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Typha australis-based concrete. Concrete samples with Typha australis fibers
were tested, revealing that fine sand contributes through physico-mechanical

effects. The use of Typha australis aims to reduce construction costs and en-
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times of 7, 14, and 28 days. Typha is used for insulation and non-load-bearing
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1. Introduction

The city of N’Djamena is facing a growing demand for housing due to the at-
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traction it exerts on the Chadian population. Construction is, however, compli-
cated by the nature of the soil. One solution envisaged is the use of sustainable
materials such as Typha australis-based concrete; the plant resources available
in the building are vast and varied. We plan to carry out an experimental study
on 4 x 4 x 16 cm prismatic samples in order to manufacture materials industri-
ally, complying with the normative and regulatory requirements of construction
[1].

Typha australisis an aquatic plant, considered harmful, which disrupts agricul-
ture and the quality of water. We wish to promote its use in construction for its
insulating properties and its humidity management, thus transforming an inva-
sive plant into a sustainable resource. It is used as an additive in Typha concrete.

The objective of the research is to develop standardized construction practices
in N'Djamena and study the mechanical properties of a mixture of sand, cement,
and Typha australisfor its potential use in the construction of walls and partitions.
The study aims to determine whether this mixture can serve as a local material for
construction [1]-[3]. It is used as a renewable energy source in the domestic en-
ergy sector. In agriculture, it is used as fertilizer. Typha is also used in other eco-
nomic sectors, such as papermaking and construction [4]. Typha, a plant fiber,
acts as an insulator and is combined with cement and earth to form a covering in
building construction [5]. This study contributes to the valorization of Typha aus-
tralis in the field of biocomposites [6].

According to the study by Ahmadou Diop et al (2020), the mechanical com-
pressive strength of the material treated with 10% by mass of Typha is 0.71 MPa
[7]. The objective of this study is therefore to determine the mechanical properties
of a mixture of sand, cement, and Typha australis, using an appropriate charac-
terization method developed by Gaye S. et al (2001) [8]. This research focuses on
the mechanical constraints of this mixture in order to evaluate its suitability for

use as a local material for the construction of walls and partitions.

2. Materials and Methods
2.1. The Materials

Sand from the Chari River, in the city of N'Djamena in Chad, CIMAEF-CPJ35 ce-
ment from N’Djamena, and Typha australis extracted from the rainwater irriga-
tion canal in the Amerigué district of N’Djamena were used for the manufacture
of the various test tubes. These tubes are reinforced with Typha australis, a plant
fiber and a composite material belonging to the category of eco-materials.

To do this, different devices and machines were used: scissors to cut the Typha
into fine twigs, a sieve to measure the particle size of the sand, and an electronic
balance to weigh the sand, cement, Typha, and mixing water according to pro-
gressive mass proportions, in accordance with the formulations. A 60-shot impact
testing machine was used to prepare the samples, as well as a CONTROLAB me-
chanical press designed to crush the previously manufactured prismatic samples

by bending and compression.
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2.1.1. The Typha

The literature review indicates that Typha has existed for a long time, but that the
construction of dams has created favorable conditions for its spread [9]. As a re-
sult, its proliferation has become a threat to the regions where it grows. The Typha
invades the irrigation canals of rainwater and fresh water from rivers and lakes,
promotes the development of water-borne diseases, and prevents animals from
drinking [10]. For these reasons, Typha is considered a potential solution to this
problem [11]. The Typha fiber in the composite plays the main role of reinforce-
ment while improving its mechanical properties, notably resistance to bending,
and giving the material insulation properties. The fire resistance test of Typha
carried out at the LERMAB laboratory of the University of Lorraine in Nancy,
France, revealed the different characteristics illustrated in Table 1. Typha attracts
great interest in ecology and biotechnology, thanks to its various applications in

the fields of water purification, energy biomass, and composite materials.

Table 1. Biomass composition of Typha australis.

Typha australis
Ash (%) Extractables (%) Klason Lignin (%) Hémiicellulose (%) Cellulose (%)
12.3 2.4 13.6 28.2 43.5
2.1.2. Cement

The cement used is CIMAF-Chad CPJ35 type, a cement manufactured locally in
N’Djamena. CPJ35 enriched Portland cement complies with the quality standards
applicable to CPJ class cements (Portland cement with additives). The number 35
indicates a minimum compressive strength of 35 MPa at 28 days, making it an inter-
mediate quality cement suitable for different types of construction. It is composed of
at least 65% clinker, the remainder being limestone, milk, pozzolans, etc., followed
by calcium sulfate to balance the setting. CPJ35 is used in various fields, both in re-
inforced and unreinforced concrete constructions, for massive structures in general
[12]. It is Portland cement which gives masonry mortar its mechanical strength, in
particular its initial strength, essential at a time when construction rates are such that
a wall must be able to support a significant load from the day after its construction.
Portland cement mortars lack plasticity, present low water retention, and are difficult

to implement. Table 2 summarizes the mechanical properties of this cement.

