
INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING DESIGN,1/2023 (23): 18–24 

INVESTIGATION OF THE INFLUENCE OF SOME FACTORS ON THE 
STRENGTH AND STIFFNESS OF JOINTS WITH STAPLES AND GUSSET PLATES 

Desislava Hristodorova, Nelly Staneva 
University of Forestry, Sofia, Bulgaria 

e-mail: d.hristodorova@ltu.bg; nelly_staneva@yahoo.com 

ABSTRACT 
Joints made with staples and gusset plates are widely used in the wood frame construction 

of various types of furniture, due to the quick and easy production and the availability of simple 
technology. In this regard, their good knowledge of bending loads would help furniture design-
ers in the design process. The investigation aims to summarize the data from the specialized 
literature on the values of parameters characterizing the behavior of joints with staples and 
gusset plates of details in wood frame, as well as to establish the influence of some key factors 
such as the detailed thickness, the angle between wood details of the joints, thickness and type 
of material of the gusset plates on their strength and stiffness under bending load. 
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INTRODUCTION 
In recent years, the information from the 

development of the wood-processing and fur-
niture industry shows that the joints by means 
of staples and reinforcing members in a 
frames are still successfully applied in the 
structure of upholstered furniture, which 
makes them an interesting object of study by 
a number of authors also to this day. Way 
back in the distant year of 1971, Eckelman 
determined the strength under bending load 
and stiffness of middle corner joints in a 
frame of Douglas fir (Pceudotsuga) plywood 
structural members. As a result of his study, 
the author concluded that the strength under 
bending load is satisfactory with one-sided 
reinforcement of the joint, it could also be 
improved by increasing the size of the rein-
forcing member, and directly depends not so 
much on the number and density of the con-
necting elements, but on the shear strength of 
the adhesive joint of the individual veneer 
sheets making up the plywood structure 
(Eckelman, 1971). Erdil et. Al (2003) deter-
mined the maximum bending moment under 

bending load of middle corner joints in a 
frame by means of staples on OSB structural 
elements and HDF reinforcing members, 
with and without the presence of adhesive. 
The results indicate that the application of ad-
hesive results in a nearly two-fold increase in 
strength, with maximum bending moment 
values ranging from 1183 to 2728 lb.inch for 
non-adhesive joints and from 3763 to 
4500 lb.inch for adhesive joints, depending 
on the number of staples, used in the joint, 
varying from 6 to 12 over the course of the 
study. Wang et al. investigated the behavior 
of middle corner joints by means of staples of 
23/32 inch thick OSB structural elements, 
with reinforcing members, with and without 
application of adhesive. The structural ele-
ments are 6 inches wide and 16 inches long, 
and the reinforcing members are double-
sided OSB, with a thickness of 7/16 inch, a 
width of 6 inches and different lengths – 4, 6, 
8, 10, 12 inches. 16 and 17 gauge staples 
were used. The obtained results indicate: 
upon application of adhesive the reinforcing 
members, the strength of the joint increases 
by 27%; the reinforcing member with a 
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length of 102 mm is insufficient, and with a 
length of 305 mm it is oversized for such type 
of joints; with an increase in the width of the 
reinforcing member in the range from 102 
mm to 203 mm, the presence of adhesive 
does not lead to a significant increase in the 
strength of the joint. The established values 
for the maximum loading force under bend-
ing load are in the range of 0.67 to 1.27 Kip. 
The authors found that changing the position 
of the staple does not affect the strength of 
the joint (Wang et al., 2007a). In the second 
part of their study, the authors examined the 
behavior of the same type of joints under dy-
namic load. The observed characteristic dam-
ages are pulling out of the staple, shearing 
along the thickness of the board, breaking of 
the member of the joint. In conclusion of 
their study, the authors conclude that such 
type of joints should not be subjected to load 
with more than 48% of the breaking force ob-
tained under a static load (Wang et. al., 
2007b). Taking into account the information 
from the specialized literature, we could con-
clude that no data were found on the strength 
and stiffness of joints by means of staples and 
reinforcing members at an angle other than 
90○. In this regard, the present first part of a 
series of studies includes data on the maxi-
mum bending moments and stiffness coeffi-
cients of middle and end corner joints at an 
angle other than 90○, in a standard frame, 
similar to the inclination of the backrest to the 
seat of furniture for sitting and sleeping (BDS 
17198:1990), of white pine (Pinus sylvestris 
L.) wood members with reinforcing beech 
plywood members, by means of staples and 
adhesive, subjected to static bending load.  

MATERIALS AND METHODS 
For the purposes of the study, Scots pine 

(Pinus sylvestris L.) wood was used for the 
members of the test specimens, with a cross 

section of 50x25 mm and 5-layer beech ply-
wood, class B/BB, with a thickness of 8 mm 
for the reinforcing members. The materials 
have the following physical and mechanical 
properties: Scots pine with density – ρ12 = 
430 kg.m-3, modulus of elasticity – 
EL12%=9000.106 N.m-2 and bending strength 
σbend.12 =64,84.106 N.m-2; plywood – ρ = 
760 kg/m3, E|| = 3500.106 N.m-2, E  = 
7100.106 N.m-2, σbend.|| = 75.106 N.m-2, σbend.  

