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15 Creek Rd., Marion, MA 02738 
www.foth.com 

 

February 17, 2022 
 

    

Mr. Chancery Perks, Conservation Agent          
New Bedford Conservation Commission          
New Bedford City Hall          
133 William Street                   
New Bedford, MA 02744  
 

 

RE: SE 049-0876, NOI - 1482 E. Rodney French - Gangway and Floating Dock 
 
Ref:  Comment letter from Nitsch Engineering dated August 31, 2021, Nitsch Project #9972 
 
Dear Mr. Perks: 
 
We have reviewed the comments provided by Nitsch Engineering through their peer review of the 
above referenced project and offer the following responses:   
 
1. The NOI includes a Proposed Site Plan prepared by Foth that references the design plans 

Proposed Floating Dock Anchor System, Cisco Pier, dated July 27, 2021, provided By AGM 
Marine. We recommend that the Applicant provide plans and supporting calculations stamped 
by a Professional Structural Engineer for the proposed anchor system, including 
sizes/weights/connections. 

 
Attachment 1 include plans and supporting calculations for the proposed anchor system, 
stamped by Richard FitzGerald, structural engineer.   
 
2. The Applicant should review the proposed alteration numbers provided in the NOI form and 

provide a plan depicting the direct and indirect impacts. We recommend that the direct impact 
number account for the proposed 12-inch timber piles plus the anchor system (including the 
anchor blocks, sinkers, and chains). 

 
Attachment 2 is an annotated plan that provides the calculations for the direct and indirect 
impacts.   Original NOI include 130 sf; through the addition of the chain impacts, the revised area 
of direct impacts is 173 sf.  
 
3. On the NOI form, the Applicant should include review impacts for Land Containing Shellfish and 

Land Subject to Coastal Storm Flowage, as both appear to be relevant to this project based on 
the information provided in the NOI. 

 
Attachment 2 includes page 4 of the NOI form which has been revised to include 173 sf impact 
area for Land Containing Shellfish due to the concrete blocks and chain and 768 sf within Land 
Subject to Coastal Storm Flowage for the float and gangway.  Please note that the float and 
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gangway are located in the waterway, within the flood zone, but are not in contact with “Land 
Subject to Coastal Storm Flowage”.    
 
4. The Applicant and their Structural Engineer should confirm that the project’s location within a 

Federal Emergency Management Agency (FEMA) Flood Velocity Zone (including potential wave 
action) were considered in the design of the anchor system.   

 
Refer to attached calculations which include the following conditions: 

 Boats cannot berth at floating dock with winds > 40 mph 
 Floating docks to be removed from site when hurricane winds (+70 mph) are forecasted 
 Concrete block anchors will be set level with mudline by jetting during installation 

 
5. The Applicant should include alternatives within the NOI that provide less impacts to the Land 

Under the Ocean. These may include installation of permanent piers or anchoring from the 
shore or the existing structure. 

 
As requested, additional anchor systems were considered and are presented as follows: 
 
Anchoring from Shore: Anchoring from shore would not result in less impacts to Land Under 
Ocean as the chain would still need to lay on the bottom to connect to the float and in order to 
cross the chain lines to minimize movement of the float, anchors would still be required to the 
east of the float.  Utilizing the existing pier as the accessway to the floating dock is preferred.   
 
SeaFlex System with Helical Anchors: The Commission requested an evaluation of a Seaflex 
(elastic rode) and helical anchor system.  Attachments include the design and calculation report 
prepared by SeaFlex.  The system consists of: 
 

 Helical anchors, steel screw type anchors about 5 feet or longer, would be used as 
anchors.  The anchors are installed with divers and topside barge support using a 
hydraulic machine to screw the anchors into the bottom material.  The type of soil, length 
of the anchor, and diameter and number of screw type flukes on the anchor determines 
the anchor’s capacity.  The only part of the anchor above the bottom is a steel eye and 
section of shaft used to connect the anchor line.  There will be four helical anchors 
installed, one for each corner of the floating dock. 

