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ABSTRACT

The paper is focused on the evaluation of the effect of concrete long-term maturity with respect to chloride ion
ingress related durability. The binary and ternary high performance concrete mixtures have been analyzed. Many
admixtures can be used for a ternary concrete, among which Fly ash, Silica fume and Recron fiber is used.
Replacement of cement has been done by Fly ash and silica fume in various percentages. The optimum percentage
for replacement of Fly ash and Silica fume with cement on the Durability properties of Ternary blended concrete
and Expansion behavior of Ternary blended concrete exposed to various sulphate environments has been studied.
The results show that addition of recron fibers along with flyash is more suited.
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I.  INTRODUCTION

The major reason for choosing Ternary blend is Particle packing. In the case of fly ash, the particle is often finer that
the cement, this means that the small silica fume particles can perform better in particle packing since the
intermediate particle space, slightly smaller than cement, is filled by the fly ash. The chemical binding of chlorides
by fly ash due to its content of aluminum works together with the pore refinement due to silica fume to give
excellent performance in a chloride environment. Due to low reaction rate, fly ash has often been used in HPC to
reduce the heat of hydration and will also give good flow in fresh concrete. However, this gives a problem in fly ash
concrete is the early age, what to do until the fly ash has hydrated sufficiently to have strength and to protect against
aggressive. In a triple blend, the silica fume takes care of properties in the early age, while fly ash adds its
contribution at later ages.

It means micro silica or other cement replacement additives are to be used with OPC only. That is not strictly true
and ternary mixtures comprise efficient -systems. The primary incentive of adding limited amount micro silica —for
example 6 percent with fly-ash cement mixes was to ensure high early strength research has however, shown that
ternary mixtures of OPC, micro silica and fly-ash result in synergic action to improve the micro structure and
performance of concrete. When both micro silica and fly-ash are used, the resultant enhancement of strength or
Pozzolanic activity was greater than super position of contributions of each, for the respective proportions. Such
synergic effect results from strengthening the weak transition zone in aggregate cement interface, as well as
segmentation and blocking of pores.

Depending upon the service environment in which it is to operate, the concrete structure may have to encounter
different load and exposure regimes. In order to satisfy the performance requirements, different ternary compounds
required. Such as cement, flyash, micro silica. Greater varieties are introduced by the corporation of additives like
pozzolana, granulated slag are inert fillers this leads to different specifications of cements in national or
international.

The main intention of this study was to reduce the deterioration rate of concrete when subjected to sulphate attack
which examined the effect of fly ash, silica fume addition rate on durability and residual compressive strength. A
major focus of this continued research is the development and characterization of silica fume & fly ash ternary-
blended concrete.
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The scope of present investigation is to study and evaluate the effect of replacement of cement by various
percentages of silica fume (0, 6, 8, and 10) and fly ash (0, 15, 20, and 25) along with recron 3sfibres [0.2%] for
water cement ratio 0.46 and to produce Ternary Blended Concrete. Cubes are cured at 28 days and are soaked in 5%
Na2So4 and 5% MgSo4 solution for a period of 90 days and tested for residual compressive strength and weight
loss.

In the present investigation M30 grade of concrete has been consider. Mix of concrete is designed by IS code
method.

. MATERIALS USED
Cement: Ordinary Portland cement (Ultra tech cement) of 53 grade confirming to IS: 12269-1987 was used. It was
tested for its physical properties as per 1S 4031 (part 11)-1988 and chemical properties as per IS: 12269 at lucid

laboratories, Hyderabad. The details of test results are given in Table 2.1

Table 2.1 Properties of Cement

S.NO. Property Test Result
1 Specific Gravity 3.51
2 Initial Setting time 40 Min
3 Normal Consistency 32%

4 Fineness 7%

Fine Aggregate: The locally available sand is used as fine aggregate in the present investigation. The sand is free
from clayey matter, salt and organic impurities. The sand is tested for various properties like specific gravity, bulk
density etc., and in accordance with 1S 2386-19632. The fine aggregate is conforming to standard specifications.
The details of test results are given in Table 2.2

Coarse Aggregate: Machine crushed angular granite metal of 20mm nominal size from the local source is used as
coarse aggregate. It is free from impurities such as dust, clay particles and organic matter etc. The physical
properties of coarse aggregate were investigated in accordance with 1S 2386 -1963M%. The details of test results are
given in Table 2.3.

