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This paper presents the results of an experimental investigation carried out to study the effect of granu-
lated blast furnace slag and two types of superplasticizers on the properties of self-compacting concrete
(SCC). In control SCC, cement was replaced with 10%, 15%, 20%, and 25% of blast furnace slag. Two types of
superplasticizers: polycarboxylate based superplasticizer and naphthalene sulphonate based superplast-
icizers were used. Tests were conducted for slump flow, the modified slump test, V-Funnel, J-Ring, U-Box,
and compressive strength. The results showed that polycarboxylate based superplasticizer concrete
mixes give more workability and higher compressive strength, at all ages, than those with naphthalene
sulphonate based superplasticizer. Inclusion of blast furnace slag by substitution to cement was found to
be very beneficial to fresh self-compacting concrete. An improvement of workability was observed up to
20% of slag content with an optimum content of 15%. Workability retention of about 45 min with 15% and
20% of slag content was obtained using a polycarboxylate based superplasticizer; compressive strength
decreased with the increase in slag content, as occurs for vibrated concrete, although at later ages the dif-
ferences were small.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Increased productivity and improved working environment
have had high priority in the development of concrete construction
over the last two decades. Self-compacting concrete (SCC) is con-
sidered as a concrete which can be placed and compacted under
its own-weight with little or no vibration effort, and which is at
the same time cohesive enough to be handled without segregation
or bleeding [1]. For this reason, self-compacting concrete (SCC) has
been increasingly used in concrete construction. The principal rea-
sons for the growing interest in SCC is because of the ease in place-
ment of this type of concrete in heavily reinforced areas which are
otherwise difficult to access, the reduced effort in accomplishing
some of the casting tasks and the significant reduction of the con-
struction period. Along with these advantages, in terms of environ-
ment, this technology will enable a considerable reduction of the
acoustic noise levels and the use of secondary raw materials [2].
Additionally, the technology has improved the performance in
terms of hardened material properties such as strength, durability,
and surface quality.

SCC is a complex system that is usually proportioned with one
or more mineral admixtures and one or more chemical admixtures.
ll rights reserved.

ri).
A key factor for a successful formulation is a clear understanding of
the role of the various constituents in the mix and their effects on
the fresh and hardened properties [3]. Successful self-compacting
concrete must have adequate rheological properties [4]. Variations
in cement or mineral additives due to changes in the production
process as well as changes in aggregate type, e.g. from one sand
pit to another, were observed to cause large variations on proper-
ties of fresh SCC. Therefore, it is of great importance to have a ro-
bust mixture, which is minimally affected by the external
sources of variability [3]. The robustness checking is recognised
as an important step in the SCC design process [5].

Superplasticizers added to concrete provide a better workabil-
ity. Understanding and quantifying effects of superplasticizers in
concrete is a complex task. Even for non-reactive systems, such
as ceramic suspensions, the stabilising effects of dispersants are a
subject of ongoing research. In cementitious systems, hydration
reactions can perturb the behaviour of suspensions [6]. Dispersion
of agglomerated cement particles is recognised to constitute the
main method by which superplasticizers improve the workability
of concrete without increasing the water content. Quantifying this
mechanism is a difficult task and is further complicated by the
ongoing hydration reactions of cement. Understanding these ef-
fects is a key aspect for predicting which combinations of cement
and superplasticizers will lead to best workability and which ones
will not.

http://dx.doi.org/10.1016/j.cemconcomp.2011.08.013
mailto:el-hadj.kadri@u-cergy.fr
http://dx.doi.org/10.1016/j.cemconcomp.2011.08.013
http://www.sciencedirect.com/science/journal/09589465
http://www.elsevier.com/locate/cemconcomp


Table 1
Chemical analysis and physical properties of cement and slag used (%).

