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ABSTRACT © The aim of this study was to investigate the effect of wood species, heat treatment, adhesive type
and joint technique on shear force capacity of H-type furniture joints. For this purpose, an experimental design
that consisted of 3 wood species, 2 treatment processes (untreated, heat-treated), 2 adhesive types (polyurethane
(PUR), polyvinyl acetate (PVAc)) and 2 joint techniques (dowel, mortise-tenon (MT)) and 5 replications for each
group were prepared, and accordingly, a total of 120 specimens were tested under static shear loads. Siberian pine
(Pinus sibirica), Iroko (Chlorophora excelsa), and common ash (Fraxinus excelsior), which are commonly used
in furniture constructions, were used as wood species. In general, iroko showed the highest shear force capacity
between the wood species. The specimens constructed of heat-treated wood species showed lower shear force
capacity by approximately 15 % in comparison to the same untreated specimens. MT joints showed better perfor-
mance than dowel joints higher by approximately 21 %. PVAc adhesive gave higher values than PU adhesive by
around 5 %. According to the results of four-way interactions, highest shear force capacities of H-type joints were
obtained from “Common ash-PVAc-MT” combination in groups of untreated specimens and from “Iroko-PU-MT”
combination in groups of heat-treated specimens.

KEYWORDS: heat-treated wood; H-type joint; mortise and tenon joint; dowel joint, shear force capacity

SAZETAK - Cilj ovog istrazivanja bio je ispitati utjecaj vrste drva, njegove toplinske obrade, vrste ljepila i teh-
nike spajanja na kapacitet posmicne sile spojeva namjestaja H-tipa. Za tu je namjenu pripremljen eksperiment s
ovim parametrima: tri vrste drva, dvije obrade (netretirani i toplinski tretiran namjestaj), dvije vrste ljepila (po-
liuretan — PUR, polivinilacetat — PVAc) i dvije tehnike spajanja (mozdanikom te cepom i rupom — MT). Za svaki
sustav pripremljeno je pet uzoraka te je pri statickom posmicnom opterecenju ispitano ukupno 120 uzoraka. Oda-
brane su vrste drva koje se cesto upotrebljavaju u konstrukcijama namjestaja: sibirski bor (Pinus sibirica), iroko
(Chlorophora excelsa) i jasen (Fraxinus excelsior). Prema rezultatima istrazivanja, drvo iroka pokazalo je najveci
kapacitet posmicne sile od svih ostalih vrsta drva obuhvacenih eksperimentom. Uzorci izradeni od toplinski obra-
denog drva imali su oko 15 % manje vrijednosti kapaciteta posmicne sile od netretiranih uzoraka. MT spojevi
pokazali su za oko 21 % vece vrijednosti od spojeva s mozdanicima. Uz upotrebu PVAc ljepila vrijednosti su bile
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za oko 5 % vece od vrijednosti s PUR ljepilom. Prema rezultatima cetverosmjernih interakcija, najveci kapaciteti
posmicne sile spojeva H-tipa dobiveni su za kombinaciju jasenovina — PVAc — MT u netretiranim uzorcima i za
kombinaciju drvo iroka — PUR — MT u toplinski tretiranim uzorcima.

KLJUCNE RIJECI: toplinski obradeno drvo; spoj H-tipa; spoj cepom i rupom,; spoj mozdanikom, kapacitet

posmicne sile

1 INTRODUCTION
1. UVOD

Wood is a natural, sustainable and renewable
structural material that has been used by humankind
throughout the centuries. However, due to its organic
composition, wood can be subjected to several types of
degradation factors under adverse climate conditions
that could negatively affect physical and mechanical
properties of wood. Heat treatment is becoming popu-
lar in recent years to decrease the negative effects of
those factors.

