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Abstract

Warp in lumber is a common problem that occurs while
lumber is being dried. In research or other testing programs,
it is sometimes necessary to compare warp of different spe-
cies or warp caused by different process variables. If lumber
dimensions are not the same, then direct comparisons are not
possible, and adjusting warp to a common dimension would
be desirable so that these comparisons are possible. In this
report, two methods of adjusting warp to different dimen-
sions are developed—one based on the geometry of bow and
crook and another based on the geometry of twist. These
methods provide a way to adjust crook and bow measure-
ments to a different length and to adjust twist to a different
length or width so that comparisons are possible.

Keywords: kiln drying, warp, drying defects

March 2000

Simpson, William T.; Shelly, John R. 2000. Method for adjusting warp
measurements to a different board dimension. Res. Note FPL-RN-0273.
Madison, WI: U.S. Department of Agriculture, Forest Service, Forest
Products Laboratory. 3 p.

A limited number of free copies of this publication are available to the
public from the Forest Products Laboratory, One Gifford Pinchot Drive,
Madison, WI 53705-2398. Laboratory publications are sent to hundreds
of libraries in the United States and elsewhere.

The Forest Products Laboratory is maintained in cooperation with the
University of Wisconsin.

The United States Department of Agriculture (USDA) prohibits discrimina-
tion in all its programs and activities on the basis of race, color, national
origin, sex, religion, age, disability, political beliefs, sexual orientation, or
marital or familial status. (Not all prohibited bases apply to all programs.)
Persons with disabilities who require alternative means for communication
of program information (Braille, large print, audiotape, etc.) should contact
the USDA’'s TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write USDA, Director, Office of Civil Rights,
Room 326-W, Whitten Building, 1400 Independence Avenue, SW, Wash-
ington, DC 20250-9410, or call (202) 720-5964 (voice and TDD). USDA
is an equal opportunity provider and employer.



Method for Adjusting
Warp Measurements to a
Different Board Dimension

William T. Simpson , Research Forest Products Technologist
Forest Products Laboratory, Madison, Wisconsin

John R. Shelly, Professor
Forest Products Laboratory, Richmond, California

Introduction The equations for length adjustment for crook and bow are
developed from Figure 1. Two circles are shown, and the

For many years, numerous researchers have conducted studarcsa; anda, represent boards of different lengths. For the

ies investigating warp (crook, bow, and twist) that occurs in  purpose of developing the equations, we will tak@ be the

lumber during drying. Their studies have generally focused length of the board whose crook or bow we know, @

on characterizing the amount of warp that occurs in a particu-be the length of the board to which we want to adjust the

lar species, as well as identifying processing methods that  crook or bow. Likewise, crook or bow of these two boards is

might reduce the amount of warp that occurs. These studies represented by, andw,, respectively. The radius =r, =r.

have usually been done in a laboratory setting, and the From triangle ABC, we can write the following equations:

boards used in any one study have typically all been the same

dimensions. However, there are potential occasions where it

is not realistic for all the study boards to be the same length

and width. For example, in studies conducted at a lumber

mill under typical production conditions, it is likely that and W, = r(1—cose—2) (1a)

boards of different lengths and widths will be produced. The 2

purpose of such a study might be to compare warp in differ-

W= r(l- cos%) )

ent species or to determine if certain processing variables  Since r= Y4 _ 3 ,

affect the amount of warp, but the amount of warp in boards 8, 6

of different lengths and widths cannot be compared directly

b_ecause the amount of warp is d(_apendent on board Iength or w, :ﬁ(l—cose—l) @)
width. The purpose of this report is to present a way to adjust 0, 2

measurements of crook and bow to a different board length

and also to adjust twist to a different board length or width | W = 2(1_ cose—z) (2a)
so that they can be compared. 2 0, 2

CI’OOk and BOW The value 0B, is unknown but can be determined from

Equation (2). Equation (2) cannot be solved explicitlydfor
Crook and bow can be adjusted for length in the same way. but can quickly be solved by trial and error in a spreadsheet,
No adjustment for width is necessary. The basic assumption for example, by inserting differef{ values until the calcu-
is that crook and bow follow the arc of a circle. This assump- lated value ofv; equals the measured value of crook or bow.
tion is necessary to develop the equations used in the adjust-
ment. If localized grain deviations, like large knots, are
common on board edges and faces, this assumption may not
be correct.

