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[57] ABSTRACT 

Method and apparatus for nondestructively estimating 
density of contiguous segments along the length of a 
straight, elongated specimen which is uniform in cross­
section and heterogeneous in density throughout its 
length comprising maintaining the specimen in a hori­
zontal position by supporting it at two points near oppo­
site ends of the specimen; measuring the downward 
force exerted by the specimen at one of the points while 
periodically moving the other support along the length 
of the specimen. The measurements are applied to a 
static equilibrium equation together with external di­
mensions to determine segment densities. 

11 Claims, 2 Drawing Sheets 
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METHOD AND APPARATUS FOR 

NONDESTRUCTIVELY DETERMINING THE 


DENSITY OF A PLURALITY OF CONTIGUOUS 

SEGMENTS OF A NONHOMOGENEOUS 


SPECIMEN 


TECHNICAL FIELD 
The present invention relates generally to testing of 

lumber, and more particularly to a means and method 
for nondestructively determining the density oflumber. 
Most specifically, the present invention relates to means 
and method for nondestructively and accurately deter­
mining the density of a plurality of different areas 
within a piece oflumber whereby the nonhomogeneous 
nature of lumber is accounted for. 

BACKGROUND ART 

Present methods of grading structural lumber for 
strength include visual grading and machine grading. 
At best these methods only explain about 50 percent of 
the variability in strength because they do not entirely 
a~count for the heteroge11:eous nature of lumber: A 
piece of structural lumber 1s an assemblege of vanous 
lumber characteristics which range from clear, dense, 
straight-grained wood with high strength to knotty, 
low-density, cross-grained wood with low strength. 
The purpose of any grading method would be to ac­
count for these variations and assign a stress rating (i.e., 
a predicted strength level) to each piece. Visual stress 
rating is based primarily on an empirical estimation of 
the size of knots in each piece as they are limited by a 
specific grading rule. Inherent errors in judgment due 
to the physical demands on the visual grader lead to 
inaccurate assessments of lumber strength. More accu­
rate estintates of the low-strength, low-density areas 
around knots are needed to improve upon this visual 
stress-rating method. 

The machine stress-rating methods are an improve­
ment over the visual approach, but also have some 
significant limitations. The most common machine 
stress-rating technique physically bends the lumber and 
measures its stiffness. Stress ratings, or predicted 
strength levels, are assigned to each based on estab­
lished strength-to-stiffness relationships. This physical 
bending of the lumber, along with established visual 
limits (overrides) on knot sizes, leads to the final grade 
of the piece. A problem with this method is the large 
span required to adequately bend the piece and the 
inherent insensitivity of such a long span system to the 
short, low-strength, low-density, cross-grain areas often 
found in lumber. Therefore, this machine grading ap­
proach to grading structural lumber needs a more accu­
rate estimate of the short, low-strength areas around 
knots before improved strength estimates are possible. 
The solution to this problem is specifically addressed by 
this invention. 

Another, but less common, machine grading tech­
nique for structural lumber creates an energy wave 
within the piece and monitors the speed of the wave. A 
dynamic modulus of elasticity (MOE) is calculated as 
the product of wave speed and density. Taken over the 
full length of a lumber piece, an average MOE can be 
obtained from the wave speed and the density can be 
obtained from the size and weight of the specimen. 
More accuracy and a more desirable measurement of 
MOE would come about if the speed of the wave was 
obtained for short spans or short segments of the piece. 

This procedure would provide localized strength infor­
mation for more accurate strength estimates. The prob­
lem that remains is to nondestructively obtain the short 
segment density needed for each short segment MOE 
calculation. The solution to this problem is specifically 
addressed by this invention. 