Chemical constituent Cement (%) Slag (%)

SiO2 21.7 40.1
CaO 65.7 42.2
Al2O3 5.2 6.0
Fe2O3 2.7 2.0
MgO 0.7 4.7
SO3 0.6 0.15
MnO – 2.6
K2O 0.4 1.2
TiO2 – 1.2
Na2O 0.7 –
CI 0.01 –
Loss on ignition 0.3 –
Specific gravity 3.15 2.95
Blain (m2/kg) 300 350
C3S 58.2
C2S 18.5
C3A 9.3
C4AF 8.2
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Dispersion forces, often also referred to as Van der Waals forces,
are the main cause for agglomeration of cement particles in con-
crete and of the poor resulting flow properties. To counter these
forces and improve flow, dispersants are added [7]. Important fac-
tors are the length of graft chains, degree of polymerisation, and
the density of graft chains. The characteristics of superplasticizers
depend on the raw materials and the synthesis conditions. There-
fore, the effect of the chemical structure of superplasticizers on
their performance can be different when the manufacturer is dif-
ferent although the basic structure and working mechanism are
the same. This is one of the difficult points of the fundamental
study of superplasticizers [8].

According to Sicker et al. [9], the fluidity of cement pastes with
conventional superplasticizers of type naphthalene sulphonate
(PS2) was found to depend on the molecular weight (viscosity).
Furthermore the retardation effect of this superplasticizer type
was shown to be roughly proportional to naphthalene sulphonate
concentration and strongly dependent on the C3A content of the
cement. They added that, the operative mechanism of new superp-
lasticizers of ‘‘polycarboxylic ether’’ type owing to electrostatic
repulsive forces is based on the negative charge of polycarboxylate
and steric repulsive forces on the cement particles based on long
side strains.

The mechanism of action of naphthalene sulphonate based
superplasticizer is different from the one of a polycarboxylate
based superplasticizer. The first one acts by electrostatic repulsion,
and the second one acts by steric hindrance effect [10]. This clearly
represents an objective of great practical importance.

One of the disadvantages of SCC is its cost, associated with
the use of chemical admixtures and use of high volumes of Port-
land cement. One alternative to reduce the cost of SCC is the
utilisation of mineral admixtures. The utilisation of supplemen-
tary cementitious materials is well accepted because of the sev-
eral improvements possible in the concrete composites and due
to the overall economy [11]. Due to the better engineering and
performance properties, mineral admixtures such as Silica Fume,
Fly Ash and Ground Granulated Blast-Furnace Slag are normally
included in the production of high strength and high-perfor-
mance concrete [12]. The use of any of these mineral admixtures
could increase the fluidity of the concrete and may reduce the
requirement of superplasticizer necessary to obtain a similar
slump flow compared with the same concrete containing cement
only [13]. In addition, the incorporation of these fine materials
can enhance the grain size distribution and the particle packing,
thus ensuring greater cohesiveness [14]. Slag is a mineral admix-
ture that has a chemical composition very close to the one of
cement and relatively constant. In the world, there is about
250 million tonnes of slag generated per year. Out of which only
90 million tonnes are used in the production of concrete.
Besides, it also offers several advantages like low heat of hydra-
tion, high sulphate and acid resistance, better workability, lower
permeability and higher corrosion resistance [15]. Sahmaran
et al. [16], have compared two types of superplasticizers, a poly-
carboxylate base superplasticizer and a melamine formaldehyde
based superplasticizer, with silica fume and metakaolin as min-
eral additions, and found out that the first one is more efficient
than the second one.

This paper reports on an ongoing research project on the per-
formance of SCC using slag. In this paper, we report mainly the
properties of fresh and hardened SCC looking for the optimum
dosage of slag to use. The second aim of this research project is
to compare the performance of two types of superplasticizers
especially concerning the loss of workability. The objective of
comparing two different chemical admixtures is to make the
point on their effectiveness with respect to workability and
strength.
2. Experimental methods

