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Abstract: It is well recognized that the arid climate is an essential parameter that causes various
problems, such as shrinkage cracking, on concrete in hot weather, especially at an early age. Adrar’s
region is characterized by its severe aridity and is considered one of the world’s warmest areas. The
present experimental study aims to study the influence of this arid climate on concrete cracking. In
this context, the influence on hardened concretes, made with local materials exposed to local climatic
conditions and using the same concrete formulation used in this region, was investigated. The study
of concrete cracking was conducted in this work carried out by Standard ASTM C1579. The concrete
types investigated here are concrete without adjuvant, concrete with adjuvant, and concrete treated
with a curing product. Each concrete underwent two modes of preservation; the first inside the lab
and the second outside, in the open air. Also, this work provides results of measurements of the
consistency, temperature of fresh concrete, the onset and development of cracks; the findings then
compared. It found that those cracks were always present in concrete, and their appearance and
evolution were faster for concretes exposed directly to the arid climate. However, it noted that cracks
decreased by about 50% in length and 66% in width with the adjuvant’s introduction. A further
decrease of approximately 40% and 50% in length and width, also reported after treatment with the
curing product. It should be noted that all the samples stored inside the laboratory showed more
minor cracks whose appearance and evolution slower in comparison with those of samples kept
outside, in the open air.
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1. Introduction

In an arid climate, and hot weather, and very low relative humidity, significant additional stresses
and strains can occur in the elements of a concrete structure due to shrinkage and temperature variation.
Concrete cracking is expected to occur when these stresses’ combined effects exceed the concrete’s
tensile strength. Moreover, the presence of cracks is not only undesirable from the aesthetic point of
view; but more significantly. Moreover, it could adversely affect the durability of concrete members
and their structural integrity in some situations.

The region of Adrar, located in southern Algeria, is an arid area where the concrete construction
system has already replaced the old clay-based adobe construction system to improve structures’
mechanical strength. However, worrying problems, such as cracking in most constructions, even in
recent ones, were observed.

Researchers have provided different perspectives on classifying the early-age crack types in
hardened concrete [1]. Cracking in concrete structures, if not avoided, may present one of the most
severe problems in construction because it can reduce their durability and lifetime [2]. It is worth
noting that the durability of concrete structures depends on their behavior in the face of severe climatic
and environmental conditions [3] Shrinkage and thermal stresses experienced during concrete curation
and hydration often lead to severe early-age cracks [4]. These problems may become even more severe
when cracking occurs before the concrete begins to harden [5].

It is well known that the excessive evaporation of the mixing water dramatically influences the
durability of concrete. It should be remembered that the temperature in these southern regions can
reach significant values in the summer period; it can even exceed 50 °C [6]. Compressive concrete
strength at the initial days was deficient and increased with an increase in the age up to 28 days [7].

Furthermore, very low relative humidity can also be responsible for cracking in concrete [8].
Reinforced concrete structures are often exposed to numerous undesirable physicochemical attacks,
increasing the risk of cracking [9]. Moreover, the concrete formulation may also affect plastic cracking
from chemical and physical points of view [10,11]. It is worth citing, by way of example, the
constituents’ chemical composition, the amount of cement, the ratio (W/C), the quantity, shape, and
size of fines, and the distribution of aggregates [12,13]. Cracks can be also developed due to various
factors like internal/external pressure or loading criteria, curing, material, mixing, environmental
effects, improper compaction, etc. [14]. Therefore, to improve the durability of concrete structures in
engineering, cracks, wildly penetrating cracks, caused by early-age shrinkage must be mitigated [15].
However, the concrete mixed workability is increased and maintained using more superplastic is added
to increase the concrete’s durability [16].

The most significant negative impact of hot weather on fresh concrete is cracking due to plastic
shrinkage [17]. Almusallam et al. studied the effect of mixing proportions on plastic shrinkage cracking
of concrete in hot environments, the cumulative effect of these parameters on the plastic shrinkage of
concrete was evaluated by measuring the bleeding rate, water evaporation, time and cracking intensity.
The results indicate that cement content and water-cement ratio significantly affect the parameters
controlling the plastic shrinkage of concrete. The mix design studied can be advantageously used in hot
environments to minimize plastic shrinkage cracking [17].

