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Maritime 
International 
Mooring Bollards 

and Cleat s 
 
 
 
 
 
 
 
 
 
 
 
 
 
Maritime International designs and 
m anufactures one of the most 
comprehensive product lines of c ast 
steel and ductile c ast iron m arine 
bollards and c leats in the industry. Our full 
line of products inc ludes all types of 
mooring bollards and c leats in all sizes 
and c ap ac ities. Additionally, Maritime 
regularly designs and m anufactures 
custom c astings for spec ial applic ations. 
The inform ation enc losed in this technic al 
m anual has been compiled in order to 
provide a framework which will allow an 
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engineer or designer to spec ify, purchase, and inst all bollards and c leats which 
have been designed and m anufactured to meet your applic ation 
requirements. Within this m anual, we will discuss design, engineering, m aterials, 
heat-treating, types of bollards, co ating, testing, mounting hardw are, 
inst allation, and quality documentation. 
 

Bollard

Load
Rating

Material

Shape

Anchorage

Coating

Installation

 
Load Rating 
The purpose of bollards and c leats is to secure the vessel to the berth by means 
of mooring lines norm ally supplied by the vessel. A typic al vessel m ay use 
between two and eight, and possibly more, lines to prevent the vessel from 
moving aw ay from and along the berth. The determination of the lo ads in these 
mooring lines is dependent on a number of factors inc luding current, wind, and 
w ake. These mooring line lo ads, when factored for safety, will determine the 
required lo ad rating of the bollard or c leat. 
 
A thorough mooring analysis should be performed by a qualified engineer to 
determine the actual mooring line lo ads and the required lo ad rating of the 
bollard or c leat. Lo ad factors for determining the bollard or c leat lo ad rating 
from the mooring line lo ad typic ally range from 1.5 to 3.0. The actual lo ad factor 
used will depend on variables inc luding, but not limited to, availability of 
accurate wind and current d ata, project spec ific ations, and choice of c asting 
m aterial. 
 
Proper selection of a bollard or c leat given a spec ific lo ading requires an 
underst anding of how that lo ad is assumed to act on the c asting. Most single bit 
bollards and all c leats are equipped with ÒhornsÓ. Horns are the narrow 
projections protruding from the sides of a bollard or c leat. Bollards m ay also 
have one horn on the b ackside aw ay from the w aterside. ÒTÓ head bollards 
usually have a large lobe extending tow ards the b ack of the bollard. All 
Maritime bollards are rated for mooring lines acting under the horns and lobes 
at angles up to 30 degrees from horizontal. Angles greater than 30 degrees m ay 
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result in a decrease in load c ap ac ity. Nonst and ard loading c an be evaluated 
by our engineering dep artment on a c ase by c ase b asis.  
 
Double bit bollards have two bits that are angled ap art to provide additional 
safety from a line slipping off the top of the bollard. Most double bit bollards do 
not have horns so the point of lo ading must be approxim ated from the angle 
the mooring line attaches to the bit. It is for this reason that double bit bollards 
should not be used where mooring lines might intersect the bollard at angles 
greater than 45 degrees. If very high mooring line angles are antic ip ated then it 
is recommended that a ÒTÓ head bollard be selected.  
 

Materials – Cast Steel vs. Cast Iron 
The bollards and c leats shown in this c atalog c an be m anufactured in both c ast 
steel and ductile c ast Iron. Both m aterials are produc ed ac cording to following 
ASTM spec ific ations. 
 

