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Abstract  

This study explores the feasibility of end joining short pieces of commercial plywood through finger joints. The joints were 

glued with urea formaldehyde and   poly vinyl acetate (PVAc) adhesives. It was observed that both the adhesives resulted 

in similar bending strengths of around 25N/mm2 showing no glue effect. This was attributed to the absence of glue 

penetration into individual veneers which already had exposure to enough adhesives during manufacture of the plywood. 

The bending strength efficiency was in the 53%-61% range depending on the direction of face veneers. All jointed samples 

resulted in very high MoE efficiencies in the range of 84% to 97% as is seen in solid woods usually. The actual values 

ranged between 4440 N/mm2 and 6240 N/mm2 in two directions.  Overall, the study demonstrated the potential of using 

finger joints for saving plywood offcuts that are wasted by the furniture manufacture industry to make longer sections with 

more than half of bending strength and very high elasticity compared to original unjointed plywood. 
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Introduction 

Wood and composite products of wood, including particleboard, 

plywood, and MDF are widely used in the manufacture of 

products used inside buildings such as furniture, flooring, doors, 

and cabinets1. A study conducted in Turkey showed that panel 

products are widely used in furniture manufacture, and out of 

the total wastage resulting from such industries, more than 96% 

was being used in heating homes and work places2. The wastage 

pattern in Australian furniture industry reports that offcuts from 

plywood as well as other panel products like MDF also 

contribute to wood wastage3. According to this study, most of 

such plywood offcuts are being used for charity purposes by 

many companies. However, those who mix such plywood and 

MDF offcuts with other solid wood waste actually cause 

contamination to the total waste resulting in lesser re-utilization. 

 

Thus it becomes imperative to find ways of utilizing such small 

sections of plywood and other panel products. One way would 

be to join the short waste portions and utilise the joined sections 

in the furniture industry. Reports on joints of plywood sections 

are generally available for dowelled and lap joints. The bending 

strength of 4-6 inches pin hole dowel joints ranged between 

18.2N/mm2 and 38N/mm2 according to one study4. Bending 

strength of 40N/mm2 has reported for half lap joints of 

blockboards5. However, lap jointing is not advisable since a lot 

of material will be further wasted during the joint manufacture. 

A long list of items that can be made out of waste portions of 

plywood furniture which were designated as upcycling of 

plywood furniture wastes has been given by Deo6. These 

include wall mounted kitchen shelves, indoor hanging swings, 

fancy book/magazine shelves etc. Though these are attractive 

ideas, the strength parameters vis-à-vis requirements were not 

touched upon. 

 

When 12mm (5-ply) thick Sugi and Karamatsu plywood 

specimens were loaded with a CN75 nail, it was found that 

though the grain direction of the surface veneer considerably 

affected the stiffness, the maximum load was only negligibly 

affected under embedment resistance7. In a test on lap jointed 

4mm thick plywood of spruce (3 ply) with different adhesives, 

only 2.7 N/mm2 of tensile strength could be acheived8. Frolovs 

et al. reported that the orientation of plywood surface layer had 

only minor influence on the shear and tensile strength of edge-

to-surface joints made with 4mm, 6.5mm and 9mm thick birch 

plywood sections using poly vinyl acetate glue9. In a study on 

adhesive reinforced dowel joints on different commercial 

plywoods, it was found that sufficiently strong joints could be 

made for furniture applications10. In a study on staple joints, ply 

grain orientation was shown to have no effect on staple 

withdrawal strength from the plywood11. In another study, 

double pair metal-plate joint was shown to result in 50% more 

stiffness compared to single pair metal-plate joint in OSB 

furniture frames12. 

 

In Plywood frame corner joints with glued-in hardwood dowels, 

the bending capacities of the joints corresponding to modulus of 

rupture of the jointed glulam beams of about 30 N/mm2 were 

obtained for both closing and opening moments for the small 

cross sections whereas, about 22N/mm2 was obtained for larger 

cross sections13. The permissible limit of moisture content was 

found to be between 30-60% for better shear strength in 5 

layer green-glues plywood14. In another interesting study, it is 

also reported that thick plywood with longitudinally scarf 
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jointed veneers can have practicable bending performance, if the 

longitudinal joints of veneer are restricted to the inner layers15. 

