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How Wood Shrinks and Swells 
EDWARD C. PECK 

Technologist, Forest Products Laboratory,1 Forest Service, U. S. Department of Agriculture 

Shrinking and swelling play important roles in the utilization 
and seasoning of wood. The mechanics of shrinking and swelling 
and the influence of wood structure are discussed. Emphasis is placed 
on the variability of shrinking and swelling, and the chief reasons 
for variability. The effects of shrinking and swelling on wood during 
seasoning and in use are discussed, along with methods of minimiz
ing these effects. 

Introduction 
OOD CHANGES IN DIMENSION asW its moisture content varies. Dur

ing the seasoning of green or freshly 
sawed lumber, there is a decrease in 
dimension. After the seasoned wood is 
put in service its dimensions decrease 
or increase, depending on whether it 
loses or gains moisture. The dimen
sional changes in wood are brought
about by the shrinking or swelling of 
the cells, or fibers, of which the wood 
is composed. Although green wood 
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shrinks slightly as soon as drying starts, 
shrinking becomes more pronounced 
after a certain point in drying is 
reached. Likewise, dry wood swells 
when taking on water until a certain 
point is reached, after which little 
additional swelling occurs. This point,
called the fiber-saturation point, is 
about 30 per cent moisture content for 
all species of wood. 

Shrinkage is the cause of most of 
the difficulties that arise during sea
soning. Both shrinking and swelling 
may interfere with the most efficient 
utilization of wood. It is essential in 
the handling and use of wood, there
fore, to consider the primary cause 
of shrinking and swelling, the shrink
ing and swelling characteristics of dif
ferent species and types of wood, the 
effects of shrinking and swelling, and 

means by which shrinking and swell
ing and their effects can be minimized. 
Effect of Structure of Wood Upon

Shrinking and Swelling 
Wood consists largely of hollow 

fibers or cells, most of which lie nearly
parallel to the axis of the tree trunk. 
Chief exceptions are the wood-ray
cells, which are perpendicular to the 
axis of the trunk. The walls of the 
wood cells are crystalline in structure 
(Fig. 1 ) .  In normal wood, most of 
the crystallites of the cell walls, in
cluding those of the wood-ray cells, are 
oriented nearly parallel to the axis of 
the tree trunk. The crystallites of the 
primary layer of the cell wall (Fig. 1) 
are oriented, however, so that they fall 
in planes perpendicular to the crystal
lites of the rest of the cell walls. Since 
the crystallites are joined end to end, 
they can approach or move away from 
each other in the lateral directions only.
The crystalline structure of the cell 
walls, and the opposing directions of 
the crystallites of the primary and sec
ondary layers of the cell walls, some
what like cross-banded plywood, com-
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Fig. 1.-Structural details of the cell wall. 

plicate the shrinkage and swelling of 
wood. 

The open spaces, or cell cavities, 
within the wood cells may comprise a 
considerable percentage of the whole 
volume. For example, the cell cavities 
in green magnolia, a relatively light
weight wood, may equal more than 50 
per cent of the total volume, while 
those in a heavier wood like hard 
maple may equal 40 per cent. 

The large quantity of water that 
mostgreen wood contains may be sepa
rated roughly into two parts: that con
tained as free water in the cell cavities 
and intercellular spaces of the wood, 
and that held as asorbed water in the 
capillaries of the walls of such wood 
elements as fibers and ray cells. The 
adsorbed water, which amounts to 
about 30 per cent moisture content 
based on the oven-dry weight of the 
wood, is of primary interest in the 
consideration of shrinking and swell
ing, because when the amount of this 
water is varied, the finer wood ele
ments approach or recede from each 
other and thereby cause shrinking or 
swelling.

The crystalline structure of the cell 
walls of wood and the definite orien
tation cause most of the shrinking and 
swelling to occur in a transverse plane,
with respect to the axis of the tree, or 
in tangential and radial directions with 
respect to the annual growth rings.
Since the crystallites of the wood-ray 
cells are parallel to those in the main 
body of cells (2, 10),2 the wood-ray 
cells shrink and swell principally in 
the same directions as do the other 
cells. Although wood does not shrink 
and swell equally in all directions, the 
changes in volume could be predicted
if the shrinking and swelling of the 
cell cavities equalled that of the cell 
walls. 