= 68.106 N.m-2. The structural members of 
the laboratory-tested joints were assembled 
by connecting elements – staples and adhe-
sion. Staples series 100, type M1 (gauge 17) 
of the OMER company, with a wire cross-
section of 1.24/1.46 mm and a body length of 
30 mm, were used. The application of adhe-
sive with polyvinyl acetate adhesive (PVA) – 
Moment Wood Standard of the company 
HENKEL, class D2 was carried out at a con-
trolled consumption per unit area of          
180 g.m-², by means of the weight method. 
The assembly was carried out by means of a 
device that ensures the angle between the 
wood members and a pneumatic stapler of 
the company FASCO – model F44C. An op-
erating pressure of 5.105 N.mm -2 was used.  

The study was carried out on the series 
of test specimens shown in table 1 with the 
appearance, shape and dimensions presented 
in Fig. 1. 

The specimens are loaded in arm com-
pression bending load, according to the 
scheme presented in Fig. 2, until reaching the 
maximum loading force Fmax. in a time inter-
val of 60 ± 30 s, for each test specimen. 

The maximum bending moment under 
bending stress by collecting arms was deter-
mined according to formula (1) in N.m 
(Kyuchukov, 2016). 

 Мmax = Fmax . l , (1) 

where Fmax is a bending moment under 
bending stress by collecting arms, N; 
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  l – bending arm, m.   

Table 1: Butt joints by gusset plates and staples M1/30 with glue used for laboratory tests depending on the 
angle between the details 

Type of corner joint  135○ 

(45○) 
120○ 
(30○) 

105○ 
(15○) 

T-shape butt joints at an angle other than 90○ by 
staples with gusset plates and glue  А1М1/30PVA 1* А2М1/30PVA 2 А3М1/30PVA 3 

End corner butt joints at an angle other than 90○ 
by staples with gusset plates and glue   А4М1/30PVA 4 А5М1/30PVA 5 А6М1/40∆PVA 6 

* 1, 2, 3, 4, 5, 6 – number series 

 
Figurе 1: Type and dimension of the tested samples 
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Figurе 2: Scheme for testing of test simple and method of determining the bending arm l depending on the 

types of joint 

The stiffness coefficient ci under bend-
ing stress by collecting arms was determined 
according to formulas (2), (3) and (4) in 
N.m.rad-1.  

 
i
iM

ic , (2) 

 0MiMiM  (3) 

 0ii  (4) 

Where ci is rotational stiffness, N.m.rad-1; 

0,MiM – bending moment for F40 and F10, 

N.m; 

0,i
– angle of semi-rigid rotation of the 

arms of the joint at F40 and F10, rad. 
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The results of the conducted laboratory ex-
periments were processed variationally and 
statistically by the least-squares method us-
ing Microsoft Excel. 

RESULDS AND DISCUSSION 
As a result of the study, the arithmetic 

mean values of the maximum bending mo-

ments and stiffness coefficients of butt joints, 
at an angle other than 90○, by gusset plates 
and staples M1/30 with glue, in a wood frame, 
were determined, the values are presented in 
table 2 and table 3. 

Тable 2: Variation statistics parameters from maximum bending moments Мmax.bend. of butt joints at an 
angle other than 90○ by gusset plates and staples M1/30 with glue in a wood frame  

№ 
series Type of joints χ̅,  

N.m 
Mmax, 
N.m 

Mmin, 
N.m 

med., 
N.m 

s,  
N.m 

v,  
% 

p,  
% 

n,  
бр. 

1 А1M1/30PVA 185,36 229,99 150,23 188,64 22,85 12,33 3,90 10 
2 А2M1/30PVA 143,78 165,99 115,35 144,52 17,67 12,29 3,89 10 
3 А3M1/30PVA 142,74 164,56 106,74 147,93 17,10 11,98 3,79 10 
4 А4M1/30PVA 182,05 203,82 130,36 186,87 22,43 12,32 3,90 10 
5 А5M1/30PVA 322,95 352,88 284,71 327,09 21,63 6,70 2,12 10 
6 A6M1/30PVA 668,42 900,50 544,68 587,62 130,88 20,42 6,46 10 

Table 3: Variation statistics parameters from stiffness coefficients ci of butt joints at an angle other than 
90○ by gusset plates and staples M1/30 with glue in a wood frame  

№ 
серия Вид серия χ̅, 

N.m.rad-1 
сmax, 

N.m.rad-1 
сmin, 

N.m.rad-1 
med., 

N.m.rad-1 
s,  

N.m.rad-1 
v,  
% 

p,  
% 

n,  
бр. 