 

Looking at the absence of finger jointing technology being 

adopted so far, a study was taken up to join plywood pieces 

using finger jointing so that short pieces of waste plywood in 

any furniture production unit can be efficiently utilized. It is 

pertinent to note that the usefulness of finger jointing technique 

in end jointing of solid woods is already established. There are 

reports on three African hardwoods, where efficiencies ranging 

from 72 to 94% have been achieved using melamine 

formaldehyde adhesive16. With Resorcinol formaldehyde 

adhesive, these hardwoods showed efficiencies in the range of 

43–94% depending on the finger parameters and the end 

pressure used during joint mating17. Bending strength 

efficiencies of 34% to 42% and 23% to 35% only could be 

obtained for Eucalyptus when sections were joined with Urea 

Formaldehyde and PVA adhesives respectively18. However, up 

to 60% efficiency in MoR for eucalyptus with UF adhesive is 

reported by others19. It is to mention that near 100% efficiency 

in bending strength has been reported for mango wood using UF 

adhesive20. Thus it becomes imperative to investigate the 

strength of finger-jointed sections of commercially available 

plywood from utilization point of view for various end-uses. 

 

Materials and methods 

A commercial plywood (make DURO – all weather grade) by 

M/S Sarda Plywood industry was used in the present study. 

Finger jointed and control samples were prepared from four 

boards of size 203mm x 102mm x 18mm. samples were 

prepared in two directions: along and perpendicular (across) the 

grains of the face veneers. 

 

For finger jointing, a profile with finger length of 20mm, pitch 

of 5mm and tip width of 0.8mm was used. Fingers were profiled 

parallel to the plain top surface. For jointing purpose, 250g of 

100% Urea Formaldehyde (UF) in powder form was mixed with 

180ml of water. For hardening purpose 5g (2% of resin) of 

ammonium chloride was added to the above to get a viscous 

solution of approximately 58.6% solid content. For 

reconfirmation of results, another two sets of finger jointed 

samples were prepared with a commercial PVAc adhesive also. 

Two sets of control samples (in two directions with respect to 

the face veneers) also were prepared for testing. 

 

After applying the glue, the fingers were pressed on finger 

pressing vice at an end-pressure of 6N/mm2 for a short period of 

time of 3-4 seconds. The jointed fingers were allowed to cure at 

room temperature for 48 hours. The numbers of samples thus 

prepared are given in Table-1.The broad directions given in IS: 

1734 were followed in conducting the bending tests21. A 

uniform span of 450mm was adopted for all samples22 which 

was more than 24 times the thickness of the plywood and all 

samples had a length of 500 mm. 

 

Table-1: Details of plywood samples 

Sample type Adhesive 
Sample 

name 

No. of 

samples 

Along the grain of face 

veneer 
Control CAlG 35 

Across the Grain of face 

veneer 
Control CAcG 35 

Along the grain of face 

veneer 
UF UFFjAlG 35 

Along the grain of face 

veneer 
UF UFFjAcG 35 

Along the grain of face 

veneer 
PVAc PvFjAlG 22 

Along the grain of face 

veneer 
PVAc PvFjAcG 20 

Total 182 

 

Static Bending test was carried out on an automatic Universal 

Testing Machine (UTM). The specimen was placed at the 

middle such that it was at the right angle to the load. The load 

was applied on the joint which is the weakest section of the 

specimen. For control specimen, the load was applied at the 

centre. 

 

The load was applied continuously throughout the test such that 

the movable head of the testing machine moves at 2.5mm/min. 

The readings of deflections corresponding to progressively 

applied loads were recorded automatically in a computer 

connected to the UTM. This process was continued until the 

samples broke and the loads at which the joint failure took place 

were also recorded for each sample. Graphs were generated with 

the deflections in mm recorded on the abscissa and 

corresponding load in N on the ordinate for each sample. 

