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ABSTRACT 

Tips of wood finger joint are positioned in perpendicular line regarding to edges of 

wood pieces. In this comparison research, the effect of two slope positions of fingers tips, on 

tensile strength of poplar (Populus alba L.) and silver fir (Abies alba Mill.) finger joint 

connection, bonded with polyvinyl adhesive, was studied. Fingers profiles were produced 

with edged tips, pitch 6 mm, length 10 mm and slope angle 17°. The tensile strength parallel 

to the grain of joints with fingers tips lined perpendicular to strips edges, as well as 10° and 

20° referring to the first one direction, were measured, according to norm ISO/CD 13061-6. 

There were tested 24 samples for each type of joints. Regarding to poplar wood, the tensile 

strength of joints with fingers tips lined perpendicular to strips edges resulted 24 N/mm
2
, 

while for 10° and 20° slope positioning resulted respectively 6% and 3% higher. With regard 

to fir wood, the tensile strength of joints with fingers tips lined perpendicular to strips edges 

resulted 27 N/mm
2
, while for 10° and 20° slope positioning resulted respectively 7% and 3% 

higher.  
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INTRODUCTION 

Wood is one of the most important raw materials for construction and for many other 

uses. Its versatile utilization is based on availability as well as on easy processing with low 

energy requirement. No other construction material is as much ecological as wood. By the 

other hand wood presents some disadvantages, too. It is highly anisotropic material, its 

properties vary within a wide range and it is known to be sensitive to exposure to moisture. 

To avoid some of the disadvantages of solid wood, satisfying so the demand of construction 

industry for high-quality dry timber construction materials with more consistent and reliable 

properties, several engineered wood based materials have been developed over the years. 

These materials mean longevity of product itself as well as lower pressure on forest 
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resources, because of reduced demand for wood timber. In this framework glued-laminated 

timber (glulam) takes its share. Glulam is manufactured for architectural applications and 

consists of two or more layers of lumber, called laminations, glued together, and can be 

produced as long as can be transported, due to finger joint connections. These last ones are 

decisive elements of its strength. 

The strength of finger-joint depends on some parameters which always must be taken into 

account, like finger geometry, assembly pressure, curing time, adhesive type, wood density 

and moisture content as well as pre-treatment of wood. 

Finger-joint geometry is one of the most important variables determining joint strength 

(Selbo, 1963; Fisette and Rice, 1988; Colling and Ehlbeck, 1992). It has been investigated 

and discussed by many authors from the beginning. There are four parameters which describe 

the finger’s profile geometry, teeth length, pitch, fingertip and slope angle.  

With regard to structural finger joints of Douglas-fir wood, the tensile strength parallel to the 

grain for 38 mm fingers resulted 43% higher than 22 mm ones, while the fatigue strength 

resulted almost the same (Bohannan and Kanvik, 1969). Other studies with softwoods found 

that the tensile strength of lumber joined with a 21 mm long finger profile showed a 

significantly lower value than those with 18 and 24 mm finger profile groups by 11.3 and 

8.5%, respectively, due to the wide finger tips (Min-Chyuan et al., 2011). 

For broadleaves of low to medium density destined for structural products, the optimal 

finger’s length appeared to be 18 mm (Ayrkawa et al., 2000). Other studies on finger joints 

from high density hardwoods like beech and oak, confirmed that the highest bending strength 

(MOR) was obtained for the highest finger lengths (Vassiliou et al., 2005, 2007, 2009).    

The slope 1 in 16 to 1 in 20 produces elevate joint strength comparable to clear wood strength 

when is properly bonded (Strickler, 1980). Between pitch and tip width, the last one results as 

a geometrical parameter of great importance in strength of finger-joint. Smaller to be the tip 

width, stronger is the finger-joint. The recommended tip width is from 0.5 to 0.7 mm 

(Hernandez, 1998). If fingers length becomes larger without increasing fingers pitch, the 

strength of connection increases, but the best results are obtained for values of length/pitch 

from 4 to 5 (Selbo, 1963). Gaps between fingers tips and bases appear as necessity for 

accumulation of excessive adhesive. According to the German Standard 68140-1, this gap 

varies in 0.03 of finger’s length (DIN-68140, 1998).  
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Anyway, many authors have found that modulus of elasticity (MOE) and sometimes and the 

ultimate tensile strength (UTS), were not significantly influenced by finger’s profile 

geometry (Vassiliou et al., 2005, 2009; Ayrkawa et al., 1999; Gong et al., 2009). 

Historically, finger-joint was developed by necessity for a good performance end-joint. It was 

a further development of scarf joint, which was formed by cutting a slope to the ends, thus 

exposing wood that approaches side grain. At slope from 1 in 10 to 1 in 20 was found that 

scarf joint efficiency ranged from 85 to 95% of clear wood tensile strength (Jokerst, 1981). 

The bending strength efficiency of European spruce scarf joint arrived up to 120% for 

inclined angle of 170° (Karastergiou and Ntalos, 2005). However, scarf joints presented some 

deficiencies regarding to waste of wood and accuracy in machining, which caused their 

replacement by finger joint.  

Actually finger joint is now the dominant type of end joint. Configuration of fingers 

influences on mechanical performance of finger-joint connections. Significant differences are 

found for bending strength between feather, male-female and reverse joint configuration of 

black spruce (Picea mariana Mill.) (Bustos et al., 2003). In a finger joint connection, finger 

tips are positioned in a straight line oriented vertically regarding to edges of wood pieces. It 

means that two pieces are in contact between them through the shorter contact vector (figure 

1). Taking into account the advantages of two types of connections mentioned above, a study 

was carried out to analyse the effect of slope positions of fingers tips on tensile strength of 

poplar (Populus alba L.) and silver fir (Abies alba Mill.) finger joints, bonded with polyvinyl 

adhesive. It aimed to give information about opportunities for production and application of a 

better quality and performance of wooden products and their structures.  

