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Abstract. The paper presents research of brittleness
cement blends with siliceous additives using impact
strength. The advantages of the developed method are
simplicity of definition, low cost of equipment and
operation. In the presented research were studied additives
on the basis of finely ground glass obtained from waste
glass containers and pozzolanic additives as fly ash, silica
fume and synthetic silica. Increase in additives amount in
respect to the cement mass reduces brittleness by ~10 %
after 28 days of curing. The addition of 35 % of ground
glass decreases the brittleness of the cement paste,
whereas 10 % of pozzolanic additive increase it during the
period from 1 to 28 days. Determination of brittleness
using impact strength can be used to evaluate the activity
of siliceous additives in cement blends.
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1. Introduction

The main criterion for assessing the cement quality
is compressive and flexural strength. However, in
European Standard EN 197-1," only compressive strength
is taken into account when classifying the strength classes,
although the standard EN 196-17 foresees test for both
compression and flexural strength. From our point of
view, when evaluating the strength, one should take into
account both types of strength. It is possible only by
taking brittleness as the strength criterion, i.e., the ratio of
tensile strength to compression strength.** Since the
hardened cement is considered to be a brittle material with
residual signs of plastic deformation after the setting
beginning, its destruction can be connected with a high
concentration of stresses at the apex of the cracks.’

Brittleness cannot be used as a strength assessment
criterion via classical methods,6 because in the case of
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determining the compressive strength (R.) the destruction
mechanism operates. This mechanism is associated with
the achievement of the boundary tensile under the action
of compression forces,” which leads to the sample
destruction throughout the entire volume (Fig. 1a). When
the flexural strength (Ry) is determined, there is a bending
force that leads to destruction in one plane (Fig.1b). In
other words, in both cases there are two different
mechanisms of destruction.

a) b)

Fig. 1. Appearance of test beams after compressive test (a)
and after flexural test (b)

Four ellipsoid fracture surfaces are formed when
compressing, and only two square surfaces in the case of
flexing. In order for the brittleness to actually reflect
strength it is necessary that two parts with the same shape
of the fracture surface are formed when determining the
compressive and flexural strength. In this work, using the
high rate of load change which takes place when
determining the impact strength, we attempt to apply a
brittle fracture to inhibit the phenomenon of plastic
deformation.

2. Experimental

The chemical composition of the materials used in
the studies is shown in Table 1. For the experiments we
used CEM 1 325 R in accordance with European
standard.'

The cement mortars were produced according to
the standard method EN 196-1.> Compressive strength
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and flexural strength were measured for prisms of mortar
40%x40x160 mm. Compressive strength of mortar was
determined by two methods. The first one — according to
EN 196-1% and the second one — using wedging. When

Table 1. Chemical composition of materials
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determining the compression strength with the use of
wedging, a special cell was developed (Fig. 2). This
method allows obtaining two parts with the same shape of
the fracture surface.

Oxides Content, wt %
Colorless glass Brown glass Borosilicate glass Silica fume Synthetic silica Cement
SiO, 72.20 72.15 81.00 94.6 93.5 21.20
Al,O; 1.80 1.75 2.00 2.10 — 5.80
Ca0O 10.10 10.00 0.50 0.44 — 64.40
MgO 1.65 1.55 — 0.62 — 1.90
Na,Op 13.59 13.9 4.50 1.14 031 0.46
Fe,0; 0.04 0.25 — 1.10 — 3.60
Cr,0; 0.01 0.03 — — — —
B,0, — — 12.00 — — —
SO; 0.40 0.32 — — 0.39 2.50

Note: * Na,0q = Na,0 + 0.658K,0

The impact strength was measured for prisms of
paste 1x1x8 cm. To research impact strength hammer
Charpy were employed.®® To increase the accuracy of the
impact strength determination for the samples prepared
from cement paste to the standard impact tester Charpy an
additional scale was developed, which allows to fit the
hammer to a height where the energy is enough only for
one fracture of the sample (Fig. 3). Block-diagram of

Fig. 2. Cell for determining the compressive strength under
wedging

o |4

a)

impact strength determination using impact tester Charpy
under the action of compressive and tensile forces is
shown in Fig. 4."

Special studies have shown that in the case of
cement paste samples with the size of 10x10x80 mm, the
hammer weight should not exceed 100 g. Dependence of
energy of a hammer with the weight of 98.7 g on the
position of additional scale is shown in Fig. 5.

40:05

b)

Fig. 4. Block-diagram of impact strength determination using impact tester Charpy under the action of compressive (a) and tensile (b)
forces: hammer (1); supports (2); vertical metal liner (3); horizontal metal liner (4) and test sample (5)
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Fig. 5. Dependence of hammer energy
on position of additional scale

Mechanical characteristics are presented as
brittleness index K:
R,
. 1
- M

c
where R, and R. are impact strength at flexural and
compression, respectively, J/cnr’.

