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High performance concrete (HPC) has several advantages in building construction that
cannot be achieved using conventional concrete in terms of strength durability, resistance
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to chemical attack, and workability of high performance concrete are high. The
introduction of fillers and additives contributed to the improvement of high-performance
concrete (HPC), other parameters also influence the performance of these HPCs, coarse
aggregate fraction is known to strongly influence both fresh and hardened concrete’s
properties. Consequently, selection of both content and particle size distribution for
(HPC) mixture is an important issue regarding the predicted performance of concrete.
For to make concrete more improvement , the porosity of the granular skeleton as well
as the rheology of our HPC, 3/8 fraction of rolled gravel with smooth and rounded
surfaces was introduced, in substitution for the crushed gravel of the same fraction , by
testing various combinations of fractions 3/8 of rolled gravel and fraction 8/15 of crushed
gravel in the present study, and based on previous results obtained the combinations
35,40 and 45% fraction 3/8 of rolled gravel and 65 , 60 and 55% fraction 8/15 of crushed
gravel (binary granular system) respectively, gives a minimal porosity . Super plasticizer
and four percentages of pozzolan were experimented. Compressive strength function of
coarse aggregate was determined at 7, 14 and 28 days. Results have revealed that the
mixtures with modified granule size distribution system ,1.5% of superplasticizer and 5%
by weight of pozzolan allow an improvement in the compressive strength of 35.1%
relative to the control concrete.
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1. INTRODUCTION

Recent studies conducted all over the world have proven
that the quality of the aggregate strongly affects the fresh and
hardened concrete, especially in terms of durability and
economy. Therefore, the selection of aggregates is a very
important process. Current trends in the formulation of high
performance concrete and low environmental impact show
that the solid volume fraction is increasingly high. However,
increasing the volume fraction of solid presents serious effects
on the workability of new concrete. The high performance
concrete (HPC) is highly fluid concrete which requires high
dosages of sand and fine elements compared to ordinary
concrete (OC) [1, 2]. Although some variation in aggregate
properties is expected, particle shape, surface texture, unit
weights, absorption voids, and surface moisture are among the
characteristics that should be considered when selecting
aggregates.

Many studies have focused on improving certain
characteristics of concrete, such as lightness and thermal and
sound insulation [3]. HPC is usually produced using high
quality materials its use is widely in the construction of huge
building such as bridges, tall buildings, tunnels, nuclear
structures ... etc. The improved properties of the HPC can be
obtained only by several simultaneous dispositions:

- The use of specific additives, in particular water-reducing
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super plasticizers, as well as mineral additions such as
pozzolan, fly ash, blast furnace slag, silica fume and other.

- The aggregates must be of good quality, the strength of the
concrete Being limited by that of the aggregates themselves,

- The use of high grade cements at dosages between 400 and
550 kg / m3[3].

Navarrete et al. demonstrated that coarse aggregates of the
same content, type and surface texture, but with different
aspect ratios and angularity indices, have an impact on the
mechanical behavior of hardened concrete [4]. Other
researchers shown that the strength, stiffness and fracture
energy of concrete depend on the type of aggregate, especially
for high-strength concrete [5].

Brito et al. explained that the shape regularity of the
aggregate is one of the major factors that affect the influence
of aggregates on concrete quality [6].

Neuwald et al. stated that the aggregates’ characteristics
should be taken into consideration for the performance
required for fresh and hardened concrete [7]. The shape and
size of coarse aggregate has a vital influence on the necessary
mortar and paste volume to cover all particles. Naturally
uncrushed gravel often needs less mortar or paste than does
limestone. Crushed aggregate tends to reduce flow because of
the interlocking of the angular particles, whilst rounded
aggregate improves the flow because of lower internal friction

[8].
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The incorporation of mineral additives is currently an
important technology in improving concrete and mortar
properties such as fluidity, strength and durability. However,
to take full advantage of these materials and choosing the best
solutions to improve the formulation, it is necessary to know
the properties of these new components and the extent of their
impacts on mortar and concrete [9]. It was agreed that the
effect of pozzolanic materials in a cement system is significant,
especially for development of calcium silicate hydrate
framework [10].

