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Abstract

Variation in some physical and mechanical properties of the wood in four less utilised tree
species native to Uganda was examined. One mature tree each of Antiaris toxicaria, Celtis
mildbraedii, Maesopsis eminii and Alstonia boonei was selected from Budongo forest in
Masindi district and felled using a chain saw. Diameter at Breast Height (DBH) and stem
length for each tree were measured before and after felling. Each log was cross cut into three
150 cm long billets at 5-10% of stem length (breast height 1.3m), 45% of stem length and 75%
of stem length. Billets were sawn by through and through method for basic density and strength
properties determination. International Standard Organisation (ISO) 3129 (1975) and ISO
3349 (1975) standards were followed to prepare test specimens and moisture content determined
in accordance with ISO 3130 procedures. Strength properties were determined using a
Monsanto Tensometer wood-testing machine. Tests were based on International Standard
Organisation (ISO) procedures BS 373 (1957) and ISO 3133 (1975). Testing was carried out in
a laboratory under temperatures of 20 3 C and relative humidity of 65 3 % based on British
Standards BS 373 (1957). Basic density and strength properties of modulus of rapture, modulus
of elasticity, shear strength, cleavage strength and compressive strength varied significantly
(P<0.05) in the radial and axial directions within individual tree species. The properties also
decreased moderately from the butt end to the top end. Basic density and strength properties
decreased moderately from the pith to the centre of the radius, then increased to the bark. The
strength properties of C. mildbraedii were comparable with those of M. excelsa and Khaya
anthotheca that are well known and commercially utilised species. It was concluded that some
lesser-utilised species are of equivalent or superior strength properties compared to
commercially valued tree species such as mahogany. Lesser-utilised species should therefore
be promoted as substitutes for other commonly utilised hardwoods within the range, thereby
reducing pressure on the well-known and valued timbers.

Introduction

Uganda has about 20% of its total land area of
236,000km? under forest cover (NEMA, 2001).
There are over 100 tree species in these forests
that have the potential of producing good
quality timber (Kityo and Plumptre, 1997).
However, timber tree species have been

categorised as ‘valuable’ or ‘less valuable’.
According to Kityo and Plumptre (1997)
valuable species in any one natural forest
normally constitute about 10% of the total tree
biomass. Such a low number of valuable trees
cannot meet the demand for construction
timber. Therefore, this study investigated the
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properties of lesser-utilised timber tree species
so that a few ‘valuable’ timber species such as
Mahogany, whose survival is now threatened,
are not over-exploited.

Antiaris toxicaria, Celtis mildbraedii,
Maesopsis eminii and Alstonia boonei are
abundant in Uganda’s natural forests and
because of scarcity of “valuable’ species, timber
dealers are harvesting them. However, current
information on the mechanical and physical
properties of these tree species is inadequate,
outdated or non-numeric. This is probably the
reason why some timber structural designers
and users in Uganda rely on documented
strength values of timbers from temperate
countries. Hence they advocate for use of these
tree species or use estimates that result in wood
wastage by assuming that properties of
temperate tree species apply to tropical
species.

Few studies have been carried out on the
strength properties of construction timbers in
Uganda. For example Odokonyero (1998)
studied the variation in basic density and
strength properties of Pinus caribea, Pinus
kesiya and Pinus carpa and Mugabi (2002)
investigated the potential uses of Milicia
excelsa and Celtis alexandri. As a result some
users rely on experience and traditional
specifications to determine the dimensions of
timber for construction without considering
the timber strength properties. Structural timber
designers face a problem of conversion from
the imperial system of units to the metric
system, resulting into errors and consequently
wood wastage.

Mugabi (2002) found that few potential timber
tree species were harvested, processed and
utilised from different natural forests in
Uganda. Some well-known and expensive
species such as M. excelsa are misused for
furniture construction instead of cheaper
timbers could serve the same purpose. If lesser-
known timber species were utilised, a larger
volume of prime timbers would be available for
quality utilisation or export than is the case

presently. However, the available market
cannot fully accept the timber derived from
such species (Plumptre and Carvalho, 1989)
due to lack of knowledge of their properties. It
is likely that some of the lesser-known and
lesser-utilised species will become
merchantable when more information about
their properties is known.

