Taylor & Francis
Taylor & Francis Group

Wil  |nternational Wood Products Journal

Journal

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ywpj20

Strength index-based timber classification of Sri
Lankan timbers and potential for finger-joint
production from wood off-cuts

C. K. Muthumala, Sudhira De Silva, P. L. A. G. Alwis & K. K. I. U. Arunakumara

To cite this article: C. K. Muthumala, Sudhira De Silva, P. L. A. G. Alwis & K. K. |. U. Arunakumara
(2022) Strength index-based timber classification of Sri Lankan timbers and potential for finger-
joint production from wood off-cuts, International Wood Products Journal, 13:4, 263-271, DOI:
10.1080/20426445.2022.2117929

To link to this article: https://doi.org/10.1080/20426445.2022.2117929

% Published online: 30 Aug 2022.

N
G/ Submit your article to this journal &

||I| Article views: 37

A
& View related articles &'

@ View Crossmark data (&'
CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallinformation?journalCode=ywpj20


https://www.tandfonline.com/action/journalInformation?journalCode=ywpj20
https://www.tandfonline.com/loi/ywpj20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/20426445.2022.2117929
https://doi.org/10.1080/20426445.2022.2117929
https://www.tandfonline.com/action/authorSubmission?journalCode=ywpj20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ywpj20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/20426445.2022.2117929
https://www.tandfonline.com/doi/mlt/10.1080/20426445.2022.2117929
http://crossmark.crossref.org/dialog/?doi=10.1080/20426445.2022.2117929&domain=pdf&date_stamp=2022-08-30
http://crossmark.crossref.org/dialog/?doi=10.1080/20426445.2022.2117929&domain=pdf&date_stamp=2022-08-30

INTERNATIONAL WOOD PRODUCTS JOURNAL
2022, VOL. 13, NO. 4, 263-271
https://doi.org/10.1080/20426445.2022.2117929

I-M3

Institute of Materials,
Minerals & Mining

Taylor & Francis
Taylor & Francis Group

W) Check for updates

Strength index-based timber classification of Sri Lankan timbers and potential
for finger-joint production from wood off-cuts

C. K. Muthumala?, Sudhira De Silva®, P. L. A. G. Alwis® and K. K. I. U. Arunakumara®

®Research, Development and Training Division, State Timber Corporation, Colombo, Sri Lanka; bDepartment of Civil and Environmental
Engineering, Faculty of Engineering, University of Ruhuna, Matara, Sri Lanka; “Department of Agricultural Engineering, Faculty of
Agriculture, University of Ruhuna, Matara, Sri Lanka; “Department of Crop Science, Faculty of Agriculture, University of Ruhuna, Matara, Sri

Lanka

ABSTRACT

Shorter sections of sawn timber material resulted from timber industry are considered to be
wastes; thus regularly dumped by sawmills. Finger-joint, a method which connects two
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small pieces of timber together is recognized as a sound technique to minimize the

wastage. In this process, sections of different timber species are bonded together for
making finger-joint boards. In this connection, selection of the best possible combination of
timber species is vital as the success largely depends on the mechanical properties of the
pieces. In this study, commonly used 32 timber species were employed to develop a timber
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classification system based on strength properties of timber species. Cluster analysis was
used in grouping the species with similar strength properties. Accordingly, timber species
were grouped into five strength classes as very low, low, medium, high and very high. A
significant correlation (P=0.000) between the strength index and timber density was also

observed.

Introduction

Timber is considered to be a scare resource; thus any
wastage of timber is a matter of great concern (Muthu-
mala et al. 2020). Shorter sections of sawn timber
material and wood off-cuts are common problems
associated with timber industry in Sri Lanka where a
considerable amount of timber waste is regularly
dumped by sawmills. However, a certain fraction of
waste is used effectively in fuel kiln-dried boilers
(Muthumala et al. 2018). The preparation of finger-
joint boards combining shorter sections of timber is
another alternative use of timber wastes (Figure 1).

