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1. Introduction 

1.1 General 

The Client (ENGIE / TES) is planning a new Green Hub in front of the TES plot on the western 

banks in the mouth of the Jade river within the port area of Wilhelmshaven. The phased 

development of the Green Hub will include a first phase, with a Floating Storage and 

Regasification Unit (FSRU) to import LNG. The terminal will be connected to the German gas grid 

providing a facility to start importing LNG. 

 

 
Figure 1 Overview project area 

The marine facility includes an island type jetty to accommodate the 138,000 m3 FSRU Excelsior as can be 

seen in the figure above. The FSRU will be moored on the facility for a period of several years and will 

receive LNG via an LNGC moored alongside. Products will be transferred to shore trough a subsea pipe 

line. The facility will be unmanned, control will be done from the FRSU.  

 

1.2 Scope of the report 

This report provides an overview of the functional requirements, starting points and design criteria that will 

be used for the development of the concept design of the Pontoon Facility.  It shall form the basis for 

further engineering during the various design stages. 
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1.3 Abbreviations 

Abbreviation Unit Description 

ALS  Accidental limit state 

API   American Petroleum Institute 

B  m Beam of the ship 

CoG   Centre of Gravity 

D m Depth to the main deck of the ship 

DNV  Det Norske Veritas 

DMA   Dynamic Mooring Analysis 

EAU  Empfehlungen des Arbeitsausschusses Ufereinfassungen 

DDF  Damage Fatigue Factor 

FLS  Fatigue limit state 

FSRU  Floating Storage and Regasification Unit 

GMT m Transverse metacentric height 

GML m Longitudinal metacentric height 

Hs m Significant wave height 

h  m Water depth 

LNGC  Liquified natural gas carrier 

LR  Lloyds Register 

MBL  kN Minimum Breaking Load 

MD  Mooring Dolphin 

NHN  Normalhöhennull 

OCIMF   Oil Companies International Marine Forum 

PIANC  Permanent International Commission for Navigation Congresses 

SI   Systeme International Units 

SKN  Seekartennull 

SWL  kN Safe Working Load 

SCF  Stress Concentration Factor 

Tp s Peak wave period 

ULS  Ultimate limit state 

WLL kN Working Load Limit 

  t Water displacement of the ship 

 

Note: To be completed and updated during preparation of this document. 

 
Table 1 Used abbreviations 
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2. Reference documents 

2.1 Codes and standards  

[1 ] DIN EN 1990, Eurocode: Basis of structural design 

[2 ] DIN EN 1991, Eurocode: Actions on structures  

[3 ] DIN EN 1992, Design of concrete structures  

[4 ] DIN EN 1993 , Design of steel structures 

[5 ] DIN EN 1997 , Geotechnical Design 

[6 ] DIN EN 1090-2 Execution of steel structures and aluminium structures - Part 2: Technical 

requirements for steel structures 

[7 ] EAU 2020, Recommendations of the committee for waterfront structures, harbors and waterways, 

December 2020  

[8 ] DIN 4085:2017-8 Baugrund – Berechnung des Erddrucks 

[9 ] PIANC Working group 24,  Criteria for movement of moored ships in harbors a practical guide 

1995. 

[10 ] PIANC Working group 33,  Guidelines for the design of fender systems 2002 

[11 ] DNV-GL-RP-C203 Fatigue design of offshore steel structures, April 2023 

[12 ] DNV-OS-C401 Fabrication and testing  of offshore structures, July 2023 

[13 ] DNV-OS-C101 Offshore Standard  

[14 ] ASR A1.8 Verkehrswege, Ausgabe: November 2012 zuletzt geändert GMBl 2018 

[15 ] ASR A2.3 Fluchtwege und Notausgänge, Flucht- und Rettungsplan Ausgabe: August 2007  

zuletzt geändert GMBl 2017, S. 8 

 

2.2 Project studies 

[16 ] IMDC (2023). Bericht über die Umgebungsverhältnisse. TES-WHV-VGN-FSRU-ENV-DOC-

2014.06 

[17 ] Entwursgrundlagen version 3.0 TES-WHV-VGN-ST-DOC-2001.09 

[18 ] FSRI Pontoon WHV – Geotechnischer Bericht 23A012.00.02 

[19 ] Wilhelmshaven FSRU mooring study document number: TES-WHV-VGN-FSRU-ENV-

DOC.2021_06.  

[20 ] Smit barge E3004 Stability booklet for a deckload upto 10 m height 

[21 ] International Load Line Certificate HEBO-P63 

2.3 Drawings 

[22 ] Kolkschutz-Design für FSRU-Liegeplatz drawing number: TES-WHV-VGN-FSRU-ST-

DWG.2039_05 

[23 ] Allgemeine layout-Zeignung drawing number: TES-WHV-VGN-FRSU-ST-DWG-2013.11 

2.4 Order of precedence  of codes and standards 

The following order of precedence is applicable: 

1) German codes and standards (DIN EN)  

2) German maritime design recommandations (EAU 2020)  

3) In case the German codes provide insufficient guidance, other internationally recognised codes, 

standards or guidelines for marine structure (such as PIANC, BS6349)  
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3. Layout of the berth and location of the Pontoon Facility  

3.1 Location of the Pontoon Facility 

The location of the Pontoon Facility is presented in figure 1. The pontoon is situated near the outer most 

dolphin of the berth MD 6 as shown below.  

For details of the Pontoon Facility in the red box see chapter 3.2. 
Figure 2 Location Pontoon Facility 

3.2 Layout of the Pontoon Facility 

In the figure below a schematic layout of the Pontoon Facility is provided. The Pontoon Facility consist of a 

floating pontoon, which is moored against driven piles. For fixation of the pontoon pile clamps/pile guides 

will be used. This concept is under development and may be adapted at certain points during the various 

design stages. 

 

 
Figure 3 Layout Pontoon Facility 
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3.3 Functional requirement for the Pontoon Facility 

In the point below a summary for the requirements of the Pontoon Facility is provided in bullet form. 

In the next chapters the requirement will be further detailed. Refer to figure 3 for a visual impression of 

these requirements. 
 

