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Introduction

The principal factors affecting the volumetric shrinkage of wood ,
disregarding' the effect of collapse and of "set" under stress, are th e
amount of wood substance per unit volume, which is shown by the densit y
or specific gravity, and the amount of water that is removed below th e
fiber saturation point . Other factors that may affect the results to a
variable extent are drying stresses and chemical substances in the wood .
The relative amount of shrinkage that occurs in the width and thicknes s
of a rectangular section depends upon the radial and tangential shrinkage
and the angle the rings make with the sawed surfaces .

There are occasions when it is of interest to know how the angl e
that the rings make with the surfaces of a sawed timber affect th e
dimensions of width and thickness after shrinkage or swelling occurs . As

an illustration, it is not always possible to avoid a certain amount o f
variation in the slope of the annual rings in the cross section of matche d

test specimens cut from a particular stick . Variability of this kind i s
dependent on such factors as size of the log from which the stick is cut ,

length and cross sectional dimensions of the piece, and size of tes t
specimens. If, for the purpose of test, it is necessary to prepare th e

specimens in finished form while green and they are subsequently seasone d
for strength tests, it may be important to know whether the variations i n

ring slope that may occur in different specimens will nave a significan t

effect on the proportion of shrinkage in width and thickness . Difference s

in shrinkage in these two dimensions will of course have more or les s
effect on the strength factors computed from bending strength tests . For

example, work to proportional limit and work to maximum load vary in-
versely as the product of width and thickness ; stress at proportiona l

limit and modulus of rupture vary inversely as the product of width an d

square of the thickness, and the modulus of elasticity varies inversel y

as the product of width and cube of the thickness .

Various other examples could be given where information on th e

effect of slope of rings or the relative amount of shrinkage in width an d

thickness is of assistance .
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The purpose of this .paper is to discuss the theoretical considera-
tions that are involved in determining the relative amount of change i n
width and , thickness that may occur when moisture changes take place an d
the annual rings make various angles --(ai th the surfaces of sawed material .
The formulas developed will be found convenient to use in determining the '
approximate change in width and thickness when lumber or nieces havin g
moderately small cross-sectional dimensions are seasoned and the averag e
slope of the rings is known ., A discussion of the effect of radial an d
tangential shrinkage on the dimensions of round timbers is also included . .

Effect of Radial, Tangential, and Longitudinal

Shrinkage on Timber Volume and Dimension s

Since longitudinal shrinkage is usually slight in normal wood, it s
effect on volumetric shrinkage can be disregarded, and only shrinkages i n
the radial and tangential directions need to be considered as having an
important effect on the timber dimensions . The ratio of the radia l

"'shrinkage, or dimension change that takes place at right angles to the
annual rings, to the tangential• shrinkage, or shrinkage parallel t o . the
rings, varies considerately for different species ; but a rough average
value would be about 1 to 2 .

	

_

Figure 1-A represents the cross - section of a timber W inches wid e
and V inches thick in which the rings are approximately parallel with th e
horizontal faces while figure 1-B represents the cross section of•-a timbe r

' of the same dimensions with the rings at right angles to the horizontal _
faces . ' .The shrinkage in the width W -and -thickness V will therefore b e
different: for the .t,wo sections, since the unit radial shrinkage PR is less.

than the unit tangential shrinkage P T .

Assuming the length constant,' because of negligible shrinkage in
the longitudinal direction, the volume after shrinkage for the transvers e
section shown in figure 1-A will be, [ T(l - Pm) ] [V(i - Pp.)] =
(WV)(1 - PT)(1 - PR) per unit length . Likewise the volume . after shrinkag e

' for the section shown in figure 1-3 will be N(l - . PR)) ' [V(1 - PT) ] =

(WV)(l PR) (1 - PT) . In each section the volumetric shrinkage per . unit

length = WV - [(?°V) (1 - P~,) (1 - PR) ] = Tr [Pt + PR, - PTPR ] . The

volumetric shrinkage is therefore the same although the amour-t o f
shrinkage in the directions of width and thickness is . different for the
two sections .

k"nen the rings are approximately parallel to two of the faces, a s
in figure 1, it

	

a simple matter to compute the . change in the width W
and the thickness V that may be expected when the average unit shrinkage s
PR and P_ in the radial and tangential directions are known or assume d

for the species under consideration .
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More often, however, the rings make some angle 0 with the horizontal
faces, which is between 0° and 90 0 as indicated in figures 2 and 3 . For

the purpose of this discussion the rings will be assumed as straight lines .

