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Abstract

The concrete mixed to sugarcane bagasse fibers and polypropylene fibers
prepared with varied conditions were presented. The aim of our study is to
formulate a concrete mixed with sugarcane bagasse fibers, which will grad-
ually replace the conventional polypropylene fibers often used. We formu-
lated all our concretes using the dreux gorisse method. We used an oven
calibrated at 105°C to dry the washed fibers. We also carried out tensile split-
ting and compression tests, at 28 and 112 days of age. The reinforcement
mechanisms of sugarcane bagasse fibers and polypropylene fibers concretes
were subjected to tensile splitting and compression tests after total immer-
sion of the specimens in tap water at 28 and 112 days. Porosity at 28 days,
mass loss and drying shrinkage at 80 days were also studied. The curing pro-
cesses of concretes containing 0.10, 0.15, 0.17, 0.23 and 0.25% bagasse fibers
were compared with those of ordinary concretes containing no fiber. The
results showed that the addition of bagasse fibers reduces mechanical
strength and porosity. In summary, specimens SBC-0.15 and SBC-0.17
showed the best results for all fibers. We plan to do the same work, but this
time with raffia or palm nut fibers.

DOI: 10.4236/ampc.2024.1411018 Nov. 25, 2024 249

Advances in Materials Physics and Chemistry


https://www.scirp.org/journal/ampc
https://doi.org/10.4236/ampc.2024.1411018
http://www.scirp.org
https://www.scirp.org/
https://doi.org/10.4236/ampc.2024.1411018
http://creativecommons.org/licenses/by/4.0/

C. A. Malanda Ceti, et al.

Keywords

Concrete, Bagasse Fiber, Polypropylene Fiber, Tensile Test, Compression
Test

1. Introduction

The construction of bio-fibre concrete engineering structures in developing coun-
tries such as Congo Brazzaville and around the world is a major challenge for the
21st century. Congo Brazzaville is a forested country in the Congo Basin region,
with variable rainfall and a number of climatic factors that interfere with ordinary
concretes and the search for new concrete properties. Bagasse is found in large
quantities in the south of the Republic of Congo. Its distribution in the Bouenza
region, in the south of Congo Brazzaville, by the SARIS Congo group, a subsidiary
of the multinational SOMDIAA (Organization, Management and Development
company for the Agricultural and food Industries), shows just how much Congo
Brazzaville has to offer in terms of expanding sugarcane-growing areas. This plant
is of major socio-economic interest because of the fineness, strength and flexibility
of its fibers. The fiber has been grown for over half a century by the Saris CONGO
group, with whom we have signed a research partnership on bagasse. The sugar
business covers an area of 12,000 hectares of sugar cane. What’s more, the Moutela
plant has a crushing capacity of 5000 tonnes of sugarcane a day for the duration
of the sugar campaign, which runs from June to November, giving an annual pro-
duction of almost 70,000 tonnes of sugar. Its abundance and influence in the re-
gion have led Ngouallat et al to work on its by-product, molasses [1] [2]. Several
works have been already done on composite materials in Congo Brazzaville, par-
ticularly with wood chips, plant waste, etc. [3]-[5]. One tonne of sugar cane gen-
erates 280 kg of bagasse waste [6]. This creates economic and environmental prob-
lems. The incorporation of plant fibers is an alternative for the manufacture of
composite or biosourced concretes in order to address both the issue of construc-
tion comfort and the environment. The fibers normally used in construction have
the disadvantage of being derived from non-renewable resources (steel, polypro-
pylene, glass fiber, etc.). Each type of fibers has a particular influence on the me-
chanical behaviour of concrete. Among the plant fibers used are sugarcane, palm
nut, coconut and bamboo fibers. These fibers are renowned for their high me-
chanical performance. Sugar production is currently rising sharply worldwide,
with almost 1500 million tonnes of sugar produced worldwide. Around 40% - 45%
of bagasse remains after the juice has been extracted. Normal annual bagasse pro-
duction is therefore estimated at 600 million tonnes, a bulky waste product from
the sugar industry [7]. Cement is the most widely used material in infrastructure
development. The environmental issue of cement has become a growing concern,
as the cement industries are responsible for around 2.5% of total industrial waste

