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B Introduction

Reactive powder concrete (RPC) is one
of the types of special concrete rec-
ognised for its superior qualities and
performance at elevated temperatures.
The contrast composition of RPC when
compared to that of conventional con-
crete, mainly the elimination of coarse
aggregates, the addition of finer and
denser materials, the inclusion of steel
fibers, and low water-binder ratio, is the
main reason for the ultra-high strength of
RPC. Hot water curing methods used on
RPC enhances the strength performance
by increasing the binder reactivity [1].
Regarding the material composition RPC
is generally composed of ordinary Port-
land cement, silica fume, quartz sand and
steel fibers. The present study focuses on
studying the mechanical and durability
performance of silica-fume based Reac-
tive Powder Concrete (SF-RPC) possess-
ing the partial substitution of quartz sand
by coal bottom ash (CBA) and waste
concrete powder (WCP). Researchers
performed certain feasibility studies on
modifying the typical composition of
RPC by other mineral admixtures like
phosphorus slag powder in addition to
silica fume as the binder replacer [2], rice
husk ash as a partial substitute of silica
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Abstract

The demand and consumption of conventional concrete materials is increasing day by day,

which in turn leads to the extinction of natural resources. Certain researchers tend to draw
a circle to solve this global problem by finding alternative materials satisfying all aspects,

mainly efficiency, eco-friendly and economical. The present research work aimed to study
the combined use of coal bottom ash (CBA) and waste concrete powder (WCP) in silica fume
based reactive powder concrete (SF-RPC) subjected to thermal curing. The replacement of
cement by silica fume was limited to 20% and the fine aggregate quartz sand replaced by
CBA and WCP varied from 5% to 25% each. The material composition of SF-RPC involves
the exclusion of coarse aggregates and the inclusion of finer materials with micro-steel fibers.

The steel fibers played a significant role in order to obtain a ductile and stable product of
SF-RPC. The experimental investigation on SF-RPC comprised of the determination of fresh

concrete properties such as slump flow and the compaction factor, as well as mechanical
properties like compressive strength, flexural strength and split-tensile strength. The study
was also extended to investigate durability properties such as water absorption, sorptivity
and resistance to acid attack. The results showed that silica fume proves to be a feasible
alternative to partially replace cement and also that optimum incorporation of pre-treated
and processed CBA and WCP attains better mechanical and durability performance without
compromising the necessary qualities.
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concrete, thermal curing, mechanical properties and durability performance.

fume [3], silica fume and waste glass [4],
and so on. It was suggested to balance the
high water demand due to the addition of
silica fume by means of super plasticis-
er which necessitates the lubrication and
dispersion of flocculated cement parti-
cles [4]. A recent research study on the
effect of constituents on the properties
of RPC proved that mineral admixtures
like fly ash, blast furnace slag and silica
fume are a feasible alternative to binding
material. Also, polycarboxylate based su-
per plasticiser was preferred to enhance
the workability of RPC when compared
to that of naphthalene sulfonate or mela-
mine sulfonate [5]. Moreover, steel-fibre
bond characteristics with material con-
stituents were also investigated, and it
was found that silica fume incorporation
can effectively strengthen the fibre-ma-
trix interfacial properties, where the
optimum content was determined to be
between 20% and 30% [6]. The findings
of a recent study related to the enhance-
ment of interfacial bonding strength by
using silica fume also show the positive
influence of the addition of silica fume
to RPC [7]. On the other hand, humps of
solid waste were increasing day to day,
posing a serious threat to our environ-
ment. Attention paid to the environmental
problem to overcome the disposal issues
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has been intensified by researchers to
find an alternative solution. Upon care-
ful examination of the increasing wastes,
it is seen that some of the major sources
of waste generation are manufacturing
units, industries, factories, construction
and demolition sites, etc. The present re-
search study selected pliable waste prod-
ucts which can attain a desirable quality
with or without treatment and process-
ing. For example, industrial by-product
coal bottom ash (CBA) obtained from
thermal power plants and waste concrete
powder (WCP) obtained from construc-
tion sites were taken into account. Many
research findings considered coal bot-
tom ash and investigated the influence
of the material as a partial substitution
for general aggregates and also even for
the binder [8, 9]. The porous structure of
CBA is responsible for the light weight
nature of the material, which in turn low-
ers the workability. However, the ability
of CBA to lock the water internally and
make use of it at a later age of concrete
was believed to be the requisite proper-
ty of concrete to overcome the shrinkage
problems [10, 11]. Initial studies on the
incorporation of coal bottom ash in con-
crete proved it to be a promising material
with desirable properties, thus qualifying
for application in ultra-high performance
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Table 1. Physical properties and chemical composition of materials.

