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SELF — COMPACTING CONCRETE WITH WASTE MATERIALS
AS NEW ECOLOGICAL MATERIAL

1. Despotovié
High building — Geodetic the school

Abstract: Construction industry uses vast amounts of natural resour-
ces, simultaneously producing significant amounts of construction waste, so
that it has a great impact on the environment. Annual production of concrete
in the world has reached 10 billion tons, classifying concrete in the most
widely used building material. Having in mind the fact that 70 % of concrete
is aggregate. it is clear what the quantity of natural and crushed aggregates
requires.

Self-compacting concrete, being innovation in the field of concrete
technology, contains a certain amount of powdered materials — fillers. There
are various possibilities of selecting this component. If we used any of the
industrial by-products, such as fly ash or silica fume, we would solve the
problem of depositing these materials, and thus made concrete ecological ma-
terial.

The research subject presented in this paper are properties and techno-
logy of self-compacting concrete made with various mineral additives: lime,
fly ash, and silica fume, wherein the aggregates used, are both natural and re-
cycled aggregates, obtained by demolition of retaining wall, whose amount is
varied in the concrete.

Key words: Self — Compacting Concrete, recycled aggregate, fly ash,
silica fume, lime.

1. INTRODUCTION

Construction industry uses vast amounts of natural resources, simultaneously
producing significant amounts of construction waste, so that it has a great impact
on the environment. Annual production of concrete in the world has reached- 10
billion tons, classifying concrete in the most widely used building material. Having
in mind the fact that 70 % of concrete is aggregate, it is clear what the quantity of
natural and crushed aggregates requires. Uncontrolled exploitation of aggregates
from rivers seriously disrupts aquatic ecosystems and habitats, while the produc-
tion of crushed natural aggregates increases harmful gas emissions, primarily of
CO,, which are responsible for the greenhouse effect. These gases are formed du-
ring blasting rocks and during the transportation of aggregates to the usually distant
urban areas.
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On the other hand, the amount of construction waste generated during the
construction and demolition of buildings is growing rapidly, deepening the pro-
blem of disposing this waste, which is usually solved by making planned landfills
(which occupy large areas of land and disposal is costly) or illegal dumps.

One of the solutions of the mentioned problems is recycling deposited buil-
ding materials, primarily concrete. This idea is not new and developed countries,
like Japan, the Netherlands, Belgium and Denmark achieve a high percentage of
recycling of construction waste. Recycled concrete aggregates are mostly used in
road engineering, for different fillings and making non-structural elements (curbs,
fences, etc). Because of the uneven quality, the possibility of various impurities to
rest during recycling, larger water absorption and lower bulk density, compared to
natural aggregates, recycled aggregates require a series of tests and special techno-
logy of concrete making.

Self-compacting concrete, being innovation in the field of concrete technolo-
gy, contains a certain amount of powdered materials — fillers. There are various po-
ssibilities of selecting this component. If we used any of the industrial by-products,
such as fly ash or silica fume, we would solve the problem of depositing these ma-
terials, and thus made concrete ecological material.

2. SELF — COMPACTING CONCRETE

Self — compacting concrete (SCC), according to many authors ,,the most re-
volutionary discovery of concrete industry of the 20" century”, does not need vib-
rating when placing and compacting. Under the influence of its own weight, it
completely fills all parts of the formwork, even in the presence of dense reinforce-
ment. Its advantages are fast construction, a reduced number of required workers,
better final surface, easier placement, and increased durability, greater freedom in
designing elements, noise reduction, vibration absence, and therefore healthier
work environment. It is estimated that when using self-compacting concrete in-
stead of vibrated concrete, the need for workers is reduced by about 10 %; when
using prefabricated elements, construction time is shorter by about 5 %, and
demand for workers decreased by about 20 %; when applying sandwich elements (
steel — concrete) time saving is 20%, and savings in the labour force 50%. The
main disadvantages of the use of self — compacting concrete are higher material
prices, stricter quality requirements and increasing pressure on the formwork com-
pared to vibrated concrete [1].

The basic components of the mixes in vibrated and self — compacting con-
crete are the same, but ratios differ, so that SCC contains more fine aggregate and
fine particles, as well as additives of the latest generation ( modifiers of viscosity
and high capacity water reduction) compared to vibrated concrete.

