
FINGER-JOINTED LUMBER

Introduction

In the fabrication of laminated lumber from poplar, the depth may 

be easily increased through face-gluing of laminations. However, a means 

must also be provided for end-jointing short pieces into longer premium 

lengths. This report summarizes the benefits and drawbacks of the butt, 

scarf, and finger joints, the role of finger-joint geometry, and the im

portance of quality control in finger-joint production.

Types of End Joints

The simplest method for joining lengths is the butt joint, in which 

carefully trimmed pieces are joined end-grain to end-grain. Butt joints 

produce very little waste; however, they also possess very low tensile 

strength because of the small contact area that results when joining the 

tube-like fibres making up the end-grain. As a result, it is difficult 

to develop a joint which is more than 10 percent efficient, or which has 

more than 10 percent of the strength of clear, straight-grain wood 

(Richardson, 1976).

w  Wood, on the other hand, can be bonded effectively with most adhesives
p  »

7 s  side-grain to side-grain and generally quite easily. For many years the

z. plain scarf joint was used where structural strength and performance was 

required. This joint is formed by cutting a slope, or incline, usually 

through wood thickness, thus exposing wood that approaches side grain. The 

efficiency of scarf joints in the tension portion of bending members or in 

§  tension members having a slope of 1 in 12 or flatter is 90 percent (U.S.
»-o

Forest Products Laboratory, 1974). Scarf slopes steeper than 1 in 8 are 

not permitted in CSA Standard 0122-Ml980, "Structural G1ued-Laminated Timber".
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Scarf joints are the strongest end joints in current use, however, 

they too have problems (Jokerst, 1981),

. They are wasteful of wood; in joining two pieces of U-inch 

thick wood with a joint having a slope of 1 in 10, about 15 inches 

of length are lost.

. The accuracy at which the scarf is machined and the alignment and 

bonding of the two surfaces are also critical in determining how 

well joints will perform.

. Under production-line conditions maintaining necessary accuracy to 

form consistently good scarf joints has proved difficult; thus 

performance can be quite variable.

These factors have resulted in a decline in use of plain scarf joints 

and an increase in the use of finger joints.

Historically, the development of structural finger joints began 

more than 20 years ago when it was used by the laminated beam industry for 

the purpose of reducing the wastage of high-quality lumber that results 

from machining of scarf joints. By 1968, 90 percent of the laminating 

industry had converted to finger joints (Eby, 1980). The lumber industry 

has since adopted the equipment used by laminators for end gluing dimension 

lumber.

A finger joint is basically a series of alternating scarf and butt 

joints. The main difference between a finger joint and a scarf joint 

is that the finger tips behave as a series of butt joints therefore 

reducing the effective sloping area as well as being possible sources
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of stress concentration. As a result, the strength of even the best pro

duction finger joint developed to date has approached but not equaled the 

strength of a well-made plain scarf joint. Richardson (1976) claims that 

the efficiency of a finger joint will exceed 80 percent and the defect 

that it introduces within the length of a piece of wood is less than 

that arising through the presence of even small knots. Jokerst (1981) 

also concludes that a well made finger joint has less effect on strength 

than allowable natural defects in common grades of lumber. The main ad

vantages of finger joints over scarf joints as reported by Jokerst (1980) 

are as follows:

. Considerable material savings.

. More easily and efficiently automated. This includes elimination 
of knots from the joint area, joint cutting, glue spreading and 
pre-gluing in batch or continuous presses.

. Lower variability in strength as a result of simpler and easier 
controlled machining because of the shorter length of joint. It 
is much easier to overcome cupped lumber and maintain joint-to- 
joint uniformity in a 1-inch long joint as opposed to a 13-inch 
or longer joint.

. Although the average strength of finger joints is slightly lower 
in most cases, the lower variability (i.e., SD) results in higher 
5 percent exclusion values, thus performing slightly better in 
the "real world" of commercial production. Bohannan and Selbo 
(1965) also report less variability in strength values of finger 
joints than in strength values of scarf joints.

The above discussion suggests that from a practical view point, 

finger joints are preferable for joining wood end-grain to end-grain, since 

they are more easily and efficiently automated, save considerable wood 

material, and exhibit less variability in strength properties.
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Finger-Joint Design

Many factors are known to affect the strength of finger joints.

Some are wood-related, such as species, density, natural defects, and 

gluability of the species; and others are process-related and include 

such factors as condition of the cutter heads, adhesive type, assembly 

time and the amount and time of applied pressure. Although these factors 

are important in the performance of finger joints, the under-lying key 

to good potential finger-joint performance is the geometry of the joint.

There are four variables in the design of a finger joint, namely, 

pitch, length, slope, and the tip thickness (see Figure 1). These 

variables are so related that one cannot study the effect one variable 

has on joint strength independently of the other three.