Physical properties
Particle size

Chemical composition (Wt. %)

Material ifi
range, ym Dso, | Specific | g;5 | ALO, | Fe,0, CaO | MgO
. Hm gravity
Min. Max.
OPC 0.128 0.531 0.344 3.15 224 5.10 3.60 63.10 2.0
SF 0.144 0.444 0.263 217 93.10 0.90 1.86 0.46 0.94
Qs 0.320 0.736 0.546 2.6 99.58 0.10 0.14 - -
CBA 0.299 0.700 0.452 25 63.45 25.23 3.36 2.30 1.15
WCP 0.133 0.665 0.511 2.32 68.53 0.22 3.64 17.56 0.62

concrete [12]. Past studies also revealed
the ability of ultra-fine coal bottom ash
to mitigate the detrimental effects of the
alkali-silica reaction [13]. Beyond the
positive aspects of CBA, leachability and
toxicity are the main factors to be consid-
ered. Coal bottom ash collected directly
from industrial units needs to be treated
for further utilisation. A recent research
study on recycled aggregates indicated
that leachability and toxicity were main-
ly due to the disposal sites [14]. On the
other hand, research works focussing on
recycled concrete wastes obtained from
construction and demolition sites are also
in progress, like studies on the effects of
recycled concrete, replacing either fine
or coarse aggregate [15]. Physically pro-
cessed waste concrete powder showed
stronger interactions with cement ma-
trix when compared with those of natu-
ral aggregates, which in turn enhances
the strength [16]. The effect of recycled
fines on the performance of RPC was
presented in [17] under different curing
conditions. Hot water curing seemed to
be better than normal standard curing.
Also, recycled aggregate in RPC exhib-
ited better mechanical properties. In ad-
dition to these materials, steel fibers also
performed better, which inhibits brittle
failure and exhibits gradual and duc-
tile failure [17]. The positive effects of
steel fibers on RPC mainly depends on
the volume fraction and size of fibers. It
was reported that the higher the volume
fraction and the smaller the size of steel
fibers, the more enhanced the static and
dynamic mechanical performance [28].
Also, researchers have expanded their
approach towards investigation on RPC
incorporated with various other types of
fibers, namely basalt fibers, glass fibers,
polypropylene fibers as well as hybrid
fibers combining steel fibers and poly-
propylene. Unexpectedly, hybrid fibers
exhibited better fire and spalling resist-
ance than polypropylene fibers and steel
fibers [29, 30]. In a comparative study
on four different types of fibers, it was
reported that basalt fibers and glass fib-
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ers exhibited the highest equivalent and
residual flexural strength, respectively,
whereas steel fibers exhibited the high-
est fracture energy, and conversely the
highest deflection capacity at the peak
load was observed in the case of poly-
propylene fibers [30]. This provides
astrong foundation for future studies
with the objective to include other effi-
cient and eco-friendly natural fibers in
RPC. A recent study on alccofine based
RPC incorporated with coal bottom
ash and recycled fines proved that this
is apromising material combination,
showing better mechanical and durabili-
ty performance [18].

Initially, the constituent materials were
physically processed in order to obtain
tightly packed RPC specimens. The ex-
perimental investigation on SF-RPC
was carried out in three phases. The first
phase dealt with determination of the
workability of fresh SF-RPC specimens
by means of slump flow and a compac-
tion factor test. After casting, the speci-
mens were exposed to thermal curing for
48 hours in hot water at 90 °C and subse-
quently subjected to normal water curing
at room temperature for the remaining
days required for curing [17]. The sec-
ond phase involved the examination of
hardened properties such as the compres-
sive strength, split-tensile strength and
flexural strength of SF-RPC specimens.
The third phase of work was assessing
the durability characteristics, namely
water absorption, water sorptivity and
resistance to acid attack.

