THE MYSTERIOUS MOVEMENTS OF WOOD

Brian Addis

Introduction
The following is a brief summary of a talk given to members of Pretoria Woodworking Association on

31 August 2005.

The subject under discussion is the movements that take place within wood. Such movements can be
caused by external loading, moisture change, or both together. Uncontrolled or unwanted movements
in wood cause the woodworker more problems than inadequate strength.

The aim of this essay is to create an understanding of how wood behaves dimensionally, in order that
woodworkers may achieve better results and enjoy their craft more.

The subject is dealt with by examining the following aspects:
e  Structure and properties of wood
e Wood and moisture
e Dealing with movement
In conclusion two books are listed for those who wish to read further on the subject.

Types of wood
Figure 1 shows important characteristics of hardwoods and softwoods.

Softwoods are a relatively primitive plant form and softwood species are far less numerous than those
of hardwoods.

Structure of wood
Figure 2 shows important characteristics, from a woodworking point of view.

Reaction wood
Figure 3 shows how reaction wood is formed in the trunk of a tree. Because branches are virtually
always subjected to bending (cantilever) stresses, their wood normally contains reaction wood.

Reaction wood should be avoided for applications that demand dimensional stability, and is outside the
scope of the remainder of this discussion.

Movement caused by change in moisture content
See Figure 4.

Shrinkage pattern
As shown in Figure 5, shrinkage (and swelling) of wood takes place not in a rectangular grid but:
e Tangentially, ie along curved lines concentric with the growth rings
e Radially, ie along lines that radiate from the pith
This pattern, together with the fact that tangential movement is greater than radial movement, causes
shapes to distort when shrinkage, or swelling, takes place:

e In 5(a) a square cross section “diamonds,” because tangential shrinkage is greater than radial
shrinkage. (A circular cross section would become oval.)

e In 5(b) a flat-sawn plank “cups.” The cause of this phenomenon is that the further growth
rings are from the pith, the closer they are to being parallel with the face of the plank, and the
greater their influence on plank width. The closer the plank is to the pith, the severer the
cupping.

e In 5(c) tangential shrinkage causes a semicircular cross section to become a segment of a
circle; the subtended angle of the segment is less than 180 degrees.

Figure 6 shows turned wooden hats. A hat is oriented within the log so that the brim will tend to curl
upwards.

Density
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Figure 7 is a table showing the world’s densest and lightest woods (according to the Guiness Book
of Records), and some in between. The correlation between density, strength and stiffness is
important and can be explained by the fact that all wood is composed of cellulose fibres held
together with lignin; the denser the wood the more material packed in a given volume.

Strength and stiffness
The engineering concepts of stress and strain are defined in Figure 8.

(Question: Why does 1 kilogram exert a gravitational force of about 10 Newton?)

Elastic behaviour of wood under load
See Figure 9. In the example, the wood is in tension; the graph would be the same for

compression. The figure also defines elastic stiffness.

Note that loading may be caused by applying an external force, eg a table leg is under
compression, or by restrained shrinkage or swelling.

But what happens when stress exceeds the proportional limit?
The answer is that the wood begins to behave plastically — see Figure 10. Some comments on this
figure:
e A brittle material, eg porcelain, shows virtually no plastic behaviour, and failure is
almost instantaneous: the graph drops vertically.

Stress

I S+ raivy
e  Tough materials, eg wood loaded in compression perpendicular to the grain, can
withstand large strains before failing:

Stress

_Strain
e Steaming wood reduces stiffness, permitting greater strains and permanent strain:
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Stress

Straia
e Ifwood is restrained from swelling, eg a handle in a steel hammer head, potential
swelling of the wood, caused by an increase in moisture content (see later) puts the wood
under compression. This stress may be enough to result in permanent strain, and a loose
fit in the head, when the wood shrinks again.

Cracking caused by shrinkage
See Figure 1.