emissions worldwide [8]. Cement production requires considerable energy and is
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also responsible for 5% of global anthropogenic CO, emissions (each tonne of ce-
ment produces around 01 tonne of CO>) [9]. The advantage of cement composites
reinforced with plant fibers lies in their improved mechanical and thermal prop-
erties, as well as their reasonable cost [10] [11]. The use of abundant waste mate-
rials in the construction industry is an important motivation for this study [3] [4]
[12] [13]. The results of the study of these concretes in the fresh and hardened
states are compared with concretes reinforced with polypropylene fibers [14]. Ide-
ally, the combination of two components, the matrix and the fiber, results in a
material that performs better than the matrix alone [15]. Incorporating fibers into
concrete increases flexural strength, controls changes in cracking, impact re-
sistance, fracture toughness and tensile strength. It increases adhesion and modi-
fies the rheological characteristics of concrete [16]. Steel fiber is the most com-
monly used [12]. Plant fibers are preferred to synthetic fibers because of their bi-
odegradability, recyclability, wear resistance and environmental friendliness [17].
From an economic point of view, they offer the possibility of stimulating eco-
nomic activities in isolated regions, and from a social point of view, they help to
support agriculture in these regions [18]. As far as plant fibers are concerned, it is
important to take into account their disadvantages, notably their inherent varia-
bility in terms of physical and mechanical properties, their lower durability and
their resistance to wear. In recent years, researchers and industrialists have taken
a keen interest in the development of new plant fiber-reinforced composites for
use in the construction and public works sectors. In this work, we designed con-
cretes with different formulations reinforced with SBC sugarcane bagasse and PC
polypropylene fibers. We then subjected them to tensile splitting and simple com-
pression tests at 28 days and 112 days. Finally, a study of the porosity at 28 days
of the different concretes was carried out.

2. Experimental Details

2.1 Materials

The cement used in this study is portland cement with strength class 42.5 N (CEM
I 42.5 N according to standard EN 197-1) from the Forspak cement works in the
Niari department of Congo Brazzaville. The superplasticizer (SP) Dynamon Easy
738 is a modified acrylic polymer-based admixture, which is specifically suited to
the ready-mixed concrete sector. The superplasticizer is incorporated into the mix
when the concrete is mixed with a standard mixer. All the aggregates come from
the Djoué river quarry on the outskirts of Brazzaville. They are hard and non-
reactive to alkali-reaction. The 0/4 mm sand has a density of 2652 kg/m’ and a
water absorption coefficient of 0.76% (by mass). Aggregates (04/12 mm and 12/20
mm) with a density of 2673 kg/m? and a water absorption coefficient of 0.72% (by
mass). The polypropylene fibers used (Figure 1) in this study are fibers manufac-
tured from propylene. They are Sikafibre-force 54. It has a length of 54 mm, a
diameter of 0.34 mm, a tensile strength of 689 MPa and a tensile modulus of elas-

ticity of 5.75 GPa. Figure 2 shows sugarcane bagasse fiber sieved through a 4 mm
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sieve.

The untreated sugarcane bagasse was sieved with a 4 mm sieve to extract ele-
ments smaller than 4 mm, then immersed in water for two hours before being
dried again in a Controlab oven at 40°C to prevent the mixing water from being
absorbed by the fibers when the concrete was made. The mass of the sample was

taken as a function of time. We also used Origin Pro software to process our data.

Figure 2. Unscreened sugarcane bagasse fiber from Saris Congo af-
ter extraction at the factory.