Another important practical application of this inven­
tion is directed to an inherent problem associated with 
the waterborne preservative treatment of wood. Water­
borne preservative treatments have been found to re­
duce the strength of many types of treated wood prod­
ucts. In lumber (nonclear specimens), strength reduc­
tions possibly as high as 25 percent are mentioned in 
ASTM D 245 (American Society for Testing and Mate­
rials 1978). This strength loss seems to be caused by 
both the hydrolytic chemicals and the temperature sus­
tained in the subsequent kiln-drying process. It is sus­
pected that kiln drying of waterborne preservative-
treated lumber may significantly reduce its strength in 
localized areas. This reduction in strength is believed to 
be directly related to a reduction in density. Therefore, 
the solution, as stated previously, is to nondestructively 
obtain the short segment density. This is specifically 
addressed by this invention. 

OBJECTS 

It is a main object of the present invention to provide 
a new and improved means and method for accurately 
identifying low-density areas in lumber without present­
ing any significant risk of destroying or damaging that 
lumber being tested. 

It is another object of the present invention to pro­
vide a new and improved means and method for nonde­
structively testing lumber which permits the accurate 
prediction of overall lumber density. 

It is another object of the present invention to pro­
vide a new and improved means and method for nonde­
structively testing lumber in a rapid manner suitable for 
commercial application. 

SUMMARY OF INVENTION 

The present invention comprises a process and appa­
ratus for nondestructively estimating weights of indi­
vidual segments of a straight, elongated specimen hav­
ing a uniform cross-section throughout its length, and 
further which exhibits heterogeneity as to density along 
its length, such as a piece of lumber. 

Generally, the invention comprises 
(a) maintaining a specimen of predetermined weight 

and length in a horizontal position by supporting it at 
first and second points with first and second supports; 
wherein the first point is at or adjacent one end of the 
specimen; wherein the second point is near but not at 
the opposite end of the specimen; wherein that part of 
the specimen which extends from the second point to 
said opposite end defines a first specimen segment of 
predetermined length; 

(b) measuring the downward force exerted by the 
specimen at the first point when the specimen is main­
tained in a horizontal positfon by support at the first and 
second points; 

(c) determining the weight of the first segment in 
accordance with the following formula 

Wt=(WT-2 (F1))(LsL1)/Ls 

where 
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W 1 =weight of the first segment second point to maintain the specimen in a horizontal 
WT=total weight of the specimen position. That part of the specimen which extends from 
F1=measurement of the downward force at the first the second point to the right end of the specimen may 

point be regarded as a first segment A. 
L1 =length of the first segment 
Ls=length of the specimen 
In addition to determining weight, the segment's 

density also may be readily determined from a predeter­
mined segment volume. 

To determine weights or densities of additional seg­
ments, the invention further includes changing the sec­
ond point of support to a third point ofsupport to main­
tain the specimen in a horizontal position by support at 
the first and third points; wherein that part of specimen 
which extends between the second and third points 
defines a second segment ofpredetermined length; mea­
suring the downward force exerted by the specimen at 
the first point when the specimen is maintained in a 
horizontal position by support at the first and third 
points; and determining the weight or density of the 
second segment in accordance with the following for­
mula 

W2=(WT-2(F2)XLs-L1-L2)ILs-W1 

where 
W 1=weight of the first segment 
w2=weight of the second segment 
WT=total weight of the specimen 
Fz=measurement of the downward force at said first 

point when the specimen is supported at the first 
and third points 

Lt =length of the first segment 
Lz=length of the second segment 
Ls=length of the specimen 
By maintaining the support and measuring means at 

the first point, while changing the location of the other 
support means to points along almost half the length of 
the specimen, the weight and density of contiguous 
segments along said length of specimen may be deter­
mined. Thereafter, the specimen may be turned around, 

..,.. or the downward force measuring means may be 
<., < switched to the opposite end of the specimen, in order 

< to determine the weights and densities of contiguous 
segments on the remaining length of the specimen. 

