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Shrinkage and Footage Loss
From Drying 4/4-Inch Hard Maple Lumber

Daniel E. Dunmire

When wood dries, it shrinks appreciably
tangentially and radially to the grain. Longi-
- tudinal shrinkage is almost negligible and can
be disregarded when the lumber has normal
end trimming allowance. However, tangential
and radial shrinkage is important to lumber
processors because it affects the utility of
their lumber. If air-dry lumber is scant in
thickness and width, it may not be possible to
cut parts of specific dimension from the lum-
ber after it is kiln-dried. Most hardwood prod-
uct processors know this, and some have rules
of thumb to determine if a package of air-dry
lumber will, after kiln-drying, meet their

needs for thickness and width.

Methods have been published for estimat-
ing wood shrinkage (MacLean 1945, Peck
1960, Rietz 1941) ' but they are based on data
from small, clear samples of wood dried under
controlled laboratory conditions. Commercial
lumber consists of boards of different widths
and lengths with various defects, and of dif-
ferent grain patterns. All of these factors af-
fect shrinkage during drying.

This paper shows how to calculate the
shrinkage that can be expected when drying
commercial hard maple lumber.

PROCEDURE

~ First, we learned how cutting yield varies
within grades of lumber. by studying the di-
- mension. and yield characteristics of about
100,000 board feet of hard maple lumber at
20 sawmills in 10 states throughout the hard
maple producing region. With this knowledge
to aid us, we graded, selected, and purchased
1,588 4/4-inch-thick, air-dried hard maple
(Acer saccharum and A. nigrum) boards
totaling 10,581 board feet for our study.? The
 lumber was selected from all commercial
board widths and lengths of the best five
grades of hard maple lumber (table 1). With-
in lumber grades, the boards were classified
into 10-percent cutting yield classes.

After selection, an inspector from the Na-
- tional Hardwood Lumber Association

. ' Names and dates in parentheses refer to Liter-
L ature Cited.
2This lumber was obtained to determine the
cutting yields of hard maple lumber in a joint
study. with the Forest Products Laboratory (FPL),
Madison, Wis., and has been used since then for
several related studies.

(NHLA) measured the lumber with a board
rule and graded it to verify our board grades.
We also measured the width of each board to
the nearest 14 inch at a point one-third the
length from the narrow end of each board,
where the surface measure of tapered boards
is measured. Lumber lengths were measured
in the same manner as standard lengths
(NHLA 1960).

Then the lumber was kiln-dried, equal-
ized, and conditioned in a 6,000-board-foot-
capacity, forced-air dry kiln, using FPL dry-
ing schedule T8-C3 (Rasmussen 1961). Dry-
ing results were normal (fig. 1). Based on
20 kiln samples and other moisture meter
readings, the average moisture content (MC)
was 13 percent prior to drying and 6 percent
after drying. The difference between the
original and final MC, 7 percent, is referred
to hereafter as the drying range (DR).

The lumber was then regraded and vol-
ume was remeasured with a board rule by an
NHLA inspector. Each board was also classi-
fied as plainsawed, bastardsawed, or quarter-
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Table 1. — Number of 4/4 hard maple boards and their surface measure by
grade, by length, width, and yield class, and by saw type

