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The study of the durability of Fiber-Reinforced Lightweight Pouzzolanic Concrete
(FRLPC) is a topic of research that focuses on evaluating the skills of FRLPC, because

exposure to certain chemicals can cause deterioration and reduce the lifespan of the
concrete. Chemical attacks can occur due to exposure to acids, sulfates, and other
substances commonly found in the environment. The work presented here aims to
analyze the influence of different types of fibers on the behavior of lightweight concretes
(LWC) based on pozzolanic aggregates in aggressive media such as acids and under the
effect of temperatures. The choice of pozzolanic aggregates is to valorize natural
pozzolan as lightweight aggregates in concrete, knowing that this material is abundant in
Algeria. In this sense, different tests have been carried out using metal, polyethylene, and
polypropylene fibers in LWC manufactured with pozzolanic aggregates. The LWC
specimens were kept in water saturated with lime until the age of testing (28, 60, and 90
days). Then, the specimens were subjected to heating under two temperatures (200<C and
600<C). After cooling, the specimens were exposed to hydrochloric acid (Hcl) and
sulfuric acid (H2SO4) solutions (5% wi/w). The evaluation of the durability of these
concretes and the mechanical behavior was obtained by the measurement of the mass
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loss and the compressive strength.

1. INTRODUCTION

Lightweight concrete (LWC) is a type of concrete that is
made with lightweight aggregates, such as expanded clay,
shale, or slag. LWC is an important construction material that
offers several benefits like reduced weight, which is
significantly lighter than traditional concrete and makes it
easier to handle and transport. This reduces the overall
structural load on a building, which can lead to cost savings in
the design and construction process [1]. LWC has excellent
thermal insulation properties due to the air pockets within the
lightweight aggregate [2]. This can help to reduce energy costs
associated with heating and cooling a building, making it an
attractive option for sustainable construction projects. LWC
has good fire resistance due to its lower thermal conductivity,
which helps to slow the spread of fire within a building. This
can improve the safety of the building occupants in the event
of a fire [3-6]. Despite being lightweight, LWC can be just as
durable as traditional concrete. The use of high-strength
lightweight aggregates can improve the mechanical properties
of the concrete and make it resistant to wear and tear [7]. LWC
is an environmentally friendly building material, as it requires
less material to produce and can help to reduce the carbon
footprint of a building. Using lightweight concrete (LWC)
allows a great deal of design flexibility and results in some
interesting cost savings, including lower weight stresses, less
foundation support due to lower dead loads, higher durability
than conventional concretes [8, 9], and even higher strength
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[10, 11]. Because of this, LWC might be recommended as a
good alternative to normal weight concrete. The mechanical
behavior of LWC has been the subject of numerous
investigations. however, there is little information available on
how high temperatures and chemical attacks affect LWC.
Pozzolan is a lightweight aggregate (LWA) that has been
successfully used in the production of concrete, and some
authors have chosen to employ fibers to create lightweight
structural concrete [12, 13].

LWA is crucial to the production of lightweight concrete
[14, 15]. According to Ismael and Mohammed [16], codes that
the LWA utilized must be consistent with a number of norms,
including ASTM C330 [17], and its 28 day compressive
strength must be at least 17 MPa with an LWAC density
ranging from 1120 kg/m? to 1920 kg/m®.

Cunha et al. [18] found that the inclusion of fibers reduces
sagging, used four different types of fibers but when the fibers
have large form factors the water requirement increases. The
authors also discovered that increasing the fiber content has a
negative impact on the compressive strength of fiber-
reinforced concretes, but that the presence of more fibers in
the material boosted the flexural strength. Throughout their
useful lives, concrete structures are exposed to a variety of
stresses, including mechanical, thermal, and chemical
environments. The mechanical characteristics of structural
concrete are often not significantly degraded by the service
loads [12-19]. However, the material is vulnerable to
numerous different types of harmful effects at high
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temperatures, such as those that may occur in a fire in a
concrete structure. The porosity and permeability of the
concrete often increase as a result of these defects [20].

The effects of fibers on the mechanical and physio-chemical
characteristics of concrete at high temperatures were discussed
in several research [21, 22]. A number of authors have
reported on the impact of fibers on the flexural strength of
concrete exposed to high temperatures (280°C) [23, 24].