 The Seaflex anchor lines consist of four elastic cords, similar to a bungy cord, along with a 
length of polyester line to connect the floating dock to the helical anchors.  The Seaflex 
anchor lines also includes a polyester safety line.  There are four anchor lines used to 
connect the floating dock to the four helical anchors, one at each corner of the dock. 

 The Seaflex anchor lines are installed under tension and remain in tension throughout the 
tidal and extreme water level changes.  This results in the anchor line keeping the floating 
dock relatively in place without contacting the bottom material.   

 
Block and Chain Anchor System: The float anchor system proposed in the NOI is a concrete block 
and chain system which is commonly used for anchoring floats throughout harbors.  It is further 
described as follows:  
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 Concrete blocks, approximately 4’x4’x2’ and weighing 4800 lbs. each, will be used as 
anchors.  At the 4 anchor locations, 2 blocks will be used.  For the concrete blocks to 
properly serve as anchors, the blocks will be buried into the mudline, which requires water 
jetting (a temporary impact).  The blocks will be connected together to act as a single 
anchor. 

 1” steel chain will connect the anchors to the floating dock.  The anchors will be located 
approximately 60 feet from the corners of the floating dock. 

 Smaller concrete blocks, 19”x19”x12” weighing approximately 350 lbs. will be used as 
sinkers.  Sinkers will reduce the lateral and vertical movement of the floating dock during 
normal operation weather conditions.  There will be some movement of the chains and 
sinkers from the floating dock during both normal and heavy weather conditions.   

The proposed block and anchor system was reviewed by the Division of Marine Fisheries and the 
comments provided to the Commission by email on August 16, 2021, stated:  

“…The proposed float would be installed in adequate water depth to reduce impacts to 
underlying shellfish habitat (i.e., > 2 ½ feet depth at MLW). Based on the scope of work as 
currently proposed, MA DMF has no recommendations for sequencing, timing or methods 
that would further avoid or minimize impacts to marine resources at this time.” 

 

DMF did not provide recommendations for methods that would further avoid or minimize impacts 
at this site compared to the proposed chain and block system.  We recognize that the helical 
anchors and SeaFlex system has less bottom impacts; however, the cost difference between the 
block and chain anchor system and Seaflex with helical anchor systems is approximately 
$38,000.  This additional expense for an anchor system beyond what is routinely allowed for 
floats is not justified given the specific site conditions, including sandy nearshore areas.   
 
We appreciate the Commission’s consideration and respectfully request that the Commission 
authorize the installation of the float anchor system as proposed.  Please forward any additional 
responses from Nitsch so that we can prepare prior to the next scheduled hearing 
(March 1, 2022).   
 

Sincerely,   

Foth Infrastructure & Environment, LLC 

 
Susan E. Nilson, P.E. 
Director, Ports and Harbors 
Licensed in CT, MA, RI, NY, NJ AND WI 
 
cc: Stephen Silverstein (Cisco) 

Richard FitzGerald, P.E. (AGM) 
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Enclosures: 
Attachment 1: “Floating Dock Anchor System for Cisco Brewers Restaurant, New Bedford, MA” 
prepared by AGM Marine Contractors, Inc., dated 02/08/2022 

Attachment 2:  Plan “Proposed Floating Dock Anchor System Cisco Pier, New Bedford, MA” 
prepared by AGM Marine Contractors, Inc., dated 02/08/2022 annotated by Foth to provide 
impact areas; Page 4 of NOI with revised impact areas  

Attachment 3:  “Design and Calculation Report, Cisco Pier Floating Dock”, Project Number 4671, 
prepared by SeaFlex, dated 10-11-2021 
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Sent from me iPhone.



