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1 Introduction
Finger-jointing quality is the key to success for the operation. Current techniques are based on complete
destructive testing of a sample of the production either in bending, tension or durability. This evaluation
gives results on the effectiveness and quality of the bond for each of the joints tested but never do we
have a complete picture of all joints produced. Because of this a statistical approach is taken to ensure
reliability of the product in service. This has given good results in the past but is becoming more and
more demanding on the producers with very small profit margins.

This project aims at looking at alternate non destructive techniques to qualify and possibly quantify joint
quality from lumber produced in finger-jointing operations. Various non traditional techniques will be
looked at in order to evaluate their potential in such applications. If successful, this could lead to a major
breakthrough in the process performance evaluation, possibly less production loss and reject, improved
reliability and better knowledge of the process and its impact on the final joint quality.

Fingerjoined wood products tend to be increasingly used in structural applications; thus the importance to
define properly the mechanical properties of the pieces. In an industrial production context, where a
material with variability like wood, it is obvious that the final product will also present a variability
provided by raw material itself and the operations executed on it. So, despite good adhesives, a joint can
be deficient. A statistical tracking of the deficient glue joint is insufficient because of the lack of accuracy
in front of such variability regarding the final use. That’s why a systematic and non destructive technique
(NDT) evaluation of every joint is essential.

Many NDT are available to detect flaws or irregularities in material, mostly in rather homogeneous ones
like metals. Unfortunately, there’s still a shortage of methods providing the mechanical characteristics of
material under test like the MOE. Of course, no one can provide directly the mechanical properties, but
the few use correlations to assess those properties; for instance, as it’s been said, the density versus MOE.

2 Objectives
The overall project objective is to improve quality control knowledge in finger-jointing operation. More
specifically, the project aims at investigating the potential of non destructive testing techniques to assess
the mechanical properties of fingerjoined wood products. To do so, the solution ideally has to fulfil these
requirements:

• Non contact NDT technique
• Detection of glue deficiency
• Correlation with mechanical properties of every joint in fingerjoined wood piece
• Non affected by MC and temperature variations
• High speed
• Convenience
• Easy results interpretation
• Easy maintenance
• Compact  apparatus
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3 Literature Review of Non Destructive Testing
Techniques Applicable to Joint Evaluation

Now more than ever, wood is recognised as a material for the future. This has sparked many new projects
regarding investigation and development of new techniques for the quality assessment of wood-based
composite products and solid wood. The results have improved knowledge about the measurement of
density profiles in wood and wood products, as well as grading by using ultrasonic techniques which
mainly measure the sound velocity. Ultrasound was also used to grade the material strength properties of
structural timber and to detect glueline defects in glued laminated timber. Since water as a coupling
medium is often not suitable, non contact air coupling or dry coupling methods are applied. Ultrasonics is
also used for flaw detection in wood and applied to aging structures. Generally speaking, the material's
high attenuation makes the use of lower frequencies necessary.

This is a synthetic review of the potential and/or analysed NDT techniques for jointed wood products. It
includes information and references from the complete literature review of available and applicable
technologies conducted during the year 2001 and maintained up-to-date. Previous work accomplished by
Forintek on this matter is presented in Appendix I. These techniques are analysed separately but a suitable
solution might be the combination of two or more techniques.

3.1 Ultrasonic Flaw Detection

3.1.1 Technical Description

Ultrasonic Flaw detection methods have been used for many years to locate flaws and discontinuities in
manufactured parts. High frequency sound (about 1 MHz) is reflected from the interface between
materials of different acoustic impedance. The greater the mismatch, the greater the reflection is. Thus,
with suitable transducers, instrumentation and techniques, defects such as porosity, inclusions, cracks and
disbonds can be readily detected.

There are two main techniques to generate the signal: The pulse-echo technique using a single transducer
and the through-transmission technique using separate transmission and receiving transducers on opposite
sides of the material being evaluated. Usually these methods are used with a couplant such as water or
glycerine to prevent attenuation due to the large differences in acoustic impedance between air and solid.