We want to determine the valuewsf, which is the length-
adjusted crook or bow. Equations (1) and (1a) can be solved
for r, equated, and then solved for the length-adjusted crook
or bow,ws,:



Figure 1—Two bowed or crooked boards of different
lengths represented by the arcs  a; and az.

3)

w, =w,; (1- cose?z) / 1- cos%l)

The value 0B, is not known, but the second equation that
can be written from the equality of=r, =r is derived from
the equality

4 _ %
6, 6,

and therefore,

a,

0,
a

(4)

Substituting Equation (4) into Equation (3) results in the final
equation for calculating the length-adjusted crook or bow:

0
W, = w, %— co% Z—i %/%— cosEl E (5)

Equation (5) can be simplified using the Taylor expansion
for cos@):

82 8% o°
cosP)=1-—+—-——+... 6
©) TR (6)
for small values 06,
62
cosP) =1-— (7
2
Substituting Equation (7) into Equation (5),
W, = wy -2 é (8)
i
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Figure 2—Error introduced in adjusting bow or crook
measured on an 8-ft-long board to 12-, 16-, and
24-ft-long boards using the approximation of
Equation (8) (1 in. = 25.4 mm; 1 ft = 0.3048 m).

The error caused by the Equation (7) approximation is illus-
trated in Figure 2, where the measured bow or cvadk

plotted against the error in the adjusted valgehat is, the
difference between the, values calculated by Equations (5)
and (8). Figure 2 includes the errors in adjusting from

a; =8ft(2.4m)tm, =12, 16, and 24 ft (3.7, 4.9, and

7.3 m). The errors are insignificant in adjusting from 8 to 12
ft (2.4 to 3.7 m) but may become significantvatvalues of 2

to 3in. (51 to 76 mm) in adjusting from 8 to 16 ft (2.4 to

4.9 m) and atv; values of 1 to 2 in. (25.4 to 51 mm) in
adjusting from 8 to 24 ft (2.4 to 7.3 m). Adjustments in bow
or crook to shorter lengths, that is wrerk a;, do not be-
come significant within their practical range. Figure 3 shows
adjustment of bow and crook measurements on 8-ft- (2.4-m-)
long boards to 10- to 16-ft- (3.1- to 4.9-m-) long boards

(in 2-ft (0.6-m) increments). The exact calculation was made
with Equation (5).

Equation 8 can also be used to adjust cup for different board
widths. However, caution should be used in interpreting the
results because of the possible effect of board width itself
on warp; that is, the unit cup of a board may be width
dependent.

Twist

Twist can be adjusted for both length and width with the
assumption that the twisted board axis can be approximated
by a straight line (Fig. 4a and 4b). From Figure 4a and 4b, we
can write the following equations:
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Figure 3—Adjustment of bow or crook measured on . w2
8-ft-long boards to 10-, 12-, 14-, and 16-ft-long boards € w1
(Lin. =25.4 mm; 1 ft = 0.3048 m). -
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(b) Twist angle = a /

For length adjustment,

¢ ¢ Figure 4—Relationship between twist and
1_-_=2 (9a) (a) board length and (b) board width.
& &

sina =

and for width adjustment,

L _ b
W W,

sina = (9b)

wherea is the angle of twist; andt, the amount of twist,
a; anda, board lengths, and; andw, board widths.
From Equation (9),

a

nach (10a)

(10b)

which adjust twist for board length and width.