Cast Steel 

ASTM Grade 
Tensile Strength 

Min. 
ksi [MPa] 

Yield Strength 
Min. 

ksi [MPa] 

Elong ation in 2 
in. or 50mm, 

Min., % 

Reduction of 
Area, Min. % 

A27 Gr. 65-35 65 [450] 35 [240] 24 35 

A27 Gr. 70-36 70 [485] 35 [250] 22 30 

A27 Gr. 70-40 70 [485] 40 [275] 22 30 

A148 Gr. 80-50 80 [550] 50 [345] 22 35 

Ductile Cast Iron 

A536 Gr. 65-45-12 65 [448] 45 [310] 12 N/A 

A536 Gr. 80-55-06 80 [552] 55 [379] 6 N/A 

 
The choic e of using c ast steel vs. c ast iron is largely b ased on design philosophy, 
applic ation, and loc ation of the product. Advantages and disadvantages of 
both m aterials inc lude: 
 

Cast Steel 
Advantages 
Cast steel has a high strength and a very high resist anc e to d am age from 
imp act.  Cast steels high elong ation, 24% for ASTM A27 Grade 65-35, provides 
the bollard with a high degree of toughness. Given the loc ation of mooring 
bollards and c leats in high traffic areas, bollards and c leats are const antly 
susc eptible to imp act. Cast steel bollards c an be designed with thin sections 
given their superior strength and c an be protected from corrosion by co ating 
the bollard prior to inst allation. Maritime International prim arily recommends 
the use of Cast Steel for bollards and c leats.   
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Disadvantages 
Cast steel bollards must be properly m aintained and co ated to prevent 
corrosion. The thinner sections c an be d am aged over time if m aintenanc e is 
neglected. 

 

Cast Iron 
Advantages 
Ductile c ast iron bollards are designed and m anufactured using thinner 
sections than steel. It is c ast iron Õs corrosion resist ance and it Õs generally 
higher yield strengths that allow the c astings to be lighter. Cast Iron is less 
ductile than Cast Steel and has a signific antly lower elong ation, 6% for ASTM 
A536 Grade 80-55. It is this property that should be considered when 
spec ifying and rating bollards and c leats. Factors of safety of 3.0 are 
common when using c ast iron since impending failure will not be as obvious 
as when c ast steel is used. 

 
Disadvantages 
Ductile c ast iron bollards are usually designed with thin sections and are 
therefore more susc eptible to d am age than c ast steel. Ductile c ast iron is 
very strong but is less ductile than steel. Failures in c ast iron bollards are 
usually more c atastrophic than with c ast steel. 

 
 Steel Ductile Iron 

Advantages 

?? High strength 
?? Very tough due to high 
elong ation 
?? Resist ant to imp act 
?? Ductile failure mode allows 
more reasonable factor of 
safety 
?? Covered under AISC steel 
design m anual 

?? High strength 
?? Less expensive per unit 
weight than steel 
?? Good corrosion resist anc e 
?? Wider availability 

 

Disadvantages 

?? More expensive per unit 
weight than ductile iron 
?? Requires m aintenanc e of 
corrosion protection 

?? Low ductility 
?? Requires higher factor of 
safety due to low elong ation 
?? Not covered under AISC 
steel design guide 
?? Not resist ant to imp act 

 

 

Heat Treating 
All c ast bollards and c leats must be heat-treated in ac cord anc e with the 
applic able ASTM requirements. It is not nec essary to track heat-treating 
procedures and documentation if the chemic al analysis and the after heat 
treatment mechanic al properties are conducted and submitted as p art of the 
final documentation. 
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Types 
Bollards and c leats are m anufactured in a wide range of shapes, sizes, and 
c ap ac ities. The geometry differenc es from one m anufacturer to another c an be 
very slight or very profound. In general, the type bollard should alw ays be 
spec ified as well as the general size (i.e. height, head size, b ase size, etc.) and 
lo ad c ap ac ities. Common types of c astings supplied inc lude: 
 

Single Bit Double Bit T Head Cleat
 

 
Within each of the above types, bollards and c leats c an have a wide variety of 
shapes and sizes. The size and thickness of the b ase dimensions c an vary as well 
as the internal and external dimensions of the main body.  
 
It is import ant to remember that, although there are subtle differenc es between 
m anufacturer Õs designs, it is most critic al that the supplier be c ap able of 
demonstrating the perform anc e of the bollard or c leat through engineering 
c alculations or testing. A check of the bollard Õs c ap ac ity at horizontal and 30 
degree angles to horizontal should be required on any project spec ific ation, 
which inc ludes bollards or c leats. A sample spec ific ation and critic al item 
checklist is inc luded in this c atalog.  
 

