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Abstract
This study focused on studying the possibility of using concrete with incorporation of slag from blast furnace in the filling of short steel columns.
The natural sand was totally or partially replaced by the sand slag in the composition of the concrete. The characterization of these concretes was
made based on their physical properties (apparent and specific densities, porosity and fineness modulus), mechanical properties (compressive and
tensile strengths) and the microstructure analysis by scanning electron microscopy (SEM). The comparison with the conventional concrete was
made. The experimental results show that the percentages of sand slag on the concrete composition have an important effect on the enhancement
of the mechanical proprieties. The comparison of the different determined characteristics shows the benefits of the use of sand slag in the concrete
composition compared with the conventional concrete.
© 2018 Sociedade Portuguesa de Materiais (SPM). Published by Elsevier España, S.L.U. All rights reserved.
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1. Introduction
There are environmental problems due to the excessive use
of natural resources to produce construction materials, like concrete. The use of local resources and the search for a new range of
building materials, can solve at least part of the problems. In this
context, the debate opens on the formulation of new concretes,
which would incorporate an abundant and untapped resource,
presenting similar characteristics to the conventional concrete
[1]. The incorporation of granulated blast furnace slag can lower
the cement content and be an alternative to the rigid economic
structure, replacing conventional aggregates by slag aggregates,
accessible at lower costs. Compared to conventional concrete,
the implementation of this concrete does not have any particular problems [2–5]. The mechanical strengths can be enhanced,
provided that the sand replacement ratio is lower than 30% [6].
Also, the use of copper slag aggregate compared with limestone
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aggregate increased the concrete mechanical strengths [7]. The
use of an industrial waste, as a substitute material, helps to save
large amounts of natural resources and to protect the environment. However, it is important the consideration of the transport
impact associated to the use of the industrial waste [8].
Few studies have been made on the characterization of this
concrete [9–16]. In this study, the complete replacement of conventional aggregates by slag sand, was evaluated. The different
physical and mechanical properties, and the microstructure of
the concretes, were determined.

2. Materials characterization
2.1. Cement and water
The cement used in this study was the commercial Portland
(CEMII) class 42.5 from cement factory of Hadjar Elsoud Skida,
Algeria. It is consistent with the Algerian standard NA422 [17].
It contains a granulated slag addition of blast furnace in the order
of 20% and 5% of gypsum. The chemical and mineralogical
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Table 1
Chemical and mineralogical compositions of the cement.
Chemical composition

Table 3
Physical properties of the sands.

Mineralogical composition

Substances

Percentage

Minerals

Percentage

CaO
Al2 O3
SiO2
Fe2 O3
MgO
Na2 O
K2 O
Cl−
SO3
Fire loss

58.59
6.58
24.92
3.65
1.21
0.08
0.85
0.00
2.17
1.70

C3 S
C2 S
C3 A
C4 AF

50–65
10–25
9–12
7–11

Characteristics

Dune sand (0/2.5 mm)
(kg/m3 )

Apparent density
1610
Specific density (kg/m3 ) 2680
Porosity (%)
40
Fineness modulus (M.F.)
2.5
Water content (%)
–
Sand equivalent ES (%)
80.52

Sand slag (0/3.15 mm)
1570
2630
41
2.46
0.35
83.95

Table 4
Chemical compositions (%) of the different sands and filler.
Components (oxides)

Table 2
Physical properties of the cement.
Characteristics

Cement type CEMII/A-42.5
(kg/m3 )

Apparent density
Specific density (kg/m3 )
Normal consistency (%)
Initial setting time (min)
Blaine specific surface (cm2 /g)
Fineness of grind (%)

1057
3100
29
154
3480
9.6

3

Histogram

Natural sand

Al2 O3
BaO
CaO
Cr2 O3
CuO
Fe2 O3
K2 O
MnO
MgO
NiO
SiO2
SrO
TiO2
SO3
ZrO2

Sand slag

1.70
0.02
0.51
0.09
0.01
0.66
0.45
0.01
–
0.01
96.5
<0.01
0.04
–
0.01

Filler slag

9.02
0.57
39.8
0.03
0.01
1.63
0.38
1.32
3.13
–
42.2
0.22
0.10
1.54
–

9.25
0.46
40.5
0.03
0.01
0.48
0.46
1.47
4.08
0.01
41.5
0.23
0.09
1.44
–
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Fig. 1. Grading curves of the cement.

Fig. 2. Grading curves of aggregates.

compositions and the physical characterization of the cement are
presented in Tables 1 and 2. The grading curve of the cement
is given in Fig. 1. Tap water was used in the composition of
the concretes. The water was at a temperature of 20 ± 2 ◦ C. Its
quality conforms to the requirements of the standard NFP 18-404
[18].

Table 4. All properties were measured following the standards
NF P18-553 [19], NF P18-555 [20], NF EN 933-8 [21] and NF
P18-560 [22]. The grading curves of the different sands are given
in Fig. 2.

