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Most pieces of case furniture (kitchen and bathrdemiture

, cabinets, wardrobes, tables and ete.yraade of 18 mm

thick wood particle boards finished with variousatings. This three-layered constructional matedgabbtained by
bonding wood particles of different fractions wainthetic resins using heating. The exploitatioratian and quality

of case furniture is determined by the mechanicapgrties

of wood particle boards and the constrnodf joints of

wood-based panels. On a frequent basis, piecesseffarniture with non-dismantable and dismantebfestruction are

joined by using multidowel glued joints and cam mecting

fittings intended for furniture, respectiveNood-based

panels can be joined with mitre joints whose meitdzdrproperties have not undergone testing and eoisgn with
regular joints when applying insertable wooden deves furniture connecting fittings. During the tiag of particle
board properties it was established that joiningavbased panels in this way ensures most efficisatof mechanical

characteristics of the particleboard. In additioritte propert
bending strength, tensile strength and bondingngtheof the

ies of the mitre joint, the tests @kowed determining the
constructional material, and providargoriginal method

for testing board properties, which can be sucoéigsdipplied to the prediction of properties of timitre joint. Tests
were performed by using a universal tensile testiaghine P-0.5. Joints were bonded by applying El\éfersion. The

surface of boards was veneered by using mahogareeven

d urea formaldehyde resin. It was foundrtfitaé joints of

wood particle boards can withstand loads that &yken from 2 to 4 times, in comparison to glued dked joints or

joints constructed with cam connecting fittings.

Keywords particleboard, PVA dispersion, veneering, mitoénf, cam connecting fittings, dowel, bonding of atlo

based panels, bending strength.

INTRODUCTION

Most parts of case furniture are panel elementsdifs
made of particleboard. The properties of this nigtere
regulated and described by the standard LST ENZI®
“Particle panels. Technical requirements” [1]. Huem
having covered particleboard by different synthetatings
(enamels, foils, laminates) or natural wood venésrmain
mechanical properties (modulus of elasti¢tynd bending

Typically, particleboard consists of a lower densibre
of coarse particles and outer, higher density Egéifiner
particles. This distribution of density and padidize is
important with respect to the board performancena
applications involve bending loads, where a highsitg
upper layer and a low-density core are advantagelhes
particleboard panel functions as a sandwich stractund
the ratio of bending stiffness to weight becomeghhi
Particleboard is mainly used for furniture, for plmg and

strengthf,;;) essentially improve as compared to the ”ntreategladding [3]. According to Maloney, the Modulus of

particleboard [2].

A panel is manufactured from wood particles or
combinations of wood particles and fibers, bondegtther
with synthetic resins under heat and pressureicRdrvard
is more dimensionally stable and machineable thanym
other cellulosic substrates and offers a smootfasarthat
bonds readily with nearly all laminating adhesivé#hile
particleboard is available in many different gradesd
densities, industrial grades are typically spedifitor
laminating applications. Particleboard is availaigpeto 50
mm thick and nearly any panel size transportable.

Elasticity and Modulus of Rupture (MOE and MOR) are
strongly influenced by the particleboard’s compactiate,
particle geometry, percentage of adhesives andtgé¢tp

This study also cantains research of particleboard
density distribution between layers in the thiclses
direction. The vertical density distribution in theattress
also contributes substantially to the board’'s final
properties [4]. When wood-based panels undergo the
veneering process by using wood veneer, the bending
strength can additionally increase by 2.2 times [2]

Majority of case furniture from particleboard jsrdre

Particleboard is a three-layered board, with fin€ongtrycted with cam connecting fitings and glued

particles on the top and bottom surfaces, and larg®d
flakes in the middle. The wood particles are preéssed
bonded together with resin creating a tight compectel
that can be machined cleanly.