3.3.1 Operational requirements: 

• The pontoon shall provide access under normal/operational conditions for crew transfer and supply 
(everyday use) via a crew vessel; 

• The pontoon facility shall provide an escape route for people on the marine facility in case of an 
emergency; 

• The pontoon shall provide access in case of emergencies (e.g. fire brigade intervention and 
evacuation of FSRU crew) - simultaneous use by fire boats and lifeboats; 

• The pontoon facility shall be able to resist extreme environmental conditions with 100-year return 
interval: Survival conditions as for FSRU; 

• The life time that the pontoon facility shall be in operation is 5 years. 
• The design live of the pontoon facility shall be 10 years; 
• Pontoon must not collide with platform structure of the landing terminal; 
• Pontoon must have railings on the sides for safety reasons; 
• Intended positioning of the pontoon for maximum operational readiness: frontal in main flow and 

wave direction (direction approximately NNW 321,5°); 

• Ballast in the pontoon can be applied if required for maximum operational stability; 
• The minimum available area according to ref [17 ] on the pontoon 62 m2; 
• The pontoon shall have a dedicated area for lifting of 4x4 m. It shall be possible to lift objects from 

this area on MD 6 having a weight of 200 kg or vice-versa; The crane shall be suitable for man 
riding. 

• Minimum deck load that the pontoon shall be able to bear is 1 ton /m2 ; 
• Design vessels: 

-Tug: L 28.4 m × W 13 m × Draught 5.63 m; 
-Sea rescue boat: L 23.1 m × W 6 m × draught 1.6 m; 
 

3.3.2 Pontoon piling: 

• Pontoon is not moored to the monopiles of the FSRU facility, but to separate piles dedicated to 
mooring of  the pontoon. These piles are top-closed and permanent piles; 

• When determining the pile diameter, wall thickness and length, the loads acting on the piles from 
the pontoon must be taken into account; 

• The piles shall be able to resists loads acting on the pontoon induced by environmental influences 
(wind, waves, current) as well as any mooring/moored vessels to the pontoon; 

• Dynamic behavior of the pontoon shall be considered 
 

3.3.3 Walkway / ramp to pontoon: 

• The mooring pontoon should also be accessible from the assembly point on MD6. 
• The slope of the ramp and the length should be kept as small as possible as it also serves as an 

escape route as requested in the applicable codes EAU ref [7 ];  
• The clear width of the walkway in-between the handrail should be minimum 1,2 m  (refer to the 

next chapters for a motivation) 
• Gangway is supported on by Mooring dolphin MD 6 and the deck of the  pontoon. (top of walkway 

design level +11.680mCD) 
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4. Site data 

4.1 Units, reference levels and coordinate system 

SI units shall be used. All dimensions in meters or millimetres. All horizontal positions are relative to 

geographic coordinates “WGS 84 UTM zone32 N”.   
  
All vertical levels are relative to SKN (Seekartennull) which is equal to Chart Datum (CD)   

 

Remarks: 

At other sources also  NHN (Normalhöhennull) or NN (Normalnull) might be used the difference between 

NHN and SKN estimated at +0.00 m NHN = +2.49 m SKN (at Hooksiel). 

4.2 Scope boundary  

The Scope boundary for the scope for the pontoon facility is at the fixation of the gangway to the dolphin 

deck.  

The main facilities require for mooring the FSRU is evaluated under separate cover.   

 

 

 
Figure 4 Scope boundary for the Pontoon Facility 

Currently it is discussed to outsource the gangway and the crane to suppliers functional requirements for 

these items is included in this document. 

 

4.3 Metocean conditions 

The metocean conditions at the project site including Extreme Value Analysis are described in [17 ]. A 

short summary is given in the next sections. 

 
4.3.1 Water levels 

 

The following design water levels are derived in ref [16 ] at the project site: 

• 100-year high water level (conservative approach) at CD +7.16 m. 

• 5-year high water level at CD +6.15 m. 

Scope boundary 
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• The 100-year extreme low water is -1.03m CD. 

Tidal levels for other return periods are presented in the table below. 

 

 

 
Table 2 Tidal levels for various return periods. 

In the table below the tidal water levels provided as used in public resources for Hoeksiel. 

More information for these values is provided in enclosure 2. 

 

Tidal level Explanation Tidal water level  

[m NHN] 

Tidal water level  

[m CD / SKN] 

MHWS Mean high water spring + 1.8 + 4.3 

MHW Mean high water + 1.6 + 4.1 

MHWN Mean high water neap + 1.3 + 3.8 

MSL Mean sea level + 0.0 + 2.5 

MLWN Mean low water neap - 1.5 + 1.0 

MLW Mean low water - 1.8 + 0.7 

MLWS Mean low water spring - 2.0 + 0.5 
Table 3 Tidal levels as available on public sources refer to Enclosure 2. 

4.3.2 Currents 

The extreme current in the turning basin in the FRSU mooring area are shown in the table below. 

By absence of more advanced data however it will be used in the design. 

 
Figure 5 Current condition without dredging after ref [16 ] 
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4.3.3 Seabed levels 

The berth pocket seabed level is -14.0 m SKN. The seabed level at the mooring dolphins is higher than the 

level at the berth for the FSRU. The piles of the pontoon facility are situated at locations with and without 

scour protection which is applied  around the mooring dolphin piles. (see the figure below) The design 

seabed levels at the pontoon facility are: 

 
- Without scour protection -10,80 [m SKN].  
- With scour protection -9,80 [m SKN].  
 

Allowance will be made for local scour around the pile of  1 x D, in which D stand for the diameter of the 

pile, for locations without scour protection. 

 

 

 
Details of the applied scour protection is provided in the insert detail right. 

Figure 6 Installed scour protection around the dolphins 

  

Installed scour protection around the 

dolphins  
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4.4 Wind and wave data 

Wind and wave data of the 1/100 year condition is presented in the table below.  This will be used for  

verifying the structural strength of the berth. The table presents wave heights having various return 

periods. The cells marked in grey indicate conditions at the which the FSRU cannot be moored and have to 

leave the berth. Is observed that waves having a wave height Hm0 of 2,1 m from the North can occur with 

the FRSU still on the berth. So access for serving vessels under these conditions is required. Values for 

other return periods are provided in Enclosure 2. 

