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Abstract 
Results from current and previous studies on finger-jointing process and product quality carried out at 
Forintek are described in the report. A detailed description of the various parameters that can affect the 
finger-jointing process and the quality of the final product is given. The report also contains a good 
collection of information that has been published in various seminars, conferences and technical journals. 
Such information has been complied and integrated into a summarized format that manufacturers of 
finger-jointed lumber can use in their operations. One chapter is dedicated to qualification and quality 
control of finger-jointed structural lumber, where Canadian Special Products standards related to finger-
jointed lumber are described. Special part that deals with new innovative research ideas, issues of concern 
and gaps of knowledge associated with the Canadian finger-jointing industry is presented at the end of 
each section.  
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1 Objectives 
The main objectives of this report were: 
 

1. to collect and compile existing information from various studies carried out at Forintek and 
elsewhere on finger-jointing process and products; 

2. identify issues of concerns for the Canadian finger-jointing industry and gaps of knowledge; 
and 

3. to present all the information on a handbook format that the finger-joint industry can use as a 
reference in their operations. 

2 Staff 
M. Mohammad, P. Eng., Ph.D.   Group leader, Building Systems  
Cecilia Bustos, Ph.D.    Assistant professor, Universidad del Bío-Bío  
Richard Desjardins, P.Eng., M.Sc.  Manager, Building Systems 
Robert Beauregard, Ph.D.   Associate professor, Université Laval 

3 Introduction 
In response to requests from Forintek’s members of the value-added products industry, a project dealing 
with the collection of available information on finger-jointing process was launched in 2003. The finger-
jointing industry felt that while a lot of valuable information had been published in various seminars, 
conferences and technical journals, little effort has been made on compiling such information into a 
summarized and integrated format that manufacturers of structural finger-jointed lumber could use in 
their daily operations. While the report answers many questions related to the finger-jointing process and 
products quality, there are still many issues that need further investigation. This work is an attempt to 
compile existing information and identify gaps of knowledge in the finger-jointing process and products 
quality. 
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4 Overview of the Finger-jointing Process 

4.1 General 

Development of end joints that can transmit a significant proportion of the tensile strength of wood in the 
direction parallel to grain has always been challenging [4.4]. Many types of end joints have been 
designed, tried and discarded over the years [4.5]. Some joints were too difficult to make, others too 
difficult to bond, and still others were not that strong.   
 
Wood can be bonded quite effectively with most adhesives side-grain to side-grain, and generally quite 
easily. Therefore, the approach taken historically has been to modify ends of pieces to be joined in a 
manner such that adhesive joints are primarily side grain; at the same time, the bonded area is sufficiently 
increased so that the total load that a joint can withstand in shear approaches the load it can withstand in 
tension [4.4]. The surface area of this edge-grain joint should be at least 10 times greater than the cross 
sectional area of the piece, as wood is approximately 10 times stronger in tension than in shear [4.14].  

4.2 Types of joints in wood 

Three possible end-joints might be considered in wood engineering (Figure 4.1). 

4.2.1 Butt joints  

This is by far the simplest method of end-jointing two pieces of wood. All that is needed is to square-cut 
the ends of wood pieces before the joint is glued. Therefore wastage is quite negligible. It is, however, 
practically impossible to produce end-grain butt joints sufficiently strong and even with special 
techniques not more than about 25% of the tensile strength of wood parallel-to-grain can be obtained in a 
butt joint [4.14]. 

4.2.2 Scarf joints 

A scarf joint is formed by cutting a sloping plane, usually through the wood thickness, that exposes wood 
approaching side grain on the ends of the pieces of wood to be joined [4.13]. A relatively long slope is 
necessary in order to achieve a reasonable shear resistance in the glue line [4.1]. Joints with slopes of 1 in 
10 or 1 in 12 were found to attain tensile strengths of 85 to 90% of the strength of clear wood. At a slope 
of 1 in 20, the average was approximately 95% of the strength of clear wood in tension [4.4].  The 
mechanical performance of scarf joints was studied by Jessome [4.2], Stieda [4.11], Richards and 
Goodrick [4.8] and Selbo [4.10]. This type of joint has a better mechanical performance than the others. 
However, its use is limited due to the fact that it generates a lot of wood waste and requires good 
precision in the alignment of the joined wood blocks [4.3]. 

4.2.3 Finger-joints 

This type of joint is a modification of the plain scarf joint. It is produced by cutting a series of sloping 
fingers on the end of the wood pieces to be joined and interlocking the two pieces. Finger-joints offer the 
best way of joining wood since they provide high strength, are not wasteful of wood, and can be 
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manufactured at high production rates. The potential strength or performance of a finger-joint is a 
function of the joint geometry (i.e. slope, the pitch, the finger length and the tip thickness). Ideal joints of 
maximum strength are difficult to produce economically in wood, but as the tip width approaches zero, 
the slope and length are such as to provide an adequate effective glue joint area. 
 

 

Figure 4.1 Types of end grain joints  used in wood 

 
 



Finger-joint Process and Products Quality 

 
 

 

 

 4 of  72 

 

Selbo [4.10] expressed the longitudinal tensile strength of various types of joints compared to that of the 
solid wood (Figure 4.2). The finger-joints (B, C, D) were found to have a higher tensile strength 
compared to the butt joint (A). Selbo [4.10] showed that the tensile strength of various types of end joints 
depended on the geometry of the assembled parts. Thus, the use of scarf and finger-joints of sufficiently 
low slopes can yield 85% to 90% of the strength of solid wood.  

 

Figure 4.2  Strength of different types of joints compared to clear wood [4.10] 

 
One of the main disadvantages of the finger-joints is that they have several points of stress concentration 
in each of the butt fingers, and this reduces their structural effectiveness compared to that of a scarf joint 
[4.9]. The finger-joint wood producers tend to produce finger-joints with shoulders and with short fingers 
because these are less expensive and easier to manufacture.  
 
The finger-jointing process began in the United States in the 1920s, and was mainly used in the 
automobile industry. It was later adopted by the glulam industry to replace the more wasteful scarf joint. 
Finger-jointing has now become a way of converting short wood lengths and low-grade lumber into high 
performance and high value products. Finger-jointed material for both structural and non-structural uses is 
now commonly produced by the lumber industry and is well accepted by the building industry and by 
trade organisations associated with these industries. 
 
Further details on profile and geometry of finger-joints are provided in Section 6.  

4.3 Structural versus non-structural finger-joints 

Classification of finger-joints as structural and non-structural is based on the intended use and the extent 
to which geometry affects the ability of a joint to transmit stress. Structural finger-joints are used mainly 
in structural applications including glue-laminated beams (glulam), wooden I-joists (I-beams) open web 
joists and more recently in parallel chord wood trusses. Structural finger-joints could also be used to 
upgrade lumber by removing defects that otherwise would downgrade such lumber. Structural finger-
joints are generally longer, between 22 mm (7/8 inch) and 28 mm (1-1/8 inches), and have sharper tips 
[4.15]. Adhesives used in this product include phenol-formaldehyde (PRF) and Melamine. On the other 
hand, non-structural finger-joints tend to be shorter, 6 mm (1/4 inch) or 9 mm (3/8 inch) and have blunted 
butts. The principal adhesive used in this kind of product is polyvinyl acetate (type I or II for a more or 
less water resistant joint). Non-structural finger-joints are used on millwork, window and door parts, 

10% 20% 30% 70% 85% 
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interior building trim moulding, exterior trim flooring products and components for cabinets and 
furniture.   
 
Even here, the dividing line between structural and non-structural joints is not that clear because structural 
joints for stud use do not need to develop high strength [4.12]. For that reason some people refer to 
finger-joints for stud use as being “semi-structural” joints. In fact, in Canada the National Lumber Grades 
Authority (NLGA) has a different standard for finger-jointed lumber for vertical studs, called “SPS 3” 
[4.6], to differentiate it from “SPS 1” standard for finger-jointed structural lumber [4.7]. In general, 
fingertips broader than 1.6 mm (1/16 inch) are classified as non-structural, or at least semi-structural 
[4.12]. On the other hand, widths of fingertips should not exceed 0.8 mm (1/32 inch) if high structural 
strength is to be achieved. 
 
End-jointed structural lumber 2 inches or less in nominal thickness and up to 12 inches in width is 
accepted interchangeably for use with non-finger-jointed lumber of the same grade and length by many 
special products standards and building codes [4.4]. However, it differs from non-finger-jointed lumber in 
one respect only: finger-jointed lumber cannot be visually re-graded or re-manufactured into higher stress 
grade even if the quality of the lumber containing finger-joints would otherwise warrant such re-grading 
[4.7]. In some instances, finger-jointed lumber is actually preferred to solid, unjoined lumber because of 
its superior stability.  This report will mainly concentrate on structural finger-joints. 

4.4 Basic principles of the finger-jointing process 

Finger-jointing is simply a wood processing technique that consists of cutting finger profiles into the ends 
of wood pieces and joining them with an adhesive to form longer pieces. In sawing trees into standard 
lumber lengths and sizes, sawmills produce significant amounts of unusable short lengths. Therefore, 
finger-jointing offers an opportunity to more effectively utilize these short pieces. Also, a wealth of EWP 
was developed in recent years requiring usage of small section, long lumber. Finger-jointed small section 
lumber is ideal for these applications.  
 
There are five basic steps in the manufacture of finger-jointed wood products, including lumber (Figure 
4.3): 

4.4.1 Selection and preparation of the raw material 

Raw material for finger-jointing is generally the dry trim ends from the planer mill. Given current fiber 
supply constraints and waste disposal issues, green trim ends also represent a valuable resource base if 
they can be put to better use. Finger-jointing is typically performed on softwood lumber since hardwood 
lumber is rarely used in North America for structural building components other than composites. 
Hardwood could, however, be used in I-joists since it could provide superior tensile performance in the 
lower flange. 
 
Prior to shaping, blocks to be jointed need to be sorted and defects cut out to specific quality criteria since 
end sections must be perfectly square and free of defects. Further details on material conditions are 
presented in Section 5. 
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4.4.2 Formation of joint profile 

Finger-joint profiles are manufactured with cutting tools (a revolving head made up of a series of stacked 
knives, shaped saw blades or a head holding replaceable bits). Two major causes of poorly fitting finger-
joints are improper finger length and improper cutter bevel. Critical cutting parameters are the cutting 
speed, the feed rate and the depth of cut. See Section 7 for additional details. 
  

 
 

Figure 4.3 Manufacturing process of finger-jointed lumber 

4.4.3 Application of adhesives  

Different techniques have been developed over the years for the application of adhesives. Many of those 
techniques are specific to certain types of adhesive, where viscosity and curing time are the major 
parameters. In one type (soft roller applicators), the adhesive is continuously applied to grooved rollers 
and the adhesive-impregnated rollers transfer the adhesive to the material to be coated. The quantity of 
adhesive is regulated by adjustment of the distance and the pressure applied by the roller to the wood. 
Spray adhesive applicators are also common, where the adhesive is atomized and transferred to the wood. 
The quantity is regulated by the system pressure and the characteristics of the adhesive. Comb applicators 
are also quite common in the finger-jointing industry. A profiled comb extrudes the adhesive and delivers 
it to the wood. The spread is regulated by a computer which controls the starting and stopping times for 
adhesive application to each block. Further details on adhesives are given in Section 8. 

4.4.4 Joint assembly and application of end pressure 

In the most popular pressing method the finger-jointed blocks are assembled in a continuous manner, then 
cut to a fixed length and pressed in the three plane directions into pieces of engineered material. In large 
continuous operations the preferred pressing method relies on the speed differential between two sets of 
rollers: the front rollers run more slowly than the back rollers; this has the effect of exerting a continuous 

Selection and preparation 
of raw material: 
-  defecting 
-  trimming 

Machining of joint 
profile at both end of 
lumber pieces using 
special knives 

Adhesive 
application 

Assembly of joints 
and application of 
end pressure 

Adhesive curing using 
various techniques  
(i.e. RF, heating towers, 
room temp., etc.) 

Trimming and proof 
loading  
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pressure on the assembled piece of wood. Additional details on the application of end pressure are given 
in Section 9. 

4.4.5 Adhesive curing 

The method commonly used in industry relies on radio-frequency heating. Its main advantage is the 
tendency to concentrate the radio frequency energy where there is conductive material; water-containing 
adhesives provide such a conductive path. The heat build-up within the glueline is highly dependent on 
moisture content (MC) and wood density, which means that wood MC needs to be sufficiently uniform in 
order to avoid power dispersion. Others use a heating source to accelerate the curing process following 
adhesive applications (i.e. heating towers). New fast curing adhesive systems have been developed. Such 
adhesives can cure quickly at room temperature without the need for any additional heating source.  Some 
of those adhesives are being used in a few finger-jointing mills in Eastern Canada. Further details on 
curing techniques are presented in Section 10. 

4.5 Additional details 

The following chapters provide more specific details on the manufacturing process of finger-jointing. It is 
important to keep in mind that since strength of a finger-joint will always be lower than that of clear wood 
even under the most favourable conditions, manufacturers must pay a lot of attention to control the 
manufacturing parameters in order to avoid further strength losses. Aspects of quality control are 
presented in Section 11. 
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5 Material Conditions affecting the Quality of Finger-
jointed Lumber 

5.1 General 

Many parameters are known to affect the performance of finger-joints. Some of those are related to wood 
properties and conditions such as the species, density, the presence or absence of defects, and MC, 
whereas others are related to the manufacturing process, including machining parameters, type of joint 
and profile, type of adhesive, curing time of the adhesive as well as the level of end pressure during 
assembly and its duration (Table 5.1). Many of those parameters will be discussed in details in the next 
chapters. This chapter will focus on the raw material conditions (i.e. mainly MC and temperature).  

Table 5.1 Factors affecting the performance of finger-joints in wood [5.8] 

Properties Factors 

      Properties of wood  Wood anatomy 
 Specific gravity 
 Latewood proportion 
 Knots (size, number and shape) 
 Slope of grain 
 Size of ring crown 
 Tension and compression wood 
 Moisture content 
 Cracks due to drying process 
 Bow and warp 
 Resin content 
      Joints properties Type of joint 
 Geometry and size of joints 
 Cutting direction of the joints 
      Production factors Drying and conditioning  
 Cross-cutting  
 Cutting of fingers 
 Adhesive properties 
 Adhesive application 
 Assembly pressure 
 Application of heat to the joints 
 Storage  
 Planing 
 Quality control at the mill 
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5.2 MC and temperature   

Usually, the MC of lumber in bonded products should be targeted to the Equilibrium Moisture Content 
(EMC) that the product will experience in service. EMC of lumber exposed outdoors in most of the 
United States and the southern parts of Canada is near 12 % and ranges from 7 % to 14 %. Kennedy 
[5.11] states that the range in MC between pieces in a single assembly should not exceed 5 %. Beyond 
these limits, drying and shrinkage in service could induce stress in the joint zone, large enough to cause a 
rupture at the interface between adhesive and the wood. 

