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ABSTRACT

The presented study is the result of a laboratory testing under bending stress by collecting
arms by corner butt joints with 2 staples type M 1/40 of Scots pine (Pinus sylvestris L.) members
and boards (OSB, PB, PW) to determine the deformation behaviour of the joints.

The aim of the study is to establish the stiffness coefficients by examining the influence of

the material, the reinforcement by means of a triangular wood member and the type of joints
on the deformation behaviour of butt joints by staples.

The results obtained could be used as a basis for future research to predict the deformation
behaviour of furniture constructions as well as to find their application in the design of skeletons

of upholstered furniture.
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INTRODUCTION

In recent years, in the manufacture of
skeletons of upholstered furniture, butt joints
by staples are increasingly being used. This
is dictated by the high productivity and less
labor intensity in the technological opera-
tions compared to the other non-detachable
joints used in the constructions of uphol-
stered furniture (skeletons). In practice, when
building the skeletons of upholstered furni-
ture, butt joints by staples and reinforcing
members are successfully applied.

The first person who researched this
type of joints is Eckelman, whose publica-
tions date back to 1971. In them the author
determines the bending strength and stiffness
of middle corner joints of plywood members
from Douglas fir (Pceudotsuga). It has been
found that in the presence of a single-sided
reinforcing member a satisfactory strength is
provided for that can be improved by increas-
ing the size of the reinforcing member. It is
also concluded that the strength depends di-
rectly on the shear strength of the adhesive

joint of the individual veneer sheets of the
plywood rather than on the number and den-
sity of the staples (Eckelman, 1971). The re-
inforcing members can also be made of High
Density Fibreboard (HDF). Such joints are
subjected to a study by Erdil et al. (2003).
They determined the maximum bending mo-
ment of middle corner joints by staples,
means of OSB members and HDF reinforc-
ing member with and without the presence of
adhesive. The results indicate that the appli-
cation of glue results in a double increase in
the strength of the joints.

In the specialised literature, there are
publications whose subject of study is middle
corner joints of staples by means on OSB
members with reinforcing members with or
without application of glue with polyvinyl
acetate adhesive. The joints are subjected to
static bending. In consequence of the results
obtained, the authors conclude that, in the
presence of application of glue on the rein-
forcing members, the strength is increased by
27%. It is also concluded that a reinforcing
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member with a length of 102 mm is insuffi-
cient and such one with a length of 305 mm
is resized for such a type of joints. It has been
found that increasing the width of the rein-
forcing member in the range from 102 mm to
203 mm, in the presence and absence of ad-
hesive, is not a prerequisite for greater
strength of the joint. The authors conclude
that changing the position of the staple does
not affect the strength of the joint (Wang et
al., 2007%). In the second part of his study,
Wang et al. examine the behaviour of the
same type of joints under dynamic load. The
results show that even in the presence of dif-
ferent types of destruction in both types of
joints, with or without adhesive, the ratio be-
tween static to dynamic maximum load force
is preserved. In the case of staple joints, the
high value of the ratio is due to the pulling of
the staple. In the case of adhesive joints, the
low value of the ratio results from a shear
along the thickness of the board and the high
due to breaking of the member of the joint. In
conclusion of their study, the authors con-
clude that such type of joints should not be
subjected to load with more than 48% of the
breaking force obtained under a static load
(Wang et.al., 2007°).

In the literature, data has been found to
determine bending and tensile strength of
corner joints by staples by means on wood
members of beech (Fagus sylvatica) and
poplar (Populus sp.). The joints are rein-
forced with a member in the form of a trian-
gular block or two-sided member of HDF
(Kamperidou et al., 2010). The values deter-
mined for the maximum bending moments
are the lowest for joints with double reinforc-
ing member. Based on the results obtained,
the authors conclude that the type of wood
does not significantly affect the values of the
maximum strength of the joint.

Bulgarian scientists determine the max-
imum bending moments under bending load

with bringing together and opening of the
arms of the end corner joints by smoothing
and joints at 90-degree angle and at 45-de-
gree angle of the wood members of spruce
(Picea abies Karst.). The authors recommend
that the standard values of the maximum
bending moments be used as the control in
determining the quality of the furniture con-
structions (Kyuchukov et.al, 2015).

The aim of the study is to determine the
stiffness coefficients by examining the influ-
ence of the material, the reinforcement by
means of a triangular wood member and type
of joints on the deformation behaviour of butt
joints by staples.

MATERIALS AND METHODS

For the purposes of the present study,
test samples were made with wood members
of Scots pine (Pinus sylvestris L.) with a
cross-section of 25/50 mm and board mem-
bers of Oriented Strand Board (OSB) with a
thickness of 15 mm, Particle board (PB) with
a thickness of 16 mm and plywood of birch
(PW) with a thickness of 15 mm. The mem-
bers were assembled with two staples M1/
and polyvinyl acetate adhesive (PVA) adhe-
sive.