2.1. Materials

The materials used in this study were readily available on the
market. In this research Ordinary Portland Cement (OPC), Ground
Granulated Blast Furnace Slag (GGBFS), Sand, Gravel and Superp-
lasticizers were used. The concrete mixtures were prepared with
cement CEM I 42.5 with fineness of 3000 cm2/g and a specific grav-
ity of 3.15. The granulated slag used a fineness of 3500 cm2/g and a
specific gravity of 2.95. The physical and chemical properties of ce-
ment and slag used and their mineralogical composition are given
in Table 1. Continuously graded crushed coarse aggregates (3/8 and
8/15 mm) and a river sand (0/4 mm) were used. The water absorp-
tion capacities of coarse aggregates (3/8 and 8/15) and sand were
1%, 1% and 1.2%, respectively. In this study, two types of superp-
lasticizers were used, a polycarboxylate based superplasticizer
(SP1) and a naphthalene sulphonate based superplasticizer (SP2).
Polycarboxylate based superplasticizers are known for their in-
creased efficiency and their ability to develop strength faster com-
pared to those of the other generations. SP1 has a solid content of
30% and a specific density of 1.07%, whereas SP2 has a solid content
of 40% and a specific density of 1.1%.
2.2. Mix proportions and preparation

The basic components for the mix composition of SCC are the
same as used in vibrated concrete. However, to obtain the desired
properties of fresh SCC, a higher proportion of ultra-fine materials
and the incorporation of chemical admixtures, in particularly an
effective superplasticizer, are necessary. The mixture proportions
were based on Okamura et al. method [17], with improvements
made on the methods of selecting the fine aggregates content.
The sand-mortar weight ratio (Vs/Vm), the water-powder weight
ratio (Vw/Vp) and the superplasticizer-powder weight ratio (Sp/
p) were selected by a simple evaluation test for assessing the stress
transferability of fresh mortar [18]. For evaluation of the coarse
aggregate contents, Okamura’s method is maintained.

Superplasticiser were diluted in water before added to the con-
crete for a better distribution of admixtures within the mass of SCC
and practice in general confirms this [19].

SCC normally requires a more efficient mixing, longer mixing
time, to make sure that all constituents have been mixed thor-
oughly [20]. Hence, the following mixing procedure consisted in
mixing the aggregates with cement and slag together for half a



Fig. 1. U-Box test.

Fig. 2. Design and dimensions of the modified slump test apparatus.
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minute before adding 70% of necessary water during 1 min then
adding the remaining 30% of water containing the superplasticizer
during another 1 min. The mixing procedure is continued for an-
other 5 min, after that the whole mix is kept for settling for
2 min before remixing for just half a minute, immediately then
we started workability tests.

2.3. Test methods

2.3.1. Workability of mortar
Mortar serves as the basis for the workability properties of SCC

and these properties could be assessed by investigating self-com-
pacting mortars [19]. In fact, assessing the properties of SCMs is
an integral part of SCC design [21]. The aim of mortar tests is to
find the optimum dosage of both superplasticizers that can give
the best workability of mortar without segregation or bleeding.

Tests on mortar include flow spread and the V-Funnel for mor-
tar. In the flow spread test, the truncated cone mould is placed on
the plate, filled with mortar, and lifted. The subsequent diameter of
the mortar is measured in two perpendicular directions, and the
mean is taken. The V-Funnel test for mortar, suggested by Okam-
ura et al. [17], was used along with flow spread test to select a suit-
able water-powder ratio in the mix design and to observe its
variation with mix proportion. The Funnel is filled with 1.1 l of
mortar, and the flow time is that between opening the orifice
and the first daylight appearing when looking vertically down
through the funnel. Six tests (for each superplasticizer) on mortar
have been carried out for a constant water/cement (W/C) ratio of
0.4 using six superplasticizer dosages Sp/C(%) = 1.2%, 1.4%, 1.6%,
1.8%, 2.0% and 2.2%.

2.3.2. Workability and rheology of concrete
The functional requirements on a fresh SCC are different from

those on a vibrated fresh concrete. The difference can be summa-
rised in three requirements:

2.3.2.1. Filling ability. Complete filling of formwork and encapsula-
tion of reinforcement and inserts. Substantial horizontal and verti-
cal flow of the concrete within the formwork with maintained
homogeneity. In this study, the filling ability was measured by
slump flow, V-Funnel tests for concrete and T50 flow time.