Even though finger-jointed flanges are commonly manufactured with lumber that has been seasoned to 
standard MC (<20 %) and are grade-stamped "S-DRY" or "KD", published research and technical data 
given by adhesive manufacturers provide additional specific recommendations as to the MC range 
suitable for the finger-jointing of lumber (Table 5.2). However, depending on the adhesive type and 
heating method used, lumber can be finger-jointed at higher MC than recommended. High variations in 
MC between boards and within boards in a kiln load are usually due to the natural variability of wood, to 
the difficulty in controlling the process of kiln-drying and to the changes in the environmental conditions 
prior to finger-jointing. Moreover, high seasonal variations in temperature in North America are common, 
especially in Canada. Recommended temperatures of lumber for finger-jointing with phenol-resorcinol-
formaldehyde (PRF) and resorcinol-formaldehyde adhesives are around 15oC unless the jointing method 
employed permits a lower temperature [5.8,5.18]. 

Table 5.2 MC in wood recommended for finger-jointing with different types of adhesive 
and curing procedure [5.22] 

Emulsion adhesive (general) 6 to 14 % [5.28] 6 to 17 % [5.10] 

Phenol-resorcinol-formaldehyde (PRF) 
curing at room temperature 10 to 25 % [5.18] 6 to 25 % [5.19] 

Phenol-resorcinol-formaldehyde (PRF) 
curing with radio frequency tunnel < 16 % [5.25] < 12  % [5.23] 

Polymer emulsion polyurethane 
(PEP) (room temperature curing) 6 to 16 %  

Traditional PRF adhesives used in finger-jointing have a long gel time and finger-joints must be heated to 
cure quickly in order to meet process requirements. A radio-frequency tunnel is commonly used in the 
industry to cure the adhesive within a few seconds. One of the major limitations for the use of radio 
frequency, however, is related to the MC variation of lumber in production. Radio frequency energy and 
feed speed are normally set for the use of kiln-dried lumber at a very narrow range (generally around 16 
% MC). If lumber contains moisture above this range, radio frequency energy dissipates away from the 
adhesive, producing improperly cured joints. On the other hand, if the MC is below this range, sparks are 
produced in the joint, resulting in burned joints [5.16].  

Finger-jointed flanges usually are made with wood at lower than 20 %. However, it is possible to work 
with higher ranges of MC with appropriate adhesives and processes [5.21]. For example, satisfactory 
results for a finger-joint process with green wood were obtained by Verreault [5.26,5.27] using processes 
such as New Zealand Greenweld, the US Soybean and the Urethane processes. These processes use a 
resorcinol-formaldehyde adhesive mixed with paraformaldehyde and an ammonium solution in the case 
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of New Zealand Greenweld, a hydrolized soy-based protenic solution mixed with phenol-resorcinol-
formaldehyde and a paraformaldehyde catalyst in the case of US Soybean process, and finally a Urethane 
adhesive for the last process. 

Variations in the MC and temperature of lumber members at the time of jointing can affect both the 
curing time and the ultimate bond performance following total curing [5.12,5.20]. Generally, industry 
utilizes two methods to insure quality control of the finger-jointing process: 1- proof loading in tension of 
every finger-jointed board approximately 20 to 30 minutes following the radio frequency tunnel, and 
2-bending tests to determine the modulus of rupture (MOR) on samples 24 h following production. Proof 
testing is generally more sensitive to MC and temperature variations than the bending test because testing 
24 h after production allows complete curing and tends to even out the effects of process variations. Proof 
loading of all finger-jointed boards after 24 hours would be recommended but is difficult to perform for 
lack of proper storage space and due to handling costs. 

5.2.1 Effect of MC on solid lumber 

Although most mechanical properties tend to increase as MC decreases below the fibre saturation point, 
some properties may reach a maximum value and then decrease with further drying [5.9]. Those findings 
of the effect of MC on the ultimate tensile strength (UTS) for Douglas fir indicate that the UTS tends to 
initially increase with drying before starting to decrease as the lumber dries. For example, average UTS of 
No. 2 grade of 2x4 decreased by 3.12 MPa (452 psi) when dried from 15 % to 10 % MC. Barrett and Lau 
[5.4] provided values of UTS for Canadian lumber species. For a Spruce-Pine-Fir (SPF) solid lumber 2x4 
of grade No. 2, average UTS is 23.27 MPa (3375 psi) at around 15 % MC. 

5.2.2 Effect of MC and temperature on adhesive penetration and gluebond performance 

MC and temperature at the time of jointing can affect bonding quality. Since the joints are usually 
exposed to a large proportion of end grain, control of glue penetration becomes a critical factor in bonding 
quality [5.6]. Optimum depth of penetration has to be achieved in order to obtain good structural 
performance. When wood contains excessive amounts of moisture (above the fibre saturation point), less 
water and adhesive is absorbed by wood, leading to a squeeze-out when end pressure is applied [5.28]. 
Jokerst [5.10] and Ménard [5.13] reported that at high MC the adhesive remaining in the glueline 
following pressing is diluted and, therefore, gets absorbed by the wood, resulting in a starved joint. On the 
other hand, aqueous adhesives tend to dry out when applied to wood with MC below 6 %. In this case, 
wood absorbs water from the adhesive so quickly that the adhesive flow is drastically inhibited, thus 
resulting in a thick joint with insufficient penetration [5.13, 5.28]. Finally, MC variation will normally 
affect the curing time. Low MC can cause premature thickening and curing of the adhesive, while for 
high MC the time required for the glue to cure is extended [5.3]. 

Increasing the temperature of lumber by heating the finger-joint accelerates polymerization of thermoset 
adhesives. Heating increases the viscosity of the adhesive, thus reducing excessive penetration into the 
wet wood and leading to a reduction in the lumber MC [5.24]. Very high temperatures can pre-cure the 
glue and cause insufficient penetration. On the other hand, cold lumber will decelerate the polymerisation 
reaction, keeping low viscosity adhesive for a longer time, which may lead to excessive penetration. 

Isocyanate-based adhesives have their own response to MC variations. Polymer-emulsion-polyurethane 
(PEP), a two component adhesive, is based on a polyurethane prepolymer (PUP, 100 % solid) combined 
with an aqueous emulsion polymer (AEP, 55 % water). Isocyanate groups (NCO) react with water to form 
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crosslinks [5.5]. Water is found in both the emulsion and the lumber. Chen [5.5] demonstrated that as the 
PUP component is increased in the adhesive mix, the strength of joints, as well as wood failure, steadily 
increases until the mix ratio is 80/20. Additional amounts of water from the lumber added to the mix can 
affect the chemical reaction and thus the bond performance. On the other hand, one-component MDI 
adhesives are moisture curable; therefore, they are more suitable for gluing green lumber. They contain 
100 % solid isocyanate groups that react and cure in contact with air humidity and with moisture in wood 
[5.28]. 

5.3 Results from studies carried out at Forintek on the influence of MC and 
temperature on the structural performance of finger-jointed lumber 

5.3.1 Urethane adhesive for green lumber finger-jointing 

Jointing techniques for green lumber have been getting increasing attention from producers keen to 
optimize their output by using low grade or reject lumber. Green finger-jointing is increasingly becoming 
a proven possibility with three main technological processes: the New Zealand Greenweld process, the 
US Soybean-based adhesive process and the urethane-based adhesive. This study was focused on the 
evaluation of finger-jointed green lumber made with a urethane-based adhesive with the objective of 
evaluating its drying degrade and mechanical performance [5.26]. 

Two lots of lumber were tested: Economy/No.4 black spruce, 2”x4”x8', with a 30 % average MC; and 
2&Btr balsam fir, 2”x4”x8', with a 50 % average MC. For the recovery test, defects were cut out from the 
lumber pieces following NLGA standard criteria (No.1 and SPS 1-96). With black spruce, the material 
recovered represented 53.9 % of the initial volume, mostly due to the large number of knots; with balsam 
fir, recovery was only 40.4 % as a result of surface drying. 

Shear and de-lamination tests were performed (as per CSA 0112-1997 and NLGA SPS 1-96) to check the 
feasibility of bonding green lumber with DURA-PUR UL 8-036 adhesive. Actual finger-jointing was 
carried out using a Conception RP2000 jointer; pressure was controlled, as were adhesive quantity and 
viscosity. 

The drying schedule was designed to yield moisture contents not exceeding 19 % in 95 % of the pieces. 
With the black spruce lot, which contained some balsam fir, the average final MC was 16.4 %, and 38 % 
of the pieces were below 19 %. With balsam fir, the final MC averaged 9.8 %, 95 % of the pieces were 
below 11.2 %. Overdrying caused a higher level of degrade, ranging from 20 per cent for No.2&Btr to 60 
% for Stud grade. Results are summarized in Table 5.3.  

Finger-jointed and dry lumber was subjected to static and dynamic bending tests, on-edge and on-the-flat, 
and to tension tests, as per ASTM D198-94 procedures. With both species the modulus of rupture (MOR) 
and tensile strength results were close to or higher than the minimum values specified by NLGA SPS 1-
96 for SPF Stud/ No.3 (17.72 MPa for MOR in bending, and 4.41 MPa for tensile strength); the lumber 
could therefore be used for studs. With 25.86 MPa in bending and 6.83 MPa in tension, the black spruce 
could even qualify for structural applications. Results on bending and tension are given in Table 5.4 and 
Table 5.5. 
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One of the main concerns with finger-jointing in the green was the possible effect of shrinkage on the 
quality of the joint, but the low degree of drying degrade was encouraging. According to the mechanical 
tests carried out in that study, drying had little effect on the joint quality. Failures occurred from the joint 
into the wood or totally in the wood; if shrinkage had been a significant factor, failures would have been 
all in the glue joint. 
 
This study has indicated that finger-jointing lumber in the green is a promising technique, and that studs 
could be manufactured economically from rejects; however, the process still needs to be optimized. 

Table 5.3 Degrade caused by warping [5.26] 

Spruce (16.4 % MC) Fir (9.8 % MC) 

Grade Length (ft) Downgrading 
manufacturing 

(%) 

Downgrading 
kiln dried  

(%) 

Downgrading 
manufacturing 

(%) 

Downgrading 
kiln dried  

(%) 
No.2/ Stand 8 0 0 0 20 

 12 0 0 0 10 
Stud 8 0 20 0 60 

 12 0 0 0 30 

Table 5.4 Bending test results compared with SPS 1 standard [5.26] 

Species MOE avg  edge 
(MPa) 

MOR b min edge 

(MPa) 
MOE avg  flat 

(MPa) 
MOR  min flat 

(MPa) 
Spruce 9966 30.67 10320 25.79 

Fir 7161 16.69 7396 27.32 
S-P-F SPS 1 No.1/ 

No. 2 - 25.86 - 25.86 

S-P-F SPS 1 No.3/Stud - 17.72 - 17.72 

Table 5.5 Tension test results compared with SPS 1 standard [5.26] 

Species MOE avg long. 
(MPa) 

MOR 

(MPa) 
Spruce 9135 9.38 

Fir 7224 6.73 
S-P-F SPS 1 No.1/No..2 - 6.83 
S-P-F SPS 1 No.3/Stud - 4.41 

5.3.2 The Greenweld and Soybean-based adhesives for green lumber finger-jointing 

This study [5.27] was launched at Forintek as a continuation of the previous one for the evaluation of 
finger-jointed green lumber with two other green gluing options, the New Zealand Greenweld and the US 
Soybean-based adhesive processes. To evaluate the mechanical properties of finger-jointed specimens, 
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bending and tension tests were performed in accordance with specified ASTM standards and NLGA 
standards [5.1,5.17].  
 
Results did not show any difference in performance between the Greenweld and the Soybean-based 
adhesive processes. This was expected since they are both phenol-resorcinol-formaldehyde-types of 
adhesives. Thus, the process choice should be made based on considerations other than mechanical 
performance, such as economy or procedure preferences. Some results from Verreault’s study [5.27] are 
given in Table 5.6 and Table 5.7.  
 
In comparison with the polyurethane adhesive studied earlier, it appears obvious from the failure modes 
observed that more stress concentration is present at the joint after drying. However, for steady use, the 
urethane-based adhesive still needs to be studied because it is less well known than the two other phynol-
resorcinol-formaldhyde-based processes. The results also demonstrate that green finger-jointing material, 
such as black spruce and balsam fir, could at least be used to produce stud grade lumber.  

Table 5.6 Third-point edge bending test results of 2”x4”x8’ [5.27] 

Greenweld method Soybean method 
Species 

MOE  
(MPa) 

MOR 

(MPa) 

MOE 

(MPa) 

MOR 

(MPa) 
Spruce 

AVG 
MIN 

 
10165 
7006 

 
36.14 
19.16 

 
9858 
7356 

 
33.30 
19.83 

Fir  
AVG 
MIN 

 
10079 
6923 

 
32.88 
18.27 

 
8532 
6658 

 
32.38 
17.59 

Table 5.7 Tension test results on 2”x 4”x12’ [5.24] 

Greenweld Soybean 
Species MOE long. 

(MPa) 
MORt 
(MPa) 

MOE avg long. 
(MPa) 

MOR 
(MPa) 

Spruce 
AVG 
MIN 

 
10125 
8056 

 
20.0 
12.18 

 
10213 
8278 

 
21.31 
12.24 

Fir 
AVG 
MIN 

 
9289 
6993 

 
16.23 
10.15 

 
8821 
7437 

 
19.63 
10.80 

Results of this study showed that the drying degrade and mechanical performance after drying of green-
glued finger-jointed material using the Greenweld process and the Soybean-based adhesive are promising. 
The experimental results are comparable in range to No.3/stud requirements, which is a good indication 
that both species and processes could be used to produce stud grade, and possibly black spruce could be 
used for structural products (No.2 and better). However, more comprehensive process and quality 
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evaluations need to be performed in order to establish green finger-jointing as an economically viable 
option [5.27]. 