2.2. Formulation of Different Types of Concrete

Our objective is to obtain a structural concrete with a compressive strength class
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of C30/37 in accordance with standard NF EN 206-1. To achieve this, several types
of concrete were formulated using the Dreux-Gorisse method, of which seven typ-
ical concretes were selected [14]. These were five concretes based on sugarcane
bagasse fibers (SBC: Sugar Bagasse Concrete), namely SBC-0. 1, SBC-0.15, SBC-
0.17, SBC-0.23, SBC-0.25, containing respectively 0.1, 0.15, 0.17, 0.23, and 0.25 %
sugarcane bagasse fibers (by volume), a concrete based on Polypropylene fibers
(PC: Polypropylene Concrete) incorporating 0.1 % by volume of polypropylene
fibers and an ordinary concrete (OC: Ordinary Concrete), taken as the reference
concrete. Using the dreux-gorisse method, we started from the principle of mak-
ing 21 specimens of concrete using cylindrical steel moulds with a diameter of 16
x 32 mm. And for the dosage of admixture in the matrix, depending on the quan-
tity of fibers introduced, we carried out different dosages at 0.6, 0.54 and 1.20 %.
For each concrete formulation, concrete specimens with cylindrical moulds (@:
16 cm, height: 32 cm) were made. To carry out the experiments on the concretes,
we began by weighing the quantities according to the mix code using a 30 kg Kern
precision balance. The materials were then mixed in a Controlab C0198/3 vertical
shaft mixer with a mixing capacity of 300 liters and a tank volume of 600 liters.
The coarse and fine aggregates were dry-mixed for one minute. Water was then
added gradually while the mixer was in motion. The polypropylene fibers were
also gradually introduced into the mixer. The same process was repeated when
mixing concrete with sugarcane bagasse fibers. The remaining admixture and wa-
ter were then added to the still-running mixer. We estimated the total mixing time
to be around five minutes for both the ordinary concrete and the sugarcane ba-
gasse fiber concrete. In the case of mixes reinforced with polypropylene fibers and
bagasse fibers, the fibers were added progressively in the middle and at the end of
the mixing period, by placing them slowly and manually into the mix. To prevent
the fibers from ‘balling up’, the addition of the fibers added two minutes to the
total mixing time. The Abrams cone slump test was carried out at the end of the
mixing process. All the moulds were first oiled and then filled in two layers and
vibrated using a Heberth-type portable electric concrete vibrator for approxi-
mately one minute. Cylindrical moulds measuring 16 x 32 mm were cast verti-
cally. The compacted specimens were covered with a rubber sheet to limit water
loss for the first 24 hours after casting. The following day, the specimens were
demoulded and weighed on a 30 kg kern precision balance. The specimens were
then immediately placed in water tank with a temperature of 20°C + 2°C and a
relative humidity of over 60°C + 5°C to determine the tensile and compressive
strengths at 7, 14, 28 and 112 days, ie., an average of 3 specimens per age of con-
crete. Also, 9 specimens were withdrawn from the batch for drying shrinkage and

loss of mass and porosity tests.

3. Characterization of the Different Types of Concrete

We carried out the following characterization tests on fresh and hardened con-

crete.
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3.1. Fresh State: Abrams Cone Workability

Consistency classes (slump classes) are used to characterise the workability of con-
crete and to classify it according to standard NF 18-451 using the Abrams cone
[19]. The classes of concrete from firm to very fluid are given in Table 1. We used
control brand equipment to carry out the Abrams cone test. For the last class, the
Abrams cone slump test is not accurate enough, so the Abrams cone spread test

is used.

Table 1. Slump classes for different types of concrete [19].

Class Slump in mm Type of concrete
S1 10 to 40 Farm
S2 50 to 90 Plastic
S3 100 to 150 Very plastics
S4 160 to 210 Fluid
S5 220 or more Very fluid and self-placing concrete

3.2. Hardened State

The following formula was used to obtain percentage values for drying shrinkage

Mr:(MJXIOO (1)
Dd

With Mr: Measurement of the dimension, Dd = Starting dimension, corresponds
to the dimension on the 1st day, Ze, the first measurement, Da = Ending dimen-
sion, corresponds to the dimension on the 2nd day, i.e. the following day.

The total porosity (Ni.) of a concrete sample is given by:

(Ww—Dw)
N, =100x| ~———= 2)
Ww
Ww: wet weight, Dw: dry weight.
The following formula was used to find the compressive strength value:
. P
Fcj=— 3
1= €)

Where F¢j is the compressive strength of a cylindrical concrete specimen measur-
ing (16 x 32) cm. P is the breaking load obtained on the compression press and S

is the surface area of the specimen.

4. Results and Discussion

4.1. Slump Test for Fresh Concrete

The values of the different classes of the Abrams cone slump test are presented in
Table 2 below. Two classes of concrete can be distinguished.

