M. Mani et alii, Frattura ed Integrita Strutturale, 55 (2021) 50-64; DOIL: 10.3221/IGF-ESIS.55.04

Experimental characterization of a new sustainable sand concrete in

an aggressive environment

Mohammed Mani

Department of Hydraulic and Civil Engineering, Faculty of Technology, University of El-Oued, 39000, Algeria

m.mani3 9 @gmail.com

Meriem Fakhreddine Bouali

Department of Civil Engineering, Faculty of Sciences & Technology, University of Mohamad Cherif Messaadia, Souk Abras,

41000, Algeria

m. bouald@univ-soukabras.dzb.meriemfakbreddine@gmail.com,bttp:/ | orcid.org/ 0000-0002-6986-980X

Abdelouahed Kriker

Laboratory of Exploitation and 1 alorisation of natural Ressources in Arid Arears (E.1V.RIN.Z.A), University of

KasdiMerbah, Onargla, 30000, Algeria
a_krikern@yahoo.fr

Abdelkader Hima

Department of Electrical Engineering, Faculty of Technology, University of El-Oued, 39000, Algeria

Abdelkader-hima@univ-eloned.dz, http:/ [ orcid.org/ 0000-0002-5533-3991

ABSTRACT. The scarcity of building materials and the shortage of coarse
aggregates which represent the main component of concrete is a problem of
particular urgency in most third world countries, especially in the vast desert
of Algeria. In desert conditions where the environment suffers from the
rising water phenomenon and soil aggressivity; the evaluation of existing
abundant Sand Dune could be a very good economic solution. Several
national and international researches show that Sand Dunes could be
exploited in concrete after a granular correction. In this paper, a new Sand
resource is proposed as an alternative of natural Sand to perform a Sand
Concrete. This experimental study shows that the Sand Concrete based on
this new resource of sand dunes of the Algerian desert has a good resistance
when used in the ambient Saharan aggressive conditions.
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INTRODUCTION

lgeria has a vast desert that contains large quantities of Sand Dunes. The abundance of Sand Dunes causes
A vatrious environmental problems, such as disappearance of reefs and valleys buried in those untapped sand. These

regions suffer from a serious environmental phenomenon called “Water Rise phenomenon” [1] which destroys
thousands of oases of palm trees [2] that’s considered the soutrce of food in the region. This phenomenon also destroyed
and ruined buildings gradually [3].
The sand used for construction is almost non-existent in those desolate deserts that don’t have neither natural stream,
valleys, coasts, nor other sand resources that enable building constructions. Developed countries monitor their national
income to support and establish infrastructure construction. In Algeria, the need for this substance during 2012 was about
9millions cubic meters, and some sources indicate that the consumption rate has reached 20millions cubic meters [4],
which made it very expensive: the cubic meter may exceed 3000 DZD (25 USD) [5], while it does not exceed 7USD in
Egypt, but in the United States, it does not exceed 3.5 USD.
Several scientific experiments were conducted to study the phenomenon of water rise and its impact on buildings in one
hand [6, 7]. Several studies showed the use of Sand Dunes (SD) as a material in concrete [8, 9] in condition that it must
have a granular correction [10, 11].The main objective of this experimental investigation was the exploitation of existing
resources such as the sand of the dunes in the Algerian desert. In the other hand, sand of Oued El-Ratm (SR) was studied
and it is known that this type of sand was never used previously in construction fields. These two types of sand are used
to produce a Sand Concrete by trying to reveal the effect of rising waters under aggressive conditions on the sand
concrete produced by the mixtures.