*Corresponding author. Tel.: +370-37-300235; fa876-37-353989.
E-mail addressraldas.norvydas@ktu.{¥/. Norvydas)

multidowel joints or tongued and grooved. Constoanel
elements of these joints are affected by loadsension
perpendicular to the plane. When dealing with wpadicle
boards, resistance to tension perpendicular toptaee is
lower from 30 to 35 times in comparison to bendiag,a
result of which there is no maximal exploitation alf
strength properties of this constructional material
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The majority of tests involved joints on the basfs
tenons, tongues and various types of connectinigds.
The strength of the entire product (furniture) damsion
depends on strength properties of joints. Applhadbesive
joints ensures longer exploitation duration andoved
holding higher loads in comparison to dismantabiaet$
(connecting fittings) [5, 6].

temperature was 10C, working pressure 1 MPa, hot
pressing duration 2 min.

The least number of specimens pointed out in thE LS
EN 326-1:1999 standard [8] is 6 units. To ascertam
dependence of modulus of elasticity and bendingngth
of panel details on the type of coating, a coltattiof
8 specimens was accepted. The speciemens werergutepa

Scientific literature provides a great deal of dataaccording to the requirements of the LST EN 3109199

regarding the testing of joints of wood particleakis

standard [9]: the length of specimen was 410 mrdthw-

when joining with cam connecting fittings, TZ type 50 mm. The specimens before testing were condiiiane

connecting fittings, biscuit joints, tongue and aye joint,
screw joints and multidowel joints. In order to &lele to
compare these data to the results obtained dunisgédst,
outcomes were translated into the bending moment.

20°C £2°C temperature and relative air humidity at
65 % 15 %.

Miter corner joints constructed of particleboardreve
bonded with polyvinyl acetate dispersion (PVAc). ARV

The testing revealed that when panels are joineal atdispersion generally is used for natural wood bogdas

45° angle, it is possible achieve maximal strengithting.

well as leather, fabric and paper. It is even u$ed

The mitre joint of wood-based panel parts is mosproducts such as armoured doors, when steel skeet i

advantageous in comparison with other joints. Tioeeeit
is possible to avoid loads that occur due to thesita
perpendicular to the plane during the exploitatioh
products. This method of joining enables to obtam

pasted with natural wood. One of the requirements f
glued materials is to absorb humidity with one &fegl
surfaces at least [11]. Poly (vinyl acetate) PVAuautsion
plasticised with 10 % of dibutylphthalate (DF 51y1This

enclosed joint more economic as using cam conrgectirtype adhesive is used as D2 water resistance atbhesive

fittings.

In order to establish to what extent it is possitide
strengthen the joint, the mitre joint of wood padiboards
was also tested while facing the board with woodees.

The aim of this study was investigate strength @ém
corner adhesive joints of case furniture constaictd

for gluing wood [12]. Adhesion strength is 800 N/m.

In the most experiments, the samples were tested in
tension using an universal tensile machine “P5'ingis
reverse clutches. Loading speed was 5 mm/min, itfreest
loading was achieved over 60s+30s. Modulus of
elasticity in bending is determined (calculated)using the

particleboard. Tensile strength of bonded jointsd anslope of the linear region of the load-deflectiamve (at

bending strength were also investigated for pramticof
miter corner joint strength properties.

MATERIALS AND METHODOLOGY

The wood particle board (WPB) used for all the

specimens was manufactured by SC ‘GifBizonas”
(Lithuania): it was part of the same batch, hadnt8 in
thickness, was three-layered, of planar pressingpated
and sanded (Table 1).

Table 1.Properties of particleboard 18 mm of
according LST EN 312:2004 and experimental

thickness
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Relevant
characteristics | 1600 fr;)om6g(7)0 0.35 13
LST EN 312:2004

WPB 3431 639 0.39 19.71
Veneered WBP| 5561 640 0.39 39.91

10 % and 40 % of the maximal load).

The deflection was measured in the centre of the
specimen with 0.1 mm accuracy, and the dependefice o
this value on corresponding loadings, measured Wit
value accuracy, was drawn. Standard deviationrehgth
values comprised from 1.48 to 3.89.

In order to determine density distribution accogdin
thickness, specimens with measurements of
(110x41x18) mm were cut out in compliance with the
above-mentioned standards.

Density distribution in terms of the WPB thicknegss
obtained (Fig. 1) through the weighing processslimng 9
layers of 1mm thick and weighing the rest part loé t
specimen with 0.001 gram accuracy.

