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The Use of Flexibilized Structural
Adhesives in Boat Production

Practical considerations

For the assembly of the numerous components and materials that
make up a modern boat, today’s boatbuilders are turning increasing-
ly to structural adhesives as a replacement for laminating operations
and for mechanical fastenings, such as welding or rivetting.

Boat yards have been persuaded to adopt this technology for rea-
sons of structural enhancement, increased production efficiency,
product quality and weight reduction. Parameters which are based
on structural analyses of joint behaviour under stress.

It is estimated that the assembly of all components that make up a
boat accounts for around 40% of the total production cost, while
assembly work is particularly prone to errors and defects. So natu-
rally boat yards are keen to bear down on these two cost factors by
making use of more robust process technologies and materials.

From a structural point of view, any joint in a composite assembly
is a critical point for the transfer of load from one component to
another, since stresses are concentrated at those points where the
assembly becomes discontinuous.

Structural bonding therefore calls for specialized application tech-
nology, with processing times for the selected materials specified in
detailed process protocols.

A better way

A comparative performance analysis of structural bonding and the
three alternative methods — taping by GRP lamination, bonding with
marine putty and mechanical fastening — reveals that chemical
bonding with structural adhesives is the stronger, cheaper and more
fatigue-resistant solution for 80% of the applications: joining deck
to hull, securing reinforcing grid to hull shell, attaching fly bridges,
rubrails and lightweight bulkheads.




The Traditional Assembly Methods

Taping by GRP lamination

Taping involves traditional laminating operations carried out by
hand using polyester resin and glass fibre. This assembly method is
time-consuming, produces only a secondary bond, and bond per-
formance is critically dependent on the quality of the resin. Possible
problems with taping by lamination include shrinkage, delamination
resulting from exothermic reaction, blistering, misalignment of fibres
and different radiuses and shapes.

Areas of application
Taping is used for a wide range of joints subject to all different kinds
of stresses. It is not suitable, however, for composite-to-metal bonding.

Bonding with marine putty

Bonding with marine putty entails simple application procedures,
providing poor performance at low cost. This assembly method
requires extended preparation times and produces only a secondary
bond. Good results are critically dependent on the quality of the
material, the applied thickness and the dimension of the radius
angle.

Areas of application
Bonding with marine putty is used for flanged seams subject to
compressive and shear stresses. It is only suitable for composite-
to-composite bonding.

Mechanical fastening

Mechanical fastening involves the fixing of bolts, screws or rivets,
simple operations that require no surface preparation but result in a
non-permanent assembly. This method requires the accurate
drilling of holes and the application of a sealant to ensure the water-
tightness of the assembled joint.

Areas of application
Mechanical fastening is used for flanged seams subject to shear
stresses. It is not suitable for carbon-reinforced laminates.

" Produces a rigid joint

I Concentrates stresses at the joint
I Necessitates scarfing

I Supplies low impact resistance
I Provides low fatigue resistance

" Produces a rigid and brittle joint

1= Concentrates stresses at the joint

[ Sanding is essential

I Supplies low ductility

I Provides low fatigue and impact resistance

" Produces a rigid and brittle joint

1= Concentrates stresses at a single point
I May expose broken fibres to weathering
I May trigger galvanic corrosion

Poor mechanical properties are critical reasons for the use of
MMA-based materials versus bonding putty and taping.

Comparative Joint Performance
of the Different Assembly Technologies

Chemical bonding with structural adhesives
Chemical bonding involves the application of a structural adhesive
to the accurately aligned bond faces of the assembly components.
This assembly method requires minimal man-hours, creates a pri-
mary chemical bond and produces results that are dependent on
the chemical formulation of the adhesive and the processing times.
Methyl methacrylate adhesives require minimal surface prepara-
tion, while polyurethanes require only a quick wipe-over with a
cleaner, followed in some cases by the application of a primer (see
primer chart).

Areas of application

Chemical bonding with structural adhesives is used for flanged
seams subject to shear stresses. Various chemical formulations are
available for bonding composites to composites, composites to
metals and metals to metals.

