Maritime
International

Mooring Bollards
and Cleats

Maritime International designs and

manufactures one of the most
comprehensive product lines of cast
steel and ductile castiron marine
bollards and cleats in the industry. Our full
line of productsincludes all types of
mooring bollards and cleats in all sizes
and capacities. Additionally, Maritime
regularly designs and manufactures
custom castings for special applications.
The information enclosed in this technical
manual has been compiled in order to

provide a framework which will allow an
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engineer or designer to specify, purchase, and install bollards and cleats which
have been designed and manufactured to meet your application
requirements. Within this manual, we will discuss design, engineering, materials,
heat-treating, types of bollards, coating, testing, mounting hardware,
installation, and quality documentation.

Load Rating

The purpose of bollards and cleatsis to secure the vessel to the berth by means
of mooring lines normally supplied by the vessel. A typical vessel may use
between two and eight, and possibly more, lines to prevent the vessel from
moving away from and along the berth. The determination of the loads in these
mooring lines is dependent on a number of factorsincluding current, wind, and
wake. These mooring line loads, when factored for safety, will determine the
required load rating of the bollard or cleat.

A thorough mooring analysis should be performed by a qualified engineer to
determine the actual mooring line loads and the required load rating of the
bollard or cleat. Load factors for determining the bollard or cleat load rating
from the mooring line load typically range from 1.5to 3.0. The actual load factor
used will depend on variables including, but not limited to, availability of
accurate wind and current data, project specifications, and choice of casting
material.

Properselection of a bollard or cleat given a specific loading requires an
understanding of how that load is assumed to act on the casting. Most single bit
bollards and all cleats are equipped with ChornsO Horns are the narrow
projections protruding from the sides of a bollard or cleat. Bollards may also
have one horn on the backside away from the waterside. JOhead bollards
usually have alarge lobe extending towards the back 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 may
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resultin a decrease in load capacity. Nonstandard loading can be evaluated
by our engineering department on a case by case basis.

Double bit bollards have two bits that are angled apart 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 loading must be approximated 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 anticipated then it
isrecommended that a JOhead bollard be selected.

Materials —Cast Steel vs. Cast Iron

The bollards and cleats shown in this catalog can be manufactured in both cast
steel and ductile cast Iron. Both materials are produced according to following
ASIM specifications.

Cast Steel

Tensile Srength | Yield Srength Bongationin 2 .
: ) : Reduction of
ASTM Grade Min. Min. in. or 50mm, Area. Min. %
ksi [MPa] ksi [MPa] Min., % e
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 choice of using cast steel vs. cast iron is largely based on design philosophy,
application, and location of the product. Advantages and disadvantages of
both materials include:

Cast Steel
Advantages
Cast steel has a high strength and a very high resistance to damage from
impact. Cast steels high elongation, 24% for ASTM A27 Grade 65-35, provides
the bollard with a high degree of toughness. Given the location of mooring
bollards and cleats in high traffic areas, bollards and cleats are constantly
susceptible to impact. Cast steel bollards can be designed with thin sections
given their superior strength and can be protected from corrosion by coating
the bollard prior to installation. Maritime International primarily recommends
the use of Cast Steel for bollards and cleats.
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Disadvantages

Cast steel bollards must be properly maintained and coated to prevent
corrosion. The thinner sections can be damaged over time if maintenance is
neglected.

Cast Iron
Advantages
Ductile cast iron bollards are designed and manufactured using thinner
sections than steel. It is cast iron ® corrosion resistance and it ® generally
higher yield strengths that allow the castings to be lighter. Cast Iron is less
ductile than Cast Seel and has a significantly lower elongation, 6% for ASIM
A536 Grade 80-55. It is this property that should be considered when
specifying and rating bollards and cleats. Factors of safety of 3.0 are
common when using cast iron since impending failure will not be as obvious
as when cast steel is used.

Disadvantages

Ductile cast iron bollards are usually designed with thin sections and are
therefore more susceptible to damage than cast steel. Ductile cast iron is
very strong but is less ductile than steel. Failures in cast iron bollards are
usually more catastrophic than with cast steel.

Steel Ductile Iron

?? High strength ?? High strength

?? Very tough due to high ?? Less expensive per unit

elongation weight than steel

?? Resistant to impact ?? Good corrosion resistance
Advantages ?? Ductile failure mode allows ??  Wider availability

more reasonable factor of

safety

?? Covered under AISC steel
design manual

?? More expensive per unit ?? Low ductility

weight than ductile iron ?? Requires higher factor of

?? Requires maintenance of safety due to low elongation
Disadvantages corrosion protection ?? Not covered under AISC

steel design guide
?? Not resistant to impact

Heat Treating

All cast bollards and cleats must be heat-treated in accordance with the
applicable ASTM requirements. It is not necessary to track heat-treating
procedures and documentation if the chemical analysis and the after heat
treatment mechanical properties are conducted and submitted as part of the
final documentation.
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Types

Bollards and cleats are manufactured in a wide range of shapes, sizes, and
capacities. The geometry differences from one manufacturerto another can be
very slight or very profound. In general, the type bollard should always be
specified as well as the general size (i.e. height, head size, base size, etc.) and
load capacities. Common types of castings supplied include:

N I A

L ]

Single Bit Double Bit T Head Cleat

Within each of the above types, bollards and cleats can have a wide variety of
shapes and sizes. The size and thickness of the base dimensions can vary as well
as the internal and external dimensions of the main body.