Also, the effects of a hot climate on the cooling and curing properties of self-hardening concrete
and normal conventional concrete in hot weather were investigated by Rizzuto et al., They used a
water-soluble self-hardening polymer, polyethylene glycol, was added to the self-curing mixes. They
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tested the properties, as workability, compressive strength, tensile strength and flexural strength, but the
results could not be simply attributed to the mix’s water retention by the self-hardening admixture [18].
A large span of floor slabs, exposed to dry environmental conditions, promotes high evaporation
rates [19].

With this in mind, and to study the impact of arid climatic conditions on concrete cracking, it
decided to conduct the following experimental study. For this, concrete mixtures, similar to those
prepared on local sites, were prepared using the same local materials and to respect the same method of
formulation of the concrete, while maintaining the same severe climatic conditions.

The first step consisted of identifying and characterizing the materials brought from the most
recognized quarries in the region. The preparation of concrete mixes in the laboratory was carried out
following the Faury method [20], which is generally applied in the region of Adrar. Then, the concrete
was placed in standard molds. After demolding, the specimens were exposed to the summer climate
during which the temperature could reach 48 °C, with a humidity level lower than 10%. Two
conservation methods were adopted; some samples were stored inside the laboratory, and the others
were kept outside, in the open air, according to the American Standard ASTM C 1579 [21].

2. The climate in the city of Adrar

The region of Adrar is located in the southwestern part of Algeria, where the climate is desert
and hot, according to the Koppen BWh classification [22]. Adrar is known for its high temperatures
during the summer season (spread over more than 6 months) and shallow temperatures in winter, in
addition to its year-round drought (few mm of annual precipitation), and a deficient humidity level in
summer [23].

The average maximum temperatures vary between 46 and 50 °C, which confirms that Adrar is
one of the world’s hottest cities.

The World Weather Online site, dedicated to providing global weather forecasts and weather
content [24], gives the variations in temperature and relative humidity recorded during the year 2019.
These variations are shown in Figures 1 and 2. It is easy to see that July and August are the hottest
months of the year. It is for this reason that the present experimental study was carried out during
that period.
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Figure 1. Variations in annual temperature (year 2019) in the region of Adrar [24].
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Figure 2. Variations in annual humidity (year 2019) in the region of Adrar [24].
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3. Materials and methods
3.1. Identification of materials

It is worth noting that all the constituents of our concretes come from locally sourced materials,
which are virtually used in the majority of private or public construction sites in the region of Adrar.

3.1.1. Cement

The cement used is type CEMII, CPJ 42.5, and comes from the Aoulef Cement Plant
located 150 km south of the capital; its commercial name is STG. Its composition is given in Table 1.

Table 1. Chemical composition of the cement used.

Element Content (%)
Si0, 21.30

ALO3 4.83

Fe O3 3.31

CaO 64.53

SO3 2.28

MgO 1.43

Free CaO 0.61

3.1.2.  Sand

The sand is generally brought from dunes in the locality of Bouda, 20 km west of Adrar.
Particle-size analysis of dune sand:

The analysis of the aggregates used, including sand, is displayed below (Figure 3), following
Standard NF P 18-560 [25].
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Figure 3. Granulometric curves of dune sand, gravel 3/8, and gravel 8/15.

The water content is 1.6% for dune sand.

The absolute volumetric mass density of dune sand is of the order of 1.63 g/cm?’.

The sand equivalent is an indicator that characterizes the cleanliness of sand. It also indicates
the content of fines, which are elements with a diameter smaller than 0.5 mm.

The tests were carried out according to Standard NF EN 933-8/IN1[26]. The values obtained,
illustrated in Figure 4, allow concluding that the dune sand from Bouda is spotless.
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Figure 4. Dune sand equivalent measured visually and with the piston.
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Fineness modulus of dune sand: according to Standard NF P 18 304 [27], is equal to
one-hundredth of the sum of rejects, expressed as a percentage by weight, on the various sieves in
the series, except the 0.08 sieve. The sand of the dune of Bouda is a little too fine, with a modulus of
fineness Mf = 1.90.

3.1.3. Aggregates

The first step consisted of physically and mechanically characterizing the materials used. Note
that the gravel comes from the Koussane quarry, located about 8 km from Adrar.
The absolute volumetric mass of the aggregates:

According to Standard NF EN 12620+A1[28], the absolute volumetric mass densities are
around 2.5 g/cm’ for aggregates 3/8 and 8/15. However, the apparent volumetric mass densities
are 1.39 g/cm? for the aggregate 3/8 and 1.48 g/cm? for the aggregate 8/15.

