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STRUCNI RAD

INFLUENCE OF TAILINGS AND FLY ASH ON THE STRENGTH
OF SELF-COMPACTING CONCRETE

Iva Despotovi¢’, Ksenija Jankovic?

'Visoka gradevinsko-geodetska Skola Beograd, Srbija
“Institut IMS Beograd, Srbija

Abstract: Concept of sustainable development, which beside sociolo-
gical and economic aspects, includes saving of energy, environment protecti-
on and preservation of restorable natural resources, presents strategic deter-
mination of various economic sectors. In that way great contribution is ex-
pected from construction industry. Self-compacting concrete has significant
environmental advantages in comparison to the vibrated concrete: absence of
noise and vibrations during installing provides a healthier working environ-
ment. Unlike vibrated concrete, self-compacting concrete contains significant
amounts of fine particles, i.e. a mineral additive that greatly affects its perfor-
mance, where potential use of fly ash is very important ecological aim. Tai-
ling test results showed no pozzolanic activity and so its application in con-
crete can be only a partial replacement of aggregate. This paper presents the
possibility of using tailings and fly ash, which are waste products, in Self -
Compacting Concrete. The obtained results indicate that these materials can
successfully be used.

Key words: Self - Compacting Concrete, Tailings, Fly ash, Compre-
ssive strength.

1. INTRODUCTION

During the ore flotation in the mine large amounts of flotation tailings are
generated and as waste material it is disposed in the specially determined areas in
the industrial site. With the increase in metal production, the amount of tailings
also increases, which is a major environmental problem because it takes up large
areas. Great production of fly ash, which is the main residue from combustion of
coal, also managed by landfilling, is a huge risk and danger for environment. By its
technology, Self - Compacting Concrete (SCC), requires a certain amount of pow-
der component for the production, so the possibility of using fly ash and tailings in
the area of the concrete creates space for various research.

It is possible to use copper tailing in cement concrete as a partial replace-
ment of natural river sand (up to 60% substitution) - the copper tailing concrete
exhibited good strength and durability characteristics [1]. The effect of the applica-
tion of copper tailings, which substitute 0%, 5% and 10% of cement mass on the
properties of fresh and hardened mortar was investigated [2]. Copper tailings blen-
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ded mortars showed higher strength and abrasion resistance. The study [3] showed
that increasing the tungsten mine waste content in mortar mixes decreased both
flowability and compressive strength. The aim of the paper [4] was to study com-
bined effects of prefiring and firing dwell times on the chemical, physical and mic-
rostructural properties of artificial lightweight aggregates produced from mining
and industrial waste, including polluted mine soli and coal combustion products.
The same authors presents a study about the effectiveness of thermal treatment in
the immobilization of different chemical elements within the structure of artificial
lightweight aggregates manufactured with contaminated soil and fly ash [5].

The utilization of fly ash in the SCC resulted in a lower wet density, mecha-
nical properties and a higher water porosity, carbonation depth and chloride ion
diffusion coefficient [6]. Increasing the fly ash content has been found to decrease
the compressive strength at all the curing ages tested in investigation [7]. A maxi-
mum decrease in the compressive strength of the order of 25% at 28 days of curing.

The research [8] presents findings on the influence of high-calcium fly ash
(HCFA) on selected properties of fresh and hardened SCC and high performance
SCC. HCFA was used as an additive for concrete (up to 30%) or as a main consti-
tuent in cement. Studies have confirmed the possibility of HCFA use in self-
compacting concrete, while maintaining the assumed workability of fresh concrete
and compressive strength of hardened concrete. HCFA should be processed by
grinding, and its amount in the mixture should not be higher than 30% of the ce-
ment’s mass.

The influence of HCFA and silica fume as a binary and ternary blended ce-
ment on compressive strength and chloride resistance of SCC were investigated in
study [9]. HCFA (40-70%) and silica fume (0-10%) were used to replace part of
cement at 50, 60 and 70 wt.%. The results show that binary blended cement with
high level fly ash generally reduced the compressive strength of SCC at all test
ages. Fly ash decreased the charge passed of SCC and tends to decrease with incre-
asing fly ash content, although the volume of permeable pore space (voids) and wa-
ter absorption of SCC were increased.