3.1.2 Outlook

The possibility to detect flaws such as glue void and poor joint geometry in a deficient wood joint is
good. However, data interpretation is very difficult and complex in a finger-joint. Therefore, this
technique was not further investigated.

3.2 Non Contact Ultrasound

3.2.1 Technical Description

Because the ultrasound technique is sensitive to moisture content and the time required to couple the
transducers, it is believed that a non contact is of great practical importance in the context of finger-joint
evaluation. Non contact ultrasound is just the concept of generation and reception of ultrasonic signals.
Several such techniques are presently available in various stages of development, namely capacitive pick-
ups, laser beam optical generators and detectors, and more recently air-coupled ultrasonic systems. With
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the latter, the availability of various frequencies and digital filters enables an optimisation between high
resolution for composites and high penetration for wood (20 to 200 kHz).

Ultrasound generated by laser is a very interesting non contact method. As shown in Figure 1, when the
two lasers, one for generation and the other one for detection, impinge at the same location on the surface
of the curve, a train of ultrasonic echoes is generated and then detected. As shown in Figure 1, generation
produces essentially an ultrasonic wave propagating normal to the surface. When the two laser beams are
scanned across the surface by using the rotating mirror, the ultrasonic echoes are still observed, even
when the optical beams are far off the normal to the surface. Since there is no need to determine the shape
of the inspected part to follow a complex contour, laser-ultrasonics has the capability to be much faster
than any advanced robotic system, which can eventually be developed. In the case of flat or gently
contoured parts, since the only moving part is the scanning mirror, laser-ultrasonics has also the potential
to be much faster than any conventional system. Monchalin, al. Inspection of Composite Materials by
Laser-Ultrasonics. Canadian Aeronautics and Space Journal; March 1997.

Figure 1 Laser-ultrasonic inspection of a curved part
The two arrows indicate the generation and detection laser beams, which are shown at two locations,
determined by the optical scanner. The inserts indicate schematically the ultrasonic echoes, which can,
for example, be observed on an oscilloscope.[15]

3.2.2 Outlook

Before pushing any further the analysis of non contact ultrasound, it is essential to ensure the applicability
of the ultrasonic methods to wood defect detection and finger-joint quality evaluation. Yet, the result of
the literature review indicates that this method could represent a good potential. Forintek has approached
INRS Énergie et Matériaux to assess the potential of the laser-ultrasonics method. They currently use this
technique to generate high frequency signal, but as mentioned above, wood testing requires low
frequencies signals. Discussions revealed that this technique is able to produce a wide range of
frequencies and therefore it could be used for our purpose.
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The first thing to verify is the possibility to obtain a velocity similar with the Sylvatest® described below.
Then, with the expertise in ultrasonic testing of this laboratory, we should characterise the behaviour of
ultrasonic waves in wood: push further the MC effect, impact of sloping wood grain, presence of knots
(possibly create artificial defects), shape of the ultrasonic beam, etc. Also, create a theoretical model of
the correlation between ultrasonic parameters and mechanical properties of wood. However, if other
stress wave methods prove to be efficient, the generation of wave using a non contact ultrasonic laser
should also be efficient for finger-joint quality evaluation.

3.3 Non Linear Ultrasound Techniques

3.3.1 Technical Description

Non linear ultrasonic waves differ from linear ultrasonic waves. An initially sinusoidal longitudinal wave
of a given frequency distorts as it propagates, and energy is transferred from the fundamental to the
harmonics that appear. Monitoring the amount of harmonic generation developed in materials subjected to
mechanical or thermal loading or other environmental alterations can be used to access the state of
resulting damage. Recently, in co-operation with Boeing Aircraft, the Center for Non Destructive
Evaluation (CNDE, John Hopkins University) has proven that the non linear ultrasound measurements of
the harmonic content of ultrasound focused at the adhesive bond line can distinguish good bonds from
bad ones.

3.3.2 Outlook

NIST Laboratories, located in both Gaithersburg, Md., and Boulder, Colo., conduct research in a wide
variety of physical and engineering sciences. One project aims at developing non destructive methods to
evaluate the mechanical/physical properties of materials using non linear ultrasonics. Using
microstructural models, relationships are established between the non linearity parameter and key
properties such as strain and dislocations [16].