230



Self — compacting concrete with waste materials as new ecological material

3. MINERAL ADDITIVES

The initiators of the idea of applying fly ash, resulted from coal burning, in
concrete were McMillan and Powers (1934). At the end of 40s the experiments
carried out in the UK (Fulton and Marshal) led to the construction of dams Led-
nock, Clatworthy and Lubreoch, with fly ash as a cement additive. All these struc-
tures are after 60 years in excellent condition [2]. During the combustion of coal in
a furnace at temperatures between 1250°C and 1600°C, non-combustible particles
combine to form spherical glassy droplets of silicate (SiO,), aluminate (AL,Oj),
iron oxide (Fe,O;) and other less important constituents. When fly ash is added to
concrete, pozzollanic reaction starts between silicon dioxide (SiO;) and calcium
hydroxide (CaOHa;) or lime, which is a by-product of hydration of Portland cement.
The resulting products of hydration fill pores reducing the porosity of the matrix.
These products differ from the products formed in concrete containing only Por-
tland cement.

Silica fume is formed during melting quartz at high temperature in an electric
arc furnace, wherein silicon or ferrosilicon occurs. Because of the huge amount of
electricity needed, these furnaces are located in the countries with significant elec-
trical potential, such as Scandinavian countries, USA, Canada, South Africa and
Australia. High purity quartz is heated to 2000°C using coal, coke or wood chips as
fuel and then electric arc is introduced in order to remove metals. By melting
quartz, silicon oxide is released in gaseous state, and it is mixed with oxygen in the
upper parts of the furnace, where it oxidizes turning into tiny particles of amorpho-
us silicon dioxide. Particles are carried out from the furnace through the collector
and cyclone, where the unburned parts of coal are removed, and then “blown” into
the special filter bags.

Due to its nature, even a small addition of silica fume significantly changes
physical and chemical properties of concrete. The customary dosage of 8- 10% by
weight of cement means between 50 000 and 100 000 microspheres of dust per
cement grain, which directly increases the cohesion of concrete. If silica fume is
used in the powder form, there will be a need for a greater amount of water to all-
ow mixing and placement of concrete so it is necessary to apply plasticizers and
superplasticizers. Because of higher specific area and higher content of silicon
dioxide, silica fume is much more reactive than fly ash or granulated slag. This
increased reactivity initially increases hydration rate of C;S cement mineral, but
after two days the process becomes normal.

Lime is more widely used as a cement additive than a concrete additive. Eu-
ropean norm EN197 - 1 provides two classes of Portland cement with lime whose
labels are CEM II/L (or L-L instead of A-L) and CEM II/BL (or L-L instead of B-
L). The former contains between 6 and 20% of lime and the latter 21 — 35%.
Requirements that lime for cement should meet are the following: CaCOj; content
should be greater than 75%, clay content, determined by methylene blue test, must
not exceed 1.20g/100g, the total content of organic carbon must not exceed 0.20%
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for LL lime and 0.50% for L lime. The presence of lime causes the acceleration of
the hydration process and hydration shrinkage of concrete in the first few hours,
because the particles of lime are used as additional cores for hydration.

4. RECYCLED AGGREGATE

The use of recycled aggregates in structures is still relatively new. Buck
(1977) detines its beginning in the period immediately after the Second World
War, when there was a tremendous need for building new facilities and infrastruc-
ture and at the same time, clearing the existing ruins. After that, the use of recycled
aggregates stopped but during 70s the US started to re-use recycled aggregates in
non-construction purposes, mainly as fill material and different fillings in road
engineering [3]. Due to the above mentioned reasons, testing of recycled aggrega-
tes (not just concrete) and their application are more relevant today than ever,
because the need for aggregates globally reached 26.8 billion tons per year [4]. For
example, the US annually recycles about 149 million tons of concrete waste. Acc-
ording to the data from the annual report of the European Association for aggrega-
tes (2010), recycled aggregates make 5% of the total production of aggregates in
the European Union, where Germany is the largest producer, followed by Great
Britain (49 million tons), the Netherlands (20 million tons) and France (17 million
tons). In Australia, around 50% of the concrete waste is recycled, while in Japan,
the impressive 98% of concrete waste is turned into recycled aggregate [5]. It is es-
timated that in the Republic of Serbia, about 1 million tons of construction waste
and demolition waste is annually produced. This waste ends up in landfills of mu-
nicipal waste, and is also used as inert material for coverage of waste at landfills.
Recycling construction waste actually does not exist [6].

