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ABSTRACT:  This paper evaluates the performance of the novel dynamically installed maverick anchor. A series of 

systematic large deformation finite element (LDFE) analyses were conducted to investigate the tip embedment depth during 

dynamic installation, and diving potential and capacity under operational inclined monotonic loading in clay with undrained 

shear strength profile typical for the Gulf of Mexico seabed sediments. The results for the maverick anchor were compared 

with the reported data for the dynamically installed OMNI-Max and fish anchors. The relatively smaller maverick anchor 

achieved deeper embedment depth during installation, indicated earlier diving under inclined loading, and exhibited higher 

capacity. These findings were further confirmed through geotechnical centrifuge testing in calcareous silt, promising the 

improved performance of the maverick anchor.  
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1 INTRODUCTION 

Offshore industries are dedicating significant efforts 

for developing cost-effective anchoring solutions for 

mooring floating units such as wind turbines, wave 

energy converters, solar panels. This is critical for 
developing offshore floating renewable energy farms 

because, for instance, (i) 16,000 anchors/year will be 

required to install for mooring the projected 133,333 
floating wind turbines (Cerfontaine et al., 2023); and 

(ii) a 1 GW offshore wind farm requires installation 

of 200 anchors over 250 km2 seabed area for 
supporting 67 turbines of 15 MW each. Dynamically 

installed anchors can be a potential cost-effective 

anchor solution due to their quick and efficient 

installation process, requiring no external energy 
source (Medeiros, 2004; O'Loughlin et al., 2015). 

Dynamically installed anchors are deployed by 

freefalling through the water column from a specified 

drop height (ℎ!) above the seabed. During this 

descent, the anchor gains kinetic energy, which 

drives the anchor to impact the seabed with an impact 

velocity, 𝑣" (referred to as stage 1 in Fig. 1). The 
gained kinetic energy and submerged weight enable 

the anchor to embed into the soil until it reaches the 

force equilibrium or final embedment depth (𝑑#,%), as 

depicted in stage 2 of Fig. 1. Under operational 

loadings, the anchor key into position and then either 
pull out or dive deeper into the soil (stage 3). 

 
Figure 1. Typical phases of dynamical installed anchors 

during installation and loading. 
 

Several new shapes have been proposed for 

dynamcially installed anchors including OMNI-Max 
with a booster (Liu et al., 2018), fish (Chang et al., 

2019), and ring finned gravity installed anchor (Sun 

and Liu, 2022). Recently, Bae et al. (2024a) 
introduced the maverick anchor optimising the 

geometry, length, and mass. 

This paper investigates the geotechnical 

performance of the maverick anchor (𝑑#,%, diving 

potential, and capacity under inclined loading) 

through large deformation finite element (LDFE) 
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analyses using the CEL approach in ABAQUS. The 
findings were confirmed through geotechnical 

centrifuge testing. 

2 OPTIMISATION OF SHAPE 

The shape and size of the maverick anchor were 

optimised through systematic geotechnical numerical 
analyses for stages 2 - 3 (Fig. 1) to achieve deeper 

embedment depth and ensure diving upon loading 

and higher capacity; and computational fluid 
dynamics analyses and freefall testing in water for 

stage 1 to ensure verticality and lower drag 

coefficient (Bae et al., 2023, 2024a). The 
specifications are given in Table 1 and Fig. 2. The 

maverick anchor has a smaller length (𝐿& = 8 m) 

compared to the existing dynamically installed 

anchors. The submerged weight of the anchor (𝑊') is 
508 kN. This compact size (8 m long) will facilitate 

convenient transportation of multiple anchors by a 

single vessel trip to the targeted locations or sites. 
 

 
Figure 2. Geometry of maverick anchor (Bae et al., 

2024a). 
 

Table 1. Specifications of maverick anchor 

Description Symbol Value Unit 

Submerged weight 𝑊!  508 kN 

Frontal projected area 𝐴"  2.29 𝑚#  

Lateral projected area 𝐴",%  17.54 𝑚#  

Surface area 𝐴!  67.86 m2 

Total length 𝐿&  8.00 m 

Equivalent diameter 𝐷"  1.73 m 

Front shaft diameter 𝐷&'  1.20 m 

Trailing shaft diameter 𝐷&#  0.40 m 

Fin thickness 𝑡(  0.15 m 

Padeye thickness 𝑡)  0.20 m 

Tip angle 𝛼*+)  33.4 °  
Padeye offset ratio 𝜂)  0.38 / 0.62  

 

A narrow conical tip angle of 33.4° was selected 

to achieve a faster freefall velocity and deeper 𝑑#,%. 
The maverick anchor features a sloped shaft body 

with a diameter ratio of 𝐷&( 𝐷&)⁄  = 3, designed to 

reduce the interface frictional resistance between the 

anchor body and the surrounding soil. The shaft was 

designed to be filled with concrete, scrap chain, and 
steel grit to achieve an optimal balance between 

performance and cost.  