Comparative joint performance
In order to evaluate and compare the performance under mechanical
stress of joints assembled with the aid of the various technologies
available, Sika carried out a series of laboratory tests as follows:
I Joints between two fibreglass components
made with quadriaxial tape and vinylester
resin, relaminated after 4 hours
I Joints between two fibreglass components
bonded with polyester putty
I Joints between two fibreglass components
bonded with Sika MMA or PUR adhesive

Assembly method Fatigue performance

" Produces a fatigue-resistant, tough joint

I Achieves uniform distribution of stresses

I Produces a flexible, sealed joint

I Inhibits galvanic corrosion and absorbs vibrations

The continuous coloration along the bond line indicates a uniform distribution of stresses

Impact performance Peel performance

L " Resilience 15% " Peel load 33%
) . . = Joint failure at 45,000 — ; . ) :
Bonding with marine putty © Adhesive failure at " Adhesive failure at
100,000 cycles . .
bond line bond line
I Resilience 100% 2 Peel load 100%
Bonding with structural I No failure after ; : ; ;
SikaFast®-3161 adhesive 1,000,000 cycles u Cohes!ve failure at u Cohes!ve failure at
bond line bond line

Explanation of terms:
“Fatigue performance” measures the number of load cycles before
failure of the joint between the bonded components.

“Resilience” measures the capacity of a material to absorb energy
in the event of an impact, and so serves as a measure of its fragility.

“Peel load” defines the direction in which the force is applied to the joint.

Sika has also compared the load-bearing capability of a tape-
laminated joint with that of a joint bonded with a structural
polyurethane adhesive such as Sikaflex®-292 (see table annex).

Joint assembly Permissible Permissible
method tensile load shear load

Bonding with structural
PUR Sikaflex®-292 575 kg 1030 kg
adhesive




The Principal Technical Product

Characteristics

Sikaflex®-292 - polyurethane

structural adhesive

Sikaflex®-292 is a 1-C PUR adhesive of non-sag, thixotropic consistency
which cures on exposure to atmospheric moisture. Key product bene-
fits include outstanding adhesion, elasticity, high mechanical strength
and the capability to absorb vibrations and prevent corrosion.

Areas of application

Sikaflex®-292 is suitable for the structural jointing of marine com-
ponents that are subject to a high degree of dynamic stress. Ideal
applications include the bonding of the reinforcing grid and bulk-
heads to the hull shell, as well as the bonding of fly bridges, ceilings
and rubrails or bumpers.

It bonds extremely well to a wide variety of substrates, including
fibreglass laminates, wood, metal and aluminium. Once fully cured,
Sikaflex®-292 can be sanded and/or overpainted.

Technical properties Sikaflex®-292

Sikaflex®-254 Booster — fast-curing
polyurethane structural adhesive

Sikaflex®-254 Booster is a thixotropic PUR adhesive of paste-like
consistency which cures via the addition of a specially developed
accelerator. Key product benefits include suitability for applications
requiring accelerated cure, good gap-filling capability (up to 25 mm),
long open time and high thixotropy.

Areas of application

Sikaflex®-254 Booster is suitable for joints that will be subject to
dynamic stresses, particularly where the production schedule calls
for fast curing and rapid attainment of mechanical strength.

It is most effective where large manufacturing tolerances or gaps
between the components necessitate a thick bond line, and is ideal for
joining of substrates such as plastics, metals, aluminium and steel.

Technical properties Sikaflex®-254 Booster

SikaFast®-3161 2-C MMA-based —

structural adhesive

SikaFast®-3161 is a flexible, 2-C acrylic adhesive designed to transfer
high loads effectively and distribute stresses uniformly.

Key product benefits include high mechanical strength, fast appli-
cation and curing, good acoustic damping properties, excellent
adhesion to a wide variety of substrates with no priming and little or
no surface preparation.

Areas of application

SikaFast®-3161 is a 2-C structural adhesive with a 10:1 mix ratio
(by volume), designed to replace or complement mechanical fastenings,
laminations or other joining techniques used in the marine industry.
Ideal applications include deck-to-hull bonding, superstructure
assemblies, panels and ceilings particularly where assembly times
are a critical factor in the manufacturing process.