According to Dupont and Vandewalle [25], fiber-reinforced
concrete can be used to increase the performance of concrete
structural members such as deep beams, columns, and floors
on grade in terms of crack-reduction, toughness, and ductility.
with a large volume of uniformly distributed fibers the
concrete behaves better mechanically [26]. However, a decline
in workability and uniform distribution is shown as fiber
volume and length increase. Although concrete is a material
that is frequently used, it may encounter aggressive media
depending on the environment. Concrete constructions may
suffer severe deterioration in these hostile settings [27, 28].

Acidic environments that are expected to be harmful to
concrete begin with pure waters, and progress to fresh water,
before ending with inorganic and organic acids, including
wastewater [22-32]. LWC with polypropylene fibers has
demonstrated good performance against acid attack when
made from pozzolanic aggregates and reinforced with fibers
[33].

It is necessary to study the effect of chemical attacks on
lightweight fiber concrete under the effect of high
temperatures for several reasons:

Chemical resistance is an important factor in the durability
of concrete structures, as it can cause structural damage and
reduce the lifespan of the structure. Understanding the effect
of chemical attacks on lightweight fiber concrete can help to
design more durable structures.

Lightweight concrete is often used in applications that
require resistance to high temperatures, such as industrial
furnaces or chimneys. Therefore, it is important to understand
how these concretes react to high temperatures in the presence
of chemical attacks.

Fibers are often used to reinforce lightweight concrete, but
the effect of these fibers on chemical and high-temperature
resistance is not well understood. Therefore, it is important to
conduct studies to better understand this effect and develop
more high-performance concrete.

In this work, three types of LWC have been made with
pozzolanic aggregates reinforced with polyethylene, metallic
and polypropylene fibers. The LWC cured in limewater were:
i) exposed to high temperatures (200°C and 600°C) and; ii)
exposed to hydrochloric acid (Hcl) and sulfuric acid (H2SOj).
The aim of this study is to investigate the effect on their
physical and mechanical properties. The use of natural
pozzolanic aggregates brings about a good improvement in the
mechanical performances. the use of pozzolana as aggregates
in lightweight concrete gives good performance on heat
behavior knowing that these aggregates is of volcanic origin.

The organization of work will be as follows: we started with
an introduction where we talked about lightweight concretes
and their advantages, as well as the most recent research on the
behavior of lightweight, concretes under the effect of
temperature and under the effect of chemical attacks. Then the
second part will be devoted to the materials used and the test
methods. The results obtained following the tests carried out,
to finish with a conclusion.

Studying the effect of chemical attacks on lightweight fiber
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concrete under the effect of high temperatures is necessary to
improve the performance and durability of concrete structures
used in harsh environments. This research can also help to
develop more resistant and durable building materials for
future projects.

Several researchers have studied the effect of chemical
attacks on lightweight concretes, and many researchers have
studied the effect of high temperatures on lightweight
concretes, as indicated below in the introduction. However,
few have dealt with the combined problem of effect of
chemical attacks and the effect of high temperatures at the
same time, and the originality of my work is the use of
pozzolanic aggregates for the manufacture of lightweight
concrete.

2. MATERIALS AND METHODOLOGY

The concrete composition and specimen’s preparation are
described below. The use of local Algerian materials aims to
valorize these materials, which are available at a moderate cost.
2.1 Cement

For the manufacture of different types of concrete, we used
portland cement type (CEM II/A-L 42.5N) from the cement
works of Beni Saf in the western region of Algeria. The

chemical composition of the cement is presented in Table 1.

Table 1. Chemical compositions of cement

Oxides %

SiO2 23.65

CaO 56.80

Al203 5.52

Fe20s 3.22

MgO 1.03

SO3 2.45

L.O.1. (loss on ignition) 2.42
Insolubles 4.6

Total 99.69

2.2 Pozzolanic aggregates

The pozzolanic aggregates (PA) used in this work come
from the Bouhamidi quarry located in the western region of
Algeria. Pozzolana aggregates are extracted in the form of
rock whose diameter differs from 50 to 100 mm. The rocks are
then grinded and separated to obtain the different
granulometric fractions used in this work, namely pozzolanic
sand 0/3, pozzolanic gravel 2/5, and pozzolanic gravel 3/8
(Figure 1).