MATERIALS CHARACTERIZATION

was used and improved its properties with naturel sand found in Oued El-Ratm region in order to obtain a formula

to improve the sand dunes at a lowest cost. Oued El-Ratm desert region is also located in the heart of the Algerian

oases close to five big Cities named: Biskra, Djelfa, Ouargla, El-Oued and Ain Touta Cement. The experiments were
carried out in the laboratory of Ouargla and El-Oued University (Algeria). The tested are carried out on a number of
samples which varies between 06 and 08.

l n this experimental investigation, Oued Souf sand dunes that come from oasis situated in the south east of Algeria

Sand
The sand used in this study is the dune’s sand in Guemar (El-Oued) (GSD) and the natural sand from Oued El-Ratm
(NSR) area, which was mixed in order to improve the sand dune properties, this technique is used by several researchers

[12]. In Table 1 are presented the determined characteristics of these types of sand.

Absolut Fineness Sand
Bulk . ;
T Volumetri Volumetric ~ modulus Equivalent
ype Ma(:su(k e/ch) Mass (FM) SE
8 (kg/m?) %) (%)
Guemar Sand Dune
(GSD) 154043 262042 1.61£0.1 95+1
Naturel Sand Oued El-Ratm 158544 250041 2354015  80.09+1.5
(NSR)
60% Naturel Sand (NSR)
+ 1609.242 2609.6+6  2.24+0.12 87+0.5

40% Sand Dune (GSD)

Table 1: Experimental charactetistics of different types of used sand.

According to the results mentioned in Table 1, it appears that the Guemar’s Sand Dune (GSD) has the smaller coefficient
of smoothness (1.61%) which is outside the acceptable margin areas in building A, B and C. While the natural sand of

51



M. Mani et alii, Frattura ed Integrita Strutturale, 55 (2021) 50-64, DOI: 10.3221/IGF-ESIS.55.04 %

Oued El-Ratm (NSR) and the mixed sand 60% NSR and 40% GSD, have coefficients of smoothness equal to 2.35% and
2.24% respectively lactated in the margin areas in building.

Fig. 1 shows the grain size distribution of natural sand (NSR) dune, Guemar sand dune (GSD) and the mixture sand (40%
GSD + 60% NSR) used in the experimental program.

e s Ppiitgerit, i
——— — o
= ; LA | N—ar

90 = ==—GSD 100% / -
— | ’
= ——NSR100% ![—7l —

80 — T
=7 F i ¥
= GSD 40% + NSR 60% F +

70 = 7 1

¥ l'
[ o
60 ; -
\? i l,
S % / 7
= + +
& =
& 40 i
= y i
@ +HHH
30 " ma
L4 LyJ M
13/ o
20 o — (1
y 4 ¥
Y
e J ri
10 ’l 4
I -~
0 15 .
0,01 0,1 1 10

Sieve opening (mm)
Figure 1: The grain size distribution of sands used in the experimental program.

It is noted from Fig. 1 that the GSD curve is mostly located outside the reference fields and it tends to the smooth side,
while the NSR curve is located within the reference curve and is proposed to correct the first curve. The mixture 40%
GSD+60% NSR is within the reference areas which make it acceptable.

Cement

The used cement is I 42.5 (CRS). This cement is specially made to resist sulfate as stipulated in the technical card and as
indicated by its name (CRS) i.e. Sulfate Resistant Cement. This type of cement contains a low percentage of tri-calcium
aluminate and is characterized by a greater ability to resist sulfate because of the components [13], or because of the
process used in the manufacturing. So it is used in cases that requires high resistance to sulfate, and is widely available in
the local market. It is produced in Ain-Touta cement factory, which is in compliance with the rules NA 442 000 and NA

433: 2002. The values of experimental volumetric mass were computed for the hardened mortars.

Bulk Absolute b ey Withdrawal
. . Volumettic .
Experiences ~ Volumetric stiffness 28 days
Mass (kg/m?3) Mass time (min) (um/m)
(kg/m?)
Cement 2120 3034 60 1000

Table 2: Used cement experimental characteristics [14].