: : Surface measure (in bd. ft.)
Ltem . Number of boards by grade . of boards by grade
: : :No. 1 :No. 2 :No. 3A: : : :No. 1 :No. 2 :No. 3A:
: FAS : Sel : Common : Common : Common : Total : FAS : Sel : Common : Common : Common : Total
Length class (feet)
4-. 5 - - 56 62 68 186 - - 153 150 164 467
6= 7 - 30 65 57 51 203 - 133 262 202 177 774
8- 9 24 32 68 73 64 261 154 184 369 369 313 1,389
10- 11 24 32 69 78 52 255 184 226 479 513 297 1,699
12- 13 ) 24 32 69 76 62 263 218 270 552 613 442 2,095
14~ 15 24 30 67 58 39 218 250 279 656 512 311 2,008
16 24 28 62 53 35 202 295 295 693 506 360 2,149
Width class (inches)
37' 4 i - 25 82 93 70 270 - 102 290 312 214 918
5- 6 30 40 98 112 113 393 186 217 488 561 532 1,984
7- 8 .o 30 42 98 109 119 398 241 303 639 691 749 2,623
9- 10 30 41 94 88 59 312 294 371 774 708 454 2,601
11- 12+ 30 36 84 55 10 215 380 394 973 593 115 2,455
Yield class (bercent)
31- 40 - - - - 13 13 - - - - 66 66
41- 50 - - - 5 84 89 - - - 24 487 511
51- 60 ) - - - 65 122 187 - - - 410 731 1,141
- 61- 70 - - 55 175 103 333 - - 407 1,077 544 2,028
71- 80 - - 168 154 39 361 - -- 1,181 995 195 2,371
81- 90 40 71 170 52 6 339 371 598 1,153 329 32 2,483
~ 91-100° 80 113 63 6 4 266 730 789 423 30 9 1,981
Lumber saw typel/
Plainsawed 92 123 329 342 198 1,084 763 809 1,961 1909 986 6,428
Bastardsawed 26 56 121 103 130 436 316 540 1,168 871 823 3,718
Quartersawed 2 5 6 12 43 68 22 38 35 85 255 435
Total 120 184 456 457 371 1,588 1,101 1,387 3,164 2,865 2,064 10,581

v Average annual ring slope in degrees and the range by lumber grade (in parentheses) were as
follows: Plainsawed, 16.9 (16.3-17.8); bastardsawed, 40.5 (39.1-41.5); quartersawed, 73.6 (71.1-80.0);
all board types, 25.8 (16.3-80.0).

F-517848
Fi1cUure 1. — Some stress-free sections of kiln sam-
ples from Kkiln charge No. 1.




sawed® by MacLean’s (1945) method where-
by the average slope, measured in degrees,
- of four annual rings on the cross-section of a
board is determined. Of the study boards, 68
percent were plainsawed, 28 percent bastard-
sawed, and 4 percent quartersawed (table
1).

Because longitudinal shrinkage of wood
is negligible (Koehler 1954), board lengths
were not remeasured. But we remeasured

board widths to the nearest Y4 inch as we
had done before drying. Using these mea-
sured air-dried and kiln-dried board widths
and the air-dried board lengths we calculated
to the nearest hundredth board;foot the air-
dry and kiln-dry footage for each board. The
results, “calculated board measure;* are com-
pared in the next sections with the board
footages obtained by the lumber inspector,
“board rule measure.”

RESULTS

Total width shrinkage of all boards (DR=
7 percent MC) was 343 inches, 2.8 percent
of the combined widths; shrinkage ranged
from 2.7 to 2.9 percent by grade and from
2.3 to 3.0 percent by board type. As would
be expected, plainsawed lumber shrank more
than bastardsawed or quartersawed lumber
(table 2).

. Total losses in calculated board measure
of all boards were 274 board feet, 2.6 percent
of the original footage (table 3). By grades,
shrinkage ranged from 2.5 to 2.7 percent, but
by saw type it ranged from 2.3 to 2.8 percent.
Losses were greatest in plainsawed lumber.

Total surface footage of the lumber be-
fore kiln-drying was practically the same by
both the board rule measure (10,581 board
feet) and the calculated board measure
(10,571 board feet). However, footage loss
determined by board rule (176 board feet)
was considerably less than that based on cal-
culated board measurements (274 board
feet) (table 3). Although the board rule is
the accepted means of measuring lumber for

3 A plainsawed hardwood board has annual rings
oriented at slopes of 0 to 30 degrees, bastardsawed
31 to 60 degrees, and quartersawed 61 to 90 de-
grees with the face of the board - (USFS, Forest
Prod. Lab. 1950).

buying and selling, it apparently does not ac-
curately account for footage loss due to dry-
ing.

We used the calculated board measure
data rather than the board rule measure to
derive a set of equations* for predicting sur-
face area losses due to kiln-drying hard maple
lumber. Since wood shrinkage, for practical
purposes, has been found to be directly pro-
portional to its moisture content below fiber
saturation point (Rasmussen 1961), our
estimating equations may be applied through
any drying range below the wood fiber satu-
ration point, which is about 30 percent MC
for hard maple.

Board width data, before and after kiln
drying, were of course used to derive equa-
tions for calculating width losses.