The cell walls are composed prin
cipally of two distinct layers, an outer 

2 Number in parentheses refer to literature 
cited. 

2 

primary layer wrapped around a con
siderably thicker secondary layer. The 
crystallites of the secondary layer are 
roughly parallel to the axis of the tree, 
while those of the primary layer are 
approximately perpendicular to it. The 
structure of the walls of the wood-ray
cells is similar, but the crystallites of 
the secondary layers are in planes per
pendicular to the axes of the wood-ray
cells, and consequently parallel to the 
crystallites of the secondary layers of 
the main wood cells. The crystallites
of the primary layers of the wood-ray
cell walls are roughly parallel to the 
long axes of the wood-ray cells. It is 
evident that, during shrinking or swell
ing, the primary and secondary walls 
oppose each other, and the cell cavity
therefore does not change in volume 
like the cell walls. It is also evident 
that the resistance of the primary walls 
must be overcome before the shrinking
of the secondarywalls can accomplish 
transverse shrinkage of the wood. 

Numerous experimenters (1, 9, 12, 
and 14) have found that the cell-cavity
volume tends to remain constant with 
shrinking or swelling of the cell walls. 
On this basis, the external shrinkage 
or swelling of a piece of wood can be 
determined by its specific gravity and 
fiber-saturation point. The equation,
according to Stamm and Loughbor
ough (13, 15), is 

in which S is the per cent shrinkage
from the green to the oven-dry condi
tion, d is the specific gravity of the 
wood on a dry-weight, green-volume 
basis, and f is the fiber-saturation point
of the wood expressed as the volume 
of water per unit weight of the wood 
(in per cent), rather than the common 
basis of weight of water per unit 
weight of wood. If the fiber-saturation 
point is taken to be 30 per cent on a 
weight basis, equivalent f values of 27 
per cent for hardwoods and 28 per 
cent for softwoods are derived for use 

in the formula, from Stamm’s values 
of 1.115 and 1.071 for the specific
gravity of water compressed between 
the crystallites in hardwoods and soft
woods. 

The changes in volume of the cell 
walls bring about changes in the over
all dimensions of the piece of wood, 
thereby causing the wood to shrink or 
swell. This process is not a simple one, 
however, because of the presence of 
the cell cavities. The volume of the cell 
cavities may decrease, increase, or re
main constant during changes in mois
ture content, and thus alter the rela
tionship between changes in volume of 
the cell walls and changes in volume 
of the piece of wood as a whole. 

How Wood Shrinks 
When a piece of wood of any appre

ciable thickness dries, gradients of 
moisture content are established. That 
is, surface portions that are exposed to 
the drying atmosphere become dry be
fore the interior portions. When the 
moisture content of any portion of the 
wood falls below 30 per cent, its cell 
walls shrink and tend to reduce the 
overall dimension of that portion. 
Since the relatively dry surfaces are 
intergrown with the wetter interior 
parts, however, they are prevented 
from attaining their full shrinkage. As 
a result, tensile stresses are set up in 
the dry surface zones and compressive 
stresses in the wet interior parts. Dur
ing this stage, the overall dimensions 
of the piece decrease slightly,because 
the dry surface zones shrink and the 
wet interior is compressed. The tensile 
stresses in the surface zones, and the 
compressivestresses in thewetinterior, 
may cause the wood to deform more 
or less permanently. These deforma
tions, called tension and compression 
set, complicate shrinkage. Because of 
set, the tensile stress that was in the 
surface zones at the start of drying 
moves progressively inward as drying 
progresses. Atsome intermediatestage
in drying, both the wet interior and 
the dry surfaces are in compression.
In the final stages of drying, the in
terior is in tension and the rest of the 
piece is in compression. 

The character of the moisture-con
tent gradients, and the consequent 
stress patterns set up during drying,
dependon the boundary moisture-con
tent conditions, the shrinkage coeffi
cients of the wood, the ease with which 
the moisture moves through the wood, 
and the strength properties of the 
wood in compression and tension per
pendicular to the grain. Strength prop
erties are further affected by tempera
ture and moisture content, and the 
effects vary with species. It is clear 
that the overall shrinkage of a piece
of wood is influenced by the condi-
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tions under which it is dried, and that 
the primary shrinkage of the cell walls 
merely sets in operation a series of 
stresses that, in combination with the 
resistance offered by the wood, deter
mine the overall change in dimensions. 