Technical properties SikaFast®-3161

Cure mechanism

posure to inherent presence of moisture. At low temperatures
the water content of the air is lower and curing proceeds slower.

PUR-based with Booster

PUR-based 1-C

Cure progress (%)

Elapsed time

Hours Days Weeks

High temperatures accelerate the curing process, low
temperatures retard it.

MMA-based 2-C

PUR-based 1-C

Elapsed time

Cure progress (%)

Hours Days Weeks




Deck-to-Hull Structural Bonding

Design considerations

In modern marine production the hull is generally designed to be
assembled with the fibreglass deck moulding at the end of the
manufacturing process. To ensure that the finished assembly has
sufficient structural strength, the two parts can be assembled with
a minimum number of mechanical fastenings (based on the dimen-
sions of the adhesive joint), used in conjunction with appropriate
structural adhesives. These adhesives perform several different
functions at once: they achieve a high degree of mechanical resist-
ance to torsional and impact stresses, they make the joint completely
watertight, and they absorb vibrations for reduced sound transmission.

Structural bonding is also an effective and economic mean to
accommodate dimensional tolerances in the hull and deck mould-
ings that are a natural consequence of the manufacturing process.

Preparing the fibreglass substrate

B Remove any soiling from the contact faces of the adhesive
joint with a (pure) solvent such as Sika® Remover-208.

Il Lightly abrade the contact area with a fine abrasive, removing
all traces of dust with a vacuum cleaner or special cloths.

I Treat the substrates with Sika® Cleaner-205, using a clean,
lint-free rag or paper towel (change frequently).

Il Allow the Cleaner to dry for @ minimum of 10 minutes and a
maximum of 2 hours.

Bonding operations

I Apply one or more continuous triangular bead(s)
(10 mm x 4 mm) of SikaFast®-3161 to the mating flange
on the hull, ensuring that it is carried around any cut-outs
or clearance holes without interruption.

H Place the deck moulding into position onto the hull within
60 minutes of applying the adhesive.

Il Apply pressure with clamps or other fastening aids to
compress the adhesive.

I Clamps and other fastening aids can be removed after
4 hours, while full service strength is attained after
approximately 3 days.

I Any traces of uncured adhesive may be removed with Sika®
Remover-208. On no account should other cleaning agents
(including Sika® Cleaner-205) be used for this purpose.

Coverage

The content of one 490 ml cartridge of SikaFast®-3161 is sufficient
to produce a continuous (10 x 4 mm) bead of approximately 12 linear
metres.

Deck-to-Hull bonding on an inflatable boat with rigid keel

Bonding the Reinforcing Grid

to the Hull Shell

Design considerations

As the name indicates, the reinforcing grid is fixed internally to the
fibreglass hull to form a kind of skeleton or framework. This oper-
ation is frequently carried out by hand using the taping lamination
method. An alternative method is to rely entirely on adhesives to
supply the necessary degree of structural strength. The use of a
suitable structural adhesive to bond the grid to the hull shell
achieves several objectives: a single operation, a high degree of
mechanical resistance to torsional and impact stresses, the absorp-
tion of vibrations for reduced sound transmission and the accom-
modation of dimensional tolerances in the hull.

Bonding the reinforcing grid to the hull shell with structural adhe-
sives offers an effective and economic alternative to the traditional
and labour-intensive method of taping by lamination.

Preparing the fibreglass substrate

I Remove any soiling from the contact faces of the adhesive
joint with a (pure) solvent such as Sika® Remover-208.

I Lightly abrade the contact area with a fine abrasive, removing
all traces of dust with a vacuum cleaner or special cloths.

I Treat the substrates with Sika® Cleaner-205, using a clean,
lint-free rag or paper towel (change frequently).

Il Allow the Cleaner to dry for a minimum of 10 minutes and a
maximum of 2 hours.

I Apply a thin, even coat of Sika® Primer-206 G + P or Sika®
Primer-215 with a clean paintbrush or a felt applicator pad.

B Allow the primer to dry for a minimum of 30 minutes and a
maximum of 24 hours.