3.4 Ultrasonic Lamb Waves

3.4.1 Technical Description

The Lamb waves are elastic modes propagating in solid plates with free boundaries and representing a
combination of both compression waves and shear waves.

3.4.2 Outlook

In the document A Method to Determine the Debonding Zones in Multilayers Wood Materials by
Grimberg, Savin and Lupu, the examination of the Lamb waves generated by means of the low
frequency ultrasound transducers with Hertzian contact (no coupling liquid) is depicted. It appears to be a
fast and efficient method for delamination detection for small thickness layers, probably too small to use
it on fingerjoined pieces.  Therefore this method was not retained in this investigation.

3.5 Acousto-Ultrasonics

3.5.1 Technical Description

The name Acousto-Ultrasonics is derived from the combination of Acoustic-emission monitoring and
Ultrasonic characterisation. The advantage of this ultrasound method is the simplicity of the measurement
and the evaluation.
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This is the method used by the Sylvatest®, an ultrasound apparatus acquired by Forintek. The Sylvatest®,
through two conical piezoelectric transducers, provides the velocity of sound and then it’s possible to
assess the MOE of the wood pieces. In order to conduct an investigation of this method, Forintek
purchased a Sylvatest® apparatus.

3.5.2 Outlook

Airstar pretends that this technique can be useful for the composites and wood internal bond strength
prediction with short inspection time. This is a contact method.

In The Process of NDE Research for Wood and Wood Composites, Bodig exposed a methodology to
assess strength of finger-joined lumber. An in-line NDE methodology is needed to accept or reject each
finger-joint as it is manufactured. Because the location of the evaluation needs to focus on the finger-joint
itself, the ultrasonic range of stress wave was judged to be the most suitable method for the NDE method.

Figure 2 shows the locations of the pulsers and the receivers in the finger-joint area. The idea for the
locations of the pulsers and sensors were the consideration of not only the characteristics of the finger
joint but also those of the two pieces of lumber composing the joint. As shown in the figure, pairs of
measurements were taken at four locations. To avoid interference, only one pulser and one receiver were
operated at a time.

Figure 2 Location of pulsers and receivers for the NDE of finger-joints

The signals from the ultrasonic transducers were processed and NDE parameter ratios were established
between those passed through the finger-joint and those passed through the lumber. Then, these ratios
were correlated to the actual tensile strengths of the corresponding fingerjoined pieces. The resulting
multiple regression equation was used for the prediction of the tensile strength of a particular finger-
jointed lumber.

The results showed that the strength of the finger-joint decreases with increasing void size. Such decrease
in strength may also be the result of a dulling knife, aging adhesive or any other processing variable. The
issue is that with such an information at hand during production, manufacturing could be stopped before
the process gets out of control.
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3.6 Stress Waves

3.6.1 Technical Description

Stress waves are generated from an impact on the surface of the material under investigation. The stress
waves propagate at the speed of sound through the material and reflect from external surfaces, internal
flaws, and boundaries between adjacent materials. The simplest method of utilizing stress waves is the
time it takes for a stress wave to travel a specified distance. If the material dimensions are known, stress
wave timing can be used to locate decay in timber members. Since stress waves travel slower through
decayed wood than sound wood, the localised condition of a member can be determined by measuring
stress wave time at incremental locations along the member. Locations that exhibit longer stress wave
times are locations of potential decay.

Wave behaviour in sound wood differs from that in decayed wood. In particular, a stress wave will
typically attenuate more rapidly in decayed wood than in sound wood. Bozhang and Pellerin were able to
identify incipient decay by observing that sound wood transmitted higher frequency components while
decayed wood transmitted only low frequency components.

A common use of stress waves is in determining the modulus of elasticity (MOE) for structural members.
Using time-of-flight measurements over a predetermined length, the velocity of the stress wave can be
calculated. Stress wave velocity can then be used to calculate the dynamic MOE of the material and
estimate various strength properties using statistical correlations.