 

 

 

                                       vertical position                       slope position 

Figure 1. Position of finger tips 

 

Materials and method 

The study was based on comparative laboratory method, cause-consequence 

(Creswell, 2003). The method consisted to quantity evaluation of a specific phenomenon 

caused by a provocative factor and after that, the evaluation of the same phenomenon in the 

situation of the factor’s absence. In our case, the phenomenon was the tension strength 
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parallel to the grain of finger-joint connection, and the provocative factor was the position of 

finger tips. 

Wood material for production of samples was selected from pieces of kiln dried poplar and 

silver fir boards. From selected pieces were sawn blocks without deformations or structure 

defects with dimensions of cross-section 5×6 cm, and various lengths. Fingers profiles were 

produced on one head of each block by means of a spindle moulder with sliding table. They 

were produced with edged tips. The geometric profile of cutter heads (knifes), which means 

the geometric profiles of fingers are shown in Figure 2.  

 

 

                                       tips in vertical  position  tips in slope position 

Figure 2.  Geometric profile of fingers 

 

With regard to fingers with tips in vertical position geometrical parameters were as below:  

pitch P = 6 mm, length L = 10 mm, slope angle Θ = 17°. 

With regard to fingers with tips in slope position were respected the same values of length 

and pitch. 

There were produced three series of fingers, the first one with tips in straight vertical line and 

two others with tips in slope direction, respectively with slope angle α=10° and 20°, referring 

to the first one direction (figure 1).  

Following fingers production and combination of blocks two by two, a PVA D1 glue (Neon, 

ALBANIA) was applied on one profiled head by roller brush. The quantity of glue was 

referred to industrial application 170÷240 [gr/m
2
], resulting in 2.5÷2.8 [gr.] per piece. It was 

verified by weighing the pieces before and after application of glue. Then, the blocks couples 

were pressured manually by means of hand grip vices for a period of 24 hours. With regard to 

adhesive and pressure application, devices and techniques used in the study were typically for 

handicraft and small scale production, which has given the biggest share of finger-joint 

production in Albania. After, the jointed blocks were cut and planed to final dimensions 
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20×20×320 mm, to produce testing samples according to the standards ISO/CD 13061-6 

(ISO13061-6: 2014). 

The samples were conditioned to reach equilibrium moisture content around to 12%, and 

were tested by means of mechanical testing machine (Controlab, FRANCE). Modulus of 

rupture (MOR) of joint with finger tips in vertical position, as well as 10° and 20° slope 

position of tips, referring to the first one direction, were calculated in N/mm
2
. 

In total were tested 144 samples, 24 for each series of samples. 

 

Results and discussion 

Mean values of modulus of rupture (MOR) of finger-joints samples belonging to 

poplar (Populus alba L.) and silver fir (Abies alba Mill.) wood, together with respective 

standard deviations, measured in tensile parallel to the grain tests, are shown in Table 1.  

 

Table 1. Results of modulus of rupture (MOR) and standard  

deviations of poplar and silver fir wood 

Finger tips 

position angle 

Poplar Silver fir 

MOR 

[N/mm
2
] 

Stand. 

Dev. 

MOE 

[N/mm
2
] 

Stand. 

Dev. 

0° 24.32 2.75 27.24 2.88 

10° 25.77 3.13 29.17 2.92 

20° 25.04 3.26 28.07 3.32 

 

Mean value of the density of poplar and silver fir wood used in our study resulted 

respectively 0.45 g/cm
3
 and 0.48 g/cm

3
, with a standard deviations respectively 0.039 and 

0.042. 

The tensile strength of tested samples ranged for poplar samples from 24.32 N/mm
2
 to 25.77 

N/mm
2
 and for fir samples from 27.24 to 29.17.  On the first sight, for both species, MOR 

values appeared to be higher for 10° finger tips position comparing to two other directions, 

though in small values. Also, the lowest value resulted for vertical tips position. For poplar 

wood, the tensile strength of vertical fingers tips positioning resulted 6% lower respecting to 

tips slope of 10° and 3% lower respecting to tips slope of 20°. For fir wood, the tensile 

strength of vertical fingers tips positioning resulted 7% lower respecting to tips slope of 10° 

and 3% lower respecting to tips slope of 20°.  
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From examination of results can be noted that tensile strength parallel to the grain was 

influenced by the finger tips position. It can be explained taking into consideration that in the 

slope position, the contact surface between two components (blocks) glued together was 

higher, giving so a stronger resistance comparing with vertical position. Anyway, based on 

the total tests results, can be said that to receive a notable difference in tensile strength, the 

slope angle of finger tips position must to be no less or more than 10°.  

Other studies have noted that the angle 10° gives the highest strength also and in static 

bending tests (Habipi et al., 2015). 

 

Conclusions 

A study was carried out to analyse the effect of slope positions of fingers tips on 

tensile strength parallel to the grain of poplar (Populus alba L.) and silver fir (Abies alba 

Mill.) finger joints, bonded with polyvinyl adhesive. It aimed to give information about 

opportunities for production and application of a better quality and performance of wooden 

products and their structures.  

Based on research results obtained during this comparison study we can say that the slope 

angle of tips position of finger jointing presents a better performance referring to mechanical 

features in tensile tests, giving so good opportunities for its utilisation. The slope angle 10° 

produce a value of modulus of rupture more than 6% higher comparing to vertical finger tips 

position.  

With regard to state of art of the technology by means of the finger-joint is produced, the 

production of fingers with slope tips position can be applied with a small added costs related 

to cutter heads for fingers profiling.  
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