From: Craig Sams
To: Richard Fitzgerald
Subject: Pages
Date: Tuesday, May 5, 2020 11:53:29 AM

I was having trouble scanning these from the book so I just took photos. Hope this works, let me know if you have any questions.
CDS 

mailto:seasams2017@icloud.com
mailto:Richard.Fitzgerald@agmmarine.com
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Plan “Proposed Floating Dock Anchor System Cisco Pier, New Bedford, MA” 
prepared by AGM Marine Contractors, Inc., dated 02/08/2022 annotated by Foth to provide 
impact areas; Page 4 of NOI with revised impact areas 
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2/10/2022 Foth Calculation of Impact Areas:

Concrete Anchor Blocks:
8 Blocks, each at 4' x 4' = 128 sf

Concrete Sinkers:
4 Blocks, each at 19" x 19" = 10 sf

Chain:
Assume length (33') from block to sinker is on bottom
Assume 2X chain width is impact area = 3"
4 Chains, each 33' x 3" = 33 sf 

12" Diameter Timber Piles:
2 Piles, each @ 0.785 sf = 1.57 sf

Total of direct bottom impacts = 172.6 sf

Indirect Impacts:
Float: 38.5' x 16' = 616 sf
Gangway: Assume min. 2' overlap on float, 
38' x 4' = 160 sf

Total of indirect impacts = 768 sf
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands 

WPA Form 3 – Notice of Intent 
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  

Provided by MassDEP: 

  
MassDEP File Number 

 
Document Transaction Number 

New Bedford 
City/Town 

 B. Buffer Zone & Resource Area Impacts (temporary & permanent) (cont’d) 

 
Check all that apply below.  Attach narrative and supporting documentation describing how the 
project will meet all performance standards for each of the resource areas altered, including 
standards requiring consideration of alternative project design or location.  

 

Online Users: 
Include your 
document 
transaction 
number 
(provided on your 
receipt page) 
with all 
supplementary 
information you 
submit to the 
Department. 

Resource Area Size of Proposed Alteration Proposed Replacement (if any) 

a.  Designated Port Areas  Indicate size under Land Under the Ocean, below 

b.  Land Under the Ocean 
130 SF impact (768 SF float 
/gangway, no direct impact) 

 

 
      
2. cubic yards dredged 

 

c.  Barrier Beach Indicate size under Coastal Beaches and/or Coastal Dunes below 

d.  Coastal Beaches 
      
1. square feet 

      
2. cubic yards beach nourishment 

 
e.  Coastal Dunes 

      
1. square feet 

      
2. cubic yards dune nourishment 

 
 Size of Proposed Alteration Proposed Replacement (if any) 

 
f.   Coastal Banks 

      
1. linear feet 

 

 g.  Rocky Intertidal   
  Shores 

      
1. square feet 

 

 
h.  Salt Marshes 

      
1. square feet 

      
2. sq ft restoration, rehab., creation 

 i.   Land Under Salt  
  Ponds 

      
1. square feet 

 

  
      
2. cubic yards dredged 

 

 
j.   Land Containing  
  Shellfish 

      
1. square feet 

 

  k.  Fish Runs Indicate size under Coastal Banks, inland Bank, Land Under the 
Ocean, and/or inland Land Under Waterbodies and Waterways, 
above    

  
      
1. cubic yards dredged 

 

 
 l.  Land Subject to   
   Coastal Storm Flowage 

      
1. square feet 

 

 
4.  Restoration/Enhancement 

If the project is for the purpose of restoring or enhancing a wetland resource area in addition to the 
square footage that has been entered in Section B.2.b or B.3.h above, please enter the additional 
amount here. 

 

 
      
a. square feet of BVW 

      
b. square feet of Salt Marsh 

 
5.  Project Involves Stream Crossings 

       
a. number of new stream crossings 

      
b. number of replacement stream crossings 
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PREFACE 

The design and calculation report performed by Seaflex AB, describes besides the design results, 
section 6, also the methodology of calculating the forces acting on the flexible Seaflex mooring system, 
see section 1 to 5. The method and formulas are mainly based on the British Standard [1] but also 
references below: 