1=110 mm

h=41 mm

b=18 mm

Part of the specimens were coated with a sliced 0.6ig. 1.Slicing scheme for density distribution of patizbard in

mm thick mahogany veneer. Moisture content of #eeer
comprised 6 %, density 512 kg/m3 [7]. UF resin fEre
4114” and hardener “Prefere 5219”
(Finland) were used. The ratio of the resin andhtrelener

by “DYNEA”

the thickness directiorl; h, b — length 110 mm, height
41 mm ant thickness 18 mm of specimen in mm;
1 — particleboard; 29 cut off layers

Specimens of three different models were used for

was 5. 1. The adhesion process was carried out in thes pregesting the bonding and the tensile strength ofwed

“PL100” according to the following curing methoduing

particle board (Fig. 2).
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Taking into consideration that only one outer lagér the same board and the same direction close toaheh
the three layered board tends to function and iittains Gluing temperature was 2C, assembling pressure
tensile stresses in specimens, when the constnucti®.2MPa, cold pressing duration 120 min.
undergoes bending or the mitre joint is under casgon
(Fig. 2), cuts with thickness of half the board areRESULTS AND DISCUSSIONS
introduced. In order to establish the bonding sgftien
specimens in Figure 2, a, additionally was veneevéh
wood veneer, since under tension all the speciniens
Figure 2, b, shows failure passed not through thesive
layer but particleboard fibre failure.

The following two models of specimens were used fo
testing properties of the mitre joint of wood paldi

The test of density distribution in terms of board
thickness showed the distribution of layer thiclsnesd
density of the three-layered wood particle boardcBssed
results allowed drawing a curve, which shows dgnsit
distribution in terms of board thickness.

It was determined that the wood-based panel of the

boards: non-veneered and veneered. Only the argeof WPB has the following ratios of density and layer
thickness distribution: 21:2 and 14:1, respectively.

highest tensile stressesgi.the joint disintegration zone, h Ll " h he | densi
undergoes the veneering process. The veneered igone' ekC(/a:fftra hayertz—h12(|j”nm _ ant e m;vest ensity —
100 mm in length and veneering is carried out i th 430 kg/m, whereas, the density of outer layérs: 3 mm

longitudinal direction. After cutting the connedigide ata ¢aches 885 kg/nThe average density value of the wood

45° angle, wood-based panel parts of the jointbareded particle board used in this test was 639 Kg/figure 5
by applying PVA adhesive (Fig. 3). illustrates the structure of the wood particle ldoar

crossection and provides the size of fractions obadv
particles in relation to the outer (a) and cenfisqllayers of

t=3mm t=12mm

1 1 1
W /2 w’{? l&@ the particle board. Obtained images illustrate thain
« difference between the outer and inner layers, hathe
4 R l size of fractions of wood particles. The outer lapas
ﬁ\’/ R A §/ small particles without any space in betvyeen, méﬂew
d )/ 411 d N the ce_ntral layer consists of large particles wétimpty
SJ%% ] Q‘}é/ & space in between.
Q/“J h/’\?} Q/“ t=18mm
|

q§> 900
F

800 L2 48

2
"

Fig. 2. Tensile specimen and loading scheme: a — veneered
specimen (miter bond), b — uncoated specimen (miter
bond), ¢ — uncoated specimen (solid): 1 — partaed,

2 — wood veneer, 3 — cuts (half of specimen thiskhe . R
4 — plywood, 5 — PVA glue lind; — load direction 500 - ok

Density kg/m®

6 9 12 15 18
Thickness, mm

Fig. 4. Density distribution of particleboard in the thidss
direction: thickness of particleboaté 18 mm, thickness
od outer layerst; =18 mm; thickness of inner layer
t, =12 mm

Fig. 3. Specimen scheme of uncoated (a) and veneered {&) mi
joints: 1 — panel (particleboard); 2 — wood veneer;
3 — glue line (PVA)F — load direction

It is necessary to emphasize that before cutting ou
specimens, the direction was set for the manufactir
(2440%x1830%18) mm wood particle boards (in the pres
line) and all the specimens and bonded joints wesnted
towards this direction. Prior to being cut out, eslgpf  Fig. 5.Optical views of wood particle in the outer (a) and inner
mitre joints bonded with PVAc adhesive, were omehin (b) layers of the particleboard
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Thus, the heterogeneity of the wood particle baard 80 MPa-120 MPa [13], the determined bonding strength
terms of thickness leads to uneven distributiomntérnal  of the wood particle board was 5.81 MPa, which erse
stresses, when the construction undergoes bendithigsa the material strength by even 10 %.

