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ABSTRACT

This study compares the fresh, mechanical and durability performance of Self- Compacting Concrete (SCC) mixes
comprising conventional aggregates as well as Induction Furnace Slag in different proportions. It also aims to obtain
an optimum dosage of Cassava Peel Ash which is used as mineral admixture to produce self- compacting concrete
containing Induction furnace aggregate and study its strength and durability characteristics. To evaluate the fresh,
strength and strength properties, a series of concrete were produced, and SCC containing M-sand as fine aggregate and
crushed stone as coarse aggregate was referred to as reference mix, and comparison among different mixes was
established with respect to this reference mix.

Fresh characteristics such as filling ability and viscosity of all the SCC mixes were assessed. Their mechanical
properties were evaluated through compressive strength and splitting tensile strength. Durability of SCC mixtures
were assessed with the help of experiments like rapid chloride permeability test, water absorption test, sorptivity test
and alkali aggregate reactivity test. From the above tests, it was inferred that the flowability and segregation resistance
of SCC mixes were considerably enhanced with the usage of IFS as both fine and coarse aggregate. The mechanical
and durability performance of SCC mixes containing IFS as fine aggregate was superior to the similar mixes
made with the natural aggregate but SCC with complete replacement of aggregates with IFS resulted in slight
depreciation in mechanical performance. Based on the 56 days strength of mortars, optimum content of cassava peel
ash was found to be 10%. SCC produced by incorporating optimum cassava peel ash as mineral admixture and
induction furnace slag aggregates as replacements of natural aggregates resulted into decrease in strength and
durability properties of SCC.

Keywords: Induction Furnace Slag, Cassava Peel Ash, Mineral Admixture, Mechanical Properties, Durability
Properties, Waste Valorisation

1. INTRODUCTION

Self-Compacting Concrete (SCC) is a special type of concrete that does not require any vibration effort for placing the
concrete in structures with congested reinforcement, restricted and compact areas. It can flow under its weight and
achieve full compaction even in the presence of congested reinforcement. In its fresh state, it shows properties like
high fluidity, self-compacting ability, and segregation resistance which produces a uniformity in the quality of
concrete resulting in improved reliability and durability of reinforced concrete structures. A key factor for a successful
formulation of SCC is the clear understanding of the role of various constituents in the mix and their effects on the
fresh and hardened properties. A successful SCC must show high fluidity for flow under self-weight, high segregation
resistance to maintain uniformity during flow, and sufficient passing ability so that it can flow through and around
reinforcement without blocking or segregation. SCC is usually proportioned with one or more mineral and chemical
admixtures. Superplasticizers are added to provide better workability and Viscosity Modifying Agents (VMA) are
used to improve segregation resistance of SCC. But making it only with conventional constituents arise some severe
environmental issues. Waste valorization technique becomes an essential strategy to establish an eco- friendly and
clean environment. Every year the volume of solid waste generation is also reaching new heights, which is explained
through the following statistics. Production of 1 ton of crude steel generates about 1 ton of solid waste [Grubesa et
al.,2016]. Annually, the large-scale steel-producing industries discard about 29 million tons of slag [Mohapatra et
al.,2007]. From 2010 onwards, the worldwide annual steel production exceeded 1500 million tons. Recently the world
steel association (WSA) labeled China, Japan, and India as the three major countries that are currently producing> 0.1
billion tons of steel/year and generate a large volume of slags. Effective transformation of agricultural and industrial
by-products into useful concreting material plays a significant role to overcome the sustainability issues in the field of
construction, and it also safeguards the environment from the toxic solid wastes discarded from industries.
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Induction Furnace Slag -

The replacement of natural aggregates with Induction Furnace Slag (IFS) and the partial replacement of cement with
an agricultural waste named Cassava Peel Ash (CPA) in the concrete would lead to the conservation of natural
resources and will also solve the problem of disposal of solid waste resulting into cost effective economy in concrete
production.

Induction furnace slag (IFS) is the solid waste discarded from the induction furnace, which is used in metal casting
foundries. An induction furnace is an electricity-based furnace that produces high temperatures in the metal bodies and
melts them by inducing the eddy currents on them. In India alone, there are more than 600 units of induction furnaces,
and each induction furnace unit discards about 15,000 tons of slag per annum.

