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Abstract

The article presents the results of laboratorystestselected mechanical and physical
properties of fine-grained concrete. The tests waregied out on samples with varying
degrees of microsilica addition. The consistencgssl shrinkage, compressive and
bending strength, water resistance and frost egistwere determined for the designed
concrete mixtures and made samples.
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1. INTRODUCTION

Silica fume, otherwise known as microsilica, is tegzroduced in the production
of iron-silicon alloys and has strong pozzolanioparties. It consists mainly of
spherical granules of amorphous silicon dioxide ,Shich content ranges
from 87 + 98%. The use of microsilica has a posi&ffect on the porosity of
concrete (lowering it), water permeability, redueeeelling and increases the
strength. The positive effect of silica fume on timechanical properties of
concrete is the effect of increasing the adhesioth® grout to the aggregate
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grains and reducing the porosity of the transitmmme. This is due to the
cooperation of microsilica with superplasticizerglats pozzolanic activity [2].
Silica fume is an essential addition to ultra-hgjfength concrete such as
reactive powder concrete (RPC) [1,3,4]. It is fgreined concrete in which the
most important factor causing high strength is mydareduction in crack
formation caused by, for example, load or shrinkdyereducing the maximum
grain size aggregate 600 um and degrading them to micro. Table 1 shows an
example of a recipe for such a concrete.

Table 1. An example of RPC concrete composition

Component Volume [kg/n] Mass percentage [%
Cement 705 28.20
Silica fume 230 9.20
Crushed guartg 200 pm 210 8.40
Sand< 600 pm 1013 40.52
Superplasticizer 17 0.68
Steel fibers 140 5.60
Water 185 7.40

The main task of this work is to examine the effefdhe addition of microsilica
on selected properties of fine-grained concretergter to later use observed
regularities for RPC design. The recipe was limitady to the necessary
ingredients (cement, aggregate, microsilica, waterpvoid the influence of
other components on the properties of the mixtagefanished concrete.

2. MIXTURE RECIPESAND SAMPLES

Three cubes of 15x15x15 cm, 3 cubes 10x10x10 cm 3amectangular bars
10x10x50 cm with 5 concrete mixtures (Table 2) walifferent microsilica

content were prepared for laboratory tests. A tofak5 samples. Concrete
cement was made of CEM | 32.5 R cement from @& cement plant,
SILIMIC U silica fume in non-compressed form wittulk density up to

350 kg/nt and OS 36 fraction from 0.063 - 0.315 mm fractimm Osiecznica

mine. The tightness equation was fulfilled for aated formulas.
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Compressive strength was estimated based on tbaviied) relationship [11].
1884

fe= W
21J?[C+pk

=1 (2.1)

2.2)

Bk
ols—



168 Arkadiusz DENISIEWICZ, Krzysztof KULA, Tomasz SOCHA,
Grzegorz KWIATKOWSKI

where:

C, Pk, W, P — quantity [kg/?h cement, silica fume, water, sand;
Per PPk Pwy Pp — density [kg/M: cement, silica fume, water, sand;
f. — theoretical compressive strength.

After the samples were made, they were seasoned@8fatays in the thermal-
humid conditions as in Figure 1. For the first 48its, the samples were stored
under constant thermal and humid conditions in m@Ewe with
PN-EN 12390-2:2011 [6].

Table 2. Designed concrete mix recipes

Parameter Percentage contesilica fume

0% 5% 10% 15% 20%
Determination of the mixture | 1] 1] v \
Cement [kg/m| 600 600 600 600 600
Silica fume [kg/ni] 0 32.5 65 97.5 130
Sand OS 36 [kg/f 820 780 740 700 660
Water 485 485 485 485 485
W/C 0.75 0.75 0.75 0.75 0.75
W/S 0.75 0.71 0.68 0.65 0.62
Volume [kg/n] 1955 | 19475 | 1940 | 1932.5| 1925
The tightness equation 1.0 1.0 1.0 1.0 1.0
[Tl\;‘gg;e“ca' compressive strength 14 o5 | 2165 | 27.47 | 27.42 | 30.49

3. RESULTSOF THE LABORATORY TESTS

3.1 Consistency testing

Testing the consistency of designed concrete nastwas carried out with the
use of a drop cone method in accordance with PNiR2R50-2: 2011 [5].
The obtained results are presented in Table 3.

Table 3. The results of testing the consistenayesigned mixtures

Efe ttﬁémn']?)iﬂ(r)g Silica fume [%] | Drop cone [mm] Consistency class
I 0 200 Semi liquid K4
Il 5 160 Semi liquid K4
1 10 130 Plastic K3
v 15 110 Plastic K3
\% 20 90 Dense plastic K2
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The results of the study are in line with expeotai Together with the increase
in the amount of microsilica added to the concreteure, its density increases,
which is the effect of the decreasing W/S water lainder ratio.

