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Abstract

Concrete is one of the most commonly used consbruchaterials, but there is a need
to develop a new and sustainable technology to nitakeore affordable. With the
advancement in technology, concrete is no longem as a composite of three elements
(binder, aggregate, and water). The distinctivekability properties of SCC make it
unique in the concrete industry. This review hasessed the materials, strength and
rheological properties of agricultural waste, intias waste and mineral additives in
SCC production. The effect of the utilization ok#le additives and replacements on
structural, mechanical and rheological propertieS©@C has been studied. This review
has revealed that the use of both industrial amigw@tural waste enhances the strength
properties of SCC. Additionally, the use of agriatdl waste improves the rheological
properties of fresh concrete. The utilization ofpamsive materials should be
discouraged in SCC production. This review has akk that SCC developments
ensure a good balance between deformability aruilistalt is therefore recommended
that SCC is utilized in pavement construction, ipalarly when high axle load is
expected.

Keywords: Self-compacting concrete, mineral additives, agtical waste, structural
properties, rheology.

Introduction

Origin of self-compacting concrete

Self-compacting concrete (SCC) is an innovation an@ireakthrough in the
construction industry. It provides many new solnsiaco fresh and hardened
properties of concrete. SCC is also referred tseltconsolidating concrete,
self-leveling concrete, super-workable concretghly+flowable concrete and
non-vibrating concrete [1]. The origin of SCC cantbaced back to the 1980s,
due to the shortage of skilled man power in coecprbducing industries and
construction sites in Japan. Mohite [2] avowed thatuse of SCC was originally
developed with the aim to solve the durability peob in structures that have got
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congested reinforcement. The excellent user-frietiaracteristics of SCC are
of great attraction in the traditional constructiadustry. Ouchi [3] asserted that
the problem of manpower in concrete production bera major topic of
interest several years ago, due to the gradualktieduin skilled labour. As a
result, there was a need for this special con@eaté hence, the development
made by Okamura [4], precisely in 1986. AdditiopaMaik et al. [5] traced the
origin to the University of Tokyo, Japan, in cokahtion with leading concrete
contractors during the late 1980s.

Definition and application of SCC

By definition, SCC is a special type of high stringnd high-performance
concrete, used for construction purposes, thatinegjno mechanical vibration. It
is flowable, as well as deformable without segriegaltl, 6, 7]. It flows under its
weight, and hence, it has revolutionized concrédegment [2]. Because of its
strength and rheological properties, this uniquecoete tends to offer several
usages in the construction world. Furthermore,| Ratal. [8] have asserted that
SCC has got an increased quality and reduced detBon, since the vibrator
trails and mechanical vibrating equipment, whiclkeqgfrently result in over
consolidation of concrete works, are not used.

Aggarwal et al. [9] avowed that SCC is a quiett@&fective, energy saving, and
low carbon footprint concrete technology, due te #@ibsence of vibrators.
According to Ouchi and Hibino [10], SCC offers maaglvantages for the
precast, prestressed concrete industry and cgd&de construction, such as low
noise, less labour, faster construction, high sftenetc. According to [11],
applications of SCC showed that it reduces constmucosts, because the need
for vibrators and manpower is reduced, and noiskutpm is also greatly
reduced, especially in urban and suburban congirusites.

SCC has been adopted in the building of bridgemels, and other structures;
the successful development of SCC guarantees a tighkance between
deformability and stability [12]; however, its ap@ltion in pavement
construction is not significant. Based on the ueress of this special concrete,
there is a need to assess the effect of the usestdinable materials in its design,
methodology, and strength. The use of sustainaldéenmals in the form of
industrial and agricultural waste and minerals weélduce the waste in our
environment, and give a better, greener and aligenase to these solid wastes.

