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Abstract 
This article analyzes the effects of the hot climate on the fresh and hardened properties and 
the durability of self-compacting concrete (SCC) and ordinary concrete (OC). The experimental 
program makes it possible to produce in the laboratory three concretes (SCC1), (SCC2) and an 
ordinary concrete (OC). In order to evaluate rheological tests such as: spreading, L-box and sieve 
stability immediately after the end of mixing and to measure the maintenance of self-placing, 
compressive strength. The samples of concrete were stored in water for an initial curing period 
of 7 days, before being exposed to the hot and dry natural climate in a desert region of Biskra 
for up to 120 days. Durability against sulphate and acid attack was assessed by curing concrete 
samples in air for 28 days, followed by full immersion in H2SO4 and Na2SO4 solutions for 180 days. 
The results showed the positive effect of limestone filler on the fluidity of SCC in a hot climate just 
after mixing, on the other hand, the compressive strength is improved at young age and poor in 
the long term. Concrete SCC2 containing limestone seems to be the least attacking by sulfuric 
acid compared to SCC1 without substitution and ordinary concrete. 
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1. Introduction
Algeria is a country in the subtropical zone of North Africa, 

apart from the northern fringe with a Mediterranean climate; 
more than 85% of its area is characterized by a semi-arid 
climate on the highlands and the centre of the country, and 
an arid climate as soon as one crosses the chain of the Saharan 
Atlas. That is to say, a hot and a dry climate which is defined 
any combination of high air temperature, low relative humidity, 
wind speed and solar radiation, which tend to affect the quality 
of fresh or hardened concrete [1].

The analysis of climatic data from the Biskra region as an 
example of an arid zone with a hot and a dry climate shows that 
the summer period is the hottest with a temperature exceeding 
47 °C at 11:00 am in the month of July 2019 (Fig. 1) [2].

The average daily incident shortwave solar radiation 
experiences considerable seasonal variation throughout the 
year. The daily-obtained energy on a horizontal surface of 1 m² 
is about 2263kWh/m²/year in the south of Algeria country [3]. 
For the period 2000-2014, these data undoubtedly explain the 
severe climatic conditions which exceed the tolerances that can 
alter the quality and the rheological behavior of the concrete in 
the fresh state such as the rapid loss of fluidity over time, the 
increase in compressive strength to young ages, and the adverse 
consequences on the mechanical properties and durability of 
concrete structures in the long term.

Several studies have been carried out on vibrated or self-
compacting concrete fresh. Ana et al. [4] used two SCCs containing 
a binder (OPC + lime plaster) and a PCP superplasticizer in 

simulated hot weather conditions, and found that when the 
temperature increased from 20 to 50 °C, the additions of additional 
water or superplasticizer was needed to maintain constant self-
compacting until the end of mixing. Ghafoori et al. [5]  reported 
that the deterioration in spreading immediately after mixing 
appears above the temperature of 28 °C for three compositions 
only vary by the dosages of superplasticizer and viscosity agent. 
[6] found that raising the ambient temperature from 22 to 32 °C 
contributes to raising that of vibrated concrete and causes a loss of 
slump regardless of the consistency range studied.

 Fig. 1 Temperature in 2019 at Biskra (Infoclimat2019)
 1. ábra Hőmérséklet 2019-ben Biskrán (Infoclimat2019)
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építôanyagépítôanyag § Journal of Silicate Based and Composite Materials

98   | építôanyagépítôanyag  JSBCMJSBCM  2022/3  Vol. 74, No. 3

As for a SCC, according to previous study [7], when the G/S ratio 
close to 1, the flow properties are not strongly altered by raising 
the initial temperature up to 30 minutes after mixing. Cygan et 
al. [8] have reported that the increased rate of hydration caused 
by the rise in temperature leads to deterioration of the workability 
of concrete. However, in the hardened state, Abd-ElAziz et al. [9] 
found that the compressive strength at the age of 90 days drops 
considerably for concretes stored in hot air. The study conducted 
by Salhi et al. [10] revealed that the compressive strength is strongly 
influenced by the curing method, seven days of initial curing in 
water followed by a ripening in a hot climate was the optimal 
duration for a better development of compressive strength.

Tao et al. [11] observed that the hot compressive strength 
of SCC decreases with increasing temperature. Kodur et al. 
[12] found that the increase in the temperature of the SCC 
in the period 7-90 days favored the compressive strength 
from 46-72 MPa. Pichler et al. [13] studied the Influence of 
curing temperature dependent microstructure on early-age 
concrete strength development and found that the higher 
the temperature, the lower the resistance which is due to the 
increase of a wider porous network, as a result of a coarser 
microstructural development, the hydrates being denser at 
high temperature and more heterogeneously distributed.