5.3.3 Investigations on the influence of moisture and temperature on the performance of finger-jointed 
black spruce  

Another study was conducted at Forintek in collaboration with Université Laval between 2002 and 2003 
[5.14, 5.22] to investigate the influence of MC and temperature of lumber at the time of finger-jointing 
and the interaction between the two, using new adhesive systems. Blocks of 2 by 3 inch black spruce 
(Picea mariana (Mill) B.S.P.) at different moisture contents (12 %, 16 %, 20 % and green) were 
conditioned at various temperatures (-5o, 5o, 12o and 20oC) prior to finger-jointing. Two types of 
adhesives were used in this study: a polymer-emulsion-polyurethane (PEP) and a new fast curing 
formulation of phenol-resorcinol-formaldehyde (PRF). All specimens were tested in tension after 24 
hours of curing at room temperature to determine their ultimate tensile strength. Microscopic analysis of 
the adhesive bond was also carried out to explain differences between the various treatments. Results 
have shown that the operating envelope for PEP adhesive is between 12 and 16 % and between 5 and 
20oC. It was also found that frozen lumber bonded better with PRF than with PEP. Optimum MC for PRF 
adhesive was found to be at 16.9 %. High wood failure and uniform glue penetration profile were 
associated with dry lumber. High adhesive failure and non-uniform glue penetration were generally 
observed with green lumber [5.14,5.22]. 
 
Average (AVG), minimum values (MIN) and standard deviation (STD) values of the ultimate tensile 
strength (UTS) as a function of MC and temperature (T) are shown in Table 5.8, as well as averages and 
standard deviations of specific gravity (SG) and MC at the time of testing. For PEP and PRF, 
respectively, Figure 5.1and Figure 5.2show average UTS and standard error for each condition. When 
PEP adhesive was used, the best performance was obtained at 12 % MC and 20o C (34.1 MPa) while the 
worst performance was found at Green and 5o C (18.6 MPa). When PRF adhesive was used, best 
performance was obtained at 16 % MC and 12o C (34.8 MPa) and the worst performance at Green and -5o 

C condition (21.0 MPa). There was then an effect of the MC, temperature and adhesive type on the UTS. 
Figure 5.1 shows an increase in average UTS values as MC decreases and an optimum average UTS value 
at 12 % MC. Lumber between 12 % and 16 % MC produced a good bond quality with the PEP adhesive. 
On the other hand, green lumber showed poor performance. Significant differences were found between 
specimens made with green lumber and specimens made with lumber at various MCs and at every 
temperature level. Figure 5.1, Figure 5.2 also shows an optimal temperature at 12o C for the green 
condition. Frozen lumber (-5o C) produced the worst performance. Significant effects were found between 
-5o C and 5o C at the 12 and 20 % MC levels, whereas for the green condition, -5o and 5o C were not 
different; they were, however, statistically different at 12o C. The effect of low temperatures on UTS is 
more pronounced for green lumber than for dried lumber [5.14,5.22]. 
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Table 5.8 Average, standard deviation and minimum UTS values for PEP and PRF adhesives at 
different MC and temperature conditions for finger-jointed black spruce [5.14,5.22] 

  PEP adhesive  PRF adhesive 
MC T UTS SG MC  UTS  SG MC 

  N AVG MIN AVG AVG  N AVG MIN  AVG AVG 
 % (oC)  (MPa) (kg/m3) (%)   (MPa)  (kg/m3) (%) 

              
29.4 427.4 11.9  30.5  459.9 10.7 -5 18 (6.6) 18.9 (23.7) (0.2)  22 (4.3) 23.1  (32.7) (0.3) 
32.8 443.4 10.7  31.7  451.3 10.5 5 21 
(3.9) 

25.8 
(17.5) (1.0)  

19 
(4.5) 

24.9 
 (26.0) (0.5) 

33.7 442.9 11.4  31.0  460.5 11.3 12 16 
(6.5) 

22.8 
(20.6) (1.0)  

23 
(3.4) 

24.8 
 (19.8) (0.4) 

34.1 435.6 11.6  32.9  445.8 11.1 

12 % 

20 23 
(5.2) 

26.1 
(23.1) (0.4)  

21 
(4.7) 

24.2 
 (14.7) (0.5) 

              
29.7 428.0 16.4  33.8  466.7 15.5 -5 16 (4.9) 22.7 (33.1) (0.4)  24 (5.1) 24.9  (19.8) (0.4) 
30.7 443.2 17.0  33.5  468.9 15.8 5 18 
(5.3) 

21.2 
(17.6) (0.7)  

25 
(4.8) 

23.1 
 (22.8) (0.4) 

32.5 434.9 16.6  34.8  464.5 15.5 12 17 
(3.6) 

25.3 
(21.3) (0.3)  

26 
(5.3) 

22.3 
 (19.4) (0.3) 

31.6 423.3 16.8  32.3  467.1 15.3 

16 % 

20 21 
(4.8) 

26.3 
(22.5) (0.4)  

23 
(4.6) 

22.8 
 (19.9) (0.7) 

              
25.1 436.0 19.8  31.9  463.4 20.0 -5 20 (3.6) 17.8 (19.2) (1.5)  26 (4.9) 20.3  (20.2) (0.7) 
28.7 442.5 21.0  31.9  455.5 20.3 5 22 
(4.9) 

20.5 
(23.4) (0.5)  

22 
(4.4) 

24.7 
 (30.4) (0.8) 

30.0 436.1 19.7  31.9  456.4 19.7 12 20 
(4.2) 

22.9 
(23.1) (0.6)  

23 
(4.1) 

25.0 
 (18.8) (0.7) 

28.2 448.7 19.9  31.8  461.2 19.3 

20 % 

20 21 
(3.9) 

23.8 
(32.5) (1.1)  

24 
(4.6) 

21.2 
 (19.4) (0.7) 

              
20.0 419.6 31.4  21.0  438.9 31.4 -5 20 (4.2) 10.9 (13.6) (1.4)  21 (5.0) 10.9  (19.2) (2.2) 
18.6 450.0 31.2  21.6  448.5 30.9 5 23 (4.6) 9.5 (23.9) (1.9)  19 (3.3) 15.7  (21.8) (2.0) 
25.8 460.2 29.6  25.8  444.8 31.0 12 30 (4.3) 17.5 (19.4) (1.8)  21 (4.2) 17.8  (21.0) (1.9) 
22.6 456.5 32.2  24.3  438.0 31.0 

Green 

20 18 (3.3) 18.1 (15.6) (1.7)  20 (4.7) 13.9  (16.4) (1.8) 
Note: Value in parentheses is the standard deviation (STD) 
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Figure 5.1 Effect of MC and temperature on UTS for PEP adhesives [5.14,5.22]    
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Figure 5.2  Effect of MC and temperature on UTS for PRF adhesives [5.14,5.22] 
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It was noticed that actual temperatures of the finger-joints at the time of jointing were much higher than 
the lumber temperatures prior to machining. As the lumber blocks travelled through the knives, the 
temperature of the wood surface at the finger location increased due to friction. Measured temperatures at 
the wood surface immediately after machining were 10o, 20o, 30o and 45oC for lumber initially 
conditioned at -5o, 5o, 12o, 20o C, respectively. 

Figure 5.1shows optimum UTS values at 16 % MC and -5o, 5o, 12o C. Significantly higher UTS values 
were observed at 16 % compared to 12 % MC for the -5o and 12o C temperature levels. The lower limit 
for the fast curing PRF formulation is even higher. Additional tests at 8 % MC and 20o C were performed 
in order to confirm the decrease in UTS values for groups with low MCs. A significant effect was found 
between 8 % and 12 % MC at 20o C with average UTS of 28.1 and 32.9 MPa, respectively. The optimum 
level of MC was found to be 16.9 %. Finally, as well as for PEP adhesive, there was significantly poorer 
performance for every temperature level for the green groups when compared to other groups made with 
lumber at various MCs.  

The effect of temperature on the average UTS values for finger-jointed lumber is shown in Figure 5.2. 
There was no significant effect between temperature levels for 12, 16 and 20% MCs. However, 
temperature effects on average UTS were more significant for green than for dry lumber. In the green 
condition, -5o and 5o C were not statistically different; however, those two were statistically lower than the 
12o and 20oC samples. Similar to the PEP adhesive, the effect of low temperatures on average UTS is 
more detrimental for green lumber than for dry lumber. 

5.3.4 Microscopic analysis of transverse glueline section 

Electronic microscopy analyses (SEM) showed that the profile of glueline thickness is less uniform for 
finger-joints made with green lumber than for those made with dry lumber (Figure 5.3 and Figure 5.4). 
This was confirmed for both types of adhesive [5.14,5.22].  
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Figure 5.3 SEM image of finger-joint glue bond manufactured with green lumber (20 
oC) and PEP adhesive. A) original glueline; B) glueline painted with Paintbrush 
software [5.14,5.22] 

Figure 5.4 SEM image of finger-joint glue bond manufactured with dried lumber (12 % 
MC and 20 oC) and PEP adhesive. A) original glueline; B) glueline painted with 
Paintbrush software [5.14,5.22]  
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5.4 Innovative research ideas/development needed 

- Adapt structural finger-jointing techniques to hardwood lumber and have them accepted in the 
relevant standards.  

- Develop and implement non-destructive evaluation techniques to grade short lumber pieces so 
they could be sorted out and assembled with other pieces of the same strength, thereby yielding a 
higher proportion of high-strength lumber. Other sorting criteria could include dimensional stability 
(e.g., compression or juvenile wood, excessive slope of grain), moisture content, etc.  

-  As the lumber blocks travel through the knives, the temperature of the wood surface at the 
location of the fingers increases due to friction. Further investigation of the effect of temperature 
produced by machining on the curing process of adhesives is needed in order to clearly define the 
machining-induced temperature on the bond quality. 

-  Study newly developed fast-curing adhesives and how they react to moisture and temperature of 
wood at the time of jointing. 
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6 Profile and Geometry of Finger-joints 

6.1 How important is finger-joint geometry? 

Many factors are known to affect the strength of finger-joints. Some are related to the raw wood material 
such as species, density, natural defects, and gluability; others are process-related and include the finger-
joint design, type of adhesive, assembly time and amount and duration of end pressure. Although these 
factors are quite important in the performance of finger-joints, finger-joint geometry and profile are the 
most critical ones determining the joint strength [6.7,6.8]. Four variables are important: slope, pitch 
width, length and tip width (Figure 6.1). If one of the three of the variables is fixed, the fourth is 
automatically defined and this one determines the joint design [6.19]. Since all four variables related to 
the geometry are interrelated, one variable cannot be studied independently of the others. Figure 6.1 
shows the profile of the fingers and their geometrical characteristics.  

 

 

 

 

 

 

 

 

 

Figure 6.1 Joint geometry parameters 

where : 
L : length 
P : pitch width 
B : tip width  
α : slope 
S : space between fingers 
H : total width of the assembly 

6.2 Finger-joint orientation 

Two types of finger-joints are currently used in finger-jointing operations: horizontal and vertical. (Figure 
6.2). In horizontal finger-joints, fingers are cut on the narrow face of the blocks, whereas in vertical 
finger-joints, fingers are cut on the wide face of the blocks. Horizontal finger-joints are traditionally used 
for joining lumber with finger-jointing machines manufactured in North America. Some exceptions are 
finger-jointed timber for glulam applications, where laminates are finger-jointed with vertical profiles. 
Vertical profiles are commonly used with European and Japanese finger-jointing machines.  
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Figure 6.2 Finger-joint orientation 

Horizontal finger-jointing machines are fed by means of a chain which transports the blocks past top and 
bottom squaring saws and the finger-joint profile cutter. The blocks are then laterally transferred to 
another chain so that the other end of the block can be squared off and profiled with the same pattern. The 
second chain also moves the block past a glue applicator which can be either a profiled glue roller or a 
pulse injection head. On the other hand, vertical finger-jointing machines are batch-fed machines in which 
the blocks are positioned on edge with ends indexed to one end, clamped together and run past a cutter 
that profiles the blocks. On smaller machines, the clamping section merely rotates so that the other ends 
can be profiled and run past a glue roller. Larger finger-joint machines have two clamping sections which 
can work simultaneously for increased production, in which case the second profiling head is followed by 
a glue roller. The clamping system to form a continuous ribbon of finger-jointed lumber is the same for 
either type of finger-jointing machine [6.9]. 

Available information on the advantages of vertical joints compared to horizontal joints is not very 
conclusive. Many studies have highlighted the importance of finger-joint orientation on the strength of the 
joints. According to Jokerst [6.11], vertical finger-joints could perform better in bending and tension than 
horizontal finger-joints. The explanations given were that with the profile of the joint on the edge, the two 
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outer fingers carry most of the load and their integrity is very critical to the overall performance of the 
joint, while if the profile is located on the wide face, all fingers will be contributing to resist such stresses 
since the stresses are more evenly distributed across all the fingers. Tan [6.20] suggested that in 
compression the vertical joint is approximately 29% stronger than the horizontal joint for the wood 
species tested (Meranti tembaga). On the other hand, a study carried out by Pellerin [6.15] found that the 
tensile strengths for horizontal and vertical joints were almost equal. Some studies have suggested that if 
finger-joints are manufactured carefully, differences in strength due to orientation will be minimal and not 
significant.  

During the assembly of finger-joints it is common sometimes to apply end pressure only, without lateral 
pressure. The result of such a procedure is a tendency of the outer fingers to spread out, resulting in thick 
gluelines and low-strength joints at the face or edge [6.11]. This is quite important as these weak joints 
appear on the outer surfaces of the edges or faces, resulting in areas of high stress concentrations. As a 
consequence, the reduction in strength is greater than would be expected from the reduction in bond area 
alone. This problem can be reduced either by applying lateral pressure during assembly or by machining 
off the poorly bonded outer fingers.  

A third type of finger-joint (Figure 6.3) was developed in Finland with the primary purpose of improving 
the strength properties of finger-joints and reducing some of the problems associated with the 
manufacture and performance of horizontal and vertical finger-joints. This finger-joint is formed by 
cutting fingers at an angle of 45o to the plane of the board [6.10]. All fingers are sufficiently rigid to resist 
spreading, and strong bonds are obtained throughout the joint without the application of lateral pressure. 
Roth [6.17] claims that these joints are superior to vertical or horizontal joints in bending and in tension. 
 

 

 

 

 

Figure 6.3 A new type of inclined (45o) finger-joint developed in Finland 
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6.3 Effect of finger geometry on the mechanical performance of finger-joints  

It is well known that the finger geometry affects the performance of structural joints, and according to 
Jokerst [6.11] and Selbo [6.18], certain geometrical parameters are particularly important for the strength 
of finger-joints: tip width, pitch width, finger length and slope. Considerable work related to the influence 
of geometrical joint parameters has been done on several species [6.3,6.4,6.12,6.16,6.18]. The following 
provides a description of the various geometric parameters that can affect the joint performance. 