[1] “British StandardTM – Design of inshore moorings and floating structures”, BS 6349-6:1989 
[2]  “Structural Design Actions Part 2 - Wind actions”, AS/NZS 1170.2:2011 
[3] “Australian StandardTM - Guidelines for design of marinas”, AS 3962- 2001 
[4] “Minimum Design Loads For Buildings and Other Structures,” ASCE/SEI 7-05, ISBN 0-7844-0809-2, (2005)  
[5] “Planning and design guidelines for small craft harbours”, American Society of Civil Engineers, ISBN 0-7844-0033-4, 
(2000)  
[6] B. Tobiasson, P.E. Kollmeyer, “MARINAS and Small Craft Harbours”, Westviking press, Medfield Massachusetts, ISBN 

0-9675437-0-3, (2000).  
[7]  Y. Goda, ”Random Seas and Design of Maritime structures”, ISBN 981-02-3256-X.  
[8]  J.P. Hooft, Advanced Dynamics of Marine Structures, Ocean Engineering, John Wiley & Sons inc, New York, (1982).  
[9]  K.Tanizawa, M. Minami, S. Naito, “Estimation of Wave Drift Force by Numerical Wave Tank”. ISOPE-99 9th 

International Offshore and Polar Engineering Conference, Brest, France (1999).  
[10]  Salvage engineers handbook, V1, Direction of Commander, Naval Sea System, Command, (1997)  
[11]  P. Le Tirant, J. Meunier,  “Design Guides for offshore structures: anchoring of floating structures”, France (1990)  
 

The overall process is to consider the forces that make the floating structure drift and then transfer 
that load into the mooring system. Short term impulse loads are adequate for the integrity of structure, 
but Seaflex AB consider forces which gives a mean drift force over time, normally 30 seconds and 
higher.  
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1 GENERAL INFORMATION ABOUT SEAFLEX 

The SEAFLEX mooring system consists of SEAFLEX and rope, see Figure 1. SEAFLEX is the active part 
of the mooring, adjusting for water level changes while also taking care of forces. Note that SEAFLEX 
does not cover all the distance from anchor to pontoon. SEAFLEX is always tensioned at lowest water 
level. 

 

 

 

 Figure 1. Principle sketch for SEAFLEX. Shown in figure are dead weight anchors but it could also be 
technical, as example helical anchors. 

 

 

Seaflex unit 

Dead weight anchor 

Rope 

Pontoon 
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2 DIMENSIONING PARAMETERS 

The parameters in Table 1 have been used to calculate the forces acting on the structure for the 
project 4671, Cisco Pier Floating Dock.  

Table 1. Dimensioning parameters. 

Max wind speed (30s gust, @10m 
height) 

40mph (17.88m/s)  

Depth at lowest water level  Avg. 5ft (1.52m) 

(Design Lowest Water Level: -1ft (-0.3m)) 

 Water level variation 11.5ft (3.5m) – max design 

 

 

 

 

Wave height 8ft (2.44m) – H max 

5.6ft (1.71m) – H sig, (H sig = 0.7 * H max) 

Current 0.5kn (0.26m/s) 
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3 DESCRIPTION OF METHODOLOGY 

The following sections describe the methodology of calculating the forces acting on the flexible Seaflex 
mooring system. The method and formulas are mainly based on the British Standard1. 

The overall process is to consider the forces that make the structure drift and then transfer that load 
into the mooring system. Short term impulse loads are adequate for the integrity of structure, but we 
consider forces which gives a mean drift force over time, normally 30 seconds and higher. 

On a pontoon, the forces due to wind are low compared to the wave forces. This is because of the low 
wind catching surface when there are no boats moored to the pontoons. 

 

3.1  FORCES DUE TO WIND 

The total wind force is calculated as follows 

  

𝐹𝑤 = 𝑞𝑧 ∙ ∑ 𝐶𝐷𝑖
∙ 𝐴𝑖𝑖          (1) 

 

Where 

Fw = Total force due to wind and the exposed area of the boats and buildings, unit [N]. 

qz = Wind pressure, see equation 3 below, unit [Pa]. 

