SSRG International Journal of Civil Engineering
ISSN: 2348 — 8352 /d0i:10.14445/23488352/1JCE-V8111P102

Volume 8 Issue 11, 7-12, Nov 2021
©2021 Seventh Sense Research Group®

Original Article

Mechanical Characteristics of Kenyan Borassus
Aethiopum Mart timber as Reinforcement for
Concrete

Oubedoulaye Kone', David Otieno Koteng?, Mohammed Matallah®, Charles Karimi Kabubo®

!Graduate student, Department of Civil Engineering, Pan African University, Institute for Basic Science, Technology and
Innovation, Jomo Kenyatta University of Agriculture and Technology, Kenya, Nairobi, Kenya.
2Associate Professor, School of Civil and Resource Engineering, Technical University of Kenya, Nairobi, Kenya.
3Professor, Department of Civil Engineering, University of Tlemcen - Algeria
“Senior Lecturer, Sustainable Materials Research and Technology Centre, Jomo Kenyatta University of Agriculture and
Technology, Nairobi, Kenya

Received Date: 01 October 2021
Revised Date: 01 November 2021
Accepted Date: 12 November 2021

Abstract - The construction industry consumes a
significant amount of energy and resources in most
countries; research into the partial replacement of non-
renewable contemporary building materials  with
renewable natural materials has risen recently. Several
studies have been conducted in Africa to expand the
quantity of knowledge available on Borassus Aethiopum
Mart timber. It may be utilized as a standalone material or
as a reinforcement in cement composites. This research
aims to examine the mechanical properties of Borassus
Aethiopum Mart timber and the adhesion of the Borassus-
concrete interface. The results of tests conducted on the
upper and lower parts of the wood of Borassus Aethiopum
Mart from Kenya show compressive strengths of 56.551 +
18.247 MPa and 60.730 + 12.84 MPa, shear strengths of
7.657 £ 3.009 MPa and 8.131 £ 1.713 MPa, 12.4 kN and
5.41 kN in hardiness for the moisture content of 29.495 +
6.685% and 21.274 + 1.647% and a density of 802 + 101
kg / m® and 965 + 24 kg / m3. Young's moduli and breaking
stresses are 3387.27 MPa and 108.23 MPa for the lower
part and 3167.11 MPa and 77.65 MPa for the upper part.
The pull-out test results reveal that the adhesion stress at
the Borassus-concrete interface is 2.021 MPa.

Keywords - Borassus Aethiopum Mart timber, mechanical
characteristics, concrete, adhesion.

I. INTRODUCTION

Borassus Aethiopum Mart, also known as African palm, or
Borassus, is a smooth, bottle-shaped palm that can grow up
to 25m tall at full maturity. It is named as such because of
its crown made up of fan-shaped clusters of leaves. It is a
sturdy to massive, single-stemmed evergreen palm with an
unbranched stem that can eventually grow to 20-30 meters
long by 400-500 mm in diameter, swelling at the base to
850mm, and in the old age to about 50 years also swelled
above the midpoint to about 800mm in diameter [1].

Borassus Aethiopum Mart is found in environments where
the water table is high in wooded savannah grasslands. It is
generally found in sandy soils and floodplains of dense
stands, from 0 to 1.200 m; rainfall 900-1400 mm[2]. Itis
found in Australia and the African continent, precisely in
sub-Saharan Africa in countries like Benin, Burkina Faso,
Cameroon, Central Africa, Ivory Coast, Kenya,
Madagascar, Malawi, Mali, and so on[3]-[5]; with 70
plants per hectare and 50 plants per hectare in the
communes of Save and Ouidah in BENIN[6] and 33-61
trees per hectare in the Abrimasu forest reserve [7].
Different parts of Borassus are used for various needs,
namely in the field of food, crafts, medicine, and even in
the field of construction[2], [4], [8]-[14]. In construction,
this wood provides excellent upright, well-graded pilots
for the construction of wharves or piers of bridges and
frames[6]-[8], [15], [16]. This wood gives the habitat a
relatively long lifespan, and for frames, it is used as a
beam, rafters, lintel, and post/ column, but the use of this
wood hasn’t been done in a scientific way in construction
[6]. This wood provides good timber for off-ground
construction and is used for beehives[2]. It has therefore
been the subject of several studies to find out its
characteristics to exploit it better.

Il. MATERIALS AND METHODS
The materials and procedures utilized in the present tests
are described in this section.

A. Materials

a) The Borassus Aethiopum Mart

The Borassus Aethiopum Mart wood chosen as a case
study comes from the coastal area of Kenya, specifically
Mivumoni, Msambweni sub-county in Kwale County. The
tree was about 40 years old when it was cut down.
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Fig. 1: Borassus Aethiopum Mart tree

The coordinates of the forest location are 4 ° 24'58.1"S 39
°24'06.3"E.