The water content of aggregates is between 1% to 2% for the aggregates 3/8 and 8/15.

Coefficient of absorption of aggregates is defined as the ratio of an increase in the mass of a
water-soaked sample to that sample’s dry mass. Table 2 shows the coefficient values of the different
aggregates.

Table 2. The absorption coefficient of aggregates.

Granular class Ab (%)
3/8 2.68
8/15 2.88

The hardness and abrasion of aggregates were evaluated using the Los-Angeles (LA) and
Micro-Deval (MDE) tests, and the results obtained are reported in Figure 5.

35
30
25
- 20
NS
~ 15 ®MDE (%)
10 LA (%)
5
0
G 3/8 G 8/15
Granular class

Figure 5. LA and MDE mechanical tests of aggregates 3/8 and 8/15.
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Note that the sample is more resistant to wear when the Micro-Deval coefficient is low.
The absorption coefficient of aggregates is defined as the ratio of an increase in the mass of a
water-soaked sample to that sample’s dry mass.

3.1.4. Mixing water

As for the mixing water used, it comes from the drinking water supply network from the
Oued-Ezzine (Adrar) water table.

3.1.5. The adjuvant

The adjuvant, namely MEDAFLOW 3041 R, a high-water reducer and setting retarder, was
used by standard NF EN 934-2 [29]. It is prepared based on synthetic and combined polymers. The
adjuvant MEDAFLOW 3041 R has a setting retarding effect as a secondary function. This allows us
to achieve also a sharp increase in compressive strength [30].

3.1.6. Curing

Following Standard NF P 18-370 [31], and for the sake of protecting the prepared concrete
against desiccation, a curing product named MEDACURE was used. This product comes in the form
of a whitish liquid, intended to cover fresh concretes and mortars.

3.2. Concrete formulation

The Faury method for concrete mix design was selected for this study as it is the most widely
used in the region of Adrar. It is essential to mention that some project developers use adjuvants and
even curing agents to protect the concrete. Indeed, several studies have focused on the incorporation
of adjuvants in concrete [25-28,31].

The mixing curves: based on the granular curves of Figure 6, it was deduced that the
percentages obtained for each constituent, namely (dune sand + cement), gravel 3/8, and gravel 8/15,
were respectively 44%, 24%, and 32%. The dosages of the various constituents for 1 m® of concrete
are summarized in Table 3.
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Figure 6. Particle size curves of the constituents and mixture using the Faury method.
Table 3. Composition of concretes.
Materials Masses for control concrete and with Masses for concretes with adjuvant
curing (kg/m®) (kg/m?)
Cement 350 350
Dune sand 581 602
Gravel 3/8 471 497
Gravel 8/15 628 661
Water 255 198
Adjuvant 0 5.8

3.3. Methodology and test procedure

Several tests were carried out on slabs to study the potential of plastic shrinkage cracking in
concrete. Each set of three slabs was subjected to two types of preservation, i.e., one inside the
laboratory and the other outside.

According to ASTM C 1579, cracking usually; occurs in the middle of the specimens [32].

Among the crack mitigation methods previously investigated by some researchers, the one
relating to the introduction of adjuvants into concrete proved to be interesting [33].

It is worth specifying that these adjuvants can reduce the surface tension of water in concrete,
which in turn; reducing water evaporation, settlement of fresh concrete, and capillary pressures.
These are the main effects of reducing plastic shrinkage [11,34]. Also, the curing compounds used on
construction sites can effectively prevent rapid water loss from concrete and minimizing cracking
risk. To this end, mixtures of concrete with adjuvants similar to those used in the region’s
construction sites were examined.

AIMS Materials Science Volume 8, Issue 2, 200-220.
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After determining the various percentages and quantities of the components making up our
concretes, it was decided to proceed with the preparation of the mixtures and the casting of small
slabs, according to Standard ASTM 1579 [21].

Since many other parameters, such as granulometry, concrete formulation procedures, slump,
concrete temperature, can also influence potential cracking, care should be taken to ensure that they
are very similar.

Molds were then made according to Standard ASTM C1579, as shown in Figure 7, and the
concrete mixtures were prepared according to the method of Faury [20].

9cm ~ 28cm

Figure 7. Concrete mold, according to Standard ASTM C1579 [21].

The indicator showed a temperature around 37 °C inside the laboratory. The unfavorable
climatic conditions, generally encountered in summer (high temperature, low relative humidity, dry
air, wind, and sun) during the placement of exposed concrete can contribute to the rapid loss of water
and may therefore give rise to crazing and cracking problems, particularly during the setting period
and at the onset of concrete hardening.