Heat treatment of wood is a kind of modification
method that improves the properties of wood resulting
in a new material that is more durable against environ-
mental hazards as compared to the unmodified wood
(Hill, 2011). During the heat treatment process, wood
is subjected to high temperatures ranging from 160 to
280 °C for several hours in an environment with low
oxygen content (Chanrion and Scheiber, 2002; Cande-
lier et al., 2016). As a result of heat treatment process,
dimensional stability and biological durability of wood
are increased (Korkut ez al., 2012; Kasemsiri et al.,
2012; Romagnoli, 2015) but some physical and me-
chanical properties may decrease depending on condi-
tions and intensity of the heat treatment (Viitaniemi
2000; Syrjanen 2001; Candelier ef al., 2013; Romag-
noli et al., 2015).

Heat-treated wood is an eco-friendly alternative
to chemically treated wood and has a wide range of
utilization within indoor and especially outdoor furni-
ture applications. Garden furniture, such as tables,
chairs, benches, etc., are some of those exposed to and
affected by exterior weather conditions. Generally,
frame construction technique, which usually consists
of three types of joint combinations, namely, L-type
(front leg to side rail), T-type (back leg to side rail), and
H-type (back/front leg to side rail) joints is used to
build this kind of furniture. Mortise and tenon (MT)
joints and dowel joints are the most popular joint tech-
niques to connect wooden frame members. The joints
should be designed to resist the loads to which they
will be exposed during the service life, since the joint
strength is the most critical part of the whole frame
construction. Typical loading conditions of joints of a
simple sitting furniture are shown in Figure 1.

When a sitting furniture frame is exposed to seat
loading, the joints shown in circles in Figure 1, which
are connected to side, front, back and mid-rails with
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Top rail
/

Figure 1 Typical loading conditions on a sitting furniture
frame construction

Slika 1. Tipicno opterec¢enje okvirne konstrukcije
namjestaja za sjedenje

back, front legs and rails, are subjected to coercive
shear forces. The shear force capacities of the men-
tioned joints are quite important for the strength of the
complete furniture frame.

Many factors, including wood species, adhesive
type, tenon size, tenon shape, thickness of glue line,
shape of fit, and moisture content (MC), etc., may af-
fect the strength of the joints (Smardzewski, 2002; Dz-
incic and Skakic, 2012; Dzincic and Zivanic, 2014).
Kasal et al. (2013) suggested that joints became strong-
er and stiffer as either tenon width or length increased.
Prekrat and Smardzewski (2010) reported in their
study that the shape of the glue line has a definite influ-
ence on the strength of the tenon joint. Najafi (2013)
studied the withdrawal and shear strengths of dowel
joints. Results showed that the withdrawal strength re-
duced up to 15 % due to moisture content conditions;
furthermore, embedment diameter strongly affected
withdrawal strength. Kasal et al. (2013) studied ulti-
mate shear force capacity of various dowelled frame
type furniture joints. According to the results, they re-
ported that narrower dowel spacing provided greater
shear force capacity. They also developed predictive
expressions to estimate average shear force capacity of
dowel joints. Stress and strain analysis of double-dow-
el case-type furniture corner joint was made by
Hajdarevic and Martinovic (2016). Results of the study
indicated that dowel spacing and distance from the
edge of board have considerable effect on the stress
state of the face and edge member; joints became stift-
er when the distance between the dowels and board
edge was rationally defined. Diler ef al. (2017) studied
the effect of wood species, heat treatment, adhesive
type and of the study indicated that heat-treated speci-
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mens showed lower performance (by 25 %) than un-
treated specimens and all the factors mentioned above
had significant effect on the withdrawal force capacity
of T-type joints.

Previous studies show that numerical analysis
theory is an alternative method to calculate the strength
requirements for MT joints. In this context, an estima-
tion formula was recommended by Erdil ez al. (2005),
which considers the effect of wood species, adhesive
type, and joint geometry on the strength of MT joints.
Kasal ef al. (2016) compared the results of empirical
tests and numerical analyses for various sizes of mor-
tise and tenon joints. The results of the comparison
showed that the numerical analyses gave reasonable
estimates of mechanical behaviour of joint strength.
Eckelman ef al. (2017) improved a statistical technique
that uses the same data to determine reduction factors
and impact of the selection of any given confidence-
proportion levels on design values for MT joints.