Materials and methodology used for achieving self-compatibility

Concrete mix for self-compacting concrete diffei@ normal concrete, due to
the volume of both coarse and fine aggregates sageto ascertain its required
flow and workability. According to [11], to achiewe workable SCC, the mix
must be cohesive, with good rheological propertiesice, the water cement ratio
and moisture content of the constituent ingrediatisuld be adjusted. This is
because the rheological and the cohesive propeofieSCC differ from the
conventional concrete. However, Aitcin [13] hadexdathat the major difference
between self-compacting concrete and normal strerggincrete is in the
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percentage of high-range water reducer (or supsstipizer); normal strength
concrete rarely contain this, but all other basgredients are the same.
According to the research done by Khayat [14], & afe guidelines was
suggested, which include, amidst others, the remluaif the coarse aggregate
ratio, an increase in the paste volume and the aiseiscosity modifying
admixtures. It is a known fact that SCC design nmasér for both stability and
strength, which often are affected by the concrebe characteristics. A good
SCC mix should possess unigue homogeneity attsbute order to ensure
adequate structural performance and durability.eXbibit these characteristics
and rheological properties, the use of super miastis is inevitable [5]. SCC is
characterized by its special rheological propertiesv yield stress, which
ensures high flow ability, and adequate viscositiich prevents aggregate
segregation; this was based on excess paste tlasopypposed by Kennedy [15].
Based on this theory, to ensure good flow abilihere must be a sufficient
amount of paste in mortar or concrete, which ndy @ihs up the spaces between
aggregate particles, but also coats the particlgae, to minimize the friction
among them. This layer of paste that coats aggeegmtticles is called "excess
paste layer".

The rheological properties and the thickness of texcess paste layer
significantly contribute to the methodology adoptadthe production of self-
compacting concrete, by improving the flow abildaf the fresh concrete. The
degree of inter-particle friction greatly influerscéhe properties and thickness
requirements of this excess paste layer.

Also, research by Okamura [4] has revealed thdt boe and coarse aggregate
should be fixed to achieve self-compatibility. Usithe approach in mix design,
the aggregates were fixed, and the water cemeaataatl other admixtures were
adjusted. The fine and coarse aggregates were fated0 and 50 percent,
respectively. Also, Aggarwal et al. [9] investigathe mix design procedure for
self-compacting concrete, using different mix ratidhe water-binder ratio has
varied, but with a special focus on workability dhalv properties, which were
found to be satisfactory using the L-box and V firapparatus.

There exist different guidelines for the desigrS@C, although one of its major
limitations is that there are no established migigies yet. However, some mix
design methods are peculiar to a few regions, aiscBurope and Japan, and so
on.

Aggarwal et al. [9] have used the Japanese metbrothé design of a SCC mix.
This was achieved by using the volume batching @gugr, with a super
plasticizers dosage of 0% to 0.76% and 3.8% foeehrial mixes. The results
have showed that, as the water powder increased 1rd80 to 1.215%, the
rheology of the SCC mix was found to be adequatendJgrade 43 of cement
gave a strength value between 25 MPa and 33 MPmaairity of 28 days.
Correspondingly, Vengala et al. [16] made SCC toeae a good workability by
altering the paste composition, while the aggregatame remained the same.
This has confirmed the theory that flow abilitypismarily a function of the paste
matrix, as suggested by Kennedy [15]. Furtherm@iigsh et al. [17] explained
the results of the experimental work on the eff@icpowder content on self-
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compacting mixtures. The results have showed aipesgielationship between
flow properties and an increase in paste contdntah be established that
different methods and approaches are availabl8@{£ production.