Water
In mixing this concrete tap water is used from the civil engineering laboratory of El-Oued University, which is free of
harmful substances such as materials, salts, oils, greases, acids, alkalis, and the soft material as seen in Table 3.
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Salinity PH HCOs SOy NOzy CI Natt Kt Mgt Catt

2799  7.75 124 755 145 755 536 31 125 242

Table 3: Chemical characteristics of used the water in the sand concrete mixture.

Environment Conditions

The studied concrete samples, after removing them from the molds, are kept in water for 28 days, then removed after a
while. In order to study the effect of the aggressive medium on the sand concrete, two type of water are considered. The
first one is ordinary water (tap water) while the second is aggtressive water.

Since the most dangerous elements to concrete are chlorine (Cl) and Sulfur ions (SO4), a medium that contains these two
elements is used. The chlotine ions concentration is higher in region (1) (Sidi Mestour region) that contains 1640.23 mg/1,
and the higher concentration of Sulfur ions is in the region (2) (Hotel of Louss region) that contains a concentration of
Sulfur equal to 3373 mg/l. A most dangerous medium is used considering these two higher concentrations of Chlorine
and Sulfur existing respectively in the region (1) and (2). The concentrations are tripled by the authors to speed up the
results of its effect on sand concrete.

In this study, those concrete samples were re-positioned in a medium that simulates a rising water layer that’s capable of
affecting the upstream facility at a later time. Chemical composition of the aggressive water layer characterized by our
university’s team is illustrated in Table 4 according the regions.

N° of Ca™t  Mg** NH4* Cl SO4 HCOs; NOj;  NO» COND Sal  TDS PH

Point (mg/) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (microS/cm) %o (mg/l)
Region (1) 617.23  104.51 0.15  1640.23 3363.00 51.24  64.65 0.05 7270 45 4390 743
Region (2) 637.27  75.35 0.10 588.22  3373.00 420.00 47.81 0.01 5110 31 3010 7.31

Table 4: Chemical composition of the ascending aquatic layer in Oued Souf.

To properly judge the durability of the obtained concrete’s body and the good suitability of the sand for possible use in
construction, a study of the effect of this medium on the chemical composition of the concrete and on its resistance will
be carried out.

MIX PROPORTIONS

Regular sand concrete (Witness)
n order to obtain a formula for the regular sand concrete that will be used as a witness, a sample of cement and sand
I was taken as a stipulated according to EN 196-1 rule. The temperature was (20£2)°C and the relative humidity was
greater or equal to 50%. We take an amount of 01 part of cement with 03 parts of sand, while the percentage of
water is determined by the experience of operations. After conducting the experiment, we obtain the formulation listed in
Table 5. This experiment was performed according to specifications of NFP 18-452 as described in Table 6.

Duration in
Type of Concrete

Seconds
t=40 Unwieldy dry concrete
20<t=30 Conctrete with good workability
10 <t=20 Very plastic concrete
t <10 Very fluid concrete

Table 5: Type of concrete in function of workability.
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After performing the experiment, we have the following results as illustrated in Table 6. Then, all the tested concretes are
considered flexible according to the standard ENV 206: 1990.

Composition W/C AT
seconds
Sand Dune 100% (GSD) 0.6 30.5%2
Natural Sand 100% (NSR) 0.55 23%2
40% Sand Dune (GSD)
0.55 2542

+
60% Natural Sand (NSR)

Table 6: The obtained results of the workability test.

Various sand concrete studied
The composition of the samples used in our cubic meter of sand concrete is presented in Table 7 according to different
used types of sand.

Time of
. Sand Cement Water streaming-
Composition Ke) Kg) (D) RZC operational
Sand Dune 100% (GSD) 1396.63 46554 279.32 06 243058
Natural Sand 100% (NSR) 1390.04 463.34 254.84 055 24258
40% Sand Dune (GSD)
1392.39 464.13 25507 0.55 2425 §

+
60% Natural Sand (NSR)

Table 7: Composition of the sand concrete for the studied samples.