In addition, recent studies have shown that, with
the development of computer technology, finite element
method (FEM) has become widespread for the analysis
of furniture systems and connections as well as complex
structures. By the contribution of many researchers, fi-
nite element method (FEM) has been confirmed as an
effective method commonly used in wood engineering
(Kasal et al., 2016a; Kilic et al., 2018; Hu et al., 2019;
Xietal.,2020; Ceylan et al. 2021). Previous studies also
proved that the FEM can be used to analyse some furni-
ture joint techniques such as MT joint (Colakoglu ef al.,
2012; Smardzewski, 2016; Zhou, 2018; Kilic et al.,
2018; Chen, 2019; Zhang, 2021). By use of an advanced
finite element software, it is possible to perform accurate
simulations of the behaviour of furniture constructions
under loading conditions.

It is believed that the use of the heat-treated wood
in furniture products will increase by expanding the
knowledge regarding its strength properties. Although
the physical and mechanical properties of heat-treated
wood materials have been investigated in many studies,
the information on strength performance of furniture
joints made of heat-treated wood is very limited. Thus, it
is the aim of this study to investigate the effect of wood
species, heat treatment, joint types, and adhesive types
on shear force capacities of H-type furniture joints.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

2.1 Materials
2.1. Materijali

In this study, three wood species, namely, Siberian
pine (Pinus sibirica), iroko (Chlorophora excelsa) and
common ash (Fraxinus excelsior) were used as wood
materials. Since all these wood materials were common-

ly used in the wood products industry, they are potential
wood species for industrial scale heat treatment. All
heat-treated and untreated wood materials were provid-
ed by Novawood Company in Gerede, Turkey.

According to information gathered from , compa-
ny, heat treatment process was applied according to that
described in Finnish ThermoWood Handbook (Finnish
Thermowood Association, 2003). The total heat treat-
ment time was 63h, while the time of exposure to the
highest temperature was 3h. The heat treatment opera-
tion was performed slowly because of the risk of cracks
and drying defects. The specimens were prepared from
selected defect free materials after heat treatment. Un-
treated planks of the same species, as control specimens,
were dried in industrial drying kilns at approximately 70
°C and 65 % relative humidity (RH), until they reached
an equilibrium moisture content. Care was given to se-
lect defect-free wood materials for preparing all test
specimens. All the prepared specimens were conditioned
at (20+2) °C and (65+3) % RH until an equilibrium was
achieved before testing.

Moisture content (MC) of control specimens and
heat-treated specimens was measured during testing in
a range of 6-8 % and 3-5 %, respectively. MC and den-
sity (8) of wood materials were measured according to
procedures described in ASTM D 4442-92 (2001) and
ASTM D 2395-14 (2015), respectively. In addition,
tensile strength and compression strength in parallel to
the grain and ultimate bending strength of wood mate-
rials were determined according to the test procedures
described in ASTM D 143-94 (2000).

Results of some physical and mechanical proper-
ties of wood species used in this study are given in Table
1 and Table 2, respectively. According to the results,
density of heat-treated wood materials was lower than
that of the same untreated species by 7.9 %, 5.2 %, and
6.8% for Siberian pine, iroko, and common ash, respec-
tively. In general, Siberian pine had the lowest density,
while common ash had the highest. In addition, the equi-
librium MC values of heat-treated wood specimens were
lower than those of the untreated specimens.

According to Table 2, all heat-treated wood spe-
cies yielded lower values of tensile strength as com-
pared to the same untreated specimens. Siberian pine
decreased by approximately 16.7 %, iroko by 11 % and
common ash by 3 %. On the other hand, results of com-
pression strength were contrary to expectations and
common literature (Unsal and Ayrilmis, 2005; Korkut
et al., 2008); heat-treated specimens yielded higher
values than untreated specimens by about 8 %, 19 %,
10 %, for Siberian pine, iroko, and common ash re-
spectively. This could be explained by differences in
moisture content between heat-treated and untreated
wood specimens. In bending strength, heat-treated Si-
berian pine decreased by approximately 20 %, while
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Table 1 Physical properties of wood materials (Demirci ez al., 2016)
Tablica 1. Fizicka svojstva drvnog materijala (Demirci et al., 2016.)