Table 2. Physics and mechanical properties of cement CPJ 35 NGA 197-1 [12].

The homogeneous mixture of at least 65% Portland clinker and 35% addition

Composition
P Addition of calcium sulfate to regulate intake.

2 days 7 days 28 days

Minimum guaranteed
according to 10.00 - 32,5
NI05.06.001: 2018

Compressive strength of mortar
(MPa)

Medium factory 13.98 24.72 33.68
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Continued
Minima NI Average plant
Reject 45p (%) -- 6.20
Fineness of grind Mini SSB (cm?/g) 3000 3445.85
SO3 Maxi en (%) 3.5 2.62
Expansion Maxi mm 10 0.78
Start of setting Mini en min 75 167.35
PAF (%) Maxi en min 600 226.91
MgO (%) R 11.37
CI- (%) Maxien % 5 4.15
C3A (%) Maxien % 0.1 0.01
Maxi (%) 10 8.45

Typical areas of use

All types of work, reinforced or unreinforced concrete, for standard structures and engineer-

ing structures

2.1.3. Sample Preparation

The values of the physical characteristics are those of Brahim TCHOU et al. (2025)
[9], determined from the selected geotechnical tests. The particle size analysis gave
a fineness modulus of 2.53, which indicates that the sand is fine. This sand is very
suitable for concrete, in accordance with the different sand equivalents tested
(E_SVmoy > 80).

This type of test is carried out with the aim of improving the mechanical, ther-
mal, and acoustic qualities of the construction material. It should be noted that
the samples are prismatic in shape and measure 4 cm x 4 cm x 16 cm. The mass
percentages of Typha used are as follows: 0.5%, 1%, 1.5%, 2%, 2.5%, and 3%, each
percentage substituted for standardized sand. The concrete is a mortar used to
define certain characteristics of cements, notably compressive strength. This con-
crete is produced in accordance with standard NF EN 196-1. The process consists
of mixing 1350 + 5 g of standardized sand, 450 + 2 g of cement to be tested, and
225 + 1 g of water. Before being used to identify its physical and/or mechanical
characteristics, this concrete is mixed for 4 minutes in accordance with the re-
quirements of the standard. To prepare the samples, we followed the steps in Ta-
ble 3.

Table 3. Mass composition of constituents (g).

0% Ty 0.5% 1% 1.5% 2% 2.5% 3%
Sand 1350 1343.25 1336.5 1329.75 1323 1316.25 1309.5
Cement 450 450 450 450 450 450 450
Typha 0 6.75 13.5 20.25 27 33.75 40.5
Water 225 225 225 225 225 225 225
w/C 0.5 0.5 0.5 0.5 0.5 0.5 0.5
C/S 0.3 0.335 0.336 0.338 0.340 0.342 0.344

The sand is steamed at 105°C for 24 hours. The cement and sand are first mixed
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dry, then the measured quantity of mixing water is added to obtain a plastic mortar.
This mortar is then placed into prismatic molds, ready for filling and mounted on a
60-oscillation vibrating table. The samples are demolded after 24 hours, and the wa-
ter curing process is carried out during the desired duration (7, 14, and 28 days).

2.2. Methods Used: Crushing Tests on Prismatic Specimens in
Flexure and Compression

2.2.1. Flexion

Figure 1. Resistance to flexion.

_ ™~ Ttmax (1)

o : Flexural stress in MPa;
fimax : Breaking force in bending in NV
L : Distance between supports in mm;

b: The base with: Z= 100 mm and b = 40 mm.

2.2.2. Compression

Figure 2. Compression strength.
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o, : Compressive strength in MPa;

)

f : Breaking force in compression, in N

b: Base in mm (6 = 40 mm).