2.2. Sand

2.3. Coarse aggregates

The used natural sand (0/2.5 mm) is from Tebessa quarry,
Algeria, and the slag sand (0/3.15 mm) is from blast furnace of
the El Hadjar steel complex, Algeria. The physical properties of
the sands are presented in Table 3. The chemical compositions
were determined with fluorescence X-ray test with Panalytical Philips X’unique II machine. The results are presented in

The coarse aggregate used is composed with fractions of
crushed stone (5/15 mm) from the Souk Ahras region, Algeria. The apparent density measured is 1300.0 kg/m3 , the specific
density is 2500 kg/m3 and the Los Angeles coefficient is equal
to 23.04% (hard). These properties were measured by NF P18560 [22], NF P18-554 [23] and NF P18-573 [24]. The grading
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Table 5
Physical properties of the coarse aggregates.
Characteristics

Table 7
Technical characteristics of the super plasticizer.
Coarse aggregates 5/15 mm

(kg/m3 )

Apparent density
Specific density (kg/m3 )
Porosity (%)
Water content (%)
Absorption coefficient (%)

(kg/m3 )

Bulk density
Absolute density (kg/m3 )
Fineness (cm2 /g)

Adjuvant TEMPO12

(kg/m3 )

1300
2500
48
0.79
2.55

Density
pH
Dry extract
Ion content Cl−
Na2 O content eq.
Range of use

Table 6
Physical properties of the filler slag.
Characteristics

Characteristics

1.06 ± 0.01
6±1
30.2 ± 13%
≤0.1%
≤1.0%
0.2–3%

3. Experimental program
Filler slag
1275
2955.3
5501.9

curve of the coarse aggregate is given in Fig. 2. The physical
properties of the coarse aggregate are shown in Table 5.

2.4. Mineral addition
In this study, granulated slag filler was obtained primarily
by milling by-products of the steel industry blast furnace of ElHadjar. The glass structure, with a rate of 97%, confirms that it
has low hydraulic power. The slag was comminuted to fineness
higher than that of the cement. The chemical composition and the
physical properties of the addition are shown in Tables 4 and 6.

2.5. Super plasticizer
In this study, a high water reducer super plasticizer based in
an acrylic copolymer and named SIKA VISCOCRETETEMPO
12 was used. The super plasticizer respected the exigencies of
the standard NFEN934-2 [25]. The technical characteristics of
the admixture are presented in Table 7.

3.1. Specimens preparation
In this study, 72 specimens were prepared involving four
types of concretes, for all tests. Concrete mixes containing either
natural or slag sands were studied and compared. Four different
mix designs were investigated for the concretes with natural and
slag sand (Fig. 3). The first one was a control mix and did not
contain any granulated blast furnace slag. It is designated by BO.
Two of the mixes contained slag sand replacing100% of the natural sand which are designated by BSI and BSII, with different
percentages of filler slag and the use of super plasticizer. The
last one contained 28% of natural sand and 72% of slag sand
which is designated by BSIII. The complete proportions for the
mixes BO, BSI, BSII and BSIII are given in Table 8.
Table 8
Mix proportions and workability of the concretes.
Materials

Unit

Cement CPJ 42.5
w/c calculated
w/c real
Sand dune 0/2.5
Sand slag 0/3.15
Coarse aggregates 5/15
Slag filler
Super plasticizer
Slump

kg/m3
–
–
kg/m3
kg/m3
kg/m3
kg/m3
kg/m3
cm

Fig. 3. Concrete specimens.

BO

BSI

BSII

350
300
300
0.5
0.81
0.6
0.58
0.88
0.7
737
–
–
–
1540
1530
1075.3
–
–
–
200
78
–
–
6
6
6
6

BSIII
300
0.61
0.88
500
1275
–
200
–
6
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4. Results and discussion

4.3. Microstructure characterization

4.1. Concrete slump

Micro structural analyses of the concrete specimens were
carried out by scanning electron microscope (SEM). The
microstructure and interface between the aggregate particles and
the cement matrix of the control concrete and the concrete containing 100% of crystallized slag sand were examined on the
crushed sample surfaces.
The photos of Figs. 6–9 show the presence of micro pores
visible at the level of the cement matrix and which differs from
one concrete to the other. This is explained by the difference
in the granular distribution. The figures also illustrate the good
compactness of the two concretes used in this study, with the
presence of a very small micro porosity.
In Figs. 6 and 7, certain heterogeneity of the matrix can be
observed which is explained by the presence of a high number
of micro pores and a lower bond aggregate-matrix. This can be
better seen at a higher magnification.
The BSII microstructure with granulated slag filler appeared
to be fairly compact (Figs. 8 and 9), with the presence of some
iron-rich elements (white color) and with the texture of the
hydrates becoming more compact and homogeneous. This is
mainly due to the involvement of the granulated slag in the
secondary HSC formation process.
The bonding between sand and cement paste at the interface
(no tearing) is very strong, as well as the fineness of the component in the immediate vicinity of the sand (Figs. 8 and 9). This
state of the microstructure approves the pozzolanic or reactive
character of the granulated slag filler.

