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Abstract

The objective of this research was to demonstrate the
use of personal computer technology in transverse vi-
bration nondestructive testing techniques. A laptop
personal computer with expansion unit was coupled
to a 100-lb (45.4-kg) load cell via an analog-to-digital
converter. This system was used to collect data from
simply-supported lumber specimens subjected to trans-
verse vibrations. The data were used to compute dy-
namic modulus of elasticity for 30 specimens. Static
modulus of elasticity was determined using a flat-
wise bending test. Dynamic modulus of elasticity was
strongly correlated with static modulus of elasticity.
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Introduction

During the 1960s, the forest products research commu-
nity devoted considerable effort to developing nonde-
structive testing (NDT) tools for evaluating the quality
of lumber products. Out of this effort evolved a pro-
cess of machine stress rating (MSR) lumber. The MSR
process, as currently practiced in North America, cou-
ples visual sorting criteria with nondestructive measure-
ments of the stiffness of a piece of lumber to assign an
established grade to the lumber (Galligan and others
1977). The most widely used tool in MSR of nominal
2-in.- (standard 38-mm-) thick lumber is based on a
flatwise bending test. Stiffness is measured by using
the load-deflection relationship of a simply supported
beam loaded at its midspan. Machines determine mod-
ulus of elasticity (MOE) of specimens by (1) measuring
the bending deflection resulting from a known load or
(2) measuring the load required to deflect the specimen
a given amount. Design stresses are determined from
MOE values using a regression relationship between
MOE and strength.

Other NDT tools have also been investigated for use in
grading structural lumber. One of the most promis-
ing is based on measurement of MOE by transverse
vibration (Pellerin 1965). Transverse vibration NDT
tools utilize the relationship between MOE and the fre-
quency of oscillation of a simply supported beam. This
relationship is well known and can be obtained through
a rigorous examination of fundamental mechanics
(Timoshenko and others 1974).

The equation relating MOE to frequency of oscillation
of a simply supported beam is

where

Ed is dynamic MOE,

f natural frequency of transversely vibrating beam,

W weight of beam between supports,

S span of beam between supports,

I moment of inertia of beam (in vibrating direction),

g acceleration caused by gravity, and

C2 a constant = 2.46 for beam simply supported at
ends.

In contrast to present MSR machines, transverse vibra-
tion NDT tools can be used on specimens thicker than
nominal 2-in. (standard 36-mm) specimens, panels, and
specimens with nonrectangular cross sections. In ad-
dition, because transverse vibration NDT tools require
that the weight of the specimen be known, gross den-
sity per volume or density per length can be calculated
and used in strength regression analyses.

Commercially available tools have been developed that
utilize Equation (1). Logan (1978) implemented the
MOE-to-frequency-of-oscillation relationship through
an innovative microprocessor-based electronics package.



Figure 1–System for measuring and recording modulus of elasticity.

Weight and vibration information was obtained from
a load cell and input into a microprocessor through an
analog-to-digital converter. Dimensions of a rectangular
cross-section specimen were entered using thumbwheel
switches.

When the commercially available tools were developed,
low-cost data acquisition and processing technology
based on a personal computer (PC) was not available.
Consequently, considerable funds and time were re-
quired to manufacture the tools. The new PC tech-
nologies have shown promise for making transverse vi-
bration NDT tools available to a broader range of wood
products manufacturers and users. The PC systems are
available for a fraction of the cost of older electronic
packages and from a wide range of suppliers.

The objective of our research was to demonstrate how
relatively inexpensive PC technology can be used to
implement transverse vibration NDT techniques. We
developed a data acquisition system using a PC capable
of gathering and analyzing information from a simple
transverse vibration test. The system was then used to
determine the MOE of several lumber specimens. This
report presents the results of a comparison between
MOE values obtained from the data acquisition system
we developed with those obtained from static bending
tests.

Materials and Methods

Personal Computer and Associated
Hardware and Software

Figure 1 illustrates the measurement system. The hard-
ware used was as follows:
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1. lap-top PC (IBM-compatible), Toshiba’ model
3100/20,

2. expansion chassis, Advent Products, Inc., model
PC/3,

3. analog-to-digital (A/D) converter card, Metrabyte
model DAS-8,

4. interface box, built by Forest Products Laboratory
(FPL), and

5. 100-lb (45.4-kg) strain-gauge-type load cell trans-
ducer.

An interface box was built by the FPL to provide a
regulated 10-V excitation to the load cell and con-
nections from the load cell to the A/D card. A spe-
cialized software program was developed using (1) a
Microsoft C language compiler and (2) a fast Fourier
transformation (FFT) subroutine translated from the
Bingham (1974) Fortran IV FFT program to C lan-
guage. The program was developed to gather and
analyze the information necessary to calculate MOE.
Figure 2 is a flow chart of the software program.

To determine Ed for lumber from Equation (1), the di-
mensions of the lumber-length, width, and height-
are physically measured and the weight and natural
frequency of the lumber are automatically obtained.
Dimensions of a rectangular cross-section specimen are
measured by conventional manual methods and entered
into the software via the PC keyboard. The weight and
natural frequency are obtained using the strain-gauge
type load cell transducer interfaced to the computer via

1 The use of trade or firm names in this publication is
for reader information and does not imply endorsement
by the U.S. Department of Agriculture of any product
or service.