Variability of Shrinkage 

One of the prominent things about 
shrinkage is its variability. Shrinkage 
not only differs among the three direc
tions of grain, tangential, radial, and 
longitudinal, but also among species.
Table 1 gives shrinkage values deter
mined at the Forest Products Labora
tory for the wood of numerous species.
Values for longitudinal shrinkage are 
not given because they a r e  usual ly
slight. 

Hardwoods shrink considerably 
more than s o f t  woods .  Tangential 
shrinkage is greater than radial shrink

age, but the ratio between the two 
varies greatly. Also, woods with a high
specific gravity gene ra l ly  shrink the 
most. Basswood,  a light wood, has 
high shrinkage, however, while black 
locust, a heavy wood, has moderate 
shrinkage. 

Shrinkage varies widely in material 
cut from the same species, and even 
in material cut from the same tree 
(F ig .  2 and 3). Sapwood generally
shrinks less than  hea r twood .  T h e  
springwood of an annual ring shrinks 
less transversely and more longitudi
nally than the summerwood  of the 
same ring. 

Why wood sh r inks  more tangen
tially than radially has never been ex
plained satisfactorily. It was thought
that the wood-ray cells restricted radial 
shrinkage because the length of the 
wood-ray cells lies in a radial direc
tion. It has been found, however, that 

the structure of the wood-ray cells per
mits large lengthwise shrinkage (10,
11). 

Although the wood-ray cells shrink 
more lengthwise than the ad jacen t
cells, this shrinkage is less than the 
radial shrinkage of the other cells (3,
4, 5, and 6). Consequently, the wood-
ray cells exert a restraining effect on 
radial shrinkage. Morschauser (6) iso
lated the broad rays of red oak and 
found a relative density factor of 0.76 
compared w i t h  1/14 for the other 
wood fibers. This low density and con
sequent weakness would tendto dimin
ish the effect of the wood-ray cells in 
restraining radial shrinkage. 

The difference between t angen t i a l  
and radial shrinkage may be caused by
the inflection of the crystallites near 
the pits, since they occur on the radial 
faces of the wood fibers only (10), 
or by the position of the bands of 
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springwood and summerwood. Since 
the denser summerwood shrinks more 
than the lighter springwood in both 
the radial and the tangential direction, 
the radial shrinkage of the ring is the 
weighted average of the radial shrink
age of both types of wood. The tan
gential shrinkage, however, is more 
nearly equal to the greater tangential
shrinkage of the summerwood because 
the summerwood, which is denser and 
stronger than the springwood, causes 
thespringwoodtoBecome compressed
tangentially and to assume a dimen
sion smaller than it would have if it 
were allowed to shrink independently.
Pentoney (8) states that this theory
proposed by Möreth largely explains
the difference between tangential and 
radial shrinkage. Other explanations
have been advanced, such as difference 
between the fibril angles in radial and 
tangential walls, differences in the 
thickness of the primary walls in the 
radial and tangential directions, and 
difference in the number of cross 
walls along the radial and tangential 
axes. 

Although shrinkage is variable in 
normal wood, certain abnormal types
of wood contribute to increased vari
ability. Compression wood, which is 
common to softwoods, shrinks consid
erably more longitudinally but less 
transversely than normal wood. The 
strands of the fiber walls of compres
sion wood make a large an le with the 
longitudinal axis of the fiber, rather 
than lying nearly parallel. Tension 
wood, which is found in hardwoods, 
also has excessive longitudinal shrink
age, although the reason has not been 
determined. Particularly lightweight 

wood of some species has a greater cracks pointing towards the center, or 

longitudinal shrinkage than heavier pith. These cracks would not be the 

wood of the same species. This rule result of drying stresses set up by 

does not apply to light and heavy moisture gradients, but the result of 

woods of different species Cotton- the inherent difference between the 

wood, a light wood, does not shrink tangential and the radial shrinkage of 

appreciably more lengthwise than oak, the wood. The size of the cracks that 

a heavy wood. would develop is related to the differ-


The large void volume that wood ence between the tangential and radial 

contains is subject to change by drying shrinkage values for the species. The 

stresses, or possibly by liquid tension. width of a single crack, at its widest 

The drying stresses are affected by the point, can be calculated by the follow-

manner in which the wood is dried. ing formula: 