 

Wind Wind waves 

Direction 

Coming 

from (°N) 

Speed (m/s) 

Mdir 

Coming 

from (°N) 

Hm0 (m) Tp (s) 
Gamma 

(Jonswap) 

Directional 

spreading (°) 

Directional 

spreading (s) 

0 27.2 347.2 2.1 5.1 2.3 9.6 24.7 

30 22.6 9.4 1.6 4.4 2.8 5.4 32.4 

60 18.0 51.1 1.2 3.8 3.3 5.5 32.1 

90 21.0 94.2 1.3 3.8 3.4 5.7 31.6 

120 17.9 122.8 1.1 3.7 3.5 7.5 27.7 

150 16.8 138.8 1.0 3.7 2.4 10.3 24.0 

180 21.6 149.9 0.6 3.2 1.7 7.9 27.0 

210 24.2 171.0 1.2 3.8 1.5 4.5 35.0 

240 26.4 239.5 1.0 3.0 2.9 1.9 46.5 

270 26.0 314.3 1.3 4.3 1.5 4.9 33.8 

300 26.8 333.5 1.8 4.9 1.9 11.5 22.8 

330 27.8 339.0 2.1 5.2 2.0 13.7 21.1 

Table 4 Wind and wave data. Return period 1/100 year 

The following Swell conditions are applicable: 

Swell waves 

Sector 

Mdir 

Coming from 

(°N) 

Hm0  

(m) 
Tp (s) 

Gamma 

(Jonswap) 

Directional 

spreading (s) 

Directional 

spreading (°) 

West 345 0.1 13.5 1.8 34.0 13.5 

WNW 348 0.1 14.7 1.8 29.9 14.5 

NNW 356 0.2 15.4 1.8 19.2 18.1 

North  358 0.4 8.7 1.1 12.6 21.9 

NNE 0 0.4 6.7 1.7 9.4 25.0 

Table 5 Swell condition corresponding with the 100 years conditions. 

 

For design conditions wind wave and swell waves should be combined based on an energy balance. 

Taking the quadratic square. However the influence of the swell component is very small as will be 

demonstrated in the motion analysis. 
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4.5 Ice conditions 

 

Ice loads do not have to be combined with wave loads. The following parameters are to be considered in 

the design to account for loads induced by ice block drifting:  
- Maximum ice thickness of 0.4 m at Wilhelmshaven [Table 4.14 EAU 2020]  
- Salinity of estuaries at North Sea is 3.0% [Table 4.13 EAU 2020];  
- Mean ice temperature on the underside of ice thickness -2 Celsius degree [Section 4.11.2 EAU 

2020] 
 
The relevant tables are shown below. 

 
Note: h = 40 cm. 
Table 6 Measured maximum ice thickness (h) according to table 4.14 of ref [7 ] 

 
Note Salinity is max 3 % in estuaries at the North sea 

 
Table 7 Salinity at estuaries at the North Sea according to table 4.13 of ref [7 ] 

4.6 Soil investigation 

For the project several CPT’s and boreholes are executed. An overview of the executed soil investigation is 

presented in the figure below. 

 

 
Figure 7 Executed soil investigation at the project location 
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The pontoon facility is situated at mooring dolphin MD-4 till 6. In report ref [18 ] a geotechnical advice for 

the location of the pontoon facility is provided. The soil profile and soil parameters are taken from: Anlage 3 

Rechnerische Bodenprofile für erdstatische Berechnungen from document [18 ]. Upper and Lower 

boundaries from stiffness and strength point of view will be considered. 

 

 
Figure 8 Soil parameters to be used in the design according to anlage 3 of ref [18 ] 

The soil profile can be described as a sandy profile so drained behaviour of the soil will be assumed. It is 

mention that analyzing undrained conditions for sand leads to an over estimation of the strength. 
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5. Vessel data 

In this chapter the characteristics of the pontoon and the service vessels will be provided.  

5.1 Pontoon 

The pontoon will be HEBO 63. This is an existing pontoon that will be (semi-) permanently moored at the 

marine facility. Prior the installation it will be classified by an certification agency. The barge is a Flat top 

pontoon. The deck will be used for landing of the gangway running to the mooring dolphin. 

 

 

Note: The displacement in tonnes will be lower  @2.23m freeboard (max draft allowed). 

 

 

 

Note: More detailed drawings of the pontoon are available. 
Figure 9 Particulars of Flat top Barge HEBO data taken from ref [20 ] 

Note: 

Based on information as received from 

HEBO according to the LR international 

load line certificates the minimum 

freeboard shall be 

2230 mm as applicable for winter North 

Atlantic conditions. 
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Figure 10 Overview of ballast tanks taken from ref [20 ] 

 
Table 8 Draft versus tonnage 
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5.2 Service vessels and firefighting tug  

Design vessels: 
 
Particulars of the design vessels using the Pontoon Facility are presented in the table below. 

 
1. Fire Fighting Tug, VB Magnum length 28,40 m 
2. The Rescue boat       Hooksiel length 23,10 m 

 

 
Figure 11 Service vessels using the boat access. 

 

Ship particular Fire Fighting tug VB magnum Rescue boat Hooksiel 

Length 28,40 m 23,10 m 

Width 13,00 m 6,00 m 

Draft 5,70 m 1,60 m 

Water displacement/ Gross 
tonnage 

< 500 Tons 80 Ton 

 
Table 9 Design vessel using the Pontoon Facility 

It shall be possible to moor both service vessels simultaneously. 

For berthing velocities EAU 2020 [7 ] make reference to PIANC  guidelines ref [10 ] 

For the service vessel an approach velocity of 0.50 m/s is selected. (curve C) this will be used for the 

design of the fendering of the pontoon. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 12 Berthing velocities according to ref  [10 ] 
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6. Design criteria 

6.1 Design philosophy 

DIN/Eurocodes do not explicitly cover environmental, operational, and accidental loadings for maritime 

works. In the absence of other guidance therefore, EAU ref [7 ] provides recommendations on the 

application of the Eurocodes to marine facilities.  For this reason EAU ref [7 ] will be used for the design of 

the pontoon. For some aspects such as fatigue and allowable displacement form other codes.  

 

In most cases, maritime facilities are classified as consequence and reliability class 2. EAU does not 

explicitly mention the consequence class but provides safety factors and material factors to be used  in the 

design which are in line with Consequence class 2. 

 

6.2 Design life 

The design life of the pontoon facility shall be 10 years. This deviates from ref [17 ]. This is agreed between 

IMDC and the client Engie in order to make the concept feasible after issuing of the document.  

 

6.3 Execution class 

There is a relation between the consequence class and the execution class. If subjected to fatigue, which 

is applicable, then the execution class according to Eurocode is taken one class higher. 