3.6.2 Outlook

This technique has been used by Forintek in previous studies and represents a simple method but, like
acousto-ultrasonics, it should probably be coupled with another method like X-rays scanning.

3.7 Infrared Thermography

3.7.1 Technical Description

Thermography provides information about the thermal structure underneath the wood surface. A heat
flow inside the test object is produced and, when a defect is present, the heat flow is disturbed, which can
affect the temperature of the object surface. The heat camera detects such a temperature contrast and the
information is thereafter processed with suitable computer software.

3.7.2 Outlook

Berglind and Dillenz (2001) performed tests in detection of glue deficiency in laminated wood. It was
found that this method is not efficient when the specimen is thicker than 10 mm making it a not very
attractive method.

3.8 X rays

3.8.1 Technical Description

X rays are electromagnetic waves usually produced by a low resistance wire heated by an electric current.
Electrons are then emitted and accelerated through a high voltage between anode and cathode. When the
electrons hit a target (generally tungsten carbonate) X rays are generated.
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The attenuation of this wave, when passed through a solid body, is strictly dependent on the material
density. A photographic plate catches the amount of electrons crossing the solid body. Because the
density of knots is 2-2½ times higher than that of the surrounding wood, the presence of knots can be
detected simultaneously with the determination of density profile. Moreover, the density allows to make
some correlations with the wood strength.

Figure 3  X-ray generation principle

Computerised X-ray tomography (also CT scanning) provides a 3D image of the body inspected. CT
images are generated through a complex computerised processing of the measured X ray absorption
coefficients, extracted from a small volume element called voxels, within the measured body slice. Upon
X raying, it is possible either to calculate the arithmetic mean of specific gravity of wood, or to determine
the distribution of specific gravity in wood. The accuracy of this method is estimated to be about ± 2-6
kg/m³ with an error probability of 5%. With the help of this method, defects hidden in the wood can be
discovered and precisely localised (knot, cracks, rot, reaction wood, etc.) This method shows a great
potential despite the safety risks. One of the technical difficulties lies in the fact that the specific gravity is
composed of both the mass of wood and of the unknown content of water. Kucera, Nondestructive
Evaluation of Wood Quality.

3.8.2 Outlook

For the glue joint inspection in a fingerjoined wood piece, lack of glue zones might be detected by X ray
scanning.

Epsimage, a Canadian society specialised in electronic imaging, provides new sensors for X-ray wood
scanning. This apparatus ensures inspection flow over 12 m/s and can be used to detect dimension knots
and other intern wood flaws. In March 2002, Forintek met François Lippens from Epsimage to conduct a
series of evaluation with fingerjoined pieces. It is possible to obtain rapidly a 2D X-ray picture;

Forintek performed tests based on the assumption that the finger-jointing process resembles recognised
wood densification processes in the joint area. The results are good if the specimens are placed in the
right direction.
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Forintek conducted a series of test with the CT-Scanner installed at the CRIQ on fingerjoined samples.
Results illustrated that Resorcinol-based adhesives are easier to detect than Isocyanate-based adhesive.
The presence of adhesive can be detected but the quantity cannot be determined precisely. However,
knots and core layers are easily recognisable on the output pictures.

4 Conclusion
This project aimed at looking at alternate non destructive techniques to qualify and possibly quantify joint
quality from lumber produced in finger-jointing operations. Various non traditional techniques have been
looked at in order to evaluate their potential in such application.

Acoustic methods such as ultrasound (acousto-ultrasonic) and stress wave seem appropriated to assess the
elastic constants of wood such as static bending MOE. However, in an industrial context, both techniques
cause a problem regarding the coupling method. The current acoustics methods evaluated, Sylvatest®
DUO and Stress Wave Timer Metriguard, are contact methods and are time consuming. Because of this,
non contact ultrasound such as laser-ultrasonics that show good potential should be considered in a future
equipment development project beyond the scope of this project.

Acoustic methods are affected by the presence of defects such as knots and splits making the MOE
determination less accurate than in clear wood applications. Also, such techniques are influenced by the
member’s specific gravity under evaluation. Because of this, acoustics methods should be coupled with
another NDT techniques such as X rays to locate and possibly quantify the above mentioned defects and
the specific gravity of wood investigated. .