GoogleMaps ~ 4°2458.1°5 392406 3
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Fig. 2: Forest Location
Source: Google Map

Compression parallel to the grain test, static bending test,
hardness test, shear test, and tensile parallel to the grain
test was conducted to determine the mechanical
characteristics of the timber.

b) Concrete constituents

The materials that were used in carrying out the pull-out
test were the river sand (0-5mm), crushed aggregates (5-
20mm), Portland cement(CEMI42.5 MPa), and potable
water.

B. Methods

a) Timber characterization

Methods of testing small clear specimens of timber are
used to determine the mechanical characteristics of
Borassus Aethiopum Mart. The test specimen's form and
dimensions are in line with BS 373:1957[17]. Except for
the tensile test, all characterization tests were carried out
on a single machine, the UNIVERSAL STRENGTH
TESTING MACHINE. The maximum load capacity of
this machine is 150kN. The machine's instruments are only
adjusted to fit a specific test for one need or another.

Fig. 3: Tests specimen:1-Shear; 2-Hardiness; 3-
Compression; 4-Tensile; 5-Static Bending

A sample of ten elements from the upper and ten elements
from the lower parts was examined. Before each test, the
samples were weighed, and after testing, they were placed
in an oven at 105 °C for 24 hours. The dry masses were
determined for each kind of test, and the dry density and
the moisture content were computed.

1) Compression parallel to grain test

The test pieces, in this case, have a section area of 20mm
by 20mm and a length of 60mm. Loading between parallel
plates was used to perform the test, and the load was
transmitted to the specimen at a constant head speed of
0.635 mm/min. The compressive stress at the maximum
load was determined by Equation 1.

P
o, = ;(1)
Where P = Maximum crushing load and A= Cross-
sectional area of the test piece.

Fig. 4: Compression parallel to grain test: a) Specimen
in compression; b) Specimen’s failure

2) Shear test

The test specimen was a cube with a side length of 20 mm.
The load was applied at a constant crosshead movement
rate of 0.635 mm/min. The shear's direction was parallel to
the grain, and Equation 2was used to calculate shear
strength.
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Where P= Maximum load causing shear and A = Area in
shear.
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Fig. 5: Shear parallel to the grain test: a) Specimen in
shear; b) Specimen’s failure

3) Janka hardness test

This was done to determine the load required to force the
hemispherical end of a steel bar or a steel ball with a
diameter of 11.278+0.0508mminto the test piece to a
depth of 5.6388 mm. The hardness tool penetrates at a rate
of 6.35 mm/min. The hardness of tangential and radial
surfaces was read immediately on the machine's display
unit.

Fig. 6: Janka hardiness test: a) Specimen testing; b)
Specimen's failure

4) Static Bending test

The bending test was used in the study to determine the
Modulus of elasticity and Modulus of rupture. The three-
point loading technique of the test piece beams was used in
the test. The dimensions of the test specimen were 20mm
by 20mm by 300mm. The loading rate was kept constant at
6.6 mm/min. The Linear Variable Differential Transducer
(LVDT) measured sample deflection, and the load causing
the deflection was displayed on the machine's digital
display. The Modulus of elasticity and the Modulus of
rupture were determined using Equations 3 and 4.

P12

= a'bn? (3)
3PL

Oy = s *

Where P’= Load at the limit of proportionality; P=
Maximum load; A'= Deflection at mid-length at the limit
of proportionality; L= Span of the test specimen; b=
Breadth of the test specimen; h=Depth of the test
specimen; gz=Bending strength or Modulus of rupture
and E= Modulus of elasticity.

Fig. 7: Static Bending test: a) Specimen in Bending; b)
Specimen's failure
5) Tensile test
The HOUNSFIELD TENSOMETER was the machine
used to hold the test specimen under tension. A set of
twenty-four samples were tested. The load was applied to
the test piece at a constant head speed of 1.27mm/min. The
tensile stress at the maximum load was determined using
“(2.5)” below:
P

or =7 ®)

Where P=Maximum load, A=Minimum area of cross-
section of test length.