[ Materials and Methods

Materials

SF-RPC in the present study was mainly
composed of ordinary Portland cement,
silica fume (SF), quartz sand (QS), coal
bottom ash (CBA) and waste concrete
powder (WCP). Ordinary Portland ce-
ment (OPC -53 grade) was used as the
binder. To induce a pozzolanic reaction in
RPC, silica fume with rich silica content

S0, | Na,0 | K,0 | TiO, | LOI
245 | 0.15 1.2 - 0.65
129 | 042 | 031 - 1.2
- - - 0.18 -
213 | 056 | 090 | 0.92 45

11.4

was used to replace the binder by 20%.
Quartz sand was used as a filler material
with a comparatively larger particle size
than other raw materials, which provides
voids to be filled by smaller particles.
The particle size analysis is performed on
the constituent materials and the particle
size range and the median diameter (Ds)
are listed in Table 1. This is the principle
behind the dense and compact structure
of RPC. OPC, SF and QS were obtained
from commercial suppliers: CBA from
Neyveli Lignite Corporation (Tamil
Nadu, India) and WCP from nearby con-
struction work sites. Coarser fractions of
the CBA and WCP were cleaned and well
processed physically to lower the particle
size. The physical properties and chem-
ical composition of the materials used
in the fabrication of SF-RPC are sum-
marised in Zable 1. The loss in weight
of materials subjected to high temper-
atures is expressed in terms of loss on
ignition (LOI) in Table 1. Brass coated
and straight micro-steel fibers of 13 mm
length and 0.3 mm diameter, with an as-
pect ratio of 43.3 and tensile strength of
2850 MPa were used. The brass coating
on the steel fibers controlled the corro-
sion effectively during storage and trans-
portation of the material [31]. Corrosion
of the steel fibers occurred in the cement
hydration environment. However, the
corroded steel fibers were effective in
gaining pullout resistance by means of
the surface roughness up to a certain lev-
el of corrosion [32]. A polycarboxylate
based superplasticiser, namely Sika Vis-
cocrete-2100, was the chemical admix-
ture used as the water reducing agent.

Processing and pre-treatment
of materials

As coal bottom ash and recycled con-
crete wastes are obtained as by-products
and waste materials, respectively, the
processing and treatment of materials
seemed to be mandatory. The aforemen-
tioned materials were collected as coarse
particles, and then cleaned, crushed and
ground to fine particles. The concrete
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wastes collected from nearby construc-
tion sites varied in size and contained for-
eign particles like dust, dirt and leaves.
Initially, the lighter dust particles were
removed by means of an air blower, fol-
lowed by grinding and sieving. Coal bot-
tom ash collected from a thermal power
plant was also manually cleaned and
ground. The ground particles were sieved
to finer material, corresponding particle
sizes of which are mentioned in Table 1.
Providing heat treatment to CBA helps
to obtain the desirable performance of
SF-RPC [19]. Therefore, those fine par-
ticles were heat treated for 24 hours at
a temperature of 100 °C before applica-
tion in RPC production.

Mix proportion

The mix proportion of SF-RPC in the
present study is summarised in Table 2.
The mix ratio was found to be 1:1.1
(OPC:QS). The optimum content of sil-
ica fume in RPC was 20% to 30% to
improve the bond characteristics and the
interfacial toughening between the RPC
matrix and steel fibers [6]. Based on the
compressive strength tests initially per-
formed on RPC with varying proportions
of silica fume (10%, 20% and 30%) by
cement content, the optimal content of
silica fume in this study was found to be
20%. It was observed that an increase in
silica fume content beyond 20% of silica
fume enhanced the brittleness of RPC.
The abbreviations used to denote the mix
ID in Table 2 indicate a control mix with
0% replacement of QS (R0), followed by
5%, 10%, 15%, 20% and 25% of QS by
CBA, and a further 5%, 10%, 15%, 20%
and 25% of QS by WCP, which is shown
by R10, R20, R30, R40 & R50. For in-
stance, R10 shows a 10% replacement of
QS by 5% CBA and 5% WCP. Likewise,
the consecutive abbreviations indicate
a 20%, 30%, 40% and 50% replacement
of QS. The water-cement ratio is a fixed
constant at 0.3. The superplasticiser dos-
age is kept constant at 2%. The chem-
ical admixture (Sika Viscocrete) treats

