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Abstract. This study investigates the variations in mechanical properties and fiber parameters,
along with wood densities, of 7 timber species commonly used in Sri Lanka’s furniture
industry as a promising one. Key parameters measured include wood density, compressive
strength (both parallel and perpendicular to grain), and static bending properties, following
the standards outlined in BS 373:1957. Mechanical tests have been conducted using a universal
testing machine (UTM-100PC), while fiber paramters have been analyzed via a modified
Franklin’s method. The results indicate no significant correlations between fiber parameters
(fiber length, diameter, and wall thickness) and mechanical properties such as compression and
bending strengths, including modulus of rupture and modulus of elasticity. However, the fiber
parameters have exhibited a decreasing trend with increasing wood density. Notably, timber
species with higher density and elevated Runkel ratios have demonstrated greater strength
values, suggesting the influence of fiber wall thickness relative to pore size on mechanical
performance. The findings obtained imply that wood density and fiber structural ratios
play a more critical role in determining strength than isolated fiber dimensions. The study
contributes to a better understanding of the physical and mechanical behavior of local timber
species and provides valuable data for optimizing timber selection and processing in Sri
Lanka’s furniture manufacturing sector.
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Annomayun. PaccMaTpuBaIOTCsS pazaNyUs B MEXaHMYECKUX CBOMCTBAX M MapamMeTpax BO-
JIOKOH, a TaKkKe IUNIOTHOCTH JAPEBECUHBI 7 MOPOJ, IIMPOKO UCHOIB3YEMBIX B MEOETbHOM Mpo-
mbiiuienHocT [lpu-Jlanku. K kiiroueBbIM M3MepsieMbIM IapamMerpaM B COOTBETCTBHHU CO
craunaptoM BS 373:1957 oTHOCATCS IIOTHOCTH JPEBECHHBI, IPOYHOCTH MPU CHKATHU (Kak
MapajuieNbHo, TaK U NePIEHINKYISIPHO BOJIOKHAM) M TIPU CTaTH4YecKoM H3rubde. Mexannde-
CKHUE HCIIBITaHHS MPOBOIMINCH C MPUMEHEHHEM YHHBEPCAIbHOW HCIBITATEIbHON MalllHBI
(UTM-100PC), a mapameTpsl BOJOKOH aHAJIM3UPOBAIUCH TIOCPEACTBOM MOIUDHUIIMPOBAHHO-
ro meroaa @pankinnHa. Pe3ynbTaThl IEMOHCTPUPYIOT OTCYTCTBHE CYLIECTBEHHOM KOppesis-
UM MEX[IY NapamMeTrpaMH BOJIOKHA (JUIMHA BOJIOKHA, AMAMETP M TOJIIMHA CTEHKH) U Me-
XaHMYECKMMHU CBOIMCTBaMH, TAKUMH KaK IPOYHOCTh HA CIKATHUE W W3rMO, BKIIOYAs MOAYJIb
pa3pbIBa U MOIyNb ynpyrocTd. OHAKO ¢ yBEIWYCHHEM IUIOTHOCTH JPEBECHHBI TTapaMeTPHI
BOJIOKHA JEMOHCTPHPYIOT TEHACHIMIO K yXyAleHuto. [IpumedarenbHo, 4To HOpoIsl JIpe-
BECHHBI ¢ 00JIee BBICOKOH IJIOTHOCTBHIO M TOBBIIMICHHBIM Kod(duirienToM PyHkens umeror
OOJIBIIYIO IPOYHOCTh, YTO CBUIETEILCTBYET O BIMSHUN COOTHOLICHHUS TOJIMHBI CTEHKH BO-
JIOKHAa M TPOCBETa MEXIy BOJOKHAMH Ha MEXaHMYECKHE CBOWCTBaA. [lomyueHHbBIE HaHHBIE
YKa3bIBalOT Ha MPEBATMPYIOIIYIO PONb MPH ONPEIeNCHUH NMPOYHOCTH BOJIOKOH IUIOTHOCTH
JIPEBECHHBI M CTPYKTYPHBIX COOTHOILIEHHUIH BOJIOKOH 110 CPABHEHUIO C pa3MepaMH OTACIbHBIX
BOJIOKOH. VccneoBanne croco0CTByeT NIOHUMAHUI0 (PU3MUECKUX M MEXaHUYECKUX CBOWCTB
MECTHBIX MOPOJ| JIPEBECHHBI U ONTUMHU3ALMK 0TOOpa U 00paOOTKH APEBECHHBI B MPOLIECCE
MebespHOTo npou3BozcTea B [lpu-Jlanke.

