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ABSTRACT: This paper presents a comparison of the cyclic behaviour of offshore screw anchors for various soils using 

the Simplified UnDrained Cyclic Accumulation Model (UDCAM-S). In producing the required stress-strain contours for 

UDCAM-S, a new correction procedure proposed in previous research with reference to a database of Drammen clay is 

followed and performed on Gulf of Mexico clay, the results of which are compared with the physical soil test results of the 

same clay. Stress-strain contours are also constructed for a Kaolin clay following the same procedure. Thereafter, modelling 

of the screw anchor is performed using the finite element method to investigate its pull-out capacity under cyclic tension, 

for each of the selected clays. Based on a chosen failure criterion, the bearing capacity is determined and normalised. 

According to the stress-displacement curves of the simulated screw anchor for each given clay, the validity of the correction 

procedure is investigated by comparing the corrected and experimental test results, and the effects of plasticity index are 

assessed to determine the associated impact on the anchor cyclic behaviour. 

RÉSUMÉ: Cet article présente une comparaison du comportement cyclique des ancrages à vis offshore pour divers sols 

grâce à l'utilisation du modèle d'accumulation cyclique simplifié non drainé (UDCAM-S). Lors de la production des contours 

contrainte-déformation requis pour UDCAM-S, une nouvelle procédure de correction proposée dans des recherches 

antérieures en référence à une base de données d'argile de Drammen est suivie et réalisée sur l'argile du Golfe du Mexique, 

dont les résultats sont comparés avec le sol physique. Résultats des tests de la même argile. Des contours contrainte-

déformation sont également construits pour une argile Kaolin en suivant la même procédure. Par la suite, une modélisation 

de la cheville à vis est réalisée par la méthode des éléments finis afin d'étudier sa capacité d'arrachement sous tension 

cyclique, pour chacune des argiles sélectionnées. Sur la base d'un critère de rupture choisi, la capacité portante sous 

contrainte de rupture est déterminée et normalisée. Selon les courbes contrainte-déplacement de la vis d'ancrage simulée 

pour chaque argile donnée, la validité de la procédure de correction est étudiée en comparant les résultats des tests corrigés 

et expérimentaux, et les effets de l'indice de plasticité sont évalués pour déterminer l'impact du cycle sur le comportement 

de l'ancrage. 
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1 INTRODUCTION 

Offshore screw anchors are becoming more common 

in offshore energy production because of their obvious 

advantages due to the low costs of installation. These 

ground anchor systems are often fixed to the seabed, 

which is saturated. In the case of offshore clays, for 

example, their behaviour is assumed to be undrained 

(Andersen, 2015), because the excess pore water 

pressures are not able to dissipate with the fast 

progression of load cycles. Cyclic shear stresses 

trigger the accumulation of pore pressure due to the 

compressive behaviour of the clay in shearing (Rasch, 

2016). 

To better understand the behaviour of such clays, a 

cyclic constitutive soil model named the Simplified 

UnDrained Cyclic Accumulation Model (UDCAM-S) 

is used in this project. While UnDrained Cyclic 

Accumulation Model (UDCAM) requires less 

modelling time due to its ability to model soil cyclic 

degradation without modelling individual cycles, 

UDCAM-S is a simplified model that can put the 

sophisticated UDCAM into practical applications 

(Rasch, 2016). In the modelling of this research, 

UDCAM-S serves as the constitutive model using the 

Finite Element Method (FEM). 

The equivalent number of cycles at failure (Neq) is 

determined by pore pressure accumulation or strain 
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accumulation (Andersen, 2015). To obtain the 

necessary input clay parameters for UDCAM-S, the 

results of relevant cyclic tests such as Direct Simple 

Shear (DSS), Triaxial Compression (TXC), and 

Triaxial Extension (TXE) are required. 

To compare the effects of different clay parameters 

on the cyclic behaviour of offshore screw anchors, this 

project presents several offshore clays for comparison 

based on the differences in plasticity index (Ip) and 

undrained shear strength (su), with reference to a 

procedure proposed by Andersen et al. (2023) for 

establishing cyclic parameters for clays from a 

database of Drammen clay. 