IFS can be used as concrete material, but limited research is conducted on utilizing IFS as a concrete ingredient.
Utilizing 30% of IFS as a fine aggregate enhanced the compressive strength of the mortar and concrete by 7% and
24%, respectively [John, et al., 2013]. 22% reduction in compressive strength was reported when coarse aggregate was
completely substituted with IFS [Rezaul et al., 2017]. Replacing the recycled coarse aggregate with IFS particles in
recycled aggregate concrete (RAC) resulted in an 8% and 11% reduction in the compressive and split tensile
strength, respectively [Ahmad et al., 2018].Till now, studies were not conducted on utilizing IFS as a complete
replacement for both fine and coarse aggregate in a special concrete-like SCC. The possibility of improving the
properties of concrete containing IFS aggregate with the usage of agro- waste mineral additions was also not
attempted.

Cassava Peel Ash (CPA)-

Industrial and agricultural wastes such as Fly ash, Silica fume, Ground Granulated Blast Furnace Slag (GGBFS), rice
husk ash, etc. are also being used as a partial replacement for cement due to the presence of an adequate quantity of
reactive silica. The presence of reactive silica seems to be very beneficial in concrete because it leads to the
formation of secondary C—S—H in later ages and it also reduces the formation of calcium hydrates in the concrete. High
C-S—H formation and low C—H formation is a typical hydration behavior of high strength and highly durable concrete
self-compacting concrete (Chandru et al., 2017).Cassava peel is an agricultural or industrial waste derived as a by-
product from the processing of cassava through either at the industrial or domestic level of production. Due to the
gross underutilization of this industrial/agricultural waste, they are indiscriminately deposited on our landfill posing a
lot of environmental challenges. Thus, processing of the cassava peel into CPA becomes very necessary to encourage
its re-use and recycling as an important construction material that possesses pozzolanic properties (Ofuyatan et al.,
2018; Owolabi et al., 2015). Cassava peel possesses up to 20 % to 35 % of the cassava tuber’s total weight,
especially when processed by hand- peeling. These agricultural waste materials are subjected to controlled
incineration to obtain ash products referred to as CPA (Mbadike et al., 2016). Salau and Olonade (2011) studied the
pozzolanic potential of CPA and their results showed that CPA possesses pozzolanic reactivity when it is calcined at
700°C for 90 minutes. At these conditions, CPA contained more than 70 percent of combined silica, alumina, and
ferric oxide.

OBJECTIVE

The objectives of the present study are as follows:

> To develop a mix design for SCC containing conventional aggregates (control mix) and containing combinations
of IFS and conventional aggregates.

» To obtain optimum replacement % of CPA (by weight of cement) with reference to strength characteristics of
cement-CPA mortars.

» To evaluate the fresh, mechanical and durability properties of SCC containing-

e Manufactured sand as fine aggregate and crushed stone as coarse aggregate. (SCC 0/0)
e |FS as fine aggregate and crushed stone as coarse aggregate. (SCC 100/0)

e M-sand as fine aggregate and IFS as coarse aggregate. (SCC 0/100)

e |FS as both fine and coarse aggregate. (SCC 100/100)

e IFS as both fine and coarse aggregate along with optimum content of CPA as mineral admixture. (SCC
100/100/10CPA)

2. METHODOLOGY
MATERIAL USED
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Binder

Ordinary Portland Cement satisfying to grade-53 criteria, as specified in 1S-269:2015 was used. The specific gravity
of cement was found to be 3.14 and had a standard consistency of 28%.

Cassava Peel Ash (CPA) is the mineral additive used as a partial replacement for cement. It was collected from a
village named Panruti which is in Cuddalore district of Tamil Nadu. The cassava peel was incinerated in an oven at
10°C per minute up to 700°C and was maintained at this temperature for 6 hours to produce the ash. Fig. 3.1 shows the
raw and ash form of CPA. The specific gravity was determined. The cassava peel ash (CPA) was sieved, and large
particles retained on the 150 pm sieve were discarded while those passing the sieve were used for this work. The
physical characteristics of binders were determined as specified in 1S-4031(Part 1 to 5). Table 3.1 shows the chemical
characteristics of binder materials.