In the literature, all authors indicate the importance of keeping 

finger tips as thin as possible to obtain maximum strength. Two primary 

reasons for this are: (1) blunt tips are butt joints incapable of

transmitting stress, thereby reducing the effective, load-bearing area 

or the net section (total section minus area of finger tips) of pieces 

being joined, and (2) finger tips introduce abrupt changes in section, 

which concentrate stresses that initiate early failure (Selbo, 1963).

The extent to which finger tips can be reduced is limited by the practical 

cutter performance. Pointed cutters will overheat and wear quickly so 

that the base of a V-cut will not be sharply defined and the tip of 

the corresponding finger will not be forced fully home during assembly, 

giving a loose and weak joint. Strickler (1980) recommends that finger 

tips should not exceed 0.8 mm (1/32 inch) to develop high strength 

structural joints.
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Finger slope has approximately the same effect on joint strength 

as the slope of scarf joints with flatter slopes producing higher joint 

strength. Scarf slopes steeper than 1 in 8 are not recommended for 

structural applications.

The pitch, or the slope angle, must be large enough to keep the 

stress concentrations that occur at the tips from interacting as much 

as possible (Jokerst, 1980).

Another concept to keep in mind is that the strength of a finger 

joint depends on the strength in shear parallel to the grain of the 

pieces being joined. The shear strength of wood parallel to the grain 

is normally one tenth or less of the tensile strength. Therefore the 

effective glue-joint area or ratio of finger length to pitch (L/P) must 

be at least 8 to 10 times the net section of the joint to develop a 

significant proportion of the tensile strength (Jokerst, 1980).

The higher the end pressure, the more efficient the locking action, 

hence there is a tendency to use as high a pressure as the wood can stand 

without damage. It can be shown that as finger length is increased, the 

end pressure must be reduced to avoid splitting. This is reflected in 

German Standard DIN 68140, which prescribes 12N/mm2 for 10-mm fingers and 

2N/mm2 for 60-mm fingers (Raknes, 1980). Consequently, shorter fingers 

are desirable because higher end pressure may be applied resulting in 

higher initial strength and immediate handling capabilities. In addition, 

short fingers produce less waste and require less power in machining.

One drawback to very short fingers is that there is very little end 

grain and bottom clearance in the joint for surplus glue to escape giving
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the danger of a slight "springback" if the pressing time is very short 

(Raknes, 1980).

Several finger-joint designs in use are given in Appendix "A" of this 

report.

Selbo (1963) provides an example showing the determination of the 

geometry of a joint.

1. Select tip thickness. If maximum strength is desired, use the 

thinnest tip that will give reasonably long cutter life. Assume 

that a 0.015-inch tip is chosen. Strickler (1980) recommends 

that finger tips should not exceed 1/32 inch to develop high 

strength structural joints.

2. Select most suitable pitch. This will depend on thickness of 

lumber if joints are cut parallel to width of boards. Assume 

that 7/16 inch is selected, which will result in an effective 

section area of:

As = 1 - |  = 1 - = 0.966 in2

3. Select slope. Data in his report indicate that a slope of 1114 

provides high joint strength. Then the finger length can be 

determined:

L = 1/2 P - t = 1/2 x 7/16 - 0.015 = 2.853 in.
— $—  -------- r m ------

and joint area

Aj = 2L = 2 x 2.853 = 13 in2
77T5
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If tested in bending on edge, joints with fingers visible on the 

edge are said to perform better (Jokerst 1981, Raknes, 1982). The 

reasoning is that, with fingers visible on the wide face, the two outer 

fingers are critical because they carry most of the load. When end 

pressure is applied during assembly, the outer fingers tend to spread 

out, resulting in thick glue lines and low strength joints. With the 

finger profile on the edges, the stresses are more evenly distributed 

across all of the fingers of the joint. The two conditions are il

lustrated in Figure 2.

Finger Orientation
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Quality Control

Finger joints have been used successfully in laminated beams and 

high-quality finger joints have been produced by a few truss manufacturers 

and dimension lumber producers. However, a large portion of the market 

lost confidence in finger-jointed dimension lumber when a few fingers 

failed on the job site. Moisture problems in the past, together with 

inadequate quality control, have caused some poor finger joints to be 

manufactured.

Strict quality control is crucial if finger-jointed dimension 

lumber is to reach its full potential. Producers must consistently 

manufacture joints of unquestionable high quality throughout the industry.

