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One of the most used joints in the construction of furniture is the end to edge butt joint. This type of joint is preferred
for the easy of their processing. The effect of heat treatment on the compressive and tensile strength of end to edge
butt joint is analysed in this work. Also, it is analysed the optimal dowel length, the distance between dowels and the
ratio of dowel penetration in the main part of an end to edge butt joint. The joints were prepared from heat-treated
ash (Fraxinus excelsior) wood. The length of dowel has a bigger influence on compressive and tensile strength
of joints than the distance between dowels and the ratio of dowel penetration in the main part of joint. An optimal
solution to place the dowels is suggested for the joints made of heat-treated wood. The solution implies to have a
distance between dowels of 32 mm; a ratio of dowel penetration in the main part of 0,55 and a dowel length of 60 mm.
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INTRODUCTION

The joints used in the manufacture of wooden
products must be able to take over, to transmit and
to support the load required by their use. One of the
most used joints in the construction of furniture is
end to edge butt joint (fig. 1). This type of joint is
preferred for the easy of their processing [8].

Part #2

il

f

Dowels

Part #1

Fig.1. End to edge butt joint
Puc. 1. CoenrHeHne TOPIEBOTO CTHIKA

End to edge butt joint sizing is based on the ex-
isting recommendations in the literature [1, 3, 5].
These recommendations are based on studies that
have been developed for solid wood joints, where
wood has superior mechanical properties compared
to heat-treated wood, whose main disadvantage is
the reduced mechanical strength. This disadvantage
can be reduced by appropriate sizing of joints used
for manufacturing the products [7]. To the best to
our knowledge, there is lack of studies that deal with
this topic.

OBJECTIVE

The main objective of the present research is to
figure out the optimal dowel length, the distance be-
tween dowels and the ratio of dowel penetration in
the main part of an end to edge butt joint. In order to
obtain our objective, the response surface methodolo-
gy (RSM), which is a class of designs of experiments,
has been applied. RSM allows the reduction in the
number of experiments which would be necessary to
estimate multiple parameters and their interactions.
Thus, time and effort are greatly shortened. One can
find more information about RSM in Sova et al. [9].

MATERIAL, METHOD, EQUIPMENT

The material used in this research was untreated
and heat-treated ash (Fraxinus Excelsior) boards.
Some technological steps were followed in order to
obtain the end to edge butt joint, as follows: drilling
the wooden elements, gluing and jointing the parts
and joints conditioning. Before gluing, the parts were
selected and arranged according to the experimental
plan (table 1).

Adhesive consumption rate was 350 g/m?, ac-
cording to Negreanu [8]. In order to find the area of
each hole, the SolidWorks software was used to 3D
modelling of various holes depth, according to exper-
imental plan. The quantity of adhesives needed to be
applied in each hole was calculated by multiplying
the adhesive consumption rate by area of each hole.
The adhesive was applied by means of a 2 ml syringe.

In order to obtain a good adhesion, after applying
the adhesive, the parts waited a period of 10 minutes
long before jointed. The possible influence of adhe-
sive excess on the strength of joint was limited by
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Table 1

The experimental plan used in the present research
BKCﬂepl/lMeHTaﬂbeIﬁ InJ1aH, MCIO0JIb30BAHHDBIN B HACTOSIIIIEM MCCJIEIOBAHUM

Independent variables Dependent variables
Configura- | Distance be- Hole depth in the parts of the joints (X,), mm Bowel leneth Breaking com- Breaking
tion tween dowels Ratio of dow- o)v;/e engt pression force | tensile force
(X,),mm | part#1 of joint | part #2 of joint els'pene;‘;rztzion (X5), mm (Y),N (Y,), N
in pa