This can be done without serious error if the dimensions of width an d
thickness are not too large . Assuming other conditions the same, the
volumetric shrinkage would not be affected by the slope of the rings wit h
respect to the faces, but the relative amount of shrinkage in width an d

thickness would vary depending on the angle 0 . This necessarily woul d
result from the fact that the rings vary in length over the surface of the
cross section . In addition both the width and thickness are affected b y

components of radial and tangential shrinkage .

If the rings are assumed at right angles to two opposite faces (a s
in fig . 1) the section remains rectangular after shrinking even when th e
radial and tangential shrinkage are different, but the ratio of the tw o
dimensions changes from that existing before shrinkage took place . On the
other hand, if the rings make an angle 0 with two opposite faces, and 0
is some angle between 0° and 90°, the shape of the section could no t
remain rectangular when the radial shrinkage is different from th e
tangential . Figure 2 illustrates the effect of radial and tangential
shrinkage separately; and also the combined effect of shrinkage in the two
directions when the rings are assumed as straight lines . In this figur e
the angle 9= 45°, and the radial shrinkage is assumed as one-half the
tangential shrinkage . Figure ' 3 shows the shape after shrinking when th e
angle ()is 30° assuming the same values of P R and PT as in figure 2 . In

these two figures the original width W and thickness V have been assume d
the same so that before shrinkage the cross section is square . It may b e
noted that when 0 = 45°, the unit shrinkage, measured on the edges of th e

cross section is the same in both directions . At this angle the chang e
per unit width and thickness is the same regardless of the ratio of radial
to tangential shrinkage because the shrinkage components are the same . I n
order to emphasize the effect of shrinkage in figures 2 and 3 the uni t
radial sh?inkage PR was taken as 0 .125 and the unit tangential shrinkage

P1 was taken as 0 .25 . These values are approximately 2-1/2 times greater

than the radial and tangential shrinkage factors for white oak in season-
ing from the green to the oven-dry condition .

Theoretically if PR were equal to PT (assuming that the shor t

lengths of the annual rings are straight lines) the shape of cross sectio n
would remain the same after shrinking, and the change in the tw o
dimensions, width and thickness, would be in the same proportion regardles s

of the direction of the rings with respect to the surfaces . For example ,
in figures 4 and 5 the shrinkage in each direction has been assumed as 5 0
percent, and the volume after shrinking_will therefore be one-fourth the
original volume .

	

The angle 0 has been taken as 15° for figure 4 and 30°
for figure 5 ; but it may be noted that both the shape and the rati o
width to thickness remain the same regardless of the angle assumed .

of
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Formula for Computing Shrinkage in Width

and Thickness for Any Angle9

The following discussion outlines the method used in developing a
formula for computing the shrinkage in width and thickness for any angle 9
that ,he rings make with the horizontal faces . This assumes that th e
annual rings can be considered as approximately straight lines over the
cross section under consideration .

The direction of the rings with respect to the horizontal faces i s
shown in figure 6, which also shows the shrinkage components affecting
the final width and thickness . In the figure the axis XX has been
rotated through the angle o so that it is in the position X 1X1 parallel
to the direction of the rings . Similarly the axis YY is rotated into the
position Y1Y1 , which is perpendicular to the annual rings and thu s

parallel to the direction of radial shrinkage . All tangential shrinkag e
is therefore in a direction parallel to the axis X 1X1 , and all radia l

' shrinkage is in a direction parallel to the axis Y 1Y1 . In this figur e

the various distances to the axis Y1Y1 (measured parallel to the axi s

X1X1 from the edges of the section W inches wide and V inches thick) ar e

designated as L . Similarly all distances from the edges to the axis X 1X1
and measured parallel to the axis Y1Y1 are designated as L l .