Technological process for the production of recycled aggregates involves
crushing pieces of old concrete to a certain grain size and their sieving, which is
preceded by the separation of metal parts, using magnetic separator, and manual or
mechanical removal of foreign substances. Grains of recycled aggregate, obtained
by this recycling process, consist of grains (or grain parts) of natural aggregates
and cement mortar of original concrete which partially or completely wraps them.
The presence of old cement mortar, which is of less density and higher porosity
than grains of natural aggregates, significantly affects a number of physical and
mechanical properties, of both recycled aggregate and concrete with recycled
aggregate, i.e. causes ,,worse” properties of recycled aggregate compared to natural
aggregate.

5.MY OWN EXPERIMENTAL RESEARCH

5.1 Composition of concrete mixes

For the purposes of the experimental work, nine three-fraction concrete mi-
xes have been made. Cement PC 42.5R (Holcim Popovac) has been used as well as
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mineral additives: lime (manufacturer .,Jelen Do”), fly ash (from the power plant
»Nikola Tesla B” in Obrenovac), and silica fume (product of Sikafume , a manu-
facturer of building chemicals SIKA); natural aggregate (Luka ,,Leget”, Sremska
Mitrovica), recycled aggregate obtained by crushing demolished retaining wall in
the quarry Ostrovica, near Nis. Control concrete was made with each of the additi-
ves and a natural aggregate; in mixes K50, P50 and S50, fraction 8/16mm was
replaced by the recycled aggregate, and in mixes K100, P100 and S100, both coar-
se fractions (4/8 and 8/16) were replaced by recycled fractions. In all the mixes,
superplasticizer ViscoCrete 5380 (manufacturer SIKA) has been used, which was
dosed according to the manufacturer. The criterion in the designing mixes was to
achieve the same consistency of concrete, i.e. slump-flow class SF2, which inclu-
des the usual uses of concrete and involves spreading from 66 to 75cm. While ma-
king concrete mixes, the aggregate was first mixed with half of the required water
for a period of about 30 seconds, and then other components were added. When us-
ed recycled aggregate, the amount of water which was absorbed by the aggregate in
30 minutes (II fraction 2.22%, III fraction 1.5%) was added, although this principle
could not be consistently applied.

The fresh concrete tests were done for density, fluidity — slump flow test
according to EN 12350-8, viscosity — TS00 test according to EN 12350-8, the abi-
lity of the passage between the reinforcement — L. box test according to EN 12350-
10, segregation resistance — Sieve segregation test according to EN 12350-11.

The hardened concrete tests were done for density, compressive strength,
tensile strength by bending, shrinkage, water impermeability, water absorption, and
SEM analysis (Scanning Electron Microscopy).

Composition of concrete mixes is shown in Table 1.

Table 1: Concrete mixes

cement | lime tly ash illll:;: 0/4mm 4/8mm 8/16mm | water VSC5380

tkg/m3) | (kg/m3) | (kg/m3) (ke/'m3) (kg/m3) (kg/m3) | (kg/m3) | (kg/m3) | (kg/m3)
| EK 400 120 | 0 0| 77086 | 30628 | 532 | 1708 4.94
CEP | 400 0 120 0| 77086 | 306.28 532 | 192.66 4.94
ES 400 0 0 52| 770.86 | 306.28 532 | 18571 4.94
K50 400 | 120 0 0| 80914 | 30628 | 50543 | 182386 5.08
P50 a0 0o 120 0| 809.14 | 30628 | 50543 | 214.28 5.08
$50 400 0 0 52| 809.14 | 30628 | 50543 | 197.14 5.08
K100 400 120 0 0| 809.14 | 30628 | 50543 | 1895 5.08
P100 400 0 120 0| 809.14 | 30628 | 50543 | 221 | 5.08
$100 400 0 0 52| 809.14 | 30628 | 50543 | 2086 | 5.08