The experimental volumetric mass of the studied concrete are shown in Table 8 relative to each type of used sand.

0
Sand Dune Natural Sand 0% S708 Dz (GAD)

Samples 100% (GSD) ~ 100% (NSR)

-
60% Natural Sand (NSR)

Volumetric mass

21415 2132.4 2135
(kg/m’)

Table 8: Volumetric mass of studied sand concrete.

Test methods

The experiment is conducted according to EN 196-1 as shown in Fig. 2. The test is carried out using a solid material
compression device. This later comes from the sample breaking experiment by bending with a section of (40x40)mm. This
sample that’s placed between two hard metal plates where the latter is located 1cm from the side edges as shown in Fig. 2.
The strength is measured by using the following equation (1):

F,
= b_i )
R, : Compressive strength (MPa)

F,.: Load of rupture (N)

b*: Cross-sectional area (b=40mm)
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Figure 2: Device in compression test.

RESULTS AND DISCUSSIONS

Granulometric correction
O simulate the effect of the rising water phenomenon in aggressive environment, the tested concretes were
I preserved in two type of water. The first one is a tap water (Fig. 3a) and the second corresponds to aggressive
water (Fig. 3b) as indicated above. To distinguish the samples preserved in tap water to those preserved in the
aggressive water, the symbol (con) is used to indicate those conserved in the aggressive medium.

(a) Samples preserved in plain water (b) Samples preserved in aggressive water

Figure 3: Samples preserved in different medium conditions.

Effect on Compressive Strength
The compressive strengths are measured for the concretes made with various sands: 100% Guemar Sand Dune (GSD),
100% Natural Sand Oued El-Ratm (NSR) and a mixture of 40% GSD+ 60% NSR. The evolution of compressive
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strength with age for the concrete preserved in plain water and those preserved in the aggressive water are shown in Fig. 4
and Fig. 5 respectively.
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Figure 4: Compressive strength of concretes preserved in plain water in terms of age.
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Figure 5: The effect of aggressive water on compressive strength in terms of age.

The Figs. 4-5 showed clearly that the compressive strength of sand concrete mixed between sand dune (GSD) and natural
sand (NSR) has improved if compared with sand concrete made by sand dune about 23.13%.

This difference in resistance is due to the difference in granular gradient and the smoothness factor of each type of sand
used in these concretes. The smaller coefficient of smoothness indicates that the sand is smooth, which makes the
concrete made of it less resistant as described in [10, 15].

It is well noted from Figs. 4-5 that the type of medium has a similar effect on the tested concretes. As shown in Fig. 4; the
highest compressive strength is recorded for the sand concrete made by the Natural Sand of Oued El-Ratm (NSR), while
sand concrete made with Guemar Sand Dunes (GSD) gives the lowest and the mixture gives the intermediate compressive
strength. This order of compressive strength magnitude is always valid in the case of concretes stored under aggressive
conservations conditions (Fig. 5).

Effect on Flexcural Strength

The flexural strengths are measured for the concretes made with various sands: 100% Guemar Sand Dune (GSD), 100%
Natural Sand Oued El-Ratm (NSR) and a mixture of 40% GSD+ 60% NSR. The evolution of flexural strength with age
for the concrete preserved in plain water and those preserved in aggressive water are shown in Fig 6 and Fig. 7
respectively.
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Figure 6: Flexural strength of concretes preserved in plain water in terms of age.
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Figure 7: The effect of aggressive water on flexural strength in terms of age.

Similarly to the case of compression, it is noted that the concrete made of 100% natural sand of Oued El-Ratm (NSR)
gave the best resistance to bending. The flexural strength obtained by the sand concrete made by 40% GSD+ 60% NSR is
better than the giving by 100% Guemar Sand Dune (GSD). The resistance of bending increases about 30.20% if
compared with those obtained by 100% Guemar Sand Dune (GSD) which is the lowest resistance.