2. EXPERIMENTAL WORK

2.1. Component materials

Self - Compacting Concrete was prepared with: cement CEM I 42.5R Lafar-
ge, natural separated aggregate 0/4mm, 4/8mm and 8/16mm, mineral additive lime-
stone (when tailing was used), superplasticizer (polycarboxylate) and potable
water.,

For the purpose of this study the tailings was taken from the Pb and Zn mi-
nes, from the tailings dump. Complete testing of chemical, physical and mechani-
cal properties of the samples was performed. The chemical composition of the tai-
lings sample was determined by chemical analysis according to SRPS EN 196-2.
There active SiO, and CaO content was calculated on the basis of the results of
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chemical analysis according to SRPS EN 197-1 standard. The test results are
shown in Table 1.

Table 1. The chemical properties of tailings

Loss on ignition on 950 °C, % 5.61
Si0;, % 43.26
AlL,O3, % 11.11
Fe, 05, % 15.57
Ca0, % 20.01
MgO, % 4.31
SOs, % 0.32
Na,0, % 0.92
K,0, % 1.00
COy % 4,42
Insoluble residue in HCI/Na,CQOs, % | 66.37
Insoluble residue in HCI/KOH, % 46.15
Content of reactive SiO,, % 16.04
Content of reactive CaO, % 14.15

The physical properties of the tailings were determined in accordance with
SRPS B.C1.018 standard. The samples were milled because of a high content of
coarse particles so that the residue on the 0.063 mm sieve was up to 10%, and then
tested for pozzolanic activity using lime. Pozzolanic activity of the tailing was
determined as the strength of mortar samples prepared with 300g of milled tailing
sample, 1350g of quartz sand, 150g of hydrated lime and 270g of water. The
results of pozzolanic activity were extremely low (flexural strength 0 MPa, com-
pressive strength 0.4 MPa), which confirmed the results of the reactive SiO; con-
tent calculation. The conclusion is that this material is not suitable for cement
replacement in concrete and mortar or as a pozzolanic cement additive. So, tailings
can only be used for replacement a part of the fine aggregate.

When fly ash is added to concrete, pozzollanic reaction starts between sili-
con dioxide (SiO;) and calcium hydroxide (CaOHy) 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 Portland cement. In the reactions of Portland cement
and water, hydrated lime (CaOHy) is formed first, in the space between particles,
because of its limited solubility. In the presence of water, lime reacts pozzollanic
with fly ash to form new hydration products with fine pore structures. So,fly ash
can be used as pozzolanic cement additive. For the purpose of this study, fly ash
was taken from thermal power plant ,,Obrenovac B” - direct from filter. It’s che-
mical composition is shown in Table 2.
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Table 2. The chemical properties of fly ash

Si0,, % 53.84
ALO3, % 30.29
Fe,0s3, % 3.6
Ca0, % 5.15
MgO, % 3.0
SO;, % 1.86
Na,0, % 0.51
K,0, % 0.83
P,0s, % 0.23
TiO,, % 0.73

2.2 Self — Compacting Concrete

Composition of concrete mixtures is shown in Table 3. Two different types
of Self - Compacting Concrete were made: A: SCC-T_ % - Self - Compacting
Concrete made with Portland cement and a partial replacement of 10 and 20% of
fine aggregate with tailings; B: SCC-L - Self Compacting Concrete made with
lime as mineral addition; SCC-FA - Self Compacting Concrete made with fly ash
as mineral addition. The criteria in the mixture design was achieving slump - flow
class SF1 for type A (spreading from 550 to 650 mm), and SF2 for type B, which
includes the usual application of concrete and involves spreading from 660 to 750
mm, according to SRPS EN 209-1.

Table 3: Compositions of concrete mixtures

Concrete
mixture -
=) Ge) » | E&% B =@ wm |EmEe o)
2E EE| EE EE| o E %E| SE EE gk
— ~
SE| 3| SE |5 EL EL |32 S
SCC-T_0% 350 782 434 521 100 0 0 3.6 180
A | SCC- 1
T 10% 350 703.8 434 521 100 0 78.2 3.6 80
SCC- -
0 25. 4 21 100 . . 180
T 20% 35 625.6 43 5 0 156.4 3.6
SCC-L 400 770.86 | 306.28 532 120 0 0 4.94 170.8
B
SCC-FA 400 770.9 306.3 532 0 120 0 4.94 193
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3. RESULTS
3.1 Properties of fresh concrete

The properties of fresh concrete are shown in Table 4. Slump flow test, test-
ing with V-funnel and L-box and sieve segregation were done according to SRPS
EN 12350-8, SRPS EN 12350-9, SRPS EN 12350-10 and SRPS EN 12350-11.
Bulk density in the fresh state ranged from 2300 to 2370 kg/m”.

