illustrated in Figures 9 and 10, these dia‐
grams are the anchor-soil displacement vector contour dia‐
grams. For SPAM, the mooring direction is aligned with 
the positive Y axis, and the loading direction rotates into 
the first quadrant when deviating from the original angle. 
For DPAM, the mooring direction is oriented along the 

Figure 6　Loading diagram of the TACSA model
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negative Y axis, and the loading direction rotates into the 
fourth quadrant when deviating from the original angle. As 
illustrated in Figure 9, the SPAM configuration secures the 
floating wind turbine. An increase in the deflection angle 
indicates an expansion of the anchor-soil gap on the left 
side of the primary anchor and the posterior side of the 
auxiliary anchor #2. As illustrated in Figure 10, for the 
DPAM, as the deflection angle increases, the X-direction 

force component increases, while the Y-direction force 
component decreases. Consequently, the anchor-soil sepa‐
ration gap on the left side of the auxiliary anchor and the 
primary anchor #2 expands. Comparing the displacement 
vectors of SPAM and DPAM reveals that the maximum 
displacement vector of DPAM is smaller than that of 
SPAM at deflection angles of 0° , 15° , 30° , and 45° . The 
TACSA with DPAM can distributes the load more uni‐

Figure 7　Displacement-load curves and normalized ultimate bearing 
capacity plots for SPAM

Figure 8　Displacement-load curves and normalized ultimate bearing 
capacity plots for DPAM
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Figure 9　Anchor displacement vector for SPAM Figure 10　Anchor displacement vector for DPAM
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formly across the structure, thereby resulting in smaller dis‐
placement vectors and offering enhanced resistance to loads.

In the event that two mooring types (SPAM and DPAM) 
bear substantial loads and gradually reach the ultimate failure 
state, the anchor body deflects at an angle away from its cen‐
tral axis. The deflection angles are presented in Table 2. In 
the ultimate state, a comparison of the anchor’s deflection 
angle of two mooring types reveals that the latter (DPAM) 
exhibits a lower degree of rotation and is more effective at 
resisting torque loads.

4.2.2 Soil equivalent plastic strain
In this section, the load is applied at the mooring point 

at an angle of 15° from the vertical plane, and the load 
direction is subsequently deflected horizontally by 0°, 15°, 
30°, 45°, and 60°. Figures 11 and 12 illustrate the soil equiva‐
lent plastic strain contour diagrams for the two mooring 
types. For SPAM, the mooring direction is aligned with 
the positive Y axis. For DPAM, the mooring direction is 
oriented along the negative Y axis. Furthermore, the load 
deflection direction rotates toward the positive X axis.

The results of the study are as follows: 1) For SPAM, 
when the deflection angle is 0°, the plastic failure area sur‐
rounding the primary anchor is distributed on both sides of 
the primary anchor. In contrast, the plastic failure area of 
the auxiliary anchor is located outside the auxiliary anchors. 
For DPAM, when the deflection angle is 0°, the plastic fail‐
ure area of the primary anchors is situated on the outer 
side of the primary anchors, while the plastic failure area 
of the auxiliary anchor is distributed on both sides of the 
auxiliary anchor. 2) An increase in the deflection angle 
results in a shift in the plastic failure region. When the 
deflection angle reaches 60° , plastic failure is primarily 
concentrated on the primary anchor and auxiliary anchor 
#2 for SPAM. Conversely, for DPAM, plastic failure is 
concentrated on the primary anchor #2. 3) For SPAM, 
when the deflection angle reaches 45° , a plastic failure 
area emerges between the primary anchor and auxiliary 
anchor #2, extending from the seabed surface to the anchor 
bottom. For DPAM, when the deflection angle reaches 60°, a 
similar phenomenon is observed, manifesting as a plastic 
failure area extending from the seabed surface to the anchor 
bottom. This area is situated between the two primary 
anchors. Soil plastic failure areas are defined as the contin‐
uous plastic zone that is formed when the soil plastic strain Figure 11　Equivalent plastic strain contour diagrams for SPAM

Table 2　Deflection angle of anchor away from central axis

Deflection angle from 
horizontal plane (°)