Aitcin [2] has been noted that the characteristics of the paste,
regardless of the cementitious additions (CA) that compose it
in terms of shape and texture, as well as minerals and strength
may result in different concrete strengths. From this aspect, the
impact of the additives properties on the strength of concrete
becomes very important in terms of improving its quality and
performance, as in the case of HPC [11].

Sahin et al. [12] observed that the increase in strength for a
given increase in cement content depends on the cement
content itself and the type of aggregate used. On the other hand,
it is not enough to just relate the compressive strength to w/c
of HPC, but there are other factors that have a direct impact on
the development of the mechanical properties of concrete
especially HPC. In such a situation, the coarse aggregate
should be carefully chosen relenting on its physical and
mechanical properties [13, 14].

The aggregate properties depend on the properties of the
parent rock (e.g., chemical and mineralogical composition,
petro graphic classification, hardness, strength, and pore
structure). All these characteristics have an important
influence on the properties of both fresh and hardened concrete
[15, 16].

Celik et al. considered that the crushed stone is more
adapted for the HPC production compared to natural gravel
and sand [16]. Other researchers studied some types of CA
using percentages of 36%, 40% and 44% by volume of
concrete for producing HPC with an E/C of 0.28 [13]. They
confirmed that the optimum coarse aggregate ratio ranged
between 36% and 40%, and that the compressive strength was
reduced with an increase of more than 40% of the additives.
While other works have also founded that the using an
aggregate block with a maximum aggregate size of limestone
of 16 mm gives a higher values of mechanicals strength were
obtained [17].

Based on a literature review, natural pozzolanic aggregate
is chosen as a replacement material for coarse aggregate. The
variety and content of pozzolan aggregate have a significant
impact on the properties of concrete, primarily caused by the
characterization of pozzolan aggregate and the density of
concrete decreases with the addition of pozzolan aggregate,
which decreases depending on the type of pozzolan aggregate
used [18]. A pozzolanic material relies on the secondary
reaction following the hydration of cement, whereby it reacts
with the free calcium hydroxide to form the calcium silicate
hydrates (C-S-H) phase which is the major contributor to
strength in concrete [1]. Belouadah et al. [19] have reported
that the addition of 10% of marble powder in the concrete
mixture enhances its resistance in the time.

Several studies on mortar and concrete high performance
were developed for the purpose of high lighting the effect of
the morphology of coarse aggregate and CA on the properties
of concrete and HPC, However, there are few studies that have
focused on the effect of both the nature and distribution of the
granules, as well as the size of rolled and crushed aggregates
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on the characteristics of concrete [20, 21]. These studies
showed the importance to inclusion of rolled coarse aggregate
of 3/8 mm fraction at 40% substitution level and 60% of 8/15
mm coarse aggregate fractions in concrete effectively
improved the mechanical properties. Hence, the objective of
this study is to investigate the impact of the particle size
distribution of rolled gravel and crushed gravel on the
compressive strength of HPC using several combinations of
granular fractions at different percentages with pozzolan
addition combined with admixtures. In order to reach the
desired goals of this study, we have taken the following steps:

- Firstly, investigate the physical properties of the
aggregates (sand aggregate and coarse aggregate) used in
terms of granular distribution, strength, relative density,
porosity and surface texture;

- Then, the density and the porosity for fractions mixtures
rolled gravel and crushed gravel in various percentages (10%
to 90%) in order to have the best results of the porosity;

- In this state, three combinations (C1, C2, C3) has been
chosen with the proportions of RG (3/8) and CG (8/16) (%) as
follows: (35 - 65), (40 — 60), (45 — 55);

- In order to complete the granular skeletons of HPC’s, four
percentages of pozzolan addition were tested (0, 5, 8 and 10%)
by weight of cement;

- Finally, after selecting the assembly with the lowest
porosity, twelve mixtures were formed with 5%, 8% and 10%
of pozzolana in order to study the:

1. Development of compressive strength as a function of
time;

2.  Effect of pozzolan addition on the strength concrete;

3.  Effect of rolled gravel on the strength concrete;

4. Effect of the sand /gravel ratio (S/G) on the strength
concrete.

2. RESEARCH SIGNIFICANCE

Concrete is a material consisting of three elements by
containing cement paste, aggregate skeleton and interfacial
area. Mechanical strengths significantly affected by the
characteristics of these three compositions. Since coarse
aggregates occupy on average between 40 and 50% of the total
volume of concrete mix, this component can be expected to
have a great influence on the properties of hardened concrete.
The size, shape and nature of the aggregates play an important
role in the water and cement conditions, strength, fluidity and
durability of HPC. The principle of this study is to see the
influence of the introduction of the 3/8 rolled gravel fraction
on the mechanical strength of the concrete, looking for a
minimal porosity of the granular skeleton with a combination
of proportions of fraction of gravel and an appropriate design
of the concrete with these proportions, to improve the quality
of HPC in terms of strength and fluidity.