Nehdi et al. [14] have disclosed that the hot climate leads 
to premature desiccation which delays or completely stops 
the hydration reaction of the cement, thus influencing the 
compressive strength. Concerning the durability of concretes 
against sulphate attack, which is an issue for many studies, 
as sulphate attack can significantly deteriorate concrete in a 
relatively short period of time 10 to 15 years (GCI, 714).

In 1989, a survey by the Organization for Economic 
Cooperation and Development (OECD) indicates that sulphate 
attacks is the second most common cause of degradation after 
steel corrosion with the risk of an internal sulphate reactions 
due to an increase in temperature from 60 °C to 70 °C [15]. 
However, [16] described the coupling between temperature and 
external sulphate attack on cementitious materials and observed 
that no damage occurred in samples exposed to the sulphate 
solution at 50 °C. Denecker et al. [17] reported that sodium 
sulphates (Na2SO4) are accepted as the most destructive salts 
for porous materials. Mohsen et al. [18] found that under severe 
Na2SO4 solution conditions, the SCC made from marble and 
tile waste has a lower mass gain than vibrated concretes. Salhi 
et al. [7] found that with W/B=0.38 and 0.44 of different SCC 
formulations of crystallization-induced expansions by increasing 
the compactness of the concrete which leads to an increase in 
compressive strength at the micropore level in the first stage; 
however in the second stage new cracks begin to appear which 
cause a decrease in this strength. Khalifa et al. [19] reported that 
the lowest sulphate resistance in the same SCC cement is that 
of the concrete with a ratio of W/C=0.59, which degrades faster 
and more significantly than that of concrete with a ratio of W/
C=0.49. Chiraz et al. [20] found that the loss of compressive 
strength of specimens immersed in H2SO4 is greater than that 
of specimens immersed in Na2SO4. Senhadji et al. [21] found 
that the substitution of cement with limestone fillers for mortars 
increases chemical resistance against attack by 5% H2SO4, and 
the loss of mass is lower than mortars without additions.

This work involves studying the concrete behavior under 
real conditions of hot and dry climate (Biskra area). It studied 

the effect of high ambient temperature over 35 °C on the fresh 
state characteristics of self-compacting concrete (spreading-
deformability-stability) and slump for vibrated concrete. 
Furthermore, the compressive strength in different ages of these 
concretes subjected to solar radiation and without any curing 
applied has also investigated. This is the case of our worksites 
in the south of Algeria (Biskra), which raises many questions, 
especially about concreting during the summer period, as well 
as durability in aggressive environments of sulphate attacks, by 
applying accelerated aggression by immersing the samples in 
solutions of sulphuric acid H2SO4 and sodium sulphate Na2SO4 
with concentrations of 5%, i.e. 50 ml/l and 50 g/l, respectively, 
at an ambient temperature above 35 °C.

2. Experimental 
2.1 Materials used

For all the experiments, only one type of cement (CPJ-CEM 
II / 42.5A) from the GIGA group of Ain-Touta cement plant 
was used. Its physical, chemical and mineralogical properties 
communicated by the producer have shown in the Table 1 and 2. 
The crushed limestone is available in the quarries of Ain-Touta. 
According to our laboratory analysis, the crushed limestone of 
the following properties: Absolute density = 2.76, bulk density 
= 1.09 and specific surface = 3070 cm2/g. The sand used in this 
investigation is a local siliceous sand of granular class 0/5 mm 
taken from Oued Ittel 85 km south of Biskra. Table 3 presents 
the physical properties of this sand. There is only one type of 
gravel (7/15) was used to fabricate self-consolidating concrete. 
Whereas, the types of (7/15) and (15/25) (Fig. 2) were used 
for the preparation of vibrated concrete. Crushed gravel and 
limestone in nature were brought from AinTuta sediments in 
Batna city (Table 4). The superplasticizer “MEDAFLOW30” 
is an adjuvant produced by the company “GRANITEX”, in 
light brown liquid form which is based on Pol carboxylates. 
According to the manufacturer, the physical properties of the 
superplasticizer are shown in Table 5. It has used drinking 
water from the tap of the public network of Biskra city with a 
quality conforming to the standard P18-303.

