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STOKER, D.L., WINANDY, J.E. & ACHI, E.K. 1996. Engineering properties of two
underutilised Cote d’ lvoire species: adjouaba and aniouketi. Two hardwoods indig-
enous to Cote d' Ivoire, Africa, adjouaba (Daclyodes klaineana) and aniouketi
(Puchypodanthium staudtii) were evaluated for mechanical and physical properties using
the American Society for Testing and Materials Standards. Both hardwoods exhibited
high levels of bending strength, crushing strength and tangential shrinkage as well as
medium levels of stiffness. However, aniouketi and adjouaba exhibited medium and
high levels of radial shrinkage respectively. Both adjouba and aniouketi appear
comparable to hickory (Carya spp.). Both woods seem appropriate for use in furniture,
cabinet work, flooring, millwork, and plywood. Test results from this study were
compared with published values obtained from AFNOR (French) standard tests.
Differences reported between one data set and a published data set were probably due
to inadequate sample size, geographic sampling pattern, and procedural differences
inherent in each test method.
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STOKER, D.L., WINANDY, J.E. & ACHI, E.K. 1996. Ciri-ciri kejuruteraan bagi dua
species Cote d' lIvoire kurang guna: adjouaba dan aniouketi. Dua kayu keras asli kepada
Cote d' Ivoire, Afrika, adjouaba (Dacryodes klaineana) dan aniouketi (Pachypodanthium
staudtii) telah dinilai ciri-ciri fizikal dan mekanikalnya dengan menggunakan Piawaian
Persatuan Amerika untuk Ujian dan Bahan. Kedua-dua kayu keras menunjukkan tahap
kekuatan lentur, kekuatan hancur serta pengecutan tangen yang tinggi dan tahap
kekukuhan yang sederhana. Akan tetapi, aniouketi dan adjouaba masing-masing
menunjukkan tahap pengecutan radial yang sederhana dan tinggi. Kedua-dua adjouaba
dan aniouketi adalah setanding dengan hickori (Carya spp.) Kedua-dua kayu
sesuai digunakan untuk perabot, kerja kabinet, pelantaian, kerja-kerja memproses dan
papan lapis. Keputusan ujian ini dibandingkan dengan nilai-nilai yang telah diterbitkan
daripada ujian piawai AFNOR (Perancis). Perbezaan di antara satu set data dengan set
data yang lain mungkin disebabkan saiz sampel yang tidak mencukupi, polapenyampelan
geografik dan perbezaan prosedur yang wujud dalam setiap kaedah ujian.
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Introduction

For more than a century, many well-known species of wood have been managed,
harvested, and exported from Co6te d' Ivoire (Aubréville 1959). The economy of
Céte d' lvoire relies heavily on the revenue obtained from the forest products
industry, and the export of tropical woods has been an important source of revenue
since 1960. In 1989, 2.5 x 10° m® (1.06 x 10° board feet) of timber were exported
and from 1980 - 1992 more than 1.148 x 10° m® (4.8 x 10° board feet) of timber
were exported annually (IDEFOR, per. comm.).

In 1978, approximately 45 000 jobs existed in various areas of Cote d' lvoire,
such as logging, sawing, milling, trade, and secondary manufacture. Today, far
fewer jobs are available in the forest products industry. This is partially because the
industry currently depends on a limited number of tree species. These limited
species have been over-exploited and now lack quality and quantity required in
today’'s competitive market (Durand & Achi 1983).

As in many parts of the world, secondary tree species are underutilised in
Céte d' lvoire, partly because little information exists on the mechanical and
physical properties of these species. This information is needed before these
underutilised species can compete in the market. Additional information will
enable knowledgeable use of these underutilised species, thereby lessening the
demand on the existing overutilised species.