2.3.2.2. Passing ability. Passing of obstacles such as narrow sections
of the formwork or closely spaced reinforcement without blocking
caused by interlocking of aggregate particles. In this study, passing
ability was measured by the J-Ring and U-Box tests (Fig 1).

2.3.2.3. Resistance to segregation. Maintaining of homogeneity
throughout mixing and during transportation and casting. The dy-
namic stability refers to the resistance to segregation during place-
ment. The static stability refers to resistance to bleeding,
segregation and surface settlement after casting.

The aim of carrying concrete workability tests is to find the
optimum dosage of slag that gives a good self-compacting concrete
without segregation or bleeding. Slag was added as a substitution
to cement by weight in the proportions of concrete with 10%,
15%, 20% and 25%.

Workability was measured immediately after mixing which
takes about ten (10) minutes. In addition to these tests, the slump
flow was measured at four different times after mixing to assess
the workability retention. The four times were: 0, 30, 60 and
90 min after the end of the mixing.

Tattersall was one of the pioneers of concrete rheology when, in
1991, he proposed using an instrumented mixer to obtain a more
complete characterisation of the flow characteristics of fresh con-
crete. He proposed describing the behaviour of fresh concrete using
the Bingham model in the following form:

s ¼ s0 þ l _c ð1Þ

where s is the shear stress applied to the material (in Pa), _c is
the shear strain rate (also called the strain gradient)(in s�1), s0 is
the yield stress (in Pa) and l is the plastic viscosity (in Pa s). The
last two quantities (the Bingham parameters, s0 and l) character-
ise the flow properties of the material. A modification of the slump
cone was developed to allow the measurement of viscosity [22].
The standard slump test can only be correlated with the yield
stress. The modification consists of measuring not only the final
slump height but also the speed at which the concrete slumped
(Fig. 2). The principle of the modified slump test consists of mea-
suring necessary time T for top surface of concrete sample inside
Abram’s cone to slump down at a height of 100 mm. The final
slump is then measured.

The yield stress, s0, can be calculated from the final slump S,
using the following empirical equation:

s0 ¼
q

347
ð300� SÞ þ 212 ð2Þ

where q is the density expressed in kg/m3, and S is the final
slump in mm. The viscosity can be determined from the 100 mm
slump time using an empirical equation [23].

l ¼ qT � 1:08� 10�3ðS� 175Þ ð3Þ

where q is the density (in kg/m3), S the final slump (in mm) and T is
the partial slump time (in s).
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The modified slump test is carried out to measure these two
rheological tests, yield stress and plastic viscosity, and find their
optimum values with respect to slag dosage.

2.3.3. Strength
In this study, compressive strength test on 150 mm cubes at

four different ages 7, 28, 56 and 90 days was carried out for differ-
ent slag contents.

3. Results and discussion

3.1. Mortar

The effect of two superplasticizers dosage on slump flow and V-
Funnel flow time are given in Table 2 and Figs. 3 and 4.

Fig. 3 shows the effect of both superplasticizers on the slump
flow. SP1 dosages of 1.6% and 1.8%, and SP2 dosages of 1.8% and
2.0% are within the range of slump flow of 250–300 mm as pro-
posed by Domone and Jin [19], 2% and more for SP1 and 2.2% for
SP2 have clearly shown some bleeding and segregation. Fig. 3 also
shows values of slump flow for mixes using SP1 higher than those
using SP2 for all dosages. Here we can clearly notice that a good
self-compacting mortar is obtained with a dosage of 1.6% of SP1
and 1.8% of SP2.

Fig. 4 shows the effect of both superplasticizers on the V-Funnel
Flow Time. SP1 dosages of 1.6% and 1.8% have had the lowest flow
times within the test of V-Funnel for mortars. SP2 dosages resulted
in the lowest flow times for 1.8% and 2.0%. For both superplasticiz-
ers, these lowest flow times are within the values of 2 to 10 s as
proposed by Domone and Jin [19]. The optimum percentages found
for the slump test are confirmed by the V-Funnel test.

