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The management of mining waste is one of the major environmental problems which are facing the
mining professionals, during their activity and even after the closure of the mine. Indeed, excavated
materials from mines belong to a category of waste, and especially when dealing with an open pit,
are generally left on the surface.In this experimental study, the utilization of sand waste marble dust
as an additive in cement production has been investigated. The aggregate used in this study is a
sand of marble wastes (excess loads of sand exposed to bad weather conditions) of the derived
marble quarry from Fil-fila (Skikda, east of Algeria). The study focuses the effect of marble waste
sand fillers substitution in the cement paste and mortar (5, 10, 15 and 20%) with a finesse greater
than that of cement, to compare the results obtained through control samples (0%) of cement paste
properties in the fresh condition and the mechanical performances of mortar in the hardened condi-
tion. The obtained results show that the sand marble wastes fillers can be technically used as addi-
tive in cement. Therefore, it can be possible to prevent the environmental pollution especially

in this region with excessive marble production and to well manage natural resources.
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INTRODUCTION

Waste management is currently one of the major
encountered problems especially in developing
countries. Our study is registered in a politic of
recycling and valorizing of wastes that can be
used in the cement formulation. According to
Amritpal and Rajwinder , (2015) [01] the con-
sumption of cement and cost are more and
more increasing, blended cement based on the
partial replacement of Portland cement clinker
by wastes has been recently the object of many
investigations (Gurumoorthy, 2014) [07]. Cori-
naldesi and al, (2010) [6] reported that marble
waste, consisting of very fine particles, was
one of the environmental problems around
the world . However this marble dust can be
used either to produce new products or as
an admixture so that the natural sources are
used more efficiently and the environment will
be saved properly (Hameed and Sekar, 2009)
[08]. Many studies have shown the importance
of using these wastes, Hebhoub et al (2013) [10]
have recently used this type of waste as sand
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introduced in mortars. Using marble waste in
hydraulic concrete and mortars were also stud-
ied by evaluating their fresh and hardened state
properties (Hebhoub and al (2011), Aruntas
and al (2010), Belaidi and al, (2012)) [9, 2, 3].
The world preoccupation aims firstly at reduc-
ing the cost of cement and secondly the envi-
ronment’s impact, Therefore, construction in-
dustry is seeking to other alternatives in order
to meet the needs of cement manufacturing
as it was demonstrated by Niyazi ugri, (2013)
[13] . We are so interested in making a cement
CEM Il from a cement CEM | by adding fillers
of marble waste sand (marble powder exposed
to bad weather conditions).In this study we re-
cover and introduce this type of marble (marble
waste sand) from the quarry of Fil-fila as sub-
stitute filler in cement, the deposit is located in
25 km in the eastern side of Skikda city, Algeria.
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Figure1: Marble powder exposed to bad weather conditions of Fil-fila quarry (Algeria)

CHARACTERIZATIONS OF THE USED
MATERIALS

The materials used, in this study, are:

e Cement CEM | class 42.5 coming from the
cement works of Hdjar Soud Company (Al-
geria).

* Fillers of marble waste sand are obtained
from the local quarry by grinding in a stan-
dard normalized ball.

* The mortars are prepared with standard sand
CEN according to the norm EN 196-1, this

natural siliceous sand with an apparent den-
sity of 1.63 g/Cm?® and an absolute density of
2.5g/Cm3, this sand is inert from a chemical
point of view with fineness module of 2.33.

The results characterizations tests are shown in
the Table 1.

According to the results listed in Table 1 and
chemical analysis, the marble waste sand is lime-
stone fillers (98.67 C_CO,). The addition of mar-
ble waste sand fillers in cement leads to increase
the CaO quantity. This increase gives a lot of C3S
and reduces the quantity of C,S, C,A and C4AF.