Table 3. Experimental program.

Properties Tests
. Slump flow
Workability -
Compaction factor
Compressive strength
Mechanical Flexural strength
Split tensile strength
Water absorption
Durability Water sorptivity

Acid attack tests
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Table 2. Mix proportion.

Mix ID OPC SF Qs CBA
RO 0.8 0.2 1.1 -
R10 0.8 0.2 1 0.055
R20 0.8 0.2 0.9 0.1
R30 0.8 0.2 0.8 0.165
R40 0.8 0.2 0.7 0.22
R50 0.8 0.2 0.6 0.275

the CBA and WCP chemically prior to
hydration and hardening. The particle
size distribution, particle packing den-
sity, type of steel fiber used, interfacial
bonding between fibers and concrete,
and the water-cement ratio influence the
ductility of RPC. A steel fiber dosage of
2% was found to be effective in achiev-
ing ultra-high compressive and flexural
strength as well as greater energy ab-
sorption capacity in flexure and ductility
when compared with <2% of steel fibers
[1]. A micro-steel fiber dosage of 2% by
weight of cement was considered in the
experimental study.

Preparation of SF-RPC specimens

Based on the mix proportion and num-
ber of specimens to be casted, the dry
raw materials were weighed and mixed
manually. Dry mixing of the raw materi-
als was done one by one in a sequential
order, until an homogeneous mixture was
obtained. Initially, CBA and WCP were
mixed, followed by the introduction of
water vapour by means of a sprayer to
ensure the internal absorption of the ma-
terials. This was mainly carried out to
overcome the incomplete distribution of
water amongst the inner ultra-fine par-
ticles [18]. The moisturised mixture of
CBA and WCP was mixed with adry
mixture of cement, silica fume and QS
for about 3 minutes. The addition of wa-
ter to the resultant mixture was carried
out in two stages. The first involved the
addition of (3/4) water + (1/2) SP to the
mixture and the second stage the addi-
tion of the remaining (1/4) water + (1/2)

Specimen type Specimen size, mm

Fresh mix -
Cube 50x50x50
Rectangular prisms 40x40x160
Cylinder 100 x 200
Cube 50x50x50
Cube 100x100x100
Cube 50x50x50

7,28, 56, 90 and 180 days

WCP w/c-ratio = SP, % | Micro-steel fiber, %
- 0.3 2 2
0.055 0.3 2 2
0.11 0.3 2 2
0.165 0.3 2 2
0.22 0.3 2 2
0.275 0.3 2 2

SP. Simultaneously after mixing, the
SR-RPC samples were poured into
greased iron moulds and compacted by
placing them on vibrators for a dura-
tion not exceeding 15 sec. The hardened
samples of SF-RPC were demoulded af-
ter 24 hours, exposed to thermal curing
(90 °C for 48 hours), and then subjected
to normal water curing for the rest period
of curing [17, 18].

Test methods

A specimen description, testing methods,
as well as standards and specifications
followed for testing of the SF-RPC sam-
ples are mentioned in Table 3.

Fresh concrete properties

Workability is a measure of the ease of
working with fresh concrete. To assess
the workability of fresh SF-RPC mix, the
slump flow and compaction factor tests
were carried out following the methods
specified in IS: 1199 (Part 1) [20].