Sicker et al. [9], concluded that different rheological properties
depend on the type of pozzolan and the polycarboxylic ether based
superplasticizer was the best for silica fume as well as for metaka-
olin. Our research using slag confirms this result.

From both mortar tests, Slump Flow and V-Funnel, we can rec-
ommend the followings:

For mortar mixes using SP1, the best dosage to use for concrete
mixes is 1.6%.
For mortar mixes using SP2, the best dosage to use for concrete
mixes is 1.8%.

Mortar mixes with SP1 accuse a better workability than for
mortar mixes with SP2. This was predictable since SP1 represents
the new generation of superplasticizers for mortar and concrete
mixes.

3.2. Concrete

Table 3 summarises the fresh concretes compositions. Table 4
summarises the fresh concrete tests results.
Table 2
Mix proportions and target properties for mortar.

Mortar M1 M2

Cement (kg/m3) 696 696
Fine aggregate (kg/m3) 1348 1348
Water (kg/m3) 278.4 278.4
Superplasticizer (%) 1.2 1.4
Slump flow (mm) SP1 235 255

SP2 210 220
V-Funnel flow time (s) SP1 4.3 4.05

SP2 3.87 3.55

SP1: polycarboxylate based superplasticizer.
SP2: naphthalene sulphonate based superplasticizer.
Fig. 5 shows the results of mortar passing through 5 mm sieve
for segregation resistance for concrete mixes for both superplasti-
cizers. Empirical observations suggest that if the percentage of
mortar which has passed through the sieve, the segregation ratio,
is between 5% and 15% of the weight of the sample, the segregation
resistance is considered satisfactory. Below 5% the resistance is
excessive, and likely to affect the surface finish (blow holes likely).
Above 15%, and particularly above 30%, there is strong likelihood of
segregation [21,24]. It is evident from Fig. 5 that for concrete mixes
with 10% and 15% slag content, for both superplasticizers, the seg-
regation resistance is satisfied, but higher than 15%, the presence of
bleeding and segregation is confirmed. The effect of slag addition
M3 M4 M5 M6

696 696 696 696
1348 1348 1348 1348
278.4 278.4 278.4 278.4
1.6 1.8 2.0 2.2
283 290 350 378
240 265 272 320
3.52 3.42 4 4.21
3.2 2.75 2.78 3.3



Table 3
Fresh concretes compositions.

Mixture SCC1 SCC2 SCC3 SCC4 SCC5

Cement (kg/m3) 465 420 397 374 352
Slag content (%) 0 10 15 20 25

(kg/m3) 0 44 66 88 110
Coarse aggregate

(3/8)
(kg/m3) 280 280 280 280 280

Coarse aggregate
(8/15)

(kg/m3) 560 560 560 560 560

Fine aggregate (kg/m3) 867 867 867 867 867
Water (kg/m3) 186 185 185 185 185
Superplasticizer SP1 (%) 1.6 1.6 1.6 1.6 1.6

(kg/m3) 7.44 7.42 7.40 7.39 7.38
SP2 (%) 1.8 1.8 1.8 1.8 1.8

(kg/m3) 8.37 8.35 8.33 8.32 8.32

SP1: polycarboxylate based superplasticizer.
SP2: naphthalene sulphonate based superplasticizer.
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on the slump flow is given in Fig. 6. From this figure, it is observed
that spread values were higher for concrete mixes where SP1 was
used than the mixes where SP2 was used. For polynaphthalene
based superplasticizers, Jolicoeur and Simard [25], suggested that
the retardation was mainly due to the adsorption of admixtures
on nucleating hydrate particles and intercalation into hydrate
phases already formed such as ettringite which inhibit the devel-
opment of hydration products. For polycarboxylate based superp-
lasticizers, Uchikawa et al. [26] showed that a chelate formed in
pastes as a result of interaction between Ca2+ ions and the admix-
ture molecules would lower the Ca2+ concentration in the system,
thus hinder solid phase nucleation and hydration products growth,
and retard cement hydration.

