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NOTICE

This report is an internal Forintek Canada Corp. ( "Forintek") document, for 
release only by permission of Forintek. This distribution does not 
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report is not to be cited, in whole or in part, unless prior permission is 
secured from Forintek.
Neither Forintek, nor its members, nor any other persons acting on its 
behalf, make any warranty, express or implied, or assume any legal 
responsibility or liability for the completeness of any information, 
apparatus, product or process disclosed, or represent that the use of the 
disclosed information would not infringe upon privately owned rights. Any 
reference in this report to any specific commercial product, process or 
service by tradename, trademark, manufacturer or otherwise does not 
necessarily constitute or imply its endorsement by Forintek or any of its 
members .



SUMMARY

In support of industry's need for factual and timely information on 
engineering properties of waferboard and oriented strand structural 
board (OSB) destined to non-sheathing structural applications, this 
study provides an alternative to conventional destructive tests for 
assessing waferboard properties in bending and shear, which are two 
properties of prime importance in designs with structural panels.

Details of an integrated torsion-bending vibration test method and 
apparatus, developed in the course of this study as a means for non- 
destructively and simultaneously measuring waferboard panel properties 
in flexure and shear, are presented. The method, which is based on known 
vibration theory, consists of measuring the natural frequencies of 
torsion and bending which are simultaneously produced when a panel 
supported in cantilever is impacted eccentrically with a single blow 
from a hammer. The two measured frequencies of vibration along with some 
of the panel's physical parameters are processed according to 
established relationships to yield its modulus of elasticity (MOE) in 
flexure and modulus of rigidity (G^ .

Results of tests on panels representative of regular commercial 
production indicate that the integrated torsion-bending vibration test 
method is capable of predicting with high accuracy the two engineering 
properties of interest and that the testing time is reduced by an order 
of magnitude sufficient to make it possible to use this vibration test 
method for on-line testing of panels (i.e grading of panels) or for off
line testing of panels for the purpose of quality control.
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1.0 INTRODUCTION

Expanding market opportunities for waferboard and oriented 
strand/structural board (OSB) in engineered structural applications has 
increased the need for more comprehensive information on the mechanical 
properties of these panels. Recently, this need was made more acute 
because of the adoption of a systems design approach by design code 
authorities requiring mechanical data on all structural components 
including waferboard systems. To meet this need, Forintek Canada Corp. 
recently conducted a comprehensive testing program on the mechanical 
properties of waferboard and OSB on behalf of The Waferboard Association 
(TWA). However, because of the significant difference in data between 
mills, Forintek has proposed the development of a waferboard/OSB 
strength classification system whereby the properties of waferboard and 
OSB can be certified and monitored on a per-mill basis. The 
effectiveness of this approach hinges on the availability of simple yet 
accurate quality control tests capable of measuring the class 
controlling properties. The controlling properties will most likely be 
the bending and shear properties as these are two important properties 
often governing the designs of structures with these panels. The data 
collected also indicated that the relationships between various 
mechanical properties were marginal at best.

Recognizing the potential for a non-destructive evaluation (NDE) system 
for waferboard quality control or even for waferboard classification, 
Forintek initiated a separate but complementary study to assess 
different vibration testing techniques for the purposes of quality 
control. The work completed so far evaluated the effectiveness of three 
modes of vibration testing —  transverse, longitudinal, and torsional —  
and the accuracy of the resulting vibration characteristics in 
predicting, respectively, panel properties in bending, 
tension/compression, and shear. The frequency of vibration in transverse 
bending was found to be a significant predictor of the flexure MOE of 
the panels tested. The longitudinal vibration frequency for 
compression/tension MOE and the torsional vibration frequency for shear 
modulus of rigidity were also satisfactory predictors. The results of 
this work has been reported in Tardif and Lau (1988).