Finger-joints are described as interlocking end
joints which are formed by machining a number of
similar tapered symmetrical fingers using a finger-
joint cutter and then bonded together (Institution
2014). Finger-joint is therefore recognized to be an
eco-friendly and economically valuable technique in
the furniture industry. It ensures the sustainable util-
ization of small wood cut pieces which are usually con-
sidered as waste (Sandika et al. 2017). The finger- joint
timber manufacturing is a newly introduced technol-
ogy to Sri Lankan furniture industry (Abeysinghe
et al. 2016).

The properties of timber vary with the species; thus
special attention is needed to pay when different tim-
ber species are used in finger-joint productions. Each
timber species possesses a unique density range at

maturity. Strength also varies with the species and cer-
tain growth characteristics (Yeomans 2003). There-
fore, some failures can always be expected when
mixing different species for finger-joint productions.
Quantitative characteristics of a wood and its behav-
iour in response to external forces depend on mechan-
ical properties. Therefore it is apparent that the
performance and strength of wood used in structural
applications could vary with the mechanical properties
of wood (Winandy 1994).

Timber classification is basically done based on the
wood properties and the use of such classifications in
timber industry is a common practice in many
countries (Ali et al. 2008; Davalos and Barcenas
1999). However, a strength-based timber classification
system is yet to be developed in Sri Lanka. The existing
timber classification system in Sri Lanka has been
developed considering the factors such as timber avail-
ability, demand and supply. However, with the expan-
sion of finger-joint productions, the need for a reliable
timber classification system based on the strength and
workability characteristics is highlighted. This is par-
ticularly important when different timber species are
used in preparing finger-joint boards. The key objec-
tive of the present study was to develop a strength-
based timber classification system. Commonly used
32 timber species were employed in the study and
the relationship between the strength index and den-
sity of selected timber species was also evaluated.
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Figure 1. Finger-joint door prepared with shorter sections of
different timber species (98 cm x 190 cm).

Methodology
Timber sample selection

Locally available 32 timber species representing all the
timber classes; Super luxury, Luxury, Special upper,
Special, Class I, Class II, Class III and below Class
IIT according to the timber classification chart of the
State Timber Corporation of Sri Lanka were selected
for the study (Table 1). The selected species are com-
monly used for structural and non-structural purposes
in Sri Lanka. In this study, 32 solid timber samples
were employed to develop a timber classification

Table 1. Selected timber species.

Table 2. Standard sizes for samples.
Mechanical test

Standard Size (mm)

Flexural test 20 x 20 x 300
Compression Parallel to grain test 20 x 20 X 60
Compression Perpendicular to grain test 50 x 50 x 50

Universal testing machine (model: OZ-UTM-100PC, capacity: 100 KN,
Power: 230 Hz) was used for testing.

system based on the strength properties of 32 timber
species.

Sample preparation

The samples were taken from the heart wood portion
of the timbers at the breast height. Ten small clear
specimens were prepared representing each timber
species and each test was replicated ten times. The
specimens were free from timber defects and they
were seasoned to reduce the moisture content down
to 12%. BS:373-1957 standards were followed in pre-
paring specimens (Table 2).

Determination of wood density

Dry weight of the timber samples was taken after pla-
cing them in an oven for 48 h at 100-105°C (British
Standard Institution 1999).

Density values were determined using the following
equation:

Weight of oven dry wood (kg)
Volume of wood (m?)

(1)

Density =

Flexural strength test

Seasoned specimens placed at room temperature
(27°C) exhibited better structural performances com-
pared to those placed at hot (35°C) and cool (15°C)
conditions (Vievek et al. 2016). Clear timber speci-
mens were tested by three-point bending for deter-
mining the bending strength. The span was