Wood and water

See Figure 12. It is the bound water, which pushes fibres apart, that is responsible for
swelling and shrinkage.
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Initial drying

See Figure 13. Free water is lost first. This loss does not result in shrinkage. The wood
shrinks as it loses bound water. Water loss continues until equilibrium moisture content
(EMC) is reached. EMC is determined by ambient relative humidity — see later.

Figure 13 also explains why a log from a freshly cut tree may crack, in the heartwood, within
hours of being cut: The heartwood has a low moisture content, possibly about 30%, all bound
water. The wood shrinks as this moisture is lost.

Relative humidity
This concept is defined in Figure 14, which also shows how much water is required to
saturate a cubic meter of air. The amount of water depends on temperature.

Average RHs for three centres in South Africa are shown in Figure 15. (All the coastal
centres have mean annual RHs of about 80%.)

RH and EMC
See Figure 16. The graph is for a specific wood, but all woods have a similar graph, with
fibre saturation (EMC at RH = 100%) of about 30%.

EMC and wood movement
See Figure 17. Total shrinkage is species specific, eg:

Species Tangential, % Radial, %
White oak 10.5 5.6
Beech, American 11,9 5.
Douglas fir 7.8 5,0
Burmese teak 4.0 22

The effect of RH on movement

See Figure 18. The graph is based on a wood dimension of 100 units at fibre saturation. The
use of the graph is illustrated by the dashed lines. In the example, a change in RH from 57%
to 35% will cause the tangential wood dimension to change from 94,2 to 93,2 — a shrinkage
of about 1,1%.

Coping with moisture-induced movements
See Figures 19 and 20.

Coatings and moisture absorption

How effective are coatings at preventing moisture from moving into or out of wood? Figure
21 shows that coatings retard, but do not prevent, the ingress or egress of moisture in vapour
form. A coating may nevertheless be effective in keeping out liquid water.

Reading

e The International Book of Wood, Mitchell Beazley Publishers, 1976.
e Understanding Wood, R Bruce Hoadley, The Taunton Press, 2000.
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FIGURE 1
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FIGURE 2
STRUCTURE OF WOOD
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FIGURE 3

REACTION WOOD
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FIGURE 4

MOVEMENT CAUSED BY CHANGE IN
MOISTURE CONTENT
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FIGURE 5

SHRINKAGE PATTERN
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FIGURE 7

DENSITY OF WOOD
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FIGURE 8

STRENGTH & STIFFNESS
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FIGURE 9

LOADING WOOD
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FIGURE 10

LOADING WOOD
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FIGURE 11

SHRINKAGE CRACKING || GRAIN
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FIGURE 12

WOOD & WATER
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FIGURE 13

INITIAL DRYING
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FIGURE 14
RELATIVE HUMIDITY
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FIGURE 15
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90
80— Ly DURBAN Ly
el e
7o+ LR
""" |
¢4 — — _ _ == _PRETORIA = 1l
50 N ~<- —
RH % e R

40l =" umNnGTon ] |
30 T o,k | _
20+

1o L )

O S SN TN R T S A I A

J FMWAMT T A 50 N D

C:\My Documents\PWA TALK 12A.doc



FIGURE 16

RELATIVE HUMIDTY
&
EQUILIBRIUM MOISTURE CONTENT
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FIGURE 17

EMC & MOVEMENT
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FIGURE 18
RH — EMC — MOVEMENT

QO.L

r.,.uLf*.«,m. 21

T*ﬁ ? \ C.a-k 5?6&\65

& =

woiswa My P oo

Q
SN

C:\My Documents\PWA TALK 15.doc



FIGURE 19

COPING WITH MOISTURE-INDUCED
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FIGURE 20

COPING WITH MOISTURE-INDUCED
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FIGURE 21

COATING & MOISTURE ABSORPTION

B A: UNFINISHED WOOD KEPT INDOORS IN USA

™ B: KILN-DRIED WOOD, COATED WITH VARNISH OR
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