∑ 𝐶𝐷𝑖
∙ 𝐴𝑖𝑖 = The sum of drag coefficient times exposed area for each component, i.e., all vessel 

moored to the structure, unit [m2]. The mean value of drag coefficient 𝐶𝐷𝑖
= 1,0  for vessels is 

normally used in calculations, see AS 3962 – 2001 cl. 4.8.3.3. 

 

Australian Standard1 states that a steady state wind of 30 s duration should be considered. This is 
adopted for wind force calculations with the flexible Seaflex mooring system. Table 2 shows the 
exposed area for some vessel with different length. 

 

 

 

 

 

1 Australian Standard - Guidelines for design of marinas AS 3962-2001 (Originated as AS 3962-1991, 
second edition 2001). 
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Table 2. Exposed area of vessel, see AS 3962 – 2001 cl. 4.8.3.3. 

Vessel length in meters 

Motor Vessels Yachts 

Exposed area, m2 Exposed area, m2 

Head  Beam Head  Beam 

8 5 16 4 11 

10 7 22 5 15 

12 11 29 6 20 

15 18 45 9 28 

18 22 64 11 40 

20 24 76 12 44 

25 30 95 15 60 

30 45 120 35 92 

35 54 167 36 122 

40 78 213 40 182 

45 85 264 50 210 

50 90 285 60 249 
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3.1.1  WIND REDUCTION 

The reason for using the reduction coefficient for wind is that most winds are recorded or reported at a 
standard height of 10 m above the ground surface, but marinas height is approximately 2 m above sea 
level. The reduction coefficient for wind is calculated from the equation  
 

a

m

e
C

H

H
R 










=           (2) 

       

Where 

Rc = Reduction coefficient for wind, unitless. 

He = Height above the water level where we want to estimate the wind speed. For marinas, 
He is set to 2 m, unit [m]. 

Hm = Height above the water level where the wind was measured, unit [m]. 

a = Coefficient depending on surface roughness where 0.143 is used for open country and 
0.1 for coastal situations, unitless.  

 

Normally the exposed objects in a marina are located at a lower altitude and the wind should be 
reduced by the reduction coefficient. As an example, a marina with moderate sized boats with the 
standard He equal to 2 m gives a reduction coefficient of 0.85. In cases with higher boats or buildings 
other values of the reduction coefficient are considered. The wind pressure with reduction coefficient 
is given by the equation 

 

( )20006,0 vRq CZ =          (3) 

 

Where 

qz = Wind pressure, unit [kPa]. 

v = Wind speed (30 s gust 10 m above ground surface), unit [m/s]. 
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3.1.2  WIND GUSTS 

The wind speed is normally measured for 3 s gust or 10 min average speed at 10 meters standard 
elevation. To convert wind speeds from one averaging time to another Durst (Minimum Design Loads 
for Buildings and Other Structures, ASCE/SEI 7-05, ISBN 0-7844-0809-2, 2005) introduced the curve 
in Figure 2. The Durst Curve describes the relation between sought wind speed and speed averaging 
over one hour. 

 

Figure 2. Showing the Durst curve: averaged wind speed at specific time interval relative to averaged wind 
speed for 1 hour (3600 s). This curve can be used for to convert wind speeds from one averaging 

time to another.    
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3.2  FORCES DUE TO WAVES 

Australian Standard mainly considers inner marinas and does not deal with wave loads in detail. The 
force of waves on a moored structure could be analysed with a non-linear simulation in the time 
domain for the wave spectrum or other spectrum-based methods for the actual site. British Standard2 
notes however that 

The primary wave-induced forces on a vessel or structure are oscillatory and have, in 
general, the same frequency characteristics as the waves themselves. They are usually 
defined as “first order” forces, which are proportional to wave amplitude. In addition to the 
oscillatory forces there are slowly varying drift forces which act on the vessel or structure 
and are primarily due to non-linear second order terms in the pressure field associated with 
the waves. These drift forces are proportional to the square of the wave amplitude and 
have a much smaller frequency than the first order forces. The magnitude of the forces is 
small compared to first order forces. There is a resulting mean value, commonly called the 
mean drift force. This mean drift force is similar to the wave “set-up” observed when a 
wave reflects off a fixed wall or shoreline. 