Thelandersson and Hansson (1999) noted that
wood has significant variation in its properties
both between and within timber elements.
Variations in strength properties may be species
specific, age dependent and environmentally
responsive. Lack of knowledge on mechanical
properties of structural timbers leads to
structural application of unnecessarily high
safety margins in timber design through
estimation of strength properties. This usually
leads to over-designing or under-designing,
resulting into too strong or too weak timber
structures respectively. As a result timber may
be regarded as a less reliable construction
material even in cases where structural
performance is of minor importance. Thus,
these properties need to be determined and
used in the design of timber structures.

This study was undertaken to assess basic
density, shear strength, modulus of elasticity,
modulus of rapture, compressive strength and
cleavage strength of A. toxicaria, C.
mildbraedii, A. boonei, M. eminii and E.
grandis growing in Uganda. The species have
recently been introduced on the Ugandan
market without a clear understanding of their
mechanical properties. Results of this study
are compared with data on commercially
valuable timber species to develop strategies
for efficient utilisation of timber. In the long
term, this will contribute to reducing pressure
on the previously well-known timber species
in favour of lesser-known species.

Study Area

The samples were obtained from Budongo
Forest Reserve located between latitudes 1°37'
N-2°00"N and longitudes 31°22°E - 31°46'E.
The rainfall pattern is bimodal with most rain
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falling during September to November and
March to May. The mean annual rainfall is
about 1600 mm (Mbogga, 2001) and rarely
exceeds 850 mm per year in the surrounding
savannas (Mugabi, 2002). The annual average
minimum and maximum temperatures range
from 17 to 29°C and 28 to 29°C respectively
(Howard, 1991). The soils are tropical red earths
and mainly sandy or sandy clay loams of low
to moderate fertility. The forest is semi-
deciduous and contains representative trees
of the East African Forests (Langdale-Brown
etal., 1964).

Materials and Methods

Tree Samples

Sample trees were obtained from Budongo
Forest Reserve to ensure that growth
conditions were relatively uniform for all
samples. The trees were sampled purposively
from compartment N2, in the Nyakafunjo block
of Budongo Forest Reserve that is meant for
research purposes. Four mature tree species
that are commonly used for structural timber
were selected and felled with a chain saw. The
species are Celtis mildbraedii, Alstonia
boonei, Maesopsis eminii and Antiaris
toxicaria. Non-defective stem and crown
qualities were considered in selecting trees of
good form and that were free from visible
defects. All sample trees belonged to the same
diameter class of 50-69 cm. Diameter at Breast
Height (DBH) and stem length for each sample
tree were measured before and after felling
respectively. Logs were cross cut into three
sample billets each 150 cm long. The billets
were cut from the following three positions
along the log: 5-10% of stem length (breast
height =1.3m), 45% of stem length and 75% of
stem length. Sampling from different heights
enabled assessment of variation in properties
with height. The ‘percentage of stem length’
method of sampling is a compromise between
the conventional method of sampling at fixed
heights and the ‘internodal’ sampling method
(Odokonyero, 1998) and has been widely used
for investigation of variations in wood
properties.

Each billet was sawn by the ‘through and
through’ method to 80 mm thick central planks
(Lavers, 1969). The centre planks were planed
to reduce their thickness to 60 mm for ease of
seasoning. They were labelled using
permanent marker pens with codes indicating
species type and position of sawlog in the tree.
The 12 planks were air-seasoned for 2 weeks
and later kiln seasoned for three weeks to 18+
2% moisture content. An electrical moisture
meter was used to check moisture content of a
few samples. The samples were trimmed,
wrapped in polythene bags and taken to
Sokoine University of Agriculture (SUA),
Morogoro, Tanzania, for laboratory testing.
Final accelerated air seasoning was done for
10 days in the laboratory to achieve the
recommended moisture content of 12+ 3% at
testing.

Preparation of Test Specimens

Procedures in accordance with International
Standards Organisation (ISO) 3129 (1975) and
ISO 3349 (1975) standards were followed to
prepare test specimens. Sample boards were
sawn radially into 30 mm x 30 mm x 1500 mm
scantlings. Scantlings are the square wood
cross-sections prepared from sample boards.
A total of 116 scantlings were obtained from
the sample boards. The scantlings were then
planed to 20 mm x 20 mm cross-sections and
labelled from pith to bark for assessment of
radial variation in strength properties. A 500
mm long piece of wood was cut from each of
the scantlings for basic density determination.
A total of 40 specimens were used for each
test.