5.2 Test results

The test results for concrete in the fresh state are shown in Table 2.
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Table 2: Test results for concrete in the fresh state

Concrete mix Density Slump- T500 L-box Efnve segrega-
kg/m3 flow cm s H1/H2 o

EK 2418 73 4 1 12.4
EP 2288 70 4 0.94 11
ES 2416 66 6 0.91 6.8
K50 2362 70 5 0.96 12
P50 2279 70 5 0.95 7.8
§50 2324 67 5 0.94 52
K100 2347 69 S 1 10
P100 2298 66 6 0.91 5.5
S100 2359 66 6 0.92 7.5

The test results for density of concrete in the hardened state, according to
SPRS EN 12390 — 7:2010, after 2,7 and 28 days are shown in Table 3.

Testing compressive strength was carried out on the cubes with edges of 15cm.
The test results for compressive strength after 2,7 and 28 days are shown in Chart 1.

Testing tensile strength by bending was done after 28 days on the samples of
dimensions 12x12x36cm. The results are shown on Chart 2.

Table 3: Test results for density (kg/m3)

EK EP ES K50 P50 S50 K100 | P100 $100
iam 2396 22624 | 23664 | 23565 | 23135 | 2313 23635 | 22842 | 2312
Zana 24692 | 22897 | 2361.8 | 2370 23155 | 23158 | 23529 | 22925 | 23386
2 2267 | 23062 | 23763 | 24007 [ 2314 2325|2357 | 23033 | 2333
Compressive strength
T 80
2 70
?" 60 e e e e - e —
% 50 e
s 90 B B BB e —
.g 30 P s
& 20
£
£ 10 |
| EK K50 | P50 | S50 |
[m2days | 46 4.82 | 28.68 37.75
 m7days | 58.24 312 | 41.24 54.67  52.86 | 40.18 | 51.59

|~ 28 days | 66.68
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Tensile strength by bending
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Chart 2: Tensile strength by bending

Shrinkage test was done on the samples of dimensions 12x12x36cm, all in
accordance with SRPS UM1.029. 72 hours after the samples are made they are ta-
ken out from the water and exposed to thermo hygrometric conditions. We chose it
to be 70 £ 5 % air humidity and a constant temperature of 20+ 4 °C, which is the
standard prescribed for structures and elements located in free space. First measu-
rement was done 72+ (.5 h hours after the samples were made, and then after 4 and
7 days. After this, further measurements were done after every seven days, until the
process stabilized. The results of shrinkage tests after 4, 7, 14, 21, 28, and 35 days,
are shown in Chart 3.

Drying shrinkage

500 S
E
g 400
£ 4 days
é 300 ' m 7 days
2” 200 m 14 days
=2
£ m 21 days
£ 100 N -
o W 28 days
=14}
g 0 |
& 35 days
& EK EP ES K50 P50 S50 K100 P100 S$100

Concrete mix

Chart 3: Shrinkage
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Water absorption test was done on the samples of dimensions 12x12x36cm,
by the method of gradual immersion. The test results for water absorption after 28
days are shown in Chart 4.

Water absorption

2.2 S _x
£ 2 e
T 1.8 4— e
16 - — U
e 1.4 S
o 1.2 _—
2 1+ U
= o0 1l I,
£ 06 - B8 N water absorption %
<
s 04 4 — — I

0.2 + N BN W

0 — : - -

LR O D DD O®

Concrete mix

Chart 4: Water absorption

Water permeability testing was done on the samples of dimensions 200x200x-
150mm, in concrete at an age of 28 days, all in accordance with SRPS U.M1.015:1998.
The samples were exposed to water under pressure of | bar for 24 hours; then the
following 48 hours of 3 bars and finally, the last 24 hours of testing, under pressure of
7 bars. After this, they were broken and the depth of water ingress is measured. With
the samples with lime and silica fume, ingress of water of about 2cm was recorded,
while with the samples with fly ash, ingress of water was 8 — 10cm.

Scanning electron microscopy (SEM analysis) enables to ,,Jook into” the structure
of concrete made and to better explain the results obtained by testing (Figures 1 — 3).