(Warning: Estimates of footage lost in
shrinkage, when using these equations, will
not equal estimates obtained with a board
rule. Equation estimates are more accurate.
This will be discussed in the section on Equa-
tion Accuracy.)

4 Consultation was with Thomas H. Starks, Ph.
D., Associate Professor of Mathematics, Southern
Illinois University, Carbondale, Illinois, at which
time a suitable computer program was chosen
(Fitzpatrick 1965).



: Table 2. — Actual and estimated board width and shrinkage due to kiln drying
» 4/4-inch-thick hard maple lumber from 13 to 6 percent moisture content

Tqble 3.

2/

=’ Shrinkage estimated from equation S

3/

Shrinkage estimated from equation S

Shrinkage estimated from equation S

Cumulative board width :
Lumber grade . Air- Kiln- : Actual ;  Dstimated,,
or board LyPE ., 4rijed dried : shrinkage : shrinkage™
Inches Inches Inches Percent Inches Percent
BY LUMBER GRADE
FAS 1,097 1,065 32 2 30 2.7
Sel 1,507 1,464 43 2 41 2.7
No. 1 Common 3,667 3,564 103 2 100 2.7
No. 2 Common 3,385 3,292 93 2 93 2.7
No. 3A Common 2,555 2,483 72 2 70 2.7
BY BOARD TYPE
Plainsaved 7,623 7,395 228 3.0 224%; 2.9
Bastardsawed 4,074 3,971 103 2.5 »963/ 2.4
Quartersawed 514 502 12 2.3 12 2.3
‘|Total or 1/
average 12,211 11,868 343 2.8 334~ 2.7
1/

0.391 D_Rwo.
0.419 Biwo.
0.338 DR W_.

hard maple lumber from 13 to 6 percent moisture content

— Actual and estimated footage loss due to kiln-drying 4/4-inch-thick

Lumber grade

Board rule measure

Calculated board measure

Estimated

Average.

r board type ¢ Air- : Kiln- : Actual ¢ Air- : Kiln- : Actual foot 1
? oa yP : dried : dried : shrinkage : dried : dried : shrinkage ootage 1oss
Board Board Board Board Board Board Board
feet feet feet Percent feet feet feet Percent feetl/ Percent
BY LUMBER GRADE
FAS 1,101 1,085 16 1.5 1,103 1,075 28 2.5 30 2.7
"} Sel } 1,387 1,363 24 1.7 1,382 1,345 37 2.7 38 2.7
No. 1 Common 3,164 3,116 48 1.5 3,171 3,086 85 2.7 87 2.7
No. 2 Common 2,865 2,812 53 1.8 2,858 2,787 71 2.5 78 2.7
No. 3A Common - 2,064 2,029 35 1.7 2,057 2,004 53 2.6 56 2.7
BY BOARD TYPES
o Plainséwed 6,428 6,315 113 1.8 6,426 6,248 178 2.8 188%; 2.9
|Bastardsawed 3,718 3,663 55 1.5 3,712 3,626 86 2.3 883/ 2.4
Quartersawed 435 427 8 1.8 433 423 10 2.3 10= 2.3
Total - 10,581 10,405 176 1.75/ 10,571 10,297 274 2.6i/ 289l/ 2.75/
;J'Shrinkage estimated from equation FL = 0.391 DR Vo'
2/ Shrinkage estimated from equation FL = 0.419 DR VO.
-3 Shrirkage estimated from equation FL = 0.338 DR VO.
- &/




These equations are:

'S — 0.391 DR W, (1)

Wo = W./ /T— (0.391DR)/ (2)
FL — 0.391 DR V, (3)

Vr %-'LT« (0.391DR)/ V, (4)

where S — total shrinkage in inches of width
for all boards in a lumber pack-
- age due to drying, S = W,—W:;.

DR = any drying range between 30 per-
cent and 0 percent moisture con-
tent, expressed as decimals,
through which the lumber is
dried. The original moisture con-
tent minus the final moisture con-

- tent of the lumber is DR. Because
wood does not shrink until it is
_dried to the fiber saturation
point, an MC of 30 percent should
be used in places of the original
MC in computing the DR for any
hard maple above fiber satura-
~ tion point.