Itisimportantto remember that, although there are subtle differences between
manufacturer ® designs, it is most critical that the supplier be capable of
demonstrating the performance of the bollard or cleat through engineering
calculations or testing. A check of the bollard ®capacity at horizontal and 30
degree angles to horizontal should be required on any project specification,
which includes bollards or cleats. Asample specification and critical item
checklist isincluded in this catalog.

Coating
Bollards and cleats are subjected to some of the most extreme corrosive
environments. Typical coatings for the protection of bollards and cleats include:

?? Epoxy Coatings
?? Polyurethane coatings
?? Hot Dip Galvanizing

Cast steel and cast iron bollards and cleats should always be supplied from the
manufacturer with at least a rust preventative primer, preferably compatible
with the expected top coating, to protect the product from corrosion until final
coating can be done at the jobsite. Snce the installation of most bollards
includes filling the core with concrete and filling the anchor bolt counter bores
with non shrink grout, it isrecommended that the top coat(s) of the coating
system be applied afterinstallation.

Testing
All Maritime International bollards are tested after heat-treating for the following:
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a. Chemical Analysis (conformance to material properties specified under
ASTM)

b. Mechanical Properties Testing (tensile, yield, elongation, 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 arecommended anchor diameter and material
grade. The type of anchorage to be supplied will be based on suitability to the
deck design. The bollard manufacturer should always supply mounting
hardware to assure conformance to the project specifications. The mounting
hardware design and engineering should be conducted by the supplier or
project design engineers.

Embedded Anchor Through Anchor Drill & Epoxy Anchor

Bollard anchorages are typically designed in accordance with AISC, ACI, and
PCArecommendations. Anchorrods, nuts, washers, and plate washers are
commonly supplied in accordance with the following ASTM specifications. The
design philosophy of ductile failure mode vs. brittle failure mode will influence
the grade of anchor used.
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High Strength
Grade

Bolts ASTM A 307 ASTM A 449

Nuts (Heavy Hex) | A563 GradeA | 563Dﬁrade
Washers ANS B18.22.1 ASTM F 436
Plate Washers ASTM A 36 ASTM A 36

It is typical for the bolts used in anchoring bollards and cleats 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. Snce non-headed bolts or studs in
these diameters and lengths are usually made to order, they can be made with
long thread lengths on each end. This will allow for a greaterrange of
adjustment over standard bolt thread lengths.

All hardware for anchoring of bollards and cleats should be hot dip galvanized
as per ASIM A 123 or A 153 as required.

Installation

Properinstallation of bollards and cleats is critical to performance and durability.
Cast-in-place 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 calculations, as well as exposed length to assure that they
do not extend above the top of the bollard base afterinstallation.

Typical casting tolerances on mounting hole locationsis 5 7 mm (when using
wood pattern casting processes). The bore position relative to the counter bore
is difficult to maintain if cast into the product itself. The flatness of the counter
bore is also questionable when cast-in-place. Machining of mounting holes
assures that the anchorrods will match the required bolt pattern and allow for
placement of the washer and nut inside of the counter bore.

All of Maritime International ® bollards and cleats are supplied with machined
mounting holes. Centerline dimensions, counter bores, thru holes, and flatness
for washers is produced with machine tolerances. This method of processing
simplifies installation, ensures replaceability, and guarantees properload transfer
between the anchors and the bollard or cleat base.

After setting the bollard and applying the correct torque on all anchors, the
internal bore of the bollard can be filled with a concrete mix and allowed to
cure. Touch up of the bollard coating can be done following curing.

The installation procedure should be supplied with the final documentation. All
suppliers of mooring products should provide a detailed installation procedure
giving handling recommendations, torque specifications, and touch up painting
or galvanizing recommendations.
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Quality Control Documentation
Afinal documentation package is prepared by Maritime and includes the
following documents:

a.

These documents make up the quality
control documentation to ensure that the
required material strengths have been
achieved and that the products have
been supplied in accordance with the
approved drawings and specifications.

As-built Drawing of bollards and
hardware

Dimensional Inspection Report
Engineering Calculations
Chemical Analysis Test Report
Mechanical Properties Test Report
Installation Procedure

These documents are supplied at the delivery time of the bollards or cleats.

Recommended References
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9.

ASIM Sandard A 27/A 27M D95, Seel Castings, Carbon, for General
Applications

ASIM Sandard A 148/A 148M B93b, Steel Castings, High Srength, for
Sructural Purposes

ASIM Sandard A 536 B84, Ductile Iron Castings

ASIM Sandard A 307 B00, Carbon Seel Bolts and Suds, 60 000 P Tensile
Srength

ASIM Sandard A 449 D00, Quenched and Tempered Seel Bolts and Suds
ASIM Sandard F436 D93, Hardened Seel Washers

ASIM Sandard A 563 D00, Carbon and Alloy Seel Nuts

ASIM Sandard A 123/A 123M P01, Zinc (Hot-Dip Galvanized) Coatings on
Iron and Seel Products

ASIM Sandard A 153/A 153M P01 Sandard Specification for Zinc Coating
(Hot-Dip) on Iron and Seel Hardware

10. ANS Sandard B18.22.1, Plain Washers
11.British Sandard BS6349: 1994 Maritime Sructures, Part4 : Code of practice

for design of fendering and mooring systems

12. AISC Manual of Seel Construction, Allowable Stress Design 9t edition
13.Portland Cement Association, Srength Design of Anchorage to Concrete,

Cook, 1999
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