Chemical compositions (%)

CaO SiO2 Al2O3 Fe2O3 MgO SO3 Na2O K2O
Loss  

on fire
Insoluble
Residue

61.37 22.28 4.56 3.88 1.40 1.72 0.06 0.33 3.71 3.29

Mineralogical compositions (%)
C3S C2S C3A C4AF

59.2 14.1 6.1 11.4

 Table 1 Chemical and mineralogical properties of the cement used
 1. táblázat A felhasznált cement kémiai és ásványtani tulajdonságai

Physical properties Values
Absolute density 3.1
Apparent density 1.09

Blaine specific surface area (cm2/g) 3775
Normal consistency (%H2O) 25.6

Start of setting 171
End of setting 232

Hot expansion (mm) 1.80

 Table 2 Physical properties of the cement used
 2. táblázat A felhasznált cement fizikai tulajdonságai
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Physical properties Values
Absolute density 2.56
Apparent density 1.54

Fineness modulus 2.54
Visual sand equivalent 78.32

Sand equivalent per piston 73

 Table 3 Physical properties of the sand used
 3. táblázat A felhasznált homok fizikai tulajdonságai

Physical properties Gravel 15/25 Gravel 7/15
Absolute density 2.62 2.61
Apparent density 1.255 1.283

Coefficient of absorption (%) 0.64 0.60
Porosity (%) 0.96 0.56

Los Angeles coefficient (%) 26 26

 Table 4 Physical characteristics of the gravel used
 4. táblázat A felhasznált durva adalékanyag fizikai jellemzői

Physical properties Values
Aspect Liquid
Color Light brown
PH 6-6.5

Density 1.07
Chlorine content Less than 0.1g/l

Dry extract 30%

 Table 5 Physical properties of the superplasticizer used
 5. táblázat Az alkalmazott folyósítószer fizikai tulajdonságai

2.2 Mixtures and formulations
The formulation used in this study is conformed to the guide 

[22], which provided guidelines and proposed a typical range 
of quantities of the main constituents in SCC. These guidelines 
are summarized in the mass ratio G/S close to 1 unity, to the 
volume of the paste which must be from 330-400 l/m3. In 
addition, the total quantity of binder (cement + addition) 
varies from 400 to 600 kg/m3. Furthermore, the dosage of the 
superplasticizer must not exceed the dosage of saturation. On 
the basis of these directives, it proceeded to several preliminary 
formulations in order to optimize and characterize the SCC 
which meets the criteria and recommendations in the fresh 
state of the [23]. 100% of cement concrete was synthesized, 
and then limestone fillers (24.73%) was replaced part of the 
cement.

Dreux-Gorisse method [24] was used to synthesis an 
ordinary concrete. The compositions of the three concretes are 
given in Table 6.

After the tests in the fresh state, cubic pieces of dimensions 
10×10×10 cm3, were made in molds previously oiled covered 
with a plastic film in order to avoid any type of evaporation. 

Type of concrete W/B Cement
kg/m3

L.fillers 
 kg/m3

Sand 0/5
kg/m3

Gravel 7/15 
kg/m3

Gravel 15/25
kg/m3

Water
l

Sp%  
kg/m3

G/S

SCC1 0.48 465 00 741.46 804 00 220.16 4.65 1.08
SCC2 0.48 350 115 741.46 804 00 220.16 4.65 1.08

OC 0.55 350 00 697 395 757 192.5 00 1.65

 Table 6 Composition of the synthesized concretes
 6. táblázat A betonkeverékek összetétele

These samples were kept under shelter at an ambient 
temperature over 35 °C and relative humidity between 11 and 
28% until demoulding after 24 hours. The cubic pieces are 
affected directly in the middle of the open air of the hot and 
dry climate under the sun’s rays, up to the crushing age of 7, 14, 
28 and 120 days to study the compressive strength. To study 
the durability against sulphate attacks, a series of specimens 
(after 28 days) were immersed in three different accelerated 
ageing environments in order to follow the effect of sulphate 
attacks: solution containing 5% sodium sulphate Na2SO4, 
solution containing 5% of sulphuric acid H2SO4, fresh water 
as a witness.

To keep the pH of the sulphate solution between 6 and 8, 
the method of Mehta [25] was adopted which recommended 
the correction of the solution already used by daily adding a 
quantity (0.1% H2SO4) of acid sulfuric during the first weeks of 
the test, then it becomes weekly. The solutions will be renewed 
every month.

 Fig. 2 Particle size curve of the gravel used
 2. ábra A felhasznált durva adalékanyag szemeloszlás görbéje

3. Results and discussions
3.1 Effect of climate temperature on the fresh state of SCC

The behavior of concrete in an arid climate (hot and dry) is 
very complex and depends on several factors. Various studies 
simulated in the laboratories were carried out but far from the 
real conditions of the sites. The characterization tests in the 
fresh state to test the workability according to [23] are: Slump 
flow test, L-box test and Sieve stability.

For vibrated concrete, subsidence is measured at the Abrams 
cone (according to the specifications of EN 206-1) [26].