Hardened concrete properties

An experimental investigation on the
mechanical properties of SF-RPC was
performed on hardened SF-RPC spec-
imens to determine the compressive
strength, split-tensile strength and flexur-
al strength. The compressive strength of
the SF-RPC specimens was determined
after 7, 28, 56, 90 and 180 days, follow-
ing ASTM standards [21]. The test was
performed on a compression testing ma-
chine (CTM) with a capacity of 1000 kN.
A flexural strength test was carried out

Testing duration Standards
- IS 1199:2018 [20]

ASTM C 109 [21]

28 days ASTM C 293 [22]
28 days ASTM C 496 [23]
28 days ASTM C642 [24]
28 days ASTM C1585 [25]
28 days ASTM C 267 [26]
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Figure 1. Compressive strength of SF-RPC.

on rectangular prisms (40 mm x 40 mm
x 160 mm) on SF-RPC specimens cured
for 28 days, based on ASTM 293 [22].
A split-tensile strength test was per-
formed on cylindrical specimens of 200
mm height and 100 mm diameter as per
ASTM C496 [23]. Three samples of each
mix proportion were subjected to each
test, and the average of results observed
was reported as final. Also, the variation
of individual results from the average
should be less than +15% of the average,
following IS 456:2000 [27].

Durability properties

To investigate the durability of SF-RPC,
a water absorption test, water sorptivity
test and acid attack test were carried out
on specimens cured for 28 days. Follow-
ing ASTM C 642 [24], water absorption
was calculated as the percentage change
in the weight of the SF-RPC cubical
specimens, in which the dry weight of
the oven-dried samples was measured as
the initial weight (W1), and the weight
of the same samples after immersion in
water for 24 hours was measured as the
final weight (W2), obtained from Equa-
tion (1).

Water absorption (%) =
_ [ Final weight (W2) — Initial Weight (W1)
- Initail weight (W1)
x 100 (1)

According to ASTM C 1585 [25], water
sorptivity was measured from the water
absorption by capillary suction of the
SF-RPC specimens, whereas only the
lower surface of the cubical specimens
was immersed in water to about 5 mm
depth. This was made possible by placing
the SF-RPC cubes on two rods laid hori-
zontally. The sorptivity value is calculat-
ed from Equation (2) below, where Wa
is the dry weight of SF-RPC specimens
surface area (A) observed, and Wb is the
final weight of specimens after being
subjected to capillary water absorption
with water of density (p) for a specified
time (T) in minutes

Wh— Wa]

Sorptivity = AT

@

The resistance of the SF-RPC spec-
imens to acid attack was determined
by means of an acid attack test as
per ASTM C 267 [26]. In the acid at-
tack test, cubical specimens cured for
28 days were immersed in a 1% con-
centrated solution of sulphuric acid and
hydrochloric acid for the next 28 days.
To maintain the pH, the older solution
concentrated with acids was changed
and replaced by anew one every
7 days. The percentage loss in mass
and in the compressive strength were
obtained after testing the strength of
the acid treated SF-RPC cubes.

Table 4. Fresh concrete properties of SF-RPC mix.

Mix ID Density, kg/m?
RO 2534
R10 2546
R20 2563
R30 2521
R40 2508
R50 2487
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Slump, mm Compaction factor
77 0.95
65 0.93
60 0.89
48 0.86
41 0.81
36 0.75

B Results and discussion
Workability

Table 4 shows the fresh concrete prop-
erties of the SF-RPC mix. From the test
results of the slump-cone and compac-
tion factor tests, it was found that work-
ability decreases with increasing con-
tents of CBA and WCP. The initial wa-
ter absorption of CBA and WCP during
mixing was believed to meet the water
requirement to some extent. Also, poly-
carboxylate based super plasticizer addi-
tion effectively smoothens the fresh and
flocculated SF-RPC mix and reduces fur-
ther water requirement [5]. The decrease
in the density of the fresh mix observed
was because of the higher replacement of
QS by CBA and WCP, which is compar-
atively of lighter weight and more water
absorptive than quartz sand. However,
unexpectedly the particle size distribu-
tion of the materials allows only a minor
decrement in density of up to 2%.