6.3.1 Slope 

In general, finger-joints exhibit increased tensile strength with decreasing slopes, but the rate of such 
increase becomes smaller as the slope decreases. Gain in strength is very small as the slope decreases 
from 1 in 12 to 1 in 16 [6.11]. When properly bonded, long flat scarves of 1 in 16 to 1 in 20 slope produce 
joint strengths closely approaching full strength of clear wood [6.19]. As the slope becomes steeper, 
strength falls off slightly until a slope between 1 in 7 and 1 in 8 is reached. Strength drops rapidly with 
slopes steeper than 1 in 7, to virtually no strength at zero slope (butt joint). 

6.3.2 Length 

Length of the finger-joint affects joint strength significantly when reduced to approximately the length of 
a single wood fiber (3 mm) [6.19]. Fingers must be sufficiently long and the slope sufficiently low so that 
a large enough effective glue-joint area is provided to withstand a shear load approaching the tensile 
strength of an uncut or net effective section of wood [6.11]. 

6.3.3 Width of finger tip 

The finger tip width (B) is another important factor that can affect the mechanical strength of the finger-
joint. The glued joint performance of two softwoods (Sitka spruce and Douglas-fir) and a hardwood 
(white oak) was studied by Selbo [6.18]. The effects of three tip widths (B), six slopes and six pitch 
widths were evaluated (Figure 6.4). This author stated that a big zone of glued joint and thin fingers is 
necessary in order to develop a high shearing strength. A thin tip width gives a higher mechanical strength 
(Figure 6.4). Other authors also emphasized the importance of keeping the tip width as thin as possible in 
order to achieve better performance. Strickler [6.19] recommends that the tip width should not exceed 0.8 
mm.  

6.3.4 Pitch 

Many researchers have stated that with slope and tip width held constant, joint strength increases with 
increase in pitch, but at a decreasing rate [6.11, 6.18]. Others have indicated that pitch has very little or no 
effect on joint strength [6.19]. Jokerst [6.10] affirmed that the tip width must be kept as low as possible 
and the pitch width suitably large to avoid the stress concentrations on the tip width. 
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Figure 6.4 Effect of tip width (B) on the longitudinal tensile strength of finger-joints of 
Douglas-fir [6.18] 

6.4 Finger-joint profiles  

Several configurations of structural finger-joints are commonly used to join wood: feather, male-female 
and reverse (Figure 6.5) [6.1]. Except for shouldering, the three joint profiles show basically the same 
geometric parameters. Reverse profile presents alternating shoulders on each board side and is the most 
common profile in the North American finger-jointing industry. The male-female is a less common joint; 
it is supposed to be used in cases where the finger-jointed lumber is to be moulded or shaped on both 
sides. Feather joint is used when stock dimension varies significantly [6.21]. During visits to five finger-
jointing plants in Quebec it was observed that two mills used male-female, two others utilized reverse and 
one used a feather profile. No agreement existed among the mills visited on which profile produces the 
best mechanical performance; little information is available on that topic. Bryant et al. [6.5] investigated 
the geometry of finger-joints with and without shoulders. The results suggested that finger-joints with 
shoulder tend to have poor mechanical performance and produce a brittle type of failure. No further 
information has been found to confirm this finding. 

  0 

  7 

14 

21 

28 

35 

41 

48 

55 

62 

69 

76 

83 

90 

96 

Te
ns

ile
 st

re
ng

th
 (M

Pa
) 

Slope = 1:14 

Pitch width = 7/16” 

1:14 

5/16” 

0.38 

1:6

7/16”

1:6

5/16”

Tip width of fingers, B (mm) 

1.14 2.29 3.43 0.13 



Finger-joint Process and Products Quality 

 
 

 

 

 28 of  72 

 

 

 

Figure 6.5 Side view of the three common joint profiles used for structural lumber in 
Eastern Canada 
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6.5 Results from a Forintek study on different finger-joint configurations  

A study conducted at Forintek between 2000 and 2002 in collaboration with Université Laval evaluated 
the behaviour of finger-jointed 2”x3” black spruce (Picea mariana) for three joint configurations: feather, 
male-female and reverse [6.6,6.13]. The finger-joint geometry was 28.27 mm (1.113 inch) finger length, 
0.76 mm (0.030 inch) tip width, and 6.69 mm (0.263 inch) pitch. An isocyanate-based adhesive was used 
for all types of joints studied. Bending and tension tests were performed according to the SPS 1-2000 
standard [6.14] and the ASTM D-198 standard [6.2]. The modulus of rupture in bending (MOR) and the 
ultimate tensile strength (UTS) were determined.  

All of the three joint configurations performed well and strength values were found to meet the Canadian 
standard specifications. Significant differences were found for bending strength between the three joint 
profiles (Table 6.1 and Figure 6.6). The same trend was observed for tensile strength but differences were 
not statistically significant (Table 6.2 and Figure 6.7). The analysis indicated that the feather 
configuration performs better than male-female and reverse profiles, especially when tested in bending 
flat-wise. 

Table 6.1 Modulus of rupture (MOR) determined from edge-wise and flat-wise 
bending tests for three profiles of finger-joints made with black spruce [6.6,6.13] 

Feather Male-female Reverse SPS 1-2000 
Statistical 
parameter 

Edge Flat Edge Flat Edge Flat Edge Flat 

AVG (MPa) 55.3 58.7 52.9 48.7 47.4 36.7 34.5 34.5 

STD  (MPa) 8.2 7.4 5.9 8.8 9.4 5.6 - - 

Sample size N 12 15 16 15 17 18 - - 

Table 6.2 Ultimate tensile strengths (UTS) for the three profiles of finger-joints made 
with black spruce [6.6,6.13] 

SPS 1-2000 Statistical 
parameter Feather Male-female Reverse Proof-load tension 

stress level 
AVG (MPa) 33.5 31.1 29.8 6.8 

STD (MPa) 4.4 5.2 2.3 - 

Sample size N 15 15 15 - 
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Figure 6.6 Comparison of Modulus of Rupture (MOR) values as determined from edge-
wise and flat-wise bending tests for the three profiles of finger-joints [6.6,6.13]: 
A) Minimum MOR; B) Mean MOR, (M/F: male/female) 
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Figure 6.7 Comparison of the minimum Ultimate Tensile Strengths (UTS) values for the 
three profiles of finger-joints and those specified in SPS 1-2000 [6.6,6.13] 

6.6 Innovative research ideas/development needed: 

- Further investigation on the effect of finger-joint orientation (horizontal vs. vertical joints vs.  
inclined) in order to define clearly their advantages and disadvantages.  

- Study stress concentration associated with the various configurations of finger-joints.  
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7 Machining of Finger-joints 

7.1 General 

Prior to shaping, blocks to be jointed need to be sorted and defects cut out to specific quality criteria, as 
end sections must be perfectly square and free of defects. If lumber is rough sawn then at least one edge 
must be machined to serve as a reference plane for further machining. Squaring of ends is usually done by 
a trim saw just before a piece reaches a joint-profiling head.  Once the piece is clamped into position and 
the joint is machined, the next step is to trim the fingers with a trim saw. The location of the trim saw is 
important because that determines the length of the fingers. If the trim saw is not properly located, fingers 
will be too short or too long. If the fingers are too long they will bottom out when the pressure is applied 
and good contact between adjacent surfaces will not be obtained since a thick, weak glueline is produced 
[7.14]. If the fingers are too short, gaps will develop at the tips of the fingers, possible splitting at the 
finger roots, or excessive squeeze-out of the adhesive will occur; all these could be cause for rejection 
where appearance is a primary objective. 
 
7.2 Common types of finger-jointing systems  

7.2.1 North American finger-jointing systems 

Horizontal finger-joint configurations are commonly used in Canada and the United States and 
consequently, North American finger-jointing machines are designed to produce this type of finger-joint 
orientation (Figure 7.1). Horizontal finger-jointing machines are fed by means of a chain which transports 
the blocks past top and bottom squaring saws and the finger-joint profile cutter. The blocks are then 
laterally transferred to another chain so that the other end of the block can be squared off and profiled 
with the same pattern. The second chain also moves the block past a gluing head which can be either a 
profiled glue roller or a pulse injection head. The former, being an open system, needs to be cleaned after 
each shift, whereas the injection system is closed and only the injector head requires cleaning. The 
pressing system that forces the glued blocks together may be of the cycle or the continuous type. In a 
cycle-type press, blocks are accumulated, then introduced into a longitudinal clamping system where they 
are forced together; a cross-cut saw trims the jointed pieces to length. In a continuous press, the blocks are 
transferred from a fast moving chain to a slower moving chain; the speed difference between the two 
chains determines the amount of longitudinal pressure applied to the joints. To accelerate the adhesive 
curing rate, this type of press is generally equipped with a radio-frequency generator. A cross-cut saw is 
used to cut the continuous ribbon of finger-jointed lumber into predetermined lengths [7.12].  
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Figure 7.1 A typical North American finger-jointing machine producing horizontal 
joints  

Examples of typical finger-jointing machines used in North American finger-jointing operations are 
manufactured by Conception R.P. Inc. of Quebec, Canada. Two major models are available from the 
company, CRP 2000 and CRP 3000. CRP 2000 is intended for medium operations, where up to 200 linear 
feet per minute can be produced. Forintek Canada laboratory in Quebec City owns one of these (Figure 
7.2). With CRP 3000, up to 450 linear feet per minute can be produced. These medium to very high 
production rate systems are designed for structural, non-structural and green applications. Conception 
R.P. Inc. models are probably the most common type of finger-jointing machines in Eastern Canada. 
More information on the CRP systems can be found at the following web site: 
http://www.auburnmachinery.com/lateral.htm. Doucet is another Canadian finger-jointing manufacturer 
which offers a complete line of finger-jointing and assembly press systems. The company was founded by 
Gilles Doucet in 1974. The plant and headquarters are located halfway between Montréal and Québec 
City, in the Province of Québec. More information can be found at this home page: 
http://www.woodfibre.com/equip/aa005331.html. Other common North American manufacturers of 
finger-jointing machines include Western Pneumatics-finger-jointing, located in Oregon 
[http://www.westernp.com/finger/] The company manufactures a broad range of low, medium, high 
production and heavy-duty finger-jointers.   
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Figure 7.2 CRP 2000 finger-jointing system located at Forintek Canada Corp. in  Ste-
Foy, Quebec  

GreCon of the Weinig group is a major German wood-working machinery manufacturer with distribution 
in North America through dealers. The finger-jointing system from GreCon is fully automated and is 
suitable for many types of finger-joints. According to GreCon, their finger-jointing systems have the 
advantages of greatly reduced tear-out, elimination of alignment problems, quick change-over and 
minimum labour [7.12]. For more about GreCon system, visit the following web site:  
http://www.weinig.de/eng/e_keilzinken.html.   

7.2.2 European and Asian finger-jointing systems 

European and Asian finger-jointing machines usually use vertical joints which are pressed with three to 
four times the pressures of horizontal joints and are generally much tighter than horizontal joints. Vertical 
finger-jointing machines are batch-fed machines in which the blocks are positioned on edge with ends 
indexed to one end, clamped together and run past a cutter that profiles the blocks. On smaller machines, 
the clamping section merely rotates so that the other ends can be profiled and run past a glue roller. 
Larger finger-jointing machines have two clamping sections which can work simultaneously for increased 
production, in which case the second profiling head is followed by a glue roller. The clamping system to 
form a continuous ribbon of finger-jointed lumber is the same for either type of finger-jointing machine 
[7.12]. 

In Europe, GreCon is probably the most commonly used system in the finger-jointing industry. Other 
finger-jointing systems used in Europe include a new one for structural solid lumber from LEDINEK, an 
East European-based manufacturer of wood-working tools. The company has developed some systems 
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that are able to finger-joint large sections of timber and glulam. Many finger-jointing machines are 
produced in Asia as well, including Japan and Taiwan.  

7.3 Machining of finger-joint profile 

Finger-jointing is a very precise wood-machining operation. Several methods have been developed over 
the years to form the finger-joint profile. The most common method employ cutting tools, the second uses 
dies, and the third combines both cutting tools and dies [7.12]. In the cutting tools method, finger-joint 
profiles are manufactured using a revolving head made up of a series of stacked knives, shaped saw 
blades or a head holding replaceable bits.  Die-formed joints are produced by forcing ends of pieces of 
wood against a metal die the shape of a desired joint. The die may or may not be heated. In die-forming, 
the specific gravity (SG) is a limiting factor for possible sizes and shapes. In the third method involving 
the use of both die and cutting tools, joints are first pre-shaped using a cutting tool which removes a 
portion of the material, then the remaining material is shaped with the die to the desired geometry. This 
two-step method effectively removes the major limitations of the die-forming method on sizes and shapes 
[7.12].  

Around the world, the circular bit cutterhead is the most commonly used (Figure 7.3). Cutters are 
mounted on a cutterhead by means of bolts. The size and number of cutters in a head depends on the 
geometry of a joint and the thickness or width of material being joined. The knives, blades, or bits are 
ground to the desired shape of the joint (Figure 7.4). The two major knife and cutterhead manufacturers in 
North America are ACEco Precision Wood Tooling [7.1] and Wisconsin Knife Works [7.23]. Cutterheads 
are usually machined from hardened (heat treated) alloy steel to resist the daily abuse of an industrial 
finger-jointing operation. Heads with 2 to 20 bolts are available in the market, depending on the finger-
joint profile.   
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Figure 7.3 Finger-jointing cutterhead with a series of stacked knives (cutters) 

 

Figure 7.4 Typical knives mounted on the cutterhead  
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The choice of knives and heads and their maintenance is critical. Certain maintenance considerations that 
have to be observed in order to ensure high quality finger-joint profiles include the following. 

1. Cutterheads, bolts and knives must be accurately balanced. A very slight amount of imbalance or 
improper setup may produce a joint with an incorrect profile that may result in a rejection. 

2. Heads must be centered perfectly on the spindle, preferably with hydraulic locking. Poor 
balancing practices will contribute to vibration and lead to a poor joint. 

3. All knives must project precisely to the cutting circle. That way each knife takes an equal bite.  

4. Trim-saws also need careful attention, because the cut they make may affect the finger length and 
machining quality.  

7.4 Wood machining parameters 

Machining parameters are some of the key elements that affect the finger-jointing process and 
consequently the quality of the end product. The machining of finger-joints is usually performed 
according to the recommendations of the tool and machine manufacturer. Poor finger-joints are often 
associated with inadequate machining conditions. Tear-out, for example, is a common defect caused by 
any of the following: worn knives, high feed speed, inadequate cutting speed, too small a feed per knife or 
chip-load, and wrong rake angle [7.1]. The influence of these parameters on the structural behaviour of 
this product is one of the aspects which has not been studied thoroughly, especially for black spruce 
wood.  