Maintaining workability which is important factor for all 
concretes, it is essentially altered by the increase of ambient 
temperature, which leads to the increase in temperature of the 
fresh concrete. Fig. 3 shows that up to 25 minutes, the SCC 
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at an ambient temperature above 35 °C and relative humidity 
between 11 and 28% retains its self-compaction. It can be seen 
that the spread decreases from 76 cm after 5 minutes to 65 cm 
after 25 minutes of mixing, and a reduced filling rate from 
0.88 after 5 minutes to 0.81 after 25 minutes of mixing. At the 
same time, the stability rate becomes 7.5% at 25 minutes after 
mixing. These results are very consistent with the literature [27, 
28]. These studies reported that up to 30 minutes after mixing, 
the flow properties are not strongly altered with the increase of 
the initial temperature, especially for the mixture with a G/S 
ratio close to 1.

Fig. 3 shows the effect of temperature on the workability of 
self-compacting concrete. It is clear to observe that the high 
ambient temperature causes an excessive loss of sag, which is 
canceled out at 65 minutes after mixing. This loss is due to a 
rapid acceleration of hydration and evaporation of water which 
consistent previous studies [6]. In these investigations it was 
found that the rise in the ambient temperature of 22 to 32 °C 
contributes to raising that of the concrete and causes a loss of 
slump regardless of the range of the consistency studied.

The effect of calcareous fillers on the rheology of SCC is 
very significant. Numerous researches have proven that fine 
limestone increases the stability and workability of fresh SCC 
[16], due to the incorporation participates in its behavior to 
obtain self-compacting more easily.

Immediately after mixing, workability tests showed the 
positive and beneficial effect of lime fillers on the fluidity and 
rheology of SCC. The spreading test records a slight increase 
for SCC2 containing limestone fillers comparable to SCC1 
100% Cement (78 cm for SCC2 against 76cm for SCC1); the 
same for the tests of deformability and sieve stability, the 
results are consistent with several studies [16, 29, 30]. However, 
at 25 minutes after mixing, the loss of fluidity of SCC2 
containing limestone fillers becomes more noticeable and very 
rapid as shown in Fig. 3. This loss of fluidity may be due to 
the calcareous nature of the fillers, which requires a request for 
water or super plasticizer to maintain its fluidity. Moreover, 
the effect of limestone fillers which improves the rheological 
properties of SCC and increases their stability depends on 
several factors such as fineness which strongly influences the 
flow [31] as well as the nature and quantity [32].

 

 

 
Figure 3. Effect of the temperature on the workability of self-compacting concrete: 

 (a) spread/sag, (b) deformability, and (c) stability. 
 

 
 
 
 
 
 
 

 Fig. 3 Effect of the temperature on the workability of self-compacting concrete:
  (a) spread/sag, (b) deformability, and (c) stability
 3. ábra A hőmérséklet hatása az öntömörödő beton megmunkálhatóságára:
  (a) terjedés/süllyedés, (b) deformálhatóság és (c) stabilitás

3.2 Effect of climate temperature on compressive strength 
of SCC

In the early days, as shown in Fig. 4, all the concretes developed 
very high compressive strengths such as SCC1 at seven days 
its strength reached 86.79% of the strength at 28 days. SCC2 
contain limestone fillers reach 81.08% in resistance while the 
OC registered 82.5% in 28-day compressive strength. These 
results explain the effect of high temperature in the early days 
on the hydration reaction which leads to a rapid change in 
compressive strength. At young age, the higher the temperature 
the faster the development of compressive strength.

In the long term, the temperature plays a detrimental role 
on the mechanical behavior of the concrete, at 120 days we 
recorded a drop of 9.43% in the 28-day strength of SCC1 
containing 100% cement, 5.40% for SCC2 containing 24.73% 
of limestone fillers and 7.5% for vibrated concrete. This is due 
to a coarser microstructural development, the hydrates (in 
particular the C-S-H) being dense at high temperature and 
distributed in a more heterogeneous manner; thus allowing the 
development of a larger porous network at the origin of the loss 
of resistance. At the same age, in all the concretes, one notices 
the favoring of SCC1 containing 100% cement, which has 
shown good resistant values comparable to SCC2 containing 



építôanyagépítôanyag § Journal of Silicate Based and Composite Materials

 Vol. 74, No. 3  2022/3  építôanyagépítôanyag  JSBCM JSBCM |   101

24.73% of fillers and vibrated concrete due to the effect of the 
composition, which plays a primary role in the development of 
compressive strength. The SCC2 recorded poor strengths and 
lower than those of SCC1 100% cement, and closer to that of 
vibrated concrete in all ages, perhaps it is the fineness (less than 
that of cement) and the quantity substituted (24.73%) of the 
fillers used which are the reason of these resistant results.