To identify potential underutilised species for the export market, a
survey was conducted on 40 x 10" m? (9.9 x 10° acres) of forest in Cote d' Ivoire
(SODEFOR 1974 - 1978). This survey revealed the existence of 29 secondary tree
species having a diameter greater than 600 mm (23.6 in) and a total standing volume
of nearly 100 x 10° m® (4.2 x 10" board feet) (Miellot 1979, Durand & Achi 1983).
However, little technical data are available for these species.

In an effort to develop a systematic methodology to address this problem, two
viable wood species were selected. The two-fold objectives of this project were to
develop material property information and establish an overall programme for
underutilised species. Through a cooperative study with the Wood Techology
Division of the Centre Technique Forestier Tropical in Abidjan, Cote d' Ivoire and
the USDA Forest Service, Forest Products Laboratory, Madison, Wisconsin, USA,
and sponsored under a Cochran Fellowship through the USDA International
Cooperative Development Office, preliminary samples of adjouaba [Dacryodes
klaineana (Pierre) Lam, family Burseraceae] and aniouketi [Pachypodanthium staudtii
(Engl. & Diels), family Annonaceae] were evaluated.

Materials and methods
Material procurement
To achieve a representative range of specific gravity, four diverse locations within

Céte d' Ivoire were sampled (Figure 1) The locations were selected based on results
of all initial forest sampling of adjouaba and aniouketi (SODEFOR 1974 - 1978)
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One bolt (defined as a short section of a tree trunk) of each species was harvested
at the four locations (Table 1). Mature trees were selected, having the average shape
and height characteristics determined during the preliminary sampling.
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Figure 1. Cote d'Tveire, West Africa, sampling location

Sample size

Because the specimens were shipped to the United States for testing before the
two-fold objectives of this project were finalised, only one bolt from each region was
sampled. Hence, the properties must be recognised as not statistically characterising
each location and may present a better national perspective than a regional

perspective.

A total of 64 specimens was tested. The following summarises the sampling

matrix:
2 species

4 regions/species

1 bolt/region
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4 sticks/bolt
2 end-matched specimens/stick
Six mechanical and five physical property tests were performed, with 16
specimens/tests/species. Some properties were measured from the undamaged
portions of mechanically-tested specimens.

Specimen preparation

Each bolt was cut 1.5 m above ground and measured 1.75 to 1.8 m long. If the
bottom of the tree was buttressed, the log was cut at the next available height. All
bolts were processed 48 h after harvest.

Each bolt was reduced to a pith-centered flitch with a thickness of 63 mm (2.48-in).
If defect free, both sides of the flitch were cut to yield four 63-mm (2.48-in) square
sticks. Each stick was labeled to indicate the location with respect to the pith and side
(Figure 2). All sticks cut from the flitch were heartwood, with the outer strips near
the heartwood/sapwood boundary. In general, the sapwood width was 89 to 115 mm

(0.35 to 0.40 in).
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Figure 2. Specimen oudng scheroe showing end view of a pith-centred flicch

Each stick was then cut into half to yield two end-matched specimens with a
length of 810 mm (31.9 in), clear of defects (Figure 3). The specimens closest to
ground level were used for static-bending test and physical property assessment.
The specimens farthest from ground level were used for other mechanical property
tests, such as compression parallel- and perpendicular-to-grain, shear parallel-to-
grain, cleavage, and hardness.
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Figure 3. Specimen cul from stick obtained from Bitches: the half located nearest the gronind level
was used Tor static bending s and physical property assessment; the otbher Tiali was

used 1o obiain all ether mechanical propertics.
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All specimens were shipped to the Forest Products Laboratory (FPL) in
Madison, Wisconsin. Moisture content ranged from 15 to 19% upon arrival at the
FPL. Specimens were conditioned in an environment of 2.3 °C, 65% relative
humidity to reach an equilibrium state of 12% moisture content. Specimens were
then cut into dimensions of 45.7 mm? (1.80 in?); those exhibiting deep
splits or warp were eliminated.

