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ABSTRACT:

Cement is a common and widespread building mateviat the world. Similarly, carbon dioxide emissidres/e been significantly
increased due to cement production. Alternative-¢anbon binders rather than cement have been @sigety sought in recent
years. Fly ash was found as an available optioresit is being largely disposed annually as a evasaterial. In this research
several studies have been reviewed and recentcapiplis of fly ash on concrete specification, idahg strength and fracture
toughness of green concrete have been perusedeRudre, transport properties of high volume flj after exposure to high
temperature and influence of curing temperaturetoength development of fly ash-recycled concrggregate blends have been
investigated. The investigated test results shotivatithe properties of composites incorporatingafyn depend on the age of the
concrete. Test results also revealed that trangpogerties of concrete increased notably aftelosdpe to 400c® and the results
achieved on fly ash-recycled concrete aggregatetdetthe conclusion that 15% FA is the optimum bldadroad stabilization
applications.

processes. Since FA is accepted as a secondarygproél
thermal electrical power plants due to the combustof
powdered coal in the coal-firing furnaces, there miillion
tons of industrial waste produced annually all aiuthe
world.

1. INTRODUCTION

Construction activities use huge amount of cermmmta
world scale and this activity results with €@mission to
atmosphere which is considered one of the large@mwmental
problems (Mo et al. 2015). The structures made reemy
concrete are environmentally sustainable and anstogcted
in such a way that the total impact on the envirenthduring
their full life cycle, including service life, iseduced to
minimum. Cement substitution is important for susthie
construction because the production of cement niyt uses a
considerable amount of energy, but also emits atanbal
amount of CQ@ and other greenhouse gases (Mehta 2002;
Zabihi-Samani et al. 2018).

Up to date -750 million tons of the FA is generagedh year

in the world (Blissett and Rowson 2012; Ghanooni-Bagha

al. 2017). In the future, it should be expectedntrease this
quality to 2100 million tons in 2031-32(Amini andaihi-
Samani 2014; Hemalatha and Ramaswamy 2017). In @ener
researchers used up to 30% FA in concrete as cement
substitution, however larger amount of FA has bepemitted

to be substituted by modern standard, i.e. 55% FA.

FA can substitute 50-70% cement in high volume BAccete
_ _ (Karahan 2017; Zabihi-Samani and Ghanooni-Bagha &018
Therefore, a permanent and environmentally sust®na Concrete incorporating FA must meet the requireménts

material is extremely needed to reduce the Portleerdent
fabrication as one of the large contributor to eiis. To
achieve more green-world friendly concrete, by-picidor
waste material should be utilized rather than Bodicement.
One of the most worldwide available by-product miates fly
ash (FA), which is known as by-product from theusiial

strength and durability and its components shoeloltained,
produced and used in an environmentally friendlynnest
(Jayapalan et al. 2013; Zabihi-Samani and Aminis01

Nowadays, FA is a common additive, which is beindely
used in many research purposes and also construatiaing
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and terrain management, therefore the FA is a sulgé
exhaustive research.

2. RESEARCH REVIEW

In this paper to investigate the effects of FA aseful additive,
several recent and major studies have been revieWkd
summary can be expressed as follows:

2.1. Study A

Grzogorz Ludwik Golewski has studied the effectadl fly ash
(CFA) on the Improvement of fracture toughness an
compressive strength of green concrete (Golewsky 20

2.1.1. Materials and resear ch methodology:

In this research, only two compositions of concretixture,
with varying percentage of CFA additive, were plahmie all
experiments. All tests were carried out for greemcretes
modified with the CFA additive in the amount of 2q@FA-
20) and 30% (CFA-30) of weight of cement. The resulf
experiments were compared to the values achievedhi®
reference concrete. Figure 1 displays the tespssjuipment.

Figure 1. Laboratory test setup apparatus: 1 -ispet 2 —
system applying force onto the specimen, 3 — aliplgage
extensometer, 4 — clamping test grips, 5 — supppdystem, 6
— initial crack.