 

For fabrication of the mooring piles for the pontoon facility execution class 3 according to DIN EN 1090-2 

ref [6 ]. For fatigue, specifically for the amount of testing of the welds, also criteria according to ref [12 ] 

DNV-GL-RP-C203: “Fatigue design of offshore steel structures” are applicable. 

 

6.4 Maximum slope angle and functional requirements gangway 

6.4.1 Slope of the gangway 

According to ref [7 ], in case of floating pontoons, tidal water differences shall be considered. The incline of 

the access jetty should not be steeper than  

 

- Mean tide not steeper than  1:6 which equals 9 degrees 

- Extreme water level not steeper than 1:4 which equals 14 degrees* 
 
*Calculated at worse case - maximum allowable draft 2.27m (freeboard 2.23m) and +11.680mCD MD6 
connection walkway level. 
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6.4.2 Requirements for the gangway bridge 

 
The following  requirements apply for the gangway system: 

 
o Minimum clear width of a one-piece gangway: 1,2 m; 
o Gangway designed only for pedestrians 
o A rolling raft, (750mm high), at the base of the gangway on the pontoon deck and the pivot 

at the mooring dolphin MD6 steel deck.   
o A design weight in the order of  of 25t – 27t is expected 
o Material: S355J2 steel (coated)  will be used for gangway. Alternatively aluminum can be 

used. 
o Minimum load: minimum distributed line load of q=2.0 kN/m² is considered, in addition a 

concentrated load of Qi = 1.5 KN in the center of a free span must be considered as 
alternative load.  

o A horizontal design spar load (incl. load factor) of Hd = 0.525 kN/m is applied at the top of 

all handrails. 
o Fundamental modes will be verified  according to HIVOSS guidelines. 

 
The Design of the gangway is outside the scope of this document. 

6.5 Minimum required freeboard of the pontoon 

EAU article 7.2.14.2 requires the following free boards of the pontoon and states that the freeboard shall 

increase with the size of the pontoon.  

 

- Pontoons having a length of 30 m a and a width in the order of 3 to 6 m a free board in the range 

of 0,80 till 1,2 m 

- Pontoons having a length of 60 m a and a width in till 16 m a free board in the range of 1,20 till 1,5 

m 

 

Based on information as received from HEBO according to the load line certificates the minimum freeboard 

shall be 2230 mm as applicable for Winter North Atlantic conditions. 

 

Higher freeboard of the pontoon will result in a shallower slope of the gangway. During basis design this 

will be investigated in more dept considering operational and stability requirements. 
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6.6 Acceptable movement of the pontoon 

In the table below the acceptable movements according to ref [9 ] are presented. The ship type Ferries 

RO-RO is the most applicable due to the gangways landing on the pontoon. These criteria are assumed to 

be on the safe side given the use of the gangway by most likely better trained and instructed personnel. 

 

 

 

 

 

 

 

 

 
Table 10 Recommended Motion Criterion for Safe Working Conditions. 

The criteria defined above will be verified for the 1/1 year wave conditions. 

 

Ref [7 ] requires stricter criteria however given the relatively exposed nature of the pontoon the criteria of 

+/-150 mm for sway is not realistic. 

 

In document ref [9 ] are also values for velocities in the direction of movement are provided. Given the size 

of the pontoon (DWT) , the velocity criteria are appropriate restrictions for the dynamic behavior of the 

moving pontoon. 

 
Table 11 Recommended Velocity criteria according to ref [9 ] 

If movement appears to be critical, it can be verified by a motion analysis using Ansys AQWA if the 

pontoon meets these criteria. 
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6.7  Starting points for fatigue design of the mooring piles. 

 

6.7.1 General 

Fatigue design will be caried out according to DNV-GL-RP-C203 Fatigue design of offshore steel 

structures, April 2023 ref  [11 ]. Given the marine environment of the faculty and the use of the piles. The 

criteria defined in this DNV standard are more appropriate and supplementary to the criteria the criteria 

defined in  Eurocode. Below the starting used for the fatigue design will be provided. The “chart design 

method” as defined in this standard will be used this results in a stress range   s (not amplitude) that will 

be verified in the design for the mooring piles to ensure fatigue life of the piles. 

 

For design of the bracket piles different fatigue curves and correction for mean stress might be applicable. 

This will be address in further detail in the design of the bracket frames. 

 

6.7.2 Wave characterises 

For determination for damage under fatigue conditions the scatter diagram as presented in the figure below 

will be used. It shows the significant wave height versus direction the wave is coming from. 

 

Note: For the 1/10 year significant wave condition per direction see  enclosure 1  wave data. 

 
Table 12 Wave spectra to be used for fatigue verification. 

A wave rose and intensity plot of the waves is presented in the figure below 

 

 
Figure 13 wave rose and intensity plot. 
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From the wave data it can be concluded that there the following sectors are relevant: 

 
NW+NNW+SE+SSE = 3.29+42.78+14.53+11.73 = 72%   
These sectors combined represent  72 % of  the time. 
 
Based on the intensity plot the average time period of the waves is estimated as 2.5 seconds which will be 
used for calculation the number of load cycles. 

 

6.7.3 Selection of the Applicable damage fatigue factor (DDF) 

 

In Offshore Standard DNV-OS-C101 table 5-1 ref [13 ] a table is provided that gives guidance for the 

section of the Design Fatigue Factor.   The Design fatigue factors (DFFs) is partial safety factor on the 

number of load cycles to take care of uncertainties associated with the design process. DFFs are related to 

the fatigue failure probability and ultimately proportional to reliability against fatigue failure. 

 

It depends on critically and inspectability of the structural element.  

 

 

 
Table 13 Offshore Standard DNV-OS-C101 table 5-1 

The maximum moment in the mooring piles for the pontoon facility is occurring in the soil and can not be 

inspected after installation even with divers. For this reason a Design Fatigue Factor DFF=3 is selected. 

For the bracket frame situated above water level that can be inspected a DFF lower factor of 2 can be 

used. 

 

The design live for fatigue in years used will be 10 years.  
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6.7.4 Selecting of the appropriate S-N Curve and weld details 

 

The maximum bending moment is occurring in the soil were the amount of corrosion is limited. A relatively 

high DFF is selected that allows for certain amount of uncertainty. (See also comment F 6 of ref [11 ]) 

For this reason the seawater curve with cathodic protection can be used in lack of documented S-N curves 

in seawater in free corrosion for coated joints (in the high cycle region above 10 6 cycles).  

