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Abstract. Recycling of materials is very popular and very important in these days. Finding the new
ways to process and use these materials is a key to get rid of a lot of construction waste. The amount
of landfilling needs to be reduced. This study observes mechanical properties of the cement composites
containing recycled concrete powder and alkali-activated blast furnace slag processed on a high-speed
mill as a potential binder replacement up to the 60 wt. %. These materials have a positive effect on
hydration process, increase flexural strength. It can reduce compressive strength loss when an amount
of cement in the mixture is reduced.

Keywords: Composites, waste, blast furnace slag, recycled concrete, cement matrix.

1. Introduction
According to the current recycling trend, we want
to find a way to use waste material as a material to
create something new. In this research we use recy-
cled concrete and blast furnace slag to replace cement
and reduce impact of its production. Cement is the
most important but the most expensive ingredient in
concrete. The production of cement is based on natu-
ral resources and its processing needs a lot of energy.
Unfortunately, these used materials have their own
issues and problems that have to be solved. Many
studies are focused on similar topic [1–6]. Some of
these studies are using blast furnace slag or recycled
concrete to improve mechanical properties. The Cana-
dian study [7] is similar to our research. It uses the
blast furnace slag as a binder and examines all phys-
ical properties of concrete including workability, air
content, elastic modulus, strength, shrinkage, durabil-
ity and carbonation. The results of all test confirmed
the opinion, that the blast furnace slag can be used as
a binder. It has a positive effect on mechanical prop-
erties and durability of concrete. Another study [8]
solves the issue of recycled concrete powder used as a
binder. They also used the high-speed mill to activate
the material. They created samples with varying ce-
ment and recycled concrete percentages and observed
mechanical properties of the samples. Results of this
study showed the possibility to use recycled concrete
in practise. Concrete with cement and recycled con-
crete produce higher hydration heat. It is caused by
unhydrated cement grains contained in recycled con-
crete powder. Research [9] was based on fly ash, blast
furnace slag and recycled concrete aggregate. The
study investigated compressive and tensile strengths,
elastic modulus, coefficient of permeability and dura-
bility in chloride and sulphate solutions. Blast furnace

slag had positive effect for a concrete with recycled
aggregate and could reduce strength losses. Fly ash
had worse results and was recommended for further
testing before being used in practice. The study [10]
was focused on creation of alkali-activated foamed
concrete with part of ground granulated blast furnace
slag. All samples were produced using a pre-formed
foam with no filler or aggregate. The results revealed
that foamed concrete with blast furnace slag has a
potential to be used in practise. It had even better
mechanical properties than foamed concrete only with
Portland cement.

2. Materials and samples
Testing samples were composed of Portland cement
CEM I 42.5 R from Radotín. Another component was
the recycled concrete micronized by high-speed mill in
collaboration with Lavaris corporation. The source of
concrete is 100 years old construction concrete from
the demolished building on Waltrovka in Prague. An-
other component was the blast furnace slag kept from
Kladno. It is 100 years old air-cooled and carbonated
slag stored on a heap and it’s the waste from slag
aggregate production. This kind of slag is not suitable
as a concrete binder. It needs to be activated. We
use the same high-speed mill to activate it, because
the blast furnace slag had a slow reaction for a long
period of time. All of the samples were 40 × 40 × 160
mm and they were stored in water for 28 days. During
this time we made tests to find dynamic modulus of
elasticity using a non-destructive resonance method
and at the end, we made destructive bending test and
compresion test to figure out final strength. Samples
contain 50 or 40 wt. % of Portland cement, 50 wt.
% of recycled concrete and changing share of blast
furnace slag and slaked lime from 0 to 10 wt. % (Ta-
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Mixtures Portland Recycled Slaked Blast furnace Flow
cement [wt. %] concrete [wt. %] lime [wt. %] slag [wt. %] expansion

test [cm]

A 50.0 50.0 0.0 0.0 22.0
B 40.0 50.0 0.0 10.0 21.2
C 40.0 50.0 2.5 7.5 19.0
D 40.0 50.0 5.0 5.0 19.0
E 40.0 50.0 7.5 2.5 18.0
F 40.0 50.0 10.0 0.0 17.3

Table 1. Composition of individual samples.

ble 1). It also shows the results of flow expansiom test.
The part of slaked lime changes the result even when
the water coefficient w/b is the same. The slaked
lime is very finely ground and because of this fact,
the mixture has a different consistency. The water
coefficient w/b is set to 0.4.