Knwuesvie cnosa: IJIOTHOCTD, XaPAKTECPUCTUKU BOJIOKHA, MEXaHUYCCKOC HCIIBITAHUEC, APC-
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Introduction

The history of wood architecture reveals that architects and craftsmen with
natural creative skills have existed from the beginning of civilization. As a result of
low quality and strength of wood which has been used by these ancestral architects
and craftsmen, some of the wood creations have not lasted for long time [10, 12].

Wood is an excellent material for roof and other construction works, furniture,
interior decorations, doors and window frames, paneling, partition borders, floorings,
wood carvings, musical instruments etc. Mechanical properties are very important in
deciding on the applicability and suitability of timbers for both structural and non-struc-
tural purposes. However these properties vary with the species and also with some
other factors such as moisture content, the number and degree of defects, etc.

In hardwood, the anatomical organization is made up by vessels, fibers, paren-
chyma cells and wood rays. Fibers are the principal element that is responsible for
the strength of wood [11]. Fiber length, fiber cell wall thickness, pore diameter and size
of the pits are the characteristics associated with wood properties such as wood density,
modulus of rupture, modulus of elasticity, shrinkage etc. Wood density is an import-
ant property for both solid wood and fiber products [6]. Softwood fibers are generally
long (2-3 mm) [2—4], while hardwood fibers are shorter (1 mm) and less flexible [15].

The Runkel ratio, commonly used in pulp and paper industry to assess fiber
quality, is not a primary criterion for selecting wood in traditional furniture produc-
tion. Instead, furniture manufacturing typically focuses on macroscopic properties
such as strength, density, workability, and aesthetic appeal. However, the Runkel
ratio may have indirect relevance in the furniture industry, particularly for engineered
wood products like MDF or particleboard, where fiber morphology affects material
performance. In such contexts, the Runkel ratio can provide useful insights into fiber
rigidity and cell wall thickness, contributing to quality. The Runkel ratio, the ratio
between fiber cell wall thickness and pore size determines the suitability of a fibrous
material for pulp and paper production. If a wood species has a high Runkel ratio,
its fibers are stiff and less flexible and have poor bonding abilities. The variations of
the mechanical properties and fiber parameters of 7 timber species commonly used in
furniture industry in Sri Lanka have been studied during this research.

Materials and Methods

7 timber species commonly used for furniture manufacturing have been
collected from the Southern and Central Provinces of Sri Lanka (Table 1).

Table 1
Timber species selected for the research

Common name Botanical name Family Timber class* | Province
Rose gum Eucalyptus grandis Myrtaceae 2 Central
Jackfruit Artocarpus heterophyllus Moraceae Luxury
Arjuna Terminalia arjuna Combretaceae Special Southern
Mahogany Swietenia macrophylla Meliaceae Luxury
Caribbean pine Pinus caribaea Pinaceae 3 Central
Ceylon satinwood | Chloroxylon swietenia Rutaceae Luxury

- - Southern

Teak Tectona grandis Lamiaceae | Super luxury

*Source: Timber classification by State Timber Corporation, Sri Lanka.
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The samples for the tests have been prepared from defect-free sawn woods.
Determination of Wood Density. Each timber species sample has been repli-
cated 10 times. Wood density has been determined based on the volume when green
and oven-dry weight. The dry weight of timber samples has been obtained by placing
them in an oven at 105 °C for 48 h (BS EN 373:1957). Basic density has been calcu-
lated using the following equation:
Basic Density = Oven-dry wood weight (kg)
Volume of green wood (m?).
The samples placed in normal room temperature conditions have shown good
structural performance compared to the ones placed in hot and wet conditions [17].
Determination of Moisture Content. The samples (each measuring 20 x 20 X
x 20 mm) have been first weighed, and then oven-dried at 103 °C until a constant
weight. The moisture content (r, %) of each sample has been determined using
the equation below: M- M,

0

r x 100

2

where M, is the weight of the moist sample; M, is the weight of the fully dried sample.