Figure 2–Flow chart of software program. Be
cause specimen weight was measured for the full
specimen length, the resulting dynamic MOE
calculated by the program was multiplied by
span divided by length (S/L) to correct to speci-
men weight between supports.

an A/D converter card. A calibration routine was in-
corporated into the software to zero and scale the load
cell transducer output to a known weight placed on the
load cell.

The sequence in which the necessary measurements
are performed is controlled by the software. The speci-
men under teat is supported at one end by a knife-edge
support and at the opposite end by the load cell trans-
ducer with a load button. With the specimen in place
and at rest, the load cell transducer supports one-half
the total weight (assuming uniform density along the
length). The software then calculates the total weight
and requests a keystroke to enter the data.

The natural frequency of the specimen is obtained af-
ter the specimen is deflected at its midspan, released,
and allowed to vibrate freely. After a keystroke, the
software collects the cyclic data (256 samples per sec-
ond with a 2-s sampling period for a total of 512 sam-
ples) from the load cell transducer and performs a FFT
(Bingham 1974) on the data to determine the natural
frequency of the specimen. The Ed is then calculated,
displayed on the PC monitor, and written to a file for
a permanent record. The time required for the calcu-
lation of natural frequency and Ed is significantly re-
duced if a math coprocessor is incorporated in the PC.

Verification of Results

To examine the relationship between MOE values
obtained from our PC-baaed transverse vibration
measurements and static bending MOE values, we
tested 30 nominal 2- by 4-in. (standard 38- by 89-
mm) Spruce-Pine-Fir lumber specimens obtained from
a local lumberyard. All the specimens were 106 in.
(2,692 mm) long. After specimens were conditioned to
12 percent equilibrium moisture content (EMC), static
bending MOE was calculated using Equation (2). For
each specimen, a 10-lb (4.4-kg) weight was placed at
the midspan (104-in. (2,642-mm) span), and midspan
deflection was measured.

where
(2)

Es is static MOE,
P weight applied at midspan of beam,
I moment of inertia of beam (in deflecting direction),

and
∆ beam deflection at midspan.

Dynamic bending MOE (Ed) was determined for each
specimen using our transverse vibration data acquisi-
tion technique and Equation (1). A simple linear re-
gression analysis was performed (Ed regressed on Es )
to examine the relationship between MOE values.
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Table 1–Dynamic and static MOE
dataa

Figure 3–Correlation of dynamic and static
MOE values. (106 lb/in2 = 6.89 GPa)

Results and Discussion

The MOE values, obtained from both dynamic and
static testing, are listed in Table 1. Results of the re-
gression analysis are as follows:

Figure 3 shows MOE values obtained by both dynamic
and static measurements in conjunction with the re-
sulting regression equation (dotted line). The solid line
represents a perfect correlation. The Ed data corre-
late quite well with the Es data. These results compare
favorably with those reported by Logan (1978).
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Specimen (GPa)) (GPa))

1 1.26 ( 8.69) 1.20 ( 8.28)
2 1.38 ( 9.52) 1.39 ( 9.59)
3 1.50 (10.34) 1.45 (10.00)
4 1.47 (10.14) 1.48 (10.21)
5 1.55 (10.69) 1.54 (10.62)
6 1.55 (10.69) 1.57 (10.83)
7 1.61 (11.10) 1.54 (10.62)
8 1.55 (10.69) 1.55 (10.69)
9 1.59 (10.96) 1.61 (11.10)

10 1.70 (11.72) 1.67 (11.52)
11 1.59 (10.96) 1.64 (11.31)
12 1.74 (12.00) 1.66 (11.45)
13 1.67 (11.52) 1.69 (11.65)
14 1.66 (11.45) 1.67 (11.52)
15 1.78 (12.28) 1.79 (12.34)
16 1.70 (11.72) 1.76 (12.14)
17 1.82 (12.55) 1.83 (12.62)
18 1.81 (12.48) 1.85 (12.76)
19 1.90 (13.10) 1.90 (13.10)
20 1.88 (12.96) 1.95 (13.45)
21 2.01 (13.86) 1.95 (13.45)
22 1.97 (13.58) 1.97 (13.58)
23 2.03 (14.00) 1.97 (13.58)
24 1.99 (13.72) 1.94 (13.38)
25 1.92 (13.24) 2.02 (13.93)
26 2.02 (13.93) 1.97 (13.58)
27 2.06 (14.21) 2.10 (14.48)
28 2.27 (15.65) 2.21 (15.24)
29 2.33 (16.07) 2.31 (15.93)
30 2.66 (18.34) 2.68 (18.48)

a Dynamic and static MOE are
designated Ed and Es, respectively,
in Equations (1) and (2).

4



Appendix-Computer
Program Listing
This Appendix contains a computer program listing in
C language and a typical program output. This pro-
gram is in the public domain. Neither the Forest Prod-
ucts Laboratory nor Structural Reliability Consultants
warrants the fitness of this program for any purpose.
In addition, the Forest Products Laboratory and Struc-
tural Reliability Consultants will not provide technical
support for this program.
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