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Abstract— Undeniably, concrete is the most significant
material for construction of structures across the globe for
all types of frameworks and is the long lasting material due
to its properties. In the past few decades, fabrication of high
performance concrete(HPC) has attracted the attention of
many researchers worldwide. High performance concrete is
that concrete in which the working of concrete is better to
that of ordinary concrete in terms of durability and strength
properties. This research article derived its motivation from
the fact that fabrication of HPC with factory made
derivatives not only ensures high strength and durability but
also is eco-friendly in nature. As a result, the principle
admixtures used in this research are: Silica Dust, Residual
ash and Steel Slag Aggregate. A range of tests (tests of
Resistance of acid, test for Resistance of salt, sulphate and
tests of water absorption)have been performed to observe
the properties of admixtures prepared. Results show that
SFSSAC, RASSAC, SFRAC and SFRASSAC admixture
outperforms the other CC blend and seems to be very
promising in the near future.

Keywords: Concrete; Strength, Durability, Factory Made
Derivatives

. INTRODUCTION

High quality concrete is that concrete which is made of
proper components (addition in cement, chemical addition,
factory made derivatives, etc) which are amalgamated
comparative to the propose of selected blend design and
blend is properly mixed, conveyed, positioned, united and
maintained to provide outstanding presentation in a number
of concrete properties, such as high compression strength,
elevated compactness, less porosity and superior opposition
to assured chemical attacks.

Constituents used in concrete manufacturing, other
than water, aggregate or cement, are used as materials to
facilitate workability or give added properties. The use of
natural resource additions such as residual ash, silica dust,
anhydrous calcined clay, steel production by product is to
minimize the destructive causes of quick lime created while
water causes hardening of concrete during the procedure of
hydration. Durability of concrete is enhanced by addition of
quick lime that makes it compact and resistant to water
when natural resource additions are added during the
pozzolanic reactions. Natural resource additions to concrete,
in proper proportions, aggravate further its supremacy over
other materials. It offers a number of benefits, for instance,
reduction in the hydration enthalpy and heat contraction,
greater impenetrability, lessened reaction of the alkaline and
reactive silica, enhancement of resistance against chemical
reagents, enhanced resistance against deterioration,
improved initial strength, process ability and ductility, and
speeding up of the strength development process.

However, the studies conducted in the past
suggested that factory made derivatives can be used to

substitute concrete materials to enhance monetary benefits
and lessen structure expenditure in addition to guaranteeing.
Consequently, this communication aimed at providing an
optimal solution to the problem of blending of admixture
with concrete to utilize it in the most effective way. The
remainder of the article is organized as follows: the methods
and materials used have been discussed in Section 2.
Afterwards, the details of experimental setup have been
provided in Section 3. Outcomes have been shown under the
heading results and discussion in Section 4. Finally,
conclusions along with future scope have been summarized
in Section 5.

Il. LITERATURE SURVEY

The effect of factory made derivatives on the properties of
high performance reinforced concrete such as permanence
strength and bending performance, a concise outline of the
text has been presented in this section.

Muller et al. (2015) on the fine pattern of high
capacity concrete he examined the consequences of
examined the consequence of silica dust. He blended 10%
silicon dioxide in the concrete. Similarly, Magda (2015)
performed up to 20% substitution of cement with amplified
silica dust he inspected concrete that accommodated silica
dust and manifested elevated fire resistance. Another study
conducted by Ozgur and Omer (2015) to get the better
outcomes of reused aggregate work was carried out in
laboratory to inspect the properties and possessions of
counting silica dust, and substitution with silica dust 0%, 5%
and 10% was done in the Portland cement.

Another study conducted by Ahmed (2015) for
protection of gamma rays the development of high-
capability of high-mass concrete with diverse aggregates
was being made. Furthermore, Eehab and Mohamed (2014)
in order to get the significant improvement in the properties
of fresh and toughened concrete instigated the utilization of
high-capacity concrete blends based on flue ash and silica
dust. Yogesh and Siddique, (2014) recognized that the
utilization of the residual ash and foundry refuse sand as
fractional substitution in the fine pattern and properties of
concrete and fine aggregates as a substitution and the
incidence of material with residual ash in concrete lead to an
amplify in the require for water relative to normal sand
particles.

From the survey it is clear that factory made
derivatives when blended with HPC has a higher scope of
improved quality mixture and hence, is the choice for the
present article.

I1l. MATERIALS AND METHODS

A. Methodology

Factory made derivatives such as silica dust, residual ash
and furnace steel residue provides an efficient way to
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fabricate high-quality concrete which is the chief objective
of the proposed work. Here, the substitute material for
cement fine aggregate and coarse aggregate are blended in
such a way to get the best combination out of it using
proportion method of combination which is as per the
guidelines of IS 10262. In this work for different shapes
different types of samples sizes are made, for prisms 100
mm x 100 mm x500 mm are used, for blocks 150 mm x
150mm x 150 mm are used and for cylinders 150 mm x 300
mm are used. A total of 60 samples are designed to be
poured for investigational testing of standard concrete and
concrete substitute materials, e.g. 20 cubes for the
compressive strength, 20 cylinders for the splitting tensile
strength and 20 prisms for the flexural strength of concrete.