Test moisture | Oven dry density Test MC density
qud Heat treatment contenot MO), ®,), g/’cm3 cov¥, (64” i g/cm3 . COV*,
species o B ol V@ Gustoca u % Gustoca pri l.spztzva- %
Vrsta drva Sadrzaj vode | apsolutno suhom nom sadrzaju vode
(MC), % stanju (8 ), g/cm’ (®,,), glem’
Siberian pine | Heat-treated / toplinski tretirana 4.50 0.35 2.12 0.36 2.78
Z’fr’;i ];fa Untreated / netretirana 6.77 0.38 4.02 0.40 4.54
Iroko Heat-treated / toplinski tretirano 3.71 0.54 2.48 0.56 2.28
drvoiroka | Untreated / netretirano 7.54 0.57 3.01 0.61 2.59
Common ash | Heat-treated / toplinski tretirana 4.24 0.55 2.26 0.57 2.24
Jjasenovina | Untreated / netretirana 7.04 0.59 3.65 0.63 3.86
*COV: Coefficients of variation / koeficijent varijacije
Table 2 Mechanical properties of wood materials (Demirci ef al., 2016)
Tablica 2. Mehanicka svojstva drvnog materijala (Demirci et al., 2016.)
Tensile strength Compression Bending
Wood parallel to grain, strength parallel strength,
S Hea‘t treatment ) N/mm? cov, to grain, N'mm? | COV, ) N/mm? | COV,
Toplinska obrada Cvrstoca navlak | % | Cvrstoca na tlaku| % | Cvrstocana| %
Vrsta drva . . . . .
u smjeru drvnih smjeru drvnih savijanje,
viakanaca, N/mm? viakanaca, N/mm? N/mm?
Siberian pine | Heat-treated / toplinski tretirana | 36.49 10.05 | 51.72 9.33 |68.01 8.92
Zf;;i I;Za Untreated / netretirana 4381 927 |47.64 392 [8531 9.33
Iroko Heat-treated / toplinski tretirano | 51.54 10.07 | 69.72 8.38 |[88.29 8.58
drvo iroka Untreated / netretirano 57.78 5.66 |56.70 6.27 |87.51 8.21
Common ash | Heat-treated / toplinski tretirana | 69.25 9.30 |77.73 2.69 |137.67 6.18
Jasenovina | Untreated/ netretirana 71.21 9.26 [69.71 3.68 |138.44 7.49

there was no significant difference between heat-treat-
ed and untreated specimens of iroko and common ash.

Polyvinyl acetate (PVAc) and polyurethane
(PUR) adhesives were used to assemble the test speci-
mens in this study. According to specifications in data
sheet of the suppliers, viscosity of PVAc was 160 cps
to 200 cps at 25 °C with a density of 1.09 g/cm?, 50 %
solids content, liquid form and water resistance, vis-
cosity of PUR was 3300 cps to 4000 cps at 25 °C with
a density of 1.11 g/cm® and one component. The adhe-
sives were applied at (150 = 10) g/m? in accordance
with suppliers’ recommendation.

2.2 General configuration and construction
of test specimens

2.2. Opca konfiguracija i konstrukcija ispitnih
uzoraka

In this study, a total of 120 H-type joint speci-
mens, constructed of 3 different wood species (WS), 2
heat treatments (HT), 2 adhesive types (AT), and 2
joint techniques (JT) with 5 replications for each group,
were prepared and tested. Each test specimen was con-
structed with three structural elements, a post (200 mm
x 50 mm x 22 mm) and two rail (150 mm x 50 mm x
22 mm) members. Technical drawing of the specimen
and an assembled specimen are shown in Figure 2a and
2b, respectively.
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In the MT joint specimens, mortise and tenon
connections were produced with a mortising and ten-
oning machine. The dimensions of tenons measured
were 35 mm x40 mm x 8§ mm (lengthxwidthxthickness),
and a snug fit (average mortise-tenon clearance of
(0.076+0.025 mm) was obtained between tenons and
mortises. Adhesive of (150+10) g/m? was applied ap-
proximately to all tenon and mortise faces.