Table 1: Results of characterizations tests

Characteristics | CEM 1425 | Marblewastes | oy, octeristics | CEM142.5 | Marble wastes
Absoluts den- 3.33 2.79 Insoluble residue 0.85 0.035
sity (g/cm3)

(Sglgicrifg;(sc;rﬁ";‘gﬁ 3200 6500 CaO (free) 0.4 -
Ccao 61.31 55.29 MS 252 -
ALO, 5.45 0.14 MAF 1.54 .
Fe,O, 3.54 0.09 LSF 0.88 .
Sio, 2273 0.53 MH 1.93 -
MgO 0.48 0.2 c,s 28.14 -
Na,O 0.19 0.00 c,S 38.71 -
K,0 0.63 0.01 CA 8.45 -

Cl- 0.035 0.025 C,AF 10.76 -
SO, 2.44 0.04 caCo, - 98.67
Loss on ignition 2.45 43.40
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EXPERIMENTAL PROGRAM

In the experimental program, we study the sub-
stitution of a cement part by the marble wastes
sand additions, by varying the substitutions rate
(0%, 5%, 10%, 15%, 20%). The work is divided
into two series.

Step 1:

Manufacture starting from cement CEM | and
marble wastes sand fillers a cement pastes with
substitutions rates (0%, 5%, 10%, 15%, 20%).
The constants and variables parameters are wa-
ter/cement ratio which is equal to 0.27 and the
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|

substitution rate respectively. Tests made in this
company are consistency, setting and steadi-
ness.

Step 2:

Manufacture starting from cement CEM | and mar-
ble wastes sand fillers mortars with substitutions
rates (0%, 5%, 10%, 15%, 20%).The constants
and variables parameters are water/cement ratio
which is equal to 0.5 and sand, substitution rate
respectively. Tests on hardened mortar samples
are compressive, tensile strengthin flexionat 2, 7,
28 and 90 days and shrinkage testat 2,7, 28 days.
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Figure 2: Variation of consistency according to the substitution rate.

EFFECT OF MARBLE WASTE SAND
FILLERS ON THE CEMENT PASTE
CHARACTERISTICS

Consistency

Generally, the consistency variation is weak
for all mixtures. The bad consistency is ob-
tained for the witness concrete of 0% substitu-
tion rate (cement rich in C3A) in accordance
with Messan, (2006) [11], for a specific sur-

face Blaine of the marble wastes higher than
that of CEMI, the variation is a decreasing
substitution function till 5% where the effect
reverses to stabilize between 10% and 20%.
As a consequent, the fillers effect is insignificant.
From this perspective, Neto and Campiteli, (1990)
[12] found out that the consistency of cements,
containing up to 15% of limestone rich in CaCO3,
decreased, especially for the finer cements.

—&— Start sething time

——End sethng time

Start and end of sethng
time (min)

0% 5%

10% 15% 20%
Substitution rate

Figure 3: Variation of the start and end of setting time versus the substitution rate
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Start and end of setting time

The figure 3 gives the variation of setting time’s
start and end concerning the substitution rate.

Vuk and al, (2001) [16] point out that the ef-
fects of clinker composition were less signifi-
cant when the cement fineness was higher. In
this study; the results show that the importance
of the specific surface of Blaine is in a reversal
relation with time. For W/C constant, the start
and the end of setting time vary according to
the substitution rate, the minimum values are
obtained for the witness concrete (the pres-

ence of a large quantity of C3A giving a fast set-
ting) as it was proved by Messan, (2006) [11].
The maximal values are obtained for a substi-
tution rate of 15% of the marble wastes fillers.

Steadiness

The hydration reaction is accelerated by a ther-
mal treatment of the cement paste so that they
can note the possible expansion of the cement
in a very short time. We check the stability to en-
sure that the cements do not contain substanc-
es causing, over time, a dangerous expansion.