The above formulas are mathematical tools in applied 
mechanics for measuring stresses in horizontal beams 
having a homogeneous density. Because the specimen 
of the present invention has a heterogeneous density, 
and the internal moments (immeasurable internal 
stresses) will vary slightly, therefore in actuality these 
moments will not cancel out, as would be the case with 
a truly homogeneous material. Nonetheless, it has been 
discovered that the above formulas enable the determi­
nation of sufficiently accurate segment densities for one 
ofthe purposes of the present invention, namely to assist 
in more accurately assessing strength estimates of seg­
ments of a piece of lumber. 

DRAWINGS 

FIGS. la-e show the present invention in its simplest 
form. 

FIG. 2 is an automated alternative embodiment. 

DETAILED DESCRIPTION 

Referring to FIG. la, in its simplest form the appara­
tus of the present invention may comprise a scale 1 on 
which one end or first point of a specimen 2 is resting, 
and a rigid member 3 supporting the specimen at a 

The reading at scale 1 is combined with a predeter­
mined total weight ofthe specimen and a predetermined 
length of segment A to determine a weight of segment 
A in accordance with the appropriate above formula. 
This weight readily is converted to a density measure­
ment from a predetermined volume of segment A. (The 
predetermined total weight of specimen 2 may be ob­
tained by first placing support member 3 at the right 
extremity of specimen 2.) 

Next, as shown in FIG. lb, support member 3 is 
moved to a third support point on the specimen, and a 
new reading is taken at the scale 1. This reading is com­
bined with predetermined parameters and the first cal­
culated weight measurement to determine weight or 
density of the second segment B. 

The process is repeated for segment C (FIG. le}. 
The formulas for calculating the weights of several 

segments on one side of a specimen's center of gravity 
may be represented by the following formulas: 

Wn=(WT-2(Fn))(Ls-L1 -L2 ... 

-Ln)ILs-W1-W2 ... Wn-1 


It will be seen that segment Z (FIG. le}, which brid­
ges across the center of gravity G of the specimen, is 
not measured at this time because the placement of 
support member 3 on the left end of segment Z will not 
maintain the specimen in a horizontal position. To com­
plete the measurements of segments in the remaining 
length of the specimen, the scale may be placed on the 
right end of the specimen while the rigid support mem­
ber 3 is placed near the left end (FIGS.. ld,e) thereby to 
determine weights or densities of segments D, E, and so 
on. Segment Z's weight may be lastly determined sim­
ply by substracting all the other segment weights from 
the total weight of the specimen. 

Referring now to FIG. 2, therein is shown an auto­
mated embodiment of the present invention. The appa­
ratus includes a base 12 having ends 14 and 16. A down­
ward force measuring means or scale 20 located at end 
16 includes a pan 22 having an upwardly extending first 
support means 24 mounted thereon. The signal from 
scale 20 is sent to computer equipment 30 including an 
interface, a computer and, for example, a printer. The 
other support means which cooperates with support 24 
to maintain specimen 25 in a horizontal position is con­
nected to a horizontal beam 50 near end 14 of base 12. 
Beam 50 stands on base 12 by means of legs 51, and is 
moveable along the base 12 in order to accomodate 
specimens of varying lengths. 

Instead of moving one of the specimen supports as in 
FIGS. la-e from one predetermined point to another, in 
the embodiment of FIG. 2 there are a plurality of verti­
cally moveable devices 52A-F connected to beam 50. 
In accordance with a predetermined sequence each one 
of the devices 52A-F is at its uppermost or support 
position while the remaining devices are retracted. 
Thus, assuming that device 52A, in cooperation with 
support 24, is supporting specimen 25 in a horizontal 
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position for the purpose of obtaining a reading at scale 
20, then the next step would be to retract or lower 
device 52A while raising device 52B to a support posi­
tion. 

Vertical movement of each device 52A-F is accom­
plished by a vertically-positioned, fluid actived piston 
inside a fixed cylindrical housing attached to beam 50. 
Specimen support rods are connected to the top ofeach 
piston. To cause gas or hydraulic liquid to enter the 
appropriate support device so as to raise a piston, and 
thereby to raise a support rod at the top of the piston, to 
its uppermost or support point, there are provided a 
plurality of solenoid valves 74A-F in the parallel fluid 
lines which connect each piston to a common fluid 
supply line 75 and fluid source 76. 