Sustainable admixtures used in SCC

Sustainability in concreting deals with the use aggse of materials, especially
waste and mineral resources in concrete mix defigapite the fact that one of
the major SCC attributes is that it must posseg#h HEtrength, the use of
cementitious materials is higher than in converdiaoncrete, which invariably
increases production and construction costs. The wé sustainable
supplementary materials helps in reducing SCC pmtolu costs. Nonetheless,
technology, to a very large extent, changes pemepind, as such, concrete is
no longer viewed as consisting of only binder, aggte, and water. Improved
technology has paved the way for the addition bkptonstituents, in order to
meet up with consistency, rheology and strengthdeasanded. In an effort to
reduce production and construction costs sustanafdterials have recently
started to being used as additives. These sustaiadditives include minerals,
agricultural products, and industrial waste. Soafethe mineral additives
commonly utilized are fly ash, silica fume, slagetakaolin, and so on. It is
worthy to note that the use of these additives imagroved the strength
properties of the concrete, as opposed to onlygusime Portland cement. Often,
these supplementary materials are varied, eithervddyme or by weight,
depending on the methodology adopted. Grdic et[H8] carried out an
experimental investigation using mineral additivedich included silica fume,
hydraulic lime and a mixture of fly ash. The effeaft these additives was
investigated on the behaviour of self-compactingceete in both fresh and
hardened states. The results showed that the miaioing fly ash and hydraulic
lime proved to be the best in both fresh and hardestates. The authors have
also asserted that the use of water reducers andegs and super plasticizers is
important in the production of self-compacting cate. Additionally, Guneyisi
et al. [19] have worked on nano silica and fly ashtent, which were varied and
assessed on both rheological and fresh propertisglbcompacting concrete.
Naik et al. [6] assessed the structural propedfesvo classes of fly ash, using
15% and 25% by mass of class F and class C, resggctThe main purpose of
the research was to evaluate the time of settingypcessive strength, drying
shrinkage, and abrasion resistance of the devel&@@@. Also, Khaloo and
Houseinian [20] assessed silica fume effect on $@duction, at both long and
short term. The results have showed that the addithproved the strength
properties of the produced SCC concrete. Ray aadt@adhyay [21] varied the
percentages of silica fume by weight, using 2%enwnt, and its effect on SCC
was studied, which also showed an improved strengtdmal et al. [22]
considered polypropylene fibre in the production CC, by assessing its
mechanical strength, which has indicated an imprerg at the considered
different ages.

15C



A.A. Busari et al. / Port. Electrochim. Acta 36 (2018) 147-162

Agricultural and industrial waste as sustainable supplementary materials in
SCC production

Agricultural waste has been explored as a supplanemmaterial in the
construction industry. Bagasse ash is an abundavtdylable combustion by-
product in the sugarcane industry, and its effec6€C production was studied
by Sua-iam and Makul [23]. Research by Sua-iam Ma#ul [24] has adopted
the use of lignite coal fly ash (FA), as a replaeatfor Type | Portland cement
(OPC), and a high volume of rice husk ash (RHA) wilszed as a replacement
for fine aggregates. Tire Rubber Crumb (TRC) waeduas a partial sand
replacement (5%, 10%, and 15%) by Hesami et a]. R&njbar et al. [26] used
industrial slag, and its effect was studied on theological properties, self-
compatibility and strength properties of self-coetpsy concrete. Sethy et al.
[27] considered the presence of alunimo-silicateedafine aggregates in SCC
production, using 2.5 to 7.5%. Barluenga et al.] [@8owed the risk of SCC
cracking, due to dry shrinkage, using mineral adumes. This was achieved by
combining limestone fillers with several active emal additions, such as
metakaolin (MC), microsilica (MS) and nanosilica3N This has affected the
micro structural hydration of the samples. Six ¢ete compositions with high
range water reducing admixtures were designed uwsifige water ratio of 0.36
throughout the investigation. The authors have kosd that, at early ages,
limestone fillers accelerate the speed of hydratdblso, the temperature was
found to be an important parameter for assessingoehydration reaction.
Additionally, there was a research (Barluenga et[28]) about the effect of
dosage and nature of some selected mineral adms<tan the ages of heat
treated self-compacting concrete. The selectedddmes were granulated slag
(GS), and crystallized slag (CS). These admixtuaesprding to the research,
had an impact on the strength of fresh self-compgaconcrete.

Effect of using sustainable admixtures on the strength properties of self-
compacting concrete

According to [11], the strength properties of S@QGhe hardened state are quite
similar to high-performance concrete, of which S8@ subset. Sadek et al. [29]
assessed the utilization of mineral additives ¢salaste) in the production of
self-compacting concrete. Three types of solid wasere utilized: granite
powder, marble powder and mixed powder. Using wpeteders as admixtures
affects the structural and durability propertiesS$C, both in the fresh and
hardened states.