2 DATA SOURCE 

Three offshore clays are chosen for comparison, 

namely Drammen clay, Kaolin clay, and Gulf of 

Mexico (GoM) clay, which have different values of Ip 

and su. Drammen clay is treated as the principal clay 

given the calibration procedure (Andersen et al. 2023) 

is largely based on the database of stress-strain 

contours of Drammen clay, which were determined 

using a procedure that assumed the pore pressure at the 

start of each load cycle was equal to that at the end of 

the previous cycle (Andersen, 2015). Cyclic DSS test 

results of GoM clay are available from a previous 

study (Liedtke et al., 2019), allowing comparison with 

the calibration procedure. 

Table 1 gives a summary of the properties of the 

selected clays in this research. Drammen clay has the 

lowest Ip, given by Andersen et al. (1988, 2023). GoM 

clay has the largest Ip, given by Liedtke et al. (2019). 

The Ip and su
C values of Kaolin clay are based on 

previous simple shear test results (Huang B. et al., 

2023) and research (Zografou, 2018), respectively.  

 
Table 1. Properties of the selection of offshore clays. 

Clay Ip 
Undrained compressive shear 

strength (suC, kPa) 
Drammen 27 126.5 

Kaolin 34 30.0 

GoM 47 31.2 

3 METHODOLOGY 

The numerical simulations were performed using the 

FEM with PLAXIS 2D (Bentley Systems, 2021). As 

for the other two clays in comparison with Drammen 

clay, some extra steps are taken to determine their 

corresponding stress-strain contours for UDCAM-S. 

The procedure to develop relevant soil contours for 

UDCAM-S (Andersen et al., 2023) is specified below. 

• Determine the equivalent over-consolidation 

ratio (OCR) of the specified clay for Drammen 

clay given the measured normalised monotonic 

: 

 

where suD/σ’ref is the normalised monotonic DSS 

strength and m is a laboratory test-specific 

constant. 

• From the database of Drammen clay contour 

diagrams for OCR of 1, 4 and 40 (Andersen et 

al., 1988), determine which of the three values 

is the closest to the previously determined 

equivalent OCR. 

• Correct the Drammen clay contour diagrams 

using the correction factor calculated below: 

 

where, FIp is the plasticity index correction 

factor, and Ip is the plasticity index of the 

specified clay. 

The correction is performed by dividing the 

shear strains on the vertical axis of the contour 

diagrams by the correction factor. 

To identify the impact of clay properties on the 

cyclic behaviour of offshore screw anchors, an 

axisymmetric FEM model has been developed in 

PLAXIS 2D to simulate the cyclic pull-out behaviour 

of a 3-helix screw anchor in each of the selected 

offshore clays. 

Figure 1(a) shows the geometry of the offshore 

screw anchor, in which B is the helical diameter (equal 

for all helices), D is the shaft length from the top helix 

to the top of the anchor, t is the thickness of each helix 

(equal for all helices), S is the spacing between helices 

(equal for all helices), d is the shaft diameter, y is the 

distance from the bottom of the bottom helix to the 

bottom of the anchor. Figure 1(b) presents the 

geometry of the axisymmetric FEM model in PLAXIS 

2D. The simulated screw anchor has a helix diameter 

of 0.5 m and a shaft length of 2 m. 
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 (a) (b) 

Figure 1. (a)Screw anchor geometry; (b)model geometry. 

4 RESULTS 

4.1 Stress-strain contours 

Using Equation 1, the closest OCR value of Drammen 

clay for both GoM and Kaolin clays is 1, which is the 

reference OCR for this research and determines the 

corresponding stress-strain contours of Drammen clay 

in the database for the subsequent correction. 

Comparison of stress-strain contour diagrams 

between Drammen and the other two offshore clays is 

given in Figure 2. The presented stress-strain contours 

correspond to an Neq of 10, assuming an isotropic soil 

behaviour. 

 

 
Figure 2. comparison of stress-strain contours between 

Drammen clay and factor corrected clays. 

The original contour diagrams in the database have 

the average and cyclic shear stresses normalised by 

undrained DSS shear strength (su
DSS) (Andersen et al. 

1988). In PLAXIS 2D, shear stresses are normalised 

by undrained compressive shear strength (su
C) for the 

cyclic accumulation calculations in UDCAM-S. 

Therefore, the original contour diagrams from the data 

base have to be converted for modelling in PLAXIS 

2D. According to the laboratory test results, the ratio 

of su
DSS to su

C is 0.664, which has been applied when 

constructing stress-strain contours of Drammen clay. 