3.2 Contraction test

The contraction test was carried out on 10x10x50@ctangular bars using the
Amsler apparatus. The first measurement of shriakags made after 48 hours
of the samples being made. Samples from the mowfeakecution from the
first measurement were stored in constant thermdl lBumid conditions in
accordance with PN-EN 12390-2: 2011 [6]. After 4Rits, samples were stored
at an average temperature of 21°C, and averadriaidity: 36.8 %. The exact
distribution of temperature and air humidity durittie 28-day seasoning of
samples is shown in the graph in Figure 1. Figusb@vs the course of average
time shrinkage for beams made of individual mixsu(@able 2). Three bars
made of each mix were used for the study. The tesure averaged. On the
basis of the obtained results, it is possible toficm the positive effect of the
addition of microsilica (in the tested range) orm tbhrinkage of the tested
samples. As the amount of silica fume increases, dheed of shrinkage
decreases in the mix, which limits the crackinghef finished concrete.
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Fig. 1. Distribution of temperature and air humydiuring the contraction test
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Fig. 2. Medium shrinkage of beams made of individnixtures

3.3 Compressive strength test

The compressive strength test comprised cubic ssmpith a side of 15 cm.

Each of the samples ripened at least 28. The stadycarried out in accordance
with PN-EN 12390-3:2011 [7]. Strength classes @& thsted concrete were
determined on the basis of PN-EN 206-1:2003 [10].

Table 4. The results of the compressive strength te

Sr;‘,‘]g‘r‘l’('e P.[kN] |fezs[MPa]| Pen[kN] | femzs[MPa] |Class of concrete
Gl 856.6 | 38.07

Gl2 7675 | 34.11 736.5 32.73 C16/20
GI3 5855 | 26.02

GlIl1 8246 | 36.65

Gll2 857.7 | 38.12 803.7 35.72 C25/30

GlIl3 728.8 32.39
Gll1l 886.5 39.40

Glll2 966.8 42.97 897.4 39.88 C30/37

Glll3 838.8 37.28
GIvil 914.2 40.63

GIv2 875.5 38.91 926.9 41.20 C30/37

GIV3 991.1 44.05
GVl 1037.5 46.11

GVv2 997.2 44.32 964.2 42.85 C30/37

GV3 857.9 38.13
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where R - destructive force of the sample,28 - compressive strength
of concrete after 28 days calculated from the fdamu

P
fc,!n = Ic

(3.2)
A - cross-sectional area of the sample 2256, — average destructive force of
the sample,f,28 — average compressive strength of concrete28tdays.

In the studied range, the results confirm the pasieffect of the addition of

microsilica on the compressive strength of concrétehe same time, it should
be noted that in the tested mixtures the formul2)(Bnderestimates the real
strength by an average of 55%. With the increaskdramount of silica fume in

the mix, the underestimation of the compressivensth is lower.

3.4 Bending strength test

The bending strength test was carried out on rgatan bars 10x10x50 cm,
according to PN-EN 12390-5:2011 [8]. Samples wested during the three-
point bending test, figure 3.

Table 5. The results of the bending strength test

Sample mark F [kN] Av?cr)?g:[ﬁzr]nage fef [MPa]
Gl1l 3.94
Gl2 3.20 3.49 1.57
GI3 3.34
Gll'l 4.24
Gll2 4.13 4.09 1.84
GIl'3 3.91
Glll'l 4.18
Glll2 4.70 4.34 1.95
GIIl'3 4.15
GIV1l 4.24
GIV?2 4.90 4.43 1.99
GIV3 4.15
GVl 5.84
GV?2 4.20 5.13 2.30
GV3 5.35
where:
15-F-1
for = T B (3.2)
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fes — theoretical bending strength;

F — load destroying the sample;

| — distance between supports;

b — width of the cross-section of the bar.

25

Fig. 3. From the left: sample support diagram aamdpe during the test

In the case of bending strength, the positive eféthe addition of microsilica
on the strength parameters of the finished condsettso confirmed.

3.5 Water-tightnesstest

Cubic samples with a size of 15x15x15 cm. wereetksor water-tightness.
Each of the samples ripened at least 28 days. 8starting the test, all samples
were dried to a constant mass in accordance witlERN.2390-8:2011 [9]The
test was carried out on a standard apparatus f&inde water-tightness of
concrete. The water pressure exerted on the sampaledifted every 24 hours
from 0.2 MPa to 1.2 MPa. The GV 1 sample begaeak immediately after the
start of the study, therefore it is not taken iatwount when analyzing the test
results. The remaining samples remained sealebth@tmaximum pressure was
reached. Table 6 presents the results of the wigteness test of the samples
made. The soaking level was read at the sampl&threaghs (Fig. 4).