Other vibration work has been undertaken in various institutes. Sobue 
(1988) demonstrated that the shear and bending properties of structural 
lumber could be determined simultaneously from a complex vibration 
produced when a simply-supported beam was driven into vibration by an 
eccentric impact along one edge. The resulting complex vibration, 
including both torsion and bending, was separated into its component by 
using a multiplexing method. Each component was then analyzed.

This report describes the development of an integrated vibration test 
capable of determining simultaneously the shear rigidity and bending MOE
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of waferboard and OSB panels from the torsion and bending vibration 
characteristics of the panels.

2.0 OBJECTIVE

The objective was to investigate and demonstrate the feasibility of 
monitoring waferboard and OSB panel quality, based on the complex 
vibration characteristics of panels in torsion and in bending.

3.0 EXPERIMENTAL WORK

The experimental work involved the design and implementation of an 
integrated torsion-bending NDE system and carrying out vibration tests 
on selected samples of waferboard and OSB. As is typical of any NDE 
research work, the properties of interest were also measured by 
destructive tests on the same specimens or on specimens from the same 
population to confirm the effectiveness of the NDE method. Given that 
the project was started in parallel with the TWA study, we were able to 
conduct our experiments on waferboard and OSB specimens prepared for the 
TWA work. Since their work involved obtaining data on various 
mechanical properties, that data naturally formed the basis for 
comparisons to evaluate the effectiveness of the vibration tests.

3.1 Torsion-Bending Vibration Test

The integrated torsion-bending vibration test is illustrated in 
Figure 1. Developed at Forintek, the test method determines 
simultaneously the shear and bending properties of structural panels 
from the complex vibration of torsion and bending produced when a panel, 
which is clamped along one edge, is made to vibrate as a result of a 
single impact given off-centre near one corner of the unsupported edge. 
This is believed to be the first attempt at determining both properties 
simultaneously on panel products, and is therefore the object of a 
current patent review in Canada. From the known theories of vibration in 
materials (Hearmon 1966) and experimental verifications by Bach (1988) 
on panel-type material, the dynamic modulus of elasticity in bending of 
a panel, in the end-loaded free-fixed mode of vibration as shown in 
Figure 2, can be computed from the resonant frequency of bending using 
the following equation:

Ed = 4Jl2fb2L3 (M + 33M„ / 140) / (3I106) [1]

where

Ej = dynamic modulus of elasticity, MPa; 
fb = frequency of resonance in bending, Hz;
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L = span over which the vibrations are measured, mm; 
M = mass attached to the end of the panel, g;
Mp = mass of portion of panel in vibration, g;

and

I = ab3 / 12 [2]

where

a = width of the panel, mm; 
b = thickness of the panel, mm.

In the case of torsional vibrations in the same mode of support, the 
known vibration theory on rods and bars, which has been verified on 
panel-type material (Tardif and Lau 1988), indicates that the frequency 
of resonance is related to the shear modulus by:

Gj = 47t2ft2IeL10-6/(Kjab3) [3]

where

ft = frequency of torsional vibration, Hz;
L = span of panel, mm; 
a = width of panel, mm; 
b = thickness of panel, mm;
Kj = constant;

The value of K1 depends on the value of

(a/b) (G2/G3) 0•5 [4]

where G2 is the dynamic modulus of rigidity in the plane perpendicular 
to that of Gj (i.e., interlaminar shear rigidity) and can be calculated 
for values of G1 and G2 of the same magnitude by (Hearmon 1966):

1/16((16/3) - 3.36(b/a)(1 - b4/(12a4)) [5]

Ie of Equation 3 is the effective inertia mass of the system, in g*mm2, 
and is given by

= + Im (6]
where

Ip = the inertia of the specimen, and
Im = the inertia mass of any additional mass attached to the end 

of the specimen.
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Expanding the terms of Equation 6:

Ip = Bpa3bL/12 [7]

where

B = fraction of inertia mass assumed concentrated at the end of 
cantilever;

p = density of panel, g/mm3.

and

Im = Mab2/2 [8]

where

= the mass of any additional weight attached at the end of the 
specimen.