To that end, X ray scanning seems the most effective method to determine the specific gravity of wood
from which some mechanical properties can be estimated. Moreover, the density profile might give
information about the glue deficiency in the finger-joint area.

This technique seems to be fast and rather reliable for our purpose. It also showed good potential for
assessing the mechanical properties of short lumber blocks as demonstrated in project 2692 - Grading
Techniques for Short Lumber Blocks in order to sort them before the jointing operation. This could
convert in an appreciable gain in productivity for finger-jointing operations.

Based on the results of this investigation, further investigation should focus on the assessment of coupled
techniques such as ultrasonic-laser and X ray. Work should also aimed at establishing the exact
correlation between the parameters.

5 References
1) Buckley, Sonatest Plc; 1997. Principles and Applications of Air-Coupled Ultrasonics. Presented at

the British Institute of Non Destructive Testing Seminar “Developments in Ultrasonic
Transducers”, 19 November 1997.

2) Buckley, Sonatest Plc; 2000. Air-coupled Ultrasound – A millennial Review. Roma 2000 15th

WCNDT. www.ndt.net



Finger-joint  Quality Evaluation Techniques

9 of 9

3) Buckley, Sonatest Plc; Loertscher, QMI Inc; Frequency Considerations in Air-Coupled Ultrasonic
Inspection.

4) Bodig. The Process of NDE Research for Wood and Wood Composites. 12th International Symposium
on Nondestructive Testing of Wood.

5) Loertscher. Aiescan Transducers, Technique and Applications. www.ndt.net – September 1996.
6) Poguet, al. La technologie piezocomposite: Une approche innovante pour développer les

performances du CND par ultrasons. www.ndt.net 2001.
7) Poguet, al. La technologie Phased Array: concepts, capteurs et applications. www.ndt.net 2001.
8) Poguet, al. Contrôle ultrasonore au moyen de traducteurs multi-éléments: design et applications.

www.ndt.net 2001.
9) Grimberg, al. A method to Determine the Debonding Zones in Multilayers Wood Materials. Roma

2000 15th WCNDT. www.ndt.net
10) Sandoz, 1996. Ultrasonic Solid Wood Evaluation in Industrial Applications. www.ndt.net
11) Grimberg, al. A Method to Determine the Debonding Zones in Multilayers Wood Materials. Roma

2000 15th WCNDT. www.ndt.net
12) Bucur. Acoustics as a Tool for the Nondestructive Testing of Wood. www.ndt.net – November 1999
13) Divos. Defect Detection in Timber by Stress Wave Time and Applitude. www.ndt.net – March 2001.
14) Sasaki, Ando. Acoustoelastic Phenomena of Wood.
15) Monchalin, al. Inspection of Composite Materials by Laser-Ultrasonics. Canadian Aeronautics and

Space Journal; March 1997.
16) NIST. Ultrasonic Characterization of Materials. National Institute of Standards and Technology.

www.boulder.nist.gov
17) www.airstar1.com. Acousto-Ultrasonics. 25/01/2002
18) www.airstar1.com. Non contact Ultrasound. 25/01/2002
19) Schajer, 2001. Lumber strength grading using x-ray scanning. Forest Products Society Member.

Published in Forest Products Journal J.51 (1) pp. 43-50. www.ndt.net
20) Suparta. Focusing Computed Tomography. Roma 2000 15th WCNDT. www.ndt.net
21) www.epsimage.com
22) Green; 2000. Advances in nondestructive materials characterization. Center for Nondestructive

Evaluation. Johns Hopkins University.
23) Green; 1998. Nondestructive characterization of materials VIII. Plenum Press.
24) Kucera. Nondestructive Evaluation of Wood Quality. Timber Management Toward Wood Quality and

End-Product Value.
25) Berglind, Dillenz; 2001. Detection of glue deficiency in laminated wood with thermography. 12th

International Smposium on Nondestructive Testing of Wood.
26) Bucur, 1995: Acoustics of wood. CRC Press. Inc.
27) Davis, 1986: Using Computerised Tomography. Chisholm Institute of Technology, Caulfield East,

Victoria, Australia. 64p.
28) Hearmon, 1966. Vibration Testing of Wood. Forest Products Research Laboratory. Forest Products

Journal, Vol. 16, No 8.