Table 2.2 Properties of Fine aggregates

S.No. Property Test Method Test Results
. Sieve analysis
1 Fineness modulus (IS 2386-1963 Part 2) 2.49
- . Pycnometer

2 Specific gravity (IS 2386-1963 Part 3) 2.60

Bulk density (kg/m®) - 1500

Loose
3 Bulk density (kg/m® (IS 2386-1963 Part 3)

Dense 1633
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Table 2.3 Properties of Coarse aggregates
S.No. Property Test Method Value
Fineness modulus 7.7
1 Sieve analysis
(IS 2386-1963 Part 2)
Specific gravity 2.65
2 Pycnometer
(IS 2386-1963 Part 3)
Bulk density (kg/m®) - Loose 1366
Bulk density (kg/m® - Dense
3 (IS 2386-1963 Part 3)
1513

Fly Ash: The fly ash obtained from Hyderabad Industries, Andhra Pradesh is used in the present experimental work.
Details of test results are present in Table 2.4. The chemical composition of Flyash is rich in silica content which
react with calcium hydroxide to form C-S-H gel. This gel is responsible for the strength mortar or concrete.

Table 2.4 Properties of Flyash

S.No. Characteristics Requirement As per
1S:3812-1981

1 Silica, SiO, 35%
2 Alumina, Al,O4 70%
3 Iron Oxide, Fe,03 1.5%
4 Lime, CaO 5%
5 Magnesia, MgO 0.3-2.6
6 Sulphur Trioxide, SO 1.50%
7 Loss on ignition 12%
8 Specific gravity 2.5

Micro Silica: Micro Silica was tested for its physical properties as per IS: 4031 (Part 2)-1999 at lucid laboratories
balanagar, Hyderabad.. The addition of silica fume (approximately 95% SiO2) to a Portland cement results in
enhanced formation of C-S-H at the expense of Ca(OH), . If the addition is high enough, Ca(OH), may be
completely used up and the C-S-H is then progressively decalcified (i.e. lowering of Ca/Si molar ratio in the C-S-H
). However, the addition of silica fume is normally not larger than 5-10 mass % to anhydrous cement, which is
normally insufficient to remove all of the Ca(OH),. If Ca(OH); is present as a stable phase in hydrated paste.
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Fibre: Recronfibre was used in the present investigation Recronfibre manufactured by Reliance Industries Limited
the properties of fibre are given in Table 3.9 confirming to ASTM A820 STANDARD.

Table 2.6 Properties of Recron fiber

Densier 1.5d

Cut length 6mm,12mm,24mm
Tensile strength About 6000 kg/cm®
Melting point >250°C
Dispersion Excellent

Acid resistance Excellent

Alkali resistance Good

Sulphates: Sodium sulphate (Na,SO,) of molecular weight 142.04,pH for 5% solution in water is 6.2, specific
gravity 2.68 and Magnesium Sulphate (MgSO,4) of molecular weight 142.04, pH for 5% solution in water 6.5,
specific gravity 1.12

I11.  EXPERIMENTAL PROGRAM & RESULTS

Results obtained from experimental investigation to study the Durability properties of Ternary blended concrete
mixes in which Cement is replaced by Flyash and Silicafume at various percentages are presented here for
discussion they are compared with the plain concrete. The study was conducted to find out the influence of Flyash
and Silicafume on Durability Properties i.e; Sulphate resistance of ternary blended recron fiber reinforced concrete.

Sulphate attack on ordinary Portland cement matrix is generally characterized by sulphate ions with cement
hydration products, which causes expansion, cracking and spalling as well as loss of mass and strength. Various
studies to minimize the attack and prolong the service life of concrete structures exposed to sulphate environments
have been carried out.

The effects of following parameters were studied.
« The partial replacement of cement by silica fume and Flyash in different percentages on 28 days
compressive strength.
«  The optimum percentage replacement of Flyash and Silicafume with cement on the Durability properties of
Ternary blended concrete.
»  Expansion behavior of Ternary blended concrete exposed to various sulphate environment.

Comparison of Compressive Strength:

Table 3.1 Residual Compressive Strength Corresponding to 15% Fly Ash

Period | % 5% 5% % loss of | % loss
Of of Wat | Na2S | MgSo | strength | of
Immer | Silic | er o4 4 Sol Na,So, strengt
sion a curi | Sol MPa h
fum | ng MPa MgSo,
e MPa
OP | 39.1 - -
C
28
SF 34.5 - -
Days 5 5
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SF | 46.6 - -
8
SF | 38.0 - -
10 6
OP |442 | 411 40.8 7% 8%
Cc
90Day SF 389 | 379 37.1 3% 5%
5 6
SF |48 47.2 46.9 2% 3%
8
SF | 418 | 40.2 39.9 4 %|5%
10

