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—t, Marine Composites

Single Skinlsa ndwich Skin Design of Structural Details
Intersection Detail
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LLOYD’S REGISTER RULES AND REGULATIONS FOR THE CLASSIFICATION OF SPECIAL SERVICE CRAFT, July 2010
Scantling Determination for Mono-Hull Craft
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. . .. Marine Composites
Sandwich-to-Solid Transition Design of Structural Details
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—t, Marine Composites

Chine Details Design of Structural Details

CORE-CELL WEDGE OF SAME DENSITY AS TOPSIDE CORE

CORE-BOND ADHESIVE CORE-BOND ADHESIVE

OVERLAP LAMINATES IN WAY OF CHINE
FOR MINIMUM OF BEAM/IS OR AS SPECIFIED
BY CLASSIFICATION GUIDELINES

OVERLAP LAMINATES IN WAY OF CHINE
FOR MINIMUM OF BEAM/IS OR AS SPECIFIED
BY CLASSIFICATION GUIDELINES

Stepped Chine with
Foam Wedge

3" RADIUS

PoLY-BOND

CORE-BOND ADHESIVE CORE-BOND ADHESIVE

OVERLAP LAMINATES IN WAY OF CHINE
FOR MINIMUM OF BEAM/IS OR AS SPECIFIED
BY CLASSIFICATION GUIDELINES

OVERLAP LAMINATES IN WAY OF CHINE
FOR MINIMUM OF BEAM/IS OR AS SPECIFIED
BY CLASSIFICATION GUIDELINES

HiGH DENSITY CORE-CELL

Al200 oRr Al800
HIGH DENSITY CORE-CELL

Al200 or AI800

Stepped Chine with Putty Radius

Chine in Area of Lifting
in Way of Lifting Strap or Blocking

Straps or Blocking

Illustrations courtesy of ATC Chemical Corporation (now Gurit). Drawing is tor guidance only — actual laminates
should be engineered to specific requirements in accordance with classification society rules.
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. Marine Composites
Chlne & Spray Stra ke Stress Design of Structural Details
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\A7 Marine Composites
@ H u I I-tO-DECk Joi nts Design of Structural Details

There are about as many specific ways to create an effective hull-to-deck joint as
there are builders. Whether adhesive or fiberglass is used to create the
watertight joint, some basic principles should be kept in mind:

 The effectiveness of the joint will be proportional to the width of the
mating surface area so care should be exercised when trimming
hull and deck flanges

 Adhere to prescribed flange and tabbing laminate schedule
* Building good joints in tight corners is difficult - use structural putties
*  Flat mating surfaces will create a consistent bondline

e Some adhesives do not require sanding of mating surfaces.
However, mating surface should always be clean regardless of
bonding method

ric Webb Institute
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Marine Composites

Typical HU"-to-Deck Joint Design of Structural Details
Construction

High Density
Core or Structural
Putty/Core Combo

Structural
Putty to

2) Layers
(2) Lay Form Radius

DBM 1708
High Density
Core or Structural
Putty/Core Combo

Typical Hull
and Deck Core

Typical Hull-to-Deck Joint Showing Structural Putty used to Reduce Stress Concentrations. Tight Corner for
Laminating is One Reason Many Builders Now Use Adhesives to Obtain More Consistent Results
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—t, Marine Composites

Sandwich Hull-to-Deck Joint Detail  Design of structural Details

POLY-BOND BL6F POLYESTER ADHESIVE
MECHANICAL FASTENERS AS PER ABS

PoLY-BOND BL6F POLYESTER ADHESIVE
MECHANICAL FASTENERS AS PER ABS

/EXTERNAL W

HIGH DENSITY CORE
A800 or Al200

XTERNAL OVER BONDING

\

HIGH DENSITY CORE

VABOO OR A1200

[llustrations courtesy of ATC Chemical Corporation (now Gurit). Drawing is for guidance only — actual laminates
should be engineered to specific requirements in accordance with classification society rules.
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. Marine Composites
H u I I-tO-DeCk JO| nt St resses Design of Structural Details

Deck Hull
Loading Torsion

[ [T1]]
Torsion

Bending
k Moment
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. Marine Composites
Seconda ry Bonded Joint Stress Design of Structural Details
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. . Marine Composites
Ad hESIVEIV Bonded Joint Stress Design of Structural Details
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—t, Marine Composites