Common name

Scientific name

Common name

Scientific name

1. Albizia Falcataria molucana

2. Cypress Cypressus macrocarpa
3. Ebony Diospyros ebenum

4. Ehela Cassia fistula

5. Tallowwood Eucalyptus microcorys

6. Ginisapu Michelia champaca

7. Grandis(red) Eucalyptus grandis

8. Halmilla Berrya cordifolia

9. Havari nuga Alstonia macrophylla

10. Hora Dipterocarpus zeylanicus
11. Jack Artocarpus heterophyllus
12. Khaya Khaya senegalensis

13. Kolon Adina cordifolia

14. Kumbuk Terminalia arjuna

15. Lunumidella Melia dubia

16. Madan Syzygium cumini

17. Mahogany

Swietenia macrophylla

18. Mango Mangifera indica
19.Margosa Azadirachta indica
20. Mee Madhuca longifolia
21. Milla Vitex pinnata

22. Na Mesua ferrea

23. Nedun Pericopsis mooniana
24. Palu Manilkara hexandra

25. Paramara
26. Pine (Caribbean)

Samanea saman
Pinus caribaea

27. Robusta Eucalyptus robusta

28. Rubber Hevea brasiliensis

29. Satin Chloroxylon swietenia

30. Suriyamara Albizia odoratissima

31. Teak Tectona grandis

32. Welang Pterosoermum suberifolium
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Figure 2. Loading setup for bending test.

280 mm for the test and load was applied on the
mid span of the specimen at a loading speed of
6 mm min~" (Figure 2).

Modulus of Rupture (MOR) and Modulus of Elas-
ticity (MOE) values were calculated using Equations
(2) and (3) corresponding to test data.

3F,L;
2bd?
where F, is the maximum force (N), L, is the length

of the span (mm), b is the width of the specimen (mm)
and d is the depth/thickness of the specimen (mm).

MOR = (2)

FL3
46bd3

MOE = 3)

where F; is the maximum load at proportionate
state (N), L; is the length of the beam between sup-
ports (mm), b is the width of the specimen (mm), d
is the depth/thickness of the specimen (mm) and &
is the deflection of timber specimen (mm).

Compressive strength parallel to grain

Compressive strength parallel to grain test was car-
ried out at a loading plate moving speed of 0.5 mm
min~" (Figure 3) where load vs. displacement vari-
ation was obtained. The maximum load of the elastic
limit was used to determine the serviceability state of
compressive strength. Compressive strength parallel
to grain values was calculated using the following
equation:

Compressive strength parallel to grain

Max. Load act i
_ Max. Loadacton specimen. . _» @)

Load acting area

Compressive strength perpendicular to grain

Failure of the specimens was obtained by perpendicu-
lar to grain at a loading plate moving speed of 0.5 mm
min~"' (Figure 4). A displacement curve was plotted
with the load applied. Compressive strength perpen-
dicular to grain values was calculated using the
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Figure 3. Loading setup for compressive strength parallel to
grain test.

following equations:

Compressive perpendicular to grain strength

Max. Load act on specimen
= P N mm ™2 (5)

Load acting area

Assessment of workability

Ten specimens representing each species were evalu-
ated by a team of trained carpenters for the easiness
of hand sawing, nailing and sanding and the speci-
mens were categorized as easy, normal and hard.
Three categories (very good, good and normal) were
also used to determine the quality of the polished
specimens.

Statistical analysis

The data generated from the study were subjected to
analysis of variance (ANOVA) with SPSS 16.0 and
Minitab computer software. Factor and cluster analy-
sis were also performed as appropriate.
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Force
direction
moving
plate
S0mm Grain 7
direction Fixed
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Figure 4. Loading setup for compressive strength perpendicu-
lar to grain test.

Results and discussion
Calculated strength values

The density values, strength and stiffness values of 32
timber species are shown in Table 3.

Variations in the values of wood density and mech-
anical properties were reported by several researchers
(Zhang 1995; Zobel and van Buijtenen 1989). In the
present study, the timber species were grouped into
five categories based on their strength values using a

dendrogram. Density is considered to be the most
important indicator of the strength of a wood which
could therefore be used in predicting some other
characteristics such as hardness, ease of machining
and nailing resistance as well (Hoadley 2000). In con-
trast to other material used in constructions, wood
displays to have a stronger relationship between
strength and density. Therefore, strength properties
of a wood could be used in selecting a suitable type
of wood for a particular use (Reinprecht 2016).