At locations where corrosion is occurring at the low water line the bending stresses will be significantly 

lower as will be demonstrated in the pile design report. 

 

According to ref [11 ] paragraph  2.4.13  S-N data for piles, the transition of the weld to base material on 

the outside of tubular girth welds can normally be classified to S-N curve E. If welding is performed in a flat 

position, it can be classified as D. If welding is performed from outside only, it should be classified as F3. 

From pile fabrication point of view it is preferred to execute welling from the outside only.  

 

In appendix A 6 of ref [11 ] criteria for transverse butt welds made from one side are provided. Relevant 

figures from this appendix are presented below. 

 

 
 

Figure 14  But welds welded from one side without backing-stip. 
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Figure 15  But welds welded from one side with backing-strip or grinding 

 

As fatigue curve, curve F corresponding to a butt welded from one side with a non welded backing strip  Is 

selected. Grinding of the transverse welds of the pile joints is judged to be too time consuming. 
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Note in curve F a structural stress concentration of 1,27 is included. 

Table 14 S-N curves in seawater with cathodic protection taken over from figure 2.9 of ref [11 ]  
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SCF for the Groove welds 

The additional stress due to fabrication tolerances should be small, the SCF is set equal 1.0. 

 

 
Figure 16  V - Groove welds after figure 3-8 of ref [11 ] 

The stress concentration can be calculated using article 3.1.2 of ref  [11 ] DNV-GL-RP-C203 Fatigue 

design of offshore steel structures, April 2023. 

 

At the transition between plates with the same thickness there is stress concentration when there is 

misalignment. 

The eccentricity(m) between welded plates with a similar thickness may be accounted for in the calculation

 of the stress concentration factor. The following formula applies for a butt weld in an unstiffened plate: 

 

 

Where δ m  is eccentricity (misalignment) and t is plate thickness, see Figure 15. 

 

δ0 = 0.05t is misalignment inherent in the S­N data for butt welds and analysis procedure for plated 

structures with an expected fabrication tolerance that is lower than that allowed in fabrication specification 

and as used in design, see also Table 3­1 of ref [11 ]   

The stress concentration for the weld between plates with different thickness in a plate field 

 

For a SCF of 1 the eccentricity due to misalignment should be smaller than 0.05 t = 0.05 x 50 = 2.5 mm 

This requires strict tolerances for pile fabrication. 

 

6.7.5 Determination of the allowable stress range under fatigue conditions 

 

The stress range in the mooring piles of the pontoon facility  will be larger than the fatigue limit  as shown 

in the figure below so a detailed fatigue assessment is required. 

 

 
Figure 17 Applicable stresses in the pile 
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The allowable stress range in the mooring piles is determined according to [11 ] Chapter 5 Simplified 

Fatigue analysis.  The wall thickness of the steel plates of the mooring piles is 50.0 mm. 
This method makes use of design charts. 
 
These design charts have been derived based on an assumption of an allowable fatigue damage η = 1.0 
During 108 cycles (20 years service life which corresponds to an average cycling period of 6.3 sec.). 
For design with other allowable fatigue damages, η, the allowable stress from the design charts should be 
reduced by factors derived from tables or formula’s. 
 
Correction factors apply for: 

- The usage factor. 
- Wall thickness. 

 
Determination of the applicable usage factors η 
 

• Average wave period  = 2.5 seconds; (based on intensity plot) 

• Number of load cycles based on lifetime for fatigue analyses = 10*365*24*3600/2.5*0.72 = 0.9*10 8 
(Division by 0,72 correct to 100% life time) 

• The number of  load cycles 10 8 as per design chart  is reached after  1/0.9 = 11 years.  

• Table 15  present utilization factors for 1.00 for 10 8 load cycles in 20 years.  

• This leads to 0,9 * 20  = 18 years as per table via interpolation (2*0.44+3*0.33)/5 

• This leads to a usage factor η of 0.37      

 

 
Table 15  Usage factors η as function of design life and design fatigue factor table 5-8 of ref  [11 ] 

Weibull shape factor 

The shape parameter gives the Weibull distribution its flexibility. By changing the value h, b in the figure 

below of the shape parameter, the Weibull distribution can model a wide variety of data. If h = 1 the Weibull 

distribution is identical to the exponential distribution, if h = 2, the Weibull distribution is identical to the 

Rayleigh distribution; if h is between 3 and 4 the Weibull distribution approximates the normal distribution. 

 

 
Figure 18 Shape of the probability distribution in relation to the shape parameter 
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A Weibull shape parameter equal 1.00 is assumed which is reasonable to assume by absence of detail 

information. 

 

 

The following allowable stress range is derived  for h =1,0 for S-N curve F is obtained see the table below: 

 
Table 16 Allowable extreme stress range in MPa during 10 8 cycles for components in seawater with cathodic   

               protection 

 
Table 17 Reduction factor on stress to correspond with utilisation factor η for C - W3 curves in seawater  

             with cathodic protection taken over from table 5-7 of ref [11 ] seawater with cathodic protection 

The allowable extreme stress range = 191,1 MPa. See table 15. (without reduction) 

 

Then from Table 16 a reduction factor is obtained by linear interpolation between the utilisation factors for 

h-values  1.0 (for η = 0.37)  A reduction factor of 0.804 is obtained. 

0.804 * 191,1 = 153.64 MPa. 
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t ref = reference thickness equal 25 mm for welded connections other than tubular joints. For tubular  

joints the reference thickness is 25 mm. 

the allowable stress range for the 50 mm thick plate is obtained as: 153,7·(25/50) 0,25 

The allowable stress range ( s)  is: 0.84 * 153.64 = 129 N/mm2  (between loading and unloading) 

For the weld detail as shown below. 

 

 

 

As simplified verification the stress range for the 1/10 year conditions will be compared against the 

allowable stress. No load factors have to be applied. 
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6.8 Corrosion allowance 

 

Above the permanent immersion zone a corrosion allowance of 2 mm will be considered as simplified 

approach. (See figure 16) 

According to EAU 2020 ref [7 ] the corrosion rate for steel in non aggressive soils when micro biological 

corrosion can be excluded in 0,01 mm/ year/ per side for 10 years this would be 0.10 mm. 