. W, = total original or air-dried width
in inches of all boards in a lum-
ber package before drying.

“Wr = total residual width in inches of

' all boards in a lumber package
after drying and conditioning the
lumber:

FL — footage loss in board feet of all
boards in a_lumber package due
- to drying. FL is the footage loss
" due to lumber shrinkage; FL. —
Vo —V:.

Vo = total board feet of a lumber pack-
age before drying.

Vy = total residual board feet of lum-
ber after drying and conditioning.

Shrinkage did not differ by lumber grades
or cutting yield classes but did differ by
board type. Thus, for lumber with specific
grain orientation, the equations should be
modified. Furthermore, because our quarter-
sawed lumber was not a good sample®, its
shrinkage was the same as for the bastardsaw-
ed lumber. Thus, the derivation of the bas-
tardsawed equations included shrinkage
values from the quartersawed lumber. The
modified equations for plainsawed and bas-
tardsawed lumber saw types are:

For plainsawed lumber
(0-30 degrees)

S — 0419DR W, (1)
W, = W.//3— (0419DR)7 (2)
FL — 0.419DR V, (3)

V. = [T— (0.419DR)/ V, (4)

For bastardsawed lumber
(31-60 degrees)

S —0338DRW, (1)
W, — W-/ /I— 0.338 DR)/ (2)
:F—L = 0.338 DRV, (3)
Ve = /[T—(0338DR)/ V,  (4)

5 The quartersawed lumber was not a good sam-
ple because there were not enough boards in that
class, most of the boards were cut from near the
center of logs (62 percent contained pith), and
most of these boards (81 percent) were No. 2 and
No. 3A Common grades.



APPLYING THE EQUATIONS

Lumber shrinkage estimating equations
are most useful for kiln loads, truck loads, or
carload lots of hard maple lumber; but they

~also predict the average shrinkage of individ-
ual boards.

‘Equation (1) is used when an estimate
of average shrinkage -(S) in board width is
desired. To determine shrinkage accurately,
board widths must be measured precisely.
For commercial lumber, widths should be
measured to the nearest %4 inch. Shrinkage
curves-for board widths dried through various

DR = 30 PERCENT MC

14

DR = 24 PERCENT MC

DR = 18 PERCENT MC

DR = 12 PERCENT MC

' AVERAGE SHRINKAGE PER BOARD, IN INCHES (S)

|
| |
Y. . L, o
. - 4 6 8 10 12
: WlD'I-'H OF BOARD IN A LUMBER PACKAGE BEFORE DRYI‘NG, IN INCHES (Wo)

"~ FIGUrE 2. — Shrinkage in average board widths of
" 4/4 hard maplé lumber dried through various

. drying ranges; derived from equation S = 0.391
DR W, . As an example assume an original board
width (W, ) of 10 inches, an original moisture

" content (MC) of 50 percent, and a final MC of
12 percent. DR is the difference between the
original and final MC; but whenever the original
MC is higher than the fiber saturation percent
(30 percent for hard maple), then_the fiber
saturation percent is used. Therefore DR = 30-12
or 18 percent. Following the arrowed lines in
the chart, a 10-inch-wide board dried through a
range of 18 percent will shrink 0.7 inch. Like-
wise a 7.5-inch-wide board w1th an 18-inch DR
will shrink 0.53 inch.

I | DR = 6PERCENT MC
|
0.2 |
|

drying ranges and derived from equation (1)
are shown in figure 2.

Equation (2) is useful in predicting the
air-dry board width that will be needed when
the required kiln-dry width is known. Figure
3, based on this equation, is useful for making
these predictions.

Equation (3) is used when losses in sur-
face measure (FL) due to lumber shrinkage

.are desired. Total original footage (V, ) may

be the board rule measure of the lumber, but
it can be determined more precisely by cal-
culating and adding the surface measure of
individual boards.