This improvement in resistance is due to the combination of the two types of sand [16], which led to improvement in the
coefficient of smoothness, as this mixture contained sand particles of larger dimensions than that of the dune sand, which
led to a good granular distribution resulting in the closure of the voids [17] that are in the concrete sand dune and thus
increase in bending resistance [18].

Effect on the environmental conditions

The aim of this part is to study the effect of the preservation medium on each type of sand concrete separately.
According to Fig. 8, it appears clearly that the effect of the preservation medium on concrete was very weak. This effect
on sand dunes concrete (GSD) was 6.67% did not exceed 0.69% for Oued El-Ratm concrete (NSR) and achieved just
0.688% for the mixed sand concrete. This is noticeable in all mechanical resistance, especially compression and flexion.
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Figure 8: Impact of preservation medium in the case of compressive strength.
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Effect on sand grains

Here, we cannot be sure unless we know how this medium affects each type of sand, so we saved sand samples in this
medium in parallel with concrete samples and treated them with dental x-rays (DRX) and revealed with an electronic
detector MB. The obtained results for the GSD and NSR sand concrete are shown in Figs. 10 and 11 respectively as
follows:
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Figure 10: X-ray processing cutve for Guemar Sand Dune (GSD) grains.
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Figure 11: X-ray processing curve for Natural Sand Oued El-Ratm (NSR) grains.

The X-ray treatment DRX for sand dunes and natural sand for Oued El-Ratm (Figs. 10 and 11) shows that its nature is
mainly from SiO; silicates as quatrz is the main metal of its compostion, and on a secondary basis there are some elements
such as CaCOj and gypsum with traces of clay minerals in the other one.

According to [19], the absence of traces of active catbon rocks or stones such as dolomite or magnesite in fine debtis
means that the sands studied have a chemically stable composition, and are capable of producing slurry or concrete
without alkali-alkaline reaction.

Nor did the effects of harmful substances that make up the preservation medium appear on these sand compositions,
which indicate their non-interaction with them and thus the stability of this substance in this medium and with studied
concentration.

The effect on the bond resulting from the rebydration of cement

After removing the samples from the preservation medium, it was noticed that a thin white layer formed on the surface of
the samples, which it was processed with X-ray. The results of this treatment are shown in Figs. 12, 13 and 14 for 100%
GSD samples, 40% GSD + 60% NSR and 100% NSR samples respectively.
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Figure 12: X-ray treatment curve for sediments on 100% GSD samples.
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Figure 13: X-ray treatment curve for sediments on samples 40% GSD + 60% NSR.
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Figure 14: X-ray treatment curve for sediments on 100% NSR samples.

The results of X-ray treatment shown in Figs. 12, 13 and 14 allows us to say that these white deposits are made of
Trangite known by its chemical formula 3CaO. AlLOs. 3CaSO4 31H2O as it showed a new compound containing
elements from the aggressive medium, which is CaCly, as well as the gypsum substance known as CaSOs. 2H>O.

As a result of the interaction of C-S-H and CaC, the basic components of cementation hydration with the harmful ions Cl
and SO*— gives a new white substance deposited on the surface of the samples according to the following reaction

Gypsum H,SOy + Ca(OH) CaS04.2H,0

This has been transformed into Trangit in the presence of Tri calcium Yemenite C3A according to the formula:
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3CaSO4 +3 CaO. A1203. 6H20 + 25H20 —————————————— 3CaO. A1203.3CQSO4.31H20

The presence of gypsum may be through the interaction of sulfate acid with the calcium element in the sand used in
mixing the concrete.
As for calcium chlorides, they were produced through the reaction:

Calcium chloride HCI + Ca (OH)p------------- H>O + Ca(Cl),

These precipitates, which formed a white layer, have weak pressure resistance compared to concrete resistance. This layer
was supetficial and thin, but it affected the resistance with a weak degree as well [20-23].