Steadiness (mm)

0

Ls //\g\/

0% 5%

10% 15% 20%

Substitution rate

Figure 4: Variation of the steadiness versus the substitution rate

For a specific surface Blaine of marble wastes
sand fillers higher than that of cement CEMI,
the maximal value is obtained for a substitu-
tion rate of 5%, beyond this value, the expan-
sion is a decreasing function and the pointer
opening remains always inferior to 10 mm.

EFFECT OF MARBLE WASTE SAND FILLERS
ON THE MORTAR CHARACTERISTICS

Compressive strength

In the Figure 5, the effect of the substitution
rate on the compressive strength for a spe-
cific surface Blaine of marble wastes sand fill-
ers higher than that of cement, is indicated.
The best compression performances are given by

the mortar of 5% of substitution rate; the variation
in short-term (2, 7 days) is less important than
the one in medium and long terms (28, 90days).

The substitution rate increase leads to improve
the resistance of the withess mortar till a sub-
stitution rate of 5% for all terms. Pawar and al,
(2014), Caré and al, (2002) [14, 5]; found that
this percentage was estimated at 10%, the ef-
fect is reversed beyond 5%. Between 0% and
5% of substitution rate, the CaO increases;
that gives a high compressive strength, the
CaCOg3 presence favors the hydration of the
C3S from the first moments all the more since
the particles are fine (Caré and al, (2002)) [05].
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Figure 5: Variation of the compressive strength versus the substitution rate
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Benia, (2011) [04] explains that the spe-
cific surface of Blaine is proportional to
the speed of the hydraulic reaction and
the resistance increase in a short term.
The C,S reacts slowly, it confers to cement a
resistances lower than the C,S, but it develops
them in a long-term, that explains the resistanc-

es between 28 and 90 days.
Flexural strength

The bestperformances are obtained forthe formu-
lation of 5% of substitution rate. The order of mix-
tures classification is the same for all formulations.
Fora stronger specific surface of Blaine, the differ-
ent formulations behavior is the same in medium
and long terms, the maximal value is obtained for
a substitution rate of 5% while the minimal value,

in accordance with the study executed by Rai
and al, (2011) [15] is obtained for a rate of 20%.

Shrinkage

The Figure 7 shows the shrinkage variation ac-
cording to the substitution rate.

The shrinkage variation of 2 days according to
the substitution rate is insignificant, the addition
effect is more remarkable in the seven day, we
can also note a shrinkage increase between 0%
and 10% according to the substitution rate, and
the speed is the same in 28 days. The shrink-
age increase is proportional to the one of age.
The grind fineness is proportional to the
speed of hydration reactions and the shrink-
age, as approved by Care and al, (2002) [05].
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Figure 6: Variation of the tensile strength in flexion versus the substitution rate
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Figure 7: Variation of the shrinkage versus the substitution rate
CONCLUSION they decrease the quantity of C3A.

This work is about the study of the salvage
of marble wastes sand as an additive in ce-
ment. We conclude, from this study, that:
« The addition of marble wastes sand fillers
leads to ameliorate the cement consistency;

126

» The stability maximal value is obtained for a
substitution rate of 5%.

+ Adding marble wastes fillers accelerates,
in a short term, the mechanical resistance
of mortars, for a higher specific surface of
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Blaine, which implies that the addition of
sand marble wastes sand fillers, with high
grinding fineness in cement, allows immedi-
ate formwork.

» The substitution of clinker by sand marble
waste sand fillers gives a good mechanical
resistance when finesse is really increased.

» The increase of substitution rate improves
the resistance of withess mortar till a substi-
tution rate of 5% for all terms.

» The best performances, in compressive and
tensile strength in flexion, are given by a
mortar of 5% of the substitution rate.

* Introducing sand marble wastes sand fillers
leads to increase the cohesion.

* The grind fineness is proportional to the
speed of hydration reactions and the shrink-
age.

» The addition of 5% of marble wastes sand
fillers permits to move from CEMI cement
of the 42.5 class to CEM Il of the 52.5 class
for a specific surface of Blaine superior to a
specific surface Blaine of cement CEMI.
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