Careful machining is essential in order to perform appropriate processing of raw material into products 
with good surface quality for glue application. To produce a good joint, wood surfaces must be machined 
with sharp tools, and be essentially free of machine marks, chipped or loosened grain and other surface 
irregularities [7.20]. Damaged surface and surface layers owing to machining conditions have been 
related to inferior adhesive-bonded joint performance [7.11, 7.12, 7.13, 7.15, 7.16, 7.18, 7.19, 7.21, 7.22].  

The cutting speed is the speed with which the knives pass through wood and it can be expressed as 
follows:  

1000
NDV π

=         (1) 

where: 

V = Cutting speed (m/min) 
D = Diameter of cutting circle of cutterhead (mm) [Figure 7.5] 
N = Rotation speed (rpm)  

The cutting speed assumes an overriding importance in the useful life of the tools. An increase of the 
cutting speed results in a higher temperature of the cut and causes a reduction of the useful life of the 
tools. The cutting speed is then limited by the hardness of the material to be machined and by the quality 
of metal of the tool. 
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Figure 7.5 Cutterhead description [7.1] 

The rake angle is defined as the angle at which the cutter face enters the wood at the start of the cutting 
process as can be seen in Figure 7.5. The rake angle plays an important role in surface quality, especially 
in the prevalence of chipped or torn grain and the wear of cutting tools. With a very steep rake angle, 
insufficient back clearance causes knives to rub instead of cut, resulting in high friction. This friction 
generates heat which causes the wear of the tool. On the other hand, a small rake angle will cause 
insufficient shear cut which will lead to increased tool pressure and tool wear. 

In order to get a good finish on the wood and to prevent burning of the knives, the chip-load must be 
within a reasonable range [7.1]. Chip-load is defined as the amount of material removed by each cutting 
tooth or edge with each revolution of the spindle. A small chip-load will produce too much heat and will 
either glaze the wood or burn the knives [7.23]. If chip-load increases, cutter pressure and heat will 
increase. Both of these factors will increase the rate of wear on the cutting face of the cutter, thus 
reducing the operating time between sharpenings [7.1]. 

Diameter of cutting 
circle 

Rake angle 
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Nn
AloadChip 1000

=−       (2) 

where:                        

A   =  Feed speed (m/min) 
n    =  number of cutters  
N   =  Rotation speed (rpm) 

Chip-loads can be compared to one another if the joint length and geometry are the same. Longer joint 
length will remove a greater area of wood compared to the same chip-load of a shorter joint [7.1]. 

Little information is available on how machining parameters affect the performance of finger-jointing. 
Collins and Walford [7.10] evaluated the effects of feed and cutter speeds and the resulting chip-loads on the 
finger-jointing quality of Radiata pine. Machining speeds were found to be not so critical to joint strength but 
they may affect the joint appearance. Unfortunately, specific information about the machining parameters 
was not provided. More recently, a preliminary study on wood machining of finger-jointing black spruce 
was conducted by Bustos et al. [7.4], using a polyurethane-based adhesive. Results showed no 
statistically significant effects of cutting speed and chip-load on the finger-jointing performance of this 
wood.  

During visits to five finger-jointing plants in Eastern Canada it was observed that various cutting speeds 
and chip-loads were being used to process black spruce lumber. There was no agreement on which of 
those machining parameters produced the best mechanical performance of finger-joints. 

7.5 Microscopic evaluation of wood surfaces obtained by various machining 
processes 

Surface quality has a great influence on the interfacial exchanges between the adhesives and the 
substrates, the thickness and the thickness regularity of the joint [7.9]. Weak machining generates rough 
surfaces with damage to the fibres of wood. Rough and damaged surfaces will limit the movement of 
adhesive at the time of its application, forming a weak layer of assembly that results in joints with a low 
mechanical performance. An adequately prepared surface without damage is essential for obtaining good 
mechanical performance. This requires that the knives be correctly sharpened and maintained regularly 
[7.22]. Several studies were carried out that evaluated the quality of the wood surface obtained after 
different machining processes [7.8,7.16,7.18,7.19,7.22,7.24]. Reeb et al. [7.18] for example, studied the 
finger-joint quality after 4, 6 and 32 hours of knife wear and carried out microscopic analysis of the wood 
surface. Results showed that as knife wear increased, the crushed cell zone in the finger-joints increased in 
depth. The longer the cutting tools were used, the rougher and more irregular the wood surfaces became. 
Ayarkwa et al. [7.3] evaluated the mechanical performance of the finger-joints of three tropical woods. 
They also used the analysis by electron microscope to observe the glued surface of the joints, seeking 
explanations for the level of mechanical performance for these woods. Two of these species showed good 
mechanical performance; the lumen of cells close to the surface of these species were filled with 
adhesive. The mechanical performance of the other species was weaker and was explained by inadequate 
penetration of the adhesive in the cells.  



Finger-joint Process and Products Quality 

 
 

 

 

 41 of  72 

 

There is agreement among these authors that damaged surfaces are associated with a weak mechanical 
performance of glued joints. The microscopic analyses constitute a good criterion to quantify the damage 
of the cells and to analyse the quality of the finger-joint. Therefore, the influence of the wood machining 
parameters on the quality of the joint is an important aspect to consider in the optimization of the finger-
jointing process. 

7.6 Results from a Forintek study on finger-jointed black spruce 

The main objective of this work was to evaluate the effect of wood machining parameters on the ultimate 
tensile strength (UTS) of 38 mm by 64 mm kiln-dried planed finger-jointed black spruce (Picea mariana 
(Mill.) B.S.P.) in order to optimize the performance of the product. The boards were at 12 % of nominal 
equilibrium moisture content (EMC). A Conception RP 2000 machine was used, fitted with a lateral feed 
system that is common in the North American finger-jointing industry. The ends of the blocks were 
machined across the width in order to obtain horizontal finger-joints. A feather joint configuration was 
selected owing to its good mechanical performance [7.5]. The finger-joints were 28.27 mm long, with 
0.76 mm tips and 6.69 mm pitch. Parameters investigated in this study were chip-load and cutting speed. 
To evaluate the effect of chip-load and cutting speed on the performance of finger-jointed black spruce, 
three chip-loads and three cutting speeds were chosen. Selection was based on the extreme values 
published by Bustos et al. [7.4]. The chip-load values were 0.64 mm, 0.86 mm and 1.14 mm, and cutting 
speeds were adjusted to obtain 1676 m/min, 2932 m/min and 3770 m/min throughput. Six sets of knives 
(bolts) per tool were used for each chip-load condition. These cutting speeds were determined from the 
outermost position of the knives (267 mm of diameter, corresponding to the tip of the knife). 

Knives and tools were freshly sharpened and kept in good cutting condition during the finger-jointing 
process. The adhesive was a two-component system consisting of an ISOSET UX-100 polyurethane 
prepolymer mixed with an ISOSET WD3-A322 emulsion polymer. The assembled joints were pressed 
with a constant end pressure of 3.43 MPa for 20 seconds at 20°C in accordance with previous results 
reported by Bustos et al. [7.6]. Tension tests were performed in accordance with ASTM D-198 standard 
[7.2] with a Metriguard model 412 machine. Results were evaluated according to NLGA-SPS 1 [7.17] 
specifications for structural finger-jointed lumber. Scanning electron microscopy (SEM) evaluations were 
performed to quantify the damage that occurred in the wood during machining. 

All strength results met the proof tensile strength specifications of NLGA-SPS 1-2000 [7.17]. In fact, the 
mean UTS values for different cutting conditions were more than twice those specified in this standard. 
The results showed that there was a significant effect among the three cutting speeds for each chip-load 
condition (Table 7.1). In general, lower values of ultimate tensile strength were associated with higher 
cutting speed (3770 m/min) for each chip-load condition (Figure 7.6).  
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Table 7.1 Ultimate tensile strength (MPa) of finger-jointed black spruce machined at 
three cutting speeds and three chip-loadsa [7.7] 

Cutting speed (m/min) SPS-1 2000 Chip-load 
(mm) 1676 2932 3770 Proof-load tension 

stress 
0.64 34.7 (7.3) b 37.4 (5.9)  31.5 (4.7)   

0.86 38.1 (6.7)  34.1 (5.4)  31.5 (4.0)  6.8 

1.14 35.0 (6.7)  35.1 (5.6)  31.1 (5.1)   
a Number of replicates varied between 25 and 34. 
b Numbers in parentheses are the standard deviation 

This could result from damage occurring near and at the glued surface as a result of the high speed at 
which the knives pass through the wood [7.7]. The highest values of UTS occurred between 1676 
m/min and 2932 m/min. The upper value for cutting speed falls within the range given by ACEco 
Precision Wood Tooling [7.1], which indicates that most commercial cutting speeds for finger-jointing 
in the USA are between 2512 m/min and 3016 m/min. The lower limit obtained is probably due to the 
fact that black spruce wood was not considered by ACEco Precision Wood Tooling [7.1]. 

Results also showed few differences among the three chip-loads used for finger-jointing black spruce 
(Table 7.1). These differences were present at 1676 m/min cutting speed, where a chip-load of 0.86 mm 
performed better than one of 0.64 mm or 1.14 mm. At a cutting speed of 2932 m/min the higher UTS 
value was obtained with a 0.64 mm chip-load. The results obtained at 2932 m/min of cutting speed are 
in agreement with those reported by Bustos et al. [7.4]. For optimum tool life the chip-load values 
recommended by tool manufacturers, such as ACEco  [7.1] and Wisconsin Knife Works  [7.23], vary 
between 0.38 mm and 0.53 mm. 
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Figure 7.6 Influence of cutting speed and chip-load on the ultimate tensile strength (UTS) of finger-

jointed black spruce [7.7] 

Electron microscope analyses on transverse sections of specimens showed that the thickness of the 
glueline was similar for all machining conditions studied. Crushed and collapsed cells, however, were 
observed near or at the glueline of samples (Figure 7.7). In general, surface damage was more severe as 
cutting speed increased. Results revealed that the greatest depth of damage (134 µm) was reached at 3770 
m/min of cutting speed, which is 73% higher than the damage obtained at a cutting speed of 1676 m/min 
(77 µm). Therefore it could be concluded that as cutting speed increases, more damage is produced at 
the surface and subsurface of the fingers. 
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A) Depth of damage = 76 µm (chip-load of 0.64 mm) B) Depth of damage = 108 µm (chip-load of 0.64 mm) 

 

 

 

 

 

 

 

 

C) Depth of damage = 142 µm (chip-load of 0.86 mm)

Figure 7.7 SEM micrographs of finger-jointed black spruce transverse sections, machined at a 
cutting speed of A) 1676 m/min, B) 2932 m/min, and C) 3770 m/min, showing surface 
damage that occurred during machining [7.7] 

Under conditions given in this study it is possible to identify certain optimal machining values suitable for 
finger-jointing black spruce wood. Cutting speeds higher than 2932 m/min must be avoided since they 
give the lowest tensile strength performance observed. A range of cutting speed between 1676 m/min and 
2932 m/min appears to produce satisfactory finger-jointed black spruce for all chip-loads studied. The 
feed speeds used under these conditions vary between 7.7 m/min and 24 m/min. The highest UTS value 
was obtained at 1676 m/min of cutting speed and 0.86 mm of chip-load (Figure 7.6). Given that 1676 
m/min was the minimum cutting speed evaluated, it is not clear whether an even lower cutting speed 
could have produced better results. This is an important factor that needs to be further investigated. There 
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was a possibility of finding such an effect at 2932 m/min among the three chip-loads studied, and the 
higher UTS value for this cutting speed was obtained at 0.64 mm chip-load. The corresponding feed 
speed at this point (13.4 m/min) is 30% higher than the highest condition at 1676 m/min and 0.86 mm 
chip-load (10.3 m/min). The selection of higher feed speeds has obvious implications on the productivity 
of the finger-jointer. Thus, the 2932 m/min cutting speed with 0.64 mm chip-load would produce 30% 
more fingers than the 1676 m/min cutting speed with 0.86 mm chip-load. Both yield virtually the same 
tensile strength. At 2932 m/min cutting speed, higher feed speeds (18 m/min and 24 m/min) can be 
obtained with 0.86 mm and 1.14 mm chip-load, respectively. However, the UTS at these conditions could 
be 8.8% and 6.2% lower with respect to the UTS value at 2932 m/min cutting speed and 0.64 mm chip-
load. Therefore, the latter wood machining condition could be considered to be the optimum for finger-
jointing black spruce lumber [7.7]. 

7.7 Innovative research ideas/development needed 

- Further investigation on lower cutting speed than 1676 m/min in order to determine whether better 
results can be produced.  

- Further investigation on how wear affects the process.  

- Varying the rake angle and diameter of the cutting circle are other parameters that need to be 
investigated as well. 
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8 Adhesives for Finger-jointing 

8.1 Basic gluing principles 

An expanded array of glued-wood products has increased demand for a variety of wood-adhesive resins 
and fostered adhesive systems with enhanced properties. To produce high strength finger-joints, top 
quality glue bonding must be achieved over virtually all finger surfaces. The principles of adhesion must 
therefore be carefully observed and are basically the same in all types of glue bonding, from laminating to 
furniture manufacture to finger-jointing [8.10]. Those principles include the following. 

1. Wood surfaces should be prepared for maximum adhesive wetting. Surfaces must be reasonably 
smooth, dry and undamaged. Free surface moisture will dilute the adhesive and interfere with 
proper cure. It is essential to avoid tear-out of the wood surfaces by maintaining sharp and precise 
knives. Machining irregularities such as burnishes, skips, and crushed and chipped grain must be 
minimized. 

2. The adhesive must chemically wet the wood surfaces to be bonded. Extractives and other 
chemicals such as pitch can impair glue bonding.  

3. Sufficient quantities of adhesive must be spread on finger surfaces to provide a continuous film at 
the joint interface after the fingers are bonded and to avoid starved joints. 

4. The mating surfaces of a finger-joint must be brought into proper contact and maintained as the 
glue cures into a solid.  

8.2 Types of adhesives commonly used in the finger-jointing industry 

Technically, any adhesive suitable for bonding wood could be used for bonding finger-joints. Certain 
factors, however, limit the choices. Those factors include intended use (i.e. exterior vs. interior exposure, 
structural vs. non-structural), physical and mechanical properties of an adhesive, curing speed and 
method, cost and sometimes colour (e.g. for appearance products). Adhesive selection for a manufacturer 
of finger-jointed products may begin as a cooperative effort between the manufacturer and an adhesive 
supplier. Together they should thoroughly review the product, its intended service environment, and all 
production processes and equipment before choosing an appropriate adhesive.  