— S5(110 - 140 mm; OC, SBC-0.10, SBC-0.15 et PC),

— S, (60 mm; SBC-0.17, SBC -0.23 et SBC-0.25).
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Among S3 concretes, the SBC-0.10 and SBC-0.15 differ in that the workability
of the SBC-0.15 decreases due to the increase in sugarcane bagasse fibers. Both
types of concrete have practically the extreme values of class S3. For class S2 con-
cretes, it can be seen that as the amount of sugarcane bagasse fibers increases, the
workability and workability of the mix in the fresh state decreases. These results
are in agreement with those found in the literature [20]-[22]. This is due to the
high porosity of the bagasse fibers: despite being impregnated in the alkaline so-
lution before mixing, the bio-fibers of bagasse still continue to absorb some of the
mixing water during the making of the composite, which reduces the workability
of the concrete, hence the use of the superplasticizer, which made it possible to
maintain a level of workability similar to classes S2 and S3 and to obtain a struc-

tural concrete that is easy to place.

Table 2. Mix proportions for 1 m? and slump values for the different concretes.

Mixing code
Proportion of mixture per 1 m?
OoC SBC-0.1 SBC-0.15 SBC-0.17SBC-0.23SBC-0.25 PC
Cement (kg) 16.20 16.20 16.20 16.20 16.20 16.20 16.20
Water (1) 10.46 10.46 10.46 10.46 10.46 10.46 10.46
Sand (kg) 26.11 26.11 26.11 26.11 26.11 26.11 26.11
Gravel 4 - 12 (kg) 28.61 28.61 28.61 28.61 28.61 28.61 28.61
Gravel 12 - 20 (kg) 32.33 32.33 32.33 32.33 32.33 32.33 32.33
Wet sugar cane bagasse fibre (kg) 0.00 0.10975 0.15365  0.17560 0.24145 0.2634 0.00
Polypropylene fibres (kg) 0.00 0.00 0.00 0.00 0.00 0.00 0.10975
Superplasticizer (kg) 0.0972 0.06804 0.0972 0.0972  0.0972 0.1944 0.06804
Slump test (m) 0.12 0.115 0.142 0.065 0.070 0.082 0.122
S3 S3 S3 S2 S2 S2 S3

Standard class NFP 18-451

Very plastic Very plastic Very plastic Plastic Plastic Plastic Very plastic

Fibers (sugarcane bagasse and polypropylene) are additive and do not substi-
tute components for cement, sand, or aggregates. They are considered as sewing
fibers and their contribution in mass is negligible compared to the percentages of
the aggregates. In the case of bagasse and polypropylene fibers concretes (SBC and
PC), the fibers are mixed with the cement and aggregates before the water is added
to ensure a better distribution of the fibers throughout the mix and to prevent the
fibers from agglomerating and sticking together. We can add that problems of
agglomeration or the formation of “sea urchin” balls can occur when fibers are
introduced into the mix. The fibers could then disrupt the granular arrangement

and thus reduce the workability and compactness of the mix.

4.2. Compressive Strength and Splitting Tensile Strength

Compressive strength and splitting tensile strength were tested on cured cylindri-
cal specimens stored in a damp room (100% RH at 20°C) at 7, 14, 28 and 112 days.
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Each value is the average of three specimen values per concrete age. Compression
and tensile tests were carried out in accordance with standard NF P15-471.
The simple compression tests were carried out on the 16 x 32 cm cylindrical

specimens. The results obtained are shown in Figure 3 below.

44+ OC + Compression at 28 days
42 ] 4.2\ u Compression at 112 days
404 =\
© 40
S 38- \fic-o.m
= 6 y
2 36 ?BC 0.15
5 — % sBco4r
= 34 4 35 3
2 -
@327 33
o
a 30
S
8 284
26 1
24
1 . 1 1 1 1 . 1 . 1

Compressive strength

Figure 3. compressive force vs compressive strength.
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bagasse fibre and polypropylene fibre content (%)

Figure 4. Compressive strength vs fibers content.

Figure 4 above shows the compressive strength as a function of fibers content.
This clearly shows that as fibers content increases, compressive strength decreases.
Whatever the number of days, the compressive strength decreases with the
compressive strength and shows a minimum function of the percentage of fibers
incorporation at 28 and 112 days. The highest compressive strength is that of OC.