1 16 15 15 0,5 30 788 2330
2 32 15 15 0,5 30 1110 3740
3 16 21 9 0,7 30 1010 2540
4 32 21 9 0,7 30 1040 2180
5 16 30 30 0,5 60 2250 4990
6 32 30 30 0,5 60 2060 4460
7 16 42 18 0,7 60 2610 4730
8 32 42 18 0,7 60 1970 4200
9 24 27 18 0,6 45 2620 5420
10 24 27 18 0,6 45 2490 4510
11 24 27 18 0,6 45 2780 6120
12 24 27 18 0,6 45 2460 4610
13 24 27 18 0,6 45 1990 4460
14 16 27 18 0,6 45 3130 5350
15 32 27 18 0,6 45 3460 4970
16 24 23 22 0,5 45 2960 7460
17 24 32 13 0,7 45 2120 3580
18 24 18 12 0,6 30 1180 3190
19 24 36 24 0,6 60 3030 6310
20 24 27 18 0,6 45 2990 5930
21 24 27 18 0,6 45 2690 5880
22 24 27 18 0,6 45 2420 4450
23 24 27 18 0,6 45 2340 5700
24 24 27 18 0,6 45 2300 4620

separating the parts of joint by applying wax paper
[4]. The parts of joint were pressed after jointing in
a screw clamping device and were conditioned for
two weeks [6].

The mechanical testing of joints was performed
on the universal testing machine Zwick Roell Z10.
The load was applied at a constant speed of 3 mm per
minute until a significant separation between the two
parts occurred [ 7]. The value of the maximum breaking
force was recorded for each tested specimen. The joints
were tested both for compression and tensile load, as
it is recommended in the literature (fig. 2) [10]. The
devices were especially designed for this kind of test.

RESULTS AND DISCUSSION

Mathematical models (multiple regression equa-
tions) were established based on the experimental
results by using the Design-Expert Version 9 — Stat-
Ease. The models describe the relationship between
independent variables (the distance between dowels,
ratio of dowel penetration in the main part of joint and
the length of the dowel) and the dependent variables
(breaking compression force and breaking tensile
force). The obtained models are presented in table 2.

Based on the sign of the coefficients of obtained
models, it was found that the heat-treated wood joint
strength increases when:

* the dowel length increases;

* the distance between holes increases;

* the ratio of dowel penetration in the main part
of joint decreases.

Based on the value of coefficients of models, it
was found the most important independent variable
that affects the strength of joint is the length of dowel.
Moreover, the length of dowel has a nonlinear effect
on breaking compression force (fig. 3, a, b).

In the case of heat-treated wood joints the inde-
pendent variables interact for a better compressive
and tensile strength, as it could be observed based on
the equations presented in Table The most important
interaction is between the ratio of dowel penetration
in the main part of joint (X,) and the length of the
dowel (X3).

Based on the developed models, the optimisation
algorithm that is included in the Design- Expert Soft-
ware and technological constraints, it was obtained
a single optimal solution. The solution implies to
have a distance between dowels of 32 mm; a ratio of
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Fig. 2. Testing of end to edge butt joint at compression («) and tensile (b)
Puc. 2. lcrpiTaHre KOHIIEBOTO CTHIKOBOTO CTHIKA TIPH CKATHH (&) U pacTsbkeHue (b)

Table 2

Mathematical models that describes the relationship between independent and dependent variables
MaremaTnuyeckue MO/1€JIH, ONUChIBAKOIIM e B3aUMOCBA3L MEK/1Yy HE3ABUCUMBIMH U 3aBUCUMBIMHU IIE€PEMEHHBIMU

Form of .
. Coefficient of
Type of joints %?Zgzg_g Obtained Equation determination
tion (R?)
Coded Y =2208,01 + 108,90X, — 87,90X, + 669,30X;— 105,87X,X, +
Breaki +16,38X,X; — 182,62X,X;+ 204,96X,2— 285,04X,2— 410,04X >
reaking compres-
sion force Y = 1675186 — 66,84X, + 41980,55X, + 278, 41X, — 132,34X,X, + o
Real =- ,86 — 66,84X, ISR AlX5 = 152,534%, X,
+0,13X,X;— 121,75X,X; + 3,20X,% - 28503,79X,2 — 1,822
Coded Y =4022,32 + 347X, — 456X, + 1084X; — 340X,X; + 1055,72X,2—
Breaking tension ~ 819,28X,7 - 849,28Xs"
0,85
force Real Y =-31290,94 — 748,41X, + 103954X, + 547,97X, — 226,66 X,X; +
+16X,2 - 81928,27X,% — 3,77X;5?

dowel penetration in the main part of 0,55 and a dow-
el length of 60 mm. The fulfilment of optimization
criteria (D) was high (D = 0,91). The optimisation
criteria consisted in maximizing both the compres-
sive and tension breaking force.