— - Specimen
under tension

a1

Fig. 8: Tensile tes
b) Pull out test
There are four types of samples for the pull-out test. The
samples composed nine elements each, and the difference
between them was the anchor length. Among others, the
simple Borassus (BS), the Borassus crenulated on two
parallel faces (BC), the Borassus crenulated on the four
faces (4BC), and the Borassus with the nails on two
parallel faces (BN). The DOE method was used to
design the class 30MPa concrete for this test. The concrete
mix design results were taken to cast the Borassus
Aethiopum Mart timber reinforcement into 150mm? cubes,
ensuring that the Borassus timbers were vertical and in the
center of the cubes.
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I11. RESULTS AND DISCUSSION

The compression and shear test results are shown in Table
I. It should be observed from this table that the
compressive strength, and the shearing strength of the
bottom part of Borassus, are slightly higher than that of the
upper part. This disparity might be explained by the upper
part's high moisture content. These findings also indicate
that Borassus wood is dense at low moisture content.
These outcomes exceed Samah’s[18] by more than a factor
of six (9.25 MPa) for compressive strength and a factor of
sixteen (0.65 MPa) for the shearing strength.

Fig. 9: Pull out test speci
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Table I: Compression and Shear parallel to the grain test results

Compression strength Shear strength Moisture Content Dry Density
(N/mm2) (N/mm2) (%) (kg/md)
Top part 56.551 + 18.247 7.657 + 3.009 29.495 + 6.685 802 +101
Bottom part 60.730 + 12.84 8.131+1.713 21.274 + 1.647 965 + 24

point A to point C of this figure, it is apparent that the
The hardiness test results are shown in Figure 10. These  bottom part's curve is higher than the top part's because
findings demonstrate that Borassus Wood is hard and  this sample can withstand a higher load than the previous
deserving of a place among current building timbers. In one. In the illustration, points A, B, and C indicate the first
this Figure, the hardiness of Borassus wood's bottom fracture, sample yielding, and failure, respectively. The
portion is 2.3 times larger than that of its upper part.  samples’ Young's Modulus and Modulus of rupture are
Although the bottom portion of this wood contains an 3387.27 MPa and 108.23 MPa for the bottom part and
amount of moisture (21.274%), it is harder than Acacia  3167.11 MPa and 77.65 MPa for the upper part,

decurrens (10.89kN with a moisture content of 12%)[19]. respectively. The modulus of rupture of the bottom part is
greater than that obtained by Moses[20] for 20 mm
14 diameter mild steel.
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Fig. 10:Janka hardiness test results

=—@=—Bottom part Upper part
The results of the static bending test are shown in Figure
11. The graph demonstrates that the two curves have the . . .
same paces. Each of these curves is given in three stages. Fig. 11: Static Bending test results
The first level represents the elastic zone; the second is
relatively linear, and the last is a concave curve. From

10
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Tensile strength varies from one specimen because
Borassus Aethiopum is a natural material with varying
defects like wood/timber[21]. To account for the
imperfections, a safety factor of 0.8 was applied to tensile
strength as specified in BS 5268[22]. As a result, the
specific tensile strength was approximately 103.7+25.1
N/mm? or roughly 23% of ordinary high strength steel.
This strength is slightly below that obtained by Samah
(105 MPa)[23].

The results of the pull-out test are shown in Figure 12.
This Figure shows that the armature of Borassus
crenulated on the four sides (4BC) comes with average
adhesion stress of 2.545 MPa. This value is 7.19% more
than Borassus crenulated on two parallel faces BC (2.362
MPa). The crenulations then play an essential role in the
adhesion of the Borassus-concrete interface.

The bond stress of Borassus with the nails (BN) is slightly
higher than that of simple Borassus by about 5%. Of
course, nails go together with wood, but considering the
hardness of Borassus wood, the sinking of the nail caused
cracks in this wood. So the use of the nails to improve the
adhesion of the Borassus-concrete interface should be
accompanied by preparation techniques to avoid these
cracks.

Although the adhesion stress of simple Borassus (2.021
MPa) is the least in this study, it is much higher than that
obtained for Bamboo (1 MPa) [24] and that obtained by
Samah and Sohounhloué[18], [25]. The origin of Borassus
wood can explain these differences and the strength of the
concrete used to develop these tests (30 MPa in the context
of this study)[26]. The standards provide for 2.8 MPa for
High Adhesion steels after 28 days and 1.3 MPa for
smooth round steels. Because of its performance, the
Borassus timber may be used as reinforcement in
concrete[18].

3
2.545

2.362

2.5
2.125

2.021

Adhesion strength (MPa)

0
BN mBC m4BC mSB

Fig. 12: Results of the pull-out test

IV. CONCLUSION AND RECOMMENDATION
The mechanical properties of Borassus Aethiopum Mart
timber from Kenya were determined in this study.
According to the findings of this investigation, the bottom

11

part's mechanical properties are superior to those of the top
part. When used as a reinforcement in concrete, this wood
offers good adherence to Bamboo.

The bottom part of the Borassus Aethiopum Mart timber is
recommended to be used as reinforcement in the concrete.
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