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Abstract
This study determined the strength properties of high-performance concrete (HPC) produced using ternary blended cement,
based on Nano-silica (NS) and bagasse ash (BA) addition to Portland cement. Several mix proportions, based on random mix
design, were considered based on the substitution of constituent materials. Fine aggregate was comprised of 60% river sand and
40% recycled aggregate (RA), coarse aggregate used was crushed rock for the development of M50, M60 and M70 grades of
concrete. The replacement of cement by BA causes slowdown initial strength development, but increased the setting time of
concrete. In order to improve the performance of HPC at early stage, NSwas considered as third admixture for developing ternary
binder blend in the concrete. The effect of NS and BA on fresh and hardened HPC were investigated and presented. The results
indicated that the incorporation of NS reduced setting time and increased the early age strength development significantly. Thus,
it was concluded that the addition of NS with mean particle size of 12 nm is suitable as an additional binder for improving the
early age performance of HPC.
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1 Introduction

High performance concrete (HPC) is a concrete mixture that
exhibit high workability, strength and durability features. In
recent years, there are considerations to develop HPC using
alternative materials. In such mixtures, HPC contains one or
more of cementitious materials such as fly ash, silica fume or
ground granulated blast furnace slag along with superplastizer.
The supplementary cementitious materials are generally poz-
zolanic in nature and when present in mixture, strength devel-
opment is expected to continue for a longer time than the case
of conventional concrete. The fresh properties of HPC are also
expected to vary, owing to the ingredient and supplementary
cementitious materials used in the concrete. Fly ash (FA) and

Rice husk ash (RHA) is a well-known supplementary cemen-
titious materials widely used in HPC [1, 2]. Concrete contain-
ing FA has shown slow rate of strength development at early
ages compared to normal concrete [1]. Due to its pozzolanic
character of sugarcane bagasse ash (BA), other research are
aimed at the utilization of ground BA as a supplementary
cementitious in concrete [3]. A high early strength can be
achieved if up to 20% of cement is replaced with the well
burnt BA, without causing any adverse effect on the desirable
properties of concrete [4].

Also, there is need for rationalizing the utilization of aggre-
gates in concrete. The collection of sand from the river bed
leads to the economical imbalance, particularly in the agricul-
ture sector along with the strict local body legislation in India
[5, 6]. As an alternate to the natural sand, demolished concrete
waste, used as recycled aggregate (RA), is considered instead
of sand, however the compatibility has to be investigated.
According to previous report, the addition of RA sand in-
creased the water demand due to the absorption behavior,
and reduced the workability and setting time of concrete [7].

Now-a-days the Nano-technology plays a vital role in the
development of new products. The availability of suitable
nano materials like nano-silica (NS) and nano-fibers has en-
abled their use for improving the properties of concrete. The
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application of NS in concrete and mortar are reported in the
recent years that NS enhanced the strength properties of the
concrete [8–10]. The higher strengths of concrete of those
mixtures was attributed to the reduction of pore size [1], ac-
celerated cement hydration [11], improving the intermediate
zone [9] and larger specific surface area [10]. All these, even-
tually enhance the durability of concrete [1]. The incorpora-
tion of NS reduces the setting time of concrete containing slag
[12]. Also, the addition of NS to the mixture caused a slight
reduction in both the initial and final setting time of pastes.
Whereas, the difference between the initial and final setting
time decreased with increasing NS content [13]. More also,
the presence of NS particle in fly-ash blended concrete has
been reported to improve the early age strength of concrete
[14].

So far in the open literatures, numerous studies have con-
sidered the use of NS as ingredients/admixtures in develop-
ment of cementitious mixtures. However, the present study
tends to improve on the existing studies, by exploring the
influence of NS on the early age performance (homogeneity,
setting time and strength development) of HPC, as an attempt
to compensate the effects of adding RA-sand in HPC. The
relationship between setting time and 28 days strength of
RA-sand based BA blended HPC was also developed.

2 Materials and Method

2.1 Materials

A grade 53 Ordinary Portland cement confirming to IS 12269
[15], ground BA and NS (average particle size of 12 nm) were
used as binder in this investigation. The Chemical composi-
tions and Physical properties of all these materials are men-
tioned in Tables 1 and 2, respectively. Local river sand was
used as fine aggregate. Its fineness modulus and specific grav-
ity is 2.67 and 2.71, respectively. RA-sand derived from
demolished concrete was used after it has been processed to
similar size as conventional sand (<4.75 mm). The specific
gravity and fineness modulus of RA-sand is 2.64 and 2.69,
respectively. The crushed granite coarse aggregate with a

maximum size of 20 mm was used for concrete mixtures.
The fineness modulus and specific gravity of the coarse ag-
gregate were 7.19 and 2.78 respectively. Both fine aggregate
and coarse aggregate complied with the requirements of IS:
383–2016. The results of grain size distribution (zone – II) of
river sand and the combination of 60% river sand and 40%
RA-sand are shown in Fig. 1.