Figure 1: Microstructure of the concrete with lime
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Figure 3: Microstructure of the concrete with silica fume

6. THE RESULTS ANALYSIS

Fresh concrete was spread from 66 to 73cm which designed mixes of class
SF2 which fits in most common use of concrete in construction. Mixes with silica
fume had the slightest mobility, as well as mixes with recycled aggregate, because
grains with sharp edges were more difficult to ,,move” while levelling concrete.
The largest spreading was recorded in control concrete with lime - 73cm, and the
smallest in control concrete with silica fume, in mixes with silica fume and coarse
recycled aggregate, and in mixes with fly ash and coarse recycled aggregate - 66.

T500 is the time that concrete reaches 500mm, and it is measured when
doing slump-flow test. It represents a check of viscosity of the mix; the recommen-
ded interval for class SF2 is from 3.5 to 6.0s, and all mixes ,,fit” into it. The results
are in the range of 4 — 6s, wherein concrete mixes with silica fume were the
slowest. Time longer than 2s puts them in viscosity class VS2.

All mixes meet the criterion that height ratio of concrete at the ends of L-
box is at least 0.8 and their class is PA2 as the testing was done with three reinfor-
cement rods which is a requirement for thicker reinforced construction. The test
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scores are in the range of 0.91 — 1.0, wherein mixes with lime achieved the best
results (nearest to 1.0). The biggest difference at the ends of L box was measured
in mixes with silica fume, which is a logical consequence of its minimum sprea-
ding. Blocking of aggregate grains between reinforcement rods was not recorded in
any case.

Sieve test shows that all mixes are resistant to segregation and they belong to
class SR2 (<15%), while larger spreading means lower resistance to segregation.

Control concrete with lime had the highest density in the fresh state, 2418
kg/m’, nearly the same as the control concrete with silica fume (2416 kg/m’, i.c.
0.08 lower), while minimum density was found in the mix P50 (fly ash and
recycled III fraction) 2279 kg/m’, 5.7% lower. Generally speaking, mixes with fly
ash had the lowest density, about 70 kg/m’ lower, compared to the corresponding
mixes with lime and silica fume.

While designing concrete mixes, in order to obtain the same consistency
because of the use of recycled aggregate, it was necessary to intervene in two
directions: to increase the amount of water and to reduce the amount of III fraction
by 5%, simultaneously increasing the amount of sand by 5%. Without these inter-
ventions in the composition, it was impossible to achieve self-compacting of mixes
because of the sharp-edged grain shape of recycled aggregates and granulometric
composition itself (recycled aggregate had 7% of oversized grains). The greatest
change of the water- cement ratio was found in concrete mixes with fly ash; at the
same amount of mineral additive (and all other components), 21.86 kg (12.8%) of
water was added into the control concrete with fly ash compared to the control
concrete with lime; in the mix with III recycled fraction 31.42 kg (17.2%) compa-
red to the appropriate mix with lime and in the mix with I and III fraction 31.5 kg
(16.6%). Silica fume has much smaller particles than lime and fly ash, so that its
dosage was 52 kg/m3 of concrete, i.e. 13% by the mass of cement (the usual dosa-
ge is 10 — 15%). We added 14.91 kg (8.7%) of water into the control concrete with
silica fume compared to the control concrete with lime and 14.28 kg (7.8%) and
19.1 kg (10.11%) compared to mixes with lime and recycled aggregate. The
required class of consistency was obtained at the lowest water-cement ratio in
mixes with lime, while the highest amount of water was needed in mixes with fly
ash. The lowest water-cement ratio was recorded in the control concrete with lime
— 0.43 (at the same time the lowest water-cement ratio — 0.33), and the highest in
mixes with fly ash and both two coarse recycled fractions — 0.46. It is necessary to
point out that concrete mixes with lime, at the lowest content of water compared to
other mixes, had the largest diameters of spreading and the best properties of self-
compacting.

