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between cement and micro sized supplementary
cementing materials of UHPC, thus leading to
produce the highly homogeneous cement matrix with
more quantity C-S-H gel production. In recent days
only limited works has available for utilization of
nano materials such as carbon nano fiber, nano
CaCO3, nano SiO2, nano ZrO2, nano metaclay and
nano metakaolin in ultra high strength concrete [23]–
[31]. To date, no comprehensive study relating to the
replacement of nano Al2O3 on aggressive chemical
attack of ultra high performance concrete has been
undertaken. The present investigation aims to study
the effects of Al2O3 particles replacement in UHPC
on alkaline attack (such as sodium hydroxide attack,
sodium hypochlorite attack and ammonium
hydroxide attack) of specimens measured after the
30th day, 60th day, 120th day and 180th days of
exposure period.

Abstract
In the present research work, the alkaline
attack on ultra high performance concrete with
different percentage of nano Al2O3 powder has been
investigated. The cement was partially replaced by
nano Al2O3 powder at 0.5 %, 1 %, 1.5 %, 2 %, and 3
% by weight. The change in weight and strength loss
of UHPC were measured, after 25% NaOH solution,
25% NaOCl solution and 25% NH4OH solution for
the 30 days, 60 days, 120 days and 180 days of
exposure period. The results of this research work
clearly showed that 2% nano Al2O3 was optimum
percentage. it was improve the resistance against the
alkaline attack on ultra high performance concrete.
Because of the smaller size and higher surface area
of nano Al2O3 particles play the main role on
microstructure and reduced porosity and water
transport properties of UHPC.
Keywords: nano Al2O3, Ultra High Performance
Concrete, alkaline attack, Sodium Hydroxide attack,
Sodium Hypochlorite attack and Ammonium Hydroxide
attack.

2.

Materials and methods

In the present study, UHPC was fabricated by using
the ingredients of Ordinary Portland Cement 53
grade (conforming to IS 12269-2013 [32]), silica
fume (conforming to IS 15388- 2003[33]), quartz
powder, nano Al2O3 Particles having size of 2030nm and SSA of 180 m2/g (produced from SISCO
Research Laboratories Pvt. Ltd), river sand,
polycarboxylate ether based superplasticizer ASTM
C494 Type F, polypropylene fibres of length 20 mm
and 38 µm diameter [34]. The Tables 1 shows the
mix proportions details of UHPC was developed
based ASTM C1856/C1856M-17 [35], the CON
mixture was without nano Al2O3 particles and other
five mixes consist of nano Al2O3 particle was
replaced by 0.5%, 1%, 1.5%, 2% and 3% weight of
cement. The six mixes were mixed with mortar
mixture machine and fresh concrete was placed in 50
mm cubes. After 24 hours, demoulded specimens
were placed in normal water curing for 28 days

1. Introduction
In past two decades, ultra high performance
concrete has been developed most promising type of
concrete, because of its superior performance in
strength and durability[1]–[3]. The efficiency of ultra
high performance concrete was depends on the
optimum packing density of the mixture [4]. The
packing density of UHPC mixture was enhanced by
utilization of fine powder to arrest the micro pores on
the concrete [5], [6]. Still now the we are utilizing
micro particles such as silica fume, bagasse ash,
ground granulated blast furnace slag, coal bottom
ash, fly ash, gypsums, limestone powder, metakaolin,
palm oil fuel ash and rice husk ash for fabrications of
UHPC [7]–[22]. In this scope, the inclusion of nano
particles was greatly influences properties of UHPC.
The small size of nano particles was fill the voids
.
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Table 1 Mix proportion for Nano Al2O3 blended UHPC

3. Experimentation techniques:
The UHPC were fabricated according to
ASTM 1856/C1856-17[35]. The compressive
strength of specimens was measured with an average
of three 50 x 50 x 50 mm cube specimens tested as
per ASTM C109/C10M – 07 [36]. After the curing
period, the performance of specimens against the
aggressive alkaline chemical attack was tested
according to ASTM C 267 – 01 [37]. The rate of
chemical attack were measured by change in weight
and change in strength of UHPC cube specimens
after the 30th day, 60th day, 120th day and 180th days
of exposure period in alkaline solutions. In this study
25% sodium hydroxide solution, 20% sodium
hypochlorite solution and 20% ammonium hydroxide
solution are taken for aggressive alkaline chemical
media according to ACI 201.2R-08 [38].

