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Abstract: High performance concrete (HPC) is one of the most significant advances in construction activities
in the last two decades. With the enhancement properties of HPC are durability, strength, economy has
increased now a days. In order to the durability property RCPT is important and mandatory. Silica fume can be
used to making HPC for producing pozzolanic reaction. An experimental investigation has been carried out to
study the combined effect of Silica fume, Bottom ash and Steel slag aggregate on the durability characteristic
of HPC. This paper aims to focus Rapid chloride permeability study of HPC made with industrial wastes such
as bottom ash and steel slag aggregate and mineral admixture of silica fume material. RCPT was conducted to
measure the chloride permeability of HPC and the results were compared with conventional concrete mixes and
HPC mixes. This paper discuss the effects of several factors cement composition with silica fume replacement
of fine aggregate and coarse aggregate with bottom ash and steel slag aggregate on the RCPT results of
hardened concrete properties.
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INTRODUCTION method was developed. The test method commonly

High performance concrete (HPC) is a concrete [1].
mixture, which possess high durability and high strength
when compared to conventional concrete (1). A Experimental Program
sustainable industrial growth will influence the cement Cement: Commercially available Ordinary Portland
and concrete industry in many respects as the Chettinad Cement 43 Grade conforming to IS 8112:1989
construction industry has environmental impact due to was used in the concrete mixture [2].
high consumption of energy and other resources (2).
There are great concerns on the  strength  and durability Fine Aggregate: Locally available river sand was used
of the concrete being produce with replacement material and passing through 2.36 mm sieve was used. The sand
when used as construction materials in the construction was dried  before  used  to  avoid  problem of bulking.
industries. If it is proven that the concrete is durable and The sand used conforms to Zone I to IS 183: 1970.
strong, this will lead to the use of Silica fume of Specific Gravity was 2.60 and its Fineness modulus was
supplementary cementitious material and industrial 2.97.
byproducts of bottom ash and steel slag aggregate
material to replace cement, fine aggregate and coarse Coarse Aggregate: Hard Blue granite crushed stone
aggregate in high performance concrete. The resistance of aggregate of sizes ranging from 10 – 20 mm were used and
concrete to penetration by chlorides is an  important its specific gravity and fineness modulus was 2.76 and
factor in protecting reinforced concrete structures from 3.06. The shape and particle size distribution of the
premature deterioration. Because of the time needed to aggregate is very important as it affects the packing and
measure the resistance directly, a  relative  rapid  indirect voids content. The moisture content, water absorption,

referred to as the Rapid chloride permeability test (RCPT)
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grading and variations in fines content of all aggregate the moulds in layers. Compaction of concrete was done
should be closely and continuously monitored and must using a table vibrator. The specimens were cured under
be taken into account in order to produce HPC of water along with moulds after 24 hours of casting. After
constant quality [3, 4]. 28 days of curing, permeability tests were conducted.

Silica Fume: Silica fume imparts very good improvement Tests Methods
to rheological, mechanical and chemical properties. It Mechanical Properties & Permeability: Mechanical
improves the durability of the concrete by reinforcing the properties such as compressive strength and split tensile
microstructure through filler effect and thus reduces strength and flexural strength were evaluated.
segregation and bleeding. It is also helps in achieving Compressive strength, split tensile strength and flexural
high early strength. Silica fume used was Elkem Micro strength test were conducted for Silica fume concrete,
silica, Grade 920 – D (Non combustible Amorphous SiO bottom ash concrete and steel slag aggregate concrete.2

Densified) in dry state and packed in 20 kg bags, obtained
from “Elkem India Private Limited – Mumbai, India. The Compressive Strength Test: The compression testing
Specific Gravity was 2.45. The physical and chemical machine is of any reliable type, of sufficient capacity for
properties are shown in table. the tests and capable of applying the loads. The

Bottom Ash: Bottom ash obtained from Thermal power cast for Compressive strength test. After 28 days of
plant, Neyveli Lignite Corporation Ltd, at Neyveli, Tamil continuous curing the specimens are taken out and they
Nadu in India was used in the investigation. The specific are exposed to atmosphere for six hours. Surface water
gravity and fineness modulus of bottom ash was 2.48 and and grit shall be wiped off the specimens and any
2.39. projecting fins are removed. After visual confirming that

Steel Slag Aggregate: Steel slag is obtained from Vedha
industries private limited, Karaikal, TamilNadu, India and Split Tensile Test: The specimens remained in the steel
its specific gravity and fineness modulus in coarse form mould for 24 hours and then it is de-molded and then
was found to be 2.11 and 2.64. placed in curing tank. After 28 days specimen were taken

Water: Ordinary portable tap water available in laboratory dry surface. The specimen is placed diagonally in the
was used for making test specimens and curing purpose. standard compression testing machine. The concrete