Table 2. Oxide composition compositions of pozzolana

Oxides % by mass
Na.O 4.444
MgO 3.970
Al203 21.45
SiO2 45.182
P20s 0.931
SO3 0.771
K20 1.160
CaO 9.783
TiO2 2.404
Fe203 9.241




(a) Pozzolanic gravel 3/8

| ———————

(b) Pozzolanic gravel 2/5

(¢) Pozzolanic sand 0/3

Figure 1. Pozzolanic aggregates

The particle size distribution was carried out according to
the standard ASTM C33 [34] and the results of the aggregate
fractions are presented in Figure 2.

The chemical composition determined by X-ray
fluorescence (XRF) is given in Table 2.

The main physical characteristics of the pozzolana is given
in Table 3.

X-ray diffraction (XRD) data for 2-Theta values in the range
of 4°—60° were acquired for the purpose of analyzing the
crystallographic structure of the pozzolana aggregate. The
sample’s potential crystalline phases were determined using
the computer program Highscore Plus. In Figure 3, the XRD
pattern is displayed. The pozzolana sample had three phases
Analcime, Augite, and Quartz (commonly found in natural
pozzolana).

Table 3. Physical characteristics of pozzolana

Physical Characteristics Value
Absolute density (g/cm?) 275+
Apparent volumetric mass (g/cm?3) 0.81 +
Porosity (%) 54.2 +
Absorption (%) 60 +
Humidity (%) 2.51 +
2.3 Fibers

The fibers used to prepare the various test pieces of the
concretes are polypropylene fibers (PPF), metal fibers (MF),
and polyethylene fibers (PEF) (Figure 4). Their properties are
summarized in Table 4.

2.4 Composition of concrete

Different types of fibers were used to prepare the concretes.

(a) Polypropylene fibers (PPF)

(b) Metal fibers (MF)

Table 5 lists the mix proportions of the concrete tested in this
investigation (BLP: without fibers; BLPE: with polyethylene

fibers; BLPM: with Metallic fibers; BLPP: with
Polypropylene fibers).
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Figure 3. X-Ray diffractogram of the pozzolana

(c) Polyethylene fibers (PEF)

Figure 4. Types of fibers used



Table 4. Fibers characteristics

Polypropylene Metal Polyethylene
Type of fibre (PPF) (MF) (PEF)
Length (mm) 6 30 50
Diameter 0.05 0.5 0.3
(mm)
Density 0.900 7.85 0.935
(g/cm”)
Tensile
strength 600 1700 350
(MPa)
Modulus of
elasticity 5-10 150-200 5
(GPa)
Table 5. Concrete mix
Concrete BLP BLPE BLPM BLPP
Cement (kg) 400 400 400 400
Sand (kg) 535 535 535 535
Gravel 2/5(kg) 248 248 248 248
Gravel 3/8(kg) 423 423 423 423
Water (L) 240 200 200 200
Adjuvant (%) 0 1.5 1.5 1.5
Fibers (%) 0 0.67 0.11 0.51
W/C 0.6 0.5 0.5 0.5
2.5 Test procedure

2.5.1 Heating—cooling tests

The specimens underwent heating-cooling cycles after
demolding (see Figure 5). It was heated and cooled in
accordance with RILEM standards [35]. A 1°C/min heating
rate was maintained. The oven was shut off after the maximum
temperature was achieved. To avoid thermal shock, specimens
were allowed to cool down inside the oven.

Température (C%)
3

600 - 20007 —

600 C°
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1 1 1 7

Temp2 Temp 3 Temps (mn)

Temp1

Figure 5. Heating-cooling cycles
2.5.2 Curing specimens
The samples were prepared in solutions of hydrochloric acid
(Hcl) and sulfuric acid (H2SO4) with a concentration of 5% for
each medium after 28 days of curing in lime-saturated water.
3. RESULTS AND DISCUSSION

3.1 Loss of mass

We used lost masses as a comparative parameter for the
durability of our samples. The three samples chosen for this
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purpose were cleaned three times with distilled water to
eliminate surface solution and mortar alterations before the
mass loss measurements were done. To determine mass loss,
we applied Eg. (1) as follows:

_ (Mt—.Mi) %

ML — 100 (1)

Whith Mi: mass initial (g) and Mt; mass (g) at time t.