 

The UTM used had in-built software facility to determine the 

limit of proportionality and deflection corresponding to this 

point. Hence, the output of the UTM had all values calculated 

using the standard formulae given below: 

22

'3
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lP
MOR= N/mm2               (1) 

3

3

4Dbh

Pl
MOE = N/mm2               (2) 

Where: P = load at limit of proportionality (N), P' = maximum 

load (N) at joint failure, l = span of sample (mm), b = breadth of 

sample (mm), h = height (thickness) of sample (mm), D = the 

deflection corresponding to the limit of proportionality (mm). 

 

Statistical analyses were carried out using the SPSS package. 

 

The efficiency of each strength parameter was calculated using 

the following formula: 
𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =

 
Mean of Parameter determined for jointed plywood section

Mean of Parameter determined for unjointed corresponding section
∗ 100   (3) 
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Results and discussion 

The calculated Modulus of Rupture (MoR) and Modulus of 

Elasticity (MoE) of unjointed as well as jointed samples are 

discussed separately.  

 

MoR and MoE of Control (unjointed) samples in two 

directions: It was seen that the MoR of the 35 control (un-

jointed) samples ranged between 31.8 and 62.6N/mm2 for along 

the grain with a mean of 48.4N/mm2. For the 35 across the grain 

un-jointed samples, the MoR was between 23.1 and 56.1N/mm2 

with an average value of 41.3N/mm2.  Usually, the strength 

values are reported to be higher along the grain. The strength 

values measured across the grain for 16mm plywood made of 

Eucalyptus grandis, Fagus orientalis and a hybrid poplar were 

nearly half of the values measured for along the grain samples23. 

It is to be noted that the MoR values claimed by the 

manufacturer are 50N/mm2 along the grain and 30N/mm2 across 

the grain24. Thus one can see that the values obtained in the 

study are almost in agreement with those claimed by the 

manufacturer. However, the difference of 20N/mm2 claimed by 

them is not observed in the study with the strength across the 

face veneer grain showing high values. It is pertinent to note 

that a commercial plywood of marine grade showed absence of 

difference in the bending strength values along and across the 

grain for a range of 12-25mm thickness25. 

 

The mean values of MoE are 6807N/mm2 for along the grain 

which ranged from 5078 to 8171N/mm2 and 4931N/mm2 which 

ranged between 3967 and 5502N/mm2 for across the grain 

samples. Thus the MoE across the grain seems to be quite 

smaller. The MoE values measured along the grain are similar 

to that of 16mm plywood made of hybrid poplar23. A similar 

trend of reduced MoE values for three types of 9-veneered 

plywoods made out of birchwood is also reported22. The MoR 

values claimed by the manufacturer are 7500N/mm2 along the 

grain and 4000N/mm2 across the grain24. The values obtained in 

the present study almost agree with these claimed values. 

Higher MoE values in the range of 6000-90000N/mm2 for 18 

mm ply of beech wood have been reported which also had 

higher values in the along the grain direction26. 

 

MoR and MoE of finger-jointed samples in two directions: 

The MoR values of finger jointed (joined with UF adhesive) 

samples measured along the grain ranged between 18.5 and 33.7 

N/mm2 with a mean of 25.8 N/mm2. The values of across the 

grain of this set of finger jointed samples ranged between 17.5 

and 34.8N/mm2. Average value of MoR of finger jointed 

samples across the grain is 25.3N/mm2. This shows that there 

are huge reductions in the MoR values of finger jointed samples 

compared to the control samples in both along and across the 

grain direction when joined with UF. But what is more 

interesting is the fact that there seems to be practically no 

difference in the strengths of the sections joined with UF 

adhesive. As explained earlier, a set of samples were joined with 

PVAc adhesive also. The mean value in either direction in this 

case was 25.8N/mm2 with standard deviation of just 5N/mm2 in 

each case. Thus, the adhesive used to join the sections through 

finger jointing does not seem to have any effect on the resulting 

reduced strength. 

 

The MoE values in along the grain direction of finger jointed 

samples (joined with UF) are between 2688 and 7326N/mm2 

with a mean of 5742N/mm2. This value also seems to have 

reduced in comparison with unjointed samples. For the across 

the grain samples, the MoE values were between 3544 and 5429 

N/mm2 with a mean of 4519N/mm2. Here also there looks to be 

a general reduction in MoE for the finger jointed samples joined 

with UF. In the case of samples joined with PVAc, the MoE 

values were again reduced with means of 6240N/mm2 for along 

the grain samples and 4440N/mm2 for across the grain samples. 