Bonding operations

I Apply one or more continuous triangular bead(s)
(10 mm x 10 mm) of Sikaflex®-292, Sikaflex®-254 Booster or
SikaFast®-3161 depending on the required rate of cure
and the final mechanical requirements along the full length of
the bond line.

I Place the grid into position onto the hull within 30 minutes of
applying the adhesive.

I Apply pressure with clamps or other fastening aids to
compress the adhesive.

I Clamps and other fastening aids can be removed after
12 hours resp. 4 hours, while full service strength is attained
after approximately 7 days in the case of Sikaflex®-292,
after 3 days for Sikaflex®-254 Booster and SikaFast®-3161.

I Any traces of uncured adhesive may be removed with Sika®
Remover-208. On no account should other cleaning agents
(including Sika® Cleaner-205) be used for this purpose.

i,

Bonding the reinforcing grid to the hull of an inflatable boat with rigid keel

Coverage

The content of one 310 ml cartridge is sufficient to produce a con-
tinuous (10 x 10 mm) bead of approximately 6 linear metres, while
the content of a single 600 ml unipack is sufficient for a bead of
approximately 12 linear metres.
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Applications

Fly bridges
In the power boats for which they are designed, fly bridges are fre-
quently bonded to the superstructure with the aid of structural

490 ml side by side
825 ml side by side
17.03 | pail

170.3 | drum

Sikaflex®-292
310 ml cartridge
600 ml unipack

Sikaflex®-292

9 months in original packaging, under cool and dry conditions for
Sikaflex®-254 in unipacks

6 months in original packaging, under cool and dry conditions for
Sikaflex®-254 in pails and drums

adhesives. Sikaflex®-292 is an ideal choice for this application, 23 | pail Bulk dispensing 1
ensuring a uniform distribution of stresses along the bond line and SikaFast®-3000 series are employed on a 10:1 volumetric basis (A:B).
providing excellent resistance to impact and weathering. Sikaflex®-254 Booster When using bulk materials in pails and drums this requires one

600 ml unipack (Booster) 170.3 | drum of adhesive material (part A) to one 17.03 | pail of

23 | pail (Sikaflex®-254 and Booster) hardener (part B) material.

195 | drum (Sikaflex®-254) All SikaFast® and Sikaflex® products are compatible with most leading

Rubrails

Rubrails act as a bumper to absorb impacts and prevent damage to
the hull during berthing and anchoring manoeuvres, when the boat
may come into contact with the landing stage or other craft, elas-
ticity is the key performance requirement for these components.
Rubrails are typically made of PVC or polyurethane and are bonded
to the hull with an elastic adhesive such as Sikaflex®-292.

Bulkheads

Sandwich panels and internal partitions in the accommodation and
machine areas cannot be secured to the hull structure with
mechanical fastenings. Their lightweight construction, using a light-
weight core material sandwiched between e.g. two wooden panel
skins, makes them ideally suited for structural bonding — and
Sikaflex®-292 or SikaFast®-3161 are the ideal adhesives for the job,
creating a durable, high-strength bond.

Glazing

In modern boatbuilding the windows are increasingly required to
perform an important aesthetic function, while also contributing to
the structural strength of the superstructure. This has created a
need for structural adhesives specifically designed to bond acrylic,
polycarbonate “glass” (Sikaflex®-295 UV) or mineral glass (Sikaflex®-296).

Teak decking

Larger boats and luxury yachts all feature decks made of solid teak,
which is generally marketed in the form of planks machined to a
standard size. Over the years Sika has acquired a wealth of experi-
ence in the levelling (SikaTransfloor®-352), bonding (Sikaflex®-298)
and caulking (Sikaflex®-290 DC) of teak decks. This acknowledged
expertise has made Sika the market-leading supplier of specialized
marine products and application technologies.

Bonding rubrails

Bonding window glass

Bonding teak decks

Sika has gained a substantial share of the market in these
areas of application, and is now the supplier of choice to lead-
ing boatyards worldwide.

bulk dispensing systems.
All dispensing applications should be reviewed with Sika’s application
engineers.

Note: Our most current General Sales Conditions shall apply.
Pleasg ‘refer to the relevant Technical Data Sheet before using any of
theseiproducts.