For bar- or rod-type material, it is normally assumed that one-third of 
the specimen inertia mass is concentrated at the free end, therefore B 
= 1/3.

3.1.1 Material

The test material consisted of 400 specimens measuring 450 mm in width 
by 610 mm in length, cut from the same number of 15.9 mm thick 
waferboard or OSB panels. These were the specimens destined for the 
shear-through-thickness test under the TWA contract. The panels had been 
sampled from eight TWA member mills and were made up of 240 panels of 
type R-l and 160 panels of type 0-2. The specimens were conditioned in 
an environment of 65%RH/21°C for about 7 weeks to an equilibrium 
moisture content of between 7 and 8%.

3.1.2 Method

Figure 2 shows the torsion-bending test apparatus. It consisted of a 
sturdy base to which the test panel was clamped between a pair of 
pillow-blocks using a hydraulic jack. The pressure applied was 
maintained at a constant value of 690 kPa, by a closed-loop servo-valve 
controller utilizing the load cell signal as feedback. It was realized 
that the pressure applied influenced the torsion and bending frequencies 
of the complex vibration since it affected the fixity of the clamped 
edge. Therefore the pressure level used was the minimum clamping 
pressure required to achieve better than 1% repeatability in the 
measured frequencies of vibration. An accelerometer was attached to one 
corner of the panel to detect the complex vibration. To balance the
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system a counterweight was added to the corner opposite to the 
accelerometer position (Figure 3).

A single sharp blow with an impact hammer was adequate to initiate the 
complex vibration provided it was given sufficiently far away from the 
central axis normal to the clamped edge. In general the impact was 
delivered along the diagonal extending from the counterweighted corner 
and at approximately 25 mm from it. To minimize influencing the complex 
vibration signal by the electrical connection to the accelerometer a 
small loop of cable was maintained above it with the remainder being 
clamped to the base. A brief description of the instrumentation is given 
in Appendix I.

The assumption that 6 = 1/3 in Equation 7, applies to rod- or bar-type 
materials of uniform density; however, for plate-like and non-uniform 
materials such as waferboard and OSB, it was not sure whether this value 
of 6 still applied. Therefore an additional experiment was conducted 
to verify the value of 13.

To do so, the torsional frequency of vibration of forty of the specimens 
was re-measured with the accelerometer located at a different location 
from the original one shown in Figure 3. The new location was chosen to 
be the side edge of the test panel at a distance equal to 1/4 of the 
test from the clamped edge. At this position and without the 
counterweight, it was determined that the effect of the accelerometer's 
mass was insignificant, thus the value of Ma in Equation 8 was zero. The 
data from this test and from the previous test on the same specimens 
were used to determine 13 based on the following relationship:

B = f 22 l m / < V f l 2 " f22 >) [9]

where

f3 = the torsional frequency determined with the sensor and the 
counterweight at the end of the specimen, 

f2 = the torsional frequency determined with the sensor at the 
quarter-point from the clamped edge.

3.2 Mechanical Property Tests

The relevant static properties for comparison with the dynamic vibration 
test results were the shear rigidity for the torsion vibration test 
data, and the modulus of elasticity (MOE) in flexure for the bending 
vibration test data. Ideally when making such comparisons, it is 
desirable to obtain the properties on the same test specimens and over 
the same test span. Since this is not always possible, as was the case 
in this study, it is feasible to use test data from different size 
and/or from different test specimens providing they all originate from
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the same full-size panels. This latter case, however, includes the 
effect of variation within the panel on the relationships between the 
static and the dynamic values.

3.2.1 Shear Rigidity

The static shear rigidity (Gj) was determined in accordance with the 
test method of ASTM D3044-76, on specimens measuring 610 mm by 610 mm. 
Because of the non-destructive nature of this test, these specimens were 
re-cut to 610 mm by 450 mm for a subsequent shear strength test in 
accordance with the shear-through-thickness test method of ASTM D2719-C, 
the results of which were not part of this study.