3. EXPERIMENTAL PROCEDURE
3.1 Materials

Cement: The Portland cement type NA 42 - CEM 152,5 R
was used in this experimental study. It has an absolute density,
consistency and fineness values of 3.1 g/cm?, 28% and 4000 -
5400 cm?/g, respectively.

Pozzolan: pozzolan powder was come from BeniSaf cement



plant (north-west of Algeria). In this study, the pozzolan
presented a specific gravity of 2670 kg/m®and 960 m?/ kg for
the specific surface. The properties composition of the cement
and the pozzolan are given in Table 1.

Aggregates: Two types of coarse aggregates are used, the
8/15 fraction of crushed gravel and 3/8 fraction of rolled gravel,
Table 1 shows the chemical and mineralogical compositions,
the crushed gravel (CG) have rough and angular surfaces,
rolled gravel (RG) have smooth and rounded surfaces. The two
types of gravel have a volumetric coefficient greater than 0.2,
which complies with the standard conforming to the studies
[22,23].

Sand: A mixed sand is used in our concretes in equal
proportions (according to a study presented in a previous
publication), 50% natural river sand (DS) which is
characterized by siliceous granules, round and smooth shape
and a coefficient of fineness, estimated at 1.92, as for the other
50% of sand was made of crushed natural sand (DC) with
angular and rough surfaces and a modulus of finesse 2.25 [24].

Superplasticizer: it was used the superplasticizer reducer
water manufactured under the name of MEDAFLOW 30. It is
designed based on Ether Polycarboxylate which considerably
improves the properties of concrete. It is recommended to use
0, 5 to 2% weight of the cement [25].

The properties of the CG, RG and superplasticizer are
represented in Table 1.

Table 1. Chemical composition of cement, pozzolan and the
coarse aggregate (crushed gravel CG and rolled gravel RG)

used
Content (%) Cement Pozzolan CG RG
SiO2 23.1 44.78 44 152
Al203 6.2 16.53 1.39 0.65
Cao 67.8 10.97 50.7 46.1
Fe203 0.28 9.01 113 0.93
MgO 0.83 9.59 0.75 0.23
SO3 0.89 0.17 0.79 0.20
K20 0.4 1.15 - 0.17
Na:0 0.05 3.42 - -
CL- - 0.014 - -
TiO2 - - 0.01 0.01
LOI - - 41 37
Characteristics of the superplasticizer (MEDAFLOW 3)
Nature Color Ph  Density Chlorine Dry
content extract
Liquid Light  6- 1.07 + <1g/l 30%
brown 6.5 0.01
100 ———
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Figure 1. Distribution size of aggregates used
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The particle size analysis of aggregates used is shown in
Figure 1.

The mineral phases of the RG investigated by the x-ray
diffraction (XRD), in which identified by crystalline mineral
phases which are essentially composed of the quartz, calcite
and anorthite. Result indicated the presence of amorphous
materials.

Figure 2 shows the fraction 3/8 of rolled gravel smooth and
rounded surfaces, this type of gravel facilitates rearrangement
of coarse gravel and improves the workability of the concrete.
The different aggregates properties employed in this study are
presented in the Table 2.

Figure 2. Grain size of aggregates used

Table 2. Properties of aggregates used

Fraction of Coarse

Sand
Properties DS aggregate (mm)
CS RG(3/8) CG(8/15)
Relative density 2.53 2.54 2.55 2.51
Water absorption 167 295 0.16 133
(%)

Dust content (%) 1.50 2.11 1.10 1
Volume_ztrlc ) ) ) 0.153
coefficient

Content of flat and
elongated particles - - - 18.20
(%)
Compressive ) ) ) 75
strength (Mpa)
Abrasion value
(%) - - 19.08 23.26
Shape Rounded - Rounded Angular
Surface texture Smooth - Smooth Rough

3.2 Mixture composition and granular proportioning

Table 3 provide the density and the porosity for fractions
mixtures rolled gravel and crushed gravel.