Mechanical strength

The compressive strength of the SF-RPC
specimens 7, 28, 56, 90 and 180 days
is shown in Figure 1. The compres-
sive strength of the control SF-RPC af-
ter 28 days is 102 MPa. The maximum
compressive strength after 28 days was
recorded as 125 MPa, which is 22.5%
greater than that of the control SF-RPC
for R20. The compressive strength of the
SF-RPC samples tested was observed in-
crease with an increase in CBA and WCP
and decrease at higher replacement lev-
els. The compressive strength of SF-RPC
specimens cured for 90 and 180 days was
found to be greater than that after 7,28
and 56 days for RO, R10 and R20, and
comparatively shows a minor decrement
for further SF-RPC mixes: R30, R40 and
R50. This explains the influence of the
short-term curing period and long-term
curing period on the mechanical behav-
iour of hardened SF-RPC. A curing pe-
riod of 28 days seems to be efficient in
strength development and was proved to
retain 95% of the strength for every mix.
The R30 mix exhibited a satisfactory
performance compared to that of the con-
trol SF-RPC. However, the optimum mix
with excellent strength behaviour was
found to be R20, which has 20% replace-
ment of QS by 10% CBA and 10% WCP.
Thermal curing at 90 °C for 48 hours
showed potential to enhance the strength
of the hardened SF-RPC specimens by
stimulating the pozzolanic reaction, re-
sulting in the formation of thicker CSH
gel [1, 17].
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Figure 4. Water absorption of SF-RPC specimens.

The split-tensile strength and flexural
strength of the SF-RPC specimens are
shown in Figure 2 and Figure 3, respec-
tively. As expected, similar to the com-
pressive strength results, the split-tensile
strength and flexural strength increase
with an increase in CBA and WCP con-
tent up to R20 and decreases for further
replacements.

A maximum split-tensile strength of
10.45 MPa and maximum flexural
strength of 22.65 MPa was recorded
for the R20 mix. From the observations
made during testing of the samples, it
was found that the micro-steel fibers
played an effective role in bridging the
cracks, thereby resulting in ductile fail-
ure of the specimens rather than brittle
breakage. Also, from visual observations
of the bonding of steel fibers with the SF-
RPC matrix, it was found that the optimal
silica fume content of 20% in SF-RPC
greatly improved the bonding behaviour
of the steel fibers [6].
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The water absorption and water sorptiv-
ity of the SF-RPC specimens are shown
in Figure 4 and Figure 5, respectively.
From Figure 4, it is observed that water
absorption (%) increases with an increase
in CBA and WCP. The minute variation
in water absorption with a minimum
value of 1.63% (R0) and maximum of
3.12% (R50) seems to be unanticipated.
Correspondingly, the sorptivity value
initially decreases from 0.0055 mm/\s
to 0.0045 mm/Vs, followed by a gradu-
al increment up to 0.0120 mm/\s with
an increase in the replacement of QS.
This was mainly because of the excellent
packing density possessed by the hard-
ened SF-RPC samples. Each and every
material of the SF-RPC in this study
proved to be efficient in its own way
due to the particle gradation and better
bonding behaviour, resulting in a tight-
ly packed, compact SF-RPC matrix.
The filling ability of the materials in the
cubical volume exhibits greater resist-
ance to the movement of water through

T T T T T
RO R10 R20 R30 R40 R50

Mix ID

Figure 5. Sorptivity of SF-RPC specimens.

the pores. The processing and heat treat-
ment conducted on the recycled mate-
rials before application in SF-RPC also
seemed to be beneficial.

The cubical SF-RPC specimens ex-
posed to acidic solutions were visually
examined, followed by strength testing.
The loss in mass (%) and compressive
strength (%) observed in testing are re-
ported in Table 5. From the visual ob-
servations shown in Figure 6, a change
in the SF-RPC specimens to a yellowish
colour the presence of white spots (see
Figure 6.a), indicating efflorescence, and
brown spots (see Figure. 6.b), indicating
the effect of corroded steel fibers on the
surface of the SF-RPC specimens, were
noted. This explains the ingress of the
acidic solution into the pores of the im-
mersed SF-RPC specimens, the removal
of calcium salts present in the concrete,
and on reaction with carbon-dioxide the
deposition of the resulting efflorescence
on the outer surface of the SF-RPC spec-
imens.
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Figure 6. Acid attack on SF-RPC specimens: a) white spots, b) brown spots.