Research on SCC with use of Palm Oil Fuel Ash (PQO&gkicultural waste as a
supplementary material was made by Ranjbar eR6]. [The utilization of this
agricultural waste has reduced SCC workability.hditgh the samples with a
higher amount of POFA have revealed lower surfa@gerabsorption, the
durability under acid attack was satisfactory, cared to the samples with a
lower content of POFA. It was opined that the ttesise of SCC against acid
attack was due to the pozzolanic reaction of POIeAversion of calcium
hydroxide Ca(OH) into the secondary CeSeH gel, leading to a decwmaerete.
The gained compressive strength showed, at a highlame of POFA, 15%-
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20% lower compressive strength values, compare®idG without POFA. The
7-day flexural strengths have ranged from 5.12.1® 81Pa, whereas the 28-day
flexural strengths have ranged from 5.46 to 6.9@MP

Also, the effect of BA and LS on Type 1 Portlandnesit content was studied by
Sua-iam and Makul [23], for the development of S@@&ment content of 550
kg/m® was maintained in all of the mixtures. In the ersh, the fine aggregate
was replaced with 10, 20, 40, 60, 80, or 100% BA B8 powder by volume.
The incorporation of 20% of both BA and LS powdsr\mlume effectively
enhanced the workability and hardened propertieS@E. The results revealed
that SCC mixtures containing LS and BA required dowvater-cement ratios
than SCC only containing BA, leading to higher flatility.

The filling effect and the pozzolanic reactionstbhé POFA waste helped in
improving the early age compressive strength. Tiptinmal SCC, which
contained a replacement of the fine aggregate ¥ of LS and 20% of BA,
showed improved properties compared to normal SCC.

Kamal et al. [22] revealed that the addition ohertsteel fibre or polypropylene
to SCC has altered the rheological and strengthepties of SCC. The strength
gained at 28 days increased with the use of sterelsi compared to normal self-
compacting concrete without steel fibres. ResedrghGuneyisi et al. [19]
assessed the use of nano silica and fly ash comwdnch was varied and
assessed on both rheological and fresh properti8€E€. This was achieved by
using four SCC series with a constant value fohlibe binder content and the
water binder ratio. Interestingly, the results loé research showed that fly ash
affected the fresh properties of SCC, while narmasidid not. This was as
indicated in the increased time of the V-funnel ahemp flow. Assessment of
the torque and rotational speed was altered wahatiditives, using a rheometer.
Moreover, both admixtures influenced both the slwalpe and the compressive
strength.

Sua-iam and Makul [24] investigated the use ofgin holume of lignite coal fly
ash (FA), as a replacement for Type | Portland cer(®PC), and of rice husk
ash (RHA) as a replacement for fine aggregate m phoduction of self-
consolidating concrete (SCC). This was achievedl Wie partial replacement of
OPC with 0%, 20%, 40%, and 60% of FA by volume, le/iine aggregate was
replaced with 0%, 25%, 50%, 75%, and 100% of RHA/blyme. According to
the results, the replacement of RHA by weight of top25% vyielded an
appreciable compressive strength value. Also, Khadmd Houseinian [20]
proved that high strength could be attained bygi&% to 10% replacement of
cement with silica fume, at both long and shonnteKhayat et al. [30] worked
on the fresh and hardened properties of concrete.