Table 3. Density and porosity of fractions mixtures

Gravels RG (3/8) Bulk

Combination - Porosity of
e and CONBNE) DS mixture (%)
1 10-90 1.316 50.42
2 20-80 1.352 49.08
3 30-70 1.361 48.74
4 35-65 1.363 48.64
5 40 - 60 1.366 48.56
6 45 - 55 1.362 48.68
7 50 - 50 1.357 48.89
8 60 - 40 1.337 49.64
9 70-30 1.337 49.64
10 80-20 1.311 49.86
11 90 - 10 1.309 50.68
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Figure 4. Density of mixtures of gravel fractions

Table 4. Combinations of granular fraction used

Coarse Coarse aggregate Total
. aggregate fraction (kg/m?®) coarse
M(;z)(gtére fraction (%) Aggregate
RG CG RG CG (kg/m?3)
(3/8) (8/15) (3/8) (8/15)
C1 35 65 417 773 1190
c2 40 60 480 720 1200
C3 45 55 527 643 1170

According to the Figures 3 and 4, on can be seen that the
mixing combination with 35, 40 and 45% fraction 3/8 rolled
gravel give a maximum bulk density with minimum porosity.

Three granular systems were used as basic groups with
many percent gravel fractions were selected based on
preliminary bulk density and porosity calculation tests,
examining the porosity of the different granular fraction
combinations. The three combinations chosen in this work
gave the best results of the porosity. It was selected and studied
with the combination of two types of gravel, namely the
fraction 8/16 of crushed gravel and the fraction 3/8 of rolled
gravel, in order to better understand their impact on HPC
properties. Four pozzolan percentages were tested in this
research (0, 5, 8 and 10%) by weight of cement in order to find
the best percentage of pozzolan is added, 1.5% by weight of
cement of the super plasticizer was added. These percentages
were found by saturation tests.

All concrete mixed in accordance of Dreux-Goris method.
Table 4 presented the combinations of granular fraction used
in the concretes.
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3.3 Testing method

The value of the slump in all mixtures was determined by
value of about 70 =10 mm [26, 27]. Twelve forms of HPC
were prepared from the three combinations of granular
fraction C1, C2 and C3 and four percentages of pozzolan (0, 5,
8, and 10% based on the weight of cement). The concrete
mixtures were labeled using the following codes: CX-PY
where the first letters CX represents the combined fraction of
CA followed by the number 1, 2, or 3, the letters PY represents
the percentage of pozzolan (0, 5, 8 and 10%). The required
proportions of dry materials were mixed. Then followed by the
stage of adding water mixed with super plasticizer (Medaflow
30) until we get homogeneous concrete mix. Cubic steel
moulds (100 > 100 > 100) mm3 have been used for the
compressive strength test according to NF EN 12390 — 4 [27].
At the end of mixing, concrete is poured into the molds in three
layers, as specified in the standards, using a vibrator plate to
compact the concrete into the molds. Then it kept in a
laboratory environment at (20°C +2°C and 55% *5% HR) for
the first 24 h. The samples, after being removed from the
molds, were stored in water until the day of the test, which was
determined at: 7, 14 and 28 days.

Table 5 shows the various combinations of coarse gravel
with different percentages of pozzolan.

Table 5. Compositions of concretes mixture

MixtureCement Sand Coarse aggregateTotal CAPozzolanW/L

Code (kg/m3)(kg/mq) (kg/m3) (kg/m3)  (kg/md)
3/8 8/15
C1-PO 0 0.33
C1-P5 225 0.34
C1-P8 630 417 773 1190 36 030
C1-P10 45 031
C2-P0 0 0.34
C2-P5 225 0.30
C2-P8 450 625 480 720 1200 36 0.0
C2-P10 45 031
C3-PO 0 0.33
C3-P5 225 0.29
C3-P8 665 527 643 1170 3% 030
C3-P10 45 031

4. TEST RESULTS AND DISCUSSION

4.1 Development of compressive strength as a function of
time

Figures 5, 6 and 7 shows the compressive strength results of
all concrete mixtures studied.