Compressive strength of mortars was performed
after 1 and 2 days. Impact strength of cement pastes was
measured after 1, 2, 7, 28 days of curing. In order to
compare the brittleness index results, the impact
brittleness index activity (%) was used, where the impact
brittleness index of paste with additive was compared to
the impact brittleness index of control sample.

3. Results and Discussion

When determining the compressive strength by the
method of wedging, a wedge acting under the influence of
compressive force (with a small area of action) splits the
sample into two parts with the same fracture surface. In
this way the main disadvantage associated with the action
of wvarious destruction mechanisms inherent to the
classical determination method of tensile strength and
compression was eliminated. In order to inhibit the
phenomenon of plastic deformation, which takes place in
determining the strength via classical methods with low
rate of load change, it is proposed to use brittle fracture at
high load change rate.

Experimental results of strength are given in Table 2.

In accordance with Table 2, the brittleness index K
is practically independent of the loading rate, and its value
does not meet necessary condition:*® K = I;—f < é <0.125

C

It means that despite the decrease in the K value
over time, after two days the cement stone is not
completely brittle. The wedge impact imprint on the
surface also proves this fact. It can be argued that plastic
deformation takes place at the first moment of load, and
then a fragile fracture is observed in accordance with the
theory of Griffits. At the same time, the increase in
compressive strength under wedging leads to the value of
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K, which corresponds to the aforementioned condition.
Thus, the aceuracy of the method for determining the
brittleness index K~ and the impact test can be considered
adequate, which allows the latter to be used to evaluate the
activity of cement compositions.

It is known that the impact strength is considered to
be one of the most commonly used mechanical properties
in material science. Its advantage is simple production
technology, low cost of equipment and maintenance. To
the opinion of some researchers the method of
determining the impact strength can be applied to assess
the material rating, as well as for running control of its
quality during continuous production.''

To verify the possibility of using impact test to
evaluate the activity of siliceous additives, the basis of the
composition was CEMI 32.5 R.

All additives were conventionally divided into two
groups:

e group 1 - additives on the basis of finely
ground glass obtained from waste glass containers;

e group 2 - pozzolanic additives.

Impact strength was determined using test beams,
varying the amount of additives and setting time. The
results are represented in Figs. 6 and 7.

Before all, it should be noted that regardless of the
setting time, the additives of group 1 affect the brittleness
index in different ways. For example, after one hour of
setting, for colorless and brown glass (content of 6 %) the
brittleness index decreases with respect to the control
sample by 5 and 12.5%, respectively, whereas the
borosilicate glass, on the contrary, increases this value by
20 %. After seven days the brittleness index increases by
~18 and 36 % for the first two glasses and is practically
not changed for borosilicate glass. After 28 days the index
decreases by ~20-25 %. The increase in additives amount
from 6 to 35 % decreases the brittleness index by ~10 %.
The general tendency is the following: for additives (6 %)
of group 1 the brittleness index increases during 7 days of
setting with the subsequent decrease. After 28 days the
index is almost equal for all additives.

For additives (6 %) of group 2 the brittleness index
increases by ~38-40 % with an increase in setting time
from 1 to 28 days. The increase in the additive amount to
10-35 %, as in the previous case, leads to the increase in
the brittleness index.

So, the impact strength method gives an
opportunity to observe the dependence of the brittleness
index on the chemical composition of additives and
setting time, which means the possibility of its application
for the evaluation of the activity of cement blends with
siliceous additives.

A rather high brittleness index after 24 h is most
likely associated with the presence of liquid phase in
structural pores.'” This fluid plays the role of buffer at
high load rates."*"* The results presented in Fig. 8 also
confirm this fact.
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Table 2. Brittleness of samples from cement paste CEMI 32.5R determined by different methods

Method Rate of load Strengtl;\;’{t}ljc:r 1 day, Brittleness, Strengthl\e/}l;c)zr 2 days, Brittleness,
change R, R K 3 R K
EN 196-1 Imm/min 1.38 3.36 041 3.73 13.42 0.28
EN 196-1* Imm/min 1.38 41,8 0.03 3.73 162.2 0.02
Impact strength, J/em® 5.25m/s 0.093 0.23 0.40 0.09 0.24 0.37

Note: *compressive strength was determined by the method of wedging.