Additionally, an experimental investigation carrienit by Bouzoubaa and
Lachemi [31] revealed that, in an attempt to evaluhe performance of SCC
with the addition of fly ash in high quantities,nai SCC mixtures have been
used. The authors reported that, to come up witre@nomical SCC, high
quantities of fly ash (class F) should be incorpetanto the mix. However, up
to 60% of FA could be used to produce SCC with mmp@ssive strength of 40-
50 MPa.
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Ray and Chattopadhyay [21] varied the percentagsile fume by weight,
using a 2% increment. The compressive strength ebesxked at different
percentages. A positive relationship was recorddich means that the higher is
the percentage of silica fume, the higher are tbekability and the compressive
strength. Therefore, due to the abundance of pamgptharacteristics, palm oil
fuel ash is seen as a viable admixture in SCC mtomiu SCC was produced by
incorporation of palm oil fuel ash at 10, 15 and®®y weight of Portland
cement, and its mechanical and durability potentizé evaluated under normal,
acid and sulphate attack conditions. The earlyragelts showed that class C fly
ash had higher early strength and resistance tbadtzck than class F. The long
age compressive strength indicated that concretgicong fly ash showed little
changes in the strength gained, but good rheolbg®, a residue from lignite
burnt in the power plant industry, was utilized ftime production of self-
consolidating concrete. The comparative assesssmented that LFA had more
free lime; sulphate and the cementitious matenabisted of 75% of cement and
25% of fly ash. Vengala et al. [16] stated thairammease in the strength of SCC
can be achieved by varying the paste volume bet®@ethand 0.45. Meanwhile,
Subramanian and Chattopadhyay [32] suggested @&l 1.1 are the suitable
water to powder ratios for self-consolidation todmhieved. The essence of the
research was to grossly reduce the shrinkage aptbima the flexural strength
properties of self-compacting concrete in pavingkvdhe results showed that,
at 28 days curing, concrete mixes with fly ash blagt furnace slags possess the
same flexural strength properties, but the long @agéeng showed that the mix
containing blast furnace slag had the highest b&taangth. In its turn, shrinkage
results showed that the concrete containing slagttma highest shrinkage value.
Additionally, Hale et al. [33] carried out an exjeental work on the
replacement of cement with 25% blast furnace slag. strength properties were
assessed at 28 days of curing, and compared toah@ament and SCC. The
results showed that the increase in the strengsh2b8o at 28 days of curing.
However, expansive additives usage in self-compgctand self-stressing
concrete had a negative effect on the compressremgih (Carballosa et al.
[34]). According to the authors, the compressiversith was reduced with the
addition of expansive additives. It was also vedfithat self-stressing concrete
with self-compacting characteristics could be destyby adopting the required
cement super plasticizer, especially type K (catcigulfo-aluminate). Three
different brands of cement with two different mialeadditives were introduced
by the authors; the results showed that the adaddfoexpansive additives to the
SCC mix brought about bubbles in the mixture whialturn, gave rise to a high
slump value, while assessing the consistency infrih state. This has also
affected the compressive strength of the sampli,casild be reduced due to the
entrained air, which also led to the formation otnm cracks. However, the
formation of amorphous calcium hydrated agglomeratas noticed with the
type G additive (Carballosa et al. [34]). The u$eboth industrial waste and
agricultural waste improved the rheology and stilengoperties of the SCC
samples. The use of mineral additives in the fofmmetakaolin in concrete
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production was suggested by Patil et al. [8]. Tlaemal is derived from the de-
hydroxylation of kaolinitic clay.

Effect of artificial aggregates on the strength and rheology of SCC

Crushed limestone (LS) aggregate with differentew#&b binder ratios was used
by Uygunoglu et al. [35]. LS was replaced with M\marble waste) or RA
(recycled aggregate) in the ratio of 100%. The Idggoal property was assessed
using the slump-flow, the J-ring test, unit weigimd air content. Additionally,
the compressive strength, split-tensile strengttress-strain relationship,
modulus of elasticity and ultrasonic pulse veloafyhe samples at the hardened
states were assessed. The structural propertidege cfamples were compared at
different curing days. The characteristic propsrié the aggregate, such as the
unit weight (or bulk density), shape and surfacgute, to a large extent affected
the rheological properties of the samples. None#lit was deduced that the
reduction in the compressive strength value of MWW and RA samples was
31.5% and 7%, compared to the LS samples with idjeebt water-binder ratio
of 0.40. Moreover, a replacement of LS with MW &RA showed a reduced
modulus of elasticity, compared with that of SCQgdo lower strength. The
authors have asserted that the required strengitiegcould be obtained by
keeping the water-binder ratio low.

Tire Rubber Crumb (TRC) was used as a partial sapldcement (5%, 10%, and
15%) material in the mix design of self-compactoancrete. Fine aggregates
with fineness modulus of 2.9, specific gravity 0642 (g/cnd), water absorption
of 1.5%, coarse aggregates with a maximum siz&af thm, specific gravity of
2.68 (g/cni) and water absorption of 0.8 % were used in tsearch. According
to the results of the study, the fresh concretesteswed that both fibre and TRC
had negative effects on rheological propertiesresti concrete (Hesami et al.
[25]).

TRC decreases the compressive strength, tensimgskr, flexural strength,
abrasive strength and modulus of elasticity, whileincreases the water
absorption of SCC. With the increase in rubber @oitthe compressive strength
of concrete at the age of 28 days decreased, ee@gsegates are expected to
bear the higher level of loads. The results of téesile strength test indicated
that the tensile strength decreased by adding nmokber to the sand
replacement. Increasing the rubber content from @5%, when no fibre was
used, increased the water absorption by 26.47%levihe addition of fibre
decreased water absorption.