   Soufiane et al. [33] reported that the substitution of part 
of the Portland cement by limestone fillers is the origin of a 
decreasing of compressive strengths. Whereas, [34] found 
that the tests of the compressive strength on cubic specimens 
show an increase until a replacement of 20% after which the 
resistance begins to decrease. [35] Found that the compressive 
strength of high performance SCC decreases by 20% of 
cement substitution. Taoufik et al. [36] (disclosed that for 
superplasticized concrete (SCC), a quantity of 60 to 80 kg/m3 
makes it possible to increase the compactness and significantly 
improve the mechanical performance of the concrete. Shamir 
et al. [37] disclosed the amount of 30% substitution of mineral 
additions in mortars is optimal, beyond which the compressive 
strength begins to drop.

 Fig. 4 Effect of the temperature on compressive strength of SCC
 4. ábra A hőmérséklet hatása az öntömörödő beton nyomószilárdságára

3.3 Study of durability in the face of sulphate attacks
After 24 weeks of immersing of the samples in the various 

environments, visual inspection reveals the following (Fig. 5): 
in fresh water no changes or degradation on the samples; in 
the Na2SO4 solution, a slight yellowish layer is formed on the 
surface of the specimens; in the H2SO4 solution formation of a 
white layer on the surface and deterioration of the corners and 
edges of the specimens.

The variation in the mass of each specimen is calculated 
from the following equation:

 (1)
With VM: variation of the mass in (%);
M0: the mass of the specimen before exposure to media 

attack in (grams);
Mi (i = 1, 2, 3, ..., 24): the mass after 1, 2, ..., 24 weeks of attack 

in (grams).

After immersion in a  
solution  of 5%Na2SO4

After immersion in a
solution of 5%H2SO4

After immersion  
in fresh water

 Fig. 5  State of the samples after 24 weeks of immersion in the different environments
 5. ábra  A minták állapota 24 hetes tárolás után a különböző közegekben

The kinetic of mass gain of different concretes submerged 
in fresh (sweet) water according to Fig. 6a is the same. The 
reference is the last measurement before immersion. After the 
first week of immersion, the variation becomes stationary for 
the three concretes with a slight superiority of SCC1 and SCC2, 
this superiority is perhaps due to the porous structure of self-
compacting concretes in a hot climate comparable to ordinary 
concrete.

The variation in the mass of different concretes immersed 
in the sodium sulphate solution at a concentration of 5% is 
shown in Fig. 6b. A gain in mass was observed for all concretes 
as a function of immersion time. Firstly, it observed a rapid 
increase in mass gain during the first six weeks for all concretes 
up to 4.7% for SCC1 cement compared to the last measurement 
before immersion, 5.2% for SCC2 containing limestone fillers 
and 5.1% for ordinary vibrated concrete. Later, the growth 
becomes slow where we recorded after 24 weeks of immersion, 
a mass setting of 5.5% for SCC1, 7.6% for SCC2 and 6.4% for 
ordinary vibrated concrete; these results coincide with the 
results found by [18, 38]. This increase in mass is explained by 
the absorption of water and the penetration of SO4

2- ions into 
the capillary pores of the samples. A slight increase in mass 
gain has been observed for SCC2 is due to the presence of the 
calcareous fillers which increase the porosity and consequently 
the penetration of sulphates [32, 39].  Sulphate ions react in an 
aqueous medium with Portlandite Ca(OH)2 to form gypsum 
(calcium sulphate) according to the following reaction :

Ca(OH)2 +Na2SO4 +2H2O  ——→  Ca( SO4).2H2O +2NaOH    (2)

This gypsum produced by the decalcification of Portlandite 
participates in the formation of secondary ettringite, either 
from tricalcium aluminate C3A, present in the composition of 
the clinker by the following reaction:
C3A +3Ca(SO4)2H2O +26H2O  ——→  C3A.3Ca(SO4).32H2O     (3)

Or from hydrated calcium mono-sulfano-aluminate 
according to the following reaction:

CaSO4.12H2O+2Ca(OH)2 +2SO4+12H2O  ——→   
C3A.3Ca(SO4).32H2O                                                                  (4)

The monitoring of accelerated aging is expressed by the loss 
in mass as a function of time in Fig. 6a. The samples immersed 
in the solution of sulfuric acid H2SO4 at a concentration of 5% 
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and at a temperature exceeding 35 °C, show that all concretes 
have a significant weight. It was noticed that the SCC1 lost 
30.9% of its weight after twenty-four weeks of immersion. 
Ordinary vibrated concrete has undergone almost the same 
loss of mass of 27%, while SCC2 containing limestone fillers 
appears to be the least attacking by sulfuric acid with a loss 
of only 20% of its weight, this result explains the beneficial 
effect substitution of limestone fillers by considerably reducing 
the loss of mass vis-à-vis attack by sulfuric acid, which is in 
agreement with other researchers [18, 21, 30].

The mechanism of the loss weight is justified by the attack of 
sulphuric acid which reacts with calcium hydroxide Ca(OH)2, 
giving rise to calcium sulphate CaSO4 salt which causes a 
very increased degradation for the concrete by reacting with 
tricalcium aluminates C3A to form secondary ettringite.

