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1 CONCLUSIVE SUMMARY 
Det Norske Veritas, Structural Integrity and Laboratories, has  performed independent finite 
element analysis and evaluated the fatigue strength of a 11300 kN Balltec anchor connector. 

The report includes: 
• Finite element analyses of the anchor connector in order to determine the stresses as a 

function of applied load 
• Calculation of fatigue strength based on stress and a given load spectrum 
 
 
The geometry of the models are based on the following drawings: 
Balltec drawing no. 525123 rev. A, Female Receptacle, 20/09/2004 
Balltec drawing no. 525127 rev. A, Mandrel, 20/09/2004 
Balltec drawing no. 525126 rev. A, Mandrel Pin, 20/09/2004 
Balltec drawing no. 525124 rev. A, Receptaclel Pin, 20/09/2004 
Balltec drawing no. 525125 rev. A, Clevis Nut, 20/09/2004 
 
It is concluded that the design fatigue capacity of mandrel and receptacle is acceptable to meets 
the requirements given in DNV Offshore Standard DNV-OS-E301 Position Mooring and API 
recommended practice API RP 2SK (ref. /1/ and /2/). 
To qualify the Balltec mooring anchor according to the DNV Rules, the requirements given in 
“DNV Certification Note 2.6, Certification of offshore mooring chain” (ref. /5/) are governing. 
In case the mooring anchor connector is used for applications/areas with a more severe load 
spectrum than applied in this report, additional fatigue assessments are required. 
 

2 FINITE ELEMENT ANALYSIS 

2.1 Introduction 
Finite element analyses (FEA) were carried out to determine the stresses in the anchor connector 
for a static load of 10 000 kN. The stresses are assumed to vary linearly within the mooring line 
load. 

2.2 Finite Element model 
Geometry 
The diameters of the “elliptical” loading eye is 130 mm x 160 mm. The pin is represented by an 
“elliptical” 128 mm x 158 mm diameter steel bolt. The geometry of the mandrel and receptacle is 
shown in Figure 2-1 and Figure 2-2. 
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Mandrel pin 

 
Figure 2-1 Geometry of a quarter model and boundary conditions of the mandrel. 
 

Receptacle  pin 

 
Figure 2-2 Geometry of a quarter model of the receptacle. 
 

 

The interference between the loading eye and the pin surface was represented by contact 
elements. The initial gap is 1 mm between the loading eye and the pin. The mandrel and the 
receptacle can move 1 mm before contact is established against the pin, see .  Figure 2-3
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Figure 2-3. Initial 1 mm gap between pin and mandrel/receptacle. 
 

 

Software 
The finite element model, analysis and post processing is performed by the software I-DEAS 
version 10 NX. 

 

Boundary conditions 
The boundary conditions were specified as shown in Figure 2-4: 
• The model has two symmetry planes and a quarter FE model is sufficient to represent the 

complete mandrel and receptacle 
• The shackle pin is locked in position by its end-surface. The interference between the shackle 

pin and the loading eye is modelled as a contact surface with zero friction.  

 

Figure 2-4   FE-model, showing mesh and boundary c

 

Symmetry boundary conditions
on symmetry surfaces 
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Figure 2-5   FE-model, showing mesh and boundar

 
 
Loading 

A load of 2 500 kN is applied on the quarter model. A
and stresses in the anchor connector is assumed. The o
contact surfaces between the pin and loading eye. This
the linearity of ratio between the considered load and s

The ball locking device presses the balls outwards, giv

Reference to part of this report which may lead to misinterpretation is not permis
Symmetry boundary conditions
on symmetry surfaces 
 
y condition for the receptacle. 

 linear relation between the applied force 
nly non-linearity of the assembly is the 
 is concluded to have negligible impact on 
tress in critical locations. 

ing a radial force component.
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The radial force on the inside of the receptacle is calculated to be 3 times the axial load, ref. /3/. 
The radial force is applied as internal pressure on the receptacle and external pressure on the 
mandrel.  

Frad full model  = 3 x 10000 kN = 30 000 kN radial force for the full model 

and  for the quarter model  

Frad quarter model = 30 000 kN / 4 = 7 500 kN. 

 

 

Mesh 
A 10-node quadratic tetrahedron element, featuring three active degrees of freedom per node – 
U1, U2 and U3) was used for the model.  The element topology is shown in Figure 2-6. 

 

 
Figure 2-6   Element topology of the 10 node quadratic tetrahedron solid element used 

Material 
Linear elastic material was applied: 

Type:   ISOTROPIC 

Youngs modulus: E = 207 GPa 

Poisson ratio:  ν = 0.29 
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2.3 FEA results for receptacle 
 

The finite elemen has been carried out to determine the maximum principal stress per unit load. 
 shows the principal stress plot for the receptacle. The figure also shows the stress in 

the fillet of the inside of the receptacle. The following is observed from the FEA: 
Figure 2-7

Figure 2-7. Plot of principal stresses in the receptacle. Max stress in loading eye is 700 
MPa. Max stress in the fillet of the inner-most cavity of the receptacle is 580 MPa and 
therefore not calculated for fatigue life.  

• The hotspot is located at the shackle pin hole of the loading eye. 
• The maximum hotspot stress calculated is 700 MPa for a load of 10 000 kN. 
 