The highest density in the hardened state after two days was recorded in the
control concrete with lime, and the lowest in the control concrete with fly ash (the
difference 133.6 kg/m’ i.e.5.6%). This trend was held even after 7 days excepting
that the difference amounted 179.5 kg/m’® (7.3%). After 28 days, control concrete
with lime had the highest density, 2426.7 kg/m’, 123.4 kg/m® (5.1%) higher than
the mix with fly ash and both two coarse recycled fractions, and 120.5 kg/m® (5%)
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higher than control concrete with fly ash. Density in the hardened state in mixes
with silica fume ranged from 2312 kg/m’ (S100, 2days) to 2366.4 kg/m® (ES,
28days); those are the values ,,between” the corresponding values in lime and fly
ash. It should be borne in mind that, for making concrete mixes, we used 52 kg of
silica fume and 120 kg of lime and120 kg of fly ash.

The highest value of the compressive strength after 2 days was recorded in
the control concrete with lime, and the lowest in the mix with fly ash and both two
coarse recycled fractions — P100. The difference was 19.8 MPa (43%). After 7
days, control concrete with lime and control concrete with silica fume had nearly
the same compressive strength (58MPa), while the mix P100 reached 40.18 MPa
(the difference 17.82 MPa, i.€.30.7%). After 28 days, the highest value of strength
‘was found in the control concrete with silica fume, 72.31 MP, and the lowest in the
mix P100, 47.2 MPa (the difference 25.11 MPa, i.e. 34.7%). Considering mixes
with lime, it can be concluded that the differences in the obtained strength, when
using natural and recycled aggregate, are relatively small, 4.51 MPa (6.8%) and
6.38 MPa (9.6) — comparison of control concrete with mixes in which one or both
coarse fractions are replaced. In mixes with fly ash, the difference is 12.3 MPa
(19.2%) and 16.8 MPa (26.2%). Greater difference in strength among mixes with
fly ash can be explained by the uneven quality of recycled aggregate, which repre-
sents a major problem of their application. In the group of mixes with silica fume,
the difference between the control concrete mix and other two mixes was 2.61 MPa
(3.6%) and 7.81 MPa (10.8%). The fastest increment of strength was found in
mixes with silica fume. In all concrete mixes with natural aggregate, a failure was
recorded through cement paste, while in mixes with recycled aggregate, the failure
was found through aggregate, no matter which mineral additive was used.

Differences in the results of tensile strength by bending are not great. The
values of strength by bending are in the range of 7.97 MPa (P100) to 10.31 MPa
(ES). The difference between these values is 2.34 MPa (22.7).

Available data from the literature, like my own previous researches [7] show
that it is difficult to predict or find regularities when shrinkage of concrete is in
question. The measurements done show that the largest shrinkage was found in the
concrete mix with silica fume and III recycled fraction, S50, and the smallest in the
control concrete with lime EK, wherein the difference is 56%. No regularities can
be drawn from these results: mixes with III recycled fraction had greater shrinkage
than mixes with II and III recycled fraction, wherein differences in lime and silica
fume were more pronounced than in concrete with fly ash. If classification of con-
crete is done according to the mineral additive, the largest shrinkage was found in
mixes with silica fume; if the criterion is aggregate, the largest shrinkage among
control concrete mixes, was found in the control concrete with fly ash (29% more
than in the control concrete with lime and 11.7% more than in the control concrete
with silica fume); among mixes with III recycled fraction S50 (4.8% more than in
mixes with lime and 22.8% more than in mixes with fly ash), and among mixes
with II and III recycled fraction S100 (22.8% more than in mixes with lime and
13.2% more than in mixes with fly ash).
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Water absorption is in the range of 0.85% (mix S50) to 2.12% (mix EP). The
highest water absorption was recorded in the mixes with fly ash, and the lowest in
the mixes with silica fume, which is absolutely in accordance with the achieved
concrete structure, which was, according to SEM analyses, the most porous in con-
crete mixes with fly ash. Average water absorption in mixes with silica fume was
0.9%, in mixes with lime 1%, and in mixes with fly ash 2%. When testing water
impermeability, the ingress of water into the concrete with lime and silica fume,
was very small, about 2cm, so as these mixes were practically impermeable, while
in the mixes with fly ash, larger ingress of water was noted, about 10cm, which is
the consequence of the increasing porosity of these concretes and, according to the
criterion, that penetration of water must not be larger than 4cm [8], concretes with
fly ash can be considered permeable.

