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Durability properties of Pervious concrete using Nano silica
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Abstract- The durability qualities of porous concrete created
with a cement, nano silica(NS), and a minimum of 5% natural
river sand as a partial replacement for coarse aggregate were
investigated in this work. This study used two coarse
aggregate sizes, 20 mm and 10 mm, in a 50:50 ratio. The
pervious mixes for w/b ratios 0.34 and 0.30 were subjected to
durability tests such as acid impact, alkali impact, and
cantabro abrasion loss. The chemical resistance test revealed
that the mass decrease percentage was 20.56 percent at 5%
HCI solution, 4.23 percent at 5% H2So4 solution, and 0.27
percent for NazSos solutions after 180 days of immersion.
Sulphuric acid was discovered to be the most harmful of the
three chemical environments for all concrete mixtures.The
abrasion loss found to be in the range of 18 to 28%.The
durability of concrete mixes using nano silica was
demonstrated.
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INTRODUCTION

With rapid expansion and an ever-increasing population,
there is an urgent need to focus on sustainable practises in
construction-related development. The most pressing issue
resulting from urbanisation is the development in the
amount of impervious surfaces such as sidewalks, built-up
areas, road networks, and so on, all of which have a direct
impact on the environment. These impervious surfaces
cause a variety of issues, including storm water runoff,
which, if properly managed, can result in an efficient water
management technique. Using impervious surfaces
diminishes soil-atmosphere interaction, increases heat
absorption and radiation, and affects the adjustment of
temperature and humidity on the earth's surface. It is also a
major cause of ground water depletion.

In recent years, several industrial by-products with high
silica and alumina content, including as fly ash (FA), rice
husk ash (RHA), ground granulated blast furnace slag
(GGBS), silica fume (SF), alccofine (AL), red mud, and
others, that are harmful to the environment, have been used
as replacement for OPC in concrete [1-6]. Through the use
of nanoparticles, extensive research is being conducted to
improve the efficiency of building materials and to
manufacture durable concrete for the construction sector
[7-9]. Nanomaterials with high pozzolanic character, such
as nano silica (NS), can greatly improve the qualities of
concrete in all aspects. It was discovered that utilising NS
in concrete can expedite the pozzolanic process and
generate more C-S-H gel in the concrete, and that NS can
also improve the density of the concrete's interfacial
transition zone (ITZ) by filling the pores [10,11].

LITERATURE REVIEW

Pervious concrete's strength and permeability have been
the subject of several research.Some studies were also
conducted to evaluate the performance of polymer added
pervious concrete, and it was discovered the addition of
fibres can increase permeability and compressive strength,
as well as the splitting tensile strength [12,13]. According
to research on the properties of porous concrete with
varying cement paste contents, there are strong
relationships between compressive strength, porosity, and
critical pore size [14]. Abrasion, durability, and ravelling
under continuous traffic loads are all issues with pervious
concrete pavement, in addition to strength and
permeability. Sulphuric acid (H2SO.) and hydrochloric acid
(HCL) are the two most potent natural threats to concrete
structures [15]. The usage of pozzolanic materials such as
rice husk ash, fly ash, and silica fume increases the strength
and weight loss against sulphate attack due to a decrease in
the porosity of concrete specimens and the development of
ettringite[16,17]. The quality of particle dispersion in the
transition zone, as well as the features of C-S-H, are critical
factors in the permeability of concrete specimens, which
impacts the resistance of concrete to sulphate attack[18].
The strength and abrasion resistance of pervious concrete
were reduced when palm oil clinker, an industrial by-
product, was used as coarse aggregate at varied
replacement amounts ranging from 0 to 100% [19]. As the
nanoparticle concentration increased, the wear resistance of
concrete containing nano-particles such as nano-TiO2 and
nano-SiO2 in addition to polypropylene fibre decreased
[20].

OBJECTIVE AND SCOPE

The purpose of this research is to see how acids such as
HCL and H,SO. affect the characteristics of pervious
concrete. The study also looks at Cantabro's abrasion of
Pervious Concrete (PC). For the evaluation, four PC
mixtures with two distinct aggregate sizes and various w/b
were casted and tested.

A. Experimental program

1.Materials Used: Ordinary Portland Cement (OPC) 53
grade, coarse aggregate of sizes 10 mm and 20 mm, river
sand at 5% by weight of coarse aggregate,3% nano silica
addition by weight of cement and superplasticizer
Consplast SP 430, and water were used to make pervious
concrete. Granite was employed as the aggregate in this
investigation. Four mixes were employed with total
aggregate to cement 3.5:1, each with a 50:50 mixtures of
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two sizes of coarse aggregate and a 5% replacement of
total material. With and without the addition of 3% Nano
silica, two wi/b ratios of 0.34 and 0.30 are applied (NS).

2)Mix proportions: The following table 1 gives the details

of pervious mix.
TABLE 1
(Details of Mix proportions of pervious concrete)

SI No Mix  Cement Sand CA W/B Ns SP
Kg/m®  Kg/m® Kg/m? Kg/im® %

1 CPC1 450 79 1568 0.30 - 0.7

2 CPC2 450 79 1568 0.34 - 0.7

3 NPC1 450 79 1568  0.30 135 07

4 NPC2 450 79 1568 0.34 135 0.7

3)Casting of specimens:As per the mix proportions
designed using ACI 522 R specimens were casted.The
components were first blended dry and then added to the
pan mixture with water and SP. After mixing, the concrete
is poured into cubes and compacted with a tamping rod.
The next day, the cubes are demolded and left to cure
normally until the day of testing.