Measuring Fiber Dimensions. Fiber morphological analysis has been per-
formed according to the modified Franklin’s method [7]. The matchstick size splints
have been taken from the tangential section of timber samples and put into boil-
ing tubes containing a mixture of glacial acetic acid and 30 % hydrogen peroxide
(1:1 by volume). The purpose of using hydrogen peroxide has been to ensure dehy-
drating and bleaching the samples. The glacial acetic acid has been used to dissolve
lignin enabling easy separation of the fibers (Fig. 1).

Fig. 1. The preparation of slides for measuring fiber properties:
a — matchstick size splints taken from timber samples; b — splints dipped into the mixture of
glacial acetic acid and hydrogen peroxide; ¢ — rack with test tubes kept at 60 °C;
d — test tubes after dissolving lignin; e — mounting the splints on the the slides with Canada
balsam; f— measuring fiber dimensions

The material in boiling tubes has transformed into pulp after keeping it at
a temperature of 65 °C for a period of 24 h. Then the remains have been rinsed in
distilled water and shaked gently to ensure measurable individual cells of xylem tis-
sues. The fibers have been carefully removed using a painting brush and mounted on
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the slides using Canada balsam. They have then been covered with cover slips, named
and kept in an oven at 30° C for 2 days to complete drying. The micrographs have
been taken to measure the fiber thickness, pore diameter and wall thickness. The fiber
dimensions have been measured subjectively to minimize the possible variations in
the fibers due to such fastors as the age and sampling height of the tree, etc. [13, 14].
Micrometrics SE Premium 4.1 software has been used to determine the fiber
dimensions.
Calculating the Runkel Ratio. The Runkel ratio has been calculated using
the following equation [14]:
Runkel ratio = D,—-D,
D,
where D, is the cell thickness; D, is the pore diameter and D,—D, is the cell wall
thickness.

Determination of Flexural Strength. The samples have been cut from de-
fect-free, seasoned wood planks (average moisture content 12 %). 10 wood samples
have been prepared representing each timber species. The dimensions of each repli-
cate have been 20 x 20 x 300 mm. They have been prepared following the methods
of testing the small clear samples as stated in BS 373:1957.

A universal testing machine (UTM-100PC) manufactured in Australia has
been used for testing (Fig. 2). An assembling pressure of 6 MPa has been applied in
this study [5, 19].

UTM-100PC |

N |
H i . ) Fig. 2. The Universal testing machine
‘ (UTM-100PC)

Bending strength, modulus of rupture (MOR) and modulus of elasticity (MOE)
values have been calculated using the equations below, respectively, corresponding
to the test data: 3F L

2bd*

where F is the serviceability force (N); L, is the length of the span (mm); b is
the width of the sample (mm); d is the depth/thickness of the sample (mm).

Bending Strength =

MOR=3E§,
2bd

where F), is the maximum force (N); L, is the length of the span (mm); b is the width
of the sample (mm); d is the depth/thickness of the sample (mm).

3
MOE = EL ,
43bd’
where F, is the maximum load at proportionate state (N); L, is the length of the beam
between supports (mm); b is the width of the sample (mm); d is the depth/thickness
of the sample (mm); § is the deflection of timber sample (mm).
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Calculation of Compression Strength. The samples prepared for compression
parallel and perpendicular to grain are shown in Fig. 3.

Force

Direction Foeee
l_ Direction
el

Maoving ] ‘
~

Grsin Plate t . Moving
direm‘n}J " Plate
S0mim 50mm e
l Grain direction Fixed
- . Plate
50mm /
= r
- 20mm |  Fied i, S
I “*  Plate
a b

Fig. 3. The schematic presentation of compression tests: a — compression parallel to grain;
b — compression perpendicular to grain

The load on timber section at proportionate state has been measured. The ser-
viceability compressive strength has been calculated using the equation below.

Serviceability compressive strength =

Max load on the sample at proportionate state
= N/mm2.