And  

Drift forces and slowly varying motions. The mean drift force acting on a vessel or structure 
should be considered as a steady force which acts in combination with steady forces due to 
wind and current. For locations where the significant wave height is less than 2 m, it is 
sufficient to make a simple estimate of mean drift force as outlined in 2.4.4. Slowly varying 
drift forces and resultant motions may be neglected provided that the mean drift force is 
shown to be small. 

The mean wave drift load described by British Standard2 has proven successful with Seaflex in 
installations for many years. If the waves are large enough the pontoon will swing back and forth but 
for small waves the result will be a steady drift load. 

  

 

 

 

 

 
2 BRITISH STANDARD 6349-6:1989 

Code of practice for maritime structures — Part 6: Design of inshore moorings and floating structures. 
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Seaflex recommend thus the mean drift force as a first approach when wave loads are to be 
determined. The mean drift force is described as the force, which moves a floating object in the wave 
direction. Already 1960 drift force were studied by H. Maruo3. The drift force formula is given by  

   

( ) ( ) sin
2

1 2
= LHRgF        (4) 

 

Where 

F = Force due to wave, unit [N]. 

ρ = Density of water, unit [kg/m3]. 

g = Standard acceleration due to gravity, unit [kgm/s2]. 

R = Reflection coefficient, unitless.  

L = The length of the structure (pontoon), unit [m].  

H = The actual wave amplitude, unit [m].  

α = Incident wave angle where 90° is perpendicular to structure (pontoon), unit degrees [°]. 

 

Below, in Table 3, some values of the reflection coefficient are shown. 

Table 3. Reflection coefficient for different structural type. 

Structural type Reflection coefficient 

Vertical wall with crown above water 0.7-1.0 

Vertical wall with submerged crown 0.5-0.7 

 

Furthermore, the reflection coefficient also depends on the wavelength of waves and the geometry of 
the structures (pontoons). Normally, Seaflex uses R = 0.5 - 0.95 for concrete wave attenuators and R = 
0.2 - 0.4 for light pontoons, such as modular plastic floats. 

 

 

 

 
3 H. Maruo, The drift of a body floating on waves, Journal of Ship Research, 4 (1960). 
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3.3  FORCES DUE TO CURRENT 

The pressure due to current is calculated from 

 

2

2

1
 = DCp          (5) 

 

Where 

p = Pressure in pascal, unit [Pa].  

 = Water density, unit [kg/m3]. 

CD = Coefficient of drag, unitless. 

v = Current velocity, unit [m/s]. 

  

Then the force on the object due to current can be achieved by equation 

 

= ApF           (6) 

 

Where 

 F = Force, unit [N]. 

 p = Pressure, unit [Pa]. 

 A = Exposed area, unit [m2].  
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3.4  SHIELDING  

Australian Standard states that the total load shall be based on the full force on the windward boats 
and 20% on the leeward boats, see Figure 3 below.  

 

Figure 3. Showing the load on windward and leeward boats depending on the direction of wind or current. 
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4 FORCES IN THE SEAFLEX RUBBER HAWSER 

The horizontal force FH is not acting directly in-line with Seaflex rubber hawser. There is a horizontal 
and a vertical angle that must be considered, see Figure 4. Then the force on Seaflex unit is 

)cos()cos( VH

H
SFX

F
F

 
=         (7) 

Where 

FSFX = Force acting directly in-line with Seaflex unit [N]. 
FH = Horizontal force [N].  

αH = The horizontal angle of Seaflex [°].  
αV = The vertical angle of Seaflex [°]. 

 

 
Figure 4. Showing the active forces as well as the horizontal and vertical angle of Seaflex. 