3.2.2 Modulus of Elasticity in Flexure

The flexure modulus of elasticity (MOE) values were determined on 
different specimens obtained from the same full-size panels as those in 
the previous test. These specimens measured 1220 mm by 610 mm and were 
tested to destruction in accordance with the procedures of ASTM D3043-C.

To supplement the static flexure MOE on the panel size noted above, a 
second flexure MOE measurement was done on the actual vibration test 
specimens using dead loads applied at the end of the cantilevered span 
evaluated during the vibration test. The test configuration is shown in 
Figure 4. A pre-load of 3.8 kg was first applied, and the deflection 
gauge at the free end of the specimen was set to zero; immediately a 
second dead load of the same size was applied, for which a deflection 
reading was taken. The MOE in flexure was calculated as follows:

MOE = 2PL'2(3L-L')/(8ab3) [10]

where

P = dead load, N;
L' = distance of applied load to fixed support, ram;
L = length of cantilever, mm;
6 = deflection at end of cantilever, mm;
a = width of the panel, mm; 
b = thickness of the panel, mm.

Since the deflection measurements were taken outside the actual 
cantilevered span of the test panel, the length of the cantilever was 
taken as the distance between the supported edge and the central axis of 
the gauge measuring the deflection (i.e. 580 mm) .
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3.3 Specific Gravity and Moisture Content

The specific gravity (SG) of each test specimen was determined by the 
volumetric method, from measurements made at the time of vibration 
testing, based on the following formula:

SG = Mp / (abL x 103) [11]

where

Mp = weight, g; 
a = width, mm; 
b = average thickness, mm;
L = length, mm.

Moisture content was determined at the conclusion of destructive tests 
using the oven-dry method on a small sample cut from the test specimens.

4.0 RESULTS AND DISCUSSION

4.1 Frequency Measurement

A typical complex vibration signal as detected from the torsion-bending 
vibration test is shown in Figure 5a, plotted versus time. Two major 
frequency components are evident in this plot. Using the Fast Fourier 
Transform (FFT) technique, the frequency spectrum of the complex 
vibration signal was resolved, and it is shown in Figure 5b. Typical of 
the complex vibration in all specimens, the lower amplitude peak 
corresponded to the bending vibration, while the higher one resulted 
from the torsional vibration. The frequencies observed ranged between 13 
and 24 Hz for bending and between 40 and 55 Hz for torsion. In a 
majority of the specimens tested, the two frequency peaks were separated 
by at least 20 Hz, thus were discriminately separated.

As a precaution against noise contamination of the signal, a signal 
averaging scheme was implemented in that the spectrum for the final 
analysis of frequencies was taken as the average over four sequentially 
acquired spectrums, each generated by a separate impact. This sampling 
procedure, however, was shown to be unnecessary under our laboratory 
environment since the individual signals were relatively free from any 
noise interference.

In a few instances, a secondary bending peak adjacent to the major one 
was observed. When these test panels were rotated 180 degrees such that 
their free end became the clamped edge, the secondary bending peak 
disappeared. The frequency of the resulting bending peak, however, 
corresponded to the higher bending frequency in the original test 
direction, i.e, not necessarily to the one that had the higher
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amplitude. This behaviour may be due to the occurrence of a low-density 
region in the specimen. Acting as a plastic hinge, such a low-density 
region could modulate the vibration of the entire specimen depending on 
its location relative to the clamped edge. By rotating those specimen by 
180 degrees, presumably the relative location of the low-density region 
with respect to the clamped edge was altered and thus the reduction in 
its effect. If this hypothesis is correct, the presence of secondary 
peaks may be indicative of potential weaknesses in the panels. Further 
investigation is needed to characterize the dual-peak behaviour.