It is also clear from this figure for both the superplasticizers that
the slope of the graph decreased starting from slag content higher
than 15%, which means that slag content of 15% is at its best as far
as workability is concerned. Some researchers suggested a slump
flow between 650 and 700 mm to get a good self-compacting con-
crete [27].

The variation of partial slump time, is measured by means of
the modified slump test proposed by Ferraris and De Larrard
[22], with respect to slag content. Partial slump time, which is also
a rheological parameter, increases rapidly, for both superplasticiz-
ers though mixes with SP2 seem to be less workable accusing par-
tial slump times higher than those with SP1.

Fig. 7 shows the variation of yield stress with increasing slag
content. Here as well, the higher the slag contents the lower yield
stress, for both superplasticizers, with an optimum at 15% of slag
content.

The variation of plastic viscosity with respect to slag content is
shown in Fig. 8. Plastic viscosity decreases with increasing slag
Table 4
Results of concrete tests.

Slag content (%) 0

Slump test T50 flow time (s) SP1 1
SP2 1

Slump flow (mm) SP1 6
SP2 5

J-Ring test Difference height (mm) SP1 9
SP2 1

V-Funnel test Flow time (s) SP1 7
SP2 1

5 mm sieve test Passing mortar (%) SP1 4
SP2 3

U-Box test Filling height (mm) SP1 3
SP2 2
content for both superplasticizers as found by Sicker et al. [9].
The most efficient superplasticizer, as far as plastic viscosity is con-
cerned, is the one based on polycarboxylate ether because of its
longer PEO side chains [28].

For both, yield stress and plastic viscosity, Shi et al. [29] demon-
strated that these latter decrease with increasing slag content.
They believe that the plastic viscosity and yield stress can be signif-
icantly decreased by partially substituting the cement with vitre-
ous powders. The semi crystalline powders, although only at the
higher substitution levels, can also achieve a noticeable effect in
lowering the viscosity.
% 10% 15% 20% 25%

.25 1.22 0.66 1 1.2

.4 1.07 0.82 1.1 1.3
30 660 745 770 787
00 580 600 660 700
.75 9.25 7.75 9.75 18.25
1.23 10.6 8.8 11 19.01

6 4 9.14 14.8
0 7.5 5.2 9.6 13.8
.47 5.93 9.975 16.9 22.87
.84 5 8.9 17.5 25.2
25 350 390 305 230
85 335 375 285 207
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Fig. 9 shows the effect of slag content on the T50 flow time,
where 15% slag content gave the lowest flow time for concrete
mixes with both superplasticizers. Here as well, the best time is
obtained with concrete mix using SP1. In this study, it was ob-
served that values are slightly lower than those in literature, for in-
stance some researchers proposed values between 2 and 4 s, this
could be explained by the high results of slump flow (Fig. 6) com-
pared to those proposed elsewhere [27].

V-Funnel flow time values are shown in Fig. 10. The V-Funnel
test indicates the filling ability of the mix. Values are acceptable till
20% of slag content for concrete mixes with both superplasticizers,
as compared to the suggested values between 2 and 10 s proposed
by Domone and Jin [19]. The optimum time was obtained at 15%
slag content for concrete mix containing SP1.

The J-Ring difference height results are shown in Fig. 11. It is at
its minimum with 15% slag content for both superplasticizers. The
recommended difference height is up to 10 mm [30]. Fig. 12 gives
values of U-Box filling ability height, here as well; it was noticed
that filling heights are higher for mixes containing SP1 than those
containing SP2 with acceptable values above the 300 mm proposed
by EFNARC [5].