The adjuvants were incorporated during the mixing of concrete at a rate of 0.5% of the cement
mass in the concrete mix, according to Standard NF EN 934-2/A2 [35].

Curing was also used to protect concrete against rapid drying and minimize the risk of cracking.
Following the disruption of hydration due to lack of water in early concrete, a curing product was
applied by spraying to the surface of fresh concrete according to Standard NF P 18-370 [31]. In
certain cases, this curing product is compulsory (Standard NF EN 13670) [36].

Three sets of specimens were adopted, with each set containing six slabs; three were kept
outside the laboratory, in the open air, and the other three were stored inside the laboratory. The
various concrete mixtures produced are:

-Concrete without adjuvant (control mixture);

-Concrete with adjuvant;

-Concrete treated with a curing product.

AIMS Materials Science Volume 8, Issue 2, 200-220.
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4. Results and discussion

4.1. Temperature variations

The first step was to control the variation in fresh concrete temperatures in the three concretes,
as clearly shown in Figure 8.

Figure 8. Measuring the temperature of fresh concrete.

The measurement of the temperature of fresh concrete with the measuring instrument, i.e., the
concrete thermometer. The recorded values are shown in the histogram shown in Figure 9.

® Inside the
laboratory

® QOutside the
laboratory

Control Concretes Concretes
concretes  with adjuvant treated with a
curing

36.0
34.0

slabs series

Figure 9. Variation of the fresh concrete temperature in the different slabs.

The temperature of fresh control concrete without adjuvant was equal to 37 °C; it is identical to
that of the concrete treated with the curing agent. On the other hand, for the concrete with adjuvant,
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the indicator registered on average the temperature of 36 °C. This was due to the introduction of the
adjuvant into the concrete.

4.2. Concrete subsidence

The slump is determined by using the Abrams cone (Standard NF P18-451) which measures
concrete slump [37]. We proceeded to mix the concrete so that the workability is maintained constant
at plastic consistency [38].

The slump estimates the concrete’s consistency, as shown in Figure 10. The value of the Abrams
cone slump for all concretes is given in Figure 11. These values obtained for the three types of
concretes are divided into two classes; the first is that of the control and cured concretes, and the
second is that of the concrete containing the admixture.

Figure 10. Abrams cone concrete slump measurement.
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240 = Outside the
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curing

slabs series

Figure 11. Variation in subsidence of different types of slabs.
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The control slabs and those treated with the curing agent showed an average sag of 8 cm, which
means that it is plastic concrete. However, the adjuvant’s slabs exhibited a sag of about 10 cm,
making it very plastic concrete.

4.3. Slabs and progression of cracks

In studies on cracking, especially cracking of fresh concrete, it is essential to have appropriate
methods to quantify free shrinkage: the mechanism and cracking: the consequence. Several
disadvantages and limitations of the available methods are as follows.

The breaking mechanism of plastic shrinkage (cracking) in the dry state can be summarized as
follows. The rapid evaporation of water from the surface pores, while the entire body is still saturated,
leads to large deformations. The evaporation from the surface pores causes the formation of menisci
in these pores and increases capillary pressure. The capillary pressure causes a dramatic increase in
rigidity, which leads to a corresponding increase in stress. When these stresses exceed the breaking
limit, cracking begins [39].

Three types of concrete were made and divided into two sets; the first was stored inside the
laboratory, and the second was outside, in the open air. To simplify the reading, the following names
were given to the various slabs:

CSO: concretes without adjuvant (control), slabs stored outside the laboratory;

CSI: concretes without adjuvant (control), slabs stored inside the laboratory;

SAO: concretes with adjuvant, slabs stored outside the laboratory;

SAI: concretes with adjuvant, slabs stored inside the laboratory;

SCO: concretes treated with a curing product, slabs stored outside the laboratory;

SCI: concretes treated with a curing product, slabs stored inside the laboratory.

After each casting of the slabs, the cracks’ evolution and their development in lengths and
widths were monitored from their first appearance as shown in Figure 12. To better interpret the
results, this progression the standard deviation (S.D) is given in the form of graphs.