Two trapezoidal main fins were attached near the 
centroid of the anchor to ensure diving potential 

under pullout loads and to enhance pullout resistance. 

Additionally, four trapezoidal trailing fins were 
incorporated at the tail side of the anchor to provide 

stability during freefall in water and soil, as well as 

to augment diving potential. These fins were 

designed for on-site assembly, by sliding through the 
slots on the shaft, which is expected to enhance 

transport efficiency and simplify manufacturing. 

The padeye offset ratio, 𝜂) =	𝑒) 𝑒,⁄  = 0.38 (for the 

numerical analyses) and 0.62 (for the model tests) 

were selected to ensure diving upon loading. 

3 INVESTIGATION OF PERFORMANCE 

3.1 Finite element modelling 

Three-dimensional LDFE analyses were performed 
using ABAQUS/CEL. Four installations and two 

loading cases are presented (Table 2), varying 𝑣" and 

𝜃-. An undrained shear strength profile of 𝑠*,+#, = 2.4 

+ 1.1z kPa was considered because (i) typically found 

in the Gulf of Mexico, and (ii) for comparing with 
existing LDFE results for the OMNI-Max and fish 

anchors under identical soil strength conditions. 
 

Table 2. Numerical analyses presented  

Test No. 𝒔𝒖,𝒓𝒆𝒇: kPa 𝒗𝒊: m/s 𝜽𝒂: ° 
Group I 

(Installation) 

1 2.4 + 1.1z 12 - 

2 19 

3 25 

4 34 

Group II 

(Loading) 

1 2.4 + 1.1z 19 30 

2 45 

3.1.1 Installation 

Considering the symmetry of the problem, only a half 

anchor and soil domain were modelled for 

computational efficiency. Dynamic installation of the 
anchors in clay is completed in undrained conditions. 

The soil was thus modelled as an elastic-perfectly 

plastic material obeying a Tresca yield criterion, but 
extended to capture soil strain rate and softening 

effects (Einav and Randolph, 2015) through the 

subroutine VUSDFLD as:  
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𝑠4 =	 34 5̇

5̇!"#
576	7𝛿89: + (1 −	𝛿89:)𝑒;<= =$%⁄ 	>𝑠4,89(	  (1) 

 

The elastic behaviour was defined by a Poisson’s 

ratio of 0.49 and Young‘s  modulus of 500𝑠*. The 

used values for each parameter are summarised in 
Table 3.  
 

Table 3. Soil properties used in numerical analyses 

Parameter Value 

Effective unit weight, 𝛾!? 6 kN/m3 

Young’s modulus, E 500 𝑠4  

Poisson’s ratio, n 0.49 

Reference soil strength, 𝑠4,89( 2.4 + 1.1z kPa 

Reference shear strain rate, 𝛾̇89( 

(for penetration and pullout) 

0.1 s-1 and 0.015 h-1 

Strain rate parameters, 𝛽 and 𝜇 0.05 and 0.1 

Plastic shear strain for 95% 

remoulding, 𝜉@A 

20 

Fully remoulded ratio, 𝛿89: 0.33 

Friction factor, 𝛼 0.33 
 

The anchor was modelled as a rigid body with 

typical steel density of 68 kN/m3. The anchor was 

located on the soil surface with an initial velocity 

(𝑣"), allowing movement only in vertical direction. 

Anchor-soil interface friction was modelled using the 

recently developed algorithm INFA (Bae et al., 

2024b). The LDFE model including INFA was 
validated against field data for the T98 and OMNI-

Max anchors (Bae et al., 2024b).  

3.1.2 Loading 

Loading analyses were performed using the restart 

technique in ABAQUS/CEL (Kim et al., 2018). A 
load was applied at the padeye with inclination to the 

horizontal (𝜃-) of 30° and 45°.  
For quasi-static loading, strain rate and softening 

effects were captured by using a logarithmic 

expression as (Kim et al., 2018): 
 

𝑠! =	$1 + 	𝜇log + "̇

"̇!"#
,-	.𝛿𝑟𝑒𝑚 + (1 −	𝛿𝑟𝑒𝑚)𝑒−3𝜉 𝜉95⁄

	1𝑠𝑢,𝑟𝑒𝑓     (2) 

 

Instead of strain rate parameter b in Equation 1, 𝜇 

was used in Equation 2. Anchor-soil interface was 

modelled using the general contact algorithm with 

penalty friction formulation. A shear stress limit of 

𝜏.-/ = 	𝛼𝑠* was specified, as was determined from 

the final tip embedment depth obtained in the 

installation analysis. 

