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YBAA - Session B
An Overview of Boatbuilding 

Materials and Methods

Paul H. Miller, D.Eng., PE
Associate Professor of Naval Architecture

United States Naval Academy
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Some of my projects!
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Presentation Overview
• Primary Materials Review and 

Comparisons
• Materials/Fabrication Methods
• Factors for buyers/sellers
• Current Issues
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Hopefully not too techie!
(but there will be a bit…)
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What are “Structures”
• Hull and deck 

“plating” and 
“stiffeners”

• Connections to 
other components 
(keel, rig, engine, 
steering, tanks)

• Keel, Rudder, Rig

Design Trade-Offs
(Compromises!)
• Probability of Failure 

(“Risk”)
• Weight and Center of 

Gravity
• Cost
• Durability
• Aesthetics
• Other Emotions?
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How Do Naval Architects Design 
Yacht Structures?

• Simple 
Equations

• Advanced 
Computer 
Programs

• Rules of 
Thumb

• Classification 
Society Codes 
(ABS, DnV, 
RCD, ISO)
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A great reference on materials, 
fabrication methods and basic 

yacht engineering
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Common Marine Materials
• Wood

– Traditional or
– Modern 

Construction
• Metal

– Aluminum
– Steels

• Composite
– Resins (poly, VE, 

epoxy
– Fibers (glass, 

aramid, carbon)
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Yacht Engineering
(at the 5-Minute University)

• Axial Stress (tension or comp)

• Bending Stress

• Failure When

AreaSectionalCross
ForceStress =

2thickness
distForceconstStressBend ×

=

StrengthStress >
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Primary Yacht Forces Are?

• Bending due to water pressure, waves, 
people, impact…, or axial?

YBAA-2008                               Slide 11

Why we worry about impact!

YBAA-2008                               Slide 12

Why we worry about waves
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Impact Example – Navy 44 vs…
• Effect of Resin 

and Core
Same amount 
of glass fiber, 
different resin

Navy 44

J/24
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Impact…
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Compression Loading
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You Try It!
• Try to break the sample 

by:
1. Tension – Pulling
2. Compression - Pushing
3. Bending

• Which is easiest?
• The same is true for 

yacht structures!
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Material Properties in Bending
Relative Flexural Strength vs Weight
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WOOD AS A MARINE 
MATERIAL

• Excellent Fatigue Resistance
• Excellent Insulation Properties
• Abundance of Material
• Ease of Shaping, Cutting, and Bonding
• Readily Repaired 
• Poor environmental resistance if 

exposed to moisture and air
• Moderate toughness
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METALS AS MARINE 
MATERIALS

• OK Fatigue Resistance
• Poor Insulation Properties
• Abundance of Material
• OK Shaping, Cutting, and 

Welding
• Excellent Toughness
• Readily Repaired 
• Poor environmental 

resistance if unprotected
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COMPOSITES AS MARINE 
MATERIALS

• Good to Excellent Fatigue 
Resistance
– Garry Williams talk tomorrow

• Good Insulation Properties
• Abundance of Material
• Ease of Shaping, Cutting, and 

Bonding
• Readily Repaired
• Good environmental resistance
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Other Factors

• Cost
– Initial (too many variables!)
– Life-Cycle (Maintenance)

• Wood and metal about 1.3x composites
• Note that Epoxied Wood is a composite

– Material or Systems?
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Fabrication Methods

• Composites
• Metal
• Wood
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Composite

• Mold Fabrication
• Laminate layup
• Demolding
• Finishing
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Composite Canoe Fabrication
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Composite Fabrication
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Composite Fabrication

7 lbs!
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SCRIMP
“Seemans Composite Resin Infusion Molding Process”

• Step 1: Mold fabrication 
and waxing

• Step 2: Dry fiber (E-
glass) reinforcement 
placed in mold

• Step 3: Non-stick resin 
transfer hoses placed

• Step 4: Vacuum-film placed over 
mold

• Step 5: Vacuum pulled and resin 
sucked in

• Step 6: Curing (24 hours min)
• Step 7: Film removed
• Step 8: Hull removed from mold

Mold

Mold

Mold
Mold

Mold

MoldResin Resin
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SCRIMP Steps
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SCRIMP Steps
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Advanced Composite 
Fabrication Processes
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Wet Impregnation
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Tape Lay-up Placement
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Braiding

Metal Manufacturing 
Process

49’ BUSL project recently 
completed at CG Yard
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Pre-Fabrication

• CNC Lathe 
operation.
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Fabrication

• Cut- out parts
– Frame
– Bulkhead
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Rudder
Fuel Tank
Engine Foundation