Finger-joint  Quality Evaluation Techniques

Appendix I

Work Accomplished by Forintek



Finger-joint  Quality Evaluation Techniques

I-1 of 7

Work Accomplished by Forintek
1 Wood Densification in Fingerjoined Lumber (550-1899AX)

1.1 Introduction

Both the Wood Handbook and Bodig and Jayne contain a number of equations to predict mechanical
properties on the basis of density.  In addition, some mechanical stress rating systems in current use rely
on such principles.

These considerations suggest that the densification of wood may serve as a means of improving its
ultimate performance. Following some evaluations and qualitative analyses, the present study was
proposed to assess the effects of local densification as resulting from the jointing process used in a finger-
jointing plant.

The objective of this study was to assess and quantify densification resulting from the finger-jointing
process.

1.2 Technical Team

Richard Desjardins, P.Eng, M.Sc. Group Leader, Building Systems
Yohann Dumais Student, Département des Sciences du bois et de la

forêt, Université Laval
Jean-Claude Garant Technologist Specialist, Building Systems

1.3 Procedures and Results

Test results were obtained with electronic equipment and are therefore subject to a margin of uncertainty
within tolerances prescribed by the various test standards involved.

For the measurement of local density profiles in the selected lumber pieces, wood specimens were placed
in a QMS densitometer.   Three specimens were taken from each piece of lumber and placed in the X-ray
densitometer.  Each specimen was set in such a way that the beam would measure density profiles in the
transverse, longitudinal, radial and perpendicular sections, as shown Figure 4 below.  A series of ten
pieces were thus measured in the various planes.  Results in Table 1 show average density per section.
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Figure 4 Measurement planes in the various axes of the wood specimens

Table 1 Results of X-ray densitometry – Transverse profile

Specimen Left-hand block
(solid wood)

Fingerjoined block Right-hand block
(solid wood)

% Difference over
average

B 532.13 577.49 496.23 12.31%
E 508.22 554.82 506.82 9.32%
F 551.30 574.42 524.73 6.77%
G 533.43 539.59 477.31 6.77%
H 493.75 550.11 539.22 6.51%
J 544.39 534.95 493.39 3.10%
K 525.72 535.98 407.15 14.91%
M 448.07 482.99 436.63 9.19%
N 475.88 538.77 540.97 5.97%

O* Knot 515.39 553.52 564.55 2.51%
Average(excluding O) 8.32%
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Table 2 Results of X-ray densitometry – Longitudinal profile

Specimen Left-hand block
(solid wood)

Fingerjoined block Right-hand block
(solid wood)

% difference over
average

B 531.06 548.78 496.45 6.82%
G 528.76 535.96 479.97 6.26%
H 488.56 534.93 520.03 6.07%
N 475.02 565.90 568.77 8.43%
O 512.81 530.41 512.43 3.47%

Table 3 Results of X-ray densitometry – Radial profile

Specimen Left-hand block
(solid wood)

Fingerjoined block Right-hand block
(solid wood)

% difference over
average

B 536.83 565.06 517.13 7.23%
E 511.13 554.13 499.83 9.62%
F 512.24 532.83 504.32 4.83%
G 524.9 547.13 497.76 7.00%
H 486.28 543.43 533.94 6.53%
J 546.55 567.43 526.14 5.80%
K 531.99 561.53 545.94 4.19%
M 449.14 473.52 425.09 8.33%
N 474.85 537.48 569.93 2.89%
O 511.95 551.99 564.49*knot 2.56%

Average(excluding O) 6.27%

Table 4 Results of X-ray densitometry – Perpendicular profile

Specimen Left-hand block
(solid wood)

Fingerjoined block Right-hand block
(solid wood)