Wood dried in a dry kiln at relatively

high temperatures generally shrinks 

more than wood seasoned in a yard at 

relatively low temperatures. When 

high relative humidity is combined CW = crack width in inches 

with high temperature, shrinkage is d = diameter when green, in 

greatest. inches, or in a rectangular 


where 

Becauseshrinkageishighlyvariable, timber, the distance from 

the Shrinkage of any individual piece the faces to the pith 

of a certain species may vary consid- R = radial shrinkage in per cent 

erably from the average for the T = tangential shrinkage in per 

species. The shrinkage values given in cent 

Table 1, therefore, are more applicable Because of the difference between 

to large numbers of boards cut from tangential and radial shrinkage, it is 

a single species rather than to individ- difficult to dry a form such as a trans

ualboards. verse section of a tree trunk without 


cracking, because the wood must as-Effects of Shrinkage and Swelling sume a deformation equivalent to the 
Shrinkage starts as soon as any dry- width of the crack. 

ing takes place. When a tree is felled When the log is sawed into lumber 
and cut into logs, the ends and places or other items and the seasoning proc
where the bark has been knocked off ess starts, shrinkage begins and con-
begin to dry. As the drying progresses, tinues until the seasoning is complete. 
end and surface checks may develop The width, thickness, and length are 
from the tensile stresses set up, be- reduced from what they were in the 
cause the shrinkage of the drying sur- freshly sawed state. The reduction in 
faces is resisted by the main bulk of length is generally so slight as to be 
the log. If the whole log were to be- unimportant. The reduction in thick-
come dry, the end and surface checks ness will determine the proper setting 
would develop into wedge-shaped for sawing the rough lumber to dress 

Fig. 4.-Estimated reduction in footage (per cent of air-dried 
tally) because of tangential shrinkage (per cent of dimension when 
green) for carload shipments of hardwoods when kiln dried to o 

Fig. 2.-Frequencydistribution of total tangential shrinkage values moisture content of 5 per cent from an  air-dried condition of 18 per 
far plain sawed boards of longleaf pine heartwood. cent. 
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to a certain finished thickness. Since 
quarter-sawed or edge-grained boards 
shrink more in thickness than plain-
or flat-sawed boards, more allowance 
should be made for their shrinkage.
The decrease in width is important
with respect to the loss of footage
based on the lumber scale. 

Fig. 4 may be used for estimating
the loss of footage. The chart is drawn 
on the basis of a 1 3  per cent moisture 
loss. The losses in footage may be pro
rated for different moisture losses. Un
der the conditions illustrated by this 
chart, lumber cut from a species whose 
total tangential shrinkage is not over 
6 per cent should suffer no appreciable
loss in footage. Edge-grained or 
quarter-sawed boards generally will 
not lose footage. Lumber shipments
composed of wide boards will show a 
greater reduction in footage than ship
ments made up of narrow boards. 

Fig. 5.-Characteristicshrinkage and distortion of flats, squares, and rounds as affected 
by the direction of the annual rings. The dimensional changes shown are somewhat exag
gerated. Tangential shrinkage is about twice as great as radial shrinkage. 

Fig. 3.-Volumetricshrinkage curves for four pieces of sycamore cut from the same radial board. The straight lines 
represent the calculated shrinkage, based on 30 per cent of water by weight, but 27 per cent by volume. The curved lines 
represent the actual shrinkage. 
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Shrinkage during seasoning not only 
causes a decrease in dimension but also 
causes changes in cross section and 
warping. Fig. 5 shows reductions in 
dimension and changes in cross sec
tion for various items with the annual 
growth rings in different positions
with respect to the faces. The changes
in the shape of the cross sections are 
caused by the difference between 
the tangential and radial shrinkage.
Changes in cross section are also 
caused by set, which is the result of 
drying stresses. Set may cause a dry 
board to be thicker at the edges than 
in the middle, and all  faces of a square 
to be concave. 

Warp, which may be divided into 
cup, bow, crook, and twist, is caused 
by the difference in shrinkage in the 
three directions-tangential, radial ,  
and longitudinal. Cup is common in 
flat-grained or plain-sawed boards, and 
all such boards would cup if permitted 
to dry and shrink without restraint. In 
a plain-sawed board, the position of 
the annual growth rings with respect 
to the two faces of the board is not 
the same. The result is that the outer 
face has a greater shrinkage potential
than the face nearer the pith. Conse
quently, when the board dries and 
shrinks, the outer face tends to become 
concave while the opposite face tends 
to become convex. The tendency to 
cup varies inversely with the diameter 
of the annual rings contained in the 
board. 