Figure 1 the deteriorated specimens after the 30th day, 60th day,
120th day and 180th days of exposed alkaline attack

4.2 Weight loss:
Figure 2 show that the effects of nano Al2O3
particle replacement on weight loss behavior of
UHPC specimens exposed to aggressive alkaline
chemicals attack. The test results reveal that out off
six serious mixes, the CON mix suffered more and
2.0 AL mix was suffered less in alkaline attack,
comparatively from at all ages of exposure period.
After 30days of exposure period, the weight loss for
CON mix and 2.0 AL was measured 0.45% and
0.27%, 0.33% and 0.18%, 0.57% and 0.37% for
sodium hydroxide attack, sodium hypochlorite attack
and ammonium hydroxide attack, respectively in
comparison to water cured specimens. After 60days
of exposure period, the weight loss for CON mix and
2.0 AL was measured 0.87% and 0.56%, 0.61% and
0.33%, 1.02% and 0.68% for sodium hydroxide
attack, sodium hypochlorite attack and ammonium
hydroxide attack, respectively in comparison to
water cured specimens. After 120days of exposure
period, the weight loss for CON mix and 2.0 AL was
measured 1.65% and 1.12%, 1.23% and 0.74%,
2.14% and 1.31% for sodium hydroxide attack,
sodium hypochlorite attack and ammonium
hydroxide attack, respectively in comparison to
water cured specimens. After 180days of exposure

4. Results and Discussion
4.1 Alkaline solution attack:
The rate of attack of alkaline solution on
nano Al2O3 Ultra High Performance Concrete mixes
were measured by change in weight and change in
strength after the exposure period in alkaline
solutions such as 25% sodium hydroxide solution,
20% sodium hypochlorite solution and 20%
ammonium hydroxide solution.
The weight loss and strength loss of UHPC
mixes such as CON, 0.5 AL, 1.0 AL, 1.5 AL, 2.0 AL
and 3.0 AL were examined at the age of 30th day, 60th
day, 120th day and 180th day of alkaline solution
curing. The deteriorated specimens after the 30th day,
60th day, 120th day and 180th days of exposure period
in 25% sodium hydroxide solution, 20% sodium
hypochlorite solution and 20% ammonium hydroxide
solution was shown in Figure 1.

437

International Journal of Advanced Scientific Research and Management, Volume 4 Issue 4, April 2019
www.ijasrm.com
ISSN 2455-6378

period, the weight loss for CON mix and 2.0 AL was
measured 2.53% and 1.48%, 1.87% and 1.04%,
3.28% and 1.93% for sodium hydroxide attack,
sodium hypochlorite attack and ammonium
hydroxide attack, respectively in comparison to
water cured specimens.

period, the average compressive strength loss for
CON mix and 2.0 AL was measured 6.51% and
4.83%, 5.80% and 4.37%, 7.41% and 5.40% for
sodium hydroxide attack, sodium hypochlorite attack
and ammonium hydroxide attack, respectively in
comparison to water cured specimens.

Figure 3 the strength loss due to (a) sodium hydroxide attack, (b)
sodium hypochlorite attack and (c) ammonium hydroxide attack

Figure 2 the weight loss due to (a) sodium hydroxide attack, (b)
sodium hypochlorite attack and (c) ammonium hydroxide attack

After 180days of exposure period, the average
compressive strength loss for CON mix and 2.0 AL
was measured 9.03% and 6.63%, 8.03% and 5.99%,
10.50% and 7.63% for sodium hydroxide attack,
sodium hypochlorite attack and ammonium
hydroxide attack, respectively in comparison to
water cured specimens.

4.3 Strength loss:
Figure 3 show that the effects of nano Al2O3
particle replacement on strength loss behavior of
UHPC specimens exposed to aggressive alkaline
solution attack. The test results reveal that out off six
serious mixes, the CON mix suffered more and 2.0
AL mix was suffered less in alkaline attack,
comparatively at all ages of exposure period. After
30days of exposure period, the average compressive
strength loss for CON mix and 2.0 AL was measured
2.33% and 1.78%, 2.14% and 1.65%, 2.56% and
1.94% for sodium hydroxide attack, sodium
hypochlorite attack and ammonium hydroxide attack,
respectively in comparison to water cured specimens.
After 60days of exposure period, the average
compressive strength loss for CON mix and 2.0 AL
was measured 3.81% and 2.87%, 3.44% and 2.61%,
4.26% and 3.13% for sodium hydroxide attack,
sodium hypochlorite attack and ammonium
hydroxide attack, respectively in comparison to
water cured specimens. After 120days of exposure

5. Conclusions
This study explored the effects of nano
Al2O3 particle on the sodium hydroxide attack,
sodium hypochlorite attack and ammonium
hydroxide attack of ultra high performance concrete.
The inclusions nano Al2O3 particle acts as a pore
filling material, nucleation sites for C-S-H gel
formation and aluminosilicate type gel in cement
matrix. The high retention in strength loss and
weight loss was observed in 2% nano Al2O3 particle
contained specimens. Besides the complexuation of
UHPC cement matrix by nano Al2O3 particle was
lead to improve the denser microstructure and
production layer for aggressive chemical attacks. The
test results reveals that the inclusion of nano Al2O3
438
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particle particles hinder the further ingress of
aggressive chemical and reduce the leaching
characteristics of cement matrix in sodium hydroxide
attack, sodium hypochlorite attack and ammonium
hydroxide attack.
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