 

 

 

 

FSFX 

FH 

Side View 



Design and calculation report 
PROJECT NUMBER: 4671  

 

www.seaflex.com © Copyright Seaflex AB 2021 P a g e  | 12 

 

4.1  DEPTH EFFECT OF VERTICAL ANGLE 

The depth has an influence on the position of anchors. The deeper the water is the further out the 
anchor needs to be. To ensure a simple installation and a secure layout we state that the anchors must 
be installed in relation to the depth. This relation is independent of type of anchor, being concrete 
deadweight, helical, manta ray or another technical anchor. 

As standard this relation is with a scope of two to one (2:1) at medium water level, but could be 
different if needed, for example three to one (3:1). Scope 2:1 means that the horizontal distance to 
anchors is twice the water depth at medium water level. See Figure 5 below. For condition at the Cisco 
Pier Floating Dock, a scope of 2.5:1 has been used. 

The vertical angle used for this project mooring lines are calculated for 2.5:1 scope. As it is more 
conservative in that case.   

 

Figure 5. Pontoons with different depths at anchors. 

This method of positioning of each anchor in proportion to the water depth gives that every Seaflex 
has the same vertical angle at medium water level, and only small variance at highest or lowest water 
levels. Normally, Seaflex installations is performed at medium water level with vertical angle of 27⁰ 
(scope 2:1). The symmetric distribution of Seaflex and small vertical angle variance dependent of water 
depth, a Seaflex moored pontoon will stay in the same horizontal position independent of the water 
level.  
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5 JFLEX 

JFlex is an application program which helps to determine and decide what type and number of Seaflex 
that is necessary to withstand the environmental forces acting upon structures like walkways 
(pontoons).  

The system is based on the Australian standard and below is a short summary of the method and 
calculations that the system uses. 

1. Dimension parameters and structures for the marina system are first set.  
2.  Determine the total exposed area. 

a. Table 2 is used. 
3. The wind pressure is calculated. 
4. The shielding effect is considered as described in section 3.4. 
5. The wind pressure together with shielding effect and the total exposed area gives the wind 

force acting on the structure.  
6. The total horizontal force acting on the structures is calculated as the sum of wind forces and 

other added extra forces, i.e., wave and current forces.   
7. The force in mooring system is calculated from the total force. 
8. Type and amount of Seaflex is determined. 
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6 MOORING DESIGN 

The following sections describe the determination of type and amount of Seaflex units for project 
4671, Cisco Pier Floating Dock. For that purpose, to calculate forces acting on the mooring system, the 
parameters in Table 1 and dimension of structures have been used in JFlex, see section 5.  

When designing Seaflex we calculate loads for the worst-case scenario. Normally, it would be when the 
wind, wave and current action are coming from the same direction. For the project worst case scenario 
is when wind and wave occurring in the perpendicular to longitudinal direction of the pontoon. 
Calculations are made for perpendicular to longitudinal direction of the pontoon. 

The horizontal force FH for each section of the wave attenuator calculated in below sections, is 
transferred down into the mooring system of Seaflex units. Using methods from section 4 the induced 
in-line force FSFX is calculated for the Seaflex rubber hawser. The scope for Seaflex units moored in the 
project are 2.5:1. The horizontal angles αH are 30 degrees. By knowing scope and dimension 
parameters the vertical angle αV is calculated for highest water level, which is used when calculating the 
maximal induced in-line force FSFX. Running this in the application program JFlex, see section 5,  yields 
the type and number of Seaflex units for each structure, se results below. The effective number of 
Seaflex units countering environmental loads is the number of units that always will be acting against 
the environmental force. 
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6.1  PONTOON 

Length:  38ft (11.6m). 

Layout for pontoon is shown in Appendix A. In this case the most significant force acting on the 
pontoon is the wind and waves act in perpendicular to longitudinal direction.  

6.1.1  WIND 

Using methods from section 3.1 the total horizontal wind force is calculated, presented in Table 4. The 
max wind speed is given as 40mph (18.77m/s) at 10m height over water. These correspond to 0.85kPa 
at calculated height of the marina and forces from wind will be checked.  

Table 4. Wind force acting on pontoon. (Wind force is perpendicular to the longitudinal direction of 
the structure). 

