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Good Wood LASTS!
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How To Get Great Performance

*Quality wood

*Avoid sunburn

Good paint, design, installation, maintenance

* = discussed in this talk
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A Quality Paint Job Can Last 30 

Years
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2 Top Coats 1 Top Coat

29 years on test fence, vertical grain cedar



What is the role of paint?
(From wood’s point of view)

• KEEP THE WOOD DRY

– Keep liquid water out

– Allow vapor out

• Keep sunlight off the wood

• Take the weathering/erosion

• Hang on 

• Don’t crack
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3 Rules for Wood Construction

1) Keep wood dry
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Rules for Wood Construction

1) Keep wood dry

2) Don’t let wood get wet
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Rules for Wood Construction

1) Keep wood dry

2) Don’t let wood get wet

3) Always keep water away from wood
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Role of Water in Wood

Allows decay

Swell/shrink stress grows cracks

Weaken wood:paint bond
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Peeling From Moisture
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Wood Structure

And Why it Matters
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Softwood           Hardwood 

• Cone 

– US typ. evergreen 

• 1 straight stem

• US: Solid lumber

– spruce

– pine

– fir

– cedar

– Redwood

• Flower

– US typ. lose leaves

• Branching

• US: Carpentry/millwork      

and composites

• Tropicals used for 

durability

– Ipe

– Teak

Wikimedia
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General Structure

• Growth at bark/wood 

boundary

• Annual Rings

• Earlywood lighter (color 

and density)

• Longitudinal, Radial, 

Tangential

L
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10 m

1 m 1 cm

Growth rings

500 m

Cellular
Anatomy

50 m

Cell wall layers

300 nm

Fibril-Matrix

10 nm

Cellulose

Tree Design



Cellulose
• ~40% of weight

• Doesn’t stretch: like 

rebar in cell

• Runs mostly* 

length of cell

• Implications on

– Swell/shrinkage

– Stiffness
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Wood structure

• Cells - long thin 

balloons (100:1) 

• Mostly vertical

• Rays

• Pits

• Resin Canals

• Predictions

– Transport L,R,T

– Shrinkage L,R,T R T

L
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Which Face Needs Paint Most?

1) Side facing 

weather

2) THE END 

GRAIN

3) All other 

surfaces

Porch styles: 

~20 yrs, cedar

Painted bottom 

end

3 unpainted 

bottom ends

Unpainted top 

end (protected)
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Cell Wall Shrinkage
Cell walls shrinks with drying

Shrinkage predictors

– Density

– Orientation

– Species
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Density/Shrinkage/

Paint Performance
Low density correlates with low shrinkage and 

good paint performance
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Data from Wood Handbook www.fpl.fs.fed.us

Dry Specific 

Gravity 

g/cm3

Tangential 

Shrinkage 

% 

Radial 

Shrinkage 

% 

Paint 

Holding  

(Latex)

Redwood, old growth 0.4 4.4 2.6 A

Cedar

Northern White 0.3 4.9 2.2 A

Western Red 0.3 5.0 2.4 A

Yellow 0.4 6.0 2.8 A

Douglas Fir 0.5 7.6 4.8 B

Pine

Eastern White 0.4 6.1 2.1 B

Ponderosa 0.4 6.2 3.9 B

Southern 0.5 8.0 5.0 C



Early/Latewood

Notice the 

difference in 

wood density

Implications?
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Vertical/Flat 

Grain
• Vertical (edge) 

grain minimizes 

width of LW bands

• “Vertical grain” only 

available in cedar 

and redwood
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Earlywood/Latewood 

Differences 
and paint holding
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Douglas  Fir B

Red Pine BC

Southern Pine C

Redwood A+

Western Red Cedar A



End-grain view, before wetting

Matched end-grain, after wetting

Grain Raise
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Raised grain on 

pith side
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Crushed Earlywood
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Earlywood Latewood

Southern Pine Factory Planed 

Surface
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Early/Latewood

It’s harder to stick to dense latewood
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Vertical vs. Flat Grain
Vertical grain holds paint better
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vertical 

grain   

vertical 

grain with 

pith

flat grain

Pith (juvenile wood) has cellulose microfibrils wound at 

much higher angle (~35°from longitudinal vs. ~15º)

Also shorter tracheids.      Implications? 31



Juvenile wood (near pith)

Higher longitudinal shrinkage

Lower longitudinal stiffness and strength

32



Reaction Wood

Counteract leaning

SW higher microfibril 

angle

Shrinkage: 

More longitudinal,

Less R,T
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Juvenile + Reaction

Juvenile and reaction wood similar: warp
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Knots

• Cedar knot picShrinkage cracks?