Dowel joints were constructed according to TS
4539 (1985). In the dowel joint specimens, multi-
groove beech (Fagus orientalis L.) dowels with 8 mm
in diameter and 36 mm in length were used. Two dow-
els were used in each joint with a 26 mm centreline
distance. Dowels were embedded at the depth of 20
mm in the rail and 16 mm in the post members. Clear-
ances of dowel-hole were not measured, but all dowels
fit snugly into the holes. Adhesive was spread over the
sides of the holes and all faces of the dowels. Wax pa-
per was used to prevent adhering between the speci-
men members. All specimens were assembled manu-
ally one by one with a clamp under the pressure
specified in the adhesive data sheet. Prior the test, all
the test specimens were allowed to cure for minimum
one month in an environmentally controlled condition-
ing room that was set to (65+3) % relative humidity
and (2042) °C. Technical details of the MT and dowel
joints are given in Figure 3a and 3b, respectively.
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Figure 2 Test specimen dimensions (a) and real picture (b) (dimensions in mm)
Slika 2. Dimenzije ispitnog uzorka (a) i stvarna slika uzorka (b) (dimenzije u mm)
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Figure 3 MT (a) and dowel (b) joints details (dimensions in mm)
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Slika 3. Detalji spoja ¢epom i rupom (a) i spoja mozdanikom (b) (dimenzije u mm)

2.3 Testing method
2.3. Metoda ispitivanja

All the static tests and shear force capacity tests
were conducted on a 50-kN capacity screw type uni-
versal-testing machine (Mares 2007, Turkey) under 6
mm/min static loading rate in the Physical and Me-
chanical Tests Laboratory of Wood Science and Indus-
trial Engineering Department of Mugla Sitki Kocman
University. Tensile and compression strength parallel
to the grain and bending strength of the wood materials
were determined according to the test procedures de-
scribed in ASTM D 143-94 (2000). Shear force capac-
ity tests were conducted based on the methods accept-
ed in previous studies (Ors and Efe 1998; Dizel 2005;
Yildirim et al. 2020, Balikci 2015). For the static tests,
samples were loaded to ultimate failure; however, for
the shear force capacity test samples, loading was con-
tinued until separation occurred on the intersecting sur-
faces. The test set-up used for shear force capacity tests
is illustrated in Fig. 4. The ultimate force monitored on
H-type joint specimens was recorded as the shear force
in Newton (N). The maximum force for H-type joint
elements was recorded as shear force capacity and cal-
culated by following equation:

max

; (M)

e

R SR

T_é:ét ragbar_a(uvs

Pl

Test specimen

e Test agpéra}\}s5l'_"_ PRI )

Figure 4 Shear force capacity test set-up
Slika 4. Postav za ispitivanje kapaciteta posmicne sile

F — Shear force capacity of a joint (N)
F_ . —Maximum force (N),
2 — Number of joints.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Experimental results for shear force
capacity of H-type joints

3.1. Eksperimentalni rezultati kapaciteta
posmicne sile spojeva H-tipa

In shear force capacity tests, specimens reached
ultimate values within 60-90 seconds. Commonly, all
untreated specimen combinations failed due to glue
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Figure 5 Typical failure modes of untreated (a) and
heat-treated (b) specimens (Force directions are all from the

top of photographs)

Slika 5. Tipicni nacini loma netretiranih (a) i toplinski
tretiranih (b) uzoraka (sile su usmjerene od vrha fotografija

prema dolje)

line fractures and cracking from upper edge of rail
members as shown in Figure 5a. However, in the case
of heat-treated specimens, generally, joints fractured
from glue line and split from the middle or toward up-
per edge of rail members as shown in Figure 5b.