Induction Furnace Slag (IFS)

The raw induction furnace slag is available with a particle size of 80 — 120 mm which was procured from the nearby
metal casting foundries. Further, it was crushed into two zones, one with a particle size lesser than 12 mm ( as a coarse
aggregate) and another with particles lesser than 4.75 mm (as a fine aggregate). Iron particles were removed by use of
hand magnets and slag was subjected to outdoor weathering as suggested in the literature. Fig.3.2 shows IFS at
different crushing levels. Table 3.2 shows the physical characteristics of IFS. In this study, IFS is used as fine
aggregate as well as both fine and coarse aggregate in preparation of SCC.

Sand

Crushed granite sand conforming Zone-11, as provided in 1S-383:2016 was used as fine aggregate in few mixes. Their
physical characteristics and sieve analysis for the sand used in the project work.

Natural coarse aggregate

The crushed granite stone having a 12 mm nominal particle size was utilized. The physical properties of M-sand,
natural crushed stone aggregate, and IFS were tested as specified in 1S:2386 (part 1VV)-R2002.

Superplasticizer

Superplasticizer used was Sika Viscoflow 6262NS. It is a modified Polycarboxylic ether (PCE) based admixture
appearing hazy brown. It was having a specific gravity of 1.08. It is a A specially designed PCE based
superplasticizer to achieve a significantly enhanced slump flow retention without additional retardation.
EXPERIMENTAL DATA

CEMENT-CPA MOTAR

Fresh Properties

Figure 4.1 depicts the fresh workability values obtained during the flow table investigation. Slump measured for mixes
reported that control mortar mix (0% CPA) had the lowest slump value of 118 mm and maximum slump value was as
207.5 mm when 5% CPA was used as preplacement for cement. It was also observed that as the content of CPA
increased in the mix, the slump flow decreased.

Strength Properties

The compression testing machine was used to assess the influence of CPA in cement mortar on the strength property.
The compressive strengths of the cement mortars at different mix are shown in Fig. 4.2. The compressive strength of
the mortars was determined after 7, 28 and 56 days of curing. The 56" day compressive strength of control mix was
found to be maximum which was reported as 45.6 MPa. The strength of mortar was found to decrease with the use of
CPA and the minimum difference was observed as 9% when cement mortar containing 10% CPA was used.

SCC MIX
Fresh Properties

The fresh properties of SCC mix were assessed, and their slump flow and V-funnel values are reported in figure 4.3.
Since the target slump flow was restricted within 660 — 700 mm, the mixes were also designed in such a way that it
does not exceed the target slump flow range. The slump flow value of natural aggregate SCC was found to 675 mm,
whereas for IFS aggregate SCC, it was found between 660mm to 695 mm range. Minimum slump of 590 mm was
observed for SCC 100/100/10CPA mix and maximum slump was observed for SCC 100/100 mix. All the slump
values except for mix 100/100/10CPA fall under the SF-2 class as per 1S:10262-2019 code which shows it.suitability
for normal construction whereas mix 100/100/10CPA fall under SF-1 class.
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Fig. 4.2- Compressive strength of Cement-CPA mortar
The V-funnel (Tv) value for natural aggregate SCC was found to be 10.5 seconds whereas for IFS aggregate SCC, it
was found between 10.3 to 22 second range. All values for viscosity were in limits of V2 class viscosity, which is
more likely to exhibit thixotropic effects, which may be helpful in limiting the formwork pressure or improving
segregation resistance.
Strength Properties

SCC cubes with edge length of 100 mm were produced for the experimental studies for determination of strength
properties and were tested at different curing ages as shown in fig. 4.4 which is the average value of the experimental
results of three identical specimens. The 56-days cube compressive strength of SCC made with natural coarse
aggregate was found to 47.2 MPa, whereas the SCC containing IFS aggregate showed a compressive strength
between 38.1 MPa and 52.9 MPa. Maximum cube compressive strength was observed when fine aggregate was
completely replaced by IFS (SCC- 100/0) and was reported as 52.9 MPa which was nearly 12% higher than that of
control mix SCC-0/0 which was supported by the literatures already present. The reason for this is that IFS has a
rougher surface than M-sand resulting in a higher bonding strength with cement paste and consists of active C2S and
C3S, which can participate in the hydration process and enhance the strength of concrete. The complete replacement
of aggregate with IFS showed similar strength at 7" day but there was a decrement of nearly 10% in 28" day strength.
Due to the presence of properties like higher crushing value, porous microstructure, and pre-existing microcracks
present in IFS, it is less suitable to be used as coarse aggregate for making high strength SCC and therefore SCC-
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0/100 reported a reduction in 28" day strength by nearly 19% as compared to control mix SCC-0/0. Minimum strength
was observed when complete replacement of natural aggregates with IFS aggregates along with 10% replacement of
cement with cassava peel ash which showed a depreciation of nearly 34% from control mix and about 27% from mix
100/100. Fig. 4.5 shows the failure pattern of mix SCC-100/0
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Fig. 4.4- Compressive strength of SCC