High density

Poor adhesion

Extractive bleed ?

Pitch bleed?

Bark?

Loose?

Avoid if possible!
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Sunlight and Paint

Don’t give your wood sunburn!
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“Let Wood Weather Before 

Finishing”

Allow weathering (1-16 weeks) before painting
Cedar siding

Water repellent preservative, primer, topcoat

Pictures AFTER 10 YEARS

37



No Sun = 20 Year Life
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1 Week Sun = 13 Year Life
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2 Weeks Sun = 10 Year Life, etc
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Sunburn = Shorter Life
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Lignin

• ~30% of wood weight

• Glue holding cells 

together, also inside 

walls

• Contributes to color

• Highly concentrated 

at intersections 

between cells

• Degraded by sunlight

– UV - fast decay

– visible - slow decay 42



Sunlight vs. Lignin

© SCION Dawson et al, 2003.  “Microscopic View of Wood and Coating Interaction, and Coating Performance on Wood”

• Film on top is clear varnish

• Lignin stains blue

• Exposed after varnish applied to sound surface

• What happened during exposure?
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8 Yrs Old – 3rd Paint Job!
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Preparation!
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Weathered surfaces 

need to be removed 

before painting

Clockwise from top:

Western Red Cedar

Engleman Spruce

Southern Pine (note EW/LW checks)



Coating Sunburned Wood
Coating forms a film

Film anchors on weak 

surface – disaster

AVOID SUNBURNED 

LAYER!

Film formers:

Paint

Solid Color Stain

Varnish

~~100% Waterborne 

“penetrating” stains

Doesn’t form a film

Performs BETTER

Soaks in deeper, more 

pigment applied

Coating gradually 

weathers away

Subsequent 

applications: no 

problem

Penetrating stains
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Exterior Clears

Why is it so hard to get a long lasting exterior clear 

finish for wood?

Clear = Light hits wood = Degradation = Weak 

surface= Fibers pull away

Need to break the cycle!
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Why Pre-primed Lumber? 

If Done Right,
– No sun exposure

– Proper environmental conditions

– Clean wood, proper moisture level

– Paint and application optimized for factory 

conditions

– Opportunities for novel approaches

– Paint applicator has interest in rejecting poor 

wood 
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Extractives
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Extractives

Only few % by weight

Large effect on properties

Extract = to wash out: water or solvent

Color Decay resistance

Swelling Stains

Paintability Metal corrosion 

Light stability Insect resistance

Flammability Water repellency

Gluability Health hazards
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Heartwood 

• Deposition of extractives

• Identify by color

• Decay resistance in some species

• Water soluble extractives tend to migrate
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Why Stuff Growing on Cedar?
Isn’t cedar resistant to that?
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Extractive 

Bleed
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Controlling Extractive Bleed

• Once paint is on, Keep wood dry!

– Prime all sides (backpriming)

– Good design and maintenance

• Cedar and redwood have the most 

problems with bleed

• Alkyd paint typically helps against water 

solubles

• Hi quality stain blocking primer
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Extractives

Use stain 

blocking primer 

on knots, cedar, 

redwood
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Some softwoods contain lots of pitch

Proper kiln drying should prevent this
Need to evaporate natural solvents, then clean surface
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Important Wood Properties

SPECIES and GRADE

If you know species and grade, 

you can predict most wood 

properties
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Wood Properties

SPECIES and GRADE
1  Density – lower and more uniform

Swelling/shrinkage

Texture, pores to bite

Variations in density   grain raise, difficult spots

2 Grain – straight and uniform

Knots, Pith, vertical grain

3  Heartwood – yes if control stain
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Wood – the 200+ year siding

Good design, Installation, Maintenance:

Keep the water out

Quality wood: 

Low & uniform density, knot –free,         

low swelling, vertical grain, straight, 

Avoid sunburn

Quality paint: 

Properly applied
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Photos courtesy of the Rohm and Haas 

Paint Quality Institute 

Thank You
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