However, there looks to be very little similarity in the MoE 

values obtained with the two adhesives unlike in the case of 

MoR suggesting some role for the adhesive used to finger joint 

the plywood sections. 

 

For confirmation of the observed similarities, the results were 

statistically analysed using SPSS. 

 

Statistical analyses: All the 182 MoR values were subjected to 

one-way ANOVA to understand the statistical differences in the 

measured mean values. The analysis clearly indicated a very 

clear difference in the values with p <0.001. Hence the values 

were further subjected to Duncan’s homogeneity test and the 

results thereof are presented in Table-2. 

 

Table-2: Duncan’s subsets for MoR of all samples 

Sample 

type 

No. of 

Samples 

Subsets of MoR (N/mm2) 

1 2 3 

UFFjAcG 35 25.3   

PvFjAcG 22 25.8   

UFFjAlG 35 25.8   

PvFjAlG 20 25.8   

CAcG 35  41.3  

CAlG 35   48.4 

Sig.  0.79 1.00 1.00 

 

Table-2 shows that the unjointed plywood samples have slight 

but significantly higher bending strength when the samples had 

their face veneers along the grain. This is a usual phenomenon 

reported for many plywoods. In a recent report on plywood 

made with different progenies of Melia dubia, the mean MoR 

varied between 53.2N/mm2 and 71.34N/mm2 along the grain27.   
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Very high MoR values exceeding 90 have been reported for 4 

and 5 layered beech and poplar laminated samples made with 5 

mm and 4 mm thick veneers using PVAc and Polyurethane 

adhesives28. 

 

However, in this study, more important is the behaviour of 

finger jointed sections of plywood.  From Table-2, it is seen that 

MoR values along and across the grain of the finger jointed 

plywood samples used in the present study with either adhesive 

do not differ significantly (p=0.79) at all. It has already been 

reported that the orientation of plywood surface layer do not 

influence the shear and tensile strength of edge-to-surface joint 

made with PVAc9. On the other hand, one would have expected 

the glue used to mate the fingers to play some role in the 

bending strength. Glues like PVAc consist of long fibrous 

molecules which reduces their mobility and hence causes lower 

penetration into the wood28. Moreover, UF contributing to 

higher bending strengths in finger joints of various solid woods 

is widely reported like mango wood30 and Eucalyptus18,31.  

 

Reports on the strengths of adhesive joints of plywood are rather 

limited. There is a report on the bending strength of end-jointed 

blockboards with melamine urea formaldehyde adhesive made 

out of veneers5. Out of the two end to end joints (butt and mitre) 

studied, they reported that the mitre joint with 27 N/mm2 was 

better than butt joint. They could increase the joint strength only 

by using a very long lap joint which leads to huge material 

waste. The plywood that was used in this study is marked as “all 

weather grade” by the manufacturer which indicates that it is 

meant even for exterior uses.  

 

Hence, it must have been made with exterior grade adhesives 

like phenol formaldehyde. Such adhesives which are able to 

diffuse into the cell walls and their curing in the cell walls 

results in higher hardness of the cell walls29.  

 

During the manufacture of the plywood, the wood veneers are 

almost completely spread with adhesive. Hence during 

subsequent joining of the sections, the possibility of the new 

glue (used for joining sections) penetrating the individual 

veneers is highly unlikely. Mechanical adhesion due to the glue 

filling up the voids in the surfaces only is expected and hence 

the low strength of UF joined finger jointed sections is in 

expected lines. Further, the similarity in MoR values obtained 

with both UF and PVAc adhesives (Table-2) proves the fact that 

there has been no diffusion of these adhesives into the wood 

structure. The absence of adhesive effect is further proven by 

the similarity of jointed samples’ strength irrespective of the 

grain direction. It should be remembered that the control 

samples did show a directional effect. 

 

All the 182 MoE values also were analysed in a similar manner 

and the results indicated differences in the measured MoE 

values of different sets of samples. The Duncan’s subsets 

formed are given in Table-3. 

  

Table-3: Duncan’s subsets for MoE of all samples. 