3.2 Geotechnical centrifuge testing 

A geotechnical centrifuge test was performed at 100g 

in a beam centrifuge at the University of Western 
Australia. The aim was to confirm the performance 

of the maverick anchor. The test was performed in 
calcareous silt. The sample was produced through in-

flight consolidation at 100g. Table 4 summarises 

properties of the calcareous silt. 
 
Table 4. Properties of calcareous silt used in centrifgue 

test  

Parameter Value 

Mean diameter, 𝑑AB 0.001𝑚 

Carbonate content 73.29% 

Specific gravity, 𝐺! 2.71 

Liquid limit, LL 67% 

Plastic limit, PL 39% 
 

A 1:100 scale model anchor was manufactured 

from stainless steel. Two micro-electro-mechanical 
system (MEMS) accelerometers were installed in the 

model anchor body along the z (vertical) and x 

(horizontal) directions to track the trajectory of the 

anchor upon loading (O’Loughlin et al., 2014; Chang 
et al., 2019).  

Fig. 3 illustrates the setup of the centrifuge test. 

The anchor attached with a loading chain at the 
padeye was suspended in the launcher guide at a 

targeted drop height (ℎ! = 300 mm). The package 

was spun at 100g, and the anchor was released 
burning the release cord using a resistor (see Fig. 3). 

The impact velocity, 𝑣", was measured using the (i) 

photoemitter-receiver systems (PERPs) set with the 

launcher guide close to the exit end or soil surface, 
and (ii) the z-directional MEMS accelerometer. 

Subsequently, a vertical actuator was mounted on the 

box and the loading chain was connected to a load 
cell attached with the actuator. A loading angle was 

set at 𝜃- = 21° by using a pulley. The anchor was then 

loaded at constant rate of 1.0 mm/s to ensure 

undrained conditions. 
 

 
Figure 3. Schematic diagram of centrifuge test setup.  
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4 PEFORMANCE OF MAVERICK 

ANCHOR 

4.1 Final embedment depth: numerical results 

LDFE results for the final embedment depth of the 

maverick anchor are illustrated in Fig. 4, comparing 
with the published LDFE results for the OMNI-Max 

and fish anchors. Since the anchors’ mass, impact 

velocity, and soil strength; all were different, a 

modified energy equation (Kim et al., 2018) was 
used. The relationship between the normalised 

embedment depth (𝑑9,*/𝐷") and energy 

(𝐸*C*-% 𝑘9((𝐴D𝐷"#⁄ ) was expressed as  
 

!%,'

0(
= 	𝑞 1 1')'*+

2%,,&-0(
.2
+

                                  (3) 

 

in which 𝑘9(( = I𝑠4:,89( + 𝑘𝑑9,*J 𝑑9,*K  (𝑠4:,89( is the 

strength intercept at the mudline and k is the strength 

gradient with depth). Total energy 𝐸%3%-4 was 

calculated by summing the kinematic energy of the 
anchor at the mudline (1 2⁄ 𝑚𝑣+#) and the potential 

energy released as it penetrated the seabed (𝑚?𝑔𝑑9,*). 
 

 
Figure 4. Comparison of normalised final embedment 

depth based on modified energy method. 

 
The normalised tip embedment depths for the 

maverick anchor (𝑑#,% 𝐷5⁄ ) was around 17% deeper 

(q = 2.64, r = 0.40 in Equation 3) compared to those 

for the OMNI-Max and fish anchor (q = 2.46, r = 

0.37). This improved penetration performance is 
attributed to the reduced anchor-soil interface 

frictional resistance due to the sloped shaft.  

4.2 Diving potential: numerical results 

Fig. 5 compares the trajectories of the OMNI-Max, 

fish, and maverick anchors upon monotonic loading 

at 𝜃- = 30° and 45°. The trajectories were tracked at 

the gravity centroid of the anchor and plotted as 

normalised loss of embedment depth Δ𝑧 𝐿&⁄  against 

normalised horizontal displacement Δ𝑥 𝐿&⁄ .  
 

 
Figure 5. Trajectories under inclined monotonic loading. 

 

For 𝜃- = 30° loading, all anchors dove after 
experiencing a loss of embedment depth. The OMNI-

Max anchor achieved the largest normalised loss of 

embedment depth of Δ𝑧 𝐿&⁄  = 0.42. The fish and 

maverick anchors showed similar loss of embedment 
(Δ𝑧 𝐿&⁄  ~ 0.3). However, the maverick anchor 

demonstrated an earlier recovery to the initial 

embedment depth, reaching it at Δ𝑥 𝐿&⁄  ~ 0.8, 
compared to Δ𝑥 𝐿&⁄  > 1 for the fish anchor.  

For 𝜃- = 45° loading, the OMNI-Max and fish 

anchors pulled out of the seabed without exhibiting 

any diving potential. In contrast, the maverick anchor 

dove despite of the higher embedment loss of Δ𝑧 𝐿&⁄  

= 0.74.    