Table 3 Results of multiple variance analysis

Tablica 3. Rezultati analize viSestruke varijance

A four-way analysis of variance (MANOVA) gen-
eral linear model procedure was performed to analyse
the main effects and interactions on the shear force ca-
pacity. Statistically significant results were further ana-
lysed by the least significant difference (LSD) multiple
comparisons procedure at 5 % significance level to de-
termine the mean differences of shear force capacity val-
ues of H-type joints tested considering the wood species,
heat treatment, adhesive type, joint technique, and their
interactions. MSTAT-C statistical software (Michigan
State University, USA) was used for statistical evalua-
tions. Multiple variance analysis results on the effect of
wood species (WS), treatment process (HT), adhesive
types (AT) and joint types (JT) on the shear force capac-
ity of H-type joints are given in Table 3.

According to the results given in Table 3, all sin-
gle and multiple interactions, except for “WS - HT -
AT” and “WS - AT - JT”, were statistically significant
at 5 % significance level. For the main factors and four-
way interactions, least significant difference (LSD)
multiple comparisons at 5 % significance level were
performed to determine mean differences in shear ca-
pacity of H-type joints.

Mean comparison results of the effect of wood
species on the shear force capacity of the joints are
shown in Table 4. The single LSD value was calculated
as 270.7 N based on the error mean square of the full
model.

According to Table 4, the effect of wood species
on the shear force capacity of the H-type joints was sta-
tistically significant at 5 % significant level. Iroko yield-
ed the highest shear force capacity. Accordingly, the re-
sults of common ash and Siberian pine were lower than

Variation sources | Degrees of freedom | Sum of squares Mean square F-value Probability (p<0.05)
Izvori varijacija Stupnjevi slobode Zbroj kvadrata Srednji kvadrat | F-vrijednost | Vjerojatnost (p<0,05)
WS 2 63743904.9 31871952.4 1739 0.0000

HT 1 10887157.118 10887157.118 59.4184 0.0000

WS -HT 2 7237462.381 3618731.191 19.7498 0.0000

AT 1 1188764.315 1188764.315 6.4879 0.0125

WS - AT 2 2880596.895 1440298.448 7.8607 0.0007

HT - AT 1 4442058.017 4442058.017 24.2433 0.0000

WS - HT - AT 2 695591.768 347795.884 1.8982 NS

JT 1 21249549.778 21249549.778 115.9729 0.0000

WS -JT 2 4273179.314 2136589.657 11.6608 0.0000
HT-JT 1 4764828.825 4764828.825 26.0048 0.0000

WS -HT-JT 2 7672005.539 3836002.770 20.9356 0.0000

AT -JT 1 7789169.147 7789169.147 42.5107 0.0000

WS -AT-JT 2 15635.711 7817.855 0.0427 NS
HT-AT-JT 1 3477986.129 3477986.129 18.9817 0.0000

WS -HT-AT-JT 2 1279682.618 639841.309 3.4920 0.0344

Error 96 17589946.561 183228.610

Total 119 159187518.977

NS — Not significant / nije znacajno, WS — Wood species / vrsta drva, HT — Heat treatment / toplinska obrada, AT — Adhesive type / vrsta
ljepila, JT — Joint technique / vrsta spoja
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Table 4 Mean comparisons of effect of wood species on
shear force capacity

Tablica 4. Usporedbe srednjih vrijednosti utjecaja vrste
drva na kapacitet posmicne sile

Table 6 Mean comparisons for effect of adhesive type on
shear force capacity

Tablica 6. Usporedbe srednjih vrijednosti utjecaja vrste
ljepila na kapacitet posmicne sile

Shear force capacity, N

WO TS Kapacitet posmicne sile, N

Shear force capacity, N

LN (7L Kapacitet posmicne sile, N

LSD+270.7 N, HG — Homogeneity group / homogene grupe

Table 5 Mean comparisons for heat treatment effect on
shear force capacity

Tablica 5. Usporedbe srednjih vrijednosti utjecaja toplin-
skog tretmana na kapacitet posmicne sile