4.2 Acquisition and Evaluation Speed

Whether a NDE system can be used on-line depends on its rate of data 
acquisition and evaluation, in addition to its accuracy. With the 
present system, the rate is inversely proportional to the frequency of 
vibration which is a function of the stiffness of the specimen, the mode 
of vibration and the test span. In the torsion-bending vibration test as 
per the present set-up (Appendix I), a minimum of 8 seconds per single 
spectrum is needed. This time is increased proportionally with the 
number of spectrums acquired for averaging purposes. Although this 
acquisition rate is fast enough for off-line evaluation, it may not be 
acceptable for use on-line, where a rate of 2 seconds per panel appears 
to be desirable.

It is possible to employ an alternative method to determine the 
frequencies of interest at a rate better than 2 seconds per panel using 
special band-pass filters and computing the frequencies based on period 
measurement (Miller 1966) . In essence, a pair of band-pass filters tuned 
to the individual range of frequencies encountered for the torsion and 
bending vibrations would be used to isolate the respective frequencies. 
The period of the isolated signal would then be measured over a number 
of cycles. The reciprocal of the period is the frequency. Since 
measurements of the period for the two signals would be done 
concurrently, the acquisition time would depend on the period of the 
lower of the two frequencies which in this case is 13 Hz. Assuming the 
signal is measured over ten cycles, this would result in a testing time 
of approximately 0.8 second (1/13 Hz X 10 cycles). For full-size panels 
and over a testing span of not more than 1000 mm, it is estimated the 
testing time would be better than 2 seconds. Acquisition and evaluation 
speed at this rate permit on-line testing of panels in waferboard and 
OSB production.

4.3 Value of 6

The mean value of 8 determined using Equation 9 was 0.422 with a 
coefficient of variation of 4.36%. The range was from 0.376 to 0.463.

8



The mean value was subsequently used in the calculation of the vibration 
shear modulus.

4.4 Relationship in Bending

Figure 6 shows the linear regression of the flexure MOE from the 
destructive flexure test on the dynamic bending MOE calculated using 
Equation 2. The regression is highly significant with a coefficient of 
determination (R2) of 0.82. This significant relationship indicates that 
the frequency of the bending component of the complex vibration is a 
good predictor of the flexure MOE of panels. It should be noted that 
both values were not measured on the same specimen but on specimens from 
the same full-size panels, which would generally result in a lower 
coefficient of determination because of within-panel variations. If both 
the dynamic and static values were from the same specimen, the 
coefficient of determination would probably be closer to 0.97 which was 
the value obtained in the regression between the cantilever bending MOE 
obtained using a deadweight and the dynamic MOE (Figure 7). The improved 
coefficient of determination (R2=0.97) in this later case is no doubt 
attributable to the fact that both properties, static and dynamic, were 
determined on the same specimen and over the same test span, further 
confirming that the dynamic vibration MOE is a good predictor of its 
static counterpart.

4.5 Relationships in Torsion

The relationship between the modulus of rigidity from the static plate 
shear tests and the dynamic modulus of rigidity in torsion from the 
complex vibration tests is presented in Figure 8. This relationship 
applies to all test panels without distinction to panel type or test 
specimen orientation. Although a lower correlation was obtained for this 
relationship (R2=0.68) than for the previous one on the panel bending 
property, the dynamic shear modulus as determined from the torsion 
vibration of the complex vibration test is a good predictor of the 
modulus of rigidity. This relationship would no doubt be enhanced along 
the same line as the improvement observed for the bending properties if 
both the static and vibration test procedures were carried out over the 
same test span.

5.0 CONCLUSIONS AND RECOMMENDATIONS

The test results from the integrated torsion-bending test on 400 samples 
of random and oriented waferboard taken from full-size panels 
representative of regular commercial production indicate that:
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1. The integrated torsion-bending vibration test method and apparatus 
for cantilever-supported panels is capable of producing 
simultaneously from a single impact the natural vibration 
frequencies of torsion and bending. Using these frequencies in 
combination with other panel parameters, the dynamic shear modulus 
and the dynamic modulus of elasticity in bending can be 
determined.