4.3 Applied load: numerical results 

The load applied (𝑇6) on the anchors is compared in 

Fig. 6, as there was no reaction force in the load-

controlled FE analysis. Since the weight of the 

anchors submerged in water (𝑊7)  and local soil 

strengths (𝑠*,+#,) were different,  normalised net 

applied load (𝑇8#% 𝐴6,4𝑠*,+#,,-9#⁄ ) was plotted as a 

function of normalised drag distance Δ𝑢 𝐿&⁄ ; where  

𝑇8#% = 𝑇6	−	𝑊7,  𝐴6,4 is the anchor lateral projected 
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area, and 𝑠*,+#,,-9# is the averaged 𝑠*,+#, over the 

projected anchor length at 𝑑#,%.  
For 𝜃- = 30° with diving after keying and loss of 

embedment, 𝑇8#% 𝐴6,4𝑠*,+#,,-9#⁄ kept increasing with 

increasing Δ𝑢 𝐿&⁄ . This confirmed again that the 

anchors dove. The OMNI-Max anchor showed a 

lower 𝑇8#% 𝐴6,4𝑠*,+#,,-9#⁄  compared to the maverick 

and fish anchors. Although the maverick and fish 

anchors achieved similar 𝑇8#% 𝐴6,4𝑠*,+#,,-9#⁄  against 

Δ𝑢 𝐿&⁄ , the volume of the maverick anchor (= 7.56 

m3) was approximately half of that of the fish anchor, 

highlighting cost saving in terms of material usage.  
 

 

Figure 6. Capacity under inclined monotonic loading. 

4.4 Geotechnical centrifuge test result 

A characterisation test was carried out in-flight using 

a model T-bar, giving 𝑠*,+#, = 2.1-2.2z kPa. Fig. 7 

presents the performance of the maverick anchor in 

terms of diving behaviour and capacity under 

inclined loading (𝜃- = 21°) in calcareous silt. The 
result is compared with the published centrifuge test 

data for the fish anchor (𝜃- = 23°; Chang et al., 2019). 

For effective comparison, net capacity was calculated 

as	𝐹8#% = 𝐹	−	𝑊', normalised as 𝐹8#% 𝐴6,4𝑠*,:;<,-9#⁄ , 

and plotted as a function of normalised drag distance Δ𝑢 𝐿&⁄ . 

Under loading at similar inclinations of 𝜃- = 21° 

and 23°, the form of the load-resistance profiles for 

two anchors are consistent. The profiles showed two 

peaks, with the capacity at the 2nd peak was greater 
than that at the 1st peak. The 1st peak followed by a 

drop in resistance was associated with keying 

(rotation and translation) of the anchors. Subsequent 

rise in resistance and formation of the significant 2nd 
peak were caused by the diving of the anchors in the 

soil deposits with strength increasing with depth. 

Note, the sudden drop in resistance at the 2nd peak 
stage was due to a ramp down of the centrifuge as the 

range of the vertical actuator ran out of stroke.  

For the maverick anchor, the normalised capacity 
at the 1st peak was 12% lower (8.47 vs 9.45), but that 

at the 2nd peak was 37% higher (13.93 vs 10.17) 

compared to the fish anchor. Additionally, the 

maverick anchor exhibited a rapid increase in 
capacity after diving, which will allow it to hold 

floating facilities effectively creating a relatively 

smaller seabed footprint. 
 

 
Figure 7. Centrifuge test result and comparison with existing data on fish anchor.  
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5 CONCLUDING REMARKS 

This paper examined the performance of the recently 

introduced dynamically installed maverick anchor 
through large deformation finite element analyses in 

clay and a centrifuge model test in calcareous silt.  

The results showed that the normalised tip 

embedment of the maverick anchor in clay was 17% 
deeper compared to that of the OMNI-Max and fish 

anchors. For clay, the normalised capacity of the 

maverick anchor was higher than that of the OMNI-
Max anchor, but similar to that of the fish anchor 

although the volume of the maverick anchor was 

approximately half of that of the fish anchor, 
highlighting cost saving in terms of material usage.  

For calcareous silt, anchor diving under inclined 

loading angle of 𝜃- = 21° and 23°	was indicated by 

the formation of two peaks in the resistance profile, 

with the capacity at the 2nd peak was remarkably 

higher than that at the 1st peak. The capacity of the 
maverick anchor (at the 2nd peak) was 37% higher 

than that of the fish anchor. 

Although this study has focused on the 
performance of the maverick anchor in clay and 

calcareous silt, the deep embedment and improved 

diving behaviour are expected to persist in sandy or 
layered seabeds, as were reported for the the fish 

anchor (Kim et al., 2019; Choo et al., 2022). 
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