Sailboat Ha rdwa re Design of Structural Details

CHAIN PLATE

WINCH WATERPROOF SEALANT COVER PLATE

ADHESIVE / SEALANT S ‘
3M 5200 OR SIMILAR iz FOAM PAD

A R WINCH BASE
DDITIONAL REINFORCEMENT CORE-BOND ADHESIVE

- SIDE PLATE
CORE-CELL STAINLESS OR SOLID
AS500 orR A600 FRP PIPE INSERT FOR
ADDITIONAL REINFORCEMENT SINGLE SHEAR BOLTS
\ S &F / FULL HEIGHT TO TABBING ON HULL IN ONE SIDED PLATES
2 7 OR FOR SMALL PLATES

25 ////_/ N e

SSSSSS Ml

LOCKING
STAINLESS OR SOLID NUTS _-|D|-_ ADDITIONAL REINFORCEMENT
FRP PIPE INSERT
WASHER DIA = 3D BACKING PLATE
THICKNESS = D/3 HIGH DENSITY CORE-CELL (PREFERRED)
Al200

CORE-BOND ADHESIVE

HIGH DENSITY CORE-CELL
Al200

CoRe-CELL
AS500-A600

[llustrations courtesy of ATC Chemical Corporation (now Gurit). Drawing is for guidance only — actual laminates
should be engineered to specific requirements in accordance with classification society rules.
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Carbon Fiber Chainplates

Marine Composites

Design of Structural Details

WASHERS & COTTER PINS EACH END
A% /\)
®.
REBATE DECK LAMINATE & TAB
(SEE TYPICAL CHAINPLATE

TABBING DETAIL)

/\
/EN
50mm SNIPE

LAY UP 2 x 200mm STRIPS OF
GDB120 ONTO HULL, CENTER

ON CHAINPLATE WEB FRAME,
EXTEND FROM SHEER TO STRINGER

SOLID SKIN IWO CHAINPLATE )
SEE DWG 83-20-01 FOR DETAILS (. 9 N
3 | /R
z 09,94/
z /
\

CARBON CHAINPLATE
SEAL EDGES WITH EPOXY

CHAINPLATE WEB FRAME/KNEE

2 x DB240 OVER 25mm ABOO CORE
TABBING LEGS S50mm, 75mm

R30 (TYP)
(FILLET W/EPOXY
& MICROBALLONS)

LAMINATE IN MATING PLIES OF CARBON UNI ON
INBOARD & OUTBOARD FACES. PLIES #2 THRU

#17 TO BUTT WITH THEIR RESPECTIVE CHAINPLATE
PLIES AND LAP DOWN ONTO HULL & STRINGER

TOP OF BUNK
R200 MIN (TYP)

CHAINPLATE WEB FRAME

2 x DB240 OVER 50mm A800 CORE
TABBING LEGS SOmm, 75mm

—-30 C550 BARREL PIN TURNBUCKLE EYE (D558-030J01)
W/-30 C800 BARREL PIN (DB01-11-030A, L = 139mm)

page 14



—t, Marine Composites

Examples of Composite Chainplates  Desien of structural Details

Composite chainplates
developed by Van
Gorkom Yacht Design

Composite chainplates featured on
15 meter IMS racer built by New
England Boatworks

8Fi¢acene
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—t, Marine Composites

SOIid Centerline Detail Design of Structural Details

ADDITIONAL LAHINI:TES TO OVERLAP MIN. 3" ONTO CORE ADDITIONAL LAMINATES|TO OVERLAP MIN. 3* ONTO CORE
AND STAGGER IN 2* INCREMENTS AND STAGGER IN 2" INCREMENTS

BEAM/IS OR A
ABS, LLo

SPECIFIED BY
D'S, ETC,

BEVEL CQRE 45 DEGREES

CORE-BOND OR POLY-BOND

BEVEL CORE L5 DEGREES

CORE-BOND ADHESIVE CORE-BOND ADHESIVE

HIGH DENSITY CORE
Al200 - AIB0O

INSIDE LAMINATES TO LAP WELL PAST CENTERLINE INSIDE LAMINATES TO LAP WELL PAST CENTERLINE

IDE LAMINATE TO OVERLAP CORE BY MINIMUM OF 3"
QUTSIDE LAMINATE TO OVERLAP CORE BY MINIMUM OF 3° DRI AR TE O Er SR "U .