Table 4: The properties of fresh Self - Compacting Concrete

Concrete Slump-flow V funnel |y oy Sleve - segre-
mixture (mm) (sec) (H2/H1) %;Ot )l on

. | SCC-T 0% |610 6.7 0.84 6.8

‘A SCC-T_10% | 600 7.1 0.91 6.6

i| SCC-T_20% | 600 7.6 0.96 3.5

‘B SCC-L 730 6.3 1.0 | 124
SCC-FA 700 5.8 0.96 11

By Slump-flow test is checked first of the four key characteristics of SCC:
flowability. Spreading was between 600 to 610 mm, and it ranked all the projected
mixtures with tailings in class SF1. Mixture with fly ash ,fitted” in class SF2 cor-
responding to the most common use of concrete in construction.

V —funnel test represents checking of the mixture viscosity. Time period less
than 9 seconds puts them in a class of viscosity VF1. There was no segregation or
bleeding noticed.

L-box test (Figure 1) is used for checking of the third key property: the pas-
sing ability of SCC between reinforcing bars without blocking. All mixtures meet
the criterion for the relative height of the concrete at the ends of L-box is at least
0.8; and how the testing was done with three reinforcing bars (which is a
requirement for densely reinforced structures) their class is PA2. The test results
are in the range from 0.84 - 1.0). Resistance to segregation as a fourth property of
fresh SCC has been tested in sieve paste (Figure 2). The results show that all
blends/mixtures are resistant to segregation and belong to the class SR2 (<15%).

It should be noted that the usage of tailings did not affect self - compacting
properties of concrete a lot, while fly ash densified the mixture.

Figure 1. L-box test, Figure 2. Sieve segregation test
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3.2 Compressive strength

Testing compressive strength of concrete at the age of 3, 7 and 28 days was
carried out according to SRPS EN 12390 -3 standard. Bulk density of hardened
concrete was tested according to SRPS EN 12390-7 standard and ranged from 2262
to 2462 kg/m®. The test results are shown in Figure 3 and Figure 4.

Compressive strength - type "A"
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Figure 3. Compressive strength of concrete “A”

The differences between obtained results do not exceed 10%. Concrete with
10% and 20% addition of tailings achieved higher strengths when compared to the
reference concrete at 28 days of age.

Influence of fly ash on concrete compressive strength: when fly ash is added
to concrete begins pozzolanic reaction between silicon dioxide (SiO;) and calcium
hydroxide (Ca(OH),) i.e. lime, which is a by-product of Portland cement hydration.
Light pozzolanic reaction takes place during the first 24 hours at 20°C. Therefore,
given amount of cement with increased fly ash results in lower early strength. The
presence of fly ash slows reaction of alite within the Portland cement in the early
stage. However, the production of alite would later accelerate thanks to the forma-
tion of hydration core on the surface of fly ash particles.
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Figure 4. Compressive strength of concrete “B”
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Calcium hydroxide is imprinted on the surface of the glassy particles having its
reaction with SiO, or SiO; Al,Os- grid. Slower growth of concrete strength with fly ash
prevents its application, at the expected high early strength, which can be solved by
applying the accelerator. At the available literature sources has been recommended pro-
cess of the design and monitoring of the 90 - day long concrete strength. The obtained
results are very good: Compressive strength differences between concrete with fly ash
and limestone does not exceed 5% (after 28 days) at the same cement quantity.This fact
should be borne in mind, especially if we include the economic factor in the equation.

4. CONCLUSIONS

The results of pozzolanic activity of tailings were extremely low, which has
confirmed the results of the calculation of reactive SiO2 content. Thus it was con-
cluded that this material is not suitable as a material for cement replacement in
concrete and mortar or as a pozzolanic cement additive. The results presented in
this paper show that it is possible to use tailings from the Pb and Zn mine in Self -
Compacting Concrete and that the best effect is achieved by replacing the fine frac-
tions of aggregate with 10% of the tailings.

On the other hand, fly ash is pozzolanic cement additive and it’s usage opens
possibility for obtaining self-compacting concretes of high performances.