Figure 1. Final bulk density of the samples.

Figure 2. Development of the dynamic Young’s mod-
ulus for the samples.

Figure 3. Development of the dynamic shear modulus
for the samples.

Figure 4. Flexural strength of the samples.

Figure 5. Compressive strength of the samples.

3. Measurement methods
During our research we measured dynamic Young’s
modulus, dynamic shear modulus, flexural and com-
pressive strength. Dynamic Young’s modulus and
dynamic shear modulus were monitored using non-
destructive resonance method during 28 days. The
method is based on measuring the natural frequencies
of longitudinal, transverse and torsional vibration of
the samples. Samples were supported with a soft elas-
tic pads at nodal points of basic natural mode shapes.
Through the test we used Brüel & Kjær measurement
station type 3560-B-X12 to record the excitation and
response signals. As an acceleration transducer was
used Brüel & Kjær type 4519-003 and another com-
ponent is Brüel & Kjær impact hammer type 8206.
Everything was connected to the computer with soft-
ware PULSE LabShop. The excitation and response
signals were transformed from the time domain to the
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frequency domain by using the Fast Fourier Trans-
form. Frequency response function was calculated as a
ratio of the response and the excitation force. The ba-
sic natural frequencies were evaluated with frequency
response function and then were evaluated dynamic
Young’s modulus and dynamic shear modulus. In this
method we also need to know the dimensions and the
weight of the samples. [11, 12].

Flexural strength was measured on 28 days old
samples using three-point bending test. The testing
was displacement controlled at a constant rate of 1
mm/min and the distance between supports of the
sample was 100 mm. During the test, samples were
broken approximately in half. These halves (40 ×
40× ∼ 80 mm) were used on the uniaxial compression
test. The testing was displacement controlled at a
rate of 5 mm/min [13].

4. Results and discussion
Figure 1 shows the final bulk density of all samples.
The highest bulk density had the sample A as a ref-
erence. It had 50 wt. % of Portland cement and
50 wt. % of recycled concrete powder. The second
highest bulk density had the sample C with 40 wt. %
of Portland cement, 50 wt. % of recycled concrete
powder, 7.5 wt. % of blast furnace slag and 2.5 wt.
% of slaked lime as the activator.

As we can see in Figure 2 and Figure 3, sample C
had also the highest dynamic Young’s modulus and
the dynamic shear modulus from the samples with
40 wt. % of Portland cement. However the reference
sample had the higher dynamic Young’s modulus ap-
proximately by 3 GPa and dynamic shear modulus
by 1 GPa. Each sample was measured during 28 days
every 7 days including its weight and dimensions. In
both cases, dynamic Young’s modulus and dynamic
shear modulus had the highest progress in the first 7
days. Then the progress was much slower from day
7 to day 21 and in the last 7 days, the values were
almost unchanged.
Figure 4 presents a flexural strength results of all

samples. It is obvious that the blast furnace slag
had a positive effect on flexural strength. The worst
strength had a reference sample A without the slag.
Samples B, C and D had a higher strength almost by
100 %. However, the highest strength had the sample
C and confirmed the previous measurement.
Figure 5 shows the results of the compression test.

It proved the effect of recycled concrete and slag. The
highest compressive strength had a sample A because
of the highest amount of cement in the mixture. As
we can see, the samples C, D and E had approximately
the same strength. The combination of blast furnace
slag and slaked lime seemed to be effective.
Through all stages of testing, the results seemed

very promisinig. It seemed that the most promising
sample was sample C because of the highest flexural
strength. Compressive strength was also one of the
highest, so the ratio 3:1 of the slag and slaked lime

seemed to be ideal. Recycled concrete could be used
as a microfiller but, the study [6] proved that very
fine ground concrete has approximately 10 % of un-
hydrated cement grains and these grains helps with
hydration process. There is a need for more research,
but used materials definitely have the potential to be
used in practical applications.

5. Conclusion
This paper examined the recycled concrete powder and
blast furnace slag as a cement replacement at the level
of 60 wt. % with various ratios of blast furnace slag
and slaked lime and its effect on mechanical properties
of samples. Based on the results, it can be concluded
that:

• Amount of cement in concrete can be reduced with-
out a massive loss of mechanical properties.

• Highly carbonated blast furnace slag can be used
as a filler and also a binder with proper processing.

• Blast furnace slag had a very positive effect on
flexural strength.

• The ratio 3:1 of blast furnace slag and slaked lime
seems to be ideal.
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