[llustrations courtesy of ATC Chemical Corporation (now Gurit). Drawing is for guidance only — actual laminates
should be engineered to specific requirements in accordance with classification society rules.

eric
eene
ggssociates page 16



—t, Marine Composites

Keel Attachment Detail Design of Structural Details

N (. AST
BOLT SIMILAR TO
DETAIL I8 \

FLOOR CAP [ . SoLE

HULL SHELL
CORE-CELL
AS00-A600

[ . I a— D Bt
é':.l',”.,' i ~:A :,'-.. i -..-x _ AT :.' .' ., LI ;-.'-". ', SE e -'." - ,' ". : HiGH DENSITY
SRR AL A « Far Wt .. el R % A Mg el S0k e LG CORE-CELL
> 1 > 1. 0n AI200 IN WAY OF
- i - 1 MAST STEP
gl ol .
5 T o™
T=TI + ToO e x—k"i ) . LAMINATE BETWEEN
o B R AR AI200 CORE LAYERS
7 ; sl

EXTRA FLOOR FOR
GROUNDING PROTECTION

Illustrations courtesy of ATC Chemical Corporation (now Gurit). Drawing is for guidance only — actual laminates
should be engineered to specific requirements in accordance with classification society rules.
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—t, Marine Composites

BOW Laminate Details Design of Structural Details

Arrangement of laminate in way

of forefoot and stem Sacrificial nose

Poor arrangement
port slde

Good arrangement
starboard side

Stem overlaps added
to comply with the Rules

LLOYD’S REGISTER RULES AND REGULATIONS FOR THE CLASSIFICATION OF SPECIAL SERVICE CRAFT, July 2010
Scantling Determination for Mono-Hull Craft
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Marine Composites

Sailboat KQEI Loads Design of Structural Details

\.
\ Water

Intrusion

Lift/Keel Weight

/ Force

Blocking
T Load
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—t, Marine Composites

Through-Hu" Fitting Details Design of Structural Details

NYLOCK OR LOCKING NUTS

WASHER CORE-BOND CORE-BOND
Abiceiie . ADHESIVE
NUT - Do NoT
OVER TIGHTEN
(To POINT OF NUT
ADDITIONAL COMPRESSING
REINFORCMENT FIBERGLASS) |
I ADHESIVE /
MEDIUM DENSITY CORE-CELL CORE-BOND ADHESIVE [I:I:I:I] ADHESIVE / SEALANT
A500 OR A600 1 SEALANT e— 3M 5200 OR
5M 5200 oR REINFORCEMENT SIMILAR
SIMILAR
MED'Ugogs_NgéH MEDIUM DENSITY PoLY BOND
HIGH DENSITY CoRE-CELL B-L6
3M 5200 OR SIMILAR AIR0ORA0YS i:);g(—)CELL A500 OR A600

[llustrations courtesy of ATC Chemical Corporation (now Gurit). Drawing is for guidance only — actual laminates
should be engineered to specific requirements in accordance with classification society rules.

Example of through-hull close-out
showing putty used to create fillet

S'f'iecene
associates page 20



. Marine Composites
Th rough'H u " PenEt ration St ress Design of Structural Details

Hydrostatic
Force

Overturning

Moment

Water /

Intrusion
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\AJ Marine Composites
DECk Fittings Design of Structural Details

Deck fitting
Adhesive/sealant
Additional reinforcement Bonding putty or
adhesive
Core material C
: / , / T
@ \\\\ Q \\
Stainless or solid Aocking % }4_ Add1t1ona1 reinforcement
FRP pipe insert nuts
Washer Diameter = 3D Backing plate
Thickness = D/3 High density core

SFié:ene
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Fasteners with Sandwich Laminates

Remove about 5" (12mm)
of core material around the
hole with a bent nail or an

Allen wrench

Marine Composites
Design of Structural Details

Re-drill slightly oversized
fastener holes through the
cured epoxy.

Tighten the nuts until epoxy begins
to squeeze from the sides of hardware
item and backing plate.

Excess epoxy

/

( . Six10 Adhesive or '/ b
Epoxy/404 or 406 N

Partially fill with epoxy if core
is too damaged to hold fastener.

Epoxy mixture

Gougeon Brothers Inc., “WEST System Fiberglass Boat Repair & Maintenance,” 15th Edition, April 2011
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Holding forces in mat/polyester laminates