1172 DR = 28 PERCENT MC
13/8 |-

e DR = 24 PERCENT MC

11/8

DR = 20 PERCENT MC

/8

DR = 16 PERCENT MC
34 |

5/8 I _
DR = 12 PERCENT MC

12 -

AVERAGE SHRINKAGE PER BOARD, IN INCHES (S)

DR = 8 PERCENT MC

74
DR = 4 PERCENT MC

AVERAGE BOARD WIDTH AFTER DRYING, IN INCHES (W,)}

Ficure 3. — Graph for predicting what the air-dry
board width must be to achieve a given Kkiln-dry
board width; derived from equation W, = W,/
/1 — 0391 DR)/ . As an example assume that
a kiln-dry board width of 9 inches is needed,
that the initial MC of boards will be 24 percent,
and that the kiln-dry MC will be 8 percent. DR
then is 16 percent. By following the arrowed
lines in the chart, we find that a kiln-dry width
of 9 inches requires an air-dry board nearly 3
inch wider or about 9% inches. Likewise, a kiln-
dry width of 7% inches will require an air-dry
board % inch wider (8 inches).
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Equation  (4) can be used to estimate
total residual lumber footage (V) after dry-
ing. If the lumber is measured with a board
rule, the footage will not equal V;, which is
based on more acurate measurements (table
- 4). Furthermore, figure 4 may be used to
predict V;.

° 10.0

)

\"

©
o

9.6

9.4

9.2

IN THOUSAND BOARD FEET

9.0

RESIDUAL FOOTAGE (V,) OF 10 MBF OF LUMBER (

I
I
|
|

8.8 S 1 1
2 6 10 14 18 22 26 30

' DRYING RANGE (DR), PERCENT MOISTURE CONTENT

- F1GURE 4. — Graph for predicting residual footage

: after drying 4/4 hard_maple lumber; derived

" from equation Vp = /L— (0.391 DRY Vo. As
an example, assume an initial volume of 9.0
thousand board feet, an initial MC of 28 percent
and a final MC of 10 percent. DR then is 28 —
10 or 18 percent. By following the arrowed lines
in the chart, we find that at a drying range of 18
percent, the residual footage of 10 thousand
board feet is 9.3 thousand. The residual footage
of 9 thousand board feet would be 9/10 x 9.3 or
8.37 thousand. Using equation (4), the residual
footage would be 8.367 thousand.

A question often asked in the industry is
this, “If maple lumber is shipped air-dried,
then kiln-dried in transit and inspected, how
much footage should the buyer pay for on an
air dried basis?”” Equation (4) solved for the
original volume, V, = V,/ /1 — (0.391
DR)/ , will give an air-dried footage approx-
imation. However, V; should be obtained by
the calculation method as shown in the last
column of.table 4.

Moreover, these equations can be adapted
for use with automatic data processing equip-
ment. If green boards were machine-meas-
ured on the green chain at a mill, immediate
dry measurements could be estimated by a
computer. This might eliminate the need of
remeasuring seasoned boards.

The shrinkage equation (1) can also be
modified easily for use with shrinkage rates
(values) in table 39 of the Wood Handbook
(USFS, Forest Prod. Lab. 1955). The deri-
vation follows:

S — KDRW, where K is a constant
S K DR W,
SR - (= ——
Wo W,
where SR is shrinkage rate
SR — K, DR

where K; is modified constant
for Wood Handbook shrinkage
rates

K; — SR/DR
For example:

Ki = 024 ‘

for quaking aspen, tangential grain
(0-45 degrees), dried to 6 percent
MC from the green condition (30 per-

cent MC)
and:
_ 0.032 _
K, = 0924 0.133

for yellow-poplar, radial grain (45-
90 degrees), dried to 6 percent
MC from the green condition

These modified constants are substituted
in lieu of our equation constants. Equation
use, however, should be limited to dimension
and cut stock, like flooring, because they have
not been tested for lumber stock of species
other than hard maple.



" Table 4. — An example: total residual board measure is accurately estimated
from total original board measure

Number : Board sizes : Board rule method : Calculation method

of i 4 iginal  Residuatd i v oy Py Yy
boards : : : o : r : o : r

Inches Feet Inches Feet Board feet Board feet

5 4 x 10 3.81 x 10 15 15 16.7 15.9

7 5 x 12 4.77 x 12 35 35 35.0 33.4

3 8 x 16 7.62 x 16 33 30 32.0 30.5

4 10 x 14 9.53 x 14 48 44 46.7 44,5

6 6 x 13 5.72 x 13 39 36 39.0 37.2
Total ) 170 160* 169.4 161.5%*

NOTES ON CALCULATIONS:

If DR is 12 percent MC, total residual board measure may be estimated
* Jquickly by equation Vr = Zi - (0.391 DR17 Vo’ as follows:

A. If total Vo is 170 (board rule method), Vr is 162%

B. If total V0 is 169.4 (calculation method), Vr is 161.5%%

Answer to "B'" indicates that estimated V.= calculated V..
Other example problems would show that calculated and estimated methods would

give approximately the same answers. Board rule method gives less accurate
answers.