Ca(OH)2 +H2SO4  ——→  CaSO4+2H2O                                     (5)

3CaSO2.2H2O +3CaOAl2O3 +26H2O  ——→   
(CaO)3.Al2O3.CaSO4.32H2O                                                       (6)

The monitoring of the compressive strength of the samples 
made and cured in a hot and dry climate with an ambient 
temperature exceeding 35 °C, showed that, on the contrary to 
the mixtures (SCC1, SCC2 and OC) immersed for six months 
in the fresh water (Fig. 7) where we have recorded changes 
in compressive strength. All concrete samples immersed in 
5% Na2SO4 and 5% H2SO4 aggressive media have undergone 
external sulphate attack. For the 5% of N2SO4 solution, a 
drop in compressive strength (45.0%) for SCC1 was recorded 
after six-month immersion, comparable to the compressive 
strength at 28 days before immersion, and of 52.35% for OC, 
against 34.29% for the SCC2. For the 5% of H2SO4 solution, 
the drop in compressive strength is very dramatic, around 
90.56% for SCC1 and 88.75% for OC against 80.54% for SCC2. 
These results show that concretes subjected to sulfuric acid 
degrade dramatically because during their immersion, the 
samples develop phases, which predispose materials capable 
of embrittlement, particularly gypsum, which turns into 
ettringite. These results show that the aging of concretes by the 
sulfuric acid solution is more intense compared to the sodium 
sulfate solution [38]. As well as the substitution of limestone 
fillers is beneficial to maintain the best resistance in a sulphate 
environment [30, 38] and even to its increase vis-à-vis the 
attack of 5% H2SO4 [21]. 

The microscopic study by XRD diffraction and Fourier 
transform infrared spectroscopy (FTIR) techniques of concrete 
samples is more than necessary to give more precise information 
on the behavior of concrete in the face of external sulphate 
attack. X-ray diffraction patterns of the mixtures materials 
proved to be efficient as it revealed the essential constituents 
of each mixture fabricated. Fig. 8 reveals the essential products 
that make up the starting cement, sand and LF. Recall that for 
the JCPDS references, we have adopted uniform colors in all 
XRD (Table 7). The ettringite phase is given by the following 
JCPDS–ICDD reference: 41-1451.

 Fig. 6 Variation of the mass as a function of time of the immersed samples in 
different hot climates

 6. ábra A minták tömegének változása az idő függvényében különböző meleg éghajlatokon

The XRD patterns reveal the presence of the compounds 
such as C3S (Alite), C2S (Belite), C3A (Tricalcium aluminate), 
C4AF (Calcium aluminoferrite), and a little quantity of SiO2. 
The compounds, have been identified in accordance with the 
corresponding JCPDS references and the XRD spectra in Fig. 8a, 
are very similar to those given in the literature for cements. The 
used sand consists of a large amount of quartz (SiO2), gypsum 
(CaSO4.2H2O), and a small amount of calcite (CaCO3). The 
Limestone filler (LF) compound is mainly composed of calcite 
(CaCO3), with a smaller amount of dolomite (CaMg (CO3)2), and 
also a small amount of Quartz (SiO2). Table 8 presents the most 
common peaks of these compounds and its 2θ values.

The XRD patterns of concretes powder (SCC1, SCC2, 
and OC) were analyzed in depth according to the effect of 
the aggressive environments such as sulfuric acid (H2SO4), 
sulphates of sodium (Na2SO4), and fresh water. The results 
confirm the macroscopic approach studied in the previous test. 
After six months of immersions in H2SO4 and Na2SO4 media, 
we found the following products in large quantities: Gypsum, 
Calcite, Quartz, and portlandite (Ca(OH)2). Portlandite shows 
a peak around 18.13°. Note that the amount of this mineral 
change depending on the medium used, and that in the case 
of H2SO4, this compound seems to be reduced in favor of the 
formation of other more complex compounds.
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 Fig. 7 Variation of the compressive strength: (a) 5%Na2SO4, (b) 5% H2SO4, (c) Sweet water
 7. ábra A nyomószilárdság változása: (a) 5% Na2SO4, (b) 5% H2SO4, (c) Édes víz

From Fig. 9, it can be clearly seen that the concretes immersed 
in fresh water are those which do not present any gypsum 
formation, whereas, the concretes immersed in H2SO4 media 
contain sulphated quantities. At very high values, particularly 
in the case of ordinary concrete, for which the peak has a 
higher intensity even compared to that of calcite. It can see that 
for 2Theta, 9.08°, 15.85°, 18.91°, 22.94°, and 25.65°, very weak 
peaks are detected. The XRD patterns show the presence of few 
quantities of ettringite with the following chemical formula: 
Ca6Al2(SO4)3(OH)12.26H2O. This compound results from the 