1 А1M1/30PVA 2492,43 2809,18 1898,40 2625,58 298,07 11,96 3,78 10 
2 А2M1/30PVA 1618,64 2041,53 1346,27 1686,54 220,32 13,61 4,30 10 
3 А3M1/30PVA 1430,00 1712,46 1205,04 1450,74 171,15 11,97 3,78 10 
4 А4M1/30PVA 3589,97 4294,86 2829,13 3498,70 492,63 13,72 4,34 10 
5 А5M1/30PVA 4792,46 5957,43 4206,89 4575,41 602,85 12,58 3,98 10 
6 A6M1/30PVA 11417,57 14815,47 9358,68 10764,49 2249,75 19,70 6,23 10 

The results of table 2 show that with a 
decrease in the angle between the arms of the 
joint, the values of the maximum bending 
moments Mmax.bend. for T-shape butt joints, 
series No. 1, 2, 3, respectively, decrease in 
the range of 185.36 to 142.74 Nm, with be-
tween 135○ and 120○ the percentage differ-
ence being 28,92%, and between 120○ and 
105○ being insignificant, due to the fairly 
close values between series No. 2 and No. 3, 
143.78 Nm and 142.74 Nm, respectively. 
These close values are probably the result of 
the larger number of connecting elements – 
staples connecting the reinforcing member of 
the joint with the lower structural element, in 
series No. 3 compared to series No. 2. 

The opposite trend is observed in end 
corner joints, series No. 4, 5, 6, with values 
of Mmax.bend. from 182,05 to 558,42 Nm. This 
large percentage increase is due to the larger 
adhesive area between the structural ele-
ments, as well as between them and the rein-
forcing member. The strength of the end cor-
ner joints increases by 43.63% when the an-
gle decreases from 45 to 30○ and by 51.68% 
in the range from 30 to 15○.  

From the determined values for the stiff-
ness coefficients /table 3/ it was found that as 
the angle between the arms of the joint de-
creases, the compliance of the connection be-
tween the structural elements decreases in the 
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T-shape butt joints, series No. 1, 2, 3 and in-
creases in the end corner joints, series No. 4, 
5, 6 with the following percent differences: 
series No. 1, 2 – 53.98%; series No. 2, 3 – 
17.95%; series No. 4, 5 – 33.5%; series No. 
5, 6 – 138.24%.  

As a result of the conducted study, two 
types of destruction were found in series No. 
1, 2 and 3. The first type is expressed in the 
destruction of the adhesive joint between the 
two wood members, and the second type in 
the delamination of the plywood. Higher val-
ues of the maximum bending moment were 
found in the second type of destruction. In the 
case of series No. 4, destruction of the ply-
wood reinforcing member was observed, in 
the part with the wood member with a smaller 
adhesive area. Delamination of the reinforc-
ing member is also observed in series No. 5, 

in the part before the adhesive joint. Series 
No. 6 is characterized by two types of de-
struction, which is also due to the slightly in-
creased values of the accuracy index for 
Mmax.bend. and ci. The first type is expressed in 
the destruction of one of the arms of the wood 
joint, and the second in the delamination of 
the plywood. Determining for the type of de-
struction in this series is the direction and 
density of the annual rings in the wood mem-
bers. 

Fig. 3 and Fig. 4 show the dependences 
between the values of the maximum bending 
moments and stiffness coefficients and the 
angle between the members, the object of the 
study. Second-order equations are derived, 
which would help in predicting the strength 
and stiffness of joints of the studied species. 

 

  а)  b) 

Figure 3: Relation of the angle between the arms of the joint and the maximum bending moment M max.ог. 
of the investigated T-shape a) and end cornerb) butt joints 

   а)  b) 

Figure 4: Relation of the angle between the arms of the joint and the stiffness of coefficients ci of the inves-
tigated T-shape a) and end corner b) butt joints 
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CONCLUSIONS 
From the laboratory study thus carried 

out, the values for the maximum bending mo-
ments and stiffness coefficients under bend-
ing load of butt joints, at an angle other than 
90○, by gusset plates and staples M1/30 with 
glue in a wood frame, were established, as a 
result of which several recommendations 
could be made: 

 It is recommended in the T-shape butt 
joints by staples with glue and 8 mm 
thick plywood reinforcing members 
and an angle between the members of 
135○ and 120○, to check the strength 
and stiffness of the joints under bend-
ing load and four numbers of staples 
in the joining part on the plywood re-
inforcing member and the lower 
wood member; 

 In the butt end corner joints by staples 
with 8 mm thick plywood reinforcing 
members and an angle between the 
members of 45○, the strength and 
stiffness of the joint under a bending 
load should be checked and a larger 
size of the plywood reinforcing mem-
ber; 

 In the butt end corner joints by staples 
with 8 mm thick plywood reinforcing 
members and an angle between the 
members of 15○, it is recommended to 
check the strength and stiffness of the 
joint under bending load with a re-
duced number of connecting ele-
ments. 
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