The top of the piles will be sealed by an end plate for safety purposes. This also  reduces the amount of 

oxygen in the pile and reduces the corrosion inside the pile to neglectable values.  

The bending moment in the pile gives maximum bending moment in the soil where corrosion is marginal. 

No CP system will applied to the piles at the regions where corrosion occurs the bending stresses under 

fatigue conditions will be significantly lower and higher stress concentration factors at these locations can 

be accepted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 19: Corrosion rate distribution according to DIN EN 1993-5 and EAU 2020 
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6.9 Deck load diagram of the pontoon 

The pontoon have to provide support for the gangway for connection to the pile guides have to be 

provided. Beside this for mooring of the service vessels locally bollards of fenders have to be provided. 

In the figure below a deck load diagram is provided showing loads that the pontoon is capable to resist. 

The maximum height for the deck load on the pontoon according to ref [20 ] is 10 m. The figure provides 

values for the deck load only not for the hull pressure on the side faces. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Remarks: 

- Permissible concentrated loading are uniform loadings can not be combined without further analysis 

- Concentrated loads can be applied anywhere along the specified members 

- The maximum permissible loads may be applied provided suitable deck seating will be fitted to ensure a 

proper fitting will be used to ensure proper distribution of loads into the hull structure 

- The deck load diagram is not applicable for forces pulling out the deck plate 

 
Figure 20  Allowable deck loads for the HEBO 63 pontoon  
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7. Loads and load combinations 

7.1 Mooring forces  

Mooring forces action on the piles are the result of wind, current and wave forces action on the pontoon. 

For this project is defined to use the environmental return periods having a 100 year interval as given in 

earlier paragraphs. 

 

- For verification of ULS conditions the 1/100 year conditions will be used. 

- For verification of serviceability conditions (displacement) the 1/1 year conditions will be used. 

 

This is higher than the return period of 1/50 year as recommended in EAU  see: 

 

- For wind load see chapter 4.8.2 in EAU with title: “Maßgebende wind Geschwindigkeit“ 

- For wave loads see chapter 4.3.3 in EAU with title. “Bemessungskonzepte und Festlegung der 

Bemessungsparameter“ 

 

For ULS the safety factors will be used as listed in chapter 7.4. 

 

The mooring forces will be calculated using  Ansys AQWA.  Mooring forces will be calculated for various 

directions and for sea states representing various return periods as defined above and intermediate states. 

 

It shall be realised that the design wave height varies per direction. Head on waves result in a different 

force in the piles compared to beam on waves 

 

 

 

 
Figure 21 Force Output from Ansys AQWA model 
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7.2 Wave loads acting directly on the piles 

Wave load on pontoon is included via the mooring forces acting on the piles via the Ansys AQWA model. 

The direct wave and current forces on the piles however are not included in this model. These direct wave 

are determined separately. 

 

According to EAU the wave loads on the pile should be determined using Morisons equations. 

 

 

 
Figure 22 Wave action on a slender structure according to figure 4.11 EAU ref [7 ] 

For the determination of the wave and current forces on the piles a method has been chosen that is a 
simplification of the Morison equation. According to The “Shore Protection Manual” (CERC 1984) 
 

 

 
  

Opalchenski, Georgi
New Stamp_2

Opalchenski, Georgi
New Stamp_1



 

 
  

 

DMC-231121-R-00006-MVB   

30 January 2024 
 

Revision   0A 31 / 43 

 

 

 

 

7.3 Ice loads 

In this paragraph the loads induced by ice will be calculated. 

 

From EAU paragraph 4.11.2 Bestimung des eisdrucksfesigkeit:  

 

 

 

 

 

 

 

 

 

 

 

 

 

For ice loads on flat structures, the load perpendicular to the structure can be estimated using the following formula: 

  
Table 18 Calculation Ice loads according to EAU chapter 4.11.2 

For a pontoon length of 67 m this will be  67* 62 = 4154 kN divided over 6 piles this is  692 kN/pile. 

Conservatively only the piles along to the longitudinal edge of the pontoon are taken in to account. 

The safety factor to be applied on this load will be 1.00. This load will not be combined with mooring loads. 

Most likely this load will be conservative since the ice might be thinner in estuaries and broken by Ice-

breakers. Verification for the pontoon for ice loads is out side the scope of the document. 

 

 

 

 

Vm= (-2-16)/2 = -9 oC 

SB = 30 0/00 

fB  = 19.37+(36.18*30 
0,91 * 9-0,6)= 19.37+ 213.85 = 

233,22 

0 = (2700*0.001^0,33) / 233,22 = 1.18 MN/m2 

Po= 0.33 * 0.4*1.18= 0.156 MN.m’ 

In tidal area’s: 

P’0= 0.4*Po= 0.4*155= 62 kN/m’ 
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7.4 Load factors and material factors 

The load factors as presented in the table below taken from chapter 12 of ref [7 ] will be used. This 

approach is identical to design approach 2 according to ref [5 ].  

 

 

 
Figure 23 Safety factors for the design of the mooring piles  taken over from table 12.1 of ref [7 ] 

Ice loads will be treated as a separate case and will not be combined with mooring load and wave loads 

acting on the piles. 
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8. Modelling 

8.1 Floating behaviour of the moored barge 

The modelling of the floating behaviour is performed with Ansys AQWA, a 3D diffraction program. The 

initial modelling in the  RAO’s module will give the ratio between the response of the free floating barge 

(roll, pitch, heave, surge, sway, yaw) in relation to the incoming wave height for the range of wave periods.  

 

After this analysis the actual geometry is analyzed in the hydrodynamic module. The modelled pontoon 

geometry is shown in the figure below. The panel size varies between 0.5m and 1m, which gives the 

possibility to simulate wave periods varying from 3 to 60 seconds 

 

 

 
Figure 24 Ansys AQUA model 

 

The pontoon is restrained by means of 12 piles. In the Ansys AQWA model each pile has 4 press only 

supports as shown in the figure above. Two in the direction perpendicular (one for tension and one for 

compression) to the ponton in opposite direction en two in the direction parallel to the pontoon in opposite 

direction. This means that each pile is able to withstand sway and surge and that the whole pile system is 

able to withstand yaw. Heave, pitch and roll do not significantly impact the pile design. 

 

The stiffnesses of the supporting piles varies depending on the water level  which can be high or low,  

For the considered return period the boundaries of the stiffness range are  investigated,  several 

stiffnesses are reviewed to find peak values in the stiffness response of the system.  