2.1.2. Compressive strength results: A noticeable decrease of
compressive strength in concretes was analyzed aady age,
i.e. after 3 days and 7 days by CFA additive. Acoado
Figure 2 the value ot in CFA — 00, was higher by almost 8
and exactly by 10 Mpa in comparison to CFA-20 and GPA
respectively, after 72 hours of curing. Generalbncrete with a
larger amount of CFA was distinguished by the lovetitngth
in the period up to 3 months. After a half yearcafing, the
value of £m for this composite was higher compared to concret
without the additives. After a year, the strengttC&A-30 was

4 Mpa higher compared to CFA-00, and lower by theesa
value, in comparison to CFA-20 (Golewski 2017).
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Figure 2. Relative changes of compressive strength tome

.1.3. Fracture toughness results. The results of fracture
toughness.&“}‘"c) tests of concretes are indicated in Figure 3, for
particular periods of curing. Values of fracturedbness, in the
inceptive stages of curing of concretes were cjosehilar to
the results of strength tests. This was clearlyiceable in
composite with CFA additive. After 3 days, fractioeighness
was 32% and 50% lower for CFA-20 and CFA-30, respelgti
compared to the value achieved for CFA-00. In tHfong
time periods for mature concretes a remarkableeass of
fracture toughness took place in concrete with 208 CFA
additive, for which values ofKj. clearly exceeded the results
achieved for two other materials.
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Figure 3. Relative changes of fracture toughnesstime
2.2.Study B

Arul Arulrajah et al. have investigated the infige of class F
fly ash and curing temperature on strength devetoyp of FA
— recycled concrete aggregate blends(Arulrajah 204.6).

221 Materials and methods: In this research, recycled
concrete aggregate (RCA) with a maximum size of 20 was
achieved from a recycling facility in Melbourne, #ttalia.
Black coal FA was collected from a power plant ie #tate of
Queensland, Australia. In this study RCA with FA ldemwere
investigated with contents of 5%, 10%, 15%, 20%2&nd
30%. Figure 4 indicates the chemical compositiorfliyfash,
eobtained from x-ray Fluorescence analysis.
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Figure 4. Chemical composition of FA from X-ray Hlascence
analysis
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Figure 6. SEM Figure of RCA stabilized with FA at 20c
temperature and 43c

2.2.2. Results and discussion: Figure 5 indicates the
unconfined compressive strength results of the RCA+FA
blends. The rate of activation and strength of ifends were
both obviously increased due to temperature curRGA with 2.3. Study C

15% FA was found to be the optimum blend for batbmnn-

temperature and 43curing condition. By increasing the FA Grzegorz Ludwik Golewski has investigated Green coete
amount more than 15% content, the unconfined cosspre  composite incorporating FA in terms of high stréngtnd
strength of the RCA+FA blend reduces till 25%. fracture toughness (Golewski 2018).

2.3.1 Materials and methods: Binder of this investigation was

20
. . . composed of both ordinary Portland cement (OPC)FahdPit
15 [- Mo Sarigh clain | S—— sand between sizes 0-2 mm and natural gravel e$ sietween
g 4 I 2.0 and 8.0 mm were used as fine aggregate andsecoar
:E:' ek i s il . % e aggregate respectively. The plasticizer was useah iamount of
= it Lo : -4 0.6% of mass of the binder. By using a compressianhine
S os (Walter+Baiag) with a maximum load of 3000KN the axial
g compression strengths were tested and the tesfiddode 1
= 04 STy fracture toughness was performed according with diaft
e guidelines of RILEM recommendations (Brandt 1990), as
2. & b W 5 = ¥ shown in Figure 7.

Fly ash conlan, %

Figure 5. Strength development of FA stabilized R@ara/
days of curing

Figure 6 presents the SEM analysis of 10%, 20%30% FA
stabilized RCA for 7 days cured specimens. It is obyifrom
the Figures that porosity of specimens has dealeasearkably
by increasing the FA content. The Figure also iatis that the
higher amount of FA additive does not necessae$uit in the
higher bands between the RCA aggregates becauseirfitzen
of unreacted FA particles increases (Arulrajah let2816).
Despite the fact that the reaction of the FA phasicis 539 Compressive strength results The results from
accelerated by temperature curing, increasing thecéntent  compressive strength off tests of concrete, for particular
will end in accumulation of unreacted FA particlddass of periods of curing, are indicated in table 1, whilgure 8
unreacted FA particles decreases the inter-pasficagigregate presents relationships:f as a function of the age of concretes.
interactions and consequently reduces the ovdraligth ofthe  aq it s evident, the compressive strength of specis
soil matrix. incorporating FA additive decreased noticeablyraearly age,
however, §n increased with age in all the concrete specimens.
According to (Golewski and Sadowski 2012) , in vwhi& more
detailed analysis of changes of strength parametersncretes
with the FA additive at an early age is presentelear
disproportions in the obtained results occur with#h days of
curing. As summarized in table 1, 30% FA concretasw
characterized by the lowest compressive strengtthénfirst

Figure 7. Specimen for mode 1 fracture tests dypiegaration:
1 — wooden form, 2 — concrete beam, 3 — steel plate
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three months period. After a half year of curinglue of tm for
this composite was higher compared to concreteowittihe
additives, however, still lower in comparison to -BEA
(Golewski and Sadowski 2012).