Load actingarea
The direction of the load applied to the sample is shown in Fig. 4 and 5.
Load applying
direction
e Position of load
applying
4 P sition of joint

] oint direction

a b
Fig. 4. The compression parallel to grain test: a — loading setup; b — load applying direction

— Load applying
direction

qunt .
direction

Position of joint and
load applying

b

Fig. 5. The compression perpendicular to grain test:
a — loading setup; b — load applying direction

Results and Discussion

The fiber parameters of 6 hardwood species and 1 softwood species have been
compared as shown in Table 2.
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Table 2
The fiber parameters of timber species
. . . Average
Timber | Basic density, The Runkel
species kg/m? fiber . fiber _ pore ﬁber wall ratio
length, pm | diameter, pm | diameter, pm | thickness, pm

Rose gum 570 1,147.72 20.64 13.47 3.59 0.35
Jackfruit 645 2,070.94 22.35 12.34 5.00 0.45
Arjuna 756 1,613.15 18.43 11.15 3.64 0.39
Mahogany 570 1,431.68 20.48 13.82 3.33 0.33
Caribbean | 465 | 3387.86 | 44.53 27.79 8.37 0.38
pine
Ceylon 980 1,225.43 | 11.28 4.92 3.18 0.56
satinwood
Teak 720 1,203.77 22.14 14.12 4.01 0.36

The highest average fiber length (3,387.86 um) has been recorded in Caribbe-
an pine and the lowest (1,147.72 pum) — in rose gum. As for average fiber diameter,
the highest value (44.53 um) has been recorded in Caribbean pine and the lowest
(11.28 pm) — in Celylon satinwood. The highest average pore diameter (27.79 um)
has been recorded in Caribbean pine and the lowest (4.92 um) — in Celylon satin-
wood. As for average fiber wall thickness, the highest measurement (8.37 um) has
been recorded in Caribbean pine and the lowest (3.18 um) — in Celylon satinwood.
The thickness of the fiber cell wall is the major factor governing density and mechan-
ical strength of hardwood timbers [18]. In present study it shows the similar trend and
the Runkel ratio varies from 0.35 to 0.56, with Ceylon satinwood having the highest
(0.56) Runkel ratio (Fig. 6).

600

550

Runkel ratio

P S wn

(=] W (=3

(=} (=] (=}
Il Il Il

350

300 T
Caribbean

pine

‘ Teak Arjuna ‘ Ceylon ‘
satinwood

Rose gum ‘ Mahogany ‘ Jackfruit
Basic density (kg/m?)
Fiber wall-pore ratio —— Wall thickness

Fig. 6. The relationship between basic densities and the Runkel ratio
in tibmer species under study

Average basic density values of 7 timber species are listed in a descending or-
der: Ceylon satinwood — 980 kg/m?, arjuna — 756 kg/m?, teak — 720 kg/m?, jackfruit —
645 kg/m3, rose gum — 570 kg/m?, mahogany — 570 kg/m3, and Caribbean pine —
465 kg/m3. As depicted in Fig. 7, decreasing trends can be observed in the relation-
ships between the fiber parameters and basic densities. Similar trend has been record-
ed in the research conducted by M. Kiaei and R.M. Roque in 2015 [8]. The effect of
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fiber dimensions on the wood density of 3 parts (stem, branch and root wood) of alder
wood has been determined by M. Kiaei and R.M. Roque in the stem, branch and root
wood of Alnus glutinosa L. and the results emphasise that no significant differences
have been found between fiber length, fiber diameter and pore diameter with wood
density for each of the samples, while in the totality of the samples, there are signifi-
cantly negative relationships between fiber length, fiber diameter and pore diameter
with oven-dried wood densities.

5000 4

4500 4 e Average fiber length

4000 -
Average fiber diameter
3500 4

3000 + . e Average pore diameter

2500 - T e Fiber wall thickness

Fiber properties

2000 -
1500 -
1000 -
500 A

Caribbean 'Rose gum ‘Mahogany‘ Jackfruit Teak Arjuna Ceylon
pine ) . satinwood
Basic density ( kg/m?)

Fig. 7. The relationship between basic densities and fiber parameters
in tibmer species under study

The mechanical properties of the selected 7 timber species are shown in Table 3.