2. The dynamic shear modulus and the dynamic bending MOE obtained 
using the integrated torsion-bending vibration method are 
excellent predictors of the shear modulus as determined according 
to ASTM
D3044-76 and the flexure MOE determined according to ASTM D3043-76 
method C.

3. By virtue of its design the integrated torsion-bending test method 
is suited for testing small- and full-size panels on a variety of 
test spans, and is immune to warp or twist in panels.

4. The testing speed with the integrated torsion-bending vibration 
test is estimated in the order of 2 seconds per panel for full- 
size 15.9 mm panels, which will permit on-line evaluation. For 
off-line quality control, evaluation speed at this rate compared 
to conventional rates will permit faster feedback of information 
for better process control of the production.

The relative simplicity of the test method and apparatus, its ability to 
measure two of the most important engineering panel properties 
simultaneously with a high level of accuracy, and its demonstrated and 
potential speed of testing, make it particularly well suited for 
automated testing in a panel grading application or for laboratory 
testing in a quality control application. To illustrate this, two 
embodiments of the torsion-bending vibration apparatus for testing full 
size panels, together with a narrative statement covering their 
operation, are given in Appendix II.

To allow flexibility in implementing the torsion-bending testing system 
for on-line evaluation and off-line quality control of panels, 
additional work must be conducted to determine various factors affecting 
the vibration characteristics of panels as tested. The factors include 
panel size, test span, panel temperature, fixed-end clamping force, and 
free-end loading condition. The frequency should be evaluated using both 
the spectral analysis by FFT technique and the period measurement 
technique.
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Figure 1. Illustration of complex panel motion during 
simultaneous torsion-bending vibration.
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Figure 2. Photograph of torsion-bending test apparatus.
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APPENDIX I

The instrumentation system was based on a dual-channel Bruel & Kjaer 
(B&K) signal analyzer (model 2034) equipped with a Hewlett Packard (HP) 
9826 computer for processing and storing the vibration and impact 
signals. An accelerometer (B&K model 4343) furnished with line-drive 
amplifiers (B&K model 2644) served as the sensor for detecting the 
vibration signal in the vertical axis. Panel excitation was produced 
with an impact hammer equipped with a force transducer and line-drive 
amplifier (B&K model 8202-8201 and 2644).

The B&K signal analyzer uses the Fast Fourier Transform technique to 
characterize signals in the time and frequency domain. Impact and 
vibration signals were acquired in the dual spectrum averaging mode of 
operation, with the impact and vibration signal connected respectively 
to channels A and B of the analyzer. Although a single spectrum is 
sufficient to quantify and qualify both frequencies of vibration, the 
average from four spectrums was obtained in order to minimize the effect 
of random noise in the input signals. The acquisition process for each 
spectrum was triggered by the force signal from the impact hammer. 
Sufficient time lapsed between each impact to allow the panel vibrations 
to completely dampen out before the next impact. The natural bending and 
torsion frequencies of vibration were determined from either the 
autospectrum or the frequency spectrum functions of channel B, which had 
a maximum resolution of 0.0625 Hz for both modes of vibrations.

The accelerometer for monitoring particle acceleration was attached to 
the edge of the panels at the corner of the free end with a screw clamp. 
This position was selected because it corresponds to the area of 
greatest panel displacement for both the torsion and bending components 
of vibration in the cantilevered mode of support. The amplified complex 
acceleration signal was connected to channel B of the analyzer.

The impact hammer with its force transducer was equipped with a plastic 
tip capable of producing a pulse duration of 0.57 millisecond when 
impacting a hard surface. To produce the desired panel vibrations, a 
single sharp blow was given with the impact hammer, taking care not to 
let it remain in contact with the test panel after delivery.
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APPENDIX II



EMBODIMENT OT TORSION-BENDING VIBRATION TESTER
FOR TESTING OF PANELS IN A CONTINDOOS FLOW.