According to [8], SP1 is more efficient than SP2 because this lat-
ter is produced in a molecular size that is suitable as cement dis-
persant, but do not have a significant air entraining effect and
have poor slump retention in many cases. They are not suitable
for ready mixed concrete requiring a long slump life, whereas
SP1 is composed of three essential parts; a backbone of polyethyl-
ene, grafted chains of POE and carboxylic groups as adsorbing func-
tional groups. By modifying these chemical structures, various
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properties such as dispersion performance just after mixing, slump
retention, and setting can be controlled.

Fig. 13 shows the loss of workability of concrete mixes with SP1
at 0, 30, 60 and 90 min after mixing for 0%, 10% and 15% slag con-
tent. It is well known that loss of workability is a rheological
parameter. This figure reveals that the slope of workability reten-
tion is less important for mix with 15% of slag content than for
mixes without or with 10% of slag content. Mixes with 15% slag
content remain workable till 60 min after mixing. The authors have
earlier [31], found that concrete mixes without slag or with 10%
slag lost a part of their workability even at 30 min after mixing.

From all these tests on workability of concrete mixes, it can be
confirmed the efficiency of the new generation of superplasticizers
based on polycarboxylate.

3.3. Strength

Strength test results for concrete mixes with superplasticizer
SP1 were inferior to those with SP1. A decrease in compressive
strength with increased slag content at all ages was observed for
concrete mixes with SP1 (Fig. 14). Comparing our results to those
given by Khatib and Hibbert [32], it was noticed that slag has the
same effect on compressive strength for both self-compacting con-
crete and vibrated concrete. The same effect on compressive
strength has been observed with natural pozzolana for vibrated
concrete [33]. Fig. 14 shows also that this decrease of compressive
strength is less important at late ages (56 and 90 days after
mixing).
4. Conclusion

The main objective of this paper was the evaluation of incorpo-
rating slag on the properties of fresh and hardened self-compacting
concrete. The second objective was to compare two superplasticiz-
ers, a polycarboxylate based superplasticizer with a naphthalene
sulphonate based superplasticizer belonging to the new generation
and the second generation respectively. The Okamura method,
with modifications to meet local materials’ requirements, was
found appropriate to make self-compacting concrete. As predicted,
the polycarboxylate based superplasticizer gave more workability
and higher compressive strength, at all ages, to concrete mixes
than the naphthalene sulphonate based superplasticizer. The addi-
tion of slag by substitution to cement was found to be very bene-
ficial to fresh self-compacting concrete. An improvement of
workability was observed up to 20% of slag content with an opti-
mum content of 15%. Yield stress and plastic viscosity had shown
decreasing values, for both superplasticizers, with increasing slag
content. The deflexion point was at 15% of slag content. Workabil-
ity retention of about 45 min with 15% and 20% of slag content was
obtained using a polycarboxylate based superplasticizer. However,
the disadvantage of mineral additives against the chemical admix-
tures is the reduction in early strength when part of the cement is
replaced by the mineral additives. Compressive strength decreases
with increase of slag content at early age, as is the case of vibrated
concrete but at later ages (56 and 90 days) the strength is compa-
rable to that of reference concrete.
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[15] Öner M, Erdoğdu K, Gt€ nlt€ A. Effect of components fineness on strength of blast
furnace slag cement. Cem Concr Res 2003;33:463–9.

[16] Sahmaran M, Christianto HA, Yaman IO. The effect of chemical admixtures and
mineral additives on the properties of self-compacting mortars. Cem Concr
Compos 2006;28:432–40.

[17] Okamura H, Maekawa K, Ozawa K. High performance concrete. 1st
ed. Tokyo: Gihoudou Pub.; 1993.

[18] Edamatsu Y, Sugamata T, Ouchi M. A mix-design method for self-compacting
concrete based on mortar flow and Funnel tests. In: Proceedings of 3rd
international symposium on self compacting concrete, Reykjavik, Iceland;
2003. p. 345–55.

[19] Domone PL, Jin J. Properties of mortar for self-compacting concrete. In:
Skarendahl A, Petersson O, editors. Proceedings of the 1st international RILEM
symposium on self-compacting concrete; 1999. p. 109–20.
[20] Chopin D, De Larrard F, Bogdan CB. Why do HPC and SCC require a longer
mixing time. Cem Concr Res 2004;34:2237–43.