There is no significant difference between the compressive strengths at 28 and 112
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days, but although those of SBC-0.15, SBC-0.17 and PC decrease by 20% com-
pared to OC, they remain within the strength values of ordinary structural con-
crete, whose strength is limited to between 25 and 50 MPa as stipulated in stand-
ard EN 206-1. We also note that there is a strong correlation between sugarcane
bagasse fibers content and compressive strength for both maturities. As the sug-
arcane bagasse fibers content increases, the compressive strength of the concrete
decreases. This relationship is in line with several research studies carried out on
plant fiber-reinforced concrete. The use of plant fibers does not improve the com-
pressive strength of concrete, as they increase the volume of voids and reduce the
compactness of the composite [20]-[24]. These results are in agreement with those
obtained by other authors [25]-[29]. It should be noted here that for both matur-
ities (at 28 days and 112 days), compressive strength decreases progressively with

increasing fiber content.

4.3. Splitting tensile strength

Tensile splitting tests (Brazilian test) were carried out on samples of cylindrical
concrete (16 x 32) cm, as shown in Figure 5 below. The results of the tensile split-

ting test are shown after 28 and 112 days in water at 20°C + 2°C.

—.— Traction at 28 days
—.— Traction at 112 days
1 SBC-0.17
i SBC-0.15__ 3.09
3,10 y .
{ oc¢ 3.08 ¢ . SBC-0.23
=\ 93.06
057 w306 \B
SN " 3.04
o / \
33,00 e / 3 \
o / \
5295+ / \
o BC-0.10
@ 2,90 -
g ] 2.88
S .
E 2,85
o |
2,80 4
2,75
T T T T T T T

Tensile strength by splitting

Figure 5. Split tensile force vs tensile strength.

Figure 6 below shows the tensile strength as a function of fibers content.

At 28 days, the strengths of bagasse fibers SBC-0.10 (2.90 MPa), SBC-0.25 (2.81
MPa) and PC (2.9 MPa) are lower than those of the reference concrete OC (3.05
MPa). On the other hand, SBC-0.15 (3.08 MPa), SBC-0.17 (3.09 MPa) and SBC-
0.23 (3.06 MPa) have higher strengths than OC. At 112 days, all the fiber-rein-
forced concretes still show very good results compared with ordinary OC concrete
(2.88 MPa). SBC-0.25 concrete (2.75 MPa) is the exception, remaining lower than
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the OC reference concrete. The best values are those of concretes SBC-0.15 (3.08
MPa at 28 days and 3.04 MPa at 112 days) and SBC-0.17 (3.09 MPa), which in-
creased by almost 7% at 28 days and up to 6% at 112 days (3.06 MPa). For both
28 and 112 days, we note that above 0.17% incorporation of sugarcane bagasse
fibers, the tensile strengths of the concretes decrease. And the coefficient of vari-
ation (the ratio between the standard deviation and the mean) of the concretes
subjected to tensile strength at 28 days and 112 days gives us a value close to 100%.
This gives us a homogeneous distribution for the concretes at 28 days and 112
days, so in terms of mechanical tensile strength by splitting, the resistance of all

the concretes underwent a homogeneous variation.

—- Traction at 28 days

SBC-0.17 —‘— Traction at 112 days

3.10 SBC-0.15 3.09
] 308 w— " SBC-0.23
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e ]
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0,08 0,10 0,12 0,14 0,16 0,18 0,20 0,22 024 0,26
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Figure 6. Split tensile strength vs fibers content.

Sugarcane bagasse fibers improve the tensile strength of concrete and reduce
crack propagation, particularly in the early stages. This phenomenon depends on
the quantity of fibers incorporated into the concrete, up to a certain threshold
where the effect is reversed, as is the case with other types of natural fibers [30]
[31]. In our case, the threshold not to be exceeded is 0.17%. We can also say that
the improvement in tensile strength is due to the stitching effect of the fibers in
the matrix [32] [33].

The ability of sugarcane bagasse fibers to stretch, given their remarkable tensile
strength, delays the cracking of concrete, thus preventing its sudden ruin, as in
the case of a low-magnitude earthquake [32].