The calculated stress per unit load is 700 MPa / 10 000 kN = 0.070 MPa/kN  
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2.4 FEA results for mandrel 
 

 

Figure 2-8

Figure 2-8. Plot of principal stresses in the mandrel. 

 shows the calculated principal stresses in the mandrel. Maximum principal stress for 
the mandrel is 850 MPa when loaded with 10 000 kN. 
The calculated stress per unit load is 850 MPa / 10000 kN = 0.085 MPa / kN. 
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3 FATIGUE STRENGTH  
The fatigue strength evaluation is based on DNV Recommended practice RP-C203 “Fatigue 
Strength Analysis of Offshore Steel Structures” (Ref. /4/). 

The fatigue strength is determined through the following main steps: 
1. Determine the appropriate fatigue curve (i.e. S-N curve). The fatigue design S-N curves are 

based on the Stress range (i.e. maximum principal/stress range) versus Number of fatigue 
load cycles to failure. 
Ref. /4/: For members that can acquire stress concentrations due to rust pitting etc. curve C is 
required for machined surfaces. Further, it is assumed that the considered component is not 
covered by cathodic protection. 

 
2. The load spectrum is given below for a typical North Sea Environment, scaled for an MBL of 

11300 kN. 
 

Nomenclature  

Bin:  The total load spectrum is divided into 24 blocks (i.e. bin 1 – 24), where each bin 
represents one combination of period and load amplitude 

Static tension: Static mooring line tension representative for each ID, i.e. the total mooring line 
tension equals “Static tension” +/- Load amplitude (denoted RMS in Appendix A) 

Probability: Contribution ratio of each ID, i.e. the sum of probabilities for the 24 ID’s is 1.0. 
The number of load cycles per ID is hence: “No. of seconds in one year” / 
“Period” multiplied by “Probability” 
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Frequency: The ship motion frequency is separated into “Low”- and Wave-frequency. 

RMS: “Root Mean Square” load amplitude from the static tension. The fatigue load 
range is hence 2 x RMS [kN]. 

Combined  

Spectrum: The total contribution of the ship motion from both the "Low" -and Wave-
frequency. 

 

Fatigue damage calculation: 

The fatigue damage from each block of the load spectrum has been calculated in accordance with 
ref. /2/. The fatigue design S-N curve with thickness correction is expressed as: 

Log N = log a – 2s – m log [∆σ (t/tref)k] 

Where: 

N = predicted number of cycles to failure for stress range ∆σ 

 ∆σ = stress range 

 m = negative inverse slope of S-N curve 

 a = constant relating to mean S-N curve 

 s = standard deviation of log N 

 t = thickness through which a crack will most likely grow. 

 t ref = reference thickness. 

3.1 Accumulated damage of the mandrel 
The stress in the loading eye of the mandrel is 850 MPa.  

For current case with the C-curve in sea water, without cathodic protection, we have 

∆σ = 850 ΜPa / (10 000) = 0.085 MPa/kN  

 m  = 3.0 

 log a – 2s = 12.115 

 k  = 0.15 

 t  = 127.5 mm 

 t ref  = 25 mm 

Appendix A gives the calculated fatigue strength of the considered loading eye, where 

 ni = Number of load cycles per ID = 365 x 24 x 3600 / “period”  

 ∆σi = 0.085 x 2 x RMS (i.e. subscript i denotes each ID-number) 

 Ni = 10^[12.115 – 3 x log (∆σ x (127.5/25)0.15)] 

 Damage = D = ni / Ni 
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            Total Damage per line = ∑ (D )      (i.e. subscript dir denotes each direction at one line) dir

The results are summarised in Table 3-1 below: 

 

Table 3-1   Calculated damage  

 
 

According to ref. /4/, a safety factor of 10 is required for permanent mooring components not 
inspected during design life of 25 years, hence; 

D = 6.33e-4*10*25 =  0.158 < 1 

It is concluded that the fatigue strength of the mandrel is acceptable and is found to meet the 
requirements given in ref. /3/ and ref. /4/. 

3.2 Accumulated damage of the receptacle 
The stress in the loading eye of the mandrel is 700 MPa.  

For current case with the C-curve in sea water, without cathodic protection, we have 

∆σ = 700 ΜPa / (10 000) = 0.07 MPa/kN  

 m  = 3.0 

 log a – 2s = 12.115 

 k  = 0.15 

 t  = 135 mm 

 t ref  = 25 mm 

The calculated fatigue strength of the considered loading eye, where 

 ni = Number of load cycles per ID = 365 x 24 x 3600 / “period”  

 ∆σi = 0.07 x 2 x RMS (i.e. subscript i denotes each ID-number) 
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 Ni = 10^[12.115 – 3 x log (∆σ x (135/25)0.15)] 

 Damage = D = ni / Ni 

            Total Damage per line = ∑ (D )      (i.e. subscript dir denotes each direction at one line) dir

The result are summarised in Table 3-2 below: 

Table 3-2   Calculated damage  

According to ref. /4/, a safety factor of 10 is required for permanent mooring components not 
inspected during design life of 25 years, hence; 

D = 3.629e-4*10*25 = 0.091< 1 

It is concluded that the fatigue strength of the receptacle is acceptable and is found to meet the 
requirements given in ref. /1/ and ref. /2/. 
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