Phase C3S C2S C3A C4AF Gypsum Calcite Quartz Dolomite Portlandite
Formula Ca3SiO5 Ca2SiO4 Ca3Al2O CaAl2Fe2O10 CaSO4,2H2O CaCO3 SiO2 CaMg(CO3)2 Ca(OH)2

JCPDS ICDD file n° 31-0301 31-0299 33-0251 30-0226 46-1045 33-0311 46-1045 75-1655 44-1481
Color Red Gray Green Light gray Black Blue Pink Orange Magenta

 Table 7 Mineralogical formulas, JCPDS references, phases detected and colors adopted
 7. táblázat Ásványi formulák, JCPDS hivatkozások, észlelt fázisok és felvett színek

Peak C3S C2S C3A C4AF Quartz Gypsum Calcite Dolomite
2θ 32.34 32.34 33.32 33.65 26.70 26.55 29.49 30.90

 Table 8 2θ of the most common detected peaks
 8. táblázat 2θ a leggyakrabban észlelt csúcsokon

reaction between gypsum and calcium oxides. The relative 
amount estimated by X-rays is ~ 05.70% in the case of SCC1 
immersed in fresh water [40].

2CSH2+16H
CSH2 + C3A +10H  ——→  C4ASH12  ——→  C6AS3H32                               (7)
         Gypsum                     Monosulfate       Ettringite

 Fig. 8 X-ray patterns of materials used: (a) Cement and (b) LF
 8. ábra A felhasznált anyagok röntgenképei: (a) Cement és (b) LF
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 Fig. 9 X-ray patterns of different concretes after immersion in different media for six 
months

 9. ábra Különböző betonok röntgenképei hat hónapig tartó különböző közegbe való 
merítés után

The analysis by FTIR spectroscopy, allows to a better 
understanding of the different concretes compositions in various 
aggressive environments. Furthermore, the spectroscopy 
also makes it possible to characterize even the amorphous 
products added to those crystallized found by X-ray diffraction 
technique. The FTIR spectra of the materials used are shown in 

Fig. 10. The analysis and assignments of the peaks obtained by 
allow characterizing the constituent products of sands, cement, 
and limestone fillers. In all cases, these analyses corroborate and 
supplement the results already found by XRD.

This part based on FTIR spectroscopy characterization to 
identify the various compounds formed after immersion for 
six months in the different media. Once having carried out 
this identification, we evaluated the relative quantities of each 
compounds found in this amalgam by exploiting the region of 
the FTIR spectrum between 900 and 1600 cm-1. The relative 
and qualitative values of CSH-SiO2, CaSO42H2O and CaCO3 
are detected in the regions of 900-1050 cm-1, 1050-1250 cm-1 
and 1300-1600 cm-1 (Table 9), respectively. However, these 
compounds reflect the reality of the phenomena encountered.

Fig. 11 shows FTIR spectra of different concretes prepared and 
matured in a dry and arid climate for six months of immersion in 
different environments. Table 10 estimates the relative quantities 
of concretes constituent minerals. It is clear that the percentage 
of gypsum is the highest which is responsible for the formation 
of ettringite. The calculated rates show that immersion in fresh 
water presents the most gypsum-free concretes which explain 
their good compressive strengths. The best percentage is given 
for SCC2 concrete with only 5.39% of gypsum, which confirms 
the positive effect of limestone fillers on concrete behavior. The 
effect of H2SO4 is very significant and leads to the predominant 
formation of gypsum (63.78%) for ordinary concrete which is 
mixed with calcite (26.39%) and a small amount of CSH-SiO2 
(09.83%) (Table 10) this is the most unfavorable case for which 
we predict poor mechanical behavior. To a lesser degree, the effect 
of Na2SO4 on relative quantities of constituents is also negative, as 
it allows the formation of a large amount of gypsum and reduces 
significant parts of the CSH, SiO2 and CaCO3 in gypsum by 
only about 19.64% for ordinary concrete, 41.85% for SCC1 and 
35.48% for SCC2 containing limestone fillers. These results lead 
us to conclude that the substitution of a portion of cement by the 
limestone fillers is very beneficial, such as the SCC2 subjected to 
an aging of H2SO4 for six months contains a quantity of gypsum 
(58.35%), a small quantity of CSH –SiO2 (12.48) against 61.05 
and 11.61% for SCC1 (100% cement), and 63.78 and 9.83% for 
ordinary concrete. Results were found in our macroscopic study 
confirming the positive effect of lime fillers to maintain better 
compressive strength in a sulphate environment [32] and even to 
increase it against attack by 5% H2SO4  [21]. 