Coating 
Bollards and c leats are subjected to some of the most extreme corrosive 
environments. Typic al co atings for the protection of bollards and c leats inc lude: 

?? Epoxy Co atings 

?? Polyurethane co atings 

?? Hot Dip Galvanizing 

Cast steel and c ast iron bollards and c leats should alw ays be supplied from the 
m anufacturer with at least a rust preventative primer, preferably comp atible 
with the expected top co ating, to protect the product from corrosion until final 
co ating c an be done at the jobsite. Sinc e the inst allation of most bollards 
inc ludes filling the core with concrete and filling the anchor bolt counter bores 
with non shrink grout, it is recommended that the top co at(s) of the co ating 
system be applied after inst allation. 
 

Testing 
All Maritime International bollards are tested after heat-treating for the following: 
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a. Chemic al Analysis (conform anc e to m aterial properties spec ified under 

ASTM) 
b. Mechanic al Properties Testing (tensile, yield, elong ation, and reduction of 

area) 
 
The above tests should be conducted on a minimum of 1 bollard per heat and 
the test results should be submitted with final documentation. 
 

Mounting Hardware / Anchorage 
Each Maritime bollard has a recommended anchor diameter and m aterial 
grade. The type of anchorage to be supplied will be b ased on suit ability to the 
deck design. The bollard m anufacturer should alw ays supply mounting 
hardw are to assure conform anc e to the project spec ific ations. The mounting 
hardw are design and engineering should be conducted by the supplier or 
project design engineers. 
 

Embedded Anchor Through Anchor Drill & Epoxy Anchor
 

 
Bollard anchorages are typic ally designed in ac cord anc e with AISC, ACI, and 
PCA recommend ations. Anchor rods, nuts, w ashers, and plate w ashers are 
commonly supplied in ac cord anc e with the following ASTM spec ific ations. The 
design philosophy of ductile failure mode vs. brittle failure mode will influenc e 
the grade of anchor used. 
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Item Standard Grade 
High Strength 

Grade 
Bolts  ASTM A 307 ASTM A 449 

Nuts (Heavy Hex) A 563 Grade A  
A 563 Grade 

DH 

Washers  ANSI B18.22.1 ASTM F 436 

Plate Washers ASTM A 36 ASTM A 36 

 
It is typic al for the bolts used in anchoring bollards and c leats to be very long. 
Often they are eight to fifteen times their diameter in length. Therefore it is 
advised to use non-headed bolts or studs. Sinc e non-headed bolts or studs in 
these diameters and lengths are usually m ade to order, they c an be m ade with 
long thread lengths on each end. This will allow for a greater range of 
adjustment over st and ard bolt thread lengths. 
 
All hardw are for anchoring of bollards and c leats should be hot dip g alvanized 
as per ASTM A 123 or A 153 as required. 
 

Installation  
Proper inst allation of bollards and c leats is critic al to performance and durability. 
Cast-in-plac e anchors should be set using a template or setting frame to ensure 
proper alignment.  Consideration must be given to embedment depth to 
comply with pull-out c alculations, as well as exposed length to assure that they 
do not extend above the top of the bollard b ase after inst allation. 
 
Typic al c asting toleranc es on mounting hole loc ations is 5 Ð 7 mm (when using 
wood p attern c asting proc esses).  The bore position relative to the counter bore 
is difficult to m aintain if c ast into the product itself. The flatness of the counter 
bore is also questionable when c ast-in-plac e. Machining of mounting holes 
assures that the anchor rods will m atch the required bolt p attern and allow for 
plac ement of the w asher and nut inside of the counter bore.  
 
All of Maritime International Õs bollards and c leats are supplied with m achined 
mounting holes. Centerline dimensions, counter bores, thru holes, and flatness 
for w ashers is produc ed with m achine toleranc es.  This method of proc essing 
simplifies inst allation, ensures replaceability, and guarantees proper lo ad transfer 
b etween the anchors and the bollard or c leat b ase. 
  