% difference over
average

J 542.01 565.31 524.39 6.02%
M 444.52 465.18 421.75 7.40%
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The figures below show three combined profiles which provide particularly good representations of the
effect of local densification as measured in the specimens along three orthogonal directions.  Each graph
illustrates a combination of three blocks, i.e. two blocks of solid wood on either side of a fingerjoined
block.  Comparisons between the three orientations indicate that the densification effect is particularly
noticeable in the transverse profile measurement, shown in Figure 4.  Densification effects are shown
even more clearly by a direct analysis of the joint line; while the radial and longitudinal orientations yield
average densities, the transverse orientation provides direct measurements of density in the modified area.
As shown in Figure 4, the density in the immediate vicinity of the finger-joint is approximately 25%
higher than elsewhere (650 kg/m³ vs. 525 kg/m³).

Figure 5 Radial density profile
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Figure 6 Longitudinal density profile

Figure 7 Transverse density profile

1.3.1 Wood Densification Techniques

The main motivation for wood densification has traditionally been to increase the Young modulus,
surface hardness, shear capacity or dimensional stability.  In the past, two methods were used to densify
solid wood:

• Filling up voids in the matrix of the material, usually with a polymer, a sulphur-based solution or
molten metal;

• Reducing voids in the matrix of the material by compressing the material in the radial direction.

Density Profile, B_Longitudinal
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Density Profile, B_Transverse
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Processes using compression typically involve heat.  The sample is heated up to a relatively high
temperature (120-140°C), its relative humidity being relatively low (12-15%).  With this process,
however, the wood tends to spring back to its initial state under appropriate conditions of temperature and
humidity, thus cancelling out any densification effect.

1.3.2 Finger-jointing Process

For the fingerjoined wood of this test, defects are cut off mechanically-stress-rated wood to prepare block
ends; these ends are then profiled into fingers prior to being coated with a resorcinol-based adhesive.

End-coated blocks are joined under pressure in a continuous press, and the adhesive is cured by heat
applied to the joint in a radio-frequency oven.  The heat thus applied affects the adhesive and the wood in
the vicinity of the joint which is subjected to high pressure in order that the adhesive may penetrate
throughout the finger-joints.

The adhesion process between two pieces of wood consists of five distinct phases:

• Adhesive movement in the bonding plane under cold pressure;
• Transfer of the adhesive to the opposite wood surface;
• Adhesive penetration into the pores and interstitial voids of the wood matrix;
• Wetting by the adhesive at molecular level, ensuring good liquid-to-solid bond;
• Adhesive solidification through a chemical reaction.

These steps are critical to developing adequate mechanical performance in fingerjoined lumber; they also
happen to combine the two dominant approaches to wood densification recognised in the literature.  The
adhesion process requires that interstitial voids be thoroughly filled at the adhesive penetration and
wetting stage, at the same time as the pressure and temperature conditions necessary for the adhesive to
cure induce a degree of densification in the area subjected to mechanical compression of the wood matrix.

1.4 Conclusions and Recommendations

In conclusion, on the basis of these results, we are of the opinion that the process used, which combines
pressure, heat and an adhesive filling in voids at the joint interface, resembles recognised wood
densification processes in the joint area.

Test results clearly indicated local density increases in the joint area in the order of 2 to 12% compared to
adjacent areas, with averages of 8.32% in the transverse direction and 6.27% in the longitudinal direction.
Finer measurements indicated local densification in the order of 25% in the immediate vicinity of the
joint.

These results also revealed the occurrence of complex interactions in the joint area when two pieces of
lumber are fingerjoined. Our analysis of the process involved suggests that the wood densification
hypothesis should be further investigated for a better understanding of the factors controlling the quality
of the joint and of the resulting lumber.  Such parameters as density, adhesive penetration and wetting
performance, stress concentration induced by local densification, and the differential effects of these
parameters may all lead to improved quality control and to the production of a product capable of
outperforming the original material.



Finger-joint  Quality Evaluation Techniques

I-7 of 7

Considering fingerjoined lumber as densified wood is an innovative and original concept.  However,
quantitative results from this study confirm that densification does occur in the joint area.
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