Table 6. Results of water tightness test

Sample mark Soaking level Water-tightness class
[mm] Average value [mm
Gl1 150
Gl2 146 148.7 w4
GI3 150
Gll1 144
Gll2 120 132.3 W4
GIl3 133
Glll'l 105 111.3 W4
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Glll2 121

Glll3 108

GIVil 95

GIV2 79 90.7 w4
GIV3 98

GV1 leak

GV2 93 88.0 w4
GV3 83
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Fig. 4. Reading the soaking level at the turn efshmple

The study confirmed that with increasing the amoahtmicrosilica in the
concrete mix, the water resistance of the finishedcrete increases. This is
because the addition of microsilica reduces thegitr of the cement-binder
matrix.

3.6 Frost resistance test

Cubes with a side of 10 cm were tested for frosistance. The test consisted in
assessing the behaviour of samples during 25 cyélégezing and thawing in
the temperature range from +19°C to -19°C. Theitestived 15 samples, 3
pieces with different silica fume content, 0%, 5P8%, 15%, 20% respectively.
The entire test lasted 10 days. To assign the pppte class of frost resistance
after the end of 25 cycles, the samples were itegdor the resulting voids and
cracks. It was found that cubes from mixture | (GQEL2, GI3) and cubes from
mixture Il (GlI1, GlI2, GlI3) were completely desired. The percentage loss of
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mass (3.1) and the percentage loss of compressamgth (3.2) of the samples
tested were calculated.
Gl. B G:
Gy

AG = -100\% (3.1)

where:

G: - mean sample weight before freezing (saturatéid water);
G, - mean sample weight after freezing (saturated witer).

Ba 2R oovw (3.2)

4R = R,

where:

R; - compressive strength of unfrozen samples, ceeddrom strength of the
cubes 15x15x15 cm;

R, - compressive strength of the cubes after thechade is thawing.

Fig. 5. Samples after frost resistance test (2%esyc

The study showed that it is not possible to asaignclass of frost resistance to
any of the samples, as the strength drop comparenftozen samples is greater
than 20%. The test results are presented in thanfiolg Table 7.
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Table 7. Results of frost resistance test

Weight Weight Frost
Sample | before Gl after G2 AG R1 R2 AR | resistance
mark | freezing freezing class
[a] (%] [MPa] [%]

Gl1 1872.0 1764.9

Gl2 1927.1 | 1905.2 | 1812.1 |1793.6| 5.86|25.19| O 100 -
GI3 1916.4 1803.8

Gll1l 1989.0 1815.9

G2 | 19218 | 19445 | 17804 |1807.5/ 7.04|34.25| 0 | 100 -

GIl3 1922.7 1826.2

Gllll 2036.6 2008.8
Glll2 19725 | 2018.6 | 1924.3 |1975.9| 2.11 | 39.07| 28.32 | 27.51 -

GIll3 2046.6 1994.7
GIvi 2012.2 1960.5
GIV?2 1956.6 | 1982.3 | 1905.9 |1931.9| 2.54 | 41.43| 23.70 | 42.79 -

GIV3 1978.1 1929.3

GV1 | 20423 2008.2
GV2 | 19780 | 19955 | 19425 |1961.4| 1.71 |39.98| 30.58 | 23.51| -

GV3 1966.2 1933.6

4. CONCLUSIONS

The tests have shown the beneficial effect of aglditica fume in the analyzed
range to all parameters tested. The frost resisttast also confirmed the above
trend, at the same time demonstrating that thetiaddif silica fume in itself can
not be treated as an important factor increasiegrésistance of fine-grained
concrete to frost.
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WPLYW DODATKU MIKROKRZEMIONKI NA WYBRANE WtA SCIWOSCI
BETONU DROBNOZIARNISTEGO

Streszczenie

W artykule zaprezentowano wyniki baddaboratoryjnych wybranych widaiwosci
mechanicznych i fizycznych betonéw drobnoziarnistyBadania przeprowadzono na
prébkach o rénym stopniu dodatku mikrokrzemionki. Dla zaprojekémych mieszanek
betonowych oraz wykonanych prébek wyznaczono ekld®nsystencji, skurcz,
wytrzymalai¢ nasciskanie i zginanie, wodoszczelitd mrozoodpornéc.
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