The other forms of warp, bow, 
crook, and twist, may be caused by
spiral or diagonal grain, by localized 
distortions of grain, or by the presence
of bands of abnormal wood. Where 
the wood fibers do not lie parallel or 
nearly parallel with the faces and 
edges of a board, a component of 
transverse shrinkage is developed that 
acts along the length of the board. The 
amount and character of warp depends 
on the position of the zones or areas 
of cross grain.

Bow, crook, or twist may also be 
caused by the presence of bands of 
wood, such as compression wood, that 
have abnormal longitudinal shrinkage.
Wood near the pith often has ab
normal longitudinal shrinkage, which 
is a good reason for “boxing the 
heart” so that the pith does not fall on 
one edge or face. Frequently, the wood 
in the outer portions of mature trees 
is lighter in weight than that nearer 
the pith. It will shrink more along the 
grain, and consequently may cause 
boards containing both types of wood 
to warp when they are seasoned. 

Shrinkage during d r y i n g  causes 
stresses that cause end, surface, and 
honeycomb checking. A check is a sep
aration of the wood fibers that extends 
both radially and longitudinally. End 
checks appear as radiating lines. A 
8 

honeycomb check is a separation of the 
fibers similar to an end or a surface 
check, but it occurs in the interior. It 
may or may not be a surface or end 
check that has closed on the surface. 
All checks are the result of tensile 
failures perpendicular to the grain.
Checks generally originate at a point
of weakness in the wood structure, 
either within the rays or at the junc
tion of the wood-ray cells with the 
main body of cells, or in a resin 
duct. Once a check has started, it 
becomes longer and deeper as drying 
progresses. 

Shakes are not generally classed as 
a drying defect. Failures within the 
springwood portion of t h e  a n n u a l  
ring, or at the junction of the spring-
wood and summerwood,  are some
times caused by drying stresses. The 
primary cause of such failures is radial 
Shrinkage. This type of failure is most 
common in softwoods, and principally
where there is a strong contrast be
tween springwood and summerwood. 
Where shakes are present in the green
board, they may increase in length
when the board is dried. Ring shakes 
are often present on the ends of logs.
If they are not trimmed from the 
board ends, they lengthen along the 
board when it dries. 

Shrinking a n d  the  plasticity of 
wood a r e  r e spons ib le  f o r  case-
hardening. Casehardening is a stressed 
condition of wood at a low and uni
form moisture content throughout its 
thickness. The surfaces are in com
pression while the interior is in ten
sion. During the early stages of dry
ing, the surfaces are in tension and the 
interior is in compression. The sur
faces become stretched, in a relative 
sense, and the wet interior becomes 
compressed. The dry surfaces become 
set or fixed, but the compressed inte
rior, which is still wet, retains its abil
ity to shrink. Because of these phe
nomena, a piece of wood that is com
pletelyand uniformly dry may con
tain considerable stress. The dry wood 
has lost most of its plasticity and 
gained in elasticity, so the stresses are 
within the proportional or elastic 
limits. 

Casehardening can be relieved, be
cause deformed or set wood retains its 
ability to shrink or swell. The surface 
zones that are in compression can ab
sorb moisture. With absorption, the 
plasticity of the wood is restored and 
a swelling force is generated. The 
surfaces that were already in compres
sion are subjected to additional com
pressive stresses. Since the surfaces are 
now wet and relatively plastic, they 
are compressed. When they are re-
dried, their dimensions are reduced by 
the amount that they were compressed.
Coincident with this action, the tensile 

force in the interior is increased and 
the interior zone may be stretched. 
The combination of the yielding of 
the surfaces and the interior eliminates 
or reduces the stresses and thus re
lieves casehardening. 

Knots, unless they are intergrown
with the wood around them, generally
loosen during seasoning.  A hole 
drilled in a green board will become 
smaller laterally as the board dries, but 
will retain its original dimension lon
gitudinally. The wood that surrounds 
a knot, however, does not resemble 
the wood surrounding a drilled hole. 
The wood fibers surrounding a knot 
are distorted so that the wood tends to 
pull away from the knot in the longi
tudinal direction as it dries and 
shrinks, but tends to tighten against
the knot in the lateral direction. The 
knot itself shrinks with loss of mois
ture, thereby contributing to its loosen
ing in the longitudinal direction of the 
board. 