This layer is natural to form because a type of cement that is resistant to the sulfate material [24] was used. The behavior
of the products of this cement’s interaction with water is known to be a white layer consisting of these compounds
(CaSO4.2H,0 and CaCly) and others to play the role of guard for the concrete core from entering and penetrating harmful
materials from the aggressive medium surrounding the concrete body [20, 25, 26].

CONCLUSION

researches show that Sand Dunes could be exploited in concrete after a granular correction. Sand of Oued El-Ratm
(SR) was never used previously in construction fields in Algeria. The phenomenon of rising aggressive water
existing in the desert of Algeria is simulated in this experimental investigation by conserving the sand concretes samples in
aggressive water with high concentration of chlorine (Cl)) and Sulfur ions (SOy4) which simulates the water existing in the
desert area of Algeria. Three types of concrete made with various sands: 100% Guemar Sand Dune (GSD), 100% Natural
Sand Oued El-Ratm (NSR) and a mixture of 40% GSD+ 60% NSR are considered in this study.
The evolution of compressive and flexural strength with age for the concrete preserved in plain water and those preserved
in the aggressive water are measured experimentally and the effect of the aggressive water is studied for all types of sand
concretes considered in this work. The main objective of this experimental investigation was the exploitation of existing
resources such as the sand of the dunes in the Algerian desert.
The key findings of this experimental investigation are:

: ; and concrete has a large interest in many countries for the resources available. Several national and international

e Natural Oued El-Ratm sand (NSR) has an acceptable coefficient of smoothness equal to 2.35, and its graininess is
within the reference range.

e  Guemar Sand Dune (GSD), its fineness coefficient is acceptable equal to 1.61, which is small if the sand is fine,
and its grainy gradation is mostly outside the reference range, so we corrected it by mixing it with Natural Oued
El-Ratm sand (NSR).

e The mixing ratios that gave an acceptable value for smoothness factor are 60% (NSR) + 40% (GSD), which gave
a coefficient of smoothness equal, to 2.24, and we curved it within the reference curve.

e The resistance of sand concrete made with 100% (NSR) of Natural Oued El-Ratm sand is good compared to the
resistance of regular mortar. This opens new horizons to take advantage of this abundant mine, which will yield
significant returns for investing countries and companies.

e Compression resistance improved when 60% of Natural Oued El-Ratm sand (NSR) was added to Guemar Sand
Dune (GSD), an acceptable improvement of 23.13% compared to witness concrete (dune sand concrete).

e The bending resistance improved when adding 60% 60% of Natural Oued El-Ratm sand (NSR) was added to
Guemar Sand Dune (GSD) was an acceptable improvement of 30.20% compared to witness concrete (dune sand
concrete).

Using the sands of Oued El-Ratm sand (NSR) alone or mixed with sand dunes gives concrete resistance to the aggressive
media present in the oases of Oued Souf if we use cement anti-sulfate CRS. This means that the used sand was not
affected by the aggressive environment, which enables us to exploit it in construction.

This means valuing the sand of the dunes in the Algerian desert, using them in construction, to provide us with two
important things:

1. Preserving the environment from the movement of this sand by utilizing it and thus reducing its quantities.

2. Contributing to providing new building sand to cover the shortage of natural sand suitable for construction.
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Such a study, which deals with discovering new mines and resources for building materials, would open fields of
competition for various international companies to invest in the exploitation of such new resources and thus benefit the
countries that own them.

NOMENCLATURE

SD: Sand Dunes

SR: Sand of Oued El-Ratm

GSD: Guemar Sand Dune (El-Oued)
NSR: Natural sand from Oued El-Ratm
FM: Fitness modulus

SE: Sand equivalent

CRS: Sulfate Resistant Cement

W /C: Water/Cement ratio

Rc: Compressive strength (MPa)

Fc: Load of rupture (N)

b2: Cross-sectional area

DRX: Dental x-rays

MB: Electronic detector
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