3. Results and Discussions

Particle size analysis of Chari River sand revealed that it is mainly composed of
medium-sized grains and is a sand of preferential quality. The fineness modulus
(Mf = 2.53) confirms that this sand allows obtaining resistant concrete. Sand is
very suitable for making concrete. The methylene blue index obtained during the
tests is greater than 12. This sample can be classified as sandy soil. The samples
were designed in accordance with standard EN 196-1. In these samples, the sand
will be replaced by Typha, with a mass ratio respecting that of cement. The con-
crete will be tested at 7, 14, and 28 days. In order to maintain the samples in ho-
mogeneous conditions, they will be kept in a water tank for the desired curing
time. This measurement is necessary because samples disintegrate over time when
immersed in water. For this test, a CONTROLAB C0049N mechanical press with
a capacity of 250 kN in compression and 15 kN in flexion (Figure 1) is used. The
two specimens from the three-point bending test are subjected to this test, and the
value retained for each specimen corresponds to the average of the recorded loads
(Figure 2). Table 4 presents the different formulations used to design the control

samples without Typha.

Table 4. Percentage of formulations of the samples manufactured.

SosC2 So7Cs SosCa So5Cs S94Cs S92Cs S90Cio etc.

We see that the formulations SesC,, So7Cs to SesCs sinter quite well (Figures 3(a)-
(b)). This sintering is due to the low percentages of cement (2%, 3%, and 5%).
This is why we decided to prepare a mixture of 94% sand and 6% cement, in order
to increase the cement content and establish control samples. These control sam-
ples contain 6%, 8%, and 10% cement. Therefore, we eliminated the first four for-
mulations, as they are not cohesive.

Figure 3 illustrates samples SogCs, So7Cs, and SesCs, composed respectively of 98%

sand and 2% cement, 97% sand and 3% cement, and 94% sand and 6% cement.

Figure 3. Prismatic samples of types SosC, So7Cs, and S94Cs.
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Our study aims to limit the use of cement to 10%. Indeed, cement is a hydraulic
binder, mainly composed of clinker, produced by cooking limestone and clay in a
powerful oven. This process releases a significant amount of carbon dioxide,
which is harmful to the environment. The three percentages of cement used in the

control concrete formulations gave rise to the histograms (Figures 4-5) below.

7.00 6.42
6.00
5.00
4.00

3.00
2.00 1.50

1.00 j
0.00 -
6 8 10
% of Cement

4.71

Flexural Strength (MPa)

Figure 4. Flexural strength (after 28 days of curing).

It can be seen in Figure 4 that the resistance values increase with the percentage
of cement. This is explained by the high resistance of cement, an essential binder
which, combined with sand and other components, makes it possible to water-
proof and coat the concrete.

£ 20.00
) 15.83
g 15.00
£ 1000 -
.ﬁ g— .
GEJ. 5.00 3.92
s
(&) 0.00 -
6 8 10
% of Cement

Figure 5. Compressive strength after 28 days of treatment.

Figure 5 is based on the crushing of samples after a 28-day curing period. The
histogram shows that the compressive strength exceeds the standard of 2 MPa for
three percentages of cement.

We carried out three series of percentages for the different samples in order to
analyze the effects linked to their dosage. Typha was introduced in mass propor-
tions from 0.5% to 3% in 0.5% increments. Typha is used as a sand substitute.

Each formulation was repeated to fill numbered metal molds to create three pris-
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matic specimens of 4 cm X 4 cm x 16 cm. The mold was assembled and fixed on
the shock test bench, set to 60 shots. The specimens were then subjected to me-
chanical tests on the 7th, 14th, and 28th days.

Figure 6 summarizes the results of the flexion tests after 7 days of treatment. It
was observed that at 6% cement, the average strength is 0.515 MPa. The average
value obtained for 8% cement is 0.772 MPa, slightly higher than that obtained by
Ahmadou Diop et al (0.71 MPa for a sample treated with 10% by mass of Typha
2020 [7]). With 10% cement, we get 2.56 MPa.

Figure 7 shows that the 10% cement series has a compressive strength close to
2 MPa when the Typha percentage is 0.5%. On the other hand, the 6% and 8%
series have very low resistance values, below 1 MPa. Figure 6: Flexural strength
(MPa) after 7 days of curing.

2'28 Flexural strength
= :
%L 4.00
€5 350
5 3.00
- % 250
£ S 200 -
L 150
B

1.00 - -

oo |l ol ol A o s

0.50 1.00 1.50 2.00 2.50 3.00

® 6% of cement 1.19 0.73 0.50 0.35 0.22 0.10

m 8% of Cement 1.95 1.17 0.97 0.68 0.54 0.33
10% of cement 4.48 3.89 2.92 2.24 1.27 0.56

%Typha

Figure 6. Flexural strength (MPa) after 7 days of curing.