Superplasticizer: Commercially available Superplasticizer the load was applied on the diagonally edge surface of the
by trade name Fosroc manufactured by ….., Chennai was cube as cast.
used as water reducing agent to achieve the required
workability. It is available in brown liquid instantly Flexural Test: The Prism specimens of size (100*100*500)
dispensable in water [5, 6]. were cast in steel mould. Casting was conducted in three

Mix Design and Preparation of Specimen: For selecting to sufficient levels. The specimens remained in the steel
a suitable mix using local marginal aggregates, 273 trial mould for 24 hours and then it is de-u and then placed in
mixes were considered by varying the mix parameters, curing tank. After 28 days prisms were taken out and
such as quantity of silica fume, bottom ash and steel slag, exposed to atmospheric condition so as to obtain dry
superplasticizer. Two hundred and seventy three mixes surface. Two points loading was used to determine the
were prepared by varying the replacement percentage flexural strength of the prism.
levels for three different contents of M30 grade of
concrete to select a suitable mix. Five levels of silica fume Modulus of Elasticity: For each mix two cylinder of size
0%, 5%, 10%, 15% & 20%, both bottom ash and steel slag 150mm diameter and 300mm long were cast to determine
of 0%, 10%, 20%, 30%, 40% & 50% on weight of volume the Modulus of Elasticity of concrete. The cylinder were
content were used for preparing and testing of these two placed inside the young’s modulus testing apparatus
hundred and seventy three mixes. The concrete was mixed called compressometer, providing equal clearance to top
using a tilting type laboratory mixer and was poured into and bottom of specimen. Each cylinder was tested in 300T

specimen’s 150x150mmx150mm cubes of each mixture were

the specimens are dry it is then taken for testing.

out and exposed to atmospheric condition so as to obtain

cubes were placed in the machine in such a manner that

layers with each layer compacted by using ramping rod up
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capacity compression testing machine (CTM). Loads were concrete results improve the strength of concrete. Due to
applied by means of 0.5T and the reading is noted in the very high pozzolanic reactivity of silica fume materials and
deflectometer [7, 8]. hydration reactivity of bottom ash and steel slag

Rapid Chloride Permeability Test: This test method The test results are given in Figure 1 the maximum load at
covers the determination of the electrical conductance of failure reading was taken and the average compressive
concrete to provide a rapid indication of its resistance to strength is calculated. For controlled concrete the
the penetration of chloride ions. The RCPT method is the compressive strength was found to be 30.16 N/mm  for 28
fastest method and is often used for specification and day respectively. It was observed that for 5% silica fume
quality control purposes. The digital LED displays and 10% steel slag material concrete mix was increased
indicates the voltage available across the concrete from  7.45%  as  compared  with  conventional  concrete
specimen  under   test.  The  diffusion  cell  consists of [9, 10].
two  chambers.   NaCl    solution   concentration  2.4 M
and NaOH solution concentration 0.3M are prepared. Split Tensile Strength Test: Split tensile strength
NaCl solution concentration 2.4 M is filled in one chamber increased in the ratio of SFSSA concrete mix achieved
and in another chamber 0.3 M NaOH solution is taken. highest split tensile strength at 28 days of 3.898 N/mm .
The chloride ions were forced to migrate through the Later on BASSA mix of concrete achieves highest split
centrally placed vacuum saturated concrete specimen tensile strength of concrete. Split tensile strength was
under an impressed DC voltage of 60 volts. The procedure shown in Figure 2. The split tensile strength was
of this test method for measuring the resistance of calculated according to IS 5816:1970 and IS 516:1959
concrete to chloride  ion  penetration  has  no  bias codes by the relation. The results were found from split
because the value of this resistance can be defined only tensile strength was 2.770, 3.768, 3.898, 3.887, 3.729 N/mm
in terms of a test method. The method replies on the respectively. It was observed that for 5% silica fume and
results from a test in which electrical current passes 10% steel slag material concrete mix was increased from
through a concrete sample during a six hour exposure 1.128% as compared with conventional concrete.
period. The total charge passed is a measure of the
electrical conductance of the concrete during the period Flexural Strength Test: The flexural strength test results
of the test. of silica fume, bottom ash and steel slag aggregate are

RESULTS AND DISCUSSION Figure 3 shows the flexural strength development with age

Compression Test: Compressive strength of SFC, BAC, bottom ash, silica fume and steel slag, bottom ash and
SSAC mixes were determined at 28 days and the test steel slag and finally silica fume, bottom ash with steel
results were compared with the results of conventional slag mix of concrete. It was observed that the ratio of
concrete specimens and are tabulated in Table 1. The mix SFSSA has achieved highest flexural strength test at the
of SFSSA concrete has achieved highest compressive age of 28 days for M30 grade of concrete. It was observed
strength than the conventional concrete and shows that for 5% silica fume and 10% steel slag material
consistently higher compressive strengths. Later on concrete mix was increased from 11.04% as compared with
BASSA mixes   of   concrete   achieves  high conventional concrete. The silica fume with steel slag
compressive strength at 28 days for M30 grade of gains flexural strength with the age that is comparable but
concrete. It represents, the bottom ash and steel slag less than that of conventional concrete. It is believed to
presents in the concrete react slowly with hydration of be due to better interlocking between the aggregates and
cement and improves the strength of concrete. Moreover slag particles with silica fume particles are spherical in
bottom  ash  and  steel  slag  reduce  the  pore structure of nature [11].

increases sufficient gain in compression strength test.