Fig. 4.5- Compressive failure of SCC-100/0 mix
The split tensile strength of natural aggregate SCC was found to be 3.55 MPa. In IFS aggregate SCC the values were
found between 2.9 and 3.96 MPa whereas IFS aggregate SCC along with 10% CPA replacement reported 2.68 MPa.
Variation of split tensile strength of different mix are shown in fig. 4.6. Mix SCC-100/0 produced maximum split
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tensile strength which was nearly 11% higher than the control mix SCC-0/0 and minimum split tensile strength was
observed in SCC-100/100/10CPA being 25% lesser than control mix. The recorded results are agreeing with the study
of Ahmad and Rahman, (2018). Due to the low crushing resistance of IFS coarse aggregate, the tensile crack
developed in the cement matrix gets easily propagated through the IFS aggregate that fails the specimen at a low
ultimate load. Fig. 4.7 shows the failure pattern of mix SCC-100/0
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Fig. 4.6- Split tensile strength of SCC

Fig. 4.7- Split tensile failure of SCC-100/0 mix

Durability properties

Rapid Chloride Permeability Test

The chloride ion penetration resistance of the SCC mixtures was assessed with the values of charge passed in RCPT to
find the suitability for using them in an aggressive diffusing environmental condition, especially rich in chloride ions.
Fig. 4.8 shows the RCPT values for conventional and IFS aggregate SCC. It can be seen that the charge passed is
minimum when IFS is used as fine aggregate (i.e., SCC 100/0) and it falls in the very low category as per ASTM
C1202-10. This reduction can be attributed to the fact that the inclusion of IFS as fine aggregate decreased porosity by
the improvement of the overall aggregate grading which also enhanced the density of matrix. All other SCC mixtures
fall under the range of 1000 to 2000 coulomb which falls in low chloride permeability. Maximum chloride penetration
was observed in mix produced when IFS was used as coarse aggregate which could be due to the porous
microstructure, high- water imbibing nature of IFS and presence of iron (Fe) based mineral phases in IF-slag.
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Fig. 4.8- RCPT values for SCC
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Water Absorption

The water absorption values of the SCC mixtures are presented in Fig. 4.9. At 28 days, the water absorption value of
SCC containing natural aggregates (SCC-0/0) was found to be 4.57%. For IFS-slag aggregate, the absorption results
were between 4.82 and 5.14%. Due to the porous microstructure of IFS, water absorption increased in each mix as
compared to the control mix. Compared to the control mix, SCC-0/100, SCC-100/0, SCC-100/100 and SCC-
100/100/10CPA demonstrated 12.4%, 7%, 10%, and 5.4% higher water absorption respectively.
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Fig.4.9-Water absorption values for SCC
Sorptivity
Capillary absorption is a dual-stage process such as initial and secondary, which depends on the interconnected pores
existing in the concrete. In initial absorption (0<Vt < jt;), the water gets filled through absorption by capillary pores.
In secondary absorption ( t > jts),), the water saturation occurs by the diffusion and dissolution of air existing in

the pore structure, where ‘t and ‘ts’ are the time and time to reach saturation. Fig. 4.10 and Fig. 4.11 shows
the capillary absorption-values-and sorptivit values for SCC mixes for different SCC mixes respectively. Capillary
absorption value for SCC produced from natural aggregate was reported as 2.42 mm. Maximum absorption of 3.864
mm was observed for SCC containing IFS as coarse aggregate. This increase might be due to the inter-granular
porosity and fine capillary pores present in the IF-Slag coarse aggregate. For all mixes, the value of capillary
absorption was less than 10 mm which fall under good category as per as per CEB FIP 243-1998.