The slump test was performed in accordance with the
standard NFP18-451 [26]. The four types of concrete BO, BSI,
BSII and BSIII were formulated with a plastic consistency, with
a slump of 60 ± 1 mm. Fig. 4 shows the different results of the
real and calculated water/cement ratios of the studied four types
of concrete. The water/cement ratio increases with the amount of
slag sand due to the increase of the fine particles and the cavities
found in the slag sand particles [27]. However, the concrete with
super plasticizer presented a lower water/cement ratio because
the dispersant super plasticizer action increases the workability
of concrete, increasing the slump.

4.2. Density
The density was determined using the standard NF EN 123506 [28]. The results are shown in Fig. 5. As for a conventional
concrete, the density of the slag sand concrete depends on its formulation. The results of the density show that the compactness is
improved with the increase in fines content added to the mixtures
BSI and BSIII. The increase in compactness can be explained
by the fact that the fine additions lodge in the intergranular voids
of the sand.

W/C cal

4.4. Compressive strengths

W/C real

Water/cementratio

1
0.8
0.6
0.4
0.2

B.O

BSI

BSII

BSIII

Concrete type

Fig. 4. Variation of the water/cement ratios for different concrete types.

∆0 theoretic

3

∆ real

The compressive strengths were determined with
12 cubic samples of concrete with dimensions
150 mm × 150 mm × 150 mm. The compressive strengths
of the concrete were obtained at different conservation days,
using a 500 kN compressive hydraulic testing machine. The
compression tests were conducted in accordance with the
standard NF P 18-406 [29]. For the four types of concrete
the compressive strength increased with the conservation time
(Fig. 10). The results also show that the compressive strength
of concrete BSII is higher than that of the other concretes (BO,
BSI and BSIII). This can be explained by the porosity decrease
showed by the micro structural analysis. For this result also
contributed the use of super plasticizer and the pozzolanic
effect evidenced by the granulated slag filler.

Density kg/m3

2.5

4.5. Tensile strength

2
1.5
1
0.5
0

B.O

BSI

BSII

BSIII

Concrete type

Fig. 5. Density of the different concretes.

The tensile strength was determined using the standard BS
1881 [30]. The splitting tensile strengths of the concrete mixes
are compared at different curing ages, 7 and 28 days (Fig. 11).
The results show that the tensile strengths largest recorded values
are that of the concretes BSI and BSII, whose natural sand was
completely replaced by the slag sand. The composition of these
concretes also included slag filler. The tensile strength increased
almost 100% for mixes BSI and BSII compared to mix BO.
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Fig. 6. SEM micrograph showing the structure of the conventional concrete – BO (1000×).

Fig. 7. SEM micrograph showing the structure of the conventional concrete – BO (2000×).

Fig. 8. SEM micrograph showing the structure of concrete BSII (1000×).
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Fig. 9. SEM micrograph showing the structure of concrete BSII (2000×).
40

Bendong strenght (MPa)

5

Compressive strenght (MPa)

35
30
25
20

BO

15

BSI

10

BSII
BSIII

5

4
3
2
1
0

0
0

20

40

60

80

BO

100 120 140 160 180 200

Fig. 10. Compressive strengths of the concretes.
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Fig. 12. Bending strengths of the concretes.

super plasticizer, in its composition. The BSII concrete strength
growths 59% compared with the conventional concrete BO. The
bending tensile strength mainly depends on the paste/aggregates
adhesion, improved by the use of the slag filler and the super
plasticizer.

4
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3
2.5
2
1.5

5. Conclusion

1
0.5
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BSI

BSII

BSIII

Concrete type

Fig. 11. Tensile strengths of the concretes, at 7 and 28 days.

This can be explained by the pozzolanic effect evidenced by the
granulated slag filler.
4.6. Three points bending strength
The three points bending test was performed according to
ASTM D 790-81 [31]. The bending strengths, shown in Fig. 12,
are the average of twelve specimens for each type of concrete.
The BSII concrete, with natural sand completely replaced by
the slag sand, has the highest bending strength between all
the concretes. The BSII concrete also includes slag filler and

The concretes with incorporation of blast furnace slag sand
represent a new family of construction materials. The respective
fields of application depend on the performance, cost and availability of the components. To set performance-based concrete
with incorporation of blast furnace slag El-Hadjar, a general
characterization was essential. This characterization was made
by microstructure analysis and determination of the mechanical properties, like compressive, tensile and bending strengths.
The results analyses made possible to conclude several positive
points:
- Microstructure modifications at the cement matrices level and
at the interface zones were observed. The possible pozzolanicity of the used filler was observed.
- The resistance of the slag concrete comes from the lower
porosity compared with the conventional concrete. It can be
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deduced that the compressive strength depends on the nature
and strength of the formed hydrates, on their association mode
and on the porosity.
- A strength gain was obtained with the incorporation of granulated slag filler and super plasticizer, in the concrete. This
was due to the reactivity of this type of filler and the lower
water/cement ratio enabled by the super plasticizer.
- The use of granulated slag filler and sand in the concrete manufacturing can have a direct relationship with the concrete
cost, minimizing the amount of cement in the concrete composition, and increasing the mechanical characteristics of the
concrete.
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