2

2

2

given in Table 1 and shown in Figure 3  respectively.

and mix ratios for various percentages of silica fume and

Table 1: Results for Mechanical Properties of all mixes
Sl.No. Grade of Concrete Name of the Sample Compressive Strength N/mm Split tensile strength N/mm Flexural Strength N/mm2 2 2

1 M30 CC 30.16 3.542 7.11
2 M30 SF+BA 31.995 3.768 7.80
3 M30 SF+SSA 37.595 3.898 8.15
4 M30 BA+SSA 36.685 3.887 7.90
5 M30 SF+BA+ SSA 28.485 3.729 7.49
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Table 2: Results for RCPT test
Sl. No. Grade of the Concrete Name of the Mix Mix details 28 days chloride penetration Remarks
1 M30 Mix 1 SF+BA 1351 Low
2 M30 Mix 2 SF+SSA 1020 Low
3 M30 Mix 3 BA+SSA 1391 Low
4 M30 Mix 4 SF+BA+SSA 1595 Low

Graph 1: Compressive strength Test results yields a significant reduction in the total charge passed.

Graph 2: Split tensile & Flexural strength Test results become significantly less permeable with increase in time.

Graph 3: RCPT test results concrete at 28 days and this longer time to achieve the

Rapid Chloride Permeability Test: The objective of the limitations inherent to RCPT are understood, this test can
test was to evaluate the performance of silica fume and be used for a wide range of applications, testing and
bottom ash, silica fume and steel slag, bottom ash and quality control purposes. It is important that the chloride
steel slag and finally silica fume, bottom ash with steel permeability resistance in concrete should not be rigidly
slag mix of concrete and compared with each other. embraced at all ages for compressive strength, unless
Chloride ion penetrability test were conducted on cylinder chloride exposure on the structure is expected within this
specimens for each concrete mixture at 28 days for M30 time period. The use of Silica fume, bottom ash and steel
grade of concrete. The results of chloride permeability in slag and proper curing are essential to produce concrete
coulombs for different mix of concrete with same age are with significantly lower chloride permeability. Test results
given in Table 2. The test results for the rapid chloride proving the effectiveness of the applied sealer in reducing

penetration into CC, SFBA, SFSSA, BASSA, SFBASSA
concrete specimens of M30 grade at 28 days age are given
in table. Figure depicts the average values of rapid
chloride penetration in the SFBA (5% and 10%), SFSSA
(5%  and  10%),  BASSA  (10%  and  10%), SFBASSA
(5%, 10% and 10%) specimens exposed to the normal
condition at 28 days respectively. The total charged
passed for CC, SFBA, SFSSA, BASSA, SFBASSA are
1351, 1020, 1391 and 1595 coulombs respectively for M30
grade of concrete at 28 days. The 5% silica fume
substitution to concrete acts as a filler  material  and

This reduction amounts to other mix of concrete except
SFSSA. The test results show that the SFSSA mixes
produces lower permeability results when compared with
other mix of concrete at 28 days. The permeability of
concrete can affects some factors of internal pore
structure, which in turn is dependent on the extent of
hydration of the cementitious materials. Another factor is
curing conditions and ages of concrete determine the ease
with which chloride ions can move into a concrete. From
the test results it was observed that most concretes

Therefore it is important to specify the age at which the
permeability is measured.

CONCLUSION

The RCPT has gained wide acceptance as a relatively
easy and quick test method. The use of Silica fume,
bottom ash and steel slag and proper curing will
significantly reduce the chloride permeability, particularly

desired qualities should not be overlooked. If the
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the ingress of chlorides into the concrete. Test results 6. IS: 456 - 2000. Plain and Reinforced Concrete. Code of
show that, the concrete containing silica fume and steel Practice.. Bureau of Indian Standards, New Delhi.
slag materials in high performance  concrete  have 7. Aitcin, P.C., 2003. The durability characteristics of
permeability reduction. These test results point out the high performance concrete: a review, Cement &
importance of proper curing and that  chloride Concrete composites, 5: 409-420.
permeability can be significantly reduced with concrete 8. Tumidajski Peter, J. and G.W. Chan, 1996. Durability
age. The chloride permeability for all the specimens was of High performance concrete in Magnesium Brine,
low according to ASTM C 1202 criteria. Cement & concrete Research, 26(4): 557-565.
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