A manual or computer-controlled selector 77 pow­
ered, for example, by a power supply 80, activates each 
solenoid valve 74A-F, and thereby activates each sup­
port device 54A-F, at the appropriate time. As a new 
support device is activated, a previous support device is 
deactivated by venting hydraulic support therefor 
through an exhaust port on its respective solenoid. 

While the apparatus and process have been disclosed 
in conjunction with lumber testing, it can be applied to 
evaluate composite materials as well. Furthermore, 
while the device has been disclosed in conjunction with 
static testing, it can be converted into a continuous 
system by including a continuously moving reaction 
support in place of discrete lifting mechanisms, 
whereby the specimen is moved with respect to the 
support rather than moving the support with respect to 
the specimen as above described. A separate automatic 
feed system can be included so that each specimen is 
mechanically placed on the apparatus. The apparatus 
then would be converted into a production line device. 

We claim: 
1. A process for nondestructively estimating weights 

of individual segments ofa straight, elongated specimen 
having a uniform cross-section and heterogeneous den­
sity along its length, and having a predetermined total 
weight and length comprising 

(a) maintaining said specimen in a horizontal position 
by supporting it at first and second points; wherein 
said first point is at or adjacent one end of said 
specimen; wherein said second point is near but not 
at the opposite end of said specimen; wherein that 
part of said specimen which extends from said 
second point to said opposite end defines a first 
specimen segment of predetermined length; 

(b) 	measuring the downward force exerted by said 
specimen at said first point when said specimen is 
maintained in said horizontal position by said first 
and second support points; 

(c) determining 	a weight for said first segment in 
accordance with the following formula 

Wt =(WT-2 (Ft))(Ls-Lt)ILs 

where 
Wt=weight of said first segment 
WT=total weight of said specimen 
F1 =measurement of said downward force at said 

first point 
Lt =length of said first segment 
Ls= length of said specimen 
2. The process of claim 1 further comprising chang­

ing said second point of support to a third point of 
support to maintain said specimen in a horizontal posi­
tion by supporting it at said first and third points; 

wherein that part of said specimen which extends be­
tween said second and third points defines a second 
segment of predetermined length; 

measuring the downward force exerted by said speci­
men at said first point when said specimen is main­
tained in said horizontal position by said first and 
third support points; 

determining a weight of said second segment in ac­
cordance with the following formula 

W2=(WT-2(F:z))(L9 -Lt-L:V!Ls- Wt 

where 
Wt=weight of said first segment 
W2=weight of said second segment 
WT=total weight of said specimen 
F2=measurement of said downward force at said 

first point when said specimen is supported by said 
first and third points 


Lt =length of said first segment 

L2=length of said second segment 

Ls= length of said specimen 

3. The process of claim 2 further comprising main­

taining said first point of support while continuing to 
change the point of support which cooperates with said 
first point to maintain said specimen in a horizontal 
position, wherein a plurality of contiguous segments on 
said specimen are defined by said changing points of 
support; continuing to measure the downward force at 
said first point after each change, 11.nd determining a 
weight of each of said continguous segments in accor­
dance with the following formula 

Wn=(WT-2(Fn))(L5-L1 -L2 . .. 

-Ln)IL,-W1...:.w2 ... -Wn 


4. The process of claim 3 wherein the volume of each 
segment is predetermined, and wherein a density for 
each contiguous segment is determined from said deter­
mined weight and predetermined volume. 

5. The process of claim 4 wherein said specimen is a 
piece of lumber. 

6. The process of claim 5 wherein said density deter­
minations are carried out until the densities of contigu­
ous segments extending over almost half the length of 
the specimen have been determined; and thereafter 
changing said first point of support and point of mea­
surement to said opposite end in order to determine 
densities of contiguous segments extending along the 
remaining length of said specimen. 