Vrsta drva P G Vrsta ljepila e HG
Siberian pine / sibirski bor 2653 C PUR 3575 B
Iroko / drvo iroka 4304 A PVAc 3774 A
Common ash / jasenovina 4067 B LSD+ 155.1 N

Table 7 Mean comparisons for effect of joint technique on
shear force capacity

Tablica 7. Usporedbe srednjih vrijednosti utjecaja tehnike
spajanja na kapacitet posmicne sile

Shear force capacity, N

Heat treatment Kapacitet posmicne sile,

Toplinska obrada N

X HG
Heat-treated / toplinski tretirano 3374 B
Untreated / netretirano 3976 A

LSD+ 155.1N

those of iroko by approximately 5.5 % and 38 %, respec-
tively, whereas the results of common ash were higher
than those of Siberian pine by approximately 35 %.

The mean comparison values of the effect of heat
treatment on shear force capacity of tested H-type
joints are presented in Table 5. The single LSD value
was calculated as 155.1 N based on the error mean
square of the full model.

The specimens constructed of heat-treated wood
species performed lower than the untreated specimens
in terms of shear force capacity. The performance of
the joints decreased by approximately 15 % as com-
pared to the untreated specimens. This could be due to
the fact that heat treatment processing causes the phys-
ical changes in the cellular structure of wood. The neg-
ative effects of the heat treatment process on the me-
chanical properties of wood materials have been well
researched in the previous studies (Esteves and Pereira,
2009). As a result of thermal process, strength loss as-
sociated with thermal degradation and mass loss due to
applied temperature may occur (Rusche, 1973; Zaman
et al., 2000; Mazela et al., 2003). Mitchel (1998) indi-
cated that irreversible degradation of the mechanical
and technological properties of wood are caused by
thermal degradation.

The mean comparison values of the effect of ad-
hesives on shear force capacity of tested H-type joints
are given in Table 6. The single LSD value was calcu-
lated as 155.1 N based on the error mean square of the
full model.

In this study, PVAc adhesive performed better
than PU adhesive by approximately 5.3 % higher val-
ues in terms of the shear force capacity of H-type

Shear force capacity, N

ADIG{EE I GG Kapacitet posmicne sile, N

Tehnika spajanja X G
Dowel / mozdanik 3254 B
MT 4096 A

LSD+ 155.1N

joints. PU and PVAc are structurally different adhe-
sives. PUR is a thermosetting adhesive that results in a
rigid material after curing, while PVAc is a thermoplas-
tic adhesive with more elastic behaviour after curing. It
is deduced that these properties of adhesives may af-
fect the results and that PVAc might perform better in
terms of mechanical adhesion of these kind of joints.

The mean comparison values for the effect of
joint technique on the shear force capacity of tested H-
type joints are presented in Table 7. The single LSD
value was calculated as 155.1 N based on the error
mean square of the full model.

According to Table 7, MT joints performed better
than dowel joints by approximately 21 % in terms of
shear force capacity. The results suggest that M T joints
perform better where shear force capacity is needed.
This may be explained by the fact that the bonding sur-
face area of MT joints is larger than that of dowel
joints.

The mean comparison values of the effect of
four-way interactions on shear force capacity of tested
H-type joints are given in Table 8. LSD was calculated
as 537.4 N.

According to Table 8, in general, all combina-
tions made of untreated wood species yielded higher
values than combinations made of heat treated species
except for “Iroko-PUR-MT combination. “Common
ash—Untreated-PVAc-MT” combination showed the
highest shear force capacity in this study. Among com-
binations made of heat-treated wood species, the high-
est performance was obtained with “Iroko-PUR-MT”
and “iroko-PVAc-MT” combinations, and there was no
significant difference between the two combinations,
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Table 8 Mean comparison results of effect of four-way interactions with coefficient variations on shear force capacity
Tablica 8. Usporedba rezultata srednjih vrijednosti ¢etverosmjernih interakcija s koeficijentima varijacije na kapacitet