 

6.1.2  WAVE  

Force from 5.61ft (1.71m) significant wave height is calculated for perpendicular direction to alongside 
of the pontoon, using method from section 3.2, and presented in Table 5. Reflection coefficient was 
chosen to 0.3 for the pontoon.   

Table 5. Wave force acting on pontoon. (Wave force is perpendicular to the longitudinal direction of 
the structure). 

 

6.1.3  CURRENT  
There is 0.5kn (0.26m/s) current acting at the pontoon, forces from current are calculated in Table 6. 

  Table 6. Current force acting on pontoon. (Current force is perpendicular to the longitudinal direction 
of the structure). 

 

 

 

 

Amount of 

vessels

Length of 

vessels

Exposed area 

of vessel for 

wind

Based wind 

velocity at 10m 

height

Height 

reduction 

factor for wind 

at segment 

height (a=0,1)

Wind pressure 

at calculated 

height

Sheltering Wind Force

[-] [m] Ax [m
2
] vb [m/s] [-] qzx [kPa] [%] F [kN]

1,0 12,0 29 17,88 0,85 0,14 100 4,10

1,0 12,0 29 17,88 0,85 0,14 20 0,82

Total force 4,92

Length Reflection Density Gravity
Sig. wave 

Height
Angle Wave force

L [m] R  [kg/m3] g [kgm/s2] H [m] α [] F [kN]

11,6 0,3 1023 9,82 1,71 90 15,33 Total force

Length Draught Area Drag Density Velocity Pressure Current Force

L [m] d [m] A [m2] CD  [kg/m3] v [m/s] p [kPa] F [kN]

11,6 0,45 5,2 1,05 1023 0,26 0,0 0,2
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6.1.4  TOTAL FORCE  

Summing up all forces gives the maximum total horizontal force of the pontoon, presented in Table 7. 

Table 7. Total horizontal force on the pontoon. (Force is perpendicular to longitudinal 
direction of the structure). 

 

Worst case would be for loads acting in perpendicular direction. The total load for the pontoon in 
perpendicular to the longitudinal direction of structure is 20.4kN. For that case, the mooring lines are 
calculated against that loads. 

6.1.5  FORCES IN SEAFLEX 

The total horizontal force FH, calculated in section 6.1.4, is transferred down into the mooring system 
of Seaflex units. Using methods from section 4 we can calculate the induced in-line force FSFX to the 
Seaflex rubber hawser.  

Max horizontal force acting on the wave attenuator in perpendicular direction is 20.4kN. 

There will be 4 Seaflex 4040TGBPTH supporting the pontoon. 

The horizontal force is transferred down into the Seaflex mooring system. By using equation (7) the 
Seaflex hawsers in-line force can be determined.  The horizontal angles are 30°, in perpendicular 
direction while the vertical angle is 33° at highest water level. The total maximum in-line force for the 
Seaflex Mooring System is 28.1kN in perpendicular direction.  

 
There are 2 of 4 Seaflex units in perpendicular direction acting against the force. The total number of 
Seaflex hawsers will then be: 

- 2 x 4 = 8. 
 
The maximal force in each hawser will be: 

- 28.1kN / 8 = 3.51kN. 
 
The breaking load of a single hawser is 10kN. The working in-line load for each hawser is set to 
between 0.5 - 5kN which correspond to 30 - 80 % elongation. Seaflex units with bypass (breaking load 
of bypass - 150kN), which activates at 80 % elongation, has safety factor set to 3:1 for 4-hawser units.  
 
 
 
 
 
 
 
 

 Force 

 [kN]

Wind 4,9

Wave 15,3

Current 0,2

Total 20,4
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7 SUMMARY  

The result of the mooring design for this project is shown in layouts, Appendix A. The Seaflex units 
recommended for this project are listed below, in Table 8.  

Table 8. Summary of Seaflex recommended for this project. 

FLOATING STRUCTURE SEAFLEX 

Pontoon 4 x 4040TGBPTH 
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