Table 3. Composition of cement blends

.. .. Composition of blend, g/500
Additive Amount of additive, % Water demand, % Comen tf Additive & \%’a tor
Colorless glass 6 34.0 470 30 132
Colorless glass 35 34.0 325 175 144
Brown glass 6 34.0 470 30 132
Brown glass 35 34.0 325 175 144
Borosicate glass 6 28.5 470 30 131
Borosicate glass 35 28.5 325 175 134
Silica fume 6 48.4 470 30 136
Silica fume 10 48.4 450 50 142
Synthetic silica 6 80.0 470 30 200
Synthetic silica 10 80.0 450 50 260
160,0 1900
ii 140,0 é 120,0
g 80,0 % 60,0
g 20,0 é‘ 0,0

1 2 7 28

Ocolorlessglass M brown glass  @borosilicate glass Ocolorlessglass W brown glass Mborosilicate glass

a) b)

Fig. 6. Dependence of impact brittleness index on the amount of additives of group 1 and setting time:
amount of additives 6% (a) and amount of additives 35% (b)
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Fig. 7. Dependence of impact brittleness index on the amount of additives of group 2 and setting time:

amount of additives 6% (a) and amount of additives 35% (b)

After 1h of saturation with water only surface saturation value is ~10 %, while the increase in impact
layers of cement samples were saturated. Their water  strength varies within 5-7 %.
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Fig. 8. Brittleness index after 28 days of setting under dry
condition and after saturation with water

Thus, the brittleness index after 1 h of setting reflects
not only the structural strength of the cement paste samples,
but also indicates the presence of liquid phase in the material
pores, which contributes to the increase in the index value.

A slight difference in the values of the brittleness
index of the samples after one day and 28 days allows us to
adopt a method for determining the impact strength, as
accelerated procedure. This method is suitable to determine
the brittleness index of the samples with siliceous additives,
i.e., it may be an evaluation criterion of additives activity.

4. Conclusions

Based on the performed studies, it can be argued that
the method for determining the impact strength can be used
to evaluate the activity of siliceous additives in cement
blends with minor changes to the existing method (PN-
ENISO 148-1:2017-02 or ISO 14556:2015-12), which is
used for metals and plastic products. The advantages of the
developed method, in comparison with the other ones, are
simplicity of definition, low cost of equipment and operation.
Taking the brittleness index as an evaluation criterion, the
time of determination may be reduced to one day. This
allows to use the developed method for systematic control of
activity of cement blends with different chemical
composition according to EN-PN 197.1:2012 standard.

The fragility index depends on the type and amount of
additives introduced into the cement composition. The
additives of the second group are more effective than those of
the first one. In the first group, borosilicate glass is the most
effective, which may be associated with the change in
coordination of boron. In addition, the increase in additives
amount from 6 to 35 % decreases the brittleness index by
~10%. A similar picture is observed for additives of the
second group. This suggests that regardless of the type of
additives, replacement of cement by active Dilution helps to
increase the compressive strength of cement compositions.

A characteristic feature of the method for determining
the impact characteristics is that the saturation of the
structural pores of the cement stone with water leads to an
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increase in brittleness due to amortization and a decrease in
the propagation velocity of the shock wave in the material.
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BU3HAYEHHSI KPUXKOCTI HEMEHTHUX
CYMIIIEU 3 KPEMHE3EMUCTUMU JOJATKAMMU

Anomauin. 3 guxopucmanHsim memooy YOapHoi 8 s3kocmi 00-
CLOJCEHO KPUXKICMb YEMEHMHUX CYMIUEN 3 KPEMHE3eMUCTUMU 00-
Ooamkamu. Tloxasami nepesazamu pospoonenoco memooy: npocmoma
BUSHAUEHHS, HU3bKA 6APMICHb  OONAOHAMHA MAd  eKCIIyamaii.
Jlocriodicero dooamKu Ha OCHOBE MOHKOMENEHO20 CKIIA, 00EPAHCAHO20 3
6I0X00i8 CKIIAHOI Mapu, mMa NyYolaHo8ux 006aBOK, MAKUX 5K 301d
BUHOCY, KpeMHe3eM ma CUHmemuyHuil kpemHeseM. Bemanosneno, wo
30ibUIEHHST KUILKOCHE 000AmKY NO GIOHOUWEHHIO 00 YeMeHmHOI Macu
3MeHuye Kpuxicmo Ha ~ 10% nicsi 28 Ouie meeponena. JJooasanms
35% menenoeo cxna 3HUMNCYE KpUXKicmo yeMeHmuoi nacmu, mooi sK
10% nyyonanosoeo dodamky 36ineuyioms i npomsacom 1-28 Owis.
Toxasano, wo SUSHAUEHHS KPUXKOCI 3d OONOMOROIO YOAapHOI 6 3-
KOCMi ~ MOJICHA — GUKOPUCIOBY8AMU OISl OYIHKU — AKIUGHOCII
KpeMHe3eMUcmux 000aniKia y YeMEeHNHUX CYMIULAX.

Knrouoei cnosa: yemenm, miyHicmo Ha cmuck i po3mse,
000amKU, KPUXKIiCHIb.