The shrinkage of softwood knots is 
complicated by the compression wood 
in the bottom portion. Compression
wood shrinks more longitudinally but 
less laterally than normal wood. Con
sequently, the knot does not shrink so 
much laterally, or in diameter, as the 
wood surrounding it. This helps to 
keep the knot tight in the lateral direc
tion of the board. The knot does not 
shrink as much lengthwise as the 
board shrinks in thickness, however, 
and it projects above the surfaces of 
the seasoned boards. 

Intergrown knots cannot loosen, be
cause the wood fibers of the knot are 
continuous with those of the board, al
though they are turned at a sharp
angle. Intergrown knots are likely to 
check when they dry. The checks radi
ate from the pith of the knot like 
heart checks around the central pith of 
the tree. Also, knots often have bark 
or pitch, which becomes hard and 
brittle, between them and the wood of 
the board. Because of these factors, 
knots are likely to be knocked out by
machining or rough handling. 

One of the prime objects in season
ing is to preshrink the lumber. No 
matter how thoroughly lumber is sea
soned, however, some shrinking and 
swelling in service is inevitable be
cause wood is seldom used under con
stant atmospheric conditions. Since 
wood is hygroscopic and responds to 
changes in relative humidity, its mois
ture content is constantly changing.
Wood in service generally reaches an 
average moisture content, and changes
in relative humidity cause fluctuations 
about this average. The damage result
ing from shrinking and swelling of 
wood depends on the magnitude of 
the change in moisture content, the 
shrinkage coefficients of the species, 



the character of the use, and the exact
ness of the requirements.

Large structural timbers are gener
ally installed in a green or partially
seasoned condition. Theshrinkage that 
takes place when a large timber 
reaches an equilibrium moisture con
tent is not usually important unless it 
causes checking and splitting, and 
subsequent loosening of fastenings.
The shrinkage of inadequately sea
soned lighter structural members, such 
as house framing, is highly important.
Many houses are constructed so that 
the shrinkage of the framing mem
bers, particularly the joists, causes the 
central parts of the building to drop
with reference to the outer walls. This 
may cause plaster cracks in interior 
partitions, distorted door openings in 
cross walls, and floors that are not 
level. Seasonalchanges in atmospheric
conditions within the building may 
cause shrinking and swelling that will 
result in a vertical movement of as 
much as 1/2 inch at the attic floor level 
of a two-story house. 

The shrinking and swelling of ties, 
piles, poles, and posts, which are 
rarely thoroughly seasoned, are gener
ally unimportant unless large cracks or 
checks occur. If checks or cracks occur 
after preservative treatment, untreated 
wood may be exposed, and decay may
result. Alternate shrinking and swell
ing cause checks and cracks to increase 
in size, and fastenings may then be
comeloose. 

The shrinking and swelling of low-
grade lumber for rough usage is not 
highly important, because the condi
tions under which the lumber is used 
are not likely to bring the lumber to a 
low moisture content. However, such 
lumber should not be used green, but 
should be air dry. Green lumber may
shrink and loosen fastenings and 
joints. Where wooden containers are 
stored in heated or dehydrated stor
age, the moisture content of the lum
ber should be below that ordinarily at
tained in air drying.

With furniture, interior finish, 
flooring, musical instruments, sash and 
doors, caskets, and so forth, shrinking
and swelling in use are highly objec
tionable because of the exacting use re
quirements. Shrinkage of parts of fur
niture may cause warping, opening of 
joints, and checks and cracks in the 
finish and in the wood. Highly pol
ished surfaces of large areas may de
velop depressions and ridges that are 
conspicuous when viewed in proper
light. Shrinking of doors, paneling, or 
interior finish may expose unfinished 
wood, while shrinking and swelling 
may open mitered joints.

Cracks in floors are caused by
shrinking and swelling. Swelling 
causes the flooring to be compressed if 
the flooring continues to absorb mois

ture after the cracks have become 
closed, and when the floor redries, the 
cracks will be wider than before. Dirt 
and grit that accumulate in the cracks 
increase the amount of compression.
Swelling also causes floors to bulge
and may displace walls and partitions.
Shrinking and swelling may loosen 
nails and cause the floors to squeak.

The sounding boards and backs of 
instruments like pianos and violins 
often split or crack, as do the wooden 
parts of wind instruments. 