Adhesives most commonly used in finger-jointing wood products are phenol-resorcinol (PRF), resorcinol 
(RF), melamine, melamine-urea, urea, and both thermosetting and thermoplastic polyvinyl adhesives 
[8.6]. The melamine-urea, urea, and the polyvynil acetates (PVA) are used only in non-structural 
applications. The following adhesives are categorized according to their expected structural performance 
at varying levels of environmental exposure [8.11]. 
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Fully exterior (to withstand long-term water soaking and drying):  

 Phenol-formaldehyde (PF) 
 Resorcinol-formaldehyde (RF) 
 Phenol-resorcinol-formaldehyde (PRF) 
 Melamine-formaldehyde (MF) 
 Emulsion-polymer-isocyanate (EPI)        
 Polyurethane-emulsion-polymer (PEP) 

Limited exterior (to withstand short-term water soaking) 

 Melamine-urea-formaldehyde (MUF) 
 Isocyanate 
 Epoxy 
 Cross-linked polyvinyl acetate 

Interior (to withstand short-term high humidity) 

 Urea-formaldehyde 
 Casein 
 Polyvinyl acetate 

 Structural adhesives that maintain their strength and rigidity under the most severe cyclic water-
saturation and drying conditions are considered fully exterior adhesives. Rigid adhesives that lose their 
ability to transfer load faster than does wood as service conditions worsen, particularly when it comes to 
moisture, are considered interior adhesives. Adhesives that can maintain their strength and rigidity in 
short-term water soaking are classified as intermediate adhesive (e.g. limited exterior exposure).  

In North America, resorcinol-formaldehyde (RF) and phenol-resorcinol-formaldehyde (PRF) adhesives 
are traditionally used for structural engineered wood products. These adhesives are water resistant, they 
are used extensively and their effectiveness has been established for a long time. Resorcinol adhesives are 
expensive, they cure in a few hours at room temperature and are mainly used in glulam applications. 
Phenolic adhesives polymerize in a few minutes with addition of heat through a kiln or a press. Even 
though these adhesives are now the main ones used in the industry, many other adhesives and new 
formulations are available on the market, where they demonstrate good performance and a promising 
potential for use in finger-jointing. 
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Table 8.1 Characteristic of some of new adhesive systems suitable for finger-jointing 
compared to traditional RF resin 

Type Resorcinol 
formaldehyde (RF) 

Phenol resorcinol 
formaldehyde (PRF) 

Polymer emulsion 
polyurethane (PEP) 

Gel time 
19-25 minutes at 21oC 
(Exothermic reaction 

controlled) 

10-15 minutes at 21oC 
(Exothermic reaction 

controlled) 

15 minutes at 21oC 
(Exothermic reaction not 

controlled) 

%  solid 53-54% 50-51% 88-89 % 

Cost* ($) $0.022  / joint for 2x3 $0.015 / joint for 2x3 $0.015 / joint for  2x3 

The wood industry is searching for new adhesive systems that can cure quickly, are simpler to use, 
display superior performance, and are more economical than those currently available. They should also 
be more tolerant to MC and temperature variations in lumber. Although new adhesive systems have been 
developed, the dominant types of adhesives used in the finger-jointing industry are still resorcinol-
formaldehyde and PRF.  

8.3 Application of adhesives 

The purpose in spreading adhesive is to distribute over the bonding area an adequate amount of the 
material at uniform thickness in such a way, that once end pressure is applied, the adhesive flows into a 
uniform thin layer. The amount of adhesive needed will depend on the wood species, type of adhesive, 
MC, temperature and humidity of the air, assembly time, and whether adhesive will be applied on one or 
both surfaces of the jointed pieces [8.11]. Several approached are used for applying adhesive to a surface 
of a joint. The simplest and least precise method is to dip a joint into a container of adhesive. Spreading 
adhesives by hand with brush, roller, or bead-extruder are also common. Most finger-jointing operations, 
however, are more sophisticated and more automated than this and make use of some type of mechanical 
applicator.  

A common type of applicator is a revolving metal drum with a surface having the same profile as the 
finger-joint [8.6]. The surface of the drum is continuously coated with fresh adhesive and as the finger-
jointed end passes by the revolving drum, the adhesive is wiped onto the joint surface. A variation of this 
type is the shaped brush that revolves and wipes the adhesive onto the joint surface. Still another is the 
soft roller applicator, where the adhesive is continuously applied to grooved rollers and the adhesive-
impregnated rollers transfer the adhesive to the material to be coated. The quantity of adhesive is 
regulated by adjusting the distance and the pressure applied by the roller to the wood.  

Comb applicators are perhaps the most common type of adhesive applicator used in the finger-jointing 
industry in Eastern Canada. With this technique a profiled comb extrudes the adhesive onto the wood. 
The spread is regulated by a computer which controls the starting and stopping times for adhesive 
application to each block. Robatech Canada is one of several companies that manufactures glue applicator 
systems especially for one-component PUR adhesives.   
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 A third type of adhesive applicator is a stationary extruder nozzle which has a similar profile as the joint. 
The system is equipped with an extrusion head and an air-operated adhesive valve. Constant adhesive 
pressure is maintained by a meter mixer and a pump or an elevated tank. A single sensor is used to detect 
the passage of the joint and as the joint passes by the nozzle, a quantity of adhesive is extruded onto the 
joint surfaces. Since the system is not sensitive to the position of the surfaces, it can reach the hidden 
horizontal planes of irregular pieces. The quantity is regulated by the system pressure and the 
characteristics of the adhesive. According to Jokerst [8.6], none of the above systems is completely 
satisfactory as control of the amount of adhesive applied is not always precise, and the nozzles and 
spreaders may become clogged with debris and require frequent maintenance. Another method described 
in the literature [8.5] is the separate application of hardener and resin by spraying. This system allows 
highly reactive adhesives to be used that might otherwise have too short a useful working life. 

8.3.1 Important issues to consider in glue application 

The following are important issues that need to be considered: 

1. that the adhesive wheel speed has the same speed to maintain even spread across the width of 
the jointed stock; 

2. that the extruder is centered between fingers; 

3. adhesive that is cold is more difficult to spread; 

4. excessive squeeze-out generally means that the glue spread is not right. Applicator head is 
either not doctored properly or is set too far into the joint. It is important to observe squeeze-out 
at the top and bottom as well as on edges; and 

5. maintenance of adhesive spreading equipment and pump is important. 

8.4 Interaction between adhesives and material conditions 

MC and temperature of wood at the time of jointing can greatly affect bonding quality, as has already 
been described in Section 4. The amount of moisture in the wood, combined with water in the adhesive, 
will significantly influence the wetting, flow, penetration, and curing of aqueous adhesives. Since the 
joints are usually exposed to a large proportion of end grain, control of glue penetration becomes a critical 
factor in bonding quality. Optimum depth of penetration has to be achieved in order to obtain good 
structural performance. More detailed information on this topic can be found in Section 4. 

8.5 Development of new adhesive standards and systems  

Until recently, adhesives used in the finger-jointing industry in Canada for structural applications were 
limited to RF and PRF, based on the Canadian Standard CSA O112.7-M1977 “Resorcinol and phenol-
resorcinol resin adhesives for wood” [8.4]. In the USA, ASTM D2559 “Standard specification for 
adhesive for structural laminated wood products under exterior (wet use) exposure conditions” is used as 
the basis for evaluating the adhesives used in structural wood products, including finger-jointing [8.1].   

The wood industry is in need of new adhesive systems that can cure quickly, are simpler to use, are of 
high performance and are more economical than those currently available [8.9]. Such adhesives would 
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enable efficient and robust process that would be more tolerant of MC and temperature variations in 
lumber. Recently, a new performance-based standard has been developed by the National Lumber 
Grading Authority of Canada (NLGA) called “NLGA SPS Annex A-Standard Specification for 
Evaluation of Adhesives for Structural Wood Products (Exterior Exposure)”, with the objective of 
establishing performance criteria and evaluation methods for structural adhesive systems intended for wet 
or exterior service conditions and which is not limited to RF or PRF [8.8]. Until recently, the well- 
established NLGA standard for finger-jointed structural lumber (NLGA SPS 1) specified RF and PRF as 
the only adhesives that could be used for finger-jointed structural lumber based on CSA 112.7 [8.7]. 
Following the development of the SPS Annex A standard, however, the recent version of SPS 1 [8.8] has 
been revised to include new alternative adhesives as long as they comply with the requirements of NLGA 
SPS Annex A when evaluated for one of the softwood species specified in the standard. This is expected 
to facilitate the development of new adhesives.  

CSA O112.9 is a newly emerging standard based on NLGA SPS Annex A and is currently going through 
the final stages of development by the Canadian Standards Association (CSA). It will be applicable to the 
evaluation of any type of structural wood adhesive intended for wet or exterior service conditions. 
Although the motivation for developing this standard is to deal with the types of wood adhesives that are 
not currently covered by existing standards within the CSA O112 Series of Wood Adhesive Standards, 
this new standard may then be applied to all types of adhesives. Exterior use or service conditions, 
repeated wetting and drying and continuous usage under high humidity will be included, but not below-
ground, ground contact, and marine use. Several softwood and hardwood species (i.e. lodgepole pine, 
black spruce, Douglas-fir, and hard maple) will be included in the evaluation of adhesives. In addition, the 
new standard will permit the evaluation of adhesives with green wood at the time of bonding. This would 
allow testing of adhesives that are claimed to have acceptable bonding performance with wood of high 
MC  - a good potential for the finger-jointing industry. When approved, this will be the first new CSA 
wood adhesive standard since 1977, when CSA O112.7 was originally developed. 

A new proposal is being advanced by Forintek Canada Corp. to develop a complementary suite of 
Canadian wood adhesive standards. The proposed work will complement the newly developed exterior 
(i.e. wet conditions) adhesive standard for solid wood (CSA O112.9) and will ensure that the standards 
support the majority of glued wood products.  The proposed work will address three different classes of 
adhesives that play a critical role in the development of value-added products in general. These include: 
1) adhesives developed for interior service conditions for structural use; 2) adhesives for interior use for 
semi-structural applications; and 3) adhesives intended for structural composite lumber (SCL). It is 
believed that these proposed standards will facilitate the development of more appropriate specific 
adhesive technologies. 

Among new adhesives that have been developed for finger-jointing structural lumber and are being used 
or considered for use in Canada are two types that polymerize at room temperature in a relatively short 
time. These are:  

1. fast-curing phenol-resorcinol-formaldehyde (PRF) resin for use in gluing structural lumber 
members. It is usually mixed with a powder formaldehyde hardener for use with phenol-
resorcinol and resorcinol resins;  

2. Isocyanate-based adhesives (polymer-emulsion-polyurethane (PEP)). Since PEP is 
principally moisture curable, the curing speed depends on the mix ratio. This new formulation 
of isocyanate-based adhesive could cure in a very short time [8.2]. 
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Many of the new non-traditional adhesive systems have bonding mechanisms that are quite different from 
traditional ones. For example, in water-based systems, lattices have high molecular weight and thus when 
water is removed by absorption into the wood, strength increases very rapidly. Adhesive systems which 
are based on isocyanate chemistry  may not only cross-link with their co-reactants and the water in the 
wood structure but also -  depending on the wood MC and amount as well as type of iscocyanate -  may 
react with polymers in the wood as well. Many of these new adhesive systems can develop very high 
strength while demonstrating excellent durability [8.3]. Such new adhesive systems sustain high 
production flow and decrease the amount of energy needed to cure. None of them require a radio 
frequency tunnel for the curing process. From a penetration perspective, water-based adhesives are 
generally desirable for wood bonding since wood is capable of absorbing a large amount of water in cell 
lumens and within cell walls. For these wood adhesives water is thus used as the carrier [8.11]. 

8.6 Innovative research ideas/development needed 

- Develop new adhesive systems for dry lumber that combine ease of application and reduced 
energy usage and meet the requirements of structural standards.  

- Optimize adhesive systems currently under development for green lumber and ensure adequate 
recognition in structural standards.  

- Develop the potential of surface activation as a means of improving adhesive performance 
(wetting of opposite surface). 
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9 Application of End pressure 

9.1 Why apply end pressure in finger-jointing? 

The next step after application of adhesives to wood is to align the wood members and apply bonding or 
mating pressure. Pressure is needed to ensure the closest possible contact between the finger surfaces to 
be glued and for the adhesive to form a continuous and uniform layer with optimum thickness, but most 
importantly without damaging the wood. It is also intended to force the fingers together so that a locking 
action is obtained, giving a certain immediate handling strength after gluing.  

9.2 How does end pressure affect performance? 

Generally, with increasing end pressure a better contact between the sides of the fingers is obtained and 
the gap between fingertip and root is reduced. Thus, as higher pressure is applied, more locking efficiency 
and performance can be obtained up to the point where damage to the wood could happen. Excessive 
pressure could damage the tips of fingers or split the finger roots, cause compression failure of the wood, 
and squeeze out the glue [9.2, 9.10]. On the other hand, insufficient end pressure produces joints that are 
incompletely formed, are relatively weak and show poor appearance due to the large gaps at the root of 
the fingers [9.12]. The aim pressure should be to allow for a uniform distribution of the adhesive and to 
create an optimum glueline thickness.  

9.3 Application of end pressure 

Several systems have been developed and are available by which pressure can be applied to the finger-
joints. The two most popular systems in the finger-jointing industry are:  

9.3.1 Continuous rollers  

 This is the most common system used in high capacity finger-jointing machines in Canada. The 
system relies on the speed differential between two sets of rollers: the front rollers run more 
slowly than the back rollers and this has the effect of exerting a continuous pressure on the 
assembled piece of wood. The crowder system is used if the material being joined moves through 
radio frequency curing tunnel. This system is not limited to radio frequency curing, it can also be 
used for room temperature or heated-chamber-type of curing.   