2.2 Design of the Experiment

The 40% of the natural sand was replaced by RA-sand in this
investigation. BA and NS were employed by weight of ce-
ment for achieving M50, M60 and M70 grade HPC mix and
concrete mixtures are designated accordingly.

2.3 Mix Proportions

The trial mix proportion of M50, M60 and M70 grade HPC
was initially performed. The BA content are varying from
28% to 32% for getting blended concrete and NS content
varies up to 2% in the mix proportions in this experimental
investigation. As per the preliminary studies, the sand
content was replaced by RA-sand at the level of 40%
and coarse aggregate content was slightly adjusted in
order to maintain the workability of concrete. The target

Table 1 Chemical composition of cementitious materials

Chemical Composition (%) OPC Bagasse ash Nano-
silica

CaO 61.6 1.78 –

SiO2 22.4 51.85 >98.5*

Al2O3 5.2 25.31 –

Fe2O3 3.8 11.5 –

MgO 1.7 1.5 –

LoI 2.3 2.4 –

Table 2 Physical properties of cementitious materials

Physical properties Portland
cement

Bagasse ash Nano-silica

Initial setting time (min) 75 – –

Final setting time (min) 235 – –

Specific gravity 3.15 2.52 2.28*

Specific surface area (m2/kg) 295 440 201

Average particle size 27.8 (μm) 27.2(μm) 12 nm

Comp. strength (28 days) (MPa) 58.5 – –

*Information provided by the supplier
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slump value has been fixed between 150 to 200 mm
and hence the suitable amount of superplastizer was
added during mixing. After various trials were conduct-
ed for predicting the appropriate mix proportioning, the
final mix proportions of HPC used in this study is as
presented in Table 3.

2.4 Experimental Procedure

Concrete mixtures were prepared at the laboratory tem-
perature condition 23 °C to 28 °C. In order to ascertain
the homogeneity of concrete, the workability of fresh
concrete was evaluated by slump test. The setting time
of fresh concrete was found by the penetration resis-
tance test using Penetrometer as per [16]. The penetra-
tion resistance curve was prepared against elapsed time.
From the penetration resistance curve, the time required
to reach the resistance equal to 3.5 MPa is read on the
x-axis which gives the initial setting time and the pen-
etration resistance of 27.6 MPa gives the final setting
time of concrete. For each type of concrete, three con-
crete cube specimens of 150 × 150 × 150 mm size and
three-cylinder specimens of 150 mm diameter and
300 mm long were tested for finding compressive
strength and splitting tensile strength respectively at
each curing period of 3, 7, 14 and 28 days. The rela-
tionship between final setting time and the 28 days
compressive strength of corresponding HPC were
developed.

3 Results and Discussion

3.1 Fresh Concrete Properties

3.1.1 Workability of HPC

The slump values of the HPC is shown in Fig. 2. The dosage
of the superplastizer (ranging from 1.42 to 2.97 l/m3) in all the
concrete mixtures was adjusted to produce the slump value of
150–180 mm. The addition of RA-Sand and NS caused mar-
ginal reduction in slump value, and this may be as a result of
variation in the particle sizes and textural characteristics of
RA-sand and more specific surface area of NS particles.
Hence, the dosage of the superplastizer increased in concur-
rence with RA-sand due to slightly higher water absorption
behavior of RA-sand than the river sand and more water de-
mand of NS particles. A similar observation was reported for a
concrete incorporating ceramic as coarse aggregate, where the
higher water absorption capacity of ceramics slightly influ-
enced the flow ability of the concrete [17].

3.1.2 Setting Time of HPC

The penetration resistance curves for finding the initial and
final setting time of BA based HPC without NS designated
as M50NS0, M60NS0 and M70NS0 are shown in Fig. 3. The
initial and final setting time ofM50NS0was 462 and 572min,
respectively. From the penetration resistance curve. Similarly,
the initial setting time of M60NS0 and M70NS0 was 415 and
368 min, respectively and the final setting time of M60NS0

Table 3 Mix Proportions for HPC

Mix designation Ingredient (kg/m3) w/
cm

SP (l/m3)