Cluster analysis was employed in grouping the
species which possess similar strength properties
such as modulus of rupture, modulus of elasticity,
compression parallel to grain and compression per-
pendicular to grain (Barry n.d). Ward’s hierarchical
clustering method was employed here as it uses the
minimum variations. According to Ward’s method,
the nearest neighbour species can be used to find the
same cluster. Figure 5 shows the dendrograms used
in grouping 32 timber species.

Dendrograms show the height at which mechanical
properties and 32 timber species are joined together.
The most similar species shows as the coloured
boxes in each dendrogram.

Compressive parallel to grain test results

Higher strength values in compressive parallel to grain
were showed in Micro, Na, Palu, Ebony and Milla

Table 3. Density, compression strength and flexural strengths of 32 timber species.

Compression

Timber Species Density Compression Parallel perpendicular to grain MOE MOR

(Spp. No) (kg m>) SD To grain (MPa) SD (MPa) SD (GPa) SD (MPa) SD
Albizia (28) 425 (20) 10.43 (0.53) 35 (0.34) 1.939 (1.428) 17.36 (2.70)
Caribbean Pine 465 (22) 48.5 (10.15) 41 (1.57) 6.910 (1.683) 69.86 (14.73)

(20)

Cypress(26) 502 (22) 2491 (2.61) 34 (0.43) 4.491 (1.792) 53.13 (5.95)
Ebony (30) 1120 (30) 529 (11.64) 20.97 (1.39) 8.676  (2.301) 136.05 (2.81)
Ehela (1) 960 (23) 37.63 (4.02) 12.65 (2.16) 9.928 (0.353) 107.96 (9.11)
Ginisapu (3) 570 (18) 283 (2.15) 9.1 (0.48) 5336 (0.593) 65.72  (10.67)
Grandis-red (4) 570 (17) 47.22 (5.32) 492 (0.26) 8.026  (0.800) 68.48  (10.67)
Halmilla (5) 796 (24) 43.84 (4.74) 8.77 (0.26) 8.141 (1.865) 91.14  (21.57)
Havari nuga (6) 651 (30) 40.05 (13.1) 8.528 (1.11) 9.836  (2.031) 84.56  (10.91)
Hora (7) 806 (21) 44.36 (3.69) 15.46 (1.79)  13.603  (0.984) 83.03  (30.93)
Jack (8) 645 (16) 42.75 (6.44) 14.48 (0.95) 5872 (0.674) 63.92 (3.71)
Kaya (29) 600 (14) 37.09 (2.50) 11.77 (1.16) 8.879  (1.269) 81.5 (11.54)
Kolon (9) 708 (16) 34.12 (3.79) 6.16 (0.72) 6.196  (1.094) 66.45  (12.96)
Kumbuk (10) 756 (22) 34.56 (5.60) 8.74 (0.81) 5719 (0.839) 60.58 (9.41)
Lunumidella (11) 400 (16) 16.7 (6.97) 3.79 (0.28) 4206  (0.999) 25.6 (4.88)
Madan (12) 720 (14) 23.71 (4.68) 9.62 (0.29) 5211 (2.152) 48.87 (11.34)
Mahogany (13) 570 (13) 29.87 (0.27) 8.56 (0.92) 6.140  (1.067) 66.22 (7.06)
Margosa (14) 733 (14) 48 (3.20) 12.25 (1.71) 7438 (0.402) 76.75 (8.06)
Mango (27) 600 (20) 28.96 (2.22) 10.1 (1.48) 5.033  (1.092) 55.92 (8.15)
Mee (15) 973 (23) 37.06 (3.52) 10.24 (2.51) 5810 (0.621) 64.16 (9.75)
Milla (16) 892 (24) 51.24 (7.14) 16.97 (0.50) 6.736  (1.234) 7476  (38.77)
Na (17) 1087 (30) 56.36 (5.41) 10.68 (0.85) 12175  (2.757) 140.65 (19.86)
Nedun (32) 795 (25) 34.21 (3.98) 12.75 (0.67) 8.715  (1.135) 111.88  (23.49)
Palu (18) 1100 (26) 53.09 (12.2) 17.21 (1.98) 11.349 (1.703) 82.71 (14.54)
Paramara (19) 650 (23) 29.93 (3.96) 4.99 (0.30) 3974  (1.585) 3841  (15.79)
Robusta (31) 775 (27) 38.22 (6.49) 7.36 (0.96) 9.723  (0.507) 98.84  (13.25)
Rubber (21) 680 (22) 29.59 (10.03) 571 (1.19) 7911 (1.647) 75.78  (15.51)
Satin (22) 980 (18) 45.18 (4.46) 16.0 (0.56) 11489 (3.948) 14266 (22.88)
Suriyamara (23) 840 (16) 43.74 (2.57) 11.95 (1.49) 5454  (4.102) 102.79  (20.35)
Teak (24) 720 (19) 49.31 (6.51) 10.08 (1.17) 8.478 (0.957) 90.76  (13.46)
Tallowwood (2) 910 (20) 62.47 (7.08) 11.46 (1.91) 14919 (1.006) 12734 (10.95)
Welan (25) 640 (22) 26.49 (7.87) 7.31 (0.72) 5760  (0.643) 59.88 (3.01)
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Figure 5. Dendrograms of four mechanical tests.