Table 5. Acid attack test of SF-RPC specimens.

Hydrochloric acid solution Sulphuric acid solution

Mix 1D % Mass loss %sttl:_:%'::‘e; ssi\sle % Mass loss o/"s:_::g::‘e; ssi\sle
RO 0.81 2.05 1.41 4.12

R10 1.02 4.43 1.86 7.65

R20 1.26 7.62 2.00 9.93

R30 1.54 11.58 2.36 14.08
R40 1.83 13.14 2.68 17.70
R50 2.31 15.09 2.81 19.22

However, the percentage loss in mass
ranges from 0.8-2.31% for hydrochloric
acid and 1.4-2.81% for sulphuric acid.
The percentage loss in the compressive
strength of SF-RPC specimens subjected
to acid attack ranges from 2.05-15.09%
and 4.12-19.22% for hydrochloric acid
and sulphuric acid, respectively. It was
clearly noted that approximately the per-
centage loss in mass is less than 3% and
that in compressive strength is less than
20%. The test results indicate that the SF-
RPC specimens subjected to acid attack
for 28 days exhibited significant resist-
ance to acid attack, which is mainly due
to the availability of minimal and min-
ute voids in the densely packed SF-RPC
specimens.

B Conclusions

The following conclusions are drawn

from the performance of SF-RPC spec-

imens incorporated with similar propor-
tions of coal bottom ash and waste con-
crete powder:

1) A low water-cement ratio shows a low
workable nature in fresh SF-RPC
mix; however, superplasticiser addi-
tion smoothens the flocculated mix
materials without increasing the water
content, which seems to be beneficial
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to achieve better mechanical perfor-
mance.

2) The deviation in the resultant me-
chanical strength values was observed
to be not more than +15%, thus pro-
viding valid results as per standards
[27]. The compressive strength of
SF-RPC specimens with higher level
replacements of quartz sand by CBA
and WCP was reduced. The R30 mix
possessing a 15% substitution of CBA
and WCP exhibited a comparative-
ly satisfactory performance for each
than for the control SF-RPC mix.
However, the optimum substitution
up to 10% CBA + 10% WCP (R20)
showed excellent strength behaviour.
Increasing the curing period and aging
of concrete affects the strength char-
acteristics. A curing period of 28 days
was found to be optimum and potent.
The flexural strength and split-tensile
strength also exhibited similar perfor-
mance, showing a decrease in strength
with an increase in the replacement
percentage of CBA and WCP beyond
R20. The addition of micro-steel fib-
er enhanced the ductile behaviour of
hardened SF-RPC specimens. The op-
timum mix and content of CBA and
WCP in SF-RPC were found to be
R20 and 10% each, respectively, fol-

lowing the gradation and proportion
considered in this study.

3) Water absorption increases with an
increase in CBA and WCP. However,
minute variation was observed during
the initial replacement levels irrespec-
tive of the CBA and WCP, because of
the tight and compact packing of par-
ticles. This was further proved by the
capillary absorption of the SF-RPC
specimens, which exhibited a slight
decrease in the sorptivity coefficient,
followed by an increase with a further
increase in CBA and WCP contents.

4) The resistance of SF-RPC to acid
attack was found to be remarka-
ble at higher contents of CBA and
WCP, resulting in a loss of strength.
The change in appearance of SF-RPC
specimens subjected to acid attack
explains the ingress of acidic solution
into the SF-RPC specimens, which
was proven by the efflorescence on
the surface of cubes.

Thus, it is concluded that silica-fume
based RPC with optimum combined in-
corporation of coal bottom ash and waste
concrete powder was proven to be an al-
ternative solution not only to overcome
the global problem of increasing waste
generation and disposal issues but also
for the production of an eco-friendly, ef-
ficient, and mainly economical reactive
powder concrete.

d
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