POBOLJŠANJE SVOJSTAVA BETONA DODATKOM LETEĆEG
PEPELA IZ TERMOELEKTRANE ZA PRIMENU U
GEOTERMALNIM SISTEMIMA
ENHANCING PROPERTIES OF CONCRETE BY ADDITION OF FLY ASH
FROM A THERMAL POWER PLANT FOR APPLICATION IN
GEOTHERMAL SYSTEMS
Milica VLAHOVIĆ,
University of Belgrade, Institute of Chemistry, Technology and Metallurgy,
Karnegijeva 4, Belgrade, Serbia, e-mail: mvlahovic@tmf.bg.ac.rs
Aleksandar SAVIĆ,
University of Belgrade, Faculty of Civil Engineering,
Bulevar kralja Aleksandra 73, Belgrade, Serbia, e-mail: savic.alexandar@gmail.com
Sanja MARTINOVIĆ,
University of Belgrade, Institute of Chemistry, Technology and Metallurgy,
Karnegijeva 4, Belgrade, Serbia, e-mail: smartinovic@tmf.bg.ac.rs
Nataša ĐORĐEVIĆ,
Institute for Technology of Nuclear and Other Mineral Raw Materials,
Franse d'Eperea 86, Belgrade, Serbia, e-mail: n.djordjevic@itnms.ac.rs
Zoran STEVIĆ
University of Belgrade, Faculty of Electrical Engineering,
Bulevar kralja Aleksandra 73, Belgrade, Serbia, e-mail: zstevic@live.com
Tatjana VOLKOV HUSOVIĆ,
University of Belgrade, Faculty of Technology and Metallurgy,
Karnegijeva 4, Belgrade, Serbia, e-mail: tatjana@tmf.bg.ac.rs

-70 % of electric power in Serbia is generated in the
existing 11 thermal power plants belonging to the
Electric Power Industry of Serbia
-6 million tonnes of fly ash (FA) per year is obtained,
which is stored in landfills covering an area around
1,800 ha, with total of 200 million tonnes

- Development
of
concrete
additives
mainly
of
polycarboxylate-type, led to spreading application of selfcompacting concrete (SCC).
- Self-compacting concrete (SCC), considered as a
revolutionary discovery in concrete technology.
- This concrete, owing to its own weight, fills the formwork,
thus coats reinforcement bars and fulfills all available space,
while achieving the highest compactness, important for
hardened state properties and durability.
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0.482
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Natural aggregate, from the river Danube:
I- fine (0-4 mm),
II- coarse (4-8 mm), and
III- coarse (8-16 mm)

FA from Thermal Power Plant
Natural limestone (Granit Pescar,
''Kolubara A'', Serbia
Ljig, Serbia), with a medium size of
According to chemical analysis, it
250 μm
consists of: 58.60 % SiO2, 21.92% Al2O3,
6.12 % CaO, 5.97 % Fe2O3, 1.77 % MgO,
1.50 % K2O, 0.37 % Na2O, and 0.49 %
TiO2 (LOI 3.09 %). Density of FA in the
loose and compacted state was 690 kg/m3
and 910 kg/m3, respectively. The specific
gravity was 2190 kg/m3

Fresh SCC tests

Density (kg/m3)
Entrained air content (%)
Slump flow (mm)
Slump flow time t500 (s)
V-funnel time tv (s)
Passing ability L-box (H2/H1)
Seggregation factor (%)

E
2397
1.9
761.2
2.62
9.73
0.97
3.5

FA-10
2391
1.5
701.2
5.71
15.92
0.92
3.0

FA-20
2370
2.0
663.8
10.91
22.46
0.92
2.0

FA-50
2347
2.8
702.5
11.32
27.21
0.95
1.7

According to the EFNARC, all SCC series with FA meet the requirements for
the determined fresh state properties except the viscosity of FA-50. SCCs with
FA exhibit lower workability than E, which is manifested in flowability and
passing ability decrease as well as in segregation resistance increase. It can be
concluded that the addition of FA in the higher proportion affects negatively
the fluidity and workability of SCC.

Hardened SCC tests

Density change of hardened SCCs versus time

Hardened SCC tests
The increase in FA amount leads to
compressive strength decrease of SCCs at
early ages and to strength increase at older
ages. This is explained by the pozzolanic
effect, which is more pronounced for larger
FA quantities and older ages. 50 % of FA
leads both to strength increase and decrease
depending on age. This can be attributed to
the negative effect of the mechanically
weaker FA grains, especially coarser
inhomogeneous, apart from the positive
pozzolanic impact. However, LP-50 showed
higher strength than E at all ages- from 4.3%
at the age of 90 days to 16.5% at the age of
63 days. In this respect, a clear positive
effect of using FA is evident.
Compressive strength of SCC mixtures during time

Hardened SCC tests

Compressive strength increment of SCC mixtures during the
aging time

It can be observed that E represents the lower
boundary of the curve family, while FA-20 the
upper boundary line of the formed functional
dependency family. The functional regressions
derived for FA-10 and FA-50, from lower to
higher, are between the two boundaries. In terms
of the cement stone hardening, where the cement
hydration and the pozzolanic reaction are
involved, the rate of compressive strength
increment, and thus the rates of the
corresponding chemical reactions, can be
interpreted by the slopes of the created lines.
Namely, the slopes of all lines are positive- its
lowest value is for E, which corresponds to the
slowest rate of strength increment. A slope
increment for SCCs containing FA is evident
with FA content increase, which corresponds to
the pozzolanic contribution to the strength
enhancement. At some moment, due to the
pozzolanic reaction, further significant strength
increase for mixtures with FA, especially of FA50, can be expected.

Hardened SCC tests
Flexural strength of SCC mixtures at the age of 28 days

Flexural strength fzs [MPa]

E
10.3

FA-10
10.2

FA-20
11.5

FA-50
10.6

FA-20
35.7
41.9

FA-50
37.3
39.4

Static modulus of elasticity Es [GPa] of SCCs at the ages of 28 and 180 days

Age (days)
28
180

E
34.1
38.5

FA-10
35.6
35.6

Hardened SCC tests
Depths h [mm] of the water penetration

E

Specimen
1
2
3
Average value:

FA-10
Aver. Max Aver. Max
8
16
10
15
9
16
9
17
11
17
9
16
9.3
16.3
9.3 16.0

FA-20
FA-50
Aver. Max Aver. Max
9
14
11
15
10
15
10
17
11
17
9
15
10.0 15.3 10.0 15.7

Mass loss and damage depth for SCC mixtures

E
FA-10
FA-20
FA-50

Mass loss (mg/mm2)
0.12
0.09
0.10
0.10

Damage depth (mm)
0.6
0.4
0.4
0.5

Hardened SCC tests

SEM microphotographs of SCC series

Conclusion
• promoting sustainable development in the field of construction industry
• using industrial byproduct- FA for partial substitution of the mineral
filler- limestone in SCC

• all SCCs with FA met the standards concerning fresh state properties
except the viscosity of FA-50
• better resistance against freezing in the presence of de-icing salt and
higher values of static elasticity modulus than the reference mixture
• high-performance SCC using FA - optimal content is 20 % with respect
to the total filler mass