[21] EFNARC specification and guidelines for self-compacting concrete. European
Federation for Specialist Construction Chemicals and Concrete Systems,
Norfolk, UK; 2002. <http://www.efnarc.org/pdf/SandGforSCC.PDF>.

[22] Ferraris CF, De Larrard F. Testing and modeling of fresh concrete rheology,
NIST, USA, NISTIR 6094; 1998. p. 1–5.

[23] Ferraris CF. Measurement of the rheological properties of high performance
concrete: state of the art report. J Res National Instit Standards Technol
1999;104(5).

[24] European Union Growth Contract No. G6RD-CT-2001-00580 Measurement of
properties of fresh self-compacting concrete, final report – project co-
ordinator. UK: ACM Centre, University of Paisley; 2005. <http://
www2.cege.ucl.ac.uk/research/concrete/TestingSCC/
final%20project%20report.pdf>.

[25] Jolicoeur C, Simard MA. Chemical admixture–cement interactions:
phenomenology and physical–chemical concepts. Cem Concr Compos
1998;20:87–101.

[26] Uchikawa H, Sawaki D, Hanehara S. Influence of kind and added timing organic
admixture on the composition, structure, and property of fresh cement paste.
Cem Concr Res 1995;25:353–64.

[27] Aarre T, Domone P. Reference concretes for evaluation of test methods for SCC.
In: Proceedings of 3rd RILEM international symposium on self compacting
concrete, Reykjavik, Iceland; 2003. p. 495–05.

[28] Yamada K, Takahashi T, Hanehara S, Matsuhisa M. Effects of the chemical
structure on the properties of polycarboxylate-type superplasticizer. Cem
Concr Res 2000;30:197–207.

[29] Shi YX, Matsui I, Guo YJ. A study on the effect of fine mineral powders with
distinct vitreous contents on the fluidity and rheological properties of
concrete. Cem Concr Res 2004;34:1381–7.

[30] De Schutter G. Guidelines for testing fresh self-compacting concrete. Grouth
Contract No GRD2-2000-30024; 2005. <www2.cege.ucl.ac.uk/research/
oncrete/Testing-SCC>.

[31] Boukendakdji O, Kenai S, Kadri EH, Rouis F. Effect of slag on the rheology of
fresh self-compacted concrete. Constr Build Mater 2009;23:2593–8.

[32] Khatib JM, Hibbert JJ. Selected engineering properties of concrete
incorporating slag and metakaolin. Constr Build Mater 2005;19:460–72.

[33] Ghrici M, Kenai S, Meziane E. Mechanical and durability properties of cement
mortar with Algerian natural pozzolana. J Mater Sci 2006;41:6965–72.

http://www.efnarc.org/pdf/SandGforSCC.PDF
http://www2.cege.ucl.ac.uk/research/concrete/TestingSCC/final%20project%20report.pdf
http://www2.cege.ucl.ac.uk/research/concrete/TestingSCC/final%20project%20report.pdf
http://www2.cege.ucl.ac.uk/research/concrete/TestingSCC/final%20project%20report.pdf
http://www2.cege.ucl.ac.uk/research/oncrete/Testing-SCC
http://www2.cege.ucl.ac.uk/research/oncrete/Testing-SCC

	Effects of granulated blast furnace slag and superplasticizer type on thefresh properties and compressive strength of self-compacting concrete
	1 Introduction
	2 Experimental methods
	2.1 Materials
	2.2 Mix proportions and preparation
	2.3 Test methods
	2.3.1 Workability of mortar
	2.3.2 Workability and rheology of concrete
	2.3.2.1 Filling ability
	2.3.2.2 Passing ability
	2.3.2.3 Resistance to segregation

	2.3.3 Strength


	3 Results and discussion
	3.1 Mortar
	3.2 Concrete
	3.3 Strength

	4 Conclusion
	References