The ASTM D143 (Anonymous 1993) standard was used as a guideline for all
mechanical property tests in this study. However, because some selection and
processing decisions were made prior to the involvement and agreement on
project objectives, the specimens differed from those required by the ASTM D143
standard. The ASTM standard recommends that at least five trees representative of
the species be selected but only four trees were sampled. Also, two bolts from each
log are required; but only one was used. The direction with reference to the north,
south, east, and west should be noted on the log so that specimes are cut from each
direction; these references were not noted. In the study reported here, the order,
selection, and mode of tests as stated in the standard were followed, but specimen
dimensions were different than those required by as ASTM D143.

Test methodology

Six mechanical and five physical properties were evaluated. Both mechanical and
physical properties were tested using ASTM D143 as a guideline with the following
differences: sample replication was smaller, cutting pattern was different, and
specimen size was not the standard 2 x 2 in (50.8 x 50.8 mm).

Mechanical properties

Moisture content and specific gravity were measured on each specimen that
was subjected to a mechanical property test.

Static bending

For each species, sixteen 45.7 x 45.7 mm (1.8 x 1.8 in) specimens were tested (4
specimens/region). Bending specimens had a 709-mm (28-in) span and were
loaded at the centre point. The resulting span-to-depth ratio was 15.5:1. Specimens
were positioned so that the tensile stress was maximum on the tangential face
furthest from the pith. A constant deflection rate 2.5 mm min™ (0.1 in min™) was used.

Moisture content

The moisture content was obtained from a 52-mm (2.04in) long block cut from
an undamaged area near the static-bending-failure point. The blocks were oven-
dried at 103 °C for 72 h and the weight recorded. These blocks were retained for later
use in the shrinkage/swelling tests.
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Compression parallel-to-grain

The specimen dimensions were 45.7 x 45.7 x 182 mm (1.8 x 1.8 x 7.2 in). The rate
of loading was 0.6 mm min™ (0.024 in min™) and the deflection gauge length was 152
mm (6 in).

Compression perpendicular-to-grain

The specimen dimensions were 45.7 x 45.7 x 152 mm (1.8 x 1.8 x 6 in) long. The
rate of loading was applied at 0.3 mm min™(0.012 in min™) until a 2.5-mm
0.1-in) deformation was induced. The standard definition of deformation is load-
head displacement, stress failure is reported at 1 mm (0.04 in) of deformation.

Hardness

Specimens were 45.7 x 45.7 x 152.4 mm (1.8 x 1.8 x 6 in). The load was applied
until a 11.3-mm(0.444in) diameter steel ball held in a metallic ring was embedded
in the specimen to half its diameter. Six penetrations were performed: one on each
end; two on a radial face; and two on a tangential face, approximately 37.5 mm(1.5
in) from each end. The rate of loading was 6.35 mm min™ (0.25 in min™).

Shear parallel-to-grain

A 45.7 x 45.7 mm (1.8 x 1.8 in) square cross-section was used with a 17.1-mm
(0.67-m) notch cut on the tangential face (Figure 4). Just prior to testing, each
specimen was weighed and measured. The rate of loading was 0.6 mm min™ (0.024
- -
in min™)
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Figure 4. Shear block dimensions
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Cleavage

The specimen dimensions were 45.7 mm (1.8 in) square with a cleavage length
of 52.7 mm (2.07 in) (Figure 5). Specimens marked Al or Cl were loaded parallel
to the tangential axis, and those marked A2 or C2 were loaded parallel to the radial
axis. The rate of loading was 2.5 mm min™ (0.1 in min™)
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Figure 5. Cleavage specimen dimensions. Half the specimens were tested so that crack propagated
in the radial plane; the remaining hall were tested so that crack propagated in
the: tangential plane. Radius of notwch was 12.5 mm,

Physical properties

The physical property tests were performed on the undamaged portions of
specimens that had been used in the static bending tests. The undamaged speci-
mens were cut as near as possible to the failure point and then cut to non-standard
dimensions of 45.7 x 45.7 x 38.1 mm (1.8 x 1.8 x 1.5 in). At the time of cutting, the
moisture content was approximately-l 4%. The blocks were weighed and measured
at three conditions :