Table 3
The mechanical properties of timber species under study
Timber species pel?;)lrlzll)ressu);er(rlje/rrj(lirir(l:zlar MOR Bending strength MOE
to grain to grain (N/mm?) (N/mm?) (N/mm?)
Rose gum 45.19 491 71.13 36.56 8,203.65
Jackfruit 41.02 13.42 64.47 36.55 5,765.51
Arjuna 33.81 7.39 52.86 21.21 4,615.56
Mahogany 30.31 8.20 60.16 32.58 5,775.78
Caribbean pine 45.78 5.53 59.90 28.56 7,149.67
Ceylon satinwood |  46.36 16.65 106.6 50.85 10,819.05
Teak 47.40 9.20 84.36 44.36 8,538.29

The highest value of the compression parallel to grain (47.40 N/mm?) has
been recorded in the teak sample and the lowest (30.31 N/mm?) — in mahoga-
ny. Ceylon satinwood and Caribbean pine, respectively, have shown the highest
(16.65 N/mm?) and the lowest (5.53 N/mm?) values of compression perpendicu-
lar to grain. As for bending strength, the highest value (50.85 N/mm?) has been
recorded in Ceylon satinwood while the lowest (21.21 N/mm?) has been revealed
in arjuna. Ceylon satinwood and arjuna have shown the highest (106.6 N/mm?)
and the least (52.86 N/mm?) MOR values, respectively. As for MOE, the highest
value (10,819.05 N/mm?) has been recorded in Ceylon satinwood and the lowest
(4,615.56 N/mm?) — in arjuna.
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Table 4

Regression R-squared values of fiber parameters for timber species under study

Mechanical properties Fiber parameters R-Sq, % (a djL]?s_tig) % Sigr\l/i;(;znt P
MOR 20.6 4.8 0.306
Bending strength Length 21.1 5.4 0.299
MOE 8.7 0 0.521
Bending 19.5 34 0.321
MOR Average diameter 23.4 8.1 0.237
MOE 5.6 0 0.608
Bending strength 11.2 0 0.463
MOR Wall thickness 12.3 0 0.440
MOE 2.1 0 0.754
C . el Length 1.1 0 0.821

ompression parafie Diameter 4.1 0 0.662
to grain -

Wall thickness 9.8 0 0.493

C . Length 6.9 0 0.569

pgggggfgﬁ; to grain Diameter 31.6 17.9 0.189

Wall thickness 10.6 0 0.477

No significant correlations among fiber paramters (fiber length, fiber diameter
and fiber wall thickness) and strength values (compression parallel and perpenciducalr
to grain) have been observed (significant P value > 0.05). Similarly no significant cor-
relations have been found between fiber parameters (fiber length, fiber diameter and
fiber wall thickness) and bending strength, MOR and MOE (significant P value > 0.05)
(Table 4). Previous research conducted by J. Baar et al. in 2014 has revealed a weak
correlation between wood density and MOR [1].

However according to the research conducted by P.K. Thulasidas et al. (2001)
on the fiber length of teak, the wet site home-gardened one has exhibited shorter
fiber length (1.16 mm) than the dry and plantation site ones with values equaling
1.24 mm each [4, 16]. Hence, the habitat also affects the results. Another research
has shown that nutrient distribution has a significant positive correlation with wood
quality, wood density and fiber length [5, 9].

Conclusion

This study has been aimed at assessing the relationships between fiber param-
eters and mechanical properties of 7 wood species: rose gum (Eucalyptus grandis),
jackfruit (Aartocarpus heterphyllus), arjuna (Terminalia arjuna), mahogany (Swiete-
nia macrophylla), Caribbean pine (Pinus caribaea), Ceylon satinwood (Chloroxylon
swietenia) and teak (Tectona grandis). The highest average fiber length, fiber diam-
eter, pore diameter and fiber wall thickness have been recorded in Caribbean pine
(softwood species).

While the Runkel ratio is primarily used in the pulp and paper industry to eval-
uate fiber quality, it also holds contextual relevance in the furniture industry, particu-
larly in relation to engineered wood products. Although studies indicate no significant
correlations between fiber parameters (fiber length, diameter, and wall thickness) and
mechanical properties such as compression strength (parallel and perpendicular to
grain), modulus of rupture, and modulus of elasticity, wood’s structural components
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nevertheless exert influence. Mechanical properties arise from complex interactions
among anatomical features, including cell wall thickness and density, which more
directly affect strength and stiffness. Thus, fiber parameters contribute indirectly via
their effects on wood structure and density, rather than through simple direct correla-
tions. For instance, Ceylon satinwood exhibits the highest mechanical strength, den-
sity, and Runkel ratio, suggesting that in some species, denser fiber structures may
correspond to stronger mechanical performance. Therefore, while not a standalone
selection criterion, the Runkel ratio can still offer valuable supplementary insight into
the internal structure of wood that may, in certain cases, align with desirable physical
and mechanical properties for furniture applications.
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