Concrete Relative quantities Sweet water Na2SO4 H2SO4

SCC1
Gypsum
CSH-SiO2

CaSO3

7.72
27.94
64.34

41.85
15.95
42.2

61.05
11.61
27.34

SCC2
Gypsum
CSH-SiO2

CaSO3

5.39
17.96
67.65

35.48
14.78
49.74

58.35
12.48
29.17

OC
Gypsum
CSH-SiO2

CaSO3

6.31
18.66
75.03

19.64
13.72
66.64

63.78
9.83

26.39

 Table 10 Relative quantities of constituents of different concretes after immersion for six 
months in different media

 10. táblázat Különböző betonok összetevőinek relatív mennyisége hat hónapig tartó 
különböző közegekbe való merítés után
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 Fig. 10 FTIR Spectra of the materials used for cement synthesis
 10. ábra A cementszintézishez használt anyagok FTIR spektruma

Material Mineral/other Wavenumber, cm-1 Quantity

Cement Oxide (SiO2, …) 444-522-1102-1126- Significant
CaSO4, 2H2O 602-658-1140-1154- Significant

CSH 920 Significant
Calcite, CaCO3 712-876-1428-1796-2514- Main part

CH3/CH2 (Oil residues) 2862-2924-2980- Small amount
Water 1622-3450-3544-3644 Significant

Portlandite 3640 Small amount

Limestone fillers Calcite, CaCO3 712-874-1420-1798-2514-2874 Main part
Oxide (SiO2) 470-1007-1041 Very weak

Water 1622-3450 Very weak

Sand SiO2 460-516-692-778-796-1040 Significant
CaSO4, 2H2O 602-670-1116-1142 Very significant

Calcite, CaCO3 712-874-1428-1798-2513-2858 Less quantity
CH3/CH2 (Oil residues) 2858-2923 Small amount

Water 1622-1686-3245-3406-3494-3546-3614-3698 Important

 Table 9 Results of analyzes of the constituent products of the materials used
 9. táblázat A felhasznált anyagokat alkotóelemeinek elemzésének eredményei

 Fig. 11 FTIR spectra of: (a) SCC1, (b) SCC2 and (c) OC, after immersion for six 
months in different media

 11. ábra (a) SCC1, (b) SCC2 és (c) OC FTIR spektruma hat hónapig tartó különböző 

közegekbe való merítés után
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4. Conclusions
In this work, the effect of real climate (hot and dry) of area 

Biskara, on the concretes (SCC1,SCC2 and OC) behavior 
immersed in various environments such as sweet water, Na2SO4 
and H2SO4. The rheological behavior of self-compacting concrete 
and the time required to maintain self-compacting appearance, 
as well as vibrated concrete were discussed. The experimental 
results of this study allowed us to draw the following conclusions: 
	■ Up to 25 minutes after mixing, the SCC made with a G/S 

ratio close to 1, and at a temperature above 35 °C and a 
humidity of between 11 and 28% kept its self-placing.

	■ The effect of limestone fillers on the fluidity of SCC 
in a hot climate is positive and significant just after 
mixing, but over time the loss of fluidity becomes more 
noticeable and faster.

	■ An ambient temperature exceeding 35 °C leads to a rapid 
evolution of the compressive strength at the early ages 
of different concretes (SCC1, SCC2, and OC). However, 
in the long term (120 days) and without any cure, the 
compressive strength is greatly reduced.

	■ Monitoring of the aging of concrete prepared and 
matured in a hot and dry climate for six months with the 
solution of sulfuric acid H2SO4 is more intense compared 
to the solution of sodium sulphate Na2SO4.

	■ SCC2 containing limestone fillers seem to be the least 
attacking by sulfuric acid with a loss of 20% in weight 
while this loss is 30.9% for SCC1 without substitution 
and 27% for ordinary concrete, which explains why the 
beneficial effect of the substitution of limestone fillers by 
considerably reducing the loss of mass vis-à-vis attacks 
by sulfuric acid.

	■ The results of compressive strengths of concrete 
immersed in sulfuric acid are insufficient compared to 
concretes immersed in Na2SO4 or fresh water after six 
months of immersion because it promotes the formation 
of phases such as gypsum, ettringite, and consequently 
decreases the effect of other phases such as calcite, 
silicates, and quartz.

	■ The structure of the concrete degraded in acid (H2SO4) 
studied by XRD and FTIR, confirms the existence of 
a considerable amount of gypsum, and a few amount 
of Portlandite. This gypsum occupies a considerable 
volume which replaces calcite and silicates. The presence 
of a quantity of gypsum associated with the presence of 
ettringite, promotes the formation of harmful phases in 
the concrete. The effect of Na2SO4 is lower than of H2SO4, 
though, it converts a quantity of calcite and silicates into 
gypsum.
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