The optimal values obtained are close to those
found in the literature, as follows:

* the distance between dowels is suggested at
32 mm due to technological constraints (distance
between axes of the drilling tools mandrels) [1]:

* the ratio of dowel penetration in the main part
of joint is recommended to be 0,50 [2, 3];

 the dowel length could be either 50mm or
60mm [3, 8].

CONCLUSIONS

The material used in this research was untreated
and heat-treated ash (Fraxinus Excelsior) boards.
Some technological steps were followed in order
to obtain the end to edge butt joint. The joints were
tested both for compression and tensile load. The
main variable affecting the resistance joints is the
length of dowels. The independent variables inter-
act for a better compressive and tensile strength.
The proposed optimal solution could be considered
suitable for the joints made of heat-treated wood.
In a further study more variables that influence the
compression and tensile strength of end to edge
butt joints must be considered, in order to develop
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Breaking compression force [N]

Breaking tensile force [N]

Fig. 3. Response surface plot showing the effect of ratio of dowel penetration in the main part of joint and the
length of dowel on the breaking compressive force (a) and breaking tensile force (b). The distance between

dowels was considered equal to 32 mm

Puc. 3. [lnarpaMma MoBEpXHOCTH PEaKIMH, OKa3bIBAIOIIAst BIUSHIE OTHOIICHHS IPOHUKHOBEHUS 100CIs B
OCHOBHOI 4aCTH CTBIKA M JUIMHBI JI00CIIS Ha pa3pbIBHYIO CKMMAIOIILYIO CHITY (@) ¥ pa3pbIBHOE PACTSITH-
Batoriee ycuiue (b). PaccTostHue MeX Iy AI00CTSIMHA CYUTAIOCh PAaBHBIM 32 MM

practical recommendations needed during the design
phase of wooden products.
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OoNTUMUBALLUA YINNOBOIro KOHLUEBOIro COEAUHEHUA,
OCHOBAHHAS HA METOA40/10r'M NOBEPXHOCTU OTKJIUKA:
NMPEABAPUTEJ/IbHOE UCC/NIEAOBAHUE

bornan benesean, Cepaxny I'eoprecky
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OnHuM U3 HanOosee YacTo MCHONIb3yeMbIX BHJIOB COSIUHEHHUN MpH cOOopke MeOenu sSBIsSETCS YIIOBOE KOHIIEBOE
COCJIMHEHHUE JIeTalei. DTOT THI COSIUHEHNS SBISIETCS NMPEANOYTUTENBHBIM H3-3a JITKOCTH Iponecca. B maHHOU
paboTe aHAIU3UPYETCS BINUSHUE TEPMUIECKOH 00pabOTKH Ha IPOYHOCTH IIPH CXKATUH M PACTSHKEHNH YTIIOBOTO KOH-
1IeBOTO coeanHeHus. Taxoke aHaIM3UPyeTCsl ONTHMAIbHAS JUINHA ITKAHTA, PACCTOSHIE MEXTY IIKaHTAMHU M COOTHO-
IIeHHe ITyOMHBI YCTAaHOBKH IIKaHTa K OCHOBHOW YacTH YIIOBOTO KOHIIEBOTO coenvHeHus. COeIMHEHNS ieTanei
OBLTH ClIeNIaHbl U3 TepMUYecKH 00paboTaHHOi npeBecuHs siceHs (Fraxinus excelsior). [{nnHa mkaHTa oKa3bIBacT
Oonbliiee BIUSIHUE HA MPOYHOCTh COEIUHEHUS MPH CXKATUU U PACTSDKEHHH, YeM PAcCTOSHHUE MEXTy IIKaHTaMU U
DIyOMHA yCTaHOBKH IIKaHTA. [IpeyiokeHo ONTUMaNbHOE PEIleHNe Pa3MEIleHNUs IKAHTOB JUIs COCANHEHHH, n3-
TOTOBJICHHBIX M3 TEPMHYECKH 00pabOTaHHOW JpeBeCHHBI. J[aHHOE pelleHre MpeanoiaraeT HaTuIne PacCTOSHUS
MEXy MIKaHTaMH 32 MM; COOTHOILIEHHE NIyOWHBI YCTAHOBKM IIKAHTA K OCHOBHOM YacTH YIJIOBOTO KOHILIEBOTO
coeauHenuss — 0,55 u uimHy mkanta — 60 MM.