AIMS Materials Science Volume 8, Issue 2, 200-220.
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Figure 12. Cracks on various slabs kept outside and stored inside the laboratory. (a)
Cracks on control slabs kept outside the laboratory, (b) cracks on control slabs stored
inside the laboratory, (c) cracks on slabs with adjuvant kept outside the laboratory, (d)
cracks on slabs with adjuvant stored inside the laboratory, (e) cracks on slabs treated with
a curing product, kept outside the laboratory, (f) cracks on slabs treated with a curing
product, stored inside the laboratory.

The performance of passive plastic shrinkage crack mitigation methods was compared
according to the ASTM standard, comparing final crack sizes.

Figure 13a shows that, after the second hour, cracks suddenly appeared remarkably, in the
middle of the three slabs, with significant lengths (from 10 to over 20 cm). After about two hours,
this crack length increased by about 10 cm for all slabs. After 5 hours of casting, these values kept
increasing and stabilized around 33 cm. It should be noted that the crack’s width could reach
even 0.6 mm (Figure 13a).

On the other hand, for the same formulation, the control slabs stored inside the laboratory,
sheltered from the sun and wind (Figure 13b), presented the same aspect of progression over time.

AIMS Materials Science Volume 8, Issue 2, 200-220.
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However, after the sixteenth hour, the cracks’ initiation was not observed; by the nineteenth hour,
these cracks’ progression stopped altogether, for an average length of 17 cm. In this case, the
progression of the cracks lasted only three hours. It should be noted that the length of these cracks
was significantly smaller than that of cracks on the slabs kept outside the laboratory. Their widths did
not exceed 0.2 mm (Figure 14a), which is three times less than those observed on slabs kept outside
the laboratory. This difference in crack width proves the strong impact of the climate on concrete
structures in this region. This phenomenon is mainly due to the rapid evaporation of water.

For the concretes incorporating the adjuvant and the three slabs cast and kept in the open air
outside the laboratory (Figure 14c), the curve shows cracks in the third hour. In contrast, the length
of cracks remained constant in all the slabs throughout the observation period. Indeed, the recorded
crack lengths varied between 12 and 14 cm. Furthermore, it was found that the crack widths were
about 0.2 mm. They are smaller than those of concretes without adjuvant. This is undoubtedly due to
the effect of the adjuvant.

Cracks appeared on the slabs with the adjuvant and were stored in the laboratory (Figure 13d).
The cracks’ progression rate was nearly the same; the average length value was about 32 cm. After
three hours, the progression of cracks in all the slabs stopped completely. It should also be noted
that the width of cracks was smaller than that observed on the slabs kept outside the
laboratory (Figure 14b); indeed, it did not exceed 0.1 mm, which supports the climate impact on
concrete.

The concrete treatment results with a curing product are shown in (Figure 13e), where small
cracks appeared from the first hour. Under the curing agent treatment effect, which prevented the
rapid evaporation of water present in the concrete, the evolution of cracking became slower until the
sixteenth hour of hardening. Note that the crack length increased from 5 to about 20 cm, with a crack
width varying between 0.2 and 0.3 mm. This represents a value less than half of that observed in the
control slabs (without curing treatment).

On the other hand, concerning the slabs treated with a curing product and stored outside the
laboratory, cracks appeared within the first two hours (Figure 13f); their length was constant and
about 26 cm. These cracks did not exceed 0.1 mm in width (Figure 14c¢). It is worth noting that the
curing effect aided in the retention of the mixed water inside concrete.

High ambient temperature, low humidity, and high-wind speed increase water evaporation from
concrete surfaces with the possibility of plastic shrinkage cracking.

This evaporation is all the more critical when the ambient air is dry (low RH), when the
temperature is high and when the wind speed is essential.

Particularly in arid areas, chemical reactions accelerate and modify the crystallization of
hydrates. Also, the hydration of cement is an exothermic reaction. The resulting plastic deformations
are a complex combination of mechanisms appearing at different scales whose effect is cumulative to
two types of drying; drying at high ambient temperatures with the effect of the and drying at high
ambient temperatures without effect the wind.

Air moisture is of paramount importance to the water balance of concrete. When the concrete’s
moisture content is higher than that of the air (as in arid areas), water tends to evaporate into the air.

These phenomena lead, in particular, to an increase in shrinkage and risks of early cracking.