It may be noted from figure 6 that the distance L from any point
(x, y) to the axis Y1Y1 is equal to (x .+ y tan 9)(cos 0) or ,

L = x cos

	

+

	

sin ,9	 (A)

Likewise the distance L 1 from any point (x, y) to the axis X1X1 is equal

to (y -- x tan 9)(cos 9) or L l = y cos e - x sin 9	 (B)
The shrinkage parallel to the horizontal axis XX =

LPT cos 0 - L1 PR sin 9 = PT [x cos t (y + y sin 9 cos 9] -

PR [y sin 9 cos 9 - x sin 2 9]	 (C)
= (xi + x2) where x1 = L PT cos 9 = PT [x cos' 0 + y sin 9 cos 61 and
x2 = -L1 PR sin 9 = -PR [y sin 9cos 9 - X sine 9] .

Than x - (x1 + x2) is the distance of the point xy from the vertical

axis YY after shrinking . Similarly the shrinkage parallel to the vertical
axis YY = L PT in 6 + L1 PR cos 6 =

PT [x sin0case +ysin' 9) +PR [y cos

	

xsin0cos d]	 (D)

= (yl + y2) where yl = L PT sin a and W2 = Ll PR cos O . After shrinking ,

the distance of the point xy from the horizontal axis XX is then ,
y - (71 + y2) . The new coordinates of a point (c,y) in a given cross
section are therefore [x - (x1 + x2) 1 and [y - (yl + y2)] after

shrinkage has occurred. .
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If W represents the width and V the thickness, as indicated i n
figures 2 and 3, the original width W will shrink to the length of side a b
where the length ab = length cd = length A1A1 . Similarly the thickness ,

7 will shrink to the length ac, which = length bd . = length B1B1 .

The length A1AI (figs . 3 and 4) which is equal to 'the length of the
side ab or cd, can .be readily found by determining the x and y coordinate s
of the points A on the two vertical faces after shrinkage . For points on
this axis, y in formula (C) becomes zero . Hence x1 = I''T.

	

cos.' 9) and
2

x2 =

	

(PR sin e 0) since at points A,• x = 2 . In this case,
2

will have a

plug or minus sign depending on whether it is measured to the right or lef t
of the vertical axis . The values of x at the ends of line A1A1

	

(figs . 3

• and 4) are then

	

[1 - - (PT cos' 0+ PR sine 0)'] = xm. Similarly, since '

y = 0 at points A the values of y for the point s .Al 0 - (yl + Y2) ,

= - [ 2 (PT - PR ) (cos 9 sin 0) ] _' yrll . Likewise the length B1B1 can be

found by determining the x and y coordinates of the points B on the two -
horizontal faces after shrinkage . For these points x in-formula D become s

zero and -T1 =

	

T.

	

t r
(Pr, sin2 9) and y2 = 2 (PR cos' 6) where ~ may have a plus '

- or minus sign depending on whether it is measured above or below th e
horizontal axis, The values of x at the ends of line B 1B1 are the n

- [ 2 (PT - PR) cos 0 sin ' 9 ] = xn and the values of y at the 'ends of line

B1B1 =

	

[1 - (PT sin* 6 + PR cos2 6) ] = yn .

	

The length
A1A1

(figs. 2

and 3) is then 2/ x; „' +

- (Pm cos2 6

	

PR sin? 9) 1'2' ;r- .[(PM - PR) cos 8 sinTh] 2 -. -

	

- = (T~)

and the length B 1B 1 (figs . 2 and 3) _, 2 Vf xn + yn

= V f[1 - (Pr, sine 0 + PR cos 2 6 ) ] 2 + [(PM -- PR) cos 9 sin 9 ] 2	 (" )
1

Computation of Dimensions ;After Shrinkage

Since the term [(Pm - PR) ' cos 9 sin 9]' in-equations (B) and (Ei) ,

is extremely small, the difference between the true length :A1A1

	

and the

length [W - 2 ( xi + x2)], which equals Ws in figures 2 and 3., is negligibl e

even for relatively large values of thickness or width. 'It is;• then '
sufficiently accurate to compute the width after shrinkag e . (WS) 4s ,

t''s= [w-2(x1+x2)] =W [1- (PT cos 2 6 +PR sin' 0)]---	 (1' )
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The thickness after shrinkage ( Vs) would, for the same reason, be compute d

as, V s = [V-2 (y1 +y2)] = V [1 - (PT sin e 9+PR cos' 9)]	 (Fl)

These values, Vs and Vs , the length of the sides after shrinking measure d

on the horizontal and vertical axes AA and BB respectively, will b e
approximately the same as the true lengths A1A1 and BIB 1 determined from

equations (E) and (E l ) .