- .
Es 2.50 Compressive- strength
e
z< 2.00
Z o
7 &
z=
g% 1.50
;_E; &
1.00
0.50 I
0.00 - LLL!
0.50 1.00 1.50 2.00 2.50 3.00
6% of Cement |  0.41 0.33 0.21 0.12 0.08 0.04
8% of Cement |  0.53 0.42 0.27 0.17 0.10 0.05
10% of Cement|  1.98 1.40 0.91 0.59 0.42 0.29
% Typha

Figure 7. Compressive strength (MPa) after 7 days of cure.
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Figure 8 summarizes the results of the flexural tests after 14 days of curing,
which show values above 2 MPa for a cement content of 10%. The average values

obtained for cement contents of 6% and 8% are 0.867 and 1.48 MPa, respectively.

7.00 Flexural-strength

%f‘ 6.00

5 5.00

=

o 4.00

=S

53 3.00

D

— 2.00 4

=2
1.00 - I
0.00 _‘_

0.50 1.00 1.50 2.00 2.50 3.00
® 6% of Cement 1.69 1.21 0.86 0.64 0.51 0.29

m 8% of Cement 2.92 1.95 1.36 1.17 0.84 0.64
5 10% of Cement 6.42 4.48 2.92 2.14 1.46 0.97
% Typha

Figure 8. Flexural strength (MPa) after 14 days of curing.

Figure 9 shows a significantly improved value of 2.75 MPa at 0.5% Typha dur-
ing the 14th day of curing with 10% cement compared to the same percentage of
cement at the end of the 7th day.

3.00 Compressive strength
2.50 +—— —

2.00

1.50

Compressive strength
For 14 days (MPa)

1.00 -
0.50 -

000 | = S =
0.50 1.00 1.50 2.00 2.50 3.00
m (6% of Cement 0.68 0.48 0.35 0.18 0.14 0.09
m 8% of Ciment 1.07 0.67 0.44 0.34 0.22 0.17

m 10% of Cement 2.75 1.78 1.07 0.67 0.54 0.40
% Typha

Figure 9. Compressive strength (MPa) after 14 days of curing.

From Figure 10, the 8% and 10% cement series have flexural strength values
above 2 MPa, while the percentages of 1.5% and 10% Typha cement are almost
identical. On the other hand, the 6% series has too low strength, less than 1 MPa.

Figure 11 shows that the 10% cement series has compressive strength values of
4.21 and 2.03 MPa for Typha percentages of 0.5% and 1%, respectively. The 6%
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and 8% series show very low values, with the exception of the 8% cement for a
Typha content of 0.5%, which reaches 2.17 MPa.

10.00 Flexural strength

9.00

8.00

7.00
= 6.00
g 5.00
ZE 4.00 -
ES 3.00 -
g2& 2.00
&= 1.00 - a:

T 050 1.00 1.50 2.00 2.50 3.00
B 6% of Cement 1.95 1.36 1.17 0.97 0.84 0.62
2 8% of Cement 4.48 3.31 2.53 1.95 1.36 0.88
#10% of Cement| 8.76 7.20 5.84 4.87 3.50 1.95
%Typha

Figure 10. Flexural strength (MPa) after 28 days of curing.
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210% of Cement | 4.21 2.03 1.73 149 1.11 0.88

for 28 days

Compressive strength

% Typha

Figure 11. Compressive strength (MPa) after 28 days of treatment.

4., Conclusion

This research aims to improve the presentation of the characteristics of the mate-
rials used in concrete, particularly those based on Typha cement, Australis, and
sand. The study made it possible to characterize these materials before their for-
mulation, which is crucial for the mechanical behavior of concrete subjected to
stress (flexion and compression). Strength tests were carried out with different
proportions of cement. Crushing tests were conducted by varying the percentages
of cement at 6%, 8%, and 10%. Below these percentages, the samples disintegrate
due to a lack of cohesion. However, concrete with a low percentage of Typha ex-
hibits very limited compressive strength in Typha-based concrete, resulting in low
compressive strength, while increasing the cement dosage and drying time im-
proves the strength. The samples studied seem suitable for the construction of
buildings three meters high. This research highlights the importance of green so-
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lutions to urban expansion, with future studies potentially beneficial for the qual-

ity of life and economic and ecological sustainability.
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