For all concrete mixture, compressive strength increases
with prolonged cure time. The significant development of
compressive strength has been achieved during the first 7 days,
as the process of hydration reactions progresses rapidly during
this stage.

Between the seventh and the 14th day of curing, a slowing
down of the development of the resistance was observed. After
the 14th day of curing, the compressive strength continued to
increase for the concrete mixtures with pozzolan admixture
and slowed substantially for the mixtures without pozzolan
addition. It is observed that the effect of pozzolan goes beyond
the 14" day of cure and is the greatest value during 28 days.
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Figure 7. Compressive strength of C3 combination with and
without pozzolan addition

According to Figures 5, 6 and 7 we notice that the C1 results
in a highest value in compressive strength at 28 days, followed
by concrete C3. But with concrete C2 there is a significant
increase in the compressive strength due to a chemical
phenomenon. Moreover, the absence of pozzolan resulted in a
increase in the compressive strength of C1-PO and C3-PO
concrete by 7.8% and 10%, respectively, compared to the C2-
PO concrete in the composition of mixtures. This percentage
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increase is 8% and 11% for C1-P5, C3-P5 compared to the C2-
P5 concrete.

For C1-P8, C3-P8, we note that this range of altitude
decreased to 2.5% and 5% respectively, compared to the C 2-
P8 and stays in the same range of escalation at for C1-P10, C3-
P10. In effect, the compressive strength is influenced by the
packing characteristics of the entire mixture that includes fine
aggregates, coarse aggregate, cement and water. Also, the W/L
values of concrete made with CA mixtures are lower (0.30)
than those of concrete without CA (0.34). The use of 1.5% of
Medaflow 30 allows reducing the number of voids and pores
existing in the concrete, which consequently becomes more
compact, more resistant, and more water proof [28, 29]. The
high compressive strength value obtained is explained by the
good distribution of the aggregates, which improved the
performance of the concrete in terms of minimum porosity and
compaction.

4.2 Effect of pozzolan addition on the strength concrete

The compressive strength of concrete with pozzolan
addition has presented in Figure 8. It can be seen clearly that
the introduction of the pozzolan into the concrete mix
significantly increases its compressive strength. The
percentage of 5% by pozzolan gives the best values for the
compressive strength of the concrete, the improvement in the
compressive strength of our HPC were: with a percentage of
5% pozzolan is significant, it is 77% relative to the control
concrete with 0% pozzolan (C2P0), it is 15% relative to C2P8
and 10% with respect to C2P10. The pozzolan fills the voids
between the fines of the mixture and thus reduces the porosity
of this mixture, any decrease or increase in the percentage of
pozzolan causes an increase in the porosity and consequently
a decrease in the resistance [18]. Furthermore, a pozzolanic
material relies on the secondary reaction following the
hydration of cement, whereby it reacts with the free calcium
hydroxide to form the calcium silicate hydrates (C-S-H) phase
which is the major contributor to strength in concrete [30].

The bonding point between coarse aggregates used and fine
aggregates has been increased, which improves the strength of
Portland cement pervious concrete. These results confirm
other work [31, 32]. They noted that the increase in
compressive due to the grouting impact of fine aggregates in
which can improve the gradation of the monolithic aggregates
and thus alter the properties of the concrete accordingly.
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Figure 8. Compressive strength development depending on
the percentage of pozzolan addition



4.3 Effect of rolled gravel on the strength concrete

The compressive strength of concrete with different content
of fraction 3/8 of rolled gravel (uncrushed coarse aggregates)
were illustrated in Figure 9.

85

w N~
75 / \
” '//;\\

A

. —

—a— (0% pouzzolane
60| ——5% (/)
—t— 8% (/)

551 —v—10% (/)

Compressive strength, MPa

50
45 —a

35 40 45
3/8 Rolled Gravel Content, %

Figure 9. Effect of rolled gravel content on the compressive
strength of concrete at 28 days