Computation of Unit Shrinkage

When W and V become unity, equations (F) and (F l ) show the

corresponding dimensions after shrinkage, per unit width and unit thickness .
If, therefore, H represents the average unit horizontal shrinkage (shrinkage
in width) and T represents the average unit vertical shrinkage (shrinkag e
in thickness) H = 2 (x1 + x2) = (PT coat 9 + PR Rin e 9 )	 (G)
and T = 2(yl + y 2 ) = (PT sin 2 8 + PR cos' 9 )	 (G1)

The dimensions after shrinkage, for any width W and thickness V, are

therefore computed as W [1 - H] and V [1 - T] respectively .

Values of PR and PT are given in table 1 for various species . These

are average values for the species listed and will servo as a guide in com-
paring the shrinkage of different woods . Data for other woods can be found
in U.S .D .A . Technical Bulletin No . 479, "Strength and Related Properties o f
Woods Grown in the United States, "

The following example-will illustrate the procedure for computin g
the shrinkage when the rings make an angle 9 with the horizontal faces .
The wood will be assumed as sugar maple that has an average shrinkage from
the green to the oven-dry condition of 4 .9 percent radially = 100 (PR)

and 9 .5 percent tangentially = 100 (P T) .

Assume 8 = 50°, the angle the rings make with the horizonta l
surfaces . Compute the total shrinkage in width and thickness in seasoning
from the green to the oven-dry condition if the width t,:' measured in the
horizontal direction) is 1 .5 inches and the thickness V i ; 3/4 inch .

The sine of 50° = 0 .766 and the cosine = 0 .6428

	

Sin e 50 is than
0,587 and cos' 50 is 0 .413 approximately . From equati'sn (0) the shrinkag e
per unit width H = [(0 .095) (0 .413) + (0.049) (0.587)] = 0,068 . From
equa.tien (G i ) the shrinkage per unit thickness T

= [(0 .095) (0 .587) + (0.049) (0 .413)7= 0.076 .
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The total horizontal shrinkage for the width of 1 .5 inches is then
(1.5) (0 .068) = 0 .102 inch while the shrinkage for- she thickness of 3/ 4
inch is (0 .75)(0 .076) = 0 .057 inch, . The ' width after shrinking (Ws ) i s
then, (1 .5 - 0 .102) = 1 ;398 or - approximately 1 .4 inches, and the thicknes s
after .shrinking (Vs ), is (0 .75 - 0 .057) = 0 .693 , or about 0,69 inch .

Neglecting the slight change from a right angle where the hor4ental
and vertical faces meet, the volume after shrinkage = WV - [) .(1 - H)][V(1 T)] , +
per unit length along the fibers, = WV (H + T - HT) . The volumetri c
shrinkage for the section would then = .
(1 .5)(0 .75) [0 .068 + 0 .076 - (0 .068)(0 .076)] _ (1,125)(0 .1388) = 0,1560 cu .
in . ; and the volume after shrinking would be, (1 .125 - 0 .1560) = 0 .969 or

approximately 0 .97 cubic inch .

Table 2 shows values df sin 2 6 and co s 2 6 between 09 an'd .•90 ° ' in
5° intervals that will be convenient to use in making calculations .
Figure 7 shows curves for si n e 0 and cos' 6, and figure 8 shows a curve
for sin 6 cos 6 . Figure 8 can be used if it is des{}ed to compute the
length A1AI or B 1B1 from equation (E) dr ( E l ) or to compute values' - of

xi and x2 or J1 and' y2 for any point by means of ;formulas (C) and-(D)'.