In Figure 6, we can see, that the percentage of mass loss of
the specimens which has passed into the furnace at a
temperature of 600°C above which has passed at a temperature
of 200°C of about 8 to 9%.

Figure 7 shows the results of the mass loss for the specimens
under the temperature 200°C at the age of 7 and 28 days. We
notice that the loss of mass evolves according to age and we
can say that the concretes with base of the metal fibers have a
weak mass loss at 7 days. However, at 28 days they have the
biggest loss of mass from the alteration of concrete and fibers
by chlorine knowing that chlorines attack metal fibers directly
Lightweight concrete made from polypropylene fibers has
good behavior with regard to hydrochloric acid. The presence
of light pozzolanic aggregates contributed to the durability of
these concretes in a strong acid medium such as hydrochloric
acid (Hcl).
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Figure 7. Loss of mass of specimens stored in acid (Hcl)
according to the temperature 200°C

According to Navya and Rakesh [36], the addition of fibers
in the concrete leads to a significant loss of mass for the
specimens immersed in sulfuric acid and this, from the age at



14 days of the same for our results the loss of mass at 7 days
is greater than at 28 days of age.

The results of mass loss of the different types of concrete
under the temperature 600°C at the age of 7 and 28 days are
shown in Figure 8, we note that the mass loss is quite
significant at this temperature compared to those of 200°C.
The specimens of lightweight concrete immersed in
hydrochloric acid have suffered more degradation under this
temperature, this is due primarily to the presence of cracks
after heat treatment specimens. The microstructures of our
concrete is severely degraded but the presence of pozzolanic
aggregates that are of volcanic origin and can withstand high
temperatures to achieve this result.

We also note that the specimens of lightweight pozzolanic
concrete with polypropylene fibers and that of polyethylene
fibers have more loss of mass because under high temperatures
(600°C) the synthetic fibers will melt and leave room for open
porosity that will help the penetration of aggressive agents.
Concretes based on metal fibers have good behavior compared
to other types of concrete.
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Figure 8. Loss of mass of specimens stored in acid (Hcl)
according to the temperature 600°C
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Figure 9. Loss of mass of specimens kept in sulfuric acid
(H2S04) as a function of temperature 200°C

In Figure 9, we find the specimens of concretes immersed
for 7 days in a sulfuric acid solution after treatment of 200°C
gave quite large mass losses compared to specimens at the age
of 28 days. Knowing that sulfuric acid reacts with secondary
gypsum in concrete to give rise to Ettringite expansive
elements and very soluble hence the presence of white deposits
on the specimens of concrete and acid solution; deformation
of the test pieces is observed.
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Figure 10. Loss of mass of specimens kept in sulfuric acid
(H2S04) as a function of temperature 600°C

Figure 10 results demonstrated that when concrete is
subjected to sulfuric acid (H2SO.), there is a significant loss of
mass. Calcium sulfate, which is created when sulfuric acid and
calcium hydroxide mix (Eg. (2)), leads to accelerated
deterioration because to sulfate attack. Below is an illustration
of this process [37]:

H,S0, + Ca (OH), - Ca (S0,)2H,0 2)

The acid attack-induced dissolving of the calcium
hydroxide happens in two stages. The reaction between the
acid and calcium hydroxide in the cement paste is the first
stage. This phase won't start until all of the calcium hydroxide
has been consumed because the second phase is the hydrated
calcium silicate acid reaction. In the most severe cases of acid
attack, the dissolution of hydrated calcium silicate can
significantly harm the concrete (see Figure 11 and Figure 12).

(a) Before (b) After

Figure 11. Test specimens stored in acid (H2SO4)

(a) Before

(b) After

Figure 12. Test specimens stored in acid (Hcl/)
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In Figure 13, we observe that there is an improvement of the
concretes with fibers even under the effect of the temperature
compared to the control concrete (initial), Ming et al. [38]
observed the same results.

According to the work of Christidis et al. [39], using steel
fibers increase the compressive strength, up to 42% compared
to ordinary concrete. In our case, the greatest résistance is
recorded with steel fibers concrete at 600°C. Similar results
were observed by Serafini et al. [40] and cited by Yao et al.
[41].
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Figure 14. Compressive strength of specimens stored in
water (28 days)
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Figure 15. Compressive strength of specimens stored in
H>SO4 (7 days)

To better understand the mechanical behavior of
lightweight fiber-based concrete specimens, mechanical
compressive strength tests are carried out, in which the fibers
do not play an important role in the compressive strength but
the fibers contribute to the tensile strength. The test specimens
that we used are of size 777 cm?, so we cannot use them for
the tensile test.