exposed to loads in Fig. 6.
% a
o7

Glue line

§\|>

N\1J2 ’ 3

4 6 7 o 3 5 Fig. 8.View of uncoated specimen after tensile tests (el
3 B & face views)
‘ \ [ b In the case of all the joints that underwent tegtin
12

% ) % partial disintegration through the adhesive lineswa

i — —y »/ observed (Fig. 9).

“\ 0 e
2

Fig. 6.Bending stress distribution for particleboard (ajl aolid
material (b): 1 — solid material; 2 — tensile sttes gmes
3 — compression stress; 4 — inner layer of low igns
5 — strengthened due to veneering, 6 — outer lafybigh
density, 7 — wood veneer

Tension testing of specimens Fig. 2, b, and Fig, 2,
enabled to determine that the tensile strength haf t

uncoated wood particle board is 5.29 MPa. Fig. 9.View of veneered specimen after tensile tests (egk
6000 face views)
] =551,94¢ - 359, ; ; ;
R F %;1:‘904969; 6 Based on the experimental it was obtained effect of
i e ' veneering (Fig. 10) on the bending strength of mitener
5000 4 Frax—4761N Az ioint
vai joint.
4000 o vencer 1200 F=38573: +105,29
veneered 2 Fmaz=1085N (veneered) R*=00781 4_
Zﬁ —O— uncoated =1R=
= 3000 - = = 1000
2 =21 1 Faxr=908N (uncoated)
— | [
1 || ]
2000 o 800 7 ...4---veneered y
5 gl |z
1000 F=45901g-437.94 = —9o——uncoated = =
R*=09849 T 6001 R = s
3 s 2
0 LF T . 400 - Il I
< < F=45001c-437,94 | © ©
0 S 10 15
Deformation, mm R?*=0.9849
) i
Fig. 7. Effect of veneering on tensile strength of specime 200
Tests showed that the bonding strength exceeds tl 0 & . . .
material strength, since none of the tested spedme B B 3
. . . . 0 5 ]10 15 20 25 30
disintegrated at the bonding area. This can beage by Deformation, mm

the fact that within the bonding area PVA adheéill® up

gaps existing inside the board and also bonds wodd9- 10.Effect of veneering on bending strength of mitermeo

particles, especially the central layer with lowlensity. In Joint

this way the wood particle board receives addifiona  Mitre joints of the uncoated wood particle board

strengthening at the bonding area and failure scituthe  withstood the load of 908 N, whereas, the veneersss

nearby area (Fig. 8). endured 1085 N load. When the outer layer of thedvo
After enhancing the board surface through theparticle board was strengthened due to veneering, t

veneering process by using wood veneer with 0.6imm capacity to carry loads of the joint had increassd

thickness Fig. 2, a, the wood tensile strengthhea@ven 19.5 %.
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Two different fracture patterns can be observethén respectively. When joining wood-based panels with
case of non-veneered and veneered mitre jointsaafdw multidowel joints and adhesive, the joint can be
particle boards (Fig. 11). The non-veneered mitiat$, strengtened by 1:23.8 times in comparison when cam
the same as when the board undergoes tensilegtedties connecting fittings, TZ connecting fittings, bisciybints,
not tend to fracture through the adhesive line.(Eig a); tongue and groove joint and screw joints were used.
its fracture occurs, when the outer layer of theos&vn However, even this method produces results that are
particle board develops a longitudinal crack, afeaxching weaker by 2.1 times in comparison to the mitretjoin
the maximal joint load. When joining wood particle boards with the mitre

The veneered mitre joint, the same as when thint, it is possible to achieve maximal load bgraapacity
veneered board undergoes tensile testing, tenpart@lly  at bending. It can be explained by the inner stinecof the
failure through the adhesive line (Fig. 11, b); fitacture  wood particle board of this type, as outer, thicked
occurs, when the outer edge of the joint/the optat of therefore stronger board layers carry the higloestd.
the adhesive line appears a crack, after reachimg t Applying the mitre joint to the board allows to chaa
maximal joint load. significant increase exploitation loads, which camge
even between 3.8 and 8.1 times, in comparison to
conventional methods used for joining wood-baseatk[sa
with connecting fittings and multidowel joints.