The correction procedure proposed by Andersen et 

al. (2023) only applies the correction on the vertical 

axis of the stress-strain contours, which is the cyclic 

shear stress normalised by su
C. An alternative approach 

is specified in the procedure to perform the correction 

by applying two other factors on the derived stress-

strain curves from the contours. In this research, 

however, correction has been performed using the 

correction factor in Equation 2 only. As Ip increases, 

the horizontal contour lines are shifted upwards, 

dragging the vertical contour lines slightly rightwards. 

Since cyclic soil test results are available for GoM 

clay (Liedtke et al. 2019), the experimental stress-

strain contours are provided with the factor corrected 

contours in Figure 3. Similarly, the original contour 

diagrams are based on cyclic DSS tests and the shear 

stresses normalised by su
DSS. Given the monotonic 

DSS and triaxial test results on GoM clay, the ratio of 

su
DSS to su

C is 0.8774, which has been applied when 

constructing the stress-strain contours of GoM clay 

(from cyclic DSS tests) in Figure 3. 

 

 
Figure 3. comparison of stress-strain contours between 

GoM clay based on cyclic DSS tests and factor corrected 

GoM clay. 

As shown in Figure 3, there are obvious differences 

between the two sets of contours of GoM clay ranging 

from 10% to 25%.  

One possible reason for such differences is that the 

corrected stress-strain contours of GoM clay are 

corrected with FIp given in Equation 2 only. As 

mentioned previously, the alternative correction 

approach using two other factors is not adopted in this 

research. Although there is this alternative option, it is 

applied to the derived stress-strain curves or calculated 

load-displacement curves. As a result, the stress-strain 

contours will still not reflect any differences directly, 

even if the alternative approach has been used instead. 

Another possible explanation for the differences in 

contours in Figure 3 is that the determined ratio of su
DSS 

to su
C of 0.8774 is based on the trendlines drawn on the 

corresponding normalised shear strength scatter plots 

with an assumed ratio of vertical consolidation stress 
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to atmospheric pressure of 1. Considering that the 

trendlines cannot fully represent the scattered data 

points, the calculated ratio of su
DSS to su

C is, therefore 

not totally accurate. 

4.2 FEM simulations 

The stress-strain contours for each of the selected clays 

are inputed into PLAXIS 2D for modelling the cyclic 

uplift behaviour of the simulated screw anchor. The 

“total analysis” of UDCAM-S deals with ultimate limit 

state calculations for bearing capacity (Rasch, 2016) 

and is thus considered in this research. 

With force captured at the displacement (s) 

corresponding to 10% of the helix diameter (B), the 

bearing capacity (q0.1) is calculated by dividing the 

force by the helix area, then normalised by undrained 

compressive shear strength. As seen in Figure 4, the 

normalised stress (q/su
C) curves of the simulated screw 

anchor in each of the four cases only have minimal 

differences. Considering only the factor corrected 

clays and Drammen clay, the slope of the normalised 

stress curve is the greatest for GoM clay and the 

smallest for Drammen clay, with Kaolin in the middle, 

at displacements below 2% of the helical diameter. 

This is in line with the order of their Ip values, 

suggesting that the stiffness of the clay increases with 

increasing Ip. 

 

 
Figure 4. stress-displacement curves of the simulated screw 

anchor in each of the three offshore clays. 

Comparing the actual values of normalised bearing 

capacity for the factor corrected GoM clay and the 

GoM clay from cyclic DSS test results in Table 2, it 

can be seen that q0.1/su
C for these two cases differs by 

4.8%. Although there are large differences in their 

stress-strain contours, the small difference in 

normalised bearing capacity suggests that the 

correction procedure proposed above is applicable, 

producing comparable results with the same clay based 

on cyclic soil test results. 
 

Table 2. Normalised bearing capacity in each of the 

offshore clays. 

Clay q0.1/suC 
Drammen 19.77 

Kaolin (factor corrected) 19.54 

GoM (factor corrected) 20.19 

GoM (cyclic DSS tests) 19.22 

5 CONCLUSION 

The results of the FEM simulation suggest that the clay 

stiffness increases with increasing Ip, and that the 

correction approach can produce results comparable 

with those based on experimental soil test results. 
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