Values of sin e 6 , co s t 6 ,, and sin. 6 cos 6, "can be found from these chart s
with sufficient accuracy for computing shrinkage by moans of the equation s
given .

	

_

	

.

If it is desired 'to find the s''nrinkage to any moisture content M -
(percent) between the fiber saturation point and the even-dry conditidnl' -
the shrinkage values H and T, can be multiplied by (1 - 30) where 30 i s

taken as the percent moisture content at the fiber saturation point, . Fo r
example, assume it is desired to find the _horizontal shrinkage H and tn e. .' ,
vertical shrinkage T for coast Douglas-fir when the wood is seasoned fro m
the green condition to 12 percent moisture and the rings make an angle o f ,
approximately 15° with the horizontal faces . From table 1, PR is found to
be 0 .05 and-PT is 0 .078 . For 6 = 15° figure 7 shows sin' 15°= 0 .07 and

cos 2 15° = 0 .93 approximately . From equation (G), the unit shrinkag e
H

	

[(0 .078)(0 .93) + (0 .05)(0 .07)] = 0 .076 or 7 .6 percent . Likewise the ... ,
unit vertical-shrinkage T = [(0 .078) 0 .07,+ (0 .05)(0 .93)] = 0 .052 . At 12

percent moisture H would-be computed as 7 .6 (1 12 ) = 4 .6 percent whil e
30

the unit vertical shrinkage T would be computed as 5 .2 (1 -
30=

3 . 1

percent approximately .

The foregoing discussion is based on the assumption that, for th e
cross-sectional area under consideration, the change in ring curvature i s
relatively small, and it is sufficiently close to determine 6 from th e
average slope of the rings . Even when the section is wide enough or thick
enough to allow a considerable change in ring curvature, as in figure 9, i t
is often possible to compute the approximate shrinkage in the horizonta l
and vertical directions by assuming the cross-sectional area divided int o
smaller sections as indicated by the heavy vertical lines in figure 9 .
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The average slope of the rings for each area 1, 2, 3, and 4 could then b e
determined as shown by the tangent lines ,AB, CD, EF, and GH making angle s

01 , 02, 03, and 04 with the horizontal face . The total horizontal

shrinkage would then be taken as the sum of the computed horizontal shrink -
ages for the divisions shown . Similarly the vertical shrinkage could b e
computed for each section to determine the variation in thickness a t
different points . For figure 9 the thickness would evidently be decreased
more on the left side after shrinking, than on the right side because of th e
steeper angle of the rings (slope AB) and the greater effect of the
component of tangential shrinkage . The shrinkage of the section on the
right side, however, would have a greater effect on the horizontal
shrinkage and therefore contribute more to reducing the total width becaus e
of the larger component of tangential shrinkage in the horizontal direction .

Round timber s

If radial shrinkage only is considered and the effect of checkin g
on the resulting dimensions is disregarded, the change in diameter becaus e
of radial shrinkage is D (1 - PR), where D is the diameter before seasoning

and PR is the unit radial shrinkage .

If tangential shrinkage only is aonsidere d 3 the change in diameter
because of circumferential shrinkage would be 70 ( 1- PT) = D(l - PT ) .

Since PT , the unit tangential shrinkage, is greater than PR,the diameter

D(l - PT) is less than D (1 -- PR ) . In this case D(l - PR) - D(l - PT ) _

D [(1 - PR) - (1 - PT ) ) = D(Pi, PR) . The difference of PT and PR set s

up a stress that tends to cause checking .

Neglecting the effect of checking, the final diameter afte r
seasoning would probably be between that resulting from radial shrinkage,,
or D(1 - PR), and that resulting from tangential shrinkage, D(1 - P T ) .