From the above table it was observed that the addition of silicafumeincreased compressive strength of ternary
blended mix up to 10% when compared to control mix.Also it was observed that the percentage loss of strength

decreased considerably in case of mix with 8% silicafume and 15% flyash.
» Theincrease in strength by addition of silicafume is due to the fact that silicafume makes the concrete more
denser thus increasing its compressive strength, as well as making it more durable by decreasing its

permeability.
Table 3.2 Residual Compressive Strength Corresponding to 20% Fly Ash
Period Of | % of Silica | Water 5% Na,Sos | 5% MgSo; | % loss of | % loss of
Immersion fume curing Sol Sol strength strength
MPa MPa MPa Na,So, MgSo,
OPC 39.1 - -
28 Days
SF 6 37.6 - -
SF 8 44.13 - N
SF 10 38.03 - -
OPC 44.2 41.1 40.8 7% 8%
90Days
SF 6 50.7 49.2 48.8 3% 4%
SF 8 52.8 51.9 51 2% 4%
SF 10 51.1 47.4 46.1 8% 10%
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»  From the above table it was observed that the addition of silicafume increased compressive strength of
ternary blended mix up to 20% when compared to control mix.Also it was observed that the percentage

loss of strength decreased considerably even in this case of mix with 8% silicafume and 20% flyash .
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Table 3.3 ResidualCompressive Strength Corresponding to 25% Fly Ash

Period Of | % of Silica | Water 5% Na2So4 | 5% MgSo4 | % loss of | % loss of
Immersion fume curing Sol Sol strength strength
MPa MPa MPa Na,So, MgSo,
OPC 39.1 - -
28 Days
SF6 35.0 - -
SF8 35.6 - -
SF 10 34.73 - -
OPC 44.2 41.1 40.8 7% 8%
90Days
SF 6 38.05 37.3 37 3% 4%
SF 8 49.9 48.9 48 2% 4%
SF 10 45.8 44.8 43.9 24 % 5%

« From the above table it was observed that the addition of silicafumeincreased compressive strength of
ternary blended mix up to 12% when compared to control mix. Also it was observed that the percentage
loss of strength decreased considerably in case of mix with 8% silicafume and 25% flyash .

« Considering the above values, the following graphs were ploted to get an idea about the optimum

percentages of silicafume and flyash.
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Figure- 1Residual Compressive Strength corresponding of specimens in water curing at 90 days
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Figure-2 Residual Compressive Strength corresponding of specimens in Na,So, Solution at 90 days
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Figure-3 Residual Compressive Strength corresponding of specimens in MgSo, Solution at 90 days

. Fig-1, 2,3 shows the variation of silica fume on x-axis and the compressive strength variation of the
ternary blended concrete subjected to various environments. While the strengths of the specimens in pure
water increases with time.
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Figure-4Residual Compressive Strength corresponding of specimens in water curing at 90 days
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Figure-5Residual Compressive Strength corresponding of specimens in Na,So, Solution at 90 days
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Figure-6Residual Compressive Strength corresponding of specimens in MgSo, Solution at 90 days

*  Fig-4,5,6 shows the variation of Flyash on x-axis and the compressive strength variation of the ternary
blended concrete subjected to various environments.
» It was found that at 20% flyashand 8% silicafume the compressive strength obtain was 52.8 MPa( Fig-4).
It was found to be the optimum mix out of all the mixes.
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V.

Figure 7Cubes Immersed in Sulphate Solution for 90 days

CONCLUSIONS

Laboratory tests were performed to determine the deterioration induced by the chemical attack of magnesium
sulphate and sodium sulphate on Ternary blended concrete. The results of the test are as follows:

1.

Optimum percentage of silicafume and fly ash as partial replacement of cement was found to be 8% and 20%
respectively.

The loss in compressive strength in MgSo, exposed concrete was more when compared toNa,So, .In the case
of optimum mix, the percentage loss in strength for MgSo, specimens was 2% percent more when compared
to Na,So4.This due to the fact that MgSosreacts with C-S-H gel to form M-S-H gel which results in
destruction of the cement bond.

The Ternary blended concrete specimens immersed in Sulphate solution for 90 days have not shown any
major change in weight loss.

Addition of Recron fiber indicated a marginal increase in compressive strength, as well as decrease in
percentage loss of compressive strength when exposed to Sulphate environment.

Addition of Recron fiber and fly ash reduce the unit weight.

The Recron fiber decreases the workability of concrete, while addition of Flyash improves workability.

From the visual examination it was observed that the specimen subjected to sulphate attack showed Salt
crystallization and also degree of deterioration was moderate, because the duration of sulphate attack was not
enough for the attack of salts on concrete.
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