15

30

45

60

Angle deflection from center axis

SPAM (°)

0.39

0.84

1.34

1.61

DPAM (°)

0.47

0.69

1.06

1.48
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reaches a specific threshold under loading. It is a critical 
factor in ascertaining soil stability. Yang et al. (2019) pos‐
ited that the extent of the soil plastic zone should serve as 
the primary criterion for assessing instability, thereby sup‐
porting the notion that DPAM enhances stability. 4) As the 
anchor moves, the soil in the passive area around the 
anchors is compressed, resulting in an increase in earth 
pressure and equivalent plastic strain. A comparison between 
SPAM and DPAM reveals that when the deflection angle 
exceeds 30°, the soil plastic strain for DPAM is more pro‐
nounced. The correlation between the extent of equivalent 
plastic strain and the load-sharing ratio of soil which has 
been confirmed in the previous literature (Wu et al., 2025). 
This effect is known as the synergistic effect between 
anchor and soil. Consequently, DPAM exhibits a higher 
loading-bearing capacity.

5  Conclusion

The present study proposes a novel TACSA structure 
and two mooring types (SPAM and DPAM). The primary 
conclusions drawn from this analysis are as follows:

As the deflection angle increases, the bearing capacity 
of the TACSA decreases gradually. Notably, variations in 
the deflection angle exert minimal influence on the 
TACSA’s ultimate bearing capacity when the deflection 
angle does not exceed 30° . However, as the deflection 
angle increases from 40° to 60°, the ultimate bearing capac‐
ity of SPAM decreases significantly, whereas that of DPAM 
only decreases slightly. It has been demonstrated that the 
ultimate bearing capacity of the latter is significantly higher 
than that of SPAM when the deflection angle is 60°. Conse‐
quently, DPAM exhibits superior resistance to torque loads 
induced by mooring line deflection relative to SPAM.

As the deflection angle increases, the anchor-soil separa‐
tion gap on the left side of the primary anchor and on the 
back side of the auxiliary anchor #2 expands for SPAM. 
Conversely, for DPAM, the anchor-soil separation gap on 
the auxiliary anchor and on the left side of the primary 
anchor #2 expands progressively. A comparison of the dis‐
placement vectors of two mooring types reveals that the 
maximum displacement vector of DPAM is smaller than 
that of SPAM at deflection angles of 0°, 15°, 30°, and 45°. 
DPAM thus achieves smaller displacement magnitudes 
and offers greater advantages for load resistance. Addition‐
ally, a comparison of the anchor deflection angles of the 
two mooring types reveals that DPAM undergoes less rota‐
tional displacement, thereby exhibiting a superior torque 
loads resistance capacity.

For SPAM, when the deflection angle is 0° , the plastic 
failure area surrounding the primary anchor is distributed 
on both sides of the anchor. In contrast, the plastic failure 
area of the auxiliary anchor is situated on the outer side of Figure 12　Equivalent plastic strain contour diagrams for DPAM
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the anchor. For DPAM, the distribution of plastic failure 
areas are differs from that of SPAM. As the deflection 
angle increases, the plastic failure area undergoes a corre‐
sponding movement. At a deflection angle of 60°, the plas‐
tic failure in SPAM is primarily concentrated on the pri‐
mary anchor and auxiliary anchor #2, while the plastic fail‐
ure in DPAM is concentrated on the primary anchor #2. 
For SPAM, the plastic failure areas emerge when the 
deflection angle reaches 45°; for DPAM, the plastic failure 
area occurs when the deflection angle reaches 60°. Conse‐
quently, DPAM exhibits superior stability under mooring 
line failure conditions. As the anchor moves, the soil in the 
passive area is compressed, resulting in an increase in 
earth pressure and equivalent plastic strain. A comparison 
between SPAM and DPAM reveals that when the deflec‐
tion angle exceeds 30°, the soil plastic strain in DPAM is 
more pronounced. This leads to an optimal synergistic 
effect between anchor and soil. Consequently, DPAM dem‐
onstrates a higher load-bearing capacity.
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