Determination of Properties

Moisture Content

Moisture content was determined in
accordance with ISO 3130 procedures. All test
specimens were weighed to obtain the green
weight and then oven dried at a temperature of
103 £ 2 °C to constant weight to obtain the dry
weight. After cooling in a dessicator over silica
gel, the moisture content of each test specimen
was calculated as follows:
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Green weight —oven dry weight

Mcy = x100%

oven dry weight

Basic Density

Basic density was obtained using green volume
and oven dry weight of each specimen. All
specimens were soaked in distilled water till
they attained green volume condition. Green
volume was obtained using the displacement
method in accordance with Archimedes’
principle. The test specimens were then oven
dried at a temperature of 103 £ 2°C until
constant weight, and cooled in desiccators.
They were then reweighed and the weights
recorded. Basic density in Kg/m® was then
calculated from the relationship:

Ovendry weight (grams)
BD=
Green

x 1000

volume (cm3 )

Strength Properties
Strength properties were determined using a
Monsanto Tensometer wood-testing machine
(Lavers, 1969). Testing was carried out in a
laboratory under temperatures of 20 + 3 °C and
relative humidity of 65 = 3 % as specified in
British Standards BS 373 (1957). Tests were
based on International Standard Organisation
(ISO) procedures ISO 3133 (1975). Stress-strain
curves were plotted and the area under them
measured using a digital planimeter. The
following strength properties were determined:
e Static bending strengths (Modulus of
Elasticity, (MOE); Modulus of Rapture,
MOR; Work to maximum load, (Wmax); and
Work total, (Wtotal),
e Compressive strength parallel to the grain,
o Shear strength parallel to the grain and
e Cleavage strength perpendicular to the
grain.
For uniform comparison of results, the strength
properties were then adjusted to their
equivalents at 12% moisture content (Desch,
1981).

Data Analysis

Two way Analysis of variance (ANOVA) was
used to show the axial and radial variation in
basic density and strength properties within a
tree and the variation in strength properties
between species. All tests were carried out at
95% significance level. Linear regression
analysis was used to show the relationship
between basic density and strength properties.

Results

The variation in basic density and strength
properties (shear strength parallel to the grain,
compressive strength parallel to the grain,
cleavage strength, modulus of rapture, modulus
of elasticity, work to maximum load and work-
total) of 4. toxicaria, C. mildbraedii, A. boonei
and M. eminii is given in Table 1. The table also
shows the mean basic density and means of
strength properties of each of the four species.

Basic Density

There were significant differences in basic
density among the four tree species studied
(P<0.05). The mean basic density of the four
species (A. toxicaria, Celtis mildbraedii, A.
boonei and M. eminii) ranged between 325 kg
m~ and 630 kg m (Table 1). Celtis mildbraedii
had the highest basic density (630.16 kg m™)
and A4. boonei the lowest (361.81 kg m™).
Variation in basic density in the radial direction
was not significant for most of the tree species
studied (P>0.05).

Modulus of Elasticity (MOE)

There were highly significant differences (P=
0.00) in Modulus of elasticity (MOE) values
between the species. MOE ranged between
4803.3 N mm2to 8811.6 N mm™ for C.
mildbraedii and A. boonei, respectively (Table
1). MOE decreased from the butt end to the
top end (Table 1). In addition, no significant
variation occurred (P>0.05) in MOE in the axial
direction but in the radial direction for 4.
boonei (P<0.05).

Modulus of Rapture (MOR)
There were highly significant differences
(P=0.00) in Modulus of Rapture (MOR)
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Tablel Basic density and strength properties at various height levels (%) in four tree species