The strength of joints is seriously
affected by the shrinking and swelling
of the wooden members. A glued end
to-side joint is stressed when the com
ponents shrink or swell because the 
grain of the two pieces is not aligned
and consequently the pieces attempt to 
shrink or swell by different amounts 
in the plane of the glue line. Side-to
side glued joints may be stressed when 
the pieces are of different species,
when the grain of the pieces does not 
match, or when the pieces differ in 
moisture content at the time of gluing.

Wood-to-metal joints, where a piece
of wood is surrounded by metal or 
where a piece of metal is surrounded 
by wood, may either loosen or tighten
with shrinking or swelling of the 
wood. A wood handle set into a metal 
head, such as an ax or hammer, 
tightens with swelling and loosens 
with shrinking, while the reverse is 
true with a metal spike or peg set into 
a drilled hole in a piece of wood. A 
driven nail or spike, where the fibers 
are cut across their length and turned 
down alongside the nail or spike,
loosens with shrinkage on the two 
sides in contact with the turned fibers, 
but tightens with respect to the other 
two sides. A nail or spike driven into 
end-grain wood becomes tighter as 
the piece of wood shrinks. No wood
to-metal joints are permanently tight,
because when the wood tightens
against the metal it may be compressed
and become set. When the opposite
phase of shrinking or swelling takes 
place, the joint becomes loose. 

A somewhat different type of metal
to-wood joint is represented by a board 
fastened down by nails. If the board 
is dry when fastened down, an absorp
tion of moisture will cause the wood 
of the board to swell against the un
derside of the nailhead. If the nail 
holds in the underlying member, the 
wood of the board may be compressed
against the nailhead. If the nail does 
not hold, it is pulled to a slight ex
tent. This process, combined with the 
loosening effect of the normal wood
to-metal joint between the nail and the 
board, contributes to a general loosen
ing and pulling of the nail. Warping
also helps loosen the nail. This loosen
ing is all too common, because sub-
flooring often becomes wet during the 

construction of a building, and it dries 
and shrinks after the dry finish floor 
is laid. 

In cross-banded construction, where 
the grain of some parts is usually per
pendicular to the grain of others, such 
as plywood and panels consisting of a 
core, crossbands, and faces, the com
ponents are so placed that they restrict 
the shrinking and swelling of each 
other. In plywood, each veneer re
strains the shrinking and swelling of 
adjacent veneers, and its shrinking and 
swelling are, in turn, restrained by the 
adjacent veneers. The shrinking and 
swelling in the two lateral directions 
are greatly reduced, compared to solid 
wood, because wood does not shrink 
or swell much along the grain. A panel
of solid lateral-grained pieces with 
cross-cleats or border strips on the 
ends resembles plywood in that the 
grain of some members is perpendicu
lar to the grain of others. Changes in 
moisture content cause stresses that re
sult in warping unless the construc
tion is finely balanced. 

Shrinkage of wood in service is sel
dom advantageous, but swelling may
be. Certain types of structures, such as 
boats, tanks, or containers, utilize the 
swelling of wood to obtain tight 
joints. Once a boat or tank is tightened
by swelling, however, drying will 
cause the seams to open, although the 
parts may be no drier than they were 
at the time of assembly. This is be
cause the planks or staves have been 
compressed to some extent during the 
swellingprocess.

The shrinking and swelling prop
erties of wood are used, to a limited 
extent, in control apparatus. Since 
wood is hygroscopic, it responds to at
mospheric vapor and can be used to 
control relative humidity. As the rela
tive humidity becomes lower than the 
setting, the wood element loses mois
ture to the air, and the resultant 
shrinkage activates a mechanism to 
supply moisture to the air. When the 
relative humidity is raised, the wood 
element absorbs moisture and swells, 
thus shutting off the moisture-supply
mechanism. 

Minimizing the Effects of Shrinking
and Swelling of Wood in Service 

The first step in minimizing the ef
fect of shrinking and swelling is to 
reduce the amount of shrinking and 
swelling of the wood in service. Al
though the natural shrinkage of wood 
can be reduced by certain treatments, 
these treatments are not practical for 
wide application. Since a certain 
amount of shrinkage must be accepted, 
the wood should be preshrunk before 
it is put into use. This is accomplished
by drying the lumber to a moisture 
content close to the midpoint of the 
range between the high and low ex
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Table 2.-ESTIMATED AVERAGE MOISTURE CONTENT OF THE PRINCIPAL INTERIOR WOOD
WORK IN 13 WIDELY SEPARATED CITIES DURING JANUARY AND JULY 

Table 3.-RECOMMENDED MOISTURE CONTENT VALUES FOR VARIOUS WOOD 
ITEMS AT TIME OF INSTALLATION 

tremes attained in service. In this 
manner, the shrinking and swelling
will be limited to that brought about 
by changes in moisture content above 
and below the midpoint. Since slight
swelling is generally less objectionable
than slight shrinking, the ideal mois
ture content at the time of installation 
is slightly below the midpoint of the 
expected moisture-content range.

