
Why does wood move? Because of water! The science behind shrinkage is simple, 
and might just come in handy for forecasting the future of your furniture.    

By Udo Schmidt

WOODSENSE

Wood movement is caused 
by a nearly unavoidable, natural 
tendency of moisture to enter 
and exit wood cells from the 
surrounding environment. 
Through photosynthesis, trees 
produce the sugar glucose; long 
chains of glucose form cellu-
lose. Cell walls are composed 
of bundles of cellulose chains, 
called microfibrils. 

Wood is a network of cells, 
and as part of a living tree, the 
cell cavities are filled with water. 
But water also exists in the cell 
walls, trapped between micro-
fibrils. 

When it comes to drying 
green wood, the water in the 
cell cavities is called free water. 
Free water dries first and can be 
thought of as water poured out 
of a container; it does not cause 
wood movement. On the other 
hand, the loss of bound water 
in cell walls causes wood to 
shrink – its microfibrils move 
closer together (Fig. 1).    

The cells in fresh wood are 
saturated with water. The weight 
of the water contained in green 
lumber can actually exceed 
the weight of the wood itself. 
Moisture content of wood is its 
percentage of water weight to 
dry wood weight, and can range 
from 40% to 200% in fresh 

PREDICTING WOOD MOVEMENT
Why do hardwood floors have wider cracks in winter 
than in summer? Why do solid-wood drawer boxes run 
smoothly in moderate seasons but act more and more stub-
born as the temperature rises? 

The tendency of wood to expand and contract, simply 
called wood movement, can frustrate even the most experi-
enced woodworker. Problems range from minor nuisance to 
full-scale disaster. Fortunately, there are tools and knowledge 
at our disposal to help us predict wood movement and avoid 
its negative consequences. 
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Figure 1: The cell walls 
of wood are made up of 
cellulose-based structures 
called microfibrils. Water 
molecules push the 
microfibrils apart. 

Figure 2 
shows the 
location of 
water in wood 
cells during 
the drying 
process. 
At fiber 
saturation 
point (FSP), 
only the cell 
walls contain 
water.
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wood. (At 200%, there would be 
twice as much water as dry wood 
in a piece of lumber, by weight.) 
Usually softwoods have a higher 
moisture content than hardwoods, 
and sapwood has a higher moisture 
content than heartwood. 

When the cell cavities are empty 
but the cell walls are still saturated 
(Fig. 2), the wood is at its fiber 
saturation point (FSP). For most 
species, the FSP is reached at a 
moisture content of 27% to 30%. It 
is only when the moisture content 
dips below the FSP that wood be-
gins to shrink. Much of the lumber 
used in woodshops falls somewhere 
between oven-dry (0% moisture) 
and its FSP. 

To avoid wood movement as much 
as possible, the moisture content 
of wood should be near to equi-
librium with the humidity of the 

environment. Equilibrium mois-
ture content (EMC) is the point 
at which the moisture in the air is 
in balance with the moisture in the 
wood, and the wood will neither 
lose nor gain water molecules. 

EMC is measured according to 
relative, not absolute, humidity. Ab-
solute humidity is the total amount 
of moisture in the air, regardless of 
air temperature. But as air warms 
up, its capacity for holding moisture 
increases. Therefore relative humid-
ity – a percentage of how much 

moisture the air is actually capable 
of holding at a given temperature 
– is a much more useful measure-
ment for targeting the EMC of 
wood than absolute humidity.    

Fig. 3 shows EMC values in rela-
tion to temperature and relative hu-
midity. If, for instance, the tempera-
ture is 70° and the relative humidity 
is 60%, then the EMC under these 
conditions is 11. The wood equal-
izes to a moisture content of 11%. 
If the relative humidity is 80%, then 
the EMC will also go up to 15.7. As 
temperature and relative humid-
ity change by the day, if not by the 
hour, so does wood’s EMC change. 
Fortunately, it takes a long time for 
wood to reach a given EMC, and 
therefore dimensional changes in 
wood happen much more slowly 
than temperature and relative 
humidity changes. Under normal 
conditions, wood movement is 
noticeable only with the changing 
seasons. But even if the results are 
imperceptible, wood is always trying 
to reach its EMC.