Alkali-Aggregate Reaction Test (AAR)

This test was performed according to the ASTM C-1260 standard and was evaluated as per the ASTM C-227 standard.
Two mortar specimens were tested, one containing IFS fine aggregate with 100% cement and another with IFS
aggregate with 90% cement, and rest with 10% CPA as binder material. The average value of expansion after 16
days was 0.351% for IFS mortar without mineral admixture which shows innocuous behavior and was 0.13% for 10%
replacement of cement with CPA which fall in between innocuous and deleterious behavior as per ASTM C 1260
standards. At the age of 28 days and 42 days, observed expansion were 0.0461% and 0.0768% respectively for mortar
without mineral admixture and were 0.1697% and 0.2544% respectively for IFS aggregate with 10% CPA as mineral
admixture. This variation between the two mixes is due to the presence of higher sodium alkali and magnesium alkali
content in cassava peel ash as compared to cement which can be seen in table 3.1. The expansion of length with age
due to alkali-silica reactivity is shown in fig. 4.12.
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Fig. 4.10- Capillary absorption values for SCC
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SUMMARY

Test results obtained for fresh, mechanical, and durability properties of cement-CPA mortar and SCC mixes were
reported in this chapter. The optimum content for partial replacement of cement with CPA was found to be 10%. SCC-
100/0 was found to perform best in mechanical as well as durability property tests and SCC-100/100 gave satisfactory
results as compared to the control mix in terms of fresh and strength characteristics whereas durability properties were
not up to the mark. SCC produced with IFS-aggregate along with 10% CPA as mineral admixture (mix SCC-
100/100/10CPA) showed higher deviation in terms of both strength and durability characteristics with respect to the
control mix

3. RESULTS
Compressive strength of Cement-CPA mortar

Cube Compressive Str. At = Cube Compressive Str. At = Cube Compressive Str. At

% Cpa 7 Days In (Mpa) 28 Days In (Mpa) 56 Days In (Mpa)
0 32 45 46
5 22.5 32 37
10 26 41 42
15 26 32 33
20 22.5 29 29.5

4. CONCLUSIONS
The conclusions drawn from the experiments performed in this study and literature survey are mentioned below:
= The optimum content of CPA in cement mortar is reported as 10% by weight of cement.

= SCC mixes were designed as per 1S 10262-2019 and flowability falls for SF-2 class and viscosity falls for V-2
class.
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With the use of CPA as mineral admixture, the flowability of SCC produced got reduced and it falls for SF-1
class and viscosity falls for V-2 class.

Usage of IFS as fine aggregate increased the 56 days cube compressive strength and 28 days split tensile strength
of SCC by nearly 12% and 11% respectively as compared to control mix. This mix, SCC 100/0 also reported
higher resistance to chloride ion penetration as compared to the control mix, SCC 0/0.

Water absorption as well as capillary absorption values were found to increase with the use of IFS aggregate in
SCC and minimum variation was found in the mix SCC 100/0 with respect to control mix, SCC 0/0.

Replacement of coarse aggregate by IFS reported a reduction of 19% and 11% in the 56 days cube compressive
strength and 28 days split tensile strength respectively.

Slight variation in 56 days compressive strength and 28 days split tensile strength was found between the control
mix and the mix containing IFS as complete replacement for fine as well as coarse aggregate which were nearly
10% and 12.6% respectively.

Accelerate alkali-aggregate reactivity was observed with the use of CPA as replacement for cement. This
increment is due to the presence of higher alkali composition in CPA as compared to OPC-53.

With the use of CPA as mineral admixture along with IFS aggregate, the strength and durability properties of the
SCC produced were found to get reduced. The main reason behind this decrement could be the presence of lesser
quantity of Calcium oxide and higher percentage of alkali oxides as compared to ordinary Portland cement
(OPC-53).

Better mechanical and durability performance of SCC-100/0 mix concludes that IFS can be used as a fine
aggregate to produce SCC.

Considering the environmental benefits and satisfactory mechanical performance demonstrated by the SCC
mixes containing IFS aggregate, it can be concluded that the incorporation of IFS as both, fine and coarse
aggregate in SCC is possible and an effective waste valorisation technique
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