7. CONCLUSIONS

Properties of self-compacting concrete are affected both by a kind of mineral
additive and a kind of the applied aggregate. Best properties of self-compacting are
achieved by using lime. These concrete mixes had the best fluidity and viscosity,
after passing through reinforcement they were absolutely horizontal, but because of
the largest spreading, they had minimum segregation resistance. Mixes with fly ash
had the best ratio of diameter of spreading (fluidity) and segregation resistance.
Since they are very small (about 100 times smaller than cement or ash grains), and
have very large area of grain (15 000 to 20 000 m*/kg), particles of silica fume
significantly increase concrete cohesion and adversely affect the fresh concrete
self-compacting. Use of recycled aggregates, due to a sharp-edged shape of grains
which increases adhesion, also adversely affects the properties of self-compacting
concrete, so it was necessary to intervene in the sense of reducing III or increasing
I fraction by 5%, in order to achieve the desired consistency.

Eftect of silica fume on the compressive strength of concrete: silica fume is
pozzolan which is activated by calcium hydroxide. Calcium hydroxide is formed in
the process of cement hydration so that silica fume can be activated only when
cement begins to react. As concrete starts to bind and harden, pozzolanic activity of
silica fume becomes the dominant reaction. Due to the high specific area and hig-
her content of silicon dioxide, silica fume is much more reactive than fly ash. This
increased reactivity will initially significantly intensify hydration rate of C;S
cement fraction, but after two days the process becomes normal. As silica fume
reacts and forms calcium silicate hydrates, voids and pores in the concrete are fil-
led, wherein crystals formed connect the space between cement particles and
aggregate grains. If this effect is added by the physical presence of silica fume in
the mix, it is clear that the concrete matrix will be very homogenous and dense,
resulting in improved strength and impermeability, which is clearly seen in SEM
pictures. Besides, owing to their size, silica fume particles can cause “micro filler”
effect, additionally filling transit zone of concrete.

240



Self — compacting concrete with waste materials as new ecological material

Effect of fly ash on the compressive strength of concrete: when fly ash is
added to concrete, there is pozzolanic reaction between the silicon dioxide (SiO,)
and calcium hydroxide (Ca(OH),) or lime, which is a by-product of hydration of
Portland cement. Weak pozzolanic reaction occurs during the first 24 hours at a
temperature of 20°C. That is why, for a given amount of cement, with increasing
fly ash content, lower early compressive strength is achieved. The presence of fly
ash slows the reaction of alite in Portland cement at an early stage. Meanwhile,
production of alite later accelerates thanks to the creation of cores of hydration on
the surface of fly ash particles. Calcium hydroxide is pressed in the surface of the
glassy particles, reacting with SiO; or Al,05-Si0; grid. Slower early strengths of
concrete with fly ash prevent its application where high early strength is expected,
which can be solved by using accelerator. Therefore, the available literature refers
to the design and monitoring of the 90 day compressive strength of concrete. SEM
analyses evidently show extremely spongy, i.e. porous structure of the concrete
with fly ash, no matter which aggregate is used.

The effect of lime on the compressive strength of concrete: SEM analyses
show the presence of lime particles in concrete even after 28 days, and on the other
hand, two day increment of strength confirms that these particles constitute the
core for hydration C;S and C,S, so that they accelerate the reactions of hydration,
which supports the thesis that lime is chemically inert.

The main problem of using recycled aggregate is its increased porosity, cau-
sed by the remained old cement paste on aggregate grains. This is the main reason
for uneven quality of aggregates and it causes a decrease in the compressive
strength of concrete. The amount of recycled aggregate affects the absorption of
water in the sense that with increasing the amounts of recycled aggregates, the per-
centage of water absorption is also increased, as a consequence of greater porosity.

Using all three tested mineral additives, high performance self-compacting
concretes can be obtained. Silica fume is ahead, but having in mind economic and
ecological component of fly ash, as well as relatively small difference in the obtai-
ned results, fly ash should necessarily be taken into account. Besides, the use of
recycled aggregates (with increased testing) makes these concretes ecological
rightly considered. Insufficient research in this area opens up a wide range of opti-
ons for further testing, in terms of variations in the amount of cement, combining
different additives, etc.