Sethy et al. [27] assessed the effect of using st slag as a partial
replacement for cement. The effect was studied e workability, self-
compatibility and strength of the concrete samplé® results showed that the
strength value of 20 and 30 MPa could be producdid avslag replacement of
80 to 90%. On the other hand, the strength valuéOofo 100 MPa could be
achieved using 30% to 60% of industrial slag. Femtiore, a high volume of
slag decreased the need for high retardation watkrcing agent (HRWR). An
inverse relationship was established for the stgdpcement and the demand for
HRWR. As the slag content increased from 30% to 90% HRWR demand

154



A.A. Busari et al. / Port. Electrochim. Acta 36 (2018) 147-162

significantly decreased from 2.2% to 0.3%. The ress plastic viscosities of
SCC slag mixtures were in the range of 162.5 to.2118Pa, for slag
replacements varying from 90% to 30%. The compvesstrength values
revealed that it is possible to develop a wide spat of concrete from 20 MPa
to 100 MPa, by varying the replacements of slagveeh 90% and 30%.
Furthermore, ground granulated blast furnace sl@a@GHRFS) is an atrtificial
aggregate derived from the production of iron. #iswecycled and utilized as an
artificial aggregate in the development of SCC.sWwas achieved using the cold
bonding palletization process.

Cathode Ray Tube (CRT) glass waste cullet was Bknaith river sand, in
proportions of 20 or 40% by weight, by Sua-iam atakul [23]. To suppress
potential viscosity effects, limestone powder wddea at levels of 5, 10, or 15%
by weight. The utilization of CRT waste glass reshidhe setting time, but
increased the viscosity and fluidity of the develdgoncrete, according to Sua-
iam and Makul [23].

For powder type SCC mixes, commonly used in Belgianshear thickening
(Herschel-Bulkley) flow behaviour of the fresh nmsxes quite often observed
Chauhan [36]. Three different concretes (normalratdd concrete, self-
compacting concrete, and expansive SCC) for stralctapplications were
studied, and the cylindrical strength was assesséda target of 50 MPa. The
presented results confirm many previous findingsiommal vibrated concrete, in
particular, regarding the influence of the L/D oatand the failure mode
(Muciaccia et al. [37]).

It is worthy to note that the deflection and crackibehaviour of the concrete
structure depend on the flexural strength, whichars important criteria in
pavement construction. Many factors have been shownfluence the flexural
strength of concrete, particularly the level oks#, size, age and confinement to
concrete flexure member, etc.

Research by Fathi and Farhang [38] showed an ewpaetal insight into the
effect of cyclic loading on both the compressivel dlexural strength of one
hundred and eight samples. The compressive stremgshinvestigated, within
the range of 25, 35 and 45 MPa. Research by Ng@8¢assessed the strength
of concrete using various mixes; the methodologylved the assessment of the
splitting tensile strength at different curing agé&he effect of both short term
and long term aging was also assessed.

According to Long et al. [40], mix proportioning npaneters were designed, and
its environmental impact by using sixteen SCC mgu and different
compositions of aggregates was assessed. This was th quantitatively
evaluate the corresponding environmental impactS©C by the use of the
proposed index. The results of the analysis shawaidthe utilization of mineral
admixtures reduced the e-g€@nd e-resource indices, but also decreased the e-
energy index. The environmental impact index of S&&©Gwed that increasing
the quantum of mineral admixtures reduced the enmental impact index.
Additionally, adopting recycled limestone sand éast of river sand increases the
e-CQ index and e-energy index of SCC. The compresstvength results
showed that e-C£)e-energy, and e-resource indexes of SCC decredseu the
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compressive strength increased within a range oto360 MPa (Long et al.
[40]).

Subramanian and Chattopadhyay [32] worked on tlegdeof a mathematical
matrix for the strength of self-compacting concretdis was achieved by
varying some fine and coarse aggregates. The ceamhtwater (paste) of
binders was then filled into the voids of both smaland fine aggregates, to
ensure that the concrete in the fresh state woudsgss a good flow.
Accordingly, Ravindrarajah et al. [41] investigatdte cohesiveness of fresh
concrete by increasing the quantity of fine matsria the mixtures. The results
revealed that the mixtures had reduced segregptitamtial.