Test condition - equilibrated to 23 °C(74 °F), 65% relative humidity

Oven-dried

Saturated - soaked in water for 24 days

Five physical properties were determined:

Specific gravity, at the three listed conditions

Moisture content, at time of test

Linear swelling, from oven-dried to saturated conditions

Volumetric shrinkage/swelling, from oven-dried to saturated conditions

Fibre saturation point
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Specific gravity

The specific gravity was determined using oven-dry weight and volumes obtained
at three conditions :

Over-dry
As tested
Saturated

Linear shrinkage/swelling

The linear shrinkage/swelling in both the radial and tangential directions was
determined by comparing the oven-dry, as tested, and saturated dimensions. The

volumetric shrinkage/swelling was obtained by comparing the oven-dry, as tested,
and saturated volumes.

Fibre saturation point

The fibre saturation point (FSP) was determined for each direction by extrapo-
lating a line drawn from each oven-dried dimension (0%) through the test dimen-
sion ratio, then to a point of intersection with a constant saturated dimension ratio

(Figure 6). The FSP was defined as the average of the means for all directions:
volumetric, tangential, and radial
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Results

The physical and mechanical properties of the two species studied are shown in
Table 2. The tested mean, standard deviation and approximated standard deviation
are reported. The fewer the samples used in a study, the less likely can the tested
mean and standard deviation be representative of the true species mean and
standard deviation. The approximated standard deviation was calculated using an
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estimated coefficient of variation for each property determined from tests of more
than 50 softwoods and hardwoods (Anonymous 1987). In each case, the approxi-
mated standard deviation was greater than the tested ones and it provided a better
means for comparison with other test results and species.

Table 2. Results obiained using ASTM standard res) methods. Shown are the combined means 2nd
standard deviations of four independent tests from four geographic regions.

Ariouketi Adjouaba
FProperny Mean Tested Approgimaie Mean Tested Approximate
standard slandard standard standard
deviation deviation deviation deviarian
techanical MOE {GPa) 178 417 A50 16.2 117 359
n=1G MOR {MFay 128 12.5 2.5 lat I4.1 2205
WML (] m*) 77 13.5 26,4 A7.1 160 0.5
SHEAR (MPa) 155 143 1.93 1749 2.14 251
CMCS (MPa) 79 119 b4, T1.8 Ly [zt
COME [(GFa) 175 541 - 17.0 LGn -
Phyzical FEP (%) a1 1 26 3
n=14 SCD 0.69 0.407 0,84 .04
S50 60 0.06 .64 0.03
SGT 0,66 .11 73 0.0
SHED (%) 4.57 0.5 585 0,05
SHTH (%) 11 A2 903 (ral
SHV (%) 14.29 1.G0 15,22 1.68
HEIDE (kM) 7.56 198 1.51 0.25 1.47 1.85
MOE = modulos of elasticity,
MOR = modalus of mptare,
WML = work to masienum load,
CLVRE = cleavage in radial plane,
CLVT = clevage in tangenial plane,
CMOS = maximum crushiog strength fcompression parallel to the grain,

CMOE = modulus of elasticity from compression parallel w e Eraimn test,

F5F = fibre saturation point,

SGD = specific gravity {dry basis},

SGG = specific gravity (saturated Dasish],
SCGT = specific gravicy (at time of Lest),
SHRIY = radial shrin kage,

SHTN « tangential shrinkage,
SHY = volumetric shrinkage,
HEIDE = side hardness.

The results of the two species obtained using American standards were compared
with those using AFNOR (French) standards (Sallenave 1955). Before a direct
comparison could be made, adjustments were needed to account for the differences
in specified load configuration, moisture content, rate of load, specimen size, load
control, and data analysis between the two standard methods.

