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Recap: wood moisture content
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𝑴𝑪 = 100 𝑥
𝑾𝒆𝒕 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑜𝑜𝑑 − 𝑶𝒗𝒆𝒏 𝒅𝒓𝒚 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑜𝑜𝑑

𝑶𝒗𝒆𝒏 𝒅𝒓𝒚 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑜𝑜𝑑

 How much water is present in wood relative to the oven-dry mass?
 Oven-dry – Wood moisture content (MC): 0%



Recap: Fiber saturation point (FSB)
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 The moisture content at which wood cell walls 
are fully saturated with bound water, but no 
free liquid water is present in the cell lumina 
(typically around 30% MC)



Shrinkage and swelling

 Wood shrinks and swells below 
the fibre saturation point (FSP)

 Shrinkage: when bound water is 
removed from the cell walls

 Swelling: when bound water is 
absorbed into the cell walls



Shrinkage and wood direction

 Longitudinal > 0.2 %
 Radial = about 4 %
 Tangential = about 7 %

 Typical total shrinkage values 
from green to oven-dry 
conditions



Normal shrinkage and wood direction

 Longitudinal > 0.2 %
 Radial = about 4 %
 Tangential = about 7 %

Source: Wood Handbook

Flatsawn

Quartersawn

Bastardsawn



Shrinkage and sweeling 

 Longitudinal shrinkage < 0.2 %
 We often neglect this
 Higher in juvenile wood, compression 

wood, tension wood

 Radial shrinkage is significant
 Tangential shrinkage is 1.5 to 2 

times greater than radial shrinkage



Swelling / shrinkage vs MC

Source: Wood Handbook

 At the same MC, swelling can 
differ slightly depending on 
whether wood is absorbing or 
releasing moisture (sorption 
hysteresis)



Volumetric shrinkage

 Definition: The reduction in the 
total volume of wood as it loses 
bound water during drying

 Considers dimensional changes 
in all three directions: 
longitudinal, radial and 
tangential

𝑺𝒗 = 100 𝑥
𝑽𝑔𝑟𝑒𝑒𝑛 −  𝑽𝑜𝑣𝑒𝑛 𝑑𝑟𝑦

𝑽𝑔𝑟𝑒𝑒𝑛



Cracks

 Wood loses moisture and starts 
shrinking below the FSP

 Tangential shrinkage > radial 
shrinkage 

 Unequal shrinkage creates internal 
stresses in the wood

 Radial cracks (checks) form when 
tensile stresses exceed the wood's 
strength perpendicular to the grain

 Uneven drying can further increase 
these stresses and accelerate 
cracking



Shrinkage values of wood

 Table 4-3 in the wood handbook 
lists shrinkage values for US 
domestic woods

 These values are used as a 
starting point to calculate 
shrinkage and dimensional 
changes



Maximum swelling and swelling 
coefficient

 Swelling coefficient: how much wood expands for each 1 percentage-point increase 
in moisture content

 Approximately linear within the 5–20% MC range



Swelling: exercise 

 Scots pine
 Flat sawn and Quartersawn 
 50 mm thick x 100 mm width 

x 3000 mm long

 MC change: from 0% to green 
(fully swollen)

Flatsawn 

Quartersawn 



Swelling: exercise - solution
∆𝑀𝐶 = 𝑜𝑣𝑒𝑛 𝑑𝑟𝑦 𝑀𝐶 0%  𝑡𝑜 𝑓𝑢𝑙𝑙𝑦 𝑠𝑤𝑜𝑙𝑙𝑒𝑛 ≥𝐹𝑆𝑃

∆𝑤: Width change

𝑤𝑖: initial width 

S: total swelling in the relevant direction (%)

∆𝑤 = 𝑤𝑖 × 
S

100

∆𝑤 = 100 𝑚𝑚 ×
8.3
100

∆𝒘 = 𝟖. 𝟑𝟎 𝒎𝒎

Flatsawn:

Maximum swelling: tangential 8.3 % 

Quartersawn:

Maximum swelling : radial 4.2 %

∆𝑤 = 𝑤𝑖 ×
S

100

∆𝑤 = 100 𝑚𝑚 ×
4.2
100

∆𝒘 = 𝟒. 𝟐𝟎 𝒎𝒎



Limiting dimensional change

 Drying before use
 Construction/assembly
 Coatings
 Chemical bulking
 Chemical cross linking
 Heat treatment



Density

 Density is the mass of wood per unit volume

𝜌 =
𝑚

𝑉

 Where m = mass (kg) and V = volume (m³)

 Common units: kg/m³ or g/cm³
 1 g/cm³ = 1,000 kg/m³



Different types of wood density

Density types Conditions Formula

Density at specified MC
ρ(mc)

Mass and volume at the same 
moisture content

ρ(mc) = m(mc) / V(mc)

Oven-dry density
ρ₀

Oven-dry mass and oven-dry 
volume

ρ₀ = m₀ / V₀

Basic density
R

Oven-dry mass and fully swollen 
(green) volume

R = m₀ / Vₘₐₓ

Cell-wall density
ρ(cw)

Oven-dry mass and solid cell-wall 
volume, excluding pores

ρ(cw) = m₀ / V(cw)



Density at x% MC

 The density in a normal climate 
 20°C and 65% relative humidity(RH) is 

referred to as normal density 

 The equilibrium moisture content 
(EMC) in a normal climate is on 
average 12% for most European wood 



Density of different wood species

 Wood is a porous material, consisting 
of solid cell walls and empty spaces

 The density of dry wood cell-wall 
material is approximately 1,500 kg/m³

 Wood density mainly depends on the 
proportion of cell-wall material and 
void space

*The basic density is the quotient of the mass of the oven- dry wood and the 
volume of the maximum swollen wood 



Why does wood density vary?

 Influence of the wood species
 Influence of growing conditions and 

location 
 Influence of structural parameters 

 Earlywood and latewood
 Growth-ring width 
 Heartwood/sapwood 
 Wood from branches, roots, and 

reaction wood (tension and 
compression wood)  



Specific gravity

 Definitions
 Density of wood substance in 

relation to the density of water
 Mass of wood substance over the 

mass of an equal volume of water

 No unit
 Must include MC when stating SG Determination of specific gravity by 

flotation based on Archimedes' principle 

𝑆𝐺 =  
𝐿′
𝐿

𝑆𝐺 =  
ఘ௪௢௢ௗ

ఘ௪௔௧௘௥

= 
ହ଴଴ 

ೖ೒

೘య

ଵ଴଴଴ 
ೖ೒

೘య

= 0.5



Specific gravity and density

Source: Wood Handbook

Specific 
gravity

Density



Density of wood, SG, and MC

Source: Wood Handbook



Outlook 

 Density influences almost all 
properties of wood

 Mechanical properties: 
 Strength generally increases with 

density

 Moisture: 
 Higher density means lower porosity 

and generally less space for free water

 Thermal properties: 
 Thermal conductivity increases with 

density
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