After setting the bollard and applying the correct torque on all anchors, the 
internal bore of the bollard c an be filled with a concrete mix and allowed to 
cure. Touch up of the bollard co ating c an be done following curing. 
 
The inst allation proc edure should be supplied with the final documentation. All 
suppliers of mooring products should provide a detailed inst allation procedure 
giving handling recommend ations, torque spec ific ations, and touch up p ainting 
or g alvanizing recommend ations. 
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Quality Control Documentation 
A final documentation p ackage is prep ared by Maritime and inc ludes the 
following documents: 
 

a. As-built Drawing of bollards and 
hardw are 

b. Dimensional Inspection Report 
c. Engineering Calculations 
d. Chemic al Analysis Test Report 
e. Mechanic al Properties Test Report 
f. Inst allation Proc edure 

 
These documents m ake up the quality 
control documentation to ensure that the 
required m aterial strengths have been 
achieved and that the products have 
been supplied in accord anc e with the 
approved drawings and spec ific ations. 
These documents are supplied at the delivery time of the bollards or c leats. 
 

Recommended References 
1. ASTM Stand ard A 27/A 27M Ð 95, Steel Castings, Carbon, for General 

Applic ations 
2. ASTM Stand ard A 148/A 148M Ð 93b, Steel Castings, High Strength, for 

Structural Purposes 
3. ASTM Stand ard A 536 Ð 84, Ductile Iron Castings 
4. ASTM Stand ard A 307 Ð 00, Carbon Steel Bolts and Studs, 60 000 PSI Tensile 

Strength 
5. ASTM Stand ard A 449 Ð 00, Quenched and Tempered Steel Bolts and Studs 
6. ASTM Stand ard F 436 Ð 93, Hardened Steel Washers 
7. ASTM Stand ard A 563 Ð 00, Carbon and Alloy Steel Nuts 
8. ASTM Stand ard A 123/A 123M Ð 01, Zinc (Hot-Dip Galvanized) Coatings on 

Iron and Steel Products 
9. ASTM Stand ard A 153/A 153M Ð 01 Stand ard Spec ific ation for Zinc Coating 

(Hot-Dip) on Iron and Steel Hardw are   
10. ANSI Stand ard B18.22.1, Plain Washers 
11. British Stand ard BS 6349: 1994 Maritime Structures, Part4 : Code of practic e 

for design of fendering and mooring systems  
12.  AISC Manual of Steel Construction, Allow able Stress Design 9th edition 
13. Portland Cement Assoc iation, Strength Design of Anchorage to Concrete, 

Cook, 1999 
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Tensile Test 

Bending Test 

Size 
Diameter Mm 

Area 
mm2 

Gauge 
Length 
mm 

Yield 
Point 
N/mm2 

Tensile 
Strength 
N/mm2 

Elongation % Reduction of Area 
% 

Hardness Test  
Brinell 

Impact 
Test 
Charpy 
J 

Size 
mm 

Inside 
Diameter 
Radius 
mm 

Angle 
Degree 

Results 

Requirements 
  

 
 
Test Piece No.    min 

240 
min 
450 

min 
23 min 

35 
min 

max 
min     

0024058 14  70 315 535 26 47       

0024081 14  70 305 520 26 46       

C Si Mn P S Cr Mo   

Test  
Piece No. 

Chemical 
Comp 

% 
 
 
 
Charge 
No. 

max 
0.30 

max 
0.80 

max 
0.70 

max 
0.060 

max 
0.060 

min 
max 

min 
max 

min 
max 

min 
max 

Heat Treatment 900 +/- 10  C x 7 Hours 

0024058  0.25 0.35 0.57 0.035 0.025     

0024081  0.30 0.52 0.60 0.006 0.020     
Test Machine No. T-074 Tester:  

Test Piece No Description 
Drawing No. Quantity Weight 

(Kg) 

0024058 Casting No.: 01, 02 

581-01 
2  

0024081 Casting No.: 03, 04 

581-01 
2  

Stamp 
  

t

 