Furthermore, Persson [42] carried out an experiaiemvestigation and
numerical analysis on both the mechanical/strepgiperties of self-compacting
concrete, by focusing on some parameters such esep,cshrinkage, etc. The
methodology involved the postulation of eight diéfiet mixes varying the
constituent elements, while the water-binder ratms between 0.24 and 0.80.
Cristian [43] worked on the strength propertieseif-compacting concrete in the
hardened state. This was achieved by focusing erspiit tensile and crushing
strength. A comparative analysis was carried outhenstrength properties of
SCC and the conventional concrete. Moreover, thboawalso worked on the
bonding properties of the coarse aggregate by usin§canning Electron
Microscope (SEM).

Dehn et al. [44] worked on the strength propertieSCC; the research focused
on the strength properties of different mixes ofCSi@ the hardened state. In
2001, Ogzyildirim [45] assessed the strength propeidf three mix ratios for the
design of SCC. The methodology involved the produnctof jointed plain
concrete in paving work, which showed a promisirggeptial based on the
relevant road design codes.

Discussion

As suggested by Khayat [14], deformability and #itglare crucial in ensuring a
good SCC mix. Nagamoto and Ozawa [46] and Rodrigd&% argued that
workability is one of the key factors that shoulel tonsidered while adopting
supplementary materials in SCC production. This alas affirmed by Girish et
al. [17], who stated that increasing the powderteon ultimately improves
rheology. Sustainability in the construction indyshow brings the need to
explore industrial and agricultural waste and rmafgein the concrete production
process, which is evidenced in SCC production. &laeklitives are incorporated
in an effort to reduce the cost of cement, astiiésmost expensive component in
concrete production. Additionally, with the advamsat in technology, concrete
Is no longer seen as a composite of three elenfieintder, aggregate, and water).
From the various reviewed researches, the addibbrsome supplementary
additives improved the strength properties of cetecr

Grdic et al. [18] asserted that fly ash and hydcdirhe proved to be adequate in
improving the strength and workability of concretghich was also stated by
Menninger [48]. On the other hand, Guneyisi et[48] and Naik et al. [6]
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worked on class F and class C fly ash, which shosvednproved compressive
strength, likewise the following substances: sificene (Khaloo and Houseinian
[20]); polypropylene fiber (Ray and Chattopadhya@d]); palm oil fuel ash
(Ofuyatan et al. [49]); baggase ash (Sua-iam ankuM&3]); and metakaoline,
microsillica and nanosillica (Barluenga et al. [28]

It is recommended that future research focus omatdition of more than one
type of agricultural waste to SCC production, assthwastes exhibit different
pozzolanic properties. Furthermore, the use of gh hrolume of slag has
decreased the need for High Retardation Water Regllagent (HRWR). An
inverse relationship was established for the stgdpcement and the demand for
HRWR. As the slag content increased from 30 to 9€9¢, HRWR demand
significantly decreased from 2.2% to 0.3%.

Mix design of self-compacting concrete differs frommrmal concrete, due to the
volume of both coarse and fine aggregates necessaagcertain the required
flow and workability. Ultimately, from the literate considered, it is imperative
to state that reducing the coarse aggregate eaithjncreasing the paste volume
with the use of viscosity modifying admixtures,seithe cost of SCC compared
to normal concrete. Hence, the use of sustainatdéemals will lower the
production cost. The use of agricultural waste salpalm oil fuel ash (POFA),
BA, and so on, as supplementary materials, hasedIt8CC workability. Hence,
the use of this waste in SCC calls for cautionhigder percentages have also
reduced the strength properties, according to Qémyat al. [49]. Interestingly,
the durability properties have improved at a highesage. Bagasse ash addition
alone does not improve the strength and workalolit$CC, but its combination
with limestone powder showed an improved strengthe utilization of the
agricultural waste (Baggase and POFA) reduced tloekability of SCC.
Although the samples with a higher amount of POF#vehrevealed lower
surface water absorption, the durability under aatthck was satisfactory
compared to the samples with a lower content of ROKdditional super
plasticizer usage effect on fresh properties ofSKEC's POFA was kept almost
the same. The resistance of SCC against acid atteck attributed to the
pozzolanic reaction of POFA conversion of calciuydroxide Ca(OH) to the
secondary CeSeH gel, leading to a denser condreteeduce the cost of cement
in concrete production, the use of pozzolanas msidered an efficient and cost
effective alternative.