timber species (Table 4). The highest value was
recorded in Micro (62.47 MPa) and the lowest from
Albizia (10.43 MPa).

Compressive perpendicular to grain test results

As shown in Table 5, the highest value for compressive
perpendicular to grain was observed in Ebony
(20.97 MPa) with lowest from Cypress (3.40 MPa)
timber species.

Table 4. Grouping the timber species based on the results of
ccompressive parallel to grain test.
Compression parallel

Group to grain (MPa) Timber species

Groupl <20 Albizia, Lunumidella

Group2 20-29 Madan, Cypress, Welan, Ginisapu,
Mango, Rubber, Mahogany,
Paramara

Group3 30-39 Kolon, Nedun, Kumbuk, Mi, Khaya,
Ehela, Robusta, Hawarinuga

Group4  40-49 Jak, Suriyamara, Halmilla, Hora, Satin,
Red Grandis, Margosa, Pine, Teak

Group5 >50 Milla, Ebony, Palu, Na, Micro
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(iv) Modulus of elasticity

Modulus of rupture

The modulus of rupture of the tested samples ranged
from 17.36 MPa to 142.65 MPa. As revealed by
Table 6, higher modulus of rupture values were
recorded in Satin, Na, Ebony and Micro timber species.
The highest value was recorded in Satin (142.65 MPa)
and the lowest from Albizia (17.36 MPa).

Table 5. Grouping the timber species based on the results of
compressive perpendicular to grain test.
Compressive

perpendicular to
grain (MPa)

Group Timber species

Cypress, Albizia, Lunumidella, Pine, Red
Grandis, Paramara, Rubber, Kolon

Welan, Robusta, Hawari nuga, Mahogany,
Kumbuk, Halmilla, Ginisapu, Madan,
Teak, Mango, Mee, Na

Tallowwood, Khaya, Suriyamara,
Margosa, Ehela, Nedun, Jack, Hora

Satin, Milla, Palu

Ebony

Group 1 Very low <6.5

Group 2 Low 6.5-11

Group 3 Medium 11-15.5

Group 4 High 15.6-19.5
Group 5 Very high >19.5
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Table 6. Grouping of the timber species based on the results
of modulus of rupture test.