Fastener Holding Power
Typical bolted joint stress field

Axial Holding Force Lateral Holding Force
Thread Minimum Maximum Minimum Maximum
Size Depth Force | Depth | Force Depth Force Depth Force
(ins) (Ibs) (ins) (Ibs) (ins) (Ibs) (ins) (Ibs)
Machine Screws
4-40 .1250 40 3125 450 .0625 150 11250 290
6 -32 1250 60 .3750 600 .0625 180 11250 380
8-32 1250 100 4375 1150 .0625 220 .1875 750
10 - 32 1250 150 .5000 1500 1250 560 .2500 1350
% -20 1875 300 .6250 2300 .1875 1300 3125 1900
%s - 18 1875 400 .7500 3600 .1875 1600 4375 2900
% -16 .2500 530 .8750 5000 .2500 2600 6250 4000
s - 14 .2500 580 1.0000 6500 3125 3800 .7500 5000
%-13 .2500 620 1.1250 8300 .3750 5500 .8750 6000
Ys - 12 .2500 650 1.2500 10000 4375 6500 9375 8000
% - 11 .2500 680 1.3750 12000 4375 6800 1.0000 11000
3, -10 .2500 700 1.5000 13500 4375 7000 1.0625 17000
Self-Tapping Thread Cutting Screws
4 -40 1250 80 4375 900 .1250 250 1875 410
6 - 32 1250 100 4375 1100 .1250 300 .2500 700
8-32 .2500 350 .7500 2300 .1875 580 3750 1300
10 - 32 .2500 400 .7500 2500 .1875 720 4375 1750
Y- 20 .3750 600 1.0625 4100 .2500 1600 .6250 3200
Self-Tapping Thread Forming Screws
4-24 1250 50 3750 500 1250 220 .1875 500
6-20 1875 110 6250 850 .1250 250 .2500 600
8-18 .2500 180 .8125 1200 .1875 380 3125 850
10 - 16 .2500 220 9375 2100 .2500 600 .5000 1500
14 - 14 3125 360 1.0625 3200 .2500 900 6875 2800
%s - 18 .3750 570 1.1250 4500 3125 1800 .8125 4400
%-12 3750 700 1.1250 5500 .3750 3600 1.0000 6800
Gibbs and Cox, Marine Design Guide for FRP, 1960
ric
reene
ssociates

Marine Composites
Design of Structural Details
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Northrop Grumman Shipbuilding
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—t, Marine Composites
Compare BOIted and Bonded Design of Structural Details
Joints

M i k}//@

| >

1 1 t t t t 1 f f f f I~ | » mechanical joint

unstiffened
area

""""" hanical joint

bonded joint

bonded joint

* Bonded joints avoid stress concentrations at bolt holes
* More surface area is involved with bonded connections
 Bonded joints not subject to corrosion degradation

* Bolted connections are easier to inspect

* Requirement to disassemble structure for maintenance may
dictate use of mechanical fasteners

 Mechanical fasteners need less accurate part fit-up

e Careful design of bonded joints is critical to avoid peeling

ene
ociates page 25
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Simple lap joint good

'//////%W\
OONNNN

Tapered lap joint very good
OO\
Scarf joint excellent

Guidelines for Bonded Joints

Marine Composites
Design of Structural Details

L Eéééé 5}}/‘5\\\\\\\\\‘

Strap joint fair

2277

Double strap joint very good

7//////%\\\\\\\\‘

Tapered double strap joint excellent

LLLL AN NN NNNNNNNNN

Butt joint poor in thin sheet

From Redux Bonding Technology, publication
RGU 034c, July, 2003, Hexcel Corporation

Ll
SUOMNUONNNNNNNNNN
LLLLLL

Double lap joint

very good

L ettt )\ \

Stepped lap joint

very good

page 26



VY « o Marine Composites
Joining Technology Summary Design of Structural Details

* In-plane strength of secondary bonds can never match the
primary laminate

* Automation techniques not as mature as metal
construction

e Surface preparation, laminating environmental conditions
and worker skill significantly influence the strength of
composite material structural joints
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Marine Composites
WL 0

Design of Structural Details
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1 x DB240
3 x A130 @ O TO 1
1 x DB240

BASIC BLADE LAMI

David Pedrick & Gram Schweikert, “Design of the Navy 44 STC MKII,” Annapolis, MD, April, 2005
page 28
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e Marine Composites

RUdder Bea ring Su pport Design of Structural Details

Pearson 26 bearing attachment J42 rudder bearing attachment
7 2'}' " -

Hole For Tiller
Attachment

Retaining . shote For,
Collar =—————»/ SS Bolt
Thrust

Bushing

{ Silicone
Sealant

/

Cockpit Sole

Fiberglass
Tabbing

Rudder SRR . DT N : -
TUhg Rsu'?;:lf:r Rudder Recommended Jefa bearing
¥ Bushing installation detail for tiller steering

http://dan.pfeiffer.net/p26/r-asem.gif

_ www.jefa.com
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- Marine Composites

Shaft I_Ogs Design of Structural Details

Installation Examples Suggest method for aligning new
shaft log installation

inside tube

log epoxy glassed into place

J

wedge shims to align tube

http://www.bertram31.com/proj/tips/shaft_logs.htm
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