Water in the air is measured in 
grains, with one pound equaling 
7000 grains. At a temperature of 70°, 
air can hold 110 grains of water. If 
there are 55 grains of water in the 
air, the relative humidity is 50%.  
The curve of the graph in Fig. 4 
shows why wood dimensions can 
change according to whether it is 
stored indoors or outdoors. At point 

Finding a balance

WOODSENSE

 
30°F 40°
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70°

 
80°

 
90°

 
100°

 
110°

 
120°

 5% RH 1.4 1.4 1.4 1.3 1.3 1.3 1.2 1.2 1.1 1.1

10% 2.6 2.6 2.6 2.5 2.5 2.4 2.3 2.3 2.2 2.1

15% 3.7 3.7 3.6 3.6 3.5 3.5 3.4 3.3 3.2 3.0

20% 4.6 4.6 4.6 4.6 4.5 4.4 4.3 4.2 4.0 3.9

25% 5.5 5.5 5.5 5.4 5.4 5.3 5.1 5.0 4.9 4.7

30% 6.3 6.3 6.3 6.2 6.2 6.1 5.9 5.8 5.6 5.4

35% 7.1 7.1 7.1 7.0 6.9 6.8 6.7 6.5 6.3 6.1

40% 7.9 7.9 7.9 7.8 7.7 7.6 7.4 7.2 7.0 6.8

45% 8.7 8.7 8.7 8.6 8.5 8.3 8.1 7.9 7.7 7.5

50% 9.5 9.5 9.5 9.4 9.2 9.1 8.9 8.7 8.4 8.2

55% 10.4 10.4 10.3 10.2 10.1 9.9 9.7 9.5 9.2 8.9

60% 11.3 11.3 11.2 11.1 11.0 10.8 10.5 10.3 10.0 9.7

65% 12.4 12.3 12.3 12.1 12.0 11.7 11.5 11.2 11.0 10.6

70% 13.5 13.5 13.4 13.3 13.1 12.9 12.6 12.3 12.0 11.7

75% 14.9 14.9 14.8 14.6 14.4 14.2 13.9 13.6 13.2 12.9

80% 16.5 16.5 16.4 16.2 16.0 15.7 15.4 15.1 14.7 14.4

85% 18.5 18.5 18.4 18.2 17.9 17.7 17.3 17.0 16.6 16.2

90% 21.0 21.0 20.9 20.7 20.5 20.2 19.8 19.5 19.1 18.6

95% 24.3 24.3 24.3 24.1 23.9 23.6 23.3 22.9 22.4 22.0

98% 26.9 26.9 26.9 26.8 26.6 26.3 26.0 25.6 25.2 24.7

Figure 3: 
When wood 
has reached 
its equilibrium 
moisture 
content, the 
moisture it 
contains is 
in balance 
with the 
surrounding air. 
Wood reaches 
its greatest 
structural 
stability at 
this point, 
since it can be 
expected to 
neither gain nor 
lose moisture.

EQUILIBRIUM MOISTURE CONTENT (EMC)
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Figure 4: As 
the temperature 
of the air 
rises, so does 
its capacity 
for holding 
moisture. That’s 
why relative 
humidity is 
an important 
factor in 
predicting wood 
movement. 
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A, the outside air at a temperature 
of 30° and relative humidity of 
100% can hold 24 grains of water. 
The same air indoors is heated to 
a temperature of 70 F., a point at 
which the air can hold 110 grains 
of water. So, if the inside air is 70°. 
and has 24 grains of water, then its 
relative humidity has dropped to 
about 22%. Looking back to figure 
3, we see that in this scenario, the 
wood has an EMC of 26.9 out-
doors, but only 4.5 indoors.  

The changes in EMC are usu-
ally not all that dramatic between 
summer and winter for wood kept 
indoors. An average summer day 
with temperatures of 70-80 and 
relative humidity of 60% to 80% 
produces an EMC of 12 to 13. In the 
winter, there is an average EMC of 4 
to 6 indoors. So generally speak-
ing, wood kept indoors will have a 
seasonal change in EMC of 6 to 8.

Remember, shrinkage and move-
ment only occur below the fiber 
saturation point (FSP), which 
varies by wood species. The man-
ner in which lumber is cut from 
a log also influences its shrinkage 
character, since the MC can vary 
greatly between heartwood and 
sapwood, softwood and hard-
wood. Green lumber will dry 
relatively quickly to its FSP, that 
is, when cell cavities are empty 
but water is retained in the cell 
walls. No shrinkage occurs dur-
ing this time. 

Before we can calculate the di-
mensional changes to expect as a 
piece of wood dries below its FSP, 
we need to know its shrinkage 
value. Fig. 5 shows the shrinkage 
values for some common spe-
cies. The values are given for the 
radial (R) and the tangential (T) 

shrinkage of a species from FSP to 
oven-dry. For instance, if northern 
red oak has a shrinkage value of 
8.6% in the tangential plane, then 
a board will shrink 8.6% from FSP 
to oven-dry. Nobody uses wood at 
30% moisture content or oven dry, 
but these values are the basis for 
calculating the movement of wood 
between two different moisture 
contents. 

Fig. 6 shows which one of the 
shrinkage values applies (R or T) 
to a board cut from a log. If the 
lumber is flat-sawn (A), then the 
tangential shrinkage applies to the 
width of the board and the radial 
shrinkage to the thickness. If the 
board is quartersawn (B), the op-
posite is true.