4)Testing procedure: PC cube specimens are cured for 28
days under normal conditions before being immersed in 5
percent HCL solution, 5 percent H»Sos solution, and 5
percent sodium sulphate solution (Na;So.) for further 28,
90 and 180 days of chemical curing. Figure 1 shows the
chemical curing of PC specimens. The cubes are weighed
before being immersed in the chemical. For acid curing,
the P" maintained 4.5 to 5, while for alkali curing, it was
kept at 8.5 to 9. These are checked every 15 days and PH is
thus kept up to date. According to prior literature, the
Cantabro test with up to 300 cycles can be used to assess
the abrasion resistance of pervious concrete [24]. The
Cantabro test is performed without the steel ball charges in the
Los Angeles (LA) abrasion machine and the amount of weight
lost throughout the test was used to characterise PC's abrasion
resistance. Figure 4 shows the PCPC specimens before and
after the Cantabro test.
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Fig. 1 showing the variations in PC specimens after immersion in acid
and alkali.

B. Results and discussions

1)Weight loss in HCL & H2S04:

The mass loss for specimens subjected to 5% hydrochloric
acid and 5% sulphuric acid solutions are shown in Figure
2. When comparing CPC and NPC concrete, it was
discovered that CPC mixtures without nano silica(NS)

packing addition had the maximum mass loss of 20.56
percent for 180 days in hydrochloric acid immersion for
wi/b ratio of 0.34. In hydrochloric acid immersion, the NPC
mixtures with NS addition exhibited the mass loss of 7.98
percent for w/b ratio 0.34. From pozzolanic activity and
portlandite, hydrates arising from cement hydration reduce
the size of capillary pores when NS is added [25].In
sulphuric acid solutions, mass loss is smaller as 1.54
percent for PC combinations using NS as a filler.In
sulphuric acid solutions, the concrete mixes lose more
mass than in hydrochloric acid solutions. Degradation
mechanisms caused by H»SO. and HCI assaults differ for
the same type of concrete. Sulphuric acid leaches paste
layers from exposed surfaces, whereas hydrochloric acid
penetrates the concrete through the exterior porosity
interval.

2)Weight loss in NazSo4:

For both CPC and NPC, Figure 2 depicts the % weight loss
of PC mixes. The mass loss for sodium sulphate curing was
found to be in the range of 0.03 percent to 0.32 percent. It
is clear from the mechanism of attack of sodium sulphate
on concrete structures that the two main reactions that
result in expanding ettringite and gypsum are to blame. The
first is the reaction of sodium sulphate (Na2SO4) with the
calcium hydroxide produced during cement hydration to
make gypsum, and the second is the reaction of formed
gypsum with calcium aluminate hydrates to produce
ettringite [26,27]. The synthesis of gypsum and ettringite
causes concrete constructions to expand, crack, deteriorate,
and be disrupted.
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Fig. 2 Graph showing the percentage mass loss of PC mixes after
immersion in acid and alkali.

3)Effect on compressive strength:

Figure 3 shows the compressive strength loss of PC mixes
exposed to HCI, H»SOs and Nazsos. It is clear that
sulphuric acid exposure has resulted in the greatest loss of
strength. At a 28-day concrete age, the percentage decrease
in compressive strength was found to be 6.89 percent for
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PC without NS whereas 3.26 percent for PC mix with NS
for w/b ratio of 0.34.For later eras of concrete, a similar
pattern has been followed. It's worth noting that adding NS
to concrete has significantly reduced concrete deterioration
by generating a larger C-S-H gel and lowering the open
pore structure to some extent.
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Fig. 3 Graph showing the variations in compressive strengths of PC mixes
after immersion in acid and alkali.

4)Cantabro abrasion loss:

Figure 4 shows the specimens after Cantabro abrasion
testing on the Los angles machine. As shown in Figure 5,
the proportion of mass loss for PC mix, there was a
maximum weight loss of 28.24 percent for concrete mix
without NS at w/b ratio of 0.34. The abrasion mass loss for
PC mix on addition of NS for same w/b was 25.66 at
concrete age of 28 days.The As a result, adding Nano silica
to the cement mix increased its quality by making it denser
and less prone to abrasion. The blends that included NS
had improved abrasion resistance and minimal weight loss.
As a result, the results reveal that the specimen’s
compressive strength has a significant impact on abrasion
resistance. The reason for this is that during Cantabro
testing, the specimen is damaged by impact between the
specimens collision and the inside side the Los Angeles
machine, rather than by surface abrasion. For PC blends,
the mass loss due to abrasion was between 20 and 35
percent.This could be because some of the specimens
broke due to their poor strength during the first few strikes,
rather than aggregate particles being abraded away from
the specimen surface. Similarly, the higher specific surface
area of nano silica-replaced mixes explains their improved
resilience, resulting in a larger region of additive dispersion
and a more compact cement matrix.

Fig.4 showing the variation in specimens of PC mix before and after
abrasion
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Fig. 5 Graph showing the weight loss of PC mixes after abrasion test at
different ages of concrete

CONCLUSIONS

Based on the experimental results presented in this study,
the following conclusions have been formed.

1.The pervious mix with w/b ratio 0.30 performs better
against chemical and abrasion loss when compared to 0.34.
2.Sulphuric acid and hydrochloric acid medium
aggressions are better tolerated by pervious concrete with
nano silica added than by standard pervious mix.
3.Chemical resistance has improved in pervious
combinations when 3 percent Nano silica was partially
added, according to the pozzolanic reaction of NS and its
contribution of strength continuing up to 180 days.

4.For all four combinations, the abrasion resistance of
Pervious mix with Nano silica increased with increasing
curing age.

5. In terms of abrasion resistance values, the Cantabro test
has clearly delimited PC mixtures with NS at all ages, and
it may be used as one of the ways to determine abrasion
resistance of porous concrete pavements.
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