The materials have the following physi-

cal and mechanical properties:

e Scots pine (Pinus sylvestris L.) with a
density of p = 430 k.m, modulus of
elasticity — Evria% = 9000.10° N.m™,
Eri2% = 593.10° N.m? and bending
strength obend.12 = 65.10°N.m;

e OSB - p=596 kg.m™, E; = 3500. 10°
N.m?, E1= 1400. 10° N.m, Gbend||=
20. 10° N.m™, 6pend. 1 = 10. 10° N.m';

e PB - p =678 kg/m?®, E; = 1600. 10°
N/m?, E1 = 2750. 10° N.m™, Gend)|=
11. 10° N.m™, obend. L =8 . 10° N.m™?;

e PW —p =629 kg/m®, Ei = 7224. 10°
N.m?, £1=5709. 10° N.m™?, Gbend.|| =
61. 10° N.m™, 6bend.L = 57. 10° N.m™.
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For this were used staples of the com-
pany “SANCOSAN” series 100, type MI
with a length of 40 mm and a wire cross-sec-
tion of 1,24 x 1,46 mm and a PVA adhesive
of the company HENKEL — “Moment Wood

Standard, water resistance class D2, con-
sumption 100+200 g.m™, viscosity n =
8000+15000 m.Pas and open time t=8 min.

The type of test samples is listed in ta-
ble 1, respectively, of the form and dimen-
sions shown in Fig. 1.

Table 1: Type of end corner butt joint with two staples Mo of parts from Scots pine (Pinus sylvestris L.)

and boards
Materials
Type of end corner
. . Parts from Parts from Parts from
butt joints with 2 staples M40 ) . .
Scots pine and OSB  Scots pine and PB  Scots pine and PW

Case butt joint with 2 staples and PVA

CEimi/40pva 21%

CAmi40pva 25 CDim140pva 29

Case butt joint with 2 staples, PVA
and corner block

CEiMm1/40apva 22

CA 1M1/40apvaA 26 CDimi/40apva 30

End-to-face butt joint with 2 staples and PVA

CEami40pva 23

CAxmi/0pva 27 CDami40pva 31

End-to-face butt joint with 2 staples, PVA and
corner block

CEami/0apva 24

CAxmi/0apva 28 CDami/s0apva 32

* 21 — number series
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Figure 1: Type and dimension of the tested samples
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For determining the stiffness coeffi-
cients, the test samples were subjected to a
bending load by collecting arms, using a sim-
ultaneous testing method of the strength and
deformation characteristics of the fixed cor-
ner joints of members and board construction
members of furniture under bending load
(Kyuchukov et.al, 2016).

The stiftness coefficient ¢, under bend-

ing stress by collecting arms was determined
according to formula 1 in N.m.rad™..

el (1)
C. = ,
L' Aa;
1
AM; =M.~ M, Q)

Aa; = a;, —a, A3)

Where ¢; is rotational stiffness,

N.m.rad!;

M Z.,M 0 bending moment for Fy and
Fip, N.m;

;00— angle of semi-rigid rotation of

0
the arms of the joint at F40 and F1o, rad.
All the data are statistically processed

and the Student t-distribution was estab-
lished.

RESULTS AND DISCUSSION
In Table 2 and in Fig. 2 are presented the
average values of the stiffness coefficients.

Table 2: Variation statistics parameters from stiffness coefficients of end corner butt joints with 2 staples
Miso  of parts from Scots pine (Pinus sylvestris L.) and furniture plates under bending

Stiffness coefficients, ¢ [N.m.rad']

N.Q Type of joint _ Variation statistics parameters

series % Crmax. med. S
[N.mrad® [N.mrad® [N.mrad™ [N.mrad® [N.mrad v [%] Op "

1 1 b b [%]  [pe.]

21 CE1m140pva 1482,07 2006,55 1323,60 1437,72 210,16 14,18 4,73 9
22 CEimim4oarva  2623,89 3259,77 1956,91 2638,78 369,65 14,01 4,70 9
23 CEamii4opva 844,21 960,13 733,13 796,22 96,11 11,39 3,80 9
24 CEamimoapva 1813,08 1942,57 1655,62 1841,78 96,03 530 1,77 9
25 CAimi4opva 1017,52 1090,64 760,38 1052,25 102,86 10,11 320 10
26 CAimimoarva 223393 247434 1966,22 2250,21 174,84 7,83 248 10
27 CAamiopva 822,77 1038,85 651,17 829,79 111,45 13,55 428 10
28 CAomuimoarva  1192,05 1471,00 1015,46 1141,30 153,45 12,87 4,07 10
29 CDimi4opva 1788,18 2217,31 1158,32 1843,52 300,21 16,79 4,85 12
30 CDimimoarva  3228,00 3720,45 2465,46 3428,73 427,08 13,23 4,68 8
31 CDami40pva 1432,69 1727,74 1075,18 1371,13 192,55 13,44 425 10
32 CDamiaoarva  3878,37 4524,52 2894,20 3905,40 566,43 14,60 5,52 7
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Figure 2: Stiffness coefficients

The largest value of the tested series of
joints of members of pine and furniture
boards is 3878,37 N.m.rad"!, found in end-to-
face butt joints with reinforcing member of
pine and PW members (CDami/0apva), and
the smallest of 822,77 N.m.rad™' at end-to-
face butt joints of pine and PB members
(CAxmi40pva). The percentage difference be-
tween the largest and the smallest value is
78,78% (tealc. 2,45>tiab. 14,08).