Cement BA NS Sand RA-
Sand

CA

M50NS0 420 160 – 468 312 900 0.40 1.42

M60NS0 434 186 – 456 304 890 0.39 2.10

M70NS0 442 208 – 444 296 870 0.38 2.51

M50NS0.5 417 160 2.9 468 312 900 0.40 1.48

M60NS0.5 431 186 3.1 456 304 890 0.39 2.12

M70NS0.5 439 208 3.3 444 296 870 0.38 2.55

M50NS1 414 160 6.0 468 312 900 0.40 1.52

M60NS1 428 186 6.2 456 304 890 0.39 2.20

M70NS1 436 208 6.5 444 296 870 0.38 2.69

M50NS1.5 411 160 9.0 468 312 900 0.40 1.60

M60NS1.5 425 186 9.3 456 304 890 0.39 2.31

M70NS1.5 432 208 9.8 444 296 870 0.38 2.97

M50NS2 408 160 12.0 468 312 900 0.40 1.65

M60NS2 422 186 12.4 456 304 890 0.39 2.37

M70NS2 429 208 13.0 444 296 870 0.38 2.99
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and M70NS0 was found as 552 and 524 min respectively.
There was also a decreasing trend in both the initial and final
setting time as the cement content was increased in mixture.
The retarding in setting time of concrete can be mainly attrib-
uted to the amount of cement present in the concrete for reac-
tion during initial period [18]. Effects of the substitution of NS
on the initial and final setting time of BA blended HPC in
comparison with 0% NS are shown in Fig. 4. The substitution
of NS content reduces the initial setting time. The presence of
NS particles in the concrete reduces paste liquidity and de-
creases setting time [13]. From the Fig. 4, the significant re-
duction in initial setting time of BA based HPC was observed
due to the addition of 0.5% NS.

The addition of NS up to 1.5% caused a reduction in
the initial setting time of the concrete. However, the
addition of 2% NS did not affect the initial setting time.
The marginal reductions in final setting of HPC samples
were noticed due to the substitution of NS compared to
the setting time of HPC without NS. From Fig. 4, it
was also observed that adding more than 1.5% of NS
increases the initial setting time due to further increas-
ing the surface area and more water demand in the
concrete. Similar to the initial setting time, the addition
of more than 1.5% NS did not affect the final setting
time due to the presence of un-hydrated cementitious

materials. The reduction of setting time up to 1.5%
NS concrete may be related to the finer particle size
and higher specific surface area of the NS particle com-
pared to the other cementitious material presents in the
concrete which increases the initial hydration.

3.2 Compressive Strength Development of HPC

The effect of mixing NS on the compressive strength
development of BA blended HPC at the early ages
(1 day, 3 days and 7 days) and maturity (28 days) is
shown in Fig. 5. Test results indicate that the NS caused
improvement in the compressive strength of HPC spec-
imens at the early ages. By investigation, it has been
observed that the percentage increase of compressive
strength of M50 grade HPC specimen is 38.83 and
80.07% at the age of 1 day by adding 0.5% and 1.0%
NS, respectively. Similar kind of improvement has also
been observed in M60 and M70 grade concrete. The substitu-
tion of NS up to 1.5% produced higher compressive strength
values than those obtained when 0.5, 1 and 2%NS were used.
Practically, it is an indication that optimum pozzolanic reac-
tivity of NS is achieved at 1.5% substitution. The Fig. 4b has
also been witnessed that the percentage increase of compres-
sive strength of HPC up to 1.5% NS at the age of 3 days.
However, the rate of growth of compressive strength at 7 days
curing starts decreased when compared to corresponding
specimens of 1 day and 3 days curing due to the completion
of early reactions of NS particles. The 7 days compression test
revealed that BA and NS addition caused improvement in
strength of all three grades of concrete considered in this
study. This performance could be a function of secondary
reaction initiated by the presence of BA along with the re-
maining NS particles present in concrete. The increased early
strength with the incorporation of nano size silica might be
attributed to the high specific surface areas that increased the
rate of hydration and pozzolanic reaction. The results are con-
sistent with findings by Qing et al. [10]. Interestingly the mar-
ginal reductions in rate of strength development in all the
designated concrete specimens were noticed after the
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substitution of 2.0% NS. From the results, it has been ob-
served that the presence of NS increases the rate of strength
development of BA blended HPC during the early curing
period and the presence of BA contribute the improvement
of compressive strength of HPC during later age due to its
secondary reaction (evident by the higher silica contents of
BA-51.85 and NS- 98.5). Also, there is certainly slower hy-
dration of Portland cement in the early ages, due to the addi-
tion of BA and NS.