Based on the assumption that 
wood shrinks below FSP and that 
this point is at about 30% mois-
ture content, then the movement 
between two moisture content 
values is a fraction of the shrink-
age value. That means that a 
change of 1% in moisture content 
is about 1/30 of the total shrinkage 
value of a piece of wood. If a spe-

Why wood moves

DOMESTIC HARDWOOD                  R  T  
ash, white 4.9 7.8

basswood 6.6 9.3

beech 5.5

birch, yellow 7.3 9.5

birch, sweet 6.5 9

buckeye 3.6 8.1

butternut 3.4 6.4

cherry, black 3.7 7.1

chestnut, American 3.4 6.7

elm, american 4.2 9.5

hickory, pecan 4.9 8.9

honeylocust 4.2 6.6

locust, black 4.6 7.2

maple, silver 3 7.2

maple, sugar 4.8 9.9

red oak, northern 4 8.6

red oak, southern 4.7 11.3

white oak 5.6 10.5

persimmon 7.9 11.2

sassafras 4 6.2

sycamore 5 8.4

walnut, black 5.5 7.8

willow, black 3.3 8.7

yellow poplar 4.6 8.2

DOMESTIC SOFTWOOD R  T
cypress 3.8 6.2

western red cedar 2.4 5

eastern red cedar 3.1 4.7

hemlock, eastern 3 6.8

larch, western 4.5 9.1

eastern white pine 2.1 6.1

ponderosa pine 3.9 6.2

redwood 2.6 4.4

sitka spruce 4.3 7.4

IMPORTED HARDWOOD R T
afromosia 3 6.4

bubinga 5.8 8.4

ebony 5.5 6.5

iroko 2.8 3.8

lauan 3.8 8

limba 4.5 6.2

mahogany, swietenia 3 4.1

merbau 2.7 4.6

okoume 4.1 6.1

purpleheart 3.2 6.1

rosewood, Brazilian 2.9 4.6

rosewood, Indian 2.7 5.8

sapele 4.6 7.4

teak 2.5 5.8

Figure 5: Shrinkage values of the 
radial and tangential dimensions 
for some common hardwoods and 
softwoods 

A

B

tangential

tangential

radial

radial

Figure 6: In flat-sawn lumber 
(A), tangential shrinkage occurs 
across the width of the board 
and radial shrinkage across the 
thickness. The opposite is true of 
quartersawn lumber (B).
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WOODSENSE

cies has a shrinkage value from 
green to oven dry of 9%, then a 
1% change in moisture content 
equals 1/30 of 9%. If the change in 
moisture content is 5%, then the 
change in dimensions is 5/30 of 9% 
or 1.5%.

Fig. 7 shows a raised-panel 
cabinet door with an overall 
width of 21¾" and a height of 
28". The opening for the raised 
panel is 18" wide and 24¼" high. 
Since the longitudinal shrinkage 
(parallel to the grain) in most 
species is less then 0.2% from 
green to oven dry, we will ignore 
the dimensional changes of the 
raised panel height. The width 
of the panel, however, can vary 
greatly between summer and 
winter. If the panel is made out 
of northern red oak and has an 
initial moisture content of 12% 
(summertime), then under typi-
cal winter conditions this panel 
will have a moisture content of 
6%. To calculate the resulting 
changes in the dimensions of this 
panel, we take the total shrink-
age value of northern red oak 
from Fig. 5. The total shrinkage 
for northern red oak across the 
tangential plane is 8.6%. Now, 
the two different EMC values 
are 12% in the summer and 6% 
in the winter, or a difference of 
6%.We can calculate now that 
the panel movement will be: 
18*8.6%*6/30 =0.31 or just 
about  5/16". 

Now, let’s assume the door 
is built of lumber containing 
8% moisture content, a mea-
surement that can be obtained 
with a good moisture meter. 
The shrinkage in winter will be 
18*8.6%*2/30=0.10 or just a little 
more than 3/32". When the panel 
swells in the summer, it will gain 
18*8.6*4/30=0.20 or a little more 
than 3/16".

panel at 6% 
moisture content

panel at 12% 
moisture content

This is not a scientific method 
of calculating wood movement, 
but it will suffice for most wood-
working projects. To prevent disas-
trous moisture-related problems, 
arm yourself with a reliable mois-
ture meter and an understanding 
of when and why wood movement 
occurs.   

— Udo Schmidt is a contributing 
editor to Woodcraft Magazine.

Figure 7: Raised-panel 
construction helps combat the 
detrimental effects of seasonal 
wood movement by allowing 
sufficient space for expansion 
and contraction. In this example, 
the wood reaches an EMC of 6% 
in winter and 12% in summer, 
resulting in a width difference of 
less than ½". 
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