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ABSTRACT 

Concrete is a widely used construction material all over the world. It is invariably reinforced with steel to 
mitigate its low strength in tension. Steel is derived from natural deposits of hematite and magnetite, and 
the extraction from ore uses subsidiary raw materials, primarily coal and limestone, and a large amount of 
energy. This results in continuous depletion of non-renewable natural resources, degradation of the 
landscape, and pollution of the environment due to the emission of greenhouse gases during extraction. If 
the use of steel in concrete can be reduced through the use of organic reinforcing strips derived from plants 
that can be planted and harvested, therefore renewable, this would not only result in sustainable use of 
resources but would also reduce environmental pollution and degradation of the landscape. This study 
investigates the possibility of using brasses aethiopum mart timber strips as reinforcement in concrete 
columns. The results obtained show good potential for their use as reinforcement in columns. Substantial 
reduction in the cost of construction can also be expected. 

Index Terms - Sustainability, Energy, Brasses Aethiopum Mart Timber, Compressive Strength, Cost 
Reduction, Steel, Reinforced Concrete Column. 

1. INTRODUCTION 

Concrete is a construction material that is widely used across the world. In 2019, it was 
estimated that the world per capita consumption of cement stood at 580kg, which 
translated to a per capita concrete consumption of around 1.49 m3[1]. In the same year, 
Africa had a per capita cement consumption of 200 kg or a per capita concrete 
consumption of 0.51 m3[2–4]. Concrete is invariably reinforced with steel bars to mitigate 
its low strengthin tension. Steel is extracted from non-renewable, naturally occurring 
hematite and magnetite deposits in an energy-intensive industrial process that uses 
supplementary natural materials such as coal and limestone[5]. Many countries of the 
world do not have economic deposits of the requisite raw materialsfor steel production. 
Theyhave to rely onimportation which adds to the carbon profile of steel, or recycle scrap 
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metal in an equal energy-intensive process[6]. If less steel can be used in concrete 
structures, the adverse effects of the use of steel would be mitigated. 

On the other hand, organic-based concrete reinforcing strips, if found suitable, are 
renewable inputs that can be cultivated across the world. The energy used in producing 
steel and greenhouse gases emitted in the industrial processes would be reduced, 
resulting in a greener environment 

Research on the partial replacement of contemporary non-renewable building materials 
by renewable natural materials and compliance with international protocols will reduce 
the harmful consequences of industrial production and reduce construction costs [7–9]. 
Several studieshave been carried out to evaluate the feasibility of employing plant 
reinforcements to replace steel in reinforced concrete members. Among the plants 
researched are bamboo, landolphiabuchananii, palm, and even borassus aethiopum mart 
and natural fibres derived from the trees[10–13]. 

Borassus aethiopum mart, commonly known as African palm or borassus, is a smooth, 
bottle-shaped palm that may reach a height of 25 m when mature. It is mainly found in 
Africa, in areas with a high-water table, such as forested savannah grasslands[14–
18].Parts of borassus tree are used for food, handcrafts and medicine[19–24].In the field 
of construction, this wood gives a relatively long lifespan and  is used as a beam, rafter, 
lintel, and post/column [25–27].  

Research into the use of borassus aethiopum mart as reinforcement in reinforced 
concrete structures is focused on identifying the mechanical properties of this woodsuch 
as compressive strength, tensile strength, bending strength, adhesion strength, shear 
strength, hardness [11], [12], [28–30]. Other investigations have focused on determining 
the fire resistance of the same wood[31]. 

This study used borassus aethiopum mart timber (BAMT) strips as longitudinal 
reinforcement in a slender column loaded in compression. Comparison is made on its 
efficacy as concrete reinforcement material with a similar column reinforced with steel 
bars. Comparison with a column reinforced with steel bars is made when the column is 
reinforced with an equal area of BAMT and when the column is reinforced with an 
equivalent area of BAMT. The results showed 11% and 3% load capacity loss, 
respectively. 

2. MATERIALS AND METHODS 

The materials and procedures used in the present work are described in this section. 

2.1 Materials 

The brasses aethiopum mart wood used in this study was from Kenya's coast, specifically 
from Mivumoni in Msambweni sub-county in Kwale County. When it was taken down, the 
tree was around 40 years old. 
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The materials that were used in carrying out the concrete mix were river sand of 5 mm 
maximum particle size, crushed aggregates of 5 – 20 mm particle size,Portland cement, 
CEMI 42.5N, and potable water.High yield reinforcing ribbed steel bars of 12 mm diameter 
and characteristic strength of 500 MPa were used as longitudinal reinforcement in the 
control column. Ribbed bars of diameter 6 mm were used in all columns as confining 
stirrups at a spacing of 180 mm. The borassus reinforcing strips were of 10.6 mm square 
cross-section and compressive strength of 60 MPa[32]. 