If it is desired to compute the maximum shrinkage that could occur
under any conditions, it is sufficiently accurate to assume that the fina l
diameter is not less than that resulting from tangential shrinkage only ,
or D (1 - PT) . For example, assume a loblolly pine pole is green at the

time it is set and it seasons to a moisture content of about 15 percent as

a minimum . Table 1 shows that the average tangential shrinkage P T is

0 .074 in seasoning from the green to the oven-dry condition . In seasoning
to 15 percent moisture, the shrinkage is about one-half this amount, o r
about 0 .037 . If the diameter where shrinkage is to be determined is 8
inches, the final diameter after seasoning is computed as 8(1 - 0 .037 )

7 .7 inches .
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Summary

Formulas for width and thickness - after shrinkage .

The following formulas were derived' for making shrinkage calculation s
for width and thickness when the rings •make an angle ;p with the horizonta l
surfaces and 8 is greater than 0° and less than 90° .

Ws = W '[i - (PT cos 2 8 + PR sine 8)] 2 + [(PT - PR) cos 8 sin 8] 2

	

- -(1)

VsV

	

- (PT sin2 8 + PR cos2 8)] 2 + [(PT -- pR) cos 8 sin'8] 2 - - - -(2 )

In these equations Ws = the width after' shrinkage, W = the width befor e

shrinkage, Vs . = the thickness after shrinkage, V = the thickness befor e

shrinkage, P„ = the unit tangential shrinkage and PR = the unit . r .aclial

shrinkage from the. green to the oven-dry condition .

Since the term [(PT - PR) cos a sin 83 2 in equations (1) and (2) is, .

extremely small, it is sufficiently accurate to compute the width afte r
shrinkage as,

	

.

ws = W [1 ~- (PT cost 8 + PR 'sine 0)]"	 1 - - - - "(la)

Similarly the thickness after shrinkage-may be computed as ,

Vs = V [1 - (PT sin2 8 + PR

	

-

Unit shrinkage in width and thickness

If H represents the average unit horizontal shrinkage and. ' T .
represe:~ts the average unit'vertical shrinkage . (shrinkage in thickness)
from the relation shown by equations (la) and (2a)

.

	

•

	

.
H '_ -(PT cost 8 + PR sin? B)	 13)

T

	

(PT sin2 8 + PR cost 9 ) • -•	 ; - r	 .

	

(4) .

The total shrinkage in width is therefore WH_, and the total .shrinkage :in
thickness is VT . (This neglects the very slight .change in angle at the-
corners, which can be neglected .) The width after shrinking may then b e
computed as W(1 - H), and the thickness after shrinking as V(l - T) .

Similarly, after shrinking the volume (per unit length along the
fibers) may be computed as WV(1 - H) (1- T) and the volumetric shrinkag e
as WV - WV(1 - H) (1 - T) = WV (H + T - HT) where the very slight .
variation from 90° at the corners, is neglected .

1
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Shrinkage of round timber s

Since tangential shrinkage is greater than radial shrinkage fo r

practical purposes it should be sufficiently accurate to assume that th e
maximum shrinkage would not exceed that computed on the basis of tangentia l

shrinkage only . The computed shrinkage would then be D(P T) or the

diameter after shrinking would be D(1 - P T ), where D is the diamete r

before seasoning and Pm is the unit tangential shrinkage over the moistur e

range under consideration .
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Table 2 .--Values of sin e 6 and cos t 0 between 0° and 90 °

Angle B

	

Sin2 0

	

Cost 0 : : Angle 0 :

	

Sin2 0

	

Cost 0

Degrees

	

R`	

: : Degrees~,	
.	 ..____

0

	

0 .0000

	

: 1 .0000

	

50

	

: 0 .5868

	

: 0 .4132

5

	

:

	

.0076

	

.9924

	

55

	

.6710

	

.3290

10

	

.0302

	

.9698

	

: :

	

60

	

.7500

	

.2500

15

	

.0670

	

.9330

	

65

	

.8214

	

.1786

20

	

.1170

	

.8830

	

:

	

70

	

.8830

	

:

	

.1170

25

	

.1786

	

.8214

	

: :

	

75

	

.9330

	

.0670

30

	

.2500

	

:

	

.7500
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Figure 1 .--Cross sections of a timbe r
with (A) rings approximately paral -
lel with the horizontal faces, an d
(B) rings at right angles to the
horizontal faces .
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Figure 9 .--Method of finding approximate slop e
of rings for different portions of timber .
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