9.3.2 Stop-and-go system 

This system is the one used in smaller capacity operations. It consists of a stationary clamp and a 
movable clamp. The stationary clamp grabs onto the piece on one side of the joint and holds it in 
place while the movable clamp grips the piece on the opposite side of the joint and forces the two 
halves together. This system is also used with radio frequency curing, but here the joint is stopped 
and held in position between the electrodes of the radio frequency generator.  
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9.4 Amount of end pressure 

Regardless of how pressure is applied to the joined wood members, it is important that it be of sufficient 
magnitude to force the two halves tightly together and that the pieces stay properly aligned while the 
adhesive cures. Exactly how much end pressure is needed during the finger-jointing process and the 
duration of such pressure depends on many factors including: 

1. type and viscosity of the adhesive 
2. wood species (i.e. density and compressive strength in the direction parallel to grain) 
3. type of joint  
4. machining quality of fingers  (quality of the fitting of fingers) 
5. intended use of the glued product (structural vs. non-structural).  

There are differences of opinion regarding the amount of pressure needed to produce high strength finger-
joints [9.6]. Some studies indicate that well-fitted fingers produce high joint strength even with 
insignificant end pressure. Others [9.8] reported, after investigating the effect of load pressures from 0 to 
4.1 MPa (600 psi), that 2.8 MPa (400 psi) is the optimum end pressure for softwoods. Cook (3) found that 
the minimum end pressure for softwoods is 2.1 MPa (300 psi). Cook also explained how difficult it is to 
be specific due to the fact that various factors could affect how much pressure is necessary, including 
machining quality and the development of splitting at roots, especially when machining longer fingers.  

9.5 Relationship between end pressure and finger lengths 

Various studies, however, have shown that the end pressure applied is a function of the finger design; 
more specifically, as finger length is increased, end pressure must be reduced to avoid splitting. Juvonen 
[9.7] studied the effect of end pressure on joint strength in relation to finger-joint geometry and finger 
size. Findings from that study indicate that for long fingers (Table 9.1) relatively little end pressure was 
needed. However, with shorter fingers the effect of end pressure in the low range was greater. Thus, a 
certain minimum pressure is required depending on the size of finger.  

Table 9.1 Minimum end pressures by finger length [9.7] 

Finger length Minimum pressure 
(mm) (MPa) 

60 2 
50 4 
40 6 
30 8 
20 10 
10 12 

 
This is reflected in the German standard DIN 68140, for example, where it is prescribed that a minimum 
end pressure of 12 MPa (1740 psi) is required for 10-mm fingers and only 2 MPa (290 psi) for 60-mm 
fingers [9.3]. Consequently, shorter fingers are desirable because higher end pressure may be applied, 
resulting in higher strength and immediate handling capabilities. In addition, short fingers produce less 
waste and require less power in machining. One should bear in mind, however, that by using very short 
fingers (i.e. 10 mm), the specific end pressure will be in the neighbourhood of the compression strength of 
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the wood in the direction parallel to the grain. If the wood is of low density, or if it has high moisture 
content, or if the joint area is heated to fast-cure the adhesive, then there is a risk of compression failure in 
the wood. Moreover, use of short fingers and high pressure will lead to very small gaps at the tips of the 
fingers for surplus glue to escape. If the pressing time is relatively short this may lead to a phenomenon 
commonly known as “springback”. Use of the correct and sufficient end pressure is of great importance 
for getting a strong joint [9.1].  
 
Some researches have followed a different approach for investigating the effect of applied end pressure in 
relation to the glueline thickness [9.4, 9.5, 9.11]. Findings from these studies have shown that in order to 
produce strong joints it is necessary to control the glueline thickness since thin glue lines lead to starved 
joints. Too thick lines induce stress concentration due to cure-shrinkage of the adhesive layer.  
 
Most of the information available on the influence of amount and duration of the end pressure required to 
form strong and well-bonded joints is confusing and at times contradictory. Information about wood 
machining parameters, wood conditions, and finger-joint configuration is often not included. Thus, the 
literature does not provide a complete picture of the many variables that can affect the required pressure. 

9.6 Results from a Forintek study on optimum end pressure  

A recent study conducted at Forintek on finger-jointed 2″x3″ black spruce (Picea mariana (Mill.) B.S.P) 
had the objective of evaluating the optimum end pressure for such species (9.1, 9.9). An isocyanate 
adhesive cured at room temperature and a feather joint configuration was used for this purpose. Six end 
pressures ranging from 1.38 MPa to 4.82 MPa (200 to 700 psi) applied for 20 seconds were tested. The 
results showed that end pressure has a statistically significant influence on the performance of structural 
finger-joints. Analysis also indicated that optimum end pressure for finger-jointing black spruce for 
structural applications is around 3.43 MPa (498 psi). Lower or higher end pressure can result in a lower 
tensile strength. Some results are given in Table 9.2 and Figure 9.1.  

Table 9.2 Ultimate tensile strengths obtained at various pressure levels used in finger-jointing 
black spruce [9.1, 9.9] 

 End pressure (MPa) 

 1.3 2.2 2.8 3.7 4.0 4.9 

AVG (MPa) 26.6 31.1 30.4 35.2 33.6 29.2 

STD (MPa) 5.0 4.2 5.7 3.8 4.6 4.4 

Sample size N 15 15 15 16 14 14 
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------  Best fit, y=f(x) 
 

Figure 9.1 Effect of end pressure on the ultimate tensile strength of finger-jointed black 
spruce tested after 24 hours of curing  

9.7 Measuring end pressure on-line 

The majority of finger-jointing machines in North America utilize variable speed rolls to press the blocks 
together and ensure adequate bonding. However, operators have had no means of measuring the pressure 
applied to the joints. Responding to a need expressed by industry, Forintek developed the Jointing 
Apparatus Force Analyser (JAFA) to measure such pressure and diagnose potential problems. 
 
The JAFA consists of a 2x3 inches steel case containing a load sensor, a data recorder and batteries. It 
also packs a miniature, 17.8 kN (4000 lb) capacity dynamometer (Figure 9.2). The apparatus measures 
and records the force applied longitudinally to the lumber as it travels through the various sections of the 
FJ line, thus measuring directly and on-line the force that is actually applied to the joints. Variations along 
the FJ line can thus be readily determined. The JAFA can also be used with 2”x 3”, 2”x 4” and 2”x 6” 
lumber and comes with a software program designed to retrieve the data recorded in the machine through 
the serial port of a conventional computer. The same software allows for rapid analysis of the results. The 
JAFA is a simple tool that operators can use to diagnose quality problems caused by inadequate settings 
of finger-jointing pressure. In addition it can confirm that the pressure applied is within the desired range, 
thereby eliminating this variable as a potential source of problems.  
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The JAFA is now being manufactured and distributed by Systech Industrie Inc., an Associate Member of 
Forintek, which, along with Tembec, was closely involved in the development of this technology. More 
information on JAFA can be found at the following website : www.systechnical.com/pages_and/jafa-
ang.html 
 
 

 

Figure 9.2 JAFA device for measuring the pressure applied by finger-jointers 

9.8 Innovative research ideas/development needed 

-  Develop block positioning and assembly methods sufficiently accurate to eliminate the need for 
planning after the jointing operation (with attendant dimension problems).  

- Develop and implement a method to determine and control actual pressure exerted on the joints.  
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10 Curing Techniques in Finger-jointing Operations 

10.1 Curing techniques for common adhesives  

The final step in manufacturing finger-jointed wood products is curing the adhesive. Most of the 
adhesives commonly used in finger-jointing will cure at room temperature (21o C). However, the curing 
time required for these adhesives can be reduced greatly by adding a heat source. Thus, to speed up 
production, most systems for finger-jointing employ some method of supplying heat to the adhesives. The 
heat necessary to accelerate adhesive cure can be supplied either before or after application of the 
adhesive to the joint [10.3]. The use of heat before applying an adhesive is commonly called stored or 
residual heat gluing. Application of adhesive to a preheated surface limits the time available for placing 
the joints under pressure. The amount of heat energy available to cure an adhesive is also limited and this 
may restrict the type of adhesive that can be used. Application of heat to a joint after applying an adhesive 
is somewhat more flexible than the stored heat method. 

Some commonly used curing techniques of adhesives in the finger-jointing process are described below. 

10.1.1 Mini-joint system 

With this technique the fingers are forced together under high pressure. The pressure is held for about 2 to 
3 seconds and then it is released. No heat is used in this system. Fingers are about 7.5 to 15 mm long (0.3 
to 0.6 in.). The frictional forces developed in the joint are high enough to hold the two halves together for 
limited handling and machining while the adhesive continues to cure. It is advisable, however, to 
stockpile the material for at least 8 hours before using it [10.3]. 

10.1.2 Preheating of wood 

This adhesive curing technique was developed at the Western Forest Products Laboratory (WFPL) (now 
Forintek Canada Corp.) by Troughton and Chow [10.10]. It involves heating and drying the fingers with 
hot air to an acceptable MC, then the resin is applied and cured. The heat stored in the fingers allows the 
fast polymerization of the adhesive. The two pieces are then assembled, pressed, and they achieve 90 per 
cent adhesive cure within three minutes, which is enough to permit stacking. Both phenol-resorcinol-
formaldehyde (PRF) and phenol-formaldehyde (PF) were used in Forintek’s study. 

The preheating method utilizes the fact that the fingers being relatively thin, heat and dry at a much faster 
rate than the main lumber body. A flow diagram of the preheating finger-joint method is shown in Figure 
10.1. First, fingers are machined into the ends of the lumber pieces. The finger-profiled lumber is then 
heated in a kiln according to a given time-temperature schedule. For kiln-dried lumber, 10 minutes at 150o 

C has been found to be suitable, while more time (20 minutes) is needed for unseasoned lumber at the 
same temperature. To avoid or minimize inactivation problems associated with high temperatures it was 
recommended not to use temperatures above 175o C. Immediately following the heating, glue is applied to 
the fingers and the joint is assembled. The assembly is then end-pressed at about 3.45 MPa (500 psi) for 
three to five seconds. The method was tested first in the laboratory and then under actual mill conditions 
[10.9] 
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Figure 10.1 Flow diagram for the preheating finger-joint method developed at 
Forintek [10.9] 

10.1.3 Radio-frequency  

Probably the most common method of accelerating cure of adhesive bonds used in industry relies on 
radio-frequency heating. In this method, finger-jointed members are pushed together by a crowder roll 
unit and passed through the radio frequency tunnel between two electrodes attached to a radio frequency 
generator. High-frequency waves set water molecules into rapid motion, causing their temperature to rise. 
The curing time in the tunnel varies from 6 to 14 seconds. The best indications of a completely cured joint 
are a dry joint on the outer fingers of the assembly and a brittle squeeze-out of glue. The curing cycle is 
regulated by the speed with which the joint is passed through the tunnel, i.e. the length of time the joint 
actually stays in the radio frequency field. The heat build-up within the glue line depends greatly on MC, 
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type of adhesive, glue joint area and wood density, which means that wood MC needs to be sufficiently 
uniform to avoid power dispersion [10.10]. Moreover, the higher the MC the more conductive the wood 
and thus the more energy is dissipated throughout the wood instead of being concentrated at the glue joint 
[10.3]. On the other hand, if the MC is below a critical level, sparks are produced during the cutting 
process and it results in burned joints [10.7]. Properly made radio frequency-cured finger-joints are as 
good as those made by any other procedure. However, radio frequency tunnels consume a lot of energy 
and are costly to maintain. Desirable improvements would be processes and adhesive systems that do not 
require radio frequency curing but also provide more flexibility. 

Most other systems for curing an adhesive involve some method of conductive heating to accelerate cure. 
A common method that has recently been used is a heating tower following the application of adhesive 
and end pressure. In this method, finger-jointed lumber travels up a closed and heated tower (forced hot 
air is usually used) for 30 minutes or so, and this would allow the adhesive to cure sufficiently before 
proof loading is applied. Other methods include heated platens, electrical resistance heaters and infrared 
lamps. The main problem with these techniques is that they are slow. 

10.2 Results from a Forintek study on the effect of curing time on adhesives  

The main objective of this study was to evaluated two new fast-curing formulations of adhesives for 
structural finger-jointed products [10.2,10.4,10.5,10.8]. The adhesives used in this study were a two 
component system isocyanate-based emulsion polymer (PEP) and a new fast-curing formulation of PRF. 
These new adhesive systems sustain high production flow and decrease the amount of energy needed for 
curing. Neither of the two adhesives requires a radio frequency tunnel and both types are water-based. 
From a penetration perspective, water-based adhesives are desirable for wood bonding since wood is 
capable of absorbing a large amount of water in cell lumens and within cell walls. Water is used as a 
carrier for these wood adhesives [10.11]. 

10.2.1 Effect of curing time at room temperature for an isocyanate-type adhesive 

Finger-jointed 38 mm by 64 mm (2”x3”) black spruce (Picea mariana (Mill.) B.S.P) specimens from 
Eastern Canada were prepared to assess the effect of curing time. The wood was at 12 % of MC. The 
adhesive was a two-component isocyanate-based (PEP), and the joints were assembled at room 
temperature (20° C). A single-face glueline application was used at a spread rate of 110 g/m2. Four curing 
times (1, 2, 5 and 24 hours) were tested. The wood specimens built up enough strength to be handled after 
1 hour of curing, with a UTS of 26 MPa (3771 psi). The jointed wood exceeded the specified tension 
strength required in SPS 1-2000. Very high strengths were also obtained after 5 and 24 hours of curing, 
improving the UTS by 25 % and 36 %, respectively, compared to 1 hour of curing. Results have shown 
that after 5 hours of curing at room temperature, finger-joints made with isocyanate can achieve more 
than 90 % of the reference ultimate tensile strength based on 24 hours of curing time (Table 10.1 and 
Figure 10.2). Results from this study suggest that, after one hour of curing time at room temperature, 
finger-joints made with the isocyanate-based PEP adhesive could reach more than 70 % of the reference 
strength at 24 hours of curing. This is quite important for the proof tension test that mills usually carry out 
following joint assembly. 
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Table 10.1 Ultimate tensile strength (UTS) of finger-jointed black spruce wood as 
determined from tension tests with different curing times [10.2,10.4] 

Curing time (h) Statistical 
parameter 1 2 5 24 

SPS-1 2000 
 

Proof-load 
tension stress 

AVG (MPa) 25.9 26.9 32.5 35.2 6.8 

STD (MPa) 3.3 2.4 3.5 3.8 - 

Sample size N 15 14 12 16 - 

The distribution of the data points in Figure 10.2 indicates that curing times between 1 and 5 hours have 
great influence on the UTS. After 5 hours of curing time the UTS tends to increase only slightly until it 
stabilizes and levels off. 