The moisture-content range of wood 
in service depends on the exposure
conditions. Tempera tu re ,  relative 
humidity, and w e t t i n g  affect the 
moisture-content, and relative humid
ity is normally the most important of 
the three. Table 2 gives the results of 
a study of the moisture content of 
woodwork within houses (7). The 
data in Table 2 provide a basis for the 
recommended moisture content values 
for house construction items (Table 
3 ) .

Although it is not always known 
beforehand where a product is to be 
used, a moisture content of about 8 
per cent is suitable for interior uses in 
most regions of the United States. 
Lumber for the manufacture of prod
ucts that have exacting use require
ments should be kiln-dried to a mois
ture content of 5 to 8 per cent. Lum
ber that is thoroughly air seasoned to 
a moisture content of 12 to 15 pet 
cent is suitable for rough construction 
and noncritical use. House framing
members, such as joists and studs, and 
subflooring and sheathing are gener
ally air seasoned. Such items, however, 
will lose moisture when the house is 
heated, and the resultant shrinkage 
may cause difficulties. 
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In addition to proper seasoning, 
shrinking and swelling difficulties can 
be minimized by the selection of 
species that have a low coefficient of 
shrinkage. Also, quartersawed boards 
shrink less in width than plain-sawed 
boards. Therefore, a floor made from 
quartersawed or edge-grain material 
develops narrower cracks than one 
made from plain-sawed material. 

Shrinking and swelling difficulties 
may be minimized by proper construc
tion features. Plywood panels repre
sent the ultimate in the reduction of 
shrinkage or swelling in the lateral di
rections, but not in thickness, where 
they shrink and swell somewhat more 
than solid wood. The lateral shrink
age and swelling is nearly equal in the 
two directions with respect to the 
grain of the face plies. However, the 
shrinkage or swelling in length along
the grain of the face ply is greater
than along the length of a solid board 
of normal wood., Boats planked with 
plywood sometimes develop bulges or 
hollows between the frames, because 
the plywood swells somewhat in the 
lengthwise di rec t ion,  where strip 
planking laid fore and aft remains 
smooth. 

The furniture panel, with its core, 
crossbands, and face veneers, repre
sents a member in which lateral shrink
ing and swelling are reduced greatly,
although not quite so much as in p ly
wood. Where pieces of wood are as
sembled in such a way that the grain 
directions of some are at right angles 
to each other, the connections should 
be made to accommodate shrinking
and swelling wherever possible. Cleats 

should be fastened by screws in slots, 
rather than in tight holes, or by clips
inserted into grooves. The ability of 
the fastenings to permit some slippage,
while still holding firmly, will relieve 
stresses that would otherwise cause 
warping. 

Wood is exposed to fluctuating con
ditions, and protective coatings and 
finishes of good moisture resistance 
reduce the range in moisture content 
through which the wood goes. The 
shorter the duration of the damp and 
dry periods the more effective are the 
coatings. During a continuous expo
sure to constant conditions, all protec
tive coatings lose their effectiveness. 
When coatings or finishes are used, as 
on a table top for example, both the 
top and bottom should receive the 
same protection. If this is not done, a 
difference in the rate of moisture loss 
or pickup between the two faces may 
cause warping. The end-grain surfaces 
of items such as doors, should receive 
a protective coating, even though they 
are invisible. Likewise, interior finish 
and trim should be back-painted to re
tard changes in moisture content with 
changing conditions. 

Wood exposed to rain and sunshine 
or occasional immersion in wa te r  
should be protected from weathering
by coatings of paint. The paint pro
tects the surface of the wood from 
rapid wetting and drying. Rapid wet
ting and drying in succession, with the 
accompaying swelling and shrink
ing, tend to cause many m i n u t e  
surface checks to form, which con
tribute greatly to the process called 
weathering. 
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