7. An apparatus for nondestructively estimating 
weights of individuals segments of a straight, elongated 
specimen having a uniform cross-section and heteroge­
neous density along its length, and having a predeter­
mined total weight and length, comprising 

a 	 straight, elongated specimen having a uniform 
cross-section and heterogeneous density along its 
length, and having a predetermined total weight 
and length; 

means to support said specimen at first and second 
points in order to maintain it in a horizontal posi­
tion; wherein said first point is at or adjacent one 
end of said specimen; wherein said second point is 
near but not at the opposite end of said specimen; 
wherein that part of said specimen which extends 
from said second point to said opposite end defines 
a first specimen segment of predetermined length; 
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means connected to said support means at said first 
point to measure the downward force exerted by 
said specimen at said first point when said specimen 
is maintained in a horizontal position by support at 
said first and second points; and 

means connected to said measuring means to deter­
mine a weight of said first segment in accordance 
with the following formula 

Wt=(WT-2(F1)XLs-L1)/Ls 

where 

W 1=weight of said segment 

WT=total weight of said specimen 

Ft =measurement of said downward force 

L1 =length of said segment 

Ls=length of said specimen 

8. An apparatus for nondestructively estimating 

weights of individual segments of a straight, elongated 
specimen having a uniform cross-section and heteroge­
neous density along its length, and having a predeter­
mined total weight and length, comprising 

means to support said specimen at first and second 
points in order to maintain it in a horizontal posi­
tion; wherein said first point is at or adjacent one 
end of said specimen; wherein said second point is 
near but not at the opposite end of said specimen; 
wherein that part of said specimen which extends 
from said second point to said opposite end defines 
a first specimen segment of predetermined length; 

means connected to said support means at said first 
point to measure the downward force exerted by 
said specimen at said first point when said specimen 
is maintained in a horizontal position by support at 
said first and second points; means connected to 
said measuring means to determine a weight ofsaid 
first segment in accordance with the following 
formula 

W1 =(WT-2(F1))(Ls-L1)/Ls 

means to change specimen support from said second 
point to a third point point on said specimen while 
maintaining said first point of support in order to 
maintain said specimen in a horizontal position; 
wherein that part of said specimen which extends 
between said second and third points defines a 
second segment of predetermined length; wherein 

said measuring means includes means to measure 
the downward force at said first point when said 
specimen is maintained in said horizontal position 
by support at said first and third points; and 
wherein said weight determination means includes 
means to determine a weight of said second seg­
ment in accordance with the following formula 

where, in the above formulas, 
W1=weight of first segment 
W2=weight of second segment 
WT=total weight of specimen 
F1 =measurement of said downward force at said 

first point when said specimen is supported at said 
first and second points 

F2=measurement of downward force at said first 
point when said specimen is supported at said first 
and third points 

L1 =length of said ftrst segment 

L2=length of said second segment 

Ls=length of said specimen 

9. The apparatus of claim 8 further including means 

to continue changing support from one point to another 
while maintaining said support at said first point; 
wherein said measuring means includes means to mea­
sure the downward force at said ftrst point after each of 
said changes; and wherein said weight determination 
means includes means to determine individual weights 
of contiguous segme11ts along said specimen in accor­
dance with the following formula 

Wn=(WT-2(Fn))(L,-L1 -L2 . .. 

-Ln)IL,-W1-W2 ... -Wn-1 


10. The apparatus of claim 9 wherein the volume of 
each of said segments is predetermined, and wherein 
said weight determination means includes means to 
convert said weight determination to a density determi­
nation. 

11. The apparatus of claim 10 wherein said means to 
change said support comprises a plurality of separate 
vertically-extendable support devices; means to raise 
one of said devices at a time to a specimen support 
position; means to lower one device at a time from a 
specimen support position. 

* * * * * 