The reinforcement of joints with trian-
gular wood member increases the values of
the stiffness coefficients of the tested series
of joints, with significant percentage differ-
ences respectively: 43,52%
(teale.2,16>1126.8,06) at  CEimi4opva and
CEim1/40apva; 53,44% (tealc.2,11>tn.21,39) at
CEomuaopva  and  CEomimospva;  54,45%
(teate2,13>t1av.18,96) at  CAimi4opva and
CAimi/a0apva; 30,98% (teale.2,12>t1av.6,16) at
CAomisopva  and  CAomisoarva;  44,60%
(teale.2,14>t12v.8,58) at joints CDimi/40pva and
CDim1/40apva; 63,06% (teate.2,18>tian.12,33) at
CD2mi/40pva and CDimi/40apva.

The stiffness coefficients is higher val-
ues in case butt joints compared to those end-
to-face butt joints with the exception of joints
with a reinforcing member of pine and PW
members (CDimiso0apva and CDami40apva)
where the differences for the series of joints
were with established feedback. The speci-
fied percentage differences for the series of
joints are as follows, where: CEim1/40pva and
CEomisorva — 43,04% (teate.2,20<tiab.8,28);
CEimiis0apva 1 CEamisoarva —  30,90%
(teate.2,26<ttab.6,37); CAimi/40pva and
CAomiorva — 19,14%  (teate.2,10<ttab4,06);
CAimioapva and CAomiioarva — 46,63%
(teate.2,10<twan.14,16); CDimi40pva  and
CDomisopva — 19,88% (teatc.2,09<tiab.3,44);
CDimi/40apva and CDomisoarva — 16.77%
(teale.2,20<ttab.3,53).

Examining the influence of the type of
board, used in the joints, on the stiffness co-
efficients and comparing the values of the re-
sults obtained in the joints by staples with
wood of pine and OSB members and those of
pine and PB members were established the
higher values in joints with pine and OSB
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members with the exception of the end-to-
face butt joints with reinforcing member
(CEami/40apva and CAomi40apva) where per-
centage difference was insignificant. The fol-
lowing percentage differences were estab-
lished: CEimisopva and  CAimiaopva —
31,34% (tcate.2,20<ttab.6,01); CE1m1/40apva and
CAimiaoaprva — 14,86% (tearc.2,20<ttan.2,89);
CEamiaopva and  CAomisorva —  2,5%
(teate.2,11>t1.0,45); CEomi/40apva and
CAomi/40apva — 34,25% (tealc.2,13<tan.10,68).

Determining the percentage differences
between joints by means of staples of pine
and OSB members and pine and PW mem-
bers, as well as pine and PB members and
pine and PW members, higher values of the
stiffness coefficients were determined in
joints of members of pine and PW, as fol-
lows: 17,11%  (tcac.2,09<twap.2,82)  at
CEimisopva  and  CDimiaopva;  23,02%
(teare.2,12<ttv.3,21) at  CEimi40apva and
CDim1/40apva; 41,08% (teare2,14<twb.8,55) at
CEomiaopva  and  CDomuaorva;  53,25%
(tealc.2,45<ttav.9,54) at  CEami40apva and
CDami0apy; 43,10% (teale.2,14<tn.8,43) at
CAimisopva  and  CDimisorva;  30,80%
(tcate.2,23<tta.6,51) at  CAimisoapva and
CDimi/s0apva; 42,57% (teale.2,14<ttab.8,67) at
CAomiaoprva  and  CDomiaorva;  69,26%
(teale2,36<ti.12,24) at CAomi4oapva and
CDam1/40aPVA.

CONCLUSIONS

As a conclusion of the deformation anal-
ysis made of end corner butt joints with sta-
ples of members of pine and boards, the fol-
lowing more important conclusions can be
drawn:

1. The greatest stiffness was found in a
butt joint with two staples with adhe-
sive and reinforcing member of pine
and PW members (CDawmi40apva —
3878,37 N.m.rad ™).

2. The reinforcement of the joints with a
wood member results in higher values
of the stiffness coefficients for all se-
ries of joints by means of staples of
pine members and boards with signif-
icant differences.

3. From the tested joints, higher stiff-
ness coefficient values were estab-
lished in case butt joints compared to
those end-to-face butt joints, with the
exception of joints with a reinforcing
member of pine and PW members
with established inverse dependence.

4. Better deformation behavior is deter-

mined in joints of pine and PW mem-
bers compared to those of pine and
OSB or pine and PB with significant
differences.
The influence of the type of board
used, OSB or PB, on the stiffness co-
efficients in joints with staples of pine
members and boards were estab-
lished. The stiffness coefficients are
higher from 14,86% to 34,25% in
joints of pine and OSB members
compared to pine and PB with excep-
tion of the stiffness coefficients joints
of the end-to-face butt joints with re-
inforcing member (CE2m140apva and
CAomis0apva) Where percentage dif-
ferences were insignificant.
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