%ﬁ Residual board widths are determined from wr = ZI - (0.391 Bﬁi7 W3

DR = 127 MC.
* Compare board rule V, with equation V.
*%* Compare calculated Vr with equation Vr'



EQUATION ACCURACY

Shrinkage and footage losses can be pre-
dicted within =+ 0.1 percent of the cumulative

. width and calculated surface measure of hard

maple lumber. We discovered that estimated
shrinkage. and footage losses occurring
through a drying range of 7 percent moisture
content are 2.9 percent for plainsawed lum-
ber, 2.4 percent for bastardsawed lumber,
and 2.7 percent for both types combined
(table 3). .

The shrinkage rates observed in this study
are somewhat greater than those reported in

13

the Wood Handbook (USFS, Forest Prod.
Lab. 1955) (fig. 5). Wood Handbook shrink-
age rates for sugar maple dried through a
range of 7 percent moisture content are 2.2
percent tangentially and 1.1 percent radially.
These rates differ from our rates because
Wood Handbook data are based on the aver-
age shrinkage of small, clear, square, flat
wood specimens; but our rates are for hard-
wood lumber, which rarely has straight and
square edges, and consists of boards of a va-
riety of sizes and with many kinds of defects.

npr

SHRINK RATES (PERCENTAGE) -

3 =
2.2% RATE

jt- — — — —

1-"_ -

2 6 10

14

18 22 26 30

DRYING RANGES (PERCENT MOISTURE CONTENT)

FiGURE 5. — Relationship of estimated and WOOD
HANDBOOK shrinkage rates of hard maple
lumber dried through various drying ranges. A,
plainsawed type (S = 0.419 DR Wo) (0-30 de-
grees; B, plainsawed type (S = 0.391 DR W,)

(0-45 degrees); C, bastardsawed type (S =
0.338 DR W,) (31-60 degrees); D, tangential
grain (WOOD HANDBOOK) (0 degrees); E,
radial grain (WOOD HANDBOOK) (90 degrees).
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About 5 percent of all study boards were
cupped slightly after kiln-drying. This normal
warping probably caused decreased dry width
measurements, resulting in increased shrink-
age rates. Moreover, our board widths were
measured “. .. to the nearest ¥4 inch. . .,)”
which were crude measurements for deter-
mining shrinkage but refined measurements
for calculating footage. An example of this is
shown in table 3, wherein the total actual
shrinkage by the board rule measure was 98
board feet less than the calculated or more
accurate board measure.

Predicting footage lost in shrinkage is
complicated because the board rule method,
although practical, is crude, especially when
board widths are near the %2-board-foot mark
on the board rule. For example, a sawmill op-
erator can saw 12-foot-long boards to widths
between 5 and 5% inches, knowing that they
will scale 5 board feet after drying, since
none of the boards would shrink below 412

inches. On the other hand, most 12-foot-long
boards that are sawed between 4% and 434
inches, when dried, will scale 4 board feet.
Thus, for prediction purposes, calculated
footage tallies are preferable.

Upon first glance, a reader might doubt
that the total original (before drying) volume
of a batch of boards of widely varying widths
and lengths can be used to determine foot-
age lost during drying. Table 4 is an example
that indicates the equation method will work.

Our equations can be modified, of course,
to predict shrinkage and footage losses in
other lumber species. To do so requires
studies of shrinkage in other species.

We used the hard maple equation to esti-
mate shrinkage of nutmeg (Dialyanthera
virola) lumber (Rice 1966). The actual
shrinkage was about 0.6 percent less than
estimated with the equation; hard maple lum-
ber shrinks more than nutmeg lumber.
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