Sample 

type 
No. of Samples 

Subsets of MoE (N/mm2) 

1 2 3 4 5 

PvFjAcG 22 4440     

UFFjAcG 35 4519     

CAcG 35  4931    

UFFjAlG 35   5742   

PvFjAlG 20    6240  

CAlG 35     6807 

Sig.  0.658 1.000 1.000 1.000 1.000 

 

Unlike in the case of MoR, the MoE values do exhibit 

significant differences in a more spread out pattern with the 

mean values being grouped into 5 subsets. For the unjointed 

samples, the values are much more in the grain direction of the 

face veneers (6807N/mm2 against 4931N/mm2). This is in 

agreement with the report on marine ply where the MoE values 

were lesser ranging from 3500N/mm2 across the grain to 4500 

N/mm2 along the grain25. But what is more interesting is the fact 

that MoE is affected in both directions unlike usually found in 

solid woods. It is too often reported that finger jointing results in 

good MoE values in the case of solid woods irrespective of the 

adhesive used. It was argued that the elastic properties are more 

related to the wood rather than the adhesive bond32. Table-3 

indicates that MoE has significantly lowered after finger 

jointing of plywood sections. In addition, the values along the 

grain direction also show an effect of glue used to join the 

sections. Those joined with PVAc show higher elasticity. 

However, in case of across the grain samples, this glue effect is 

absent. 

 

Efficiency of joints: One of the methods to assess the suitability 

of finger joints is to evaluate the efficiency of MoR and MoE of 

the jointed sections against the unjointed sections. The 

efficiencies of finger jointed plywood samples (using the two 

adhesives) were calculated with respect to the values of control 

samples in either direction as described in the materials and 

Methods section. Table-4 gives the calculated efficiencies of 

finger jointed plywood section along and across the grain using 

the two adhesives. 

 

Table-4: Efficiencies (%) of plywood finger joints. 

 

Along the grain Across the grain 

Using UF 
Using 

PVAc 
Using UF 

Using 

PVAc 

MoR (%) 53.3 53.3 61.3 62.5 

MoE (%) 84.4 91.7 91.6 90.0 
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Table-4 shows that the efficiency of MoR along the grain are 

same for samples finger jointed with either adhesive. The salient 

point is that with either of the adhesive, more than 53 % of the 

original bending strength is retained. On the other hand, for 

across the grain samples, the efficiency with either adhesive is 

higher exceeding 60%. This is directly because of the lower 

strength of the control samples across the face veneers’ grain 

direction. As seen from Table-2, these actually had no 

difference with the values of along the grain direction. MoR 

efficiencies in the 40-60% with PVAc adhesive are often 

reported in solid wood finger joints. A study on beech wood 

reported an MoR efficiency of 43.6% with PVAc adhesive when 

joined with smaller fingers of 9mm length33. However, Singh et 

al. have reported a 63% efficiency for finger jointed Eucalyptus 

sections using a similar finger profile that was used in this study 

and UF adhesive34. 

 

In the case of MoE, along the grain and across the grain 

efficiencies are more than 84% for the finger jointed samples 

which is very much like the behavior in solid woods. Higher 

MoE efficiencies are often reported with many adhesives in 

finger jointed solid woods. Good retention of MoE in the range 

of 83% to 98% for finger jointed African hardwood sections 

were reported with resorcinol-formaldehyde adhesive17. They 

attributed this to the fact that stiffness is more of a global 

phenomenon than MoR and is not very sensitive to joint 

properties. 

 

The retention of high bending strength in the 50% to 60% range 

and very high retention of elasticity (>84 %) makes finger joints 

a potential technology to use up short pieces of plywood that are 

wasted by the furniture industry which use plywood as a base 

material. 

 

Conclusion 

The study reveals that it is possible to join short plywood 

sections with urea folrmaldehyde or polyvinyl acetate adhesives 

to obtain pieces with more than half the bending strength of 

original plywood. The directional difference, if any, observed in 

the unjointed plywood sections get neutralised in the case of 

bending strength after finger jointing. High stiffness is retained 

by the jointed sections like in solid woods. The study points to 

the fact that finger jointing can be potentially adopted by 

furniture industries to reduce wastage of short sections of 

plywood which arise during manufacture of furniture. 
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