2.3.3. Fracture toughness results. The results from fracture
toughness ki1 of concretes, for particular periods of curing,
are shown

to the results obtained from compressive strengthies off;:
were also very low at an early age. In subsequenet periods,
for mature concretes, a substantial increase ottura
toughness happened in concrete with 20% FA addibve to
accumulation of larger amount of micro-filler inreoete, FA-
30 experienced its lowest value @ in the first 3 months.
However, after 180 and 365 days, the highest fradaughness
belonged to FA-20 and FA-30.

Table 1. Compressive strengths results

Concrete  Age (days) I_m (MPa) & (MPa) v (%) fo max fee min.
(MPa) (MPa)
CFA-00 3 2423 2.60 10.73 2686 2111
7 33.18 2.57 7.74 3542 30.71
28 47.51 2.55 4.58 49.24 45.97
90 55.13 2.51 4.55 57.02 53.18
180 57.22 2.48 4.33 59.64 55.34
365 59.25 2.46 4.15 61.43 57.79
CFA-20 3 16.95 3.05 17.99 1962 13.53
7 3012 3.03 10,06 2684 33.15
28 48.96 3.02 6.17 50.25 46.89
90 59.35 2.80 4.72 61.21 58.65
180 62.81 2,52 4.01 64.04 60.68
365 67.29 2.35 3.49 69.32 66.13
CFA-30 3 14.23 3.59 2523 1695 11.66
7 30.06 3.57 11.88 3228 27.84
28 45.10 3.55 7.87 47.01 42.93
90 55.11 3.10 5.63 56.72 53.49
180 58.83 2.86 4.86 60.23 5712
365 63.27 2.50 3.95 65.31 62.09

Age (days)

Figure 8. Effect of the FA content on the compressirengths

Table 2. Fracture toughness results

in table 2. Furthermore, Figure 9 present
relationship&;., as a function of the age of concretes. Similar

Concrete  Age (days) x§ S (MN/ (%) K% max K15, min
many m (MN/m®?)  (MN/m™?)
m*%)
CFA-00 3 0.58 0.08 13799 092 0.36
7 0.79 0.09 11.39 1.14 0.57
28 1.06 0.10 9.43  1.30 0.91
90 1.21 0.08 6.61  1.49 1.02
180 1.26 0.06 476  1.53 1.04
365 1.30 0.05 385 1.51 1.10
CFA-20 3 0.40 0.09 2250 0.95 0.19
7 0.73 0.09 1233 1.02 0.60
28 1.09 0.11 10,09 1.39 0.97
90 1.31 0.10 7.63  1.52 0.99
180 1.39 0.07 5.04  1.58 1.01
365 1.48 0.06 4.05 1.62 1.07
CFA-30 3 0.30 0.08 2667 1.02 0.16
7 0.62 0.08 1290 1.22 0.36
28 0.93 0.10 1075 1.28 0.61
S0 117 0.09 769 1.43 098
180 1.28 0.08 6.25  1.50 1.00

1.37 0.07 5.11 1.61 1.01

K5, IMN/m*?]

OO ==
i sbesha I Thoo

Age (days)

Figure 9. Effect of the FA content on the fracttmeghness
2.4. Study D

Okan Karahan has investigated the effect of highe fly ash
on transport properties of concrete exposed to tegtperature
(Karahan 2017)

24.1. Materials and tests: In this research, natural fine and
coarse aggregaterere used in the experiments and Portland
cement (PC) and also class F fly ash were used én th
production of the concrete mixture. Experimentatddnclude
one control concrete made without any FA and farcecetes
with 30%, 50%, 70% and 90% cement replacement by FA
Absorption, porosity and rapid chloride permeapitésts were
carried out to determine transport properties atdit@nally
compressive strength test also was carried out RIBRT setup

is shown in Figure 10.