The best results of the compressive strength is obtained for
C2 (40% of fraction 3/8 of rolled gravel and 60% of fraction
8/16 of crushed gravel).From the laboratory study, it was
found that the rolled gravel (uncrushed coarse aggregates)
need lower W/L ratio than crushed gravel (crushed coarse
aggregates) and rolled gravel cater higher strength to concrete
made with binary gravel (rolled and crushed
gravels).Although the three percentages of fraction 3/8 of
gravel rolled in mixtures C1, C2, C3 are chosen for their
minimum porosities in the binary mixtures of fraction 3/8 RG
and fraction 8/15 CG, the mixture C2 (40% fraction 3/8 RG
and 60% fraction 8/15 CG) gives the best compressive strength
with respect to C1 and C3, the improvement is 9.7%. This is
due to cohesion force between the particles of rounded shape
and a smooth surface texture of the rolled gravel (low water
absorption). The incorporation of 3/8 mm fraction RG allows
an important decreasing of mixing water for all concretes
though the high percentages of 40% (3/8 mm) fraction RG
used. The concrete resistance depends on the resistance of the
gravel rock, so the RG has a better resistance than the CG
(presence of cracks). Indeed, the improvement of the
compressive is due to the correction of the physical properties
(low porosity, improved grading, high compactness, etc....) of
the concrete containing binary gravel (rolled and crushed
coarse aggregates) [20].

4.4 Effect of the sand /gravel ratio (S/G) on the strength
concrete

The (S/G) ratio illustrates the impact of compressive
strength in terms of the ratio between coarse aggregate content
and fine aggregate has been shows in Figure 10. We can notice
that within the values ranging from 0.57 to 0.53, the S/G not
important impact on the compressive strength of the control.
For a value of the ratio S / G equal to 0.52 we obtain the best
values of the compressive strength for all mixtures.

This result agrees with research of Lin which confirms that
a higher S/G ratio improved flowability. A greater proportion
of coarse aggregate (i.e., a decrease in S/G ratio) improved the
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mechanical properties by 10% compared to the control
specimens (S/G ratio: 52%) [33].
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5. CONCLUSIONS

This study proved its significance method to made concrete
with binary gravel (natural river rolled gravel and
manufactured crushed gravel) in order to correct the physical
properties of coarse aggregates. In addition, the enhancing of
mechanical responses using these two combined types allows
a high strength concrete to be produced. Thus, the test results
obtained in the present study allow the following conclusions
to be drawn;

e 3/8 mm fraction rolled gravel up to a percentage of 40%
is found to improve the physical properties of binary
gravel (grading, low porosity, high compactness.) as well
as the mechanical strengths. The rate of the strength as the
percentage of rolled gravel replacement increase is around
10% for HPC tested mixes overall fractions used in this
program.

e Pozzolan incorporation matched with enhances the
concrete resistance of HPC mixes. It reaches a significant
increase of more than 70% for its compressive strength at
the percentages of 5% pozzolan and 1.5% superplasticizer
by weight of cement compared to control concrete
(without pozzolana).

e Through the obtained results, it was found that the
compressive strength is related to the variables of coarse
aggregate (content, fine to coarse aggregate ratio and grain
size distribution) of the concrete mixture).

e Again rolled (uncrushed) coarse aggregates and pozzolan
are cheaper than crushed coarse aggregates in Algeria. So
from the study, it can be concluded that the use of rolled
gravel and manufactured crushed gravel are appropriate
in concrete mixture for better performances in terms of
strength and economy.
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NOMENCLATURE
NA 42 - Portland cement type
CEM 1525
CG Crushed gravel
RG Rolled gravel
DS Natural river sand
DC Crushed natural sand
CA Coarse aggregate
C1-PO Concrete 1 without pozzolan addition
C1-P5 Concrete 1 with 5% pozzolan addition
C1-P8 Concrete 1 with 8% pozzolan addition
C1-P10 Concrete 1 with 10% pozzolan addition
C2-PO Concrete 2 without pozzolan addition
C2-P5 Concrete 2 with 5% pozzolan addition
C2-P8 Concrete 2 with 8% pozzolan addition
C2-P10 Concrete 2 with 10% pozzolan addition
C3-PO Concrete 3 without pozzolan addition
C3-P5 Concrete 3 with 5% pozzolan addition
C3-P8 Concrete 3 with 8% pozzolan addition
C3-P10 Concrete 3 with 10% pozzolan addition
W/L Water Binder Ratio
S/G Sand/gravel ratio
NF EN European Committee for Standardization

and Building
118046.