2.2 Method 

This study was devoted to conducting the compression test to determine the crushing 
load of the test columns. The columns were designed to be slender with a cross-section 
of 150 mm x 150 mm and a height of 1,500 mm. Six columns with borassus longitudinal 
reinforcement and steel transverse reinforcement were used in this study. In the first three 
specimens (BAMT1), 4No. BAM strips were used, giving a cross-section area 
approximately equal to that of steel in the control specimens. In the next three specimens 
(BAMT2), 8No. BAMT strips were used, giving the cross-section area required by design 
when BAMT is the reinforcing material. 

Another three columns were made with 12 mm diameter longitudinal steel bars to act as 
control. The reinforcement to the columns were arranged as shown in Fig.1 and as given 
in Table 1. 

The columns were designed using Euro code 2. The BAMT reinforcing strips were sawn 
into square cross-sections of 10.6 mm x 10.6 mm at the timber workshop. Confining 
stirrups of 6 mm diameter were then placed at 180 mm intervals and tied with binding 
wires. The cover to reinforcement was 20 mm. 

 

 

Fig. 1. Cross-section area of columns 
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TABLE 1. Properties of specimens 

 

Specimen Group Longitudinal Reinforcement Stirrup 

Type Size (mm) Number Reinforcement 
ratio (%) 

Control Steel T12 4 2.01 T6@180 mm 

Sample 1 BAMT 10.6*10.6 4 2.01 T6 @ 180 mm 

Sample 2 BAMT 10.6*10.6 8 4.02 T6 @ 180 mm 

      

2.3 Reinforcement Preparation and Strain Gages Fixing 

Sensors (strain gages) were installed to monitor the deformation of the reinforcement and 
the concrete. The surfaces of the reinforcement and column were ground smooth to 
provide appropriate areas for installing the electrical resistance strain gages. The strain 
gages were then protected from moisture by applying a bandage of fabric socked in liquid 
wax. The placement of the strain gauges to the reinforcement is shown in Fig. 2. 
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Fig. 2. Fixed strain gages on reinforcement: a) Steel; b) BAMT. 

 

2.4 Concrete Preparation and Casting 

Class 30 concrete was designed using the DOE approach and was used for this test. The 
concrete was thoroughly mixed using a mechanical mixer to produce a homogenous 
composition. The concrete workability was tested by the slump test, and the slump 
obtained averaged 40 mm. The concrete was then poured into the column formworks and 
compacted using a poker vibrator, and the surface was levelled smooth using a steel 
trowel. The formwork was removed the next day, and the columns were covered with 
moistened cloth for 28 days. 150 x 150 x 150 mm cubes were also made and cured in 
water until the time of the test at 7, 14, and 28 days to confirm the design strength. The 
columns and cubes are shown in Fig. 3. 
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Fig. 3. Casting of columns and test cubes: (a) determination of slump. (b). casting 
of test cubes. (c). casting of columns. 

2.5 Compressive Test of Concrete Cubes 

This test aimed to verify whether the target strength of the concrete was achieved. The 
cubes were removed from water on the day of the test and were wiped with a soft cloth, 
then air-dried for 1 hour. The cubes were weighed then were placed centrally between the 
platens of a compression testing machine with a load capacity of 1,500 kN.The load was 
applied at the rate of 0.5 kN per second until failure. The maximum compressive strength 
was read from the machine. Three cubes were tested to an average strength for each 
record. Fig. 4 illustrates the compression test on the cubes. 
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Fig. 4. Compression test for cubes (a). weighing the cube. (b). applying 
compression load. (c). results read from a display screen. 

2.6 Column Compression Test 

For the compression test, the column was placed between two rigid beams in a steel 
frame as shown in Fig. 5. Load was applied from the top using a hydraulic jack with a 
capacity of 500 kN and was measured using a load cell connected to a data logger.The 
strain in the concrete and the reinforcement were measured using the strain gages which 
were connected to the data logger. Axial deformation of the columns was measured using 
two linear variable differential transformers (LVDT), both of which were connected to the 
data logger. The strain in the concrete and the reinforcement was measured by the strain 
gauges which were also connected to the data logger. In this way, it was possible to 
monitor the changes in all the variables at one point in the data logger. 

 

 

 
(a)                                                     (b)                                                     (c) 

 

 (a) (b) (c) 
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Fig. 5. Column experimental set-up 

3. RESULTS AND DISCUSSIONS 

The maximum loads, displacements, stresses, and deformations measured in this study 
are the averages of three samples from each set of specimens. 

3.1 Cube Compressive Test 

Table 2 shows the concrete compressive strength for the three sets of tests. The 
difference in the strength of concrete between the control and the test samples is 2.5 % 
which is not significant. 
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TABLE 2. Concrete compressive strength of the columns. 

Serial No. Description Concrete strength (MPa) 

  7 days 14 days 28 days 

1.  Control column 28 34 40 

2.  BAMT1 30 37 39 

3.  BAMT2 26 32 39 

 

3.2 Column Failure Patterns 

The failure crack patterns of the control specimens were as shown in Figure 6. At 
approximately 65 % of the failure load,many fine cracks appeared at the bottom of the 
columns. The cracks progressed upwards with increasing load. At failure load, the cracks 
extended to the centre of the column. Crushing of the concrete occurred at the bottom of 
the column. These failure patterns are shown in Fig. 6. 