24.2. Absorption resultss Results and the average of
measurement of water absorption of the concretpssed to
high temperature are indicated in Figure 11. lknewn that
concrete with water absorption value less than 5%s w
recognized as a high quality concrete (Kosmatkal.e2002).
As it is shown in Figure 11, the water absorptidrcancrete
incorporating FA ranged from 4.4-7.3%, 4.5-7.09%7-8.1% to
7.4-9.9% at the Z@, 40CG¢, 60Cc and 806c, respectively.
Concretes containing 0%, 30%, 50%, 70% FA resultebkss
than 5% water absorption at the *20Similarly, the water
absorption results of less than 5% were achieved ttie
concretes containing 0%, 30% fly ash at the®#0@ccording
to these results, increase in high temperatureo 806 ¢ leads
in an increase in absorption value for all FA cetes.
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2.4.3. Porosity results: Figure 12 illustrates the results of e s N
. . . . 6000
porosity tests obtained from concretes incorpogatimgh .
5000 // High

volume fly ash exposed to 400, 600 and <@0Chigh
temperature. Figure 12 indicates that the porogijes of
concretes incorporating high volume FA ranged frtthr0% to
15.6% at 28:. The highest value of porosity belonged to
concrete containing 90% FA at all temperatures. thedlowest | : : : : - ; :
value of porosity belonged to concrete containiGgpe3A. ’ . z“nn\pmuizanmpe-ﬁ:re<°ch0 o

4000 / )
3000 / S Moderate

2000

Low
1000

V.Low

Charge Passed (Coulombs) RCPT

Figure 13. RCPT results of concrete including highsree fly
ash after exposure to temperature

2.4.5. Compressive strength: Figure 14 indicates the results for
the compressive strength of the concretes incofipgraFA
exposed to high temperature. The lowest value ofptessive
strength belonged to the concretes containing 98%tHI0G ¢,
60C°c and 808c. The results showed that the compressive
strength of concretes increased remarkably aseimpdrature
exceeded 4GQ. The observed loss of strength at increasing
) ‘ ) temperatures may be related to loss of bound watereased

) ' i porosity and consequently, increased permeabilitichvmakes
the concrete progressively more susceptible to héurt
destruction (Rashad 2015; Zabihi-Samani and GharBagiha
2018b).

Absorption (%)

Al

oo% [1 R a5 BT (=R

20 400 B0 200
Exposure Temperature (°C)

Figure 11. The absorption of concrete includinchhiglume
fly ash after exposure to temperature

Compressive strength (MPa)
=2

oo% m30% B50% B70% 0%,

200

20 400 600 80O

150 Exposure Temperature (°C)

00

Porosity (%)

Figure 14. Compressive strength of concrete inclyflinash
after exposed to temperature

3. CONCLUSION

Exposure Temperature (°C)

) ] ] - 1. Production of concrete incorporating CFA withthigacture
Figure 12. The porosity results of concrete inahgdnigh- toughness is possible.

volume fly ash after exposure to temperature 2. Under the condition of commissioning the coreadter 28

. . . . days, the preferred solution is to use compositagtaining
2.4.4. Rapid chloride permeability results: Figure 13 shows 540, cFA additive.

the results for the rapid chloride permeabilityt (ECPT) of the
concretes incorporating high-volume FA exposed @0,4500 3. The UCS showed that RCA+15% FA was found to be the
and 806t temperature. Concrete containing 90% FA had theptimum blend from a strength development perspectt both
highest level of RCPT at all temperatures and thedtlevels 0OM temperature and #temperature. _
of RCPT were obtained for concrete containing 30% ifFA 4. Outcomes of the fracture _tou_ghne_ss and the aEsEpe

. L strength are convergent qualitatively in concretestaining
comparison to other FA concretes at all temperatuls it is FA
shown in the test results, RCPT results increasetheagest '

temperature was increased. 5. Fracture toughness and compressive strength AeBOF
concrete is higher compared to the results achiéead control
concrete, after 180 and 365 days.

6. Increase in high temperature up to 0énds in a significant
increase in absorption value for both FA and refeeeconcrete.
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7. The lowest amount of porosity belonged to thacocetes Building Materials 152:898-906 doi:
incorporating 30% FA. https://doi.org/10.1016/j.conbuildmat.2017.07.051

8. By increasing the FA content, value of RCPT comaillly  Kosmatka S, Kerkhoff B, C. Panarese W (2002) Desigth a

reduces up to 70% replacement, however, the RCPTewalu Control of Concrete Mixtures.

obtained from 90% FA replacement significantly gased and

becomes the highest compared to all concretes. Mehta PK (2002) Greening of the concrete industoy f
sustainable development vol 24.
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