Assembly
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Inverted Construction
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Construction
• Right-side up
• Boat House Jig
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Prime and Paint
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416’ Octopus
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2 Choppers
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Another Big Boat Project
7 Year Construction

• Top speed exceeds 35 knots
• Powered by two engines that can 

operate for more than 20 years 
without refueling

• Expected lifespan about 50 years
• Permanent crew about 3500
• Multiple aircraft
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Construction
• 100 million pounds of steel 
• 1 million pounds of aluminum
• Modular construction 

– Units of construction are welded together 
to form a module or “superlift” weighing up 
to 900 tons

– 161 “superlifts”
• More than a billion parts from more 

than 2,000 suppliers in 46 states
• 13,000 construction workers
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Wood Methods

• Carvel (traditional plank on frame)
• Cold Molded (glued)
• Strip Planked (nailed or glued)
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WOOD FOR MARINE 
CONSTRUCTION

• Vertical Grain vs. Plain Sawn
• Kiln vs. Air Dried
• Clear Stock
• Moisture Content

Plain Sawn

Vertical Grain
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CARVEL CONSTRUCTION
• “Traditional Building Method”
• Mainly Used before 1970
• Single Plank On Frame Construction

– Center longitudinal with transverse frames
• All Seams Caulked- Cotton/ Compound
• Mechanically Fastened Outer Skin 
• Must Swell Up

– Friction Contact
Required for Watertight
Integrity 
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CARVEL CONSTRUCTION

PROS
Easy to Replace 
Damaged Planks
World Wide 
Knowledge Base
Ease of Inspection

CONS
Requires Skilled 
Labor
High Quality Lumber 
Required
Variation in Moisture 
Content Creates Hull 
Stress
Fastener corrosion
Wood Borers
Rot
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COLD MOLDED CONSTRUCTION
• Multiple Layers Fastened to Framed By 

Adhesive Bonding (Epoxy, Resorcinol, 
Etc)

• Developed from Hot Molded Techniques 
of 1940s

• Requires Fewer Frames than Carvel
• Normal Plies at +/- 45 and 0 outer ply
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COLD MOLDED CONSTRUCTION

PROS
High Rot Resistance
Light Weight
Accepts Lower Quality 
Lumber
Minimizes Defects in 
Lumber

CONS
Difficult to Repair
Temperature & 
Humidity Control Req. 
During Construction
Delaminating 
Potential
UV Susceptibility
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STRIP PLANKED
• Similar to Carvel, Except Glued Joints
• Roughly Square Strips
• Quickly and Easily Built
• Can be Epoxy or Mechanically Fastened 
• Same Frame Requirements as Cold 

Molded
• Light and Strong 
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OTHER METHODS
PLYWOOD

Best suited for hard 
chined vessels
Unable to shape to 
complex curves 

LAPSTRAKE
Longitudinal Stiffness 
by Overlapping Planks
Light and Flexible
Requires No Swelling

STITCH and GLUE
Normally used with 
Plywood Construction
Best Suited for small 
craft (<20ft.)
Extremely Fast 
Construction
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Wood Comparisons for a 25’ Sportfisher
• Strength To Weight Ratio- (lb per sq in 

surface area)
– Carvel- 0.06
– Cold Molded Diagonal- 0.17
– Strip Planked Longitudinal- 0.19

• Weight-
– Carvel= 43.9 lb
– Cold Molded Diagonal= 30.25 lb
– Strip Planked Longitudinal= 48.75 lb

• Construction Time-
– Carvel= 28 hours
– Cold Molded Diagonal= 16.8 hours
– Cold Molded Longitudinal= 8 hours
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Wood In the Interior
• Can be light and structural
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“Composite” Vessels
More than one material system
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Current Issues
• Resin microcracking caused by brittle 

polyesters
• Cyclic Fatigue
• Core saturation/balsa rot/delamination
• Ethanol damage
• More “on-the-edge” race boats
• Keel/rudder failures
• Communications
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Material suggestions for your 
clients

• Just about any material will work
– Identify their maintenance commitment

• Key factors are good design and 
construction

• Current condition is the best indicator of 
future issues (a good survey)

• Be wary of collision history!
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Structural suggestions for 
your clients

• A boat designed to ABS/RCD/ISO should be 
OK for offshore work.

• A boat not designed to those may be OK.
• ISO 12215 is based on ABS (at the moment)
• RCD “A” is lower standard than ABS
• Add “value” if vinyl ester or epoxy for 

durability.
• If you can deflect it, it is probably too weak!
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Final Comment!

• Pedigree may not mean much

Contact Information

Paul H. Miller
phmiller@usna.edu

410-293-6441
Google “Paul H. Miller” for my 

webpages