A comparison of adjusted properties from Sallenave (1955) and the FPL data sets
for the two species showed that most properties were significantly different, because
the means from the published data did not fall within a 95% confidence interval of
the data obtained at the FPL (Tables 3 & 4). For instance, the radial and tangential
shrinkage values for the French data were lower than those of FPL for aniouketi, but
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greater for adjouaba. The difference in specific gravity was not significant for
aniouketi, but significant for adjouaba. The French modulus of rupture (MOR)
value for aniouketi was within the confidence interval of FPL, but for adjouaba it was
31% greater than that of FPL. Also, the French modulus of elasticity (MOE) value
for aniouketi is 26% less than that of FPL but only 10% less for adjouaba.

Table 4. FFL test results with corresponding 95 % confidence intervals

Confidence
interval
Specics Property* Mean Low High
Aniouken Shrinkage. radial {%) 4.4 3.H 4.4
Shrinkage, angential (%) a1 8.7 9.5
Shrinkage, volumetric {%) [4.3 13.4 15.1
Specific gravig® (%) (.64 (G4 0h7e
Medubus of rupture (MPa) 128 117 134
Modubus of elasticity (GPa) 7.8 15.7 19.9
Maximum ¢rushing strength {MPa) 4.0 Tl.4 B6.6
Shear [MFPa) 3.8 12.8 14.5
Adjouabia Shrinkage, radial (%) G4 5.1 5.7
Shrinkage, tangential {%) 9.0 8.5 9.5
Shrinkage, volumetric {%) 15.2 4.3 16.1
Specific gravin® (%) 0.75 071 0.75
Modulus of cupture {MPa) 141 129 154
Modulus of elasticity (GFa} 6.3 14.4 18.2
Maximum crushing scrength {MPa) TLE 4.5 8.5
Shear [MPa) 17.9 16.5 19.2

‘Mechameal properties s L2% moisture content.
PASTM [ 143 ab timne of west {129 maistore cankent).

Table 4. AFNOE values compared to confidence intervals of FPL data

ey

Sprcics Sample Property Mean Relation to confidence
Size intervals of FPL data

Aniouker 14 Shrinkage, radial {%) 5.4 lovwrer
Shrinkage, tangential (%) 232 loweer
Shrinkage, volumenric (%) 14.0 within
Specific gravity (%) (X7 within
Modulas of rupoure (MPa} 154 withit
Modulus of elasticity (GFa) L1.6 lower
Waximum crushing strength (MIFa) LR lower
Shear {MPa} 775 lower

Adjouaba %16 Shrinkage, radial (%) 0.4 higher
Shrinkage, mogendial (%) 1.3 higher
Shrinkage, valumetric (%) 18.5 hagher
Speeilie graviy (%) .83 higher
Maodulus of rupture (MPa) 201 higher
doddulus of elastcity {Gl) 1249 levwer
Maxirmum crushing strength {bdPa) Tr7 within
Shear (M) - -

“Mechanical properties ar 12% moisuee content; AFNOR specific gravity values converted
ta ASTM 1143 basis of ovenhy mass aod volume at 12% moistare content,
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Conclusion

Rased on the general comparison with U.S hardwoods (Anonymous 1987) and
tropical species (Chudnoff 1984), aniouketi and adjouaba exhibited high levels of
bending strength, crushing strength, and tangential shrinkage and medium levels
of stiffness. However, aniouketi exhibited a medium level of radial shrinkage, and
ajouaba a high level. Both hardwoods appear comparable to hickory (Carya spp.)
(Farmer 1972, Anonymous 1987). Both woods seem appropriate for use in furni-
ture, cabinet work, flooring, millwork, and plywood.

In this study, both sets of data were too small to precisely represent the population
of each species. For instance, adjouaba exhibited a wide range of specific gravity
between data sets. Due to the direct relationship between specific gravity and
engineering properties, a greater variability is expected in the properties than that
demonstrated by relying on either data set. To effectively use any species, data must
be obtained using a representive sampling plan.
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