The results of compressive strength obtained at the age of
28 days stored in water are resented in Figure 14, we observe
that the compressive strength of BLPE concrete conserve in
water is more important than the other concretes. The same
behavior is mentioned by Shafigh et al. [42] and Hassanpour
et al. [43].

Figure 15 illustrates the average compressive strengths at 7
days of specimens stored in H,SOy4, as in the previous figures,
we see that the concrete BLPE has a higher resistance
compared to the other concretes before heat treatment, but at
the temperature of 600°C we have the BLPM concrete which
has the greatest compressive strength. Zhang et al. [44]
evaluated that polyethylene fibers were ineffective in
preventing concrete from scaling at high temperatures. High
thermal expansion of PP fibers before melting allows it to
create micro cracks in concrete.
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Figure 16. Compressive strength of specimens stored in
H>SO4 (28 days)
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In Figure 16, we observed another behavior for the
specimens preserved in sulfuric acid at the age of 28 days, we
have the concrete with polypropylene fibers (BLPP), which
displays the greatest resistance in compression. Prinya et al.
[45] found that using polypropylene fiber reduced the damage
and improved the residual compressive strength of paste
exposed to elevated temperatures. Other researchers also
concluded that the compressive strength of concrete decreases
with increasing exposure time to an acidic environment [46-
47].

In Figures 17 and 18, we find the results of compressive
strength obtained at the age of 7 and 28 days under the
temperatures 200°C and 600°C. We can see that we have a
good result for polypropylene-based concrete with a resistance
of 26 MPa so we can say that the Hcl acid did not really affect
the resistance during 28 days of immersion. At 200°C
concretes with polyethylene fibers and those with metallic
fibers have good strengths compared to other concretes.

4. CONCLUSION

The objective of this work was to make a contribution to the
study of the durability of fiber-reinforced lightweight
concretes based on pozzolanic aggregates under the effect of
temperature, from several tests carried out on specimens
exposed to different aggressive media.

The results obtained allow us to draw the following
conclusions:

e The use of natural pozzolanic aggregates brings about
a good improvement of the mechanical performances, for
all the studied environments, the poorest behaviors are
obtained for the solutions of 5% (H>SO4 and Hcl). Light
concretes based on polyethylene fibers.
e Lightweight concretes immersed in sulfuric acid
underwent a change in the outer facets with a total
deformation of the specimens following the swelling due to
the formation of Ettringite. The latter is totally soluble,
hence the presence of white debris on the specimens of the
concretes and in the sulfuric acid solution.

The purpose of heat treatment is to see the behavior of
concretes under extreme conditions such as temperature rise
or fire, the use of pozzolana as aggregates in lightweight
concrete gives good performance knowing that these
aggregates are of volcanic origin. The contribution of the
fibers did not give good results for the compressive strength
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because their role-plays on the tensile strength. The absence of
molds for carrying out the tests dedicated to this effect
prevents us from better seeing the tensile strength. As a result
of our work, we have been able to have a light concrete based
on structural pozzolanic aggregates, i.e. it has good resistance
to mechanical compression.

This study suggests that the durability of Fiber-Reinforced
Lightweight Pouzzolanic Concrete (FRLPC) needs to be
considered against chemical attacks in the presence of high
temperatures. The managerial implications of this study are as
follows:

The study highlights the need to consider the durability of
FRLPC when it is exposed to chemical attacks under high
temperatures, which is important information for managers
involved in construction projects that use FRLPC.

To ensure the durability of the FRLPC constructions we
need to choose carefully the components and create mixes that
can survive chemical attacks and high temperatures. Take the
necessary actions to prolong the lifespan of FRLPC structures
by being aware of the upkeep and repair requirements of these
structures, which are subject to chemical attacks and high
temperatures. The study underscores the importance of testing
and monitoring the performance of FRLPC structures over
time to ensure that they remain durable and resilient in the face
of chemical attacks and high temperatures.
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