8. REFERENCES

[l] V. Corinaldesi V. G. Moriconi, Influence of mineral additions on the
performance of 100% recycled aggregate concrete, Construction and Building Ma-
terials, 23 (2009) 2869-2876.

[2] J.Newman, B. S. Chao, Advanced concrete Technology, Elsevier, 2003, 280.

[3] C. Meyer, The greening of the concrete industry, Cement & Concrete
Composites 31 (2009), 601-605.

[4] www.waste-environment.vin.bg.ac.rs

241



[. Despotovi¢

[5] G.Janssen, C. F. Hendrik, Sustainable use of recycled materials in building
construction, Advances in Building Technology, Volume 2 (2002), 1399 — 1407.

[6] M. Trumié¢, M. Trumié, Uloga pripreme u reciklazi otpada i odrzivom
razvoju Srbije, Stanje i perspektive pripreme mineralnih sirovina u Srbiji, Izda-
vac: InZenjerska Akademija Srbije, Beograd, (2011), 73-93.

[7] I DespotoviC I, Uticaj razlic¢itih mineralnih dodataka na osobine samougra-
dujuceg betona, doktorska disertacija, Gradevinsko- arhitektonski fakultet, Ni§ 2015.

[8] Z. Grdi¢, Tehnologija betona, Gradevinsko arhitektonski fakultet, Ni§
2011, str.354

ACKNOWLEDGEMENTS

The work reported in this paper is a part of the investigation within the rese-
arch project TR 36017 "Utilization of by-products and recycled waste materials in
concrete composites in the scope of sustainable construction development in Ser-
bia: investigation and environmental assessment of possible applications"”, suppor-
ted by the Ministry for Science and Technology., Republic of Serbia. This support
is gratefully acknowledged.

N. JlecnoTosuh

CAMOVYIPADBYIVHU BETOH CA OTITAIIHUM MATEPUJAJIMIMA
KAO HOB EKOJIOIUKH MATEPHJAJI

AmnctpakT: I'paljeBuHcka MHIYCTpHja HCHPTJbYje NPUPOJIHE pecypce
ucTOBpeMeHo npoussoachu 3HauajHe KonuuMHe rpaheBMHCKOr OTMaja Te Ha
Taj HaYMH YTHYE HA NPUpPOIHY cpeauHy. ['oauwmwa nponspoama OeToHa y
cBeTy je gocturna 10 Mmuanjapau Tona rojuiibe, cBpctaBajyhin 6eToH y Haj-
vewhe kopuwhen rpahesunckn marepujan. Mimajyhu y Buay uumeHuny na
70% OeToHa YMHM arperart, jacHO j€ KOJMKE cy NnoTpebe 3a peuHMM M Jpo-
0/beHMM arperaTom.

Camoyrpalyjyhu 6eton, M cam uHOBallMja Ha NobY TexHonoruje Oe-
TOHA, caapxu ozapeljeHy KONWuKMHY npaiukactor marepujaia — ¢punepa. [loc-
TOje pazauunTe MOryhHocTH 3a W300p OBE KOMMOHEHTE, NpU YeMY NpHUMEHa
MHAYCTPHJCKHUX HYC — MpojyKaTa nonyT aetehier nenena wiyM cMaUKaTHe npa-
LIMHE pelasa npolyeM HUXOBOT OJJlarama Ha JeNoHH’]Y, a 6ETOH YUUHH eKo-
JIOLIKUM MaTepHjasioM.

IMpeameT paga cy KapaKTepUCTHKE M TexXHojoruja camoyrpalyjyher
feToHa ca pa3IMUMTUM MHHEPaJHUM A0AaLMMa: MJAEBEHUM KPEUHAKOM, Je-
TehMM NEnejsoM M CHAMKATHOM NPALIMHOM, TIPH YeMY cy KopulihieHn peuHu
M PEUMKIIMPaHN arperar, A00HjeH pyLUCHEM NOTIIOPHOT 313, YMja KOTHYMHA
je BapupaHa y OeToHy.

KibyuHe pujeun: camoyrpahyjyhun 6eToH, peuukinvpanu arperat, Jie-
Tehin neneo, CMIMKaTHA NpallvHa, Kpeukbak.
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