Dynamic Amplification Factors are included in the Ansys AQWA model. 
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8.2 Determination of internal pile forces 

The pile has been designed with method Blum in accordance with documents [7 ] and [8 ]. In its simplest 

form Blum assumes full passive mobilisation of one soil type for a sheet pile wall as shown in the figure 

below. The original method was formulated for sheet pile walls that are supported at the top. Horizontal 

equilibrium is assured by a theoretical horizontal force at the toe of the wall. The Blum method is a force 

driven method. From the static equilibrium the internal forces shear and bending moment are derived. 

 

The Blum method was adapted for flexible dolphins by introducing multiple soil layers and factors 

(formbeiwerte) that take into account the spatial effect of soil pressure on circular shaped sections. At the 

location where the bending moment becomes zero (M=0) a force is assumed that makes horizontal 

equilibrium. That force, with symbol C, is called Ersatzkraft (German for replacement force). The total pile 

depth is t0+Δt where t0 is the distance between the top of the soil to the M=0 level in meter and Δt is the 

required depth under level M=0. In document [7 ] Δt is calculated as shown in figure 25. 

For calculation the passe soil-pressure for the angle of the passive  c:k wedge of 2/3 will be used. This is 

based on correlations made for benchmark calculations using Plaxis software. 

 

 

 
Figure 25 Ersatzkraft C at M=0 for mono pile in multiple soil layers from document  [7 ] 

 

For determination of the load distribution in the pile the In the DMC Blum sheet will be used.  

Finally the maximum moments and corresponding stresses are to be checked to the allowable ones. 
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8.3 Pile ponton connection 

The piles will be connected to the pontoon by means of a bracket as shown in the figure below. This 

bracket will be further developed during the basic and detail design. Sliding devices will be used to 

minimize normal forces in the piles which can be both tension or compression. 

These forces are marginal compared the lateral load, but bearing capacities will be verified for 

completeness 

 

  

 
Figure 26 Pile pontoon connection 

Tight tolerances for verticality and position of the piles are applicable which might call for the need of 

templates. This will be further investigated in detail in the detailed design stage. 
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 Wind and wave data 

 

The data in this enclose is taken over from ref [19 ] annex B 
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100-year return period 

Wind Wind waves 

Direction 

Coming 

from (°N) 

Speed (m/s) 

Mdir 

Coming 

from (°N) 

Hm0 (m) Tp (s) 
Gamma 

(Jonswap) 

Directional 

spreading (°) 

Directional 

spreading (s) 

0 27.2 347.2 2.1 5.1 2.3 9.6 24.7 

30 22.6 9.4 1.6 4.4 2.8 5.4 32.4 

60 18.0 51.1 1.2 3.8 3.3 5.5 32.1 

90 21.0 94.2 1.3 3.8 3.4 5.7 31.6 

120 17.9 122.8 1.1 3.7 3.5 7.5 27.7 

150 16.8 138.8 1.0 3.7 2.4 10.3 24.0 

180 21.6 150.7 1.3 4.1 1.7 7.9 27.0 

210 24.2 171.0 1.2 3.8 1.5 4.5 35.0 

240 26.4 239.5 1.0 3.0 2.9 1.9 46.5 

270 26.0 314.3 1.3 4.3 1.5 4.9 33.8 

300 26.8 333.5 1.8 4.9 1.9 11.5 22.8 

330 27.8 339.0 2.1 5.2 2.0 13.7 21.1 

 

Swell waves 

Sector 

Mdir 

Coming from 

(°N) 

Hm0  

(m) 
Tp (s) 

Gamma 

(Jonswap) 

Directional 

spreading (s) 

Directional 

spreading (°) 

West 345 0.1 13.5 1.8 34.0 13.5 

WNW 348 0.1 14.7 1.8 29.9 14.5 

NNW 356 0.2 15.4 1.8 19.2 18.1 

North  358 0.4 8.7 1.1 12.6 21.9 

NNE 0 0.4 6.7 1.7 9.4 25.0 
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50-year return period 

Wind Wind waves 

Direction 

Coming 

from (°N) 

Speed (m/s) 

Mdir 

Coming 

from (°N) 

Hm0 

(m) 
Tp (s) 

Gamma 

(Jonswap) 

Directional 

spreading 

(°) 

Directional 

spreading 

(s) 

0 25.4 345.6 2.0 5.0 2.3 10.1 24.2 

30 21.3 8.7 1.5 4.3 2.8 5.3 32.7 

60 17.1 51.0 1.1 3.7 3.2 5.3 32.7 

90 19.7 93.7 1.2 3.7 3.4 5.6 31.7 

120 17.0 122.5 1.1 3.6 3.7 7.5 27.7 

150 16.1 138.6 0.9 3.6 2.4 10.2 24.0 

180 20.5 150.7 1.2 4.1 1.8 8.3 26.4 

210 23.0 171.1 1.1 3.7 1.5 4.5 35.0 

240 25.0 239.6 1.0 2.9 2.8 1.9 46.4 

270 24.6 314.2 1.3 4.2 1.6 4.8 34.0 

300 25.3 333.5 1.7 4.8 1.9 11.5 22.8 

330 26.2 339.1 2.0 5.1 2.0 13.8 21.0 

 

20-year return period 

Wind Wind waves 

Direction 

Coming 

from (°N) 

Speed (m/s) 

Mdir 

Coming 

from (°N) 

Hm0 

(m) 
Tp (s) 

Gamma 

(Jonswap) 

Directional 

spreading 

(°) 

Directional 

spreading 

(s) 

0 22.9 347.0 1.8 4.9 2.4 9.6 24.8 

30 19.4 9.5 1.4 4.2 2.8 5.2 32.9 

60 15.9 51.2 1.0 3.5 3.3 5.3 32.5 

90 17.9 92.7 1.1 3.6 3.5 5.7 31.5 

120 15.7 122.7 1.0 3.5 3.5 7.5 27.8 

150 15.1 138.7 0.9 3.5 2.2 10.1 24.1 

180 18.9 151.0 1.1 4.0 1.7 8.3 26.5 

210 21.5 171.4 1.0 3.6 1.5 4.5 35.0 

240 23.1 239.8 0.9 2.9 2.8 2.0 45.9 

270 22.7 313.9 1.2 4.1 1.7 4.8 34.1 

300 23.3 334.2 1.6 4.6 1.9 11.3 23.0 

330 24.1 339.1 1.9 5.0 2.0 13.8 21.0 

 
10-year return period 
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Wind Wind waves 