KioueBbie ciI0Ba: yIIoBOe KOHIIEBOE COSTMHEHUE, TEPMUIECKH 00pabOTaHHAs JPEBECHHA, SICEHb, TPOYHOCTH Ha
pacTsKEeHHe U CKATHUE, ONTUMU3AIHS

Ccepuaka s nurupoBanus: Bedelean Bogdan, Georgescu Sergiu. Optimisation of end to edge butt joint with
response surface methodology: a preliminary study. Lesnoy vestnik / Forestry Bulletin, 2017, vol. 21, no. 4,
pp. 58-62. DOI: 10.18698/2542-1468-2017-4-58-62

Cnuncok nutepaTtypbl

(1]
(2]

Cismaru M. Wood structures (in Romanian). Transilvania University Publishing House, Brasov, 2009.

Craftsmanspace. Dimensioning woodworking and carpentry joint, 2016. Available at: http://www.craftsmanspace.com/knowl-
edge/dimensioning-woodworking-and-carpentry-joints.html

Curtu I., Nastase V., Mihai D., Mihailescu T., Stoian O. Joints in wood: Structure, technology and reliability (in Romanian).
Technical Publishing House, Bucharest, 1988.

Dalvand M., Ebrahimi G., Tajvidi M., Layeghi M. Bending moment resistance of dowel corner joints in case-type furniture
under diagonal compression load. Journal of Forestry Research, 2014, v. 25 (4), pp. 981-984.

Eckelman C.A. Textbook of product engineering and strength design of furniture. Purdue University, West Lafayette, Indiana,
America, 2003.

Kasal A., Eckelman C.A., Haviarova E., Erdil Y.Z., Yalcin I. Bending moment capacities of L-shaped mortise and tenon joints
under compression and tension loadings. BioResources, 2015, v. 10 (4), pp. 7009-7020.

Kuzman M.K., Kutnar A., Ayrilmis N., Kariz M. Effect of heat treatment on mechanical properties of selected wood joints.
European Journal of Wood and Wooden Products, 2015, v. 73, pp. 689-691.

Negreanu C. Contributions to the study of dowel joints that are used in the structure of furniture made of solid wood (in
Romanian). Ph.D thesis. Transilvania University of Brasov, 2003.

Sova D., Bedelean B., Sandu V. Application of Response Surface Methodology to Optimization of Wood Drying Conditions in a Pilot-
Scale Kiln. Baltic Forestry, 2016, no. 22 (2).

[10] Yerlikaya N.C., Aktas A. Enhancement of load-carrying capacity of corner joints in case-type furniture. Materials and Design,

2012, v. 37, pp. 393-401.

CBepeHunsa 06 aBTOpax

Bornan benenean — mouent, YauBepcuteT TpancunbpBanuu B bpamose, Str. Universitatii nr. 1, 500068,

Bbpamos, Pymerans, bedelean@unitbv.ro

Cepmxkny I'eoprecky — acnmpant, YHuBepcutet TpancunbpBannu B bpamose, Str. Universitatii nr. 1,

500068, bpammos, Pymerans, sergiu.georgescu@unitbv.ro

Crarbs noctynmia B pepakuuio 10.05.2017 1.

62

JlecHoli BecTHUK / Forestry Bulletin, 2017, Tom 21, Ne 4