Figure 10.2 Effect of curing time on the ultimate tensile strength (UTS) of finger-jointed 
black spruce assembled at 3.75 MPa (544 psi) of end pressure [10.2,10.4] 
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10.2.2 Effect of curing time at room temperature for PRF-type adhesive 

Traditional PRF adhesives used in finger-jointing have a long gel time and in most cases heat is used to 
accelerate the curing in order to meet process requirements. As described earlier, a radio-frequency tunnel 
is commonly used in industry to cure the adhesive within a few seconds. On the other hand, curing of 
resorcinol adhesives at room temperature offers two advantages: 1) the glue film sets into hard strong 
bonds with little residual stress; 2) moisture escapes gradually so that a molecularly porous solid is 
formed, enabling the film to allow moisture diffusion in a similar manner as for wood [10.6]. Moreover, 
when the adhesive cures slowly (without radio frequency heating), it penetrates deeper into wood, in 
contrast to the radio frequency tunnel which tends to pre-cure the adhesive within a very short time (less 
than one minute) at high temperatures (80° C), preventing proper penetration. Therefore, it can be 
expected that curing at room temperature should produce better finger-jointed joints. 

New formulations of PRF have been developed which can cure in a relatively short time. In order to 
assess the influence of curing time on the tensile strength of finger-joints made with a newly developed 
fast curing type of PRF adhesive, 17 finger-jointed specimens were fabricated and tested at 5 curing times 
(30 minutes, 45 minutes, 1, 2, and 24 hours). Results are presented in Figure 10.3. Findings indicate that 
after 2 hour of curing at room temperature, finger-joints made with the new fast curing formulation of 
PRF adhesive achieved more than 85% of the reference UTS after 24 hours of curing. The wood 
specimens built up enough strength to be handled after 30 minutes of curing, with an average UTS of 20.2 
MPa (2930 psi).  
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Figure 10.3 Effect of curing time for  joints made with the fast-curing-type of  PRF 

adhesive cured at room temperature (20° C) [10.5, 10.8] 
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In order to compare the performance of finger-joints made with the fast curing PRF adhesive with that of 
iscocyanate-based adhesives (PEP) after 30 minutes of curing, 19 extra specimens were fabricated with 
the isocyanate-based adhesive (PEP). Specimens were then tested at room temperature (20°C) and the 
UTS of the finger-jointed specimens with the two types of adhesives compared.  Results indicated that 
UTS values for all specimens tested in tension after 30 minutes of curing at room temperature were higher 
than those made with PEP adhesives. Moreover, all finger-jointed specimens fabricated with the fast-
curing PRF exceeded the minimum specified UTS in SPS-1 (6.8 MPa (986 psi)), while those made with 
PEP did not, showing a minimum individual value of 3.6 MPa (522 psi) after 30 minutes of curing.  

A new generation of isocyanate adhesive with short curing time has, however, been developed and is 
currently available in the market [10.1]. There is a need to assess the performance of this new adhesive 
relative to the fast curing formulation of PRF in order to be able to make quantitative comparisons.  

10.3 Innovative research ideas/development needed 

- Develop and implement closed-loop adhesive curing systems capable of adjusting energy as a 
function of wood MC and other critical factors.  

- Develop on-line non-destructive finger-joint evaluation systems for testing every joint and 
eliminate the need for proof-testing.  
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11 Qualification and Quality Control of Finger-jointed 
Structural Lumber 

11.1 Quality control in the finger-joint lumber industry 

The importance of quality control in any finger-jointing operation cannot be underestimated. The success 
of finger-joints, either the structural or non-structural type, depends on joints being of consistent quality. 
In any finger-jointing operation and regardless of the process employed and the care exercised, an 
occasional bad or low-strength finger-joint or series of joints will be manufactured. Since the failure of a 
single joint in service could ruin the whole market for finger-jointed lumber, or at least for the company 
involved, strict quality control is crucial if such failures are to be avoided and for finger-jointed 
dimensional lumber  to reach its full potential. Producers throughout the industry must consistently 
manufacture joints of unquestionably high quality.  

The two primary goals for a quality control system in any finger-jointing operation are: 

1. detect substandard products and prevent them from being put into service; and 

2. find the cause of the problem and search for a solution. 

For structural finger-joints the quality must never drop below a minimum satisfactory level. This level is 
usually specified in reference product standards being used to qualify end product [11.4,11.5,11.6]. The 
only way to be reasonably sure that the finger-joints being produced will meet certain requirements is to 
develop a quality control system which should include visual inspection, direct measurement of selected 
variables, and physical testing of selected samples. Visual inspection and measurement of selected 
variables during processing serve to prevent or minimize the production of unacceptable joints. Physical 
testing of joints after production is a check on visual inspection, on measurements, and on procedures. 

Usually, inspection bureaus and associations are involved in the process of grade stamping the product. 
However, before a plant of finger-jointed lumber for structural applications can market its product with an 
inspection grade mark, the plant must be certified and must maintain a continuing quality control 
program. The certification program is required to determine whether production operations are adequate 
for producing structural finger-joints. Subsequent to certification, online production tests and tests on 
samples of finished production are required for assuring a day-to-day level of quality control at or above 
the minimum requirements established by the inspection agency involved. 

11.2 Quality control testing for strength of finger-joints  

Strength testing of finger-joints for quality control purposes can be divided into two categories: 
destructive and non-destructive tests. 

11.2.1  Non-destructive testing 

Non-destructive testing of finger-joints has always been an attractive concept, since it would make it 
possible to evaluate all joints produced. Thus, the probability of a poor joint being placed in service 
would be greatly reduced. Some of the non-destructive methods for evaluating finger-joints include 
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acoustic emissions and stress-wave attenuation [11.1].  Although those techniques are promising, there is 
no solid evidence that they can provide reliable evaluation of the finger-joint quality. A study is currently 
under way at Forintek to investigate the feasibility of developing a non-destructive evaluation technique 
by means of Computer Tomography (CT) technology [11.2]. Findings should be available in a few years. 

11.2.1.1  Proof loading 

Proof loading is probably the most widely used online non-destructive quality control procedure in 
modern finger-jointing plants. In proof loading, finger-joints are subjected to a stress large enough to 
indicate their capability of withstanding a design load. The procedure involves proof testing of every joint 
and of every board produced. A proof load is non-destructive for all boards that meet minimum strength 
requirements. Those strength requirements are given in various finger-jointed lumber standards (i.e. 
Canadian Special Product Standard (SPS), American PS). If a finger-joint or a board does not have the 
requisite minimum strength it is broken by the proof load. Sizeable portions of broken pieces can be 
recovered by finger-jointing again. The purpose of proof loading is to assure the manufacturer, the 
consumer, the lumber grading association, and possibly a court in the event of a lawsuit that every piece 
of finger-jointed lumber is sufficiently strong to serve adequately at the design stress for the grade 
stamped on it [11.8].  

Even though proof loading by either bending or tension could be used to evaluate the performance of 
finger-joints, various studies have concluded that tension proof load is the preferred method over bending 
due to the fact that bending proof loading could cause considerable damage to the joints without causing 
detectable failure [11.8]. Tension proof loading is usually applied 30 to 40 minutes after the application of 
the adhesive on automated continuous finger-jointing lines operating at high speeds. In Canada, NLGA 
standard SPS 1 [11.3] specifies that all production of No. 2 and better grades shall meet the proof load 
tension stress levels for the species, sizes and grades given in SPS 1 [11.6]. Those values are based on a 
proof tension stress of 1.33 times the allowable design value in tension for dry service conditions and 
normal duration of load. Many finger-jointed lumber manufacturers in Canada, however, use higher proof 
tension stress levels (around 1.5 times the allowable design value) than the specified minimum level in 
SPS-1.  

Although many finger-joint producers have chosen tension proof loading and reported satisfactory results 
from its use, some have raised questions regarding the effect of tension proof stress level on partially or 
fully cured finger-joints. They expect that proof loading (especially of partially cured finger-joints) could 
result in permanent damage which could ultimately weaken the joint. This issue remains a major concern 
for the finger-jointing industry, taking into consideration the fact that many manufactures are thriving for 
higher levels of proof loading tests in order to provide better quality assurance to their customers. 

11.2.2     Destructive testing 

In destructive testing, samples are taken from production at selected intervals and tested to failure in 
bending or tension as requested by the quality control procedure adopted. The load at failure is then 
compared with a specified value. Following testing, the failed joint is visually inspected to determine 
percentage of wood failure and this is also compared with a minimum specified value [11.1]. 

Various tension testing machines equipped with grips are available to carry out tension tests. Two types 
of quality control tests are commonly used in the finger-jointing industry in Canada. One involves testing 
gauge lengths of 2 feet with a single finger-joint in the middle. The other test is done on 8 foot gauge 
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lengths with finger-joints located randomly along the board.  The gauge length is usually defined as the 
length between the inside edges of the grips of the tension machine when applying the full tension load.  

In a typical bending test for the evaluation of finger-joints, two-point loading is used. A full size piece of 
finger-jointed lumber containing at least one finger-joint is positioned in such a way that when the 
specimen is tested in bending, the finger-joint is located at mid-span [11.3]. It is recommended that the 
load points be placed approximately 2 inches outside the tips of the fingers and that the shear span-to-
depth ratio be between 15 and 20 [11.1, 11.6].  

Available information is contradictory on whether the bending or the tension test is more effective and 
more suitable for offline evaluation. According to NLGA [11.6], bending tests are preferred over tension 
tests for offline testing due to the fact that it is easier to force failure at the finger-joint under evaluation, 
whereas a member under tension may fail away from the joint, especially for long members. Moreover, 
bending test failure reveals more about the quality of the glue bond much sooner than a tension test. On 
the other hand, Jokerst [11.1] stated that of the two tests, bending or tension, the tension test is generally 
considered more critical. It does, however, require more effort to prepare specimens and the testing 
equipment is somewhat more complex. 

11.3 Delamination resistance of finger-jointed lumber 

In addition to bending or tension strength, finger-joints are also monitored for delamination resistance. 
Delamination resistance is an indirect measure of the ability of the finger-joint (including the adhesive) to 
resist strength degradation when exposed to high moisture conditions [11.6].  The intent of the evaluation 
is to ensure that the finger-joint has sufficient water resistance so that it is not degraded from exposure 
during the construction phase. The delamination resistance evaluation that has been adopted by the 
Canadian standards is similar to that usually used for assessing glued joints for exterior applications. 
Usually, finger-jointed specimens prepared for delamination tests are subjected to a number of wetting 
and drying cycles. Initially, specimens are submerged in water in a pressure vessel, then a vacuum of a 
certain magnitude is applied for half an hour or so, followed by pressure for a period of about 2 hours. 
Specimens are air dried to a certain MC (i.e. 19 %) and delamination is recorded.  This constitute one 
cycle. In some standards (i.e. Canadian SPS standards for finger-jointed lumber), if the delamination 
following the first cycle does not exceed a certain percentage (i.e. 5 %) then further evaluation is not 
necessary. However, if measured delamination exceeds that value then specimens are subjected to further 
wetting and drying cycles. Average delamination of the joint is determined at the end of the test and this 
average should not exceed a specified maximum delamination value. 
 
The percentage delamination of a joint specimen is taken as the sum of all the delaminations found 
(excluding the outermost gluelines), divided by the total length of all the gluelines in which the 
delamination is measured, times 100 [11.4]. Most commonly, delamination is caused by glue skip, but 
may also result from heat damage to the gluing surfaces. Heat damage may result in delamination to an 
area that shows shallow wood failure. A poorly manufactured finger profile may also contribute to 
delamination [11.6].    
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11.4 Special products standards in Canada  

Canadian finger-jointed lumber is manufactured in conformance with National Lumber Grades Authority 
(NLGA) Special Products Standard 1 (SPS-1), SPS-3 and SPS- 4 [11.4,11.5,11.6]. SPS-1 covers bending 
members used in either the horizontal or vertical position, while SPS-3 covers members intended for use 
in the vertical position (compression) in stud walls, where bending or tension loading components do not 
exceed short term duration, and where the MC of the wood will not exceed 19 %. SPS-3 lumber is 
manufactured in sizes up to 38 x 140 mm and in lengths up to 3.66 m. 

Finger-jointed lumber produced to the requirements of SPS-1 is interchangeable with non-finger-jointed 
lumber of the same grade and length. For example, a No.2 finger-jointed joist may be assigned the same 
engineering properties as a No.2 joist made from one continuous length. Certain restrictions apply, 
however: 

1. finger-jointed lumber cannot be visually re-graded or re-manufactured into a higher stress grade 
even if the quality of the lumber containing finger-joints would otherwise warrant such re-
grading; 

2. finger-jointing of chemically treated lumber or chemical treatment of finger-joined lumber is not 
covered under those standards; and 

3. finger-jointing of lumber for the manufacture of horizontally laminated timbers is not within the 
scope of those standards. 

SPS-4, on the other hand, applies to finger-jointed flange-stock lumber (FJ-FS), in which the quality of 
the finger-joint is established by inspection and test procedures. This standard was released in 2003. FJ-
FS lumber produced to the requirements of SPS-4 is not interchangeable with other lumber products. The 
SPS-4 standard specifies that the product is to be used exclusively  as wood I-joist flange-stock material 
in prefabricated wood I-joists as defined in ASTM D5055 [11.5]. Efforts are currently underway by the 
NLGA to expand SPS-4 to cover finger-jointed lumber for use in trusses. This initiative was triggered by 
findings from a study carried out by Forintek on the use of finger-jointed lumber in parallel chord trusses 
[11.7]. The study has concluded that there is minimal impact of finger-joints on the performance of 
parallel chord trusses as long as the lumber is planed following finger-jointing.  

Finger-jointed lumber is assessed for visual grade, and quality control samples are tested for strength. 
Each of the three special products standards (SPS-1, SPS-3 and SPS-4) consists of two parts: 

11.4.1 Part A 

This part deals with product specifications, in terms of grade characteristics, standard sizes, visual grading 
and adhesive requirements, property requirements, joint evaluation procedures, and grade stamping 
requirements.   
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11.4.2 Part B 

This part covers product qualification and quality control requirements. It specifies the minimum 
qualifications and quality control requirements for a facility producing finger-joined lumber in accordance 
with the requirements of Part A of SPS.  

11.4.3 Grade stamps 

All finger-jointed lumber manufactured to the Canadian NLGA Standards carries a grade stamp 
including: 

- species or species combination 

- seasoning designation (S-Dry or S-Green) 

- registered symbol of the grading agency 

- the grade 

- the mill identification 

- the NLGA standard number and the designation CERT FGR JNT. (certified finger-joint) or 
Cert Fin Jnt Vertical Use Only (certified finger-joint for vertical use only). 

11.5 Innovative research ideas/development needed 

-  Further investigation on proof tension loading and how it affects the quality of finger-joints. 

- Further examination of the use of finger-joints in floor and roof trusses. 
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