Group MOR (MPa) Timber species in study sample
Group  Very low Albizia, Lunumidella

1 <49
Group Low 49-70 Paramara, Madan, Cypress, Mango, Welan,

2 Kumbuk, Jack, Mee, Ginisapu, Mahogany,
Kolon, Red Grandis, Pine

Group Medium 71— Milla, Rubber, Margosa, Khaya, Palu, Hora,
3 90 Hawari nuga,Teak, Halmilla

Group High 91-112  Robusta, Suriyamara, Ehela,Nedun
4

Group Very high Ebony Tallowwood, Satin, Na
5 >112

Table 7. Grouping of the timber species based on the results
of modulus of elasticity test.

MOE
Group (GPa) Timber species in study sample
Group  Very low  Albizia, Paramara, Lunumidella, Cypress
1
Group Low Mango,Madan, Ginisapu, Suriyamara, Kumbuk,
2 Welan, Mee, Jack, Mahogany, Kolon,
Group Medium Milla, Pine, Margosa, Rubber, Red Grandis,
3 Halmilla, Teak, Ebony, Nedun, Khaya
Group High Robusta, Hawari nuga, Ehela, Palu, Satin, Na
4
Group5  Very high Hora, Tallowwood

Modulus of elasticity

As shown in Table 7, higher modulus of elasticity
values were recorded in Hora and Micro timber
species. The highest value was recorded in Micro
(14.919 GPa) timber species. The lowest modulus of
rupture value was in Albizia (1.939 GPa).

Factor analysis

Factor analysis was performed using the compressive
strength- parallel to grain, compressive strength-per-
pendicular to gain, modulus of elasticity, modulus of
rupture, to develop total wood linkage index where
the highest common variance from all variables was
put into a common score. Principal component

3.0 @
2.5
2.0

1.5

Eigenvalue

1.0

0.5 e

analysis was used to decide the number of factors
and Eigen values were selected.

Figure 6 shows the scree plots for the 4 Eigen values
for each of the groups. Factor 1 and factor 2 were used
to calculate the strength index (Table 8).

Calculation of strength index

The factor score was calculated using factor loading
coefficients. Then the variance contribution rate of
each factor was divided by the cumulative variance
rate of all the selected factors and the weights of
each factor were determined. The factor weight of
each factor was multiplied by their factor scores and
then added together to develop the strength index.

Strength Index (S) = al Factor 1
+ a2 Factor 2 (6)
where

ol Factor

cum. value of average strength values of 4 tests

x factor coefficient

Number of variables (4)

x variance(1.0865)

o2 Factor

cum. value ofaverage strength values of 4 tests

x factor coefficient

Number of variables (4)

x variance(1.0283)

Strength index values were calculated using
Equation (6) (Figure 7).

0.0

Component Number

Figure 6. Scree plots for the 4 Eigenvalues obtained from the Factor Analyses.
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Table 8. Rotated factor loadings and communalities (varimax rotation).

Variable Factor1 Factor2 Factor3 Factor4 Communality
Com. Parallel to grain 0.289 0.347 —0.84 —0.301 1
Com. Perpendicular to grain 0.926 0.191 —0.234 —0.228 1
MOE 0.222 0.847 —0.34 —0.342 1
MOR 0.311 0.392 —0.332 -0.8 1
Variance 1.0865 1.0283 0.9857 0.8995 4
% Variance 0.272 0.257 0.246 0.225 1

Factor 1, factor 2 and variance values were used to calculate the strength index.
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Figure 7. Strength indexes values of 32 timber species where stiffness and failure values were considered together.
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Figure 8. Dendrogram of strength index.

Figure 5 represents the dendrogram which was
created using strength index values of 32 timber
species (Figure 8, Table 9).

Classification of timber species according to
workability

Hand sawing, nailing, sanding and polishing proper-
ties of 32 timber species were evaluated and five work-
ability groups were identified in ascending order as
shown in Table 10. The dendrogram of workability
is shown in Figure 9 with the complete linkages.

Table 9. Timber classification based on strength index.