According to the results obtained and shown in the Figures 13 and 14, the appearance of cracks
and their development is also mentioned in Table 4.
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Figure 13. Curves showing the evolution of crack lengths and standard deviation on
different slabs. (a) On control slabs, kept outside the laboratory, (b) on control slabs,
stored inside the laboratory, (¢) on slabs with adjuvant, kept outside the laboratory, (d) on
slabs with adjuvant, stored inside the laboratory, (¢) on slabs treated with a curing

product, kept outside the laboratory, (f) on slabs treated with a curing product, stored
inside the laboratory.
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Figure 14. Histograms of crack width values on various slabs, and standard deviation. (a)
On control slabs, (b) on slabs with adjuvant, (c) on slabs treated with a curing product.
Table 4. The appearance of cracks and their development inside and outside the
laboratory.
Slabs Average onset of  Average initial crack Average final crack Average crack
cracking (h) length (cm) length (cm) width (mm)
CSO 2.68 163.3 337.0 0.57
CSI 16.53 102.7 173.0 0.20
SAO 2.30 116.0 120.0 0.23
SAI 2.68 130.0 234.7 0.10
SCO 1.21 45.0 199.0 0.24
SCI 2.33 2443 266.7 0.10
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Based on the analysis of the values presented in Table 4, and by comparing the experimental
results of slabs kept inside the laboratory with those kept outside, we found that the first crack
always appears in slabs kept outside the laboratory (CSO, SAO, and SCO). Also, the cracks’ lengths
and widths’ critical values are observed in the slabs kept outside the laboratory (SCI, SAI, and SCI),
which is explained by the fact that outside the laboratory, the climate is hot and dry. The
development of cracks in slabs stored outside the laboratory is faster and more critical than that of
slabs stored indoors.

Consequently, the appearance of cracks in this hot and arid climate can start to appear, in
general, from the second hour of pouring and then accelerate. However, the addition of the admixture
reduces the water’s surface tension in the concrete, and treatment with the curing agent prevents the
water loss from the concrete. These treatments reduce plastic shrinkage, delay the appearance of
cracks and slow their development. They considerably reduce their widths.

The standard deviation for concrete is the method for determining the reliability of a batch of
concrete. The standard deviation is the basis for controlling the variability of concrete test results for
the same concrete batch.

The maximum standard deviations obtained were 8 and 10 mm, in crack length for all slabs
and various formulations outside the laboratory. The same goes for those inside the
laboratory (Figure 13a,c,e). Figure 13b,d,f show the lowest value for that inside the laboratory.

The standard deviation is between 0 and 0.1 mm width cracks. These values gave a good
indication of the presence of crack and the values correlated.

The crack was visible at an exact position indicated by a characteristic response of the crack and
its location. Further, the confidence interval obtained from the standard deviation was very low,
which proved the repeatability and feasibility of these results.

5. Conclusions

This study aimed to investigate the effect of severe climatic conditions, which characterize
Adrar’s region (arid zone), on the cracking of concrete constructions in that region, using local
materials. It was decided to introduce an adjuvant on the one hand, and on the other hand, a curing
product into the concretes under study.

The first step consisted of carrying out experimental tests to characterize of materials, calculate
subsidence, and measure the temperature of fresh concrete. The second step focused on the evolution
of cracks and their dimensions (length and width of the crack).

The main conclusions drawn from this study are as follows:

* Crack initiation always occurs first on slabs stored outside the laboratory, with more rapid
evolution. On the other hand, the cracks are slightly delayed on slabs kept inside the laboratory;

* Comparison of crack widths on slabs kept outside the laboratory and on those kept inside
the laboratory confirmed the significant impact of the arid climate of this region on concrete;

* The findings indicated that the crack widths on slabs kept inside the laboratory were
about 66% smaller than those kept outside the laboratory;

* The introduction of the adjuvant into the mixture significantly reduced the progress of
cracking. A cracking reduction rate of approximately 50% in length and 66% in width was recorded;

* The treatment with a curing product contributed to slowing down the evolution of cracks by
protecting the concrete against rapid drying, by approximately 40% and 50% in length and width,
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respectively, compared with the control slabs kept outside the laboratory. This drop was
approximately 50% for the crack width than that observed on slabs kept outside the laboratory;

* Cracking due to plastic shrinkage is significant in this arid region. It would be interesting to
develop low-shrinkage concretes that minimize cracking. It is therefore essential to cure the surface
of the concrete during the first two or three days. It can also be achieved by using a
shrinkage-reducing admixture;

* Based on the results obtained from our experimental program and in comparison, with
control slabs (without addition and treatment), it is recommended to improve the concrete
formulation based on local materials with better thermo-mechanical properties.
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