Meanwhile, the use of industrial waste, accordmd¢famal et al. [22], Guneyisi
et al. [19], Sua-iam and Makul [23], Khaloo and deuian [20] and Bouzoubaa
and Lachemi [31], showed an improvement in the raeal properties,
compared to agricultural waste as supplementaryenaht Bouzoubaa and
Lachemi [31] showed that the higher is FA contéme, better is the strength of
concrete, and the lower is its cost.

Furthermore, Ray and Chattopadhyay [21] assertdhle higher is the quantity
of silica fume, the higher is the strength gainedSICC. Hale et al. [33] also
stated that industrial waste accounted for SCC drigétrength; the author's
research showed that the use of slag led to a 2E¥gase in strength. Slag
replacement around 80-90% improves SCC strengtipepties; however, it
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reduces HRWR volume. The use of marble waste andslone as artificial

aggregates revealed the first has improved SCQgtreproperties more than
limestone, according to Uygunoglu et al. [35]. Hyee a negative effect was
noticed on its rheology. On the other hand, Hesatnai. [25] showed that using
TRC increases SCC water absorption. The use ofnsiyma materials should be
discouraged in SCC production, as Carballosa e{34dl state that it has a
negative effect on the strength properties of ostecrit can be concluded that
industrial waste as a sustainable material in S@&lyxction exhibits higher

strength than the agricultural material. The use irdustrial waste as a
replacement for aggregates has further improved stinength properties of
concrete. The considered literature has showedthleat is no specific standard
for the mix design of self-compacting concrete wiarying constituent

materials. SCC combines the properties of both hsgtrength and high

performance concrete and, therefore, will be effecin the construction of

pavements that require a high axle load, such a§ B&ements. Therefore,
there is a need to develop a mathematical reldtiprfer the varied parameters
used in a SCC mix proportion for pavement desigp@ses.

Conclusion
This review has assessed the use of supplementatgrials in the concrete
construction industry, with special focus on SCCithWthe advancement in
technology, concrete is no longer seen as a comeposihree elements (binder,
aggregate, and water). Fresh concrete propert@dartdened concrete strength
were studied using agricultural waste, industrialste artificial aggregates and
mineral additives. The results of the analysis stbthat:

« with the advancement in technology, concrete ifonger seen as a composite
of three elements (binder, aggregate, and water)pther supplementary
materials are now being incorporated;

 the use of expansive materials should be discodrag8CC production;

* to reduce the cost of cement in concrete productitsnreplacement with
pozzolanas is considered as an efficient and ¢fesitize practice;

» it can be concluded that industrial waste as aaswstle material in SCC
production exhibits higher strength than agricaltunaterial;

« the use of industrial waste as a replacement fgremgtes further improved
the strength properties of concrete;

» the use of marble waste and lime stone as ancatifiggregate revealed that
the first improved SCC strength properties more tivame stone. However, a
negative effect was noticed in its rheology;

it could be inferred from this that the use of PORAy be adopted in SCC
involving marine structures, as it showed highesistance to chloride and
sulphate attack;

 the addition of agricultural waste such as Bagas$ealone does not improve
the strength and workability of SCC, but its conation with lime stone
powder showed an improved strength of concrete;
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* meanwhile, the use of industrial waste in concrateduction showed an

improvement in the mechanical properties, as agaigscultural waste as

supplementary material.

Recommendation

There exist gaps on the combination of more thantgpe of agricultural waste
in SCC production. Future research should focushenincorporation of more
than one kind of agricultural waste, as they hafferént pozzolanic properties,
and may exhibit complementary effects.

Additionally, most researches on SCC are centeneitasuitability for structural
purposes; it is recommended that future researchldliocus on its utilization in
pavement construction.

Green construction and resource efficient mateaatdsrequired in the concrete
construction industry, in an effort to reduce tlostoof cement, which is one of
the most expensive constituents in concrete praatuct
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