Index value Timber species
Group Very low Albizia, Paramara, Lunumidella, Cypress
1 (<1400)
Group Low(1401- Mango, Madan, Ginisapu, Suriyamara,
2 2200) Kumbuk, Welan, Mee, Jack, Mahogany,
Kolon, Milla, Pine, Margosa
Group Medium (2201-  Rubber, Red Grandis, Halmilla, Teak, Ebony,
3 3000) Nedun, Khaya, Robusta, Hawari nuga,
Ehela
Group High (3001- Palu, Satin, Na
4 3800)
Group  Very High Hora, Talllowwood
5 (>3801)

According to the dendrogram shown in Figure 8, five timber groups were
prepared based on the index values.
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Table 10. Classification of 32 timber species according to
workability.

Group

number Timber species

Group 1 Ehela, Kumbuk, Mee, Milla, Na, Palu, Kaluwara, Madan,
Satin

Group 2 Jack, Margosa, Teak, Nedun, Suriyamara, Hora

Group 3 Hawari nuga, Robusta, Khaya, Paramara, Tallow wood

Group 4 Halmilla, Kolon, Mahogany, Welan

Group 5 Ginisapu, Lunumidella, Pinus, Cypress, Red Grandis,

Rubber, Mango, Albizia

Relationship between density with MOE, MOR,
compression parallel to grain, compression
perpendicular to grain and strength index

There is a positive relationship between the strength
index of timber and density values (P < 0.05). Though
the timber density is significantly predicted by the
strength index, it was not good to fit into the model
of the independent variable indicating the possibility
of other independent variables which could affect the
strength index (Table 11).

As revealed by previous research, positive relation-
ships were found among mechanical properties (mod-
ulus of rupture, modulus of elasticity, compression
parallel to grain and compression perpendicular to
grain) and the wood density (Muthumala et al.
2020). Figure 10 shows the relationships between den-
sity vs. strength index.

Finger-jointed furniture manufacturing would be
benefited from strength index classification as it
could assist in matching different timber species for
the production of finger-joint panels, doors or other
boards minimizing possible wood defects and dimen-
sional effects. Further TWI groups could be used effec-
tively in enhancing the quality of finger-joint
manufacturing industry and used in planning and

0.00

33.33

Similarity

66.67

Table 11. P values and R-squared values.

P value R-square (%)
Compression parallel to grain (CPG) 0.000 38.0
Compression perpendicular to grain (CPG) 0.001 326
MOE 0.000 33.68
MOR 0.000 33.87
Strength index 0.000 33.88

R-squared values calculated from mean values for the species.

implementing reforestation and afforestation pro-
grammes effectively.

Conclusions

The selection of timber species for different uses is
basically done based on the strength properties of
the species concerned. Density, modulus of rupture,
modulus of elasticity, compression parallel to grain
and compression perpendicular to grain are generally
used for the strength classification.

In the present study, timber species were grouped
into five strength classes namely; very low, low, med-
ium, high and very high based on the results of
strength index. These classes could be effectively
used in selecting timber species for finger-joint furni-
ture manufacturing. When different timber species are
employed in producing finger-joint boards, the
matching of species could be based on the strength
index. Accordingly, selecting the species coming
under different strength classes is discouraged in
order to minimize the possible defects of finger-joint
products. Further studies are however needed as
some other compatibility issues associated with bond-
ing dissimilar wood species together would affect the
quality of the final products. Mechanical properties

100.00
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Figure 9. Dendrogram of workability.
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Figure 10. Regression between density and strength index.

may also depend on the location and climate in the
forests where the tress are grown, thus further investi-
gations using the specimens drawn from trees grown
in diverse environments are recommended.

Acknowledgements

Authors would like to thank all the laboratory staff members
of the State Timber Corporation of Sri Lanka for their valu-
able assistant extended during this research work.

Disclosure statement

No potential conflict of interest was reported by the author(s).

References

Abeysinghe LS, Pathirana S, Muthumala CK. 2016.
Economic factors and physical properties of finger joint
timber product to promote effective utilization of natural
resources, Proceeding of the International Forestry and
Environment symposium, USJP, Sri Lanka. p. 60.

Ali AC, Uetimane EJ, Lhate IA, Terziev N. 2008. Anatomical
characteristics, properties and use of traditionally used
and lesser-known wood species from Mozambique: a lit-
erature review. Wood Sci Technol. 42:453-472.