However, once the fiber percentage threshold is exceeded, the tensile strength of
the concrete decreases, probably as a result of the superposition of two potential phe-
nomena: the effect of non-uniformly dispersed fibers in the matrix and the weaken-
ing of the cementitious matrix caused by the reduction in cement volume [28] [29]
[34]. Taking into account the compressive and tensile strengths, we can conclude that

the concretes SBC-0.15 and SBC-0.17 are the two composites with the best sugarcane
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bagasse fibers content in terms of mechanical properties. These results are in agree-

ment with those found in previous work by other authors [25] [26]-[29].

4.4. Porosity

We measured the porosity over 24 hours of immersion in water. The specimens
were manufactured and demoulded after 24 hours. The dry weight (Ps) was meas-
ured using a 30 kg Kern precision balance. The test tubes were then immediately
and completely immersed in the water tank. The results of the different samples

are shown in Figure 7 below.

115
10-
9.
8'_ SBC-0.17

7 SBC-0.23
6—-
5
4

Total porosity(%)

3
2 -

14

0 — 7T T T T T T T T T T~ T *~ T " 1

Figure 7. Porosity at 28 days vs fibers content.

The varies between 3.2 and 7.2%. Ordinary concrete (OC) is the least porous
and SBC-0.17 concrete is the most porous. It can be seen that the total water po-
rosity increases when the sugarcane bagasse fibers content varies between 0.10 and
0.17% (from SBC-0.10 to SBC-0.17) and decreases when the sugarcane bagasse
fibers content varies between 0.17 and 0.25% (from SBC-0.17 to SBC-0.25). For
propylene fibers concrete (PC), the porosity is close to that of SBC-0.10. Previous
research studies confirm our results regarding the increase in total porosity in fi-
ber-reinforced concrete [28] [29]. It is the fibers dispersed in the concrete that
retain some of the water.

With the exception of SBC-0.23 and SBC-0.25, we can state that the total po-
rosity values are proportional to the percentage of sugarcane bagasse fibers added.
This exception, which is inconsistent with the literature, may be due to the poor
dispersion of the sugarcane bagasse fibers in the concrete when they are added at
a rate greater than 0.17%. Above this value, balls of sugarcane bagasse form, caus-
ing heterogeneous parts in the concrete samples, preventing water from entering
certain parts of the composite by making it less porous. The unexpected results
for SBC-0.23 and SBC-0.25 are probably distorted by the concentration of sugar-

cane bagasse fibers in certain parts of the composite. We can therefore say that the
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mechanism of variation is as follows: porosity increases with the addition of fibers
up to 0.17% or it tends to stabilise, and drops after 0.17%.

5. Conclusions

We incorporated sugarcane bagasse fibers to produce a biosourced concrete. The
results show that the workability of sugarcane bagasse fibers concrete decreases
above the threshold of 0.17% of sugarcane bagasse fibers (ie., SBC-0.17) in the
mix. The incorporation of sugarcane bagasse fibers into the matrix reduces the
simple compressive strength of the concrete. Above 0.17%, this resistance even
decreases considerably. Concretes with 0.15% and 0.17% sugarcane bagasse can
be used as structural concrete. Bagasse fibers improve the tensile strength of con-
crete, which exceeds that of ordinary concrete and polypropylene concrete. Incor-
porating sugarcane bagasse fibers into concrete increases its total porosity to wa-
ter. Above a certain threshold (0.17% sugarcane bagasse fibers in our case), po-
rosity decreases. We can also say that 0.15% sugarcane bagasse fibers is the opti-
mum contribution for reinforcing concrete.

Also, sugarcane bagasse fibers considerably improves the tensile strengths of
the concretes compared with those of ordinary concrete (OC), with the exception
of the percentages of 0.10% and 0.25% (SBC-0.10 and SBC-0.25).

In short, sugarcane bagasse fibers can be used for concrete reinforcement, just
like polypropylene, but it also offers the possibility of having an environmentally-
friendly mix that complies with the United Nation’s Sustainable Development
Goals (SDGs) for 2030, as well as the 3Rs process (reduce, reuse, recycle), which
can make a significant contribution to the creation of what we might call green,
sustainable and optimised buildings and infrastructures, for the well-being of peo-

ple and nations.
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