Before reaching the torsion-bending vibration test station panels moving down a production 
line pass through a panel separation stage that introduces a space between successive panels. A 
panel entering the test station is first weighted while on a conveyor supported by a weighing 
platform (1). Simultaneously its mean thickness and temperature at mid-length are determined from 
the series of measurements made by a pair of optical gauges (2) located above and below the panel 
and an infrared thermometer (3) . As the panel leaves the weighing stage it passes between lateral 
guides before being clamped between two pairs of rotary clamps (4) that are spaced equidistantly 
from the mid-length of the panel. The horizontal distance separating the clamps is adjustable to 
allow for different test spans of the cantilevered portion of the panel. When the leading-edge on 
one side of the panel goes over the cam (5), which will induce the torsion and bending vibration, 
the later moves downward until it reaches a preset position at which point it remains stationary. 
When the trailing edge of the panel drops off the cam, the torsion and bending vibrations are 
produced simultaneously by the sudden release of the eccentric load. The complex vibration is then 
detected by the optical vibration sensor (6) under which is now located the leading edge of the 
panel. The vibration sensor is so designed as to be insensitive to the panel movement. When the 
opposite end of the panel reaches the adjustable cam (5) the forementioned series of events are 
repeated. The panel weight, thickness, temperature, and frequencies in torsion and bending (for 
both sides of the panel) monitored by a computerized data acquisition system, are processed to 
yield the panel's mean modulus of elasticity in bending and its mean modulus of rigidity.

Prefered Embodiment of TORBEND Tester for 
Testing of Panels in a Continuous Flow

T o p  v i e w

o u t -f lo w  |  j M m è m m / ®  IN-FLOW

OUT-FLOW

SIDE VIEW

IN-FLOW

1 WEIGHING STATION 
2- OPTICAL THICKNESS GAUGE 
3 INFRARED TEMPERATURE SENSOR
4-PAIR OF ROTARY CLAMPS

5- ADJUSTABLE CAM FOR VIBRATION
6- OPTICAL VIBRATION DETECTOR
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EMBODIMENT OF TORSION-BENDINC VIBRATION TESTER
FOR LABORATORY TESTING OF PANELS.

A test panel (6) is placed on the pillow-block of the lower transverse beam (5) such that part of 
its length on one side is cantilevered. A vibration sensor (7) is attached to a corner of the 
cantilevered span. The test cycle is started by raising the panel weighing load cells (9) to 
obtain its weight, after which they are retracted. A clamping force is then applied by the 
hydraulic jack (2), contained within the clamping frame (1), through a load cell (4) connected to 
a servo controller which maintains the necessary clamping pressure at the movable transverse beam 
and pillow-block (5) . At the instant of contact of the movable pillow-block with the surface of 
the panel, as indicated by a rise in the force measured by the load cell, the position of the 
hydraulic jack given by the displacement transducer (3) is recorded. This position is related to 
the average thickness across the width of the panel. The pneumatic impactor (8) located near a 
corner of the cantilevered span is brought into position and activated to produce a single sharp 
blow to the underside of the panel, thus initiating the complex vibration of torsion and bending. 
The vibration sensor (7) detects the complex vibrations which are measured by a spectrum analyzer. 
From the weight, nominal width, test span, measured average thickness and dual frequencies of 
torsion and bending, the test panel's modulus of rigidity and modulus of elasticity in bending are 
computed.

Laboratory Model of TORBEND Tester
1 CLAMPING FRAME
2 HYDRAULIC JACK
3 DISPLACEMENT 

TRANSDUCER
4 LOAD CELL
5 TRANSVERSE BEAM and 

PILLOW-BLOCK
6 TEST PANEL
7 VIBRATION SENSOR
8 PNEUMATIC IMPACTOR
9 PANELWEIGHING (4

LOAD CELLS
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