Barry KL. n.d. Clustering and classification of analytical
data. Potsdam (NY): Clarkson University. https://pdfs.
semanticscholar.org/ af97/3d0e654729f54c al37
a019976c46a904cd88.pdf.

British Standard Institution. 1999. BS 373: 1957. Methods of
testing small clear specimens of timber. London: British
Standards Institution.

British Standard Institution. 2014. BS EN 15497:2014,
Structural finger jointed solid timber-performance
requirements and minimum production requirements,
European Committee for Standardization. B 1000
Brussels.

Dévalos R, Barcenas G. 1999. Clasificacién de las propie-
dades mecdnicas de las maderas mexicanas encondicion
“seca”. Madera Bosques. 5:61-69.

Hoadley RB. 2000. Understanding wood: A craftsman’s
guide to wood technology. Newtown (CT): The
Taunton Press.

Muthumala CK, De Siva S, Arunakumara KKIU, Alwis
PLAG. 2020. Investigation of the relationship between
densities vs. mechanical properties of Sri Lankan timber
species. In: ICSECM 2019 - LNCE Vol. 94. Singapore:
Springer nature.pte, Ltd; p. 111-120.

Muthumala CK, Sudhira DS, Alwis PLAG, Arunakumara
KKIU. 2018. Investigate the most suitable glue type for
finger-joints production in Sri Lanka. Res J Agric For
Sci. 6(11):6-9.

Muthumala CK, Sudhira DS, Arunakumara KKIU, Alwis
PLAG. 2020. Identification of joint efficiencies in
13 mm finger jointed timber species used in Sri Lanka.
In: ICSBE 2018. Singapore: LNCE 44 Springer; p. 261-
267.

Reinprecht L. 2016. Wood deterioration, protection and
maintenance. West Sussex: Wiley Blackwell Publishing
house.

Sandika AL, Pathirana GDPS, Muthumala CK. 2017. Finger
joint timber products for effective utilization of natural
resources: An analysis of physical properties, Economic
factors and Consumers’ perception. International
Symposium on  Agriculture and Environment,
University of Ruhuna, Sri Lanka, pp.109-111.

Vievek S, Sudhira DS, De Silva S, Muthumala CK. 2016.
Finger joint and their structural performance in different
exposure conditions. 7th International Conference on
Sustainable ~ Build = Environment,  Kandy,  Sri
Lanka.pp.207-210.

Winandy JE. 1994. Effects of long-term elevated tempera-
ture on CCA-treated southern pine lumber. Forest Prod
J. 44(6):49-55.

Yeomans D. 2003. Strength grading historic timbers.
Cathedral Communications Limited 2010. http://www.
buildingconservation.com/articles/grading timbers
/grading timbers.ht.

Zhang SY. 1995. Effect of growth rate on wood specific grav-
ity and selected mechanical properties in individual
species from distinct wood categories. Wood Sci
Technol. 29(6):451-465.

Zobel BJ, van Buijtenen JP. 1989. Wood variation: its causes
and control. Berlin: Springer-Verlag.


https://pdfs.semanticscholar.org/
https://pdfs.semanticscholar.org/
http://www.buildingconservation.com/articles/grading
http://www.buildingconservation.com/articles/grading

	Abstract
	Introduction
	Methodology
	Timber sample selection
	Sample preparation
	Determination of wood density
	Flexural strength test
	Compressive strength parallel to grain
	Compressive strength perpendicular to grain
	Assessment of workability
	Statistical analysis

	Results and discussion
	Calculated strength values
	Compressive parallel to grain test results
	Compressive perpendicular to grain test results
	Modulus of rupture
	Modulus of elasticity
	Factor analysis
	Calculation of strength index
	Classification of timber species according to workability
	Relationship between density with MOE, MOR, compression parallel to grain, compression perpendicular to grain and strength index

	Conclusions
	Acknowledgements
	Disclosure statement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