Direction 

Coming 

from (°N) 

Speed (m/s) 

Mdir 

Coming 

from (°N) 

Hm0 

(m) 
Tp (s) 

Gamma 

(Jonswap) 

Directional 

spreading 

(°) 

Directional 

spreading 

(s) 

0 21.0 347.7 1.7 4.7 2.4 9.4 24.9 

30 18.1 10.2 1.3 4.1 2.8 5.2 32.9 

60 15.1 51.1 1.0 3.5 3.3 5.4 32.4 

90 16.6 91.9 1.0 3.5 3.2 5.8 31.4 

120 14.7 122.6 0.9 3.4 3.5 7.3 28.0 

150 14.4 138.9 0.8 3.4 2.2 10.1 24.1 

180 17.7 151.1 1.1 3.8 1.7 8.3 26.5 

210 20.3 171.5 1.0 3.5 1.5 4.5 35.0 

240 21.7 239.8 0.8 2.8 2.8 2.0 45.8 

270 21.4 313.5 1.1 4.0 1.7 4.8 34.2 

300 21.9 334.2 1.5 4.5 1.9 11.1 23.2 

330 22.4 339.7 1.7 4.9 2.1 13.7 21.1 

 
5-year return period 

Wind Wind waves 

Direction 

Coming 

from (°N) 

Speed (m/s) 

Mdir 

Coming 

from (°N) 

Hm0 

(m) 
Tp (s) 

Gamma 

(Jonswap) 

Directional 

spreading 

(°) 

Directional 

spreading 

(s) 

0 19.1 348.1 1.5 4.5 2.4 9.3 25.1 

30 16.7 10.9 1.2 3.9 2.8 5.3 32.8 

60 14.2 51.2 0.9 3.4 3.3 5.5 32.2 

90 15.3 91.3 1.0 3.4 3.2 5.8 31.3 

120 13.7 122.2 0.8 3.3 3.5 7.4 28.0 

150 13.6 139.0 0.8 3.4 2.2 10.1 24.2 

180 16.6 151.3 1.0 3.7 1.7 8.3 26.4 

210 19.1 171.9 0.9 3.4 1.5 4.5 35.0 

240 20.3 241.5 0.8 2.7 2.8 1.9 46.3 

270 20.0 313.5 1.0 3.8 1.7 4.7 34.3 

300 20.4 335.0 1.4 4.5 1.9 11.0 23.3 

330 20.8 339.3 1.6 4.7 2.1 13.8 21.0 

 
2-year return period 

Wind Wind waves 
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Direction 

Coming 

from (°N) 

Speed (m/s) 

Mdir 

Coming 

from (°N) 

Hm0 

(m) 
Tp (s) 

Gamma 

(Jonswap) 

Directional 

spreading 

(°) 

Directional 

spreading 

(s) 

0 16.7 349.1 1.3 4.3 2.4 9.1 25.4 

30 14.9 12.3 1.1 3.8 2.8 5.3 32.7 

60 13.0 51.7 0.8 3.7 3.3 7.2 28.3 

90 13.6 90.4 0.8 3.2 3.2 5.9 31.1 

120 12.4 121.9 0.7 3.1 3.5 7.2 28.2 

150 12.7 138.7 0.7 3.3 2.2 10.0 24.3 

180 15.0 151.7 0.9 3.6 1.7 8.3 26.5 

210 17.6 172.5 0.8 3.3 1.5 4.5 35.2 

240 18.4 240.3 0.7 2.6 2.8 2.1 45.3 

270 18.1 312.6 0.9 3.7 1.7 4.6 34.7 

300 18.4 334.6 1.3 4.3 1.9 10.6 23.6 

330 18.7 339.6 1.4 4.5 2.1 13.7 21.1 

 
1-year return period 

Wind Wind waves 

Direction 

Coming 

from (°N) 

Speed (m/s) 

Mdir 

Coming 

from (°N) 

Hm0 

(m) 
Tp (s) 

Gamma 

(Jonswap) 

Directional 

spreading 

(°) 

Directional 

spreading 

(s) 

0 14.8 349.1 1.2 4.1 2.4 9.1 25.4 

30 13.5 12.3 1.0 3.7 2.8 5.3 32.7 

60 12.1 51.7 0.7 3.5 3.3 7.2 28.3 

90 12.3 90.4 0.7 3.0 3.2 5.9 31.1 

120 11.4 121.9 0.7 3.1 3.5 7.2 28.2 

150 12.0 138.7 0.6 3.1 2.2 10.0 24.3 

180 13.8 151.7 0.9 3.6 1.7 8.3 26.5 

210 16.4 172.5 0.8 3.2 1.5 4.5 35.2 

240 17.0 240.3 0.6 2.5 2.8 2.1 45.3 

270 16.7 312.6 0.9 3.6 1.7 4.6 34.7 

300 16.9 334.6 1.2 4.2 1.9 10.6 23.6 

330 17.0 339.6 1.4 4.4 2.1 13.7 21.1 
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 Comparison of water levels 

 
  

German  Hooksiel 

Nautical 

Almanac 

Reeds 

Hooksiel 

BSH 

Kalender 

Hooksiel 

BSH 

Kalender 

  Water level 

[m SKN] 

Water level 

[m NHN] 

Water level 

[m SKN] 

 MHWS +4.3   

MThw = MHW   +1.6 +4.1 

 MHWN +3.7   

NHN MSL  +0.0 +2.5 

 MLWN +1.0   

MTnw = MNW   -1.8 +0.7 

 MLWS +0.5   
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Reeds Nautical Almanac 2021 - Perrin Towler, Mark Fishwick - Google Boeken 

 

 

https://books.google.nl/books?id=WTn8DwAAQBAJ&pg=PA693&lpg=PA693&dq=MHWS+hooksiel&source=bl&ots=n1ztUXAEHo&sig=ACfU3U390ujNySJKRjfJVF7_EFf9TxRRWg&hl=nl&sa=X&ved=2ahUKEwiMndShgvj4AhUInP0HHcDGAkYQ6AF6BAgCEAM#v=onepage&q=MHWS%20hooksiel&f=false
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