Proof loading or stress grading of every joint and every board 

produced is the most effective known quality control procedure. Proof 

loading has been used in the industry to a limited extent. Strickler (1980) 

feels that a proof load stress equivalent to 1.62 times the design stress 

of the member represents a minimum stress for complete assurance of 

product reliability for normal duration of load. He also feels that 

tension proof loading is preferred to a bending load. In Canada, NLGA 

Standard SPS 1-81 specifies that all production in the No. 2 and higher 

stress grades shall be proof loaded in tension to not less than 1.33 

times the allowable design value in tension for dry service conditions 

and normal duration of load.
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Conclusions

Finger jointing is an effective wood end-jointing technique with 

proven technology. The in-line operation lends itself very well to auto

mation and is capable of conveniently handling variable lengths of lumber 

and producing a continuous output that can be cut to any desired length. 

Presently, finger jointing is not practiced on a large scale in the 

lumber industry. Unified stringent quality control practices are essen

tial to produce a high-quality structural product consistently, and to 

secure widespread confidence in finger joints.
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Figure 1. Finger Joint and Identifying Nomenclature

i r

P = pitch t = tip thickness

L = length of fingers tan e= slope
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Figure 2. Lumber Showing Finger Joint Profile on Two Faces
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APPENDIX " A 1

Geometry of Finger Joints in Use

1. Mini-Joint (Hlibel and Piatzer) 

tip thickness = 0.2 mm

length of finger = 7.5 mm

pitch = 2.5 mm

slope = 1:7.6

end pressure - at least 710 psi is required to make the sides of 

the fingers press tightly producing a thin glue 

line which is desirable.

slope - flatter slopes of scarf than 1:8 or 1:10 does not

increase the strength, while a steeper slope reduces 

the strength considerably.

adhesives - phenol-resorcinol

Source: Marian, J.E. 1968. A new procedure for wood finger
jointing and its principles. Holz als Roh-Werkstoff 
26(2): 41-45.
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2. Forintek's Western Laboratory 

tip thickness = 0.8 mm

length of finger = 28.2 mm

pitch = 6.6 mm (5.8-mm base)

slope = 1:11

end pressure - 550 psi for 3 seconds

adhesive - phenol-resorcinol formaldehyde (PRF)

Source : Troughton, G.E. and S. Chow. 1980. Finger-jointing
kiln-dried and unseasoned white spruce lumber using 
the "WFPL Method". Forest Prod. J. 30(12): 48-49.

14



3. Rainham Timber Engineering Co. Ltd., United Kingdom

tip thickness = 1.5 mm

length of finger = 55 mm

pitch = 11 mm

slope = 1:12

efficiency - 75-85%

Source: Lamb-Shine, D. and R.W. Wands. 1982. Structural finger
joints. Proceedings, Production, Marketing and Use of 
Finger-Jointed Sawnwood, C.F.L. Prins, Ed. Martinus Nijhof/ 
Dr. W. Junk Publishers, The Hague, The Netherlands, pp. 
48.54.

4. Armabeton, Tesko Praha plant, Czechoslovakia 

For continuous production of laminated timber

tip thickness - 1 mm

length of finger = 20 mm 

pitch = 6.2 mm

slope =1:8

efficiency = 82%

Source: Dutko, P., S. Steller, B. Kozelouh. 1982. Research into
and experience of the use of finger-joints in timber structures 
in Czechoslovakia. Proceedings, Production, Marketing and 
Use of Finger-Jointed Sawnwood. C.F.L. Prins, Ed. Martinus 
Nijhof/Dr. W. Junk Publishers, The Hague, the Netherlands, 
pp. 35-47.
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5. South African Bureau of Standards (SABS 096-1976)

(SABS 653)

- finger length, L, should be at least 7.5 mm

- pitch should not exceed the following:

Finger Length (mm) Pitch (mm)

7.5 2.5

>7.5 to 10 L/2.5

>10 to 24 L/3.0

>24 to 35 L/3.5

>35 L/4.0

Source : van Syl, J.P. and I.S.J. Burger. 1982. Some views on
quality control. Proceedings, Production, Marketing 
and Use of Finger-Jointed Sawnwood. C.F.L. Prins,
Ed. Martinus Nijhof/Dr. W. Junk Publishers, The Hague, 
The Netherlands, pp. 25-47.
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6. German Standard DIN 68140

Finger Type t L P S

(DIN) 10 0.6 10 3.7 00 • C
O

(DIN) 20 1 . 0 20 6.2 7.4

" normal " 30 1.4 30 8.8 7.0

" tight" 30 1 . 0 30 7.0 5.7

End-Pressure

Finger Length Min. Pressure
(mm) (N/mm2)

60

50

40

30

20

10

2

4

6

8

10

12

Source: Juvonen, R. 1982. End pressure for finger-jointing.
Proceedings, Production, Marketing and Use of Finger- 
Jointed Sawnwood, C.F.L. Prins, Ed. Martinus Nijhof/ 
Dr. W. Junk Publishers, The Hague, The Netherlands, 
pp. 181-189.
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