When the surface of the wood-based panel applies
enhancement by using various coatings, it is laminated,
veneered or faced with layered plastic, it becopwssible
to additionally increase the strength of the mjidiat by up
to 20 %. Then after reaching the maximal strendih t

a b wood particle board and adhesive layer, it is insgae to

Fig. 11.Failure scheme of uncoadét) and veneered (b) mitre achieve better results. . . .

joint: 1 — glue line; 2 — fracture crack: 3 — palgboard: Based on the obtained test results, it is posdible

4 — wood veneer conclude that the adhesively bonded mitre jointeapg to
be the most proper method for joining panels of @voo
. X . _ particle boards. It allows to achieve maximal sgtbnof
joint tension and oblique compression, the vengeoirthe gty ction from this type material. However, etaking
corner mitre joint increases the joint strengthcvias  jhig account that the strength of this joint excetite one
much as in tensile loading (Fig. 2, a). _ .. of aregular joint with cam connecting fittings Bytimes,

_Results obtained in connection with t_he mitre jointyne mitre joint is not in wide use due to the mooenplex
testing were compared to data acquired by Othehanyfacturing process and greater amount of work

Due to the different stress distribution in theecas

researchers (Fig. 12). required for product assembly. In addition, thistimel
180 cannot be applied to products with large overati@tisions
160 154 and complex construction.
_ ] The mitre joint provides the following advantagt®e
140 7 wood-based panel needs no edge finishing; since the
120 oblique surface is adhesively bonded, it is posstbluse

wood-based panels whose thickness is twice smadher;

- case furniture stiffness is higher than the onetbér joints

80 - by 2—-4 times; the connection area is enclosed and panel
edges in the joint is invisible, the product lookere solid
from an aesthetic perspective. This technique afepa

60
41 43 44
40 S ; . !
19 joining would be especially suitable for creatingdular
20 1 I:l furniture systems with small overall dimensions.
0 : : : : : The testing revealed all the positive advantagethef
A B c D E F

Bending moment resistance, Nm

mitre joint of wood particle boards. Moving towards
wider use of such joint in the constructions of ecas
furniture seems to be a promising tendency for the

Fig. 12.Joint strength dependence on joint type: A — camemergence of a new production technology of such
connecting fittings [14]; B — TZ connecting fittings products.
[15]; C — bisquit joint [16, 17]; D — tongue and gue
joint [18]; E — screw joint [19-21]; F — multidowel
joint [22]; G — mitre joint CONCLUSIONS

Based on the test results, it was found that when 1. It was established that the wood-based pan#gieof
joining wood particle boards with the mitre joirit,is WPB has the following ratios of density and layer
possible to reach the maximal joint strength, witigkbeeds thickness distribution: 21:2 and 14:1, respectively.
the one obtained with commonly used cam connectinghe central layert =12 mm has the lowest density —
fittings and screw joints by even 8.1 and 2.6 times430 kg/mi, whereas, the density of outer layérs 3 mm

- G
Joint type
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reaches 885 kg/finThe average density value of the wood9.
particle board used in this test was 639 Kg/m

2. The test showed that the bonding strength exceedO.

the material strength, since none of the testedismas
disintegrated at the bonding area. Within the bogdirea
PVA adhesive fills up gaps existing inside the lboand
also bonds wood particles, especially the cendrgr with
lower density, since it contains more empty space.

3. The established bonding strength of the mitietjo 12.

of the wood particle board exceeds the materiahgth by
even 10 %.

4. When the outer layer of the wood particle baard
strengthened through the veneering process by ugogl
veneer, it is possible to reach a 20 % increagbemitre
joint strength.

5. The strength of the mitre joint is higher thha bne
of a regular joint with cam connecting fittings ascrew
joints by 8.1 and 2.6 times, respectively.

6. When applying the mitre joint from wood particle
board, it is possible to achieve maximal load kmarin
capacity of construction.
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