   
 

 

 

a) b) 
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Fig. 6. Failure mode of the control specimen: a) Crack pattern; b) Failure 

For specimens reinforced with BAMT, cracks formed at the bottom of the columns at 
approximately 60 % of the failure load. The cracks increased with the increasing load but 
did not extend upwards. The concrete cover at the bottom of the columns spalled off with 
the increasing load. At failure, the reinforcing strips broke, and the column fell down. This 
was in contrast tothe control in which the steel was deformed but still kept the column 
upright. The failure mode is shown in Fig. 7. 

 

Fig. 7. Failure mode of the BAMT specimens: a) Crack pattern; b) Failure 

 

3.3 Colum Load-Bearing Capacity 

Fig.8 shows the relative strength of the three specimens. It is seen that the BAMT1 
supported 11 % less load than the control for an approximately equal area of 
reinforcement. On the other hand, BAMT2, which had double the area of reinforcement of 
the control,supported,approximates 3 % less load than the control and approximately 8 % 
more load than BAMT1. 
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Fig. 8. Maximum load-Reinforcement ratio 

3.4 Axial deformation of columns 

Fig.9gives the specimens' load-displacement curves. The average axial load and axial 
displacement of each of the three specimen types are shown. The axial displacement of 
each kind of specimen is the average value measured by the two LVDTs, and the axial 
load is recorded by the load cell. The axial load-axial displacement curves for the three 
groups are separated into three zones, namely the elastic, elastoplastic, and fracture 
zones. 

The elastic zone represents the rectilinear part of these three curves. This line is longer 
for the control sample, while it is approximately the same for the other two samples. This 
difference can be explained by the fact that steel is more elastic than Borassus wood, with 
a modulus of elasticity of 210,000 MPa compared to that of Borassus of 3,387 MPa. [32]. 

The curves exhibit non-linear behaviour in the elastoplastic zone. This starts at a stress 
of approximately 75 % of the failure load in steel and at approximately 20 % of the failure 
load for borassus. This could possibly be due to the less elasticity of wood compared to 
steel. 

The load-displacement curves enter the failure phase after the maximum load is reached. 
In this zone, the loads progressively diminish until the column breaks down.  
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Fig. 9. Axial deformation of columns. 

 

3.5 Strain-Stress 

The stress-strain curves of the control specimens are shown in Fig.10. Upton 60 % of the 
ultimate stress, the strain in concrete and steel are the same and show a linear increase 
with increasing stress. With increasing load, the steel takes more strain than concrete. 
This implies a good bond between steel and concrete. The sample enters the elastoplastic 
phase after the concrete column cracks. The increase in the strain of both concrete and 
steel exceeds the increase in stress. On the other hand, the strain in steel increases more 
than in concrete, implying a reduced bond between the two materials. This non-linear 
behaviour is caused by the formation of cracks that transfer more load to the steel. The 
strain differential between the concrete and the steel increases with increasing load until 
the column collapses. 

 

0 1 2 3 4 5 6 7 8 9 10 11 12
0

100

200

300

400

500

Lo
ad

 (
kN

)

Displacement (mm)

 BAMT2

 BAMT1

 Control



Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and Technology Edition) 

ISSN：1671-5497 

E-Publication：Online Open Access 

Vol: 41 Issue: 05-2022 
DOI 10.17605/OSF.IO/BNMX7 

 
 

May 2022 | 320  
 

 

Fig. 10. Stress-strain curve for control 

In Fig. 11, it is observed that in the case of BAMT samples, the strain in the reinforcement 
is higher than that in concrete from the onset but is more pronounced in BAMT1 than in 
BAMT2. In both cases, the difference in the strain in reinforcement and concrete increases 
with increasing load. This would imply slippage in the bond between concrete and the 
BAMT. It is also observed that at failure, the load is transferred to the borassus after the 
concrete has been crushed. 

 

 

Fig. 11. Stress-strain curves for borassus 
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4. 4. CONCLUSIONS AND RECOMMENDATIONS 

4.1 Conclusion 

The following conclusions are derived from this study. 

BAMT can be used as reinforcement in concrete columns. 

With the same area of reinforcement, BAMT reinforced column loses only 11 % of the 
strength compared to the control. This reduction in strength is reduced when the area of 
borassus reinforcement is increased. 

The axial deformation of the column reduces with increased area of BAM reinforcement. 

The strain in BAMT is more significant than that in concrete under load, and the difference 
in strain between borassus and concrete increases with increasing load. This contrasts 
with the control when both steel and concrete are initially at the same strain until cracking 
starts. 

At failure, BAMT reinforcement undergoes more plastic deformation than concrete, and 
this increases with an increase in the area of reinforcement. 

4.2 Recommendation 

BAMT has shown good potential for use as reinforcement in concrete columns. However, 
long term performance under adverse conditions of use warrants investigation. 
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