3.3 Splitting tensile strength of HPC

The effect of mixing NS on the splitting tensile strength
of HPC at 3 days, 7 days and 28 days are shown in
Fig. 6. Test results indicated significant improvement in

the splitting tensile strength of HPC specimens during at
early age. By investigation, it has been observed that
the percentage increase of splitting tensile strength of
M50 grade HPC specimen is 31.96% at the age of
3 day by adding 1.5% NS. From Fig. 6a, similar kind
of improvement has also been observed in M60 and
M70 grade concrete. The Fig. 4b has also been ob-
served that the percentage increase of splitting tensile
strength of HPC up to 1.5% NS at the age of 7 days.
The substitution of NS up to 1.5% can enhance the
splitting tensile strength of concrete in all the grades
of concrete considered in this investigation. This im-
provement during the early age witnessed the strength
development during early age due to the higher specific
surface area of NS particles which develops the bond

Fig. 5 Effect of mixing NS on the
Compressive Strength
Development of BA blended
HFC. (a) 1 day curing (b) 3 days
curing c) 7 days curing (d)
28 days curing.

Fig. 4 Effect of mixing NS on
Setting Time of BA blended HPC
(a) Initial setting time (b) Final
setting time
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between the aggregate phase and paste phase. The split-
ting tensile strength at 28 days was observed higher
order but the rate of improvement due to the addition
of NS was observed as lesser than the early age results
due the maximum strength attainment of BA blended
HPC.

3.4 Relationship between Compressive Strength
and Splitting Tensile Strength

The data plotted in Fig. 7 depicts the model equation that
relate the compressive strength and splitting tensile strength
of HPC with NS and RA-sand at early curing periods and

28 days curing are shown in Fig. 7. It was found that the
relationship at early age as:

f t ¼ 0:7756 f ckð Þ0:502 ð1Þ

Based on these data, it is clear that the early age
strength of HPC having NS was improved than that
obtained using the IS:456 [19] code equation:

f t ¼ 0:7 f ckð Þ0:5 ð2Þ

The ACI 318 [20] expresses the relationship between mod-
ulus of rupture (fr) and the compressive strength (fck) as:

Fig. 6 Splitting tensile strength of
NS blended HFC (a) 3 days
curing (b) 7 days curing (c)
28 days curing

Fig. 7 Effect of NS on
relationship between
Compressive strength and
splitting tensile strength (a) Early
age (3 and 7 days) relationship (b)
28 days relationship

1954 Silicon (2020) 12:1949–1956



f r ¼ 0:56 f ckð Þ0:5 ð3Þ

The substitution of NS was evidently shown by the equa-
tion that the relationship between the early age compressive
strength and splitting tensile strength are comparable with the
various code provisions. Interestingly, the 28 days cured HPC
specimen does not provide the relationship specified in the
code. In a related study, Oluokun et al. [21] has shown that
model equation for compressive strength and splitting tensile
strength could not be proportional to 0.5 power, but their study
revealed that tensile strengthcould be proportional to 0.79
power. Athi Gajendran et al. 2015 predict the relationship with
Metakaolin and Silica fume based ternary blended concrete as:

f t ¼ 0:689 f ckð Þ0:401 ð4Þ

Hence the generally recognized 0.5 power relationship as per
IS: 456–2000 andACI code was examined and suggested a new
relationship for NS based BA blended HPC. This study has
revaleaed the model equation relating the compressive strength
and splitting tensile strength of HPC at 28 days as: follows:

f t ¼ 0:5689 f ckð Þ0:5625 ð5Þ

4 Conclusion

The study focused on the enhancement of the strength prop-
erties of high-performance concrete using ternary blended ce-
ment, based on Nano-silica (NS) and bagasse ash (BA) addi-
tion to Portland cement. The following conclusions were
drawn from the study:

– In order to maintain the workability in the range of
150 mm – 180 mm in RA-sand and NS and BA blended
HPC, the dosage of the superplastizer increased due to
slightly higher water absorption behavior of RA-sand
than the river sand and more water demand of NS
particles.

– The initial and final setting time decreased up to the ad-
dition of 1.5% NS and this was sustained when NS con-
tent was increased to 2%.

– The HPC incorporating up to 1.5% NS exhibits good
strength, with a percentage strength increment, particular-
ly for M50 grade, at 38.83 and 80.07% at the age of 1 day
by adding 0.5% and 1.0% NS, respectively. Also,
strength results at 3 and 7 days also increased as a result
of 1% NS addition. The substitution of NS up to 1.5%
enhanced the compressive strength of concrete more than
100% in all the grades of concrete considered in this
investigation.

– Similarly, the percentage increment in splitting tensile
strength for M50 grade of HPC specimen was 31.96%
at the age of 3 day by adding 1.5% NS. The substitution
of NS up to 1.5% can enhance the splitting tensile
strength of concrete in all the grades of concrete consid-
ered in this investigation.

– Based on the model equations derived to relate the com-
pressive strength and splitting tensile strength of BA
based HPC with NS at 3 days and 7 days, it could be
deduced that the early age strength of HPC with NS
was improved than the value obtained using IS: 456–
2000 code relationship.
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