posmicne sile

. ) . Shear force capacity, N
Wood species Hea.t treatment Adhesw‘e type Joint typ.e Kapacitet smitne sile, N_| oV, %
Vrsta drva Toplinska obrada Vrsta ljepila Vista spoja X G
PUR Dowel 2826 H 11.06
Heat-treated MT 2446 HI 7.88
toplinski tretiran Dowel 2051 1 6.55
0 . PVAc
Siberian pine MT 2510 HI 11.65
sibirski bor PUR Dowel 2832 H 9.28
Untreated MT 2880 GH 8.65
netretiran Dowel 2273 1 13.30
PVAc MT 3407 FG 1621
PUR Dowel 3763 DEF 13.14
Heat-treated MT 4989 C 9.18
toplinski tretirano Dowel 3378 FG 10.63
PVAc
Iroko MT 4814 C 7.58
drvo iroka PUR Dowel 3964 DE 13.06
Untreated MT 4080 D 19.89
netretirano Dowel 3749 DEF 5.95
PVA
VA MT 5695 B 1332
PUR Dowel 3399 FG 20.53
Heat-treated MT 3376 FG 8.21
toplinski tretirana PVA. Dowel 3495 EF 15.15
Common ash ¢ MT 3436 EF 12.35
Jasenovina PUR Dowel 3671 DEF 7.51
Untreated MT 4677 C 9.26
netretirana Dowel 3646 DEF 6.83
PVAC MT 6838 A 6.17
LSD+ 537.4 N

while “Siberian pine-HT-PVAc—Dowel” combination
showed the lowest values.

There was no significant difference between “Si-
berian pine-HT-MT” combinations constructed with
both PUR and PVAc adhesives. A similar situation oc-
curred when both MT and Dowel joints were con-
structed with a the combination of “iroko-HT-PUR”
and “iroko-HT-PVAc”. In addition, when comparing
their combinations, no significant difference was found
when both MT and Dowel joints were constructed with
combinations of “Common ash-HT-PUR” and “Com-
mon ash-HT-PVAc”.

It is believed that these results could provide eco-
nomic and technical benefits for furniture designers,
engineers, and manufacturers.

4 CONCLUSIONS
4. ZAKLJUCAK

In this study, shear force capacity of H-type joints
made of heat-treated Siberian pine, Iroko and Common
Ash were investigated. From results of the study, it can
be concluded that wood species, heat treatment, adhe-
sive type, and joint type had significant effects on the
shear force capacity of H-type joints. In terms of adhe-
sive type, PVAc could be considered as a better alterna-
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tive, while the MT joint type could be preferred where
high strength was necessary.

In terms of wood species, iroko showed higher
shear force capacity values than common ash and Sibe-
rian pine. Shear force capacity of the specimens made
of heat-treated wood was by approximately 15 % lower
than that of the untreated specimens. As stated in many
previous studies, the present study also confirmed that
heat treatment has negative effects on the mechanical
properties of wood. In terms of the adhesive type, the
joints glued with PVAc had approximately 5 % higher
shear force strength than those glued with PUR. In
terms of the joint type, MT joints performed approxi-
mately 21 % better than dowel joints. For the speci-
mens made of heat-treated wood materials, the best
results were obtained from the iroko-PUR-MT and
iroko- PVAc- MT combinations, and there was no sig-
nificant difference between the two combinations.

It is believed that the results of this study will
help design more durable furniture frame construc-
tions, especially for sitting furniture, since most of
their joints are exposed to shear effect under applied
forces. The results of the study clearly indicate that de-
signers/engineers should select the joint type, wood
species, and adhesive, when using heat treated materi-
als, in order to reduce the effects of strength reductions
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caused by heat treatment. In future studies, different
wood species and joint types could be evaluated in or-
der to make a wider range of engineering decisions.
Such wide range of studies could also provide opportu-
nity to create predictions for optimum strength of joints
designed with heat treated materials.
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