Species Tree Properties
Height Basic  Shear// to Comp.//toCleavage MOR MOE  Wmax W Total
Levels  density  grain grain (N mm?) (N mm?)
(kgm?) (N mm?)(Nmm?) (N mm2) (N mm?) (N mm?)
Celtismild- Middle  621.26  16.25 48.35 40.11 101.54 9062.26 0.156 0.278
braedii (45%)
Top (75%) 639.06  13.01 42.32 31.55 8525 8561.01 0.105 0.189
Mean 630.16  14.63 45.34 3583 9340 8811.64 0.131 0.234
(SD) (71.94) (441) (4.15  (12.07)(1107.10) (2130.87) (0.07)  (0.15)
Alstonia  Butt end 331.25 7.67 26.17 17.50 43.78  5002.13 0.0304 Bf*
boonei (1.5%)
Middle  321.79 7.23 24.73 17.81 4144  4699.98 0.0261 Bf*
(45%)
Top (75%) 323.32 7.35 25.98 1897 4192  4707.80 0.0310 Bf*
Mean 325.45 7.42 25.63 18.09 42.38  4803.30 0.0292
(SD) (26.42) (1.60) (2.52) (3.10) (7.25) (1144.98) (0.010) Bf*
Maesopsis Butt end  364.25 8.17 29.78 19.14  49.61 6672.0  0.037 0.044
eminii (1.5%)
Middle  350.31 7.74 26.60 15.00 44.46 65703  0.030 0.025
(45%)
Top (75%) 370.86 8.49 27.54 21.63  56.57 63354  0.053 0.071
Mean 361.81 8.13 27.97 18.59  50.21 6525.9  0.040 0.047
(SD) (36.03) (72.35) (70.77) (72.96) (65.58) (1936.90) (73.81) (73.81)
Antiaris Butt end  327.57 5.69 25.79 1031  41.16  5394.99 0.029 0.035
toxicaria (1.5%)
Middle  325.51 5.34 25.60 10.32 4432 512999 0.032 0.039
(45%)
Top (75%) 369.64 6.39 26.36 10.06  44.66  5223.37 0.035 0.056
Mean 340.91 5.81 25.92 10.23  43.38 524945 0.032 0.043
(SD) (36.06) (0.76)  (2.98) (2.00) (6.76) (1045.75) (0.01)  (0.03)

// = Parallel, SD = Standard Deviation, Bf* = no data due to brittle failure
MOR = Modulus of Rapture, MOE = Modulus of Elasticity

between the species. Celtis mildbraedii had
the highest MOR (93.4 N mm2) and A. boonei,
the lowest (42.4 N mm?). However, all tree
species showed no clear pattern of variation
of MOR with height. The variation in MOR in
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the axial direction was not significant (P>0.05)
for the species except for C. mildbraedii and
M. eminii. There was a significant variation
(P<0.05) in MOR in the radial direction for all
the species except C. mildbraedii.
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Table 2: Correlation between Basic Density and Strength Properties of C. Mildbraedii

Strength properties Regression equation R?(adjusted)
Shear strength // to grain (N mm) y=47.4 - 0.0519x 0.70*
Cleavage strength (N mm) y=113-0.123x 0.51*
Compressive strength // to the grain (N mm?)  y=48.1-0.0044x 0.00
Modulus of rapture (N mm?) y=9399—14.4x 0.87*
Modulus of elasticity (N mm) y=-4305+20.8x 047

Work to maximum load (N mm) y=0.179+0.000075x 0.00

Work total (N mm2) y=-0.097+0.00052x 0.02

x= basic density and y= strength value

* Shows relatively high positive coefficient of determination.

Maesopsis eminii generally showed a weak relationship between basic density and all strength
properties (R’<0.5, Table 3) except shear strength for which the coefficient of determination was
0.59. Other species generally had weak correlations between basic density and strength properties.

Table3 Regression between Basic Density and Strength Properties of M. eminii

Strength properties Regression equation R?(adjusted)
Shear strength // to grain (N mm) y=-1.40+0.0265x 0.59**
Cleavage strength (N mm) y=8.8+0.0273x 0.04
Compressive strength // to the grain (N mm?) y=14.6+0.0219x 0.00
Modulus of rapture (N mm?) Y=-43+0.153x 025
Modulus of elasticity (N mm) Y=1243+15.3x 0.07

Work to maximum load (N mm) Y =-0.0235+0.000178x 0.13

Work total (N mm) Y =-0.0578+0.000282x 0.02

x= basic density and y= strength value

** Indicates R>— values above 50%

Discussion

Basic density and strength properties varied
significantly from species to species and with
position within individual trees. This observed
variation might be attributed to age and
genetic differences. Variation in wood density
between species, within species and within a
given tree is also attributed to age (Dinwoodie,
1981). The age of the cambium and the stimuli
to which it is subjected during growth influence
horizontal and vertical variation of density in a
tree. Fibre length and specific gravity, which
are functions of wood species, affect wood
strength properties.

Basic density and strength properties increased
from pith to bark at the three sampling heights.
Basic density and all strength properties
decreased in radial direction from bark to pith
for the five tree species. This was in agreement
with (Desch, 1981) who noted that often the
heartwood comprises of juvenile wood that is
very weak. Significant variation in basic density
and strength properties with position within
individual trees means that separation of timber
from near the bark and pith is necessary for
safety reasons particularly in construction.
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