Self-Compacting Concrete, also an innovation in the field of concrete tech-
nology, contains a certain amount of powder material - filler. There are different
possibilities of choosing these components. In case of use some of the industrial by
— products the problem of depositing these materials would be solved, and that type
of concrete could be certainly named eco-friendly.
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YTULIAT JAJIOBUHE U JIETERET [IEIIEJIA HA UBPCTORY
CAMOYTPABYJYRET BETOHA

Anctpakt: KoHlenT oApXuBor pazeoja, KOjH OCUM COLIMOJIOUIKOT H
€KOHOMCKOT aclleKTa IMOoJipa3yMeBa M YINTEAY CHEpruje, 3allTHTy XMBOTHC
CpeNUHE H OYyBame HPUPOJHUX pecypca, IPEACTaBlba CTPATEIIKO ONpe/c-
JbeH€ MHOTHX TPUBPE/JHHX IpaHa. Y TOM CMHCIY j€ MoceOHO 3Ha4ajaH [I10-
npunoc rpafjesnnapcrsa. Camoyrpalyjyhu 6eton nma OpojHe TIpeAHOCTH Y
ofiHOCY Ha BUOpupaHu OeToH: oacycTBO OyKke U BUOpaluja TOKOM yrpahusa-
wa 00e30elyje 3xpasuje pagHo OKpyKeme. 3a pasHKy oj] Bubpupanor 6€To-
Ha, camoyrpalyjyhn 6eToH campxu 3HaTHY KOJIMYMHY GHHMX 4eCTHIA — MHU-
HEpaJIHKU JOAATaK, KOJH 3HAaTHO YTHYE Ha KapaKTEepHCTHKe OETOHA, IPH YeMy
je ymorpeba nerelier memnesa eKoJOIUKH BeoMa 3HayajHa. VcmUTUBa®ka jajlo-
BUHE MOKAa3yjy OACYCTBO MYLIOJAHCKE aKTUBHOCTH, TE€ CE OHA y OETOHY MOXeE
NpUMEBUBATH CaMO Kao ACIMMUYHA 3aMeHa arperara. Y oBOM pajy j¢ IpH-
kaszaHa moryhHocr ynorpebe janoBune u nereher menena, Koju Cy MHAY-
CTPHjCKH HYC-TIpOM3BOAM, ¥ camoyrpaljyjyhem Gerony. Jlobujenn pesynatu
NoKa3yjy Jia Ce OBH Marepujalid MOTY YCIIEIIHO KOPUCTHUTH.

Kibyune pujeun: Camoyrpalyjyhu Oeron, janosuna, nerehu nemneo,
yBpcToha mpu npuTHCKy.

170 CaBpe;e;n matepujanu 2017, Bama Jyka, 9- 10. HoBembap 2017,



CIP-Karanorusanuja y myGIHKamuju
HaposiHa u yHUBep3uTeTcKa 6ubsmorexa
Penybsnuke Cpricke, bamwa Jlyka

620.1(082)

MEBYHAPOJIHU Hayunu ckyn CaBpeMeHH MaTepHjaIn
(10 ; 2017 ; Bamwa Jlyka)

Caspemenu marepujau : [36opHuK pagosa] /
[Mehynapoauu Hayunu ckyi], bama Jlyka, [9-10.
HOBeMOap 2017. TOANHE] ; peJaKIHnoHu 0160p Pajko
Kysmanosuh ... [u np.] ; iaBHE ypeaHuk Pajko
Kysmanosul ; OATOBOpHY ypeHUK Jparosby6
Mupjauuh. - Bamwa Jlyka : AkajieMuja HayKa A
ymjeTHocTH Pemybnuke Cprcke, 2018 (JIakramu :
Cpadomapk). - 568 c1p. : wiycTp. ; 24 cm. - (Hayunu
CKyTIOBH ; Kib. XLII. Onjespee IpupoaHO-
MAaTEeMaTHYKHX ¥ TEXHUYKUX HAYKA ; Kib. 35)

Ha cniop. nacst. crp.: Contemporary Materials. - Tekcr Ha
CpIL. ¥ eHTJIL je3uky. - Teker hup. u sar. - Tupax 300. -
bubauorpaduja y3 cBaku paz. - Abstract.

I[SBN 978-99938-21-98-4

COBISS.RS-ID 7388952