The selected three dual combinations mix
BASSAC, SFSSAC, SFBAC, and a ternary mixture
SFBASSAC is acquires from results with a single
arrangement. Factory made products when they are added as
substitution for dual and ternary mixes the split tensile
strength at the age of 28 days. Also with the best
substitution flexural strength is found at the age of 28 days
and the age of 7, 28, 56 and 90 days for compression
strength. For investigational testing of ordinary concrete and
HPC mixes, a total of 40 samples have to be poured, e.g. 10
cylinders for a split tensile test, 10 cubes for the
compressive strength test, 10 prisms for the testing concrete
flexural strength, and 10 cylinders for the modulus of
elasticity. Durability of the concrete, which is the chief
measure for the concrete's life in order to get concrete which
is long standing its performance, must be superior than
durability. Durability test such as resistance against salt,
absorption of water, resistance against acid and sulphate and
various penetration tests are carried out by taking above into
consideration. For trial testing of conventional concrete and
HPC blends total of 40 samples were made: 30 cubes for
testing of resistance against acid, salt and sulphate and 10
disc cylinders of dimensions 100mm x 50mm for testing
against penetration of rapid chloride ion.

B. Materials used

HPC is prepared through various fundamental components
like ordinary concrete, however has elevated qualitative and
computable performance, creating it a latest substitute
material. Turning down the water content to an extremely
small intensity through an elevated amount of chemical
mixtures is unwanted, and the efficiency of chemical
mixtures essentially super plasticizers is unwanted.
Pozzolanic material along with Factory made derivatives
such as silica dust, residual ash and furnace steel waste
which are used in place of concrete ingredients cement fine
aggregate and coarse aggregate mingle by the process of
hydrogenation in which they react. When chemical
combinations with factory made derivatives when they are
substituted by cement, fine aggregate and coarse aggregate
are collectively used the product is high quality concrete in
which workability is improved checked by slump value and
other properties of strength like strength for flexure, tension,
compression and modulus of elasticity of concrete. For
checking the long lasting performance test performed,
resistance against salt, sulfate, and acid also penetration of
chloride ion and absorption of water test. Factory made

derivatives when applied also improved the flexural
performance of HPC beams with a variety of frameworks
such as load divergence properties, energy ability, torque,
flexural behavior, ductility and load elongation condition.

The design of the combination is based on the
recommendations of the definite volume method as per IS
10262-1982. At water cement ratios range between 0.40-
0.55various blends are designed to attain a grade of M30
and their compressive strength is checked. The design of
concrete mixes incorporates deciding the portions of the
ingredients so that the configuration generates a composition
with the aim of having definite properties in fresh and cured
state. To attain the particular configuration of performance
and homogeny necessities, a roughly best possible
combining ratio of HPC is extremely significant. No precise
guiding principles are accessible for the HPC mix portion.
Based on the obtainable data the test and error method are
performed to obtain the requisite combination ratios. Based
on the specifications of the ordinary concrete blends is the
other technique used. In order to get the requisite properties
for both fresh and cured concrete to merge dissimilar
concrete components the technique wused is by mix
proportioning. For cement, fine aggregate and coarse
aggregate examination blend proportions are prepared as
given in table 1 (Here, C-cement, FA-fine aggregate, CA-
coarse aggregate, w/c-water-cement ratio, fck-7 days
compressive strength in MPa).

For concrete grade of M30, the compressive
strength at dissimilar w / ¢ ratios of 0.45 and 0.55 was
inspected. The test compositions were based on the
pertinence of the cone slump values between 55 and 75 mm.
The average of 4 cubes was cast to find compressive
strength for incoming mixing ratios. Lastly, mixture third
was chosen for its better workability and compressive
strength compared to other combining distributions. The
ultimate combination distribution was 1: 1.51: 3.23 with a w
/ ¢ ratio of 0.55.

IV. DURABILITY WORK ON HIGH PERFORMANCE CONCRETE

The permanence of the concrete is dangerous because it
should endure the environment in which it was formed for
the existence of the build structure. Observations illustrate
with the purpose that high-class concrete only may not
perform sound in violent surrounding. Due to the wide
diversity of physical and chemical attacks due to their
outside and interior causes on the wide area of opposition of
concrete is used to describe the "durability" of concrete
.The fabrication of high-class concrete requires accurate
collection plus application of the material units. It tends to
fabricate a mix chiefly represented by its small porosity. It
also increases the concrete's hindrance to the admittance of
hazardous waste such as sulfate and chloride ions, carbonic
anhydride and water and oxygen, which advances
permanence effects. In the present investigational work, the
subsequent permanence tests are carried out.

A. Resistance of Acid Test

An acid proof examination was carried out to assess the
obstruction of the concrete cubes that were bared to acid
attack. Acid proof examinations are carried out on 150 mm
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cube prototype and cured with water time for 28 days then
prototype were weighed and dipped in diluted sulfuric acid
for 30 days at a weight percentage as shown in the figure 1.
Subsequent to 30 days of constant dipping, these cubes be
taken out and desiccated for 24 hours at ambient
temperature, then the sides of the cubes were wiped and
weighed again to find percentage loss in weight. The
compression tests were performed to establish the strength
drop in percentage.

Fig. 1: Sample dipped in 1% Diluted Sulphuric Acid
Solution

B. Resistance of Salt Test

A salt proof examination was carried out to assess the
permanence of the concrete cubes that were revealed to sea
water contact that contains salt. The spreading out of the salt
volume induces inside forces which lead to inside rupture
and eventually results in collapse. Concrete cubes having
dimensions 150 mm x 150 mm x 150mm were molded to
measure the drop in weight and the rate of drop in firmness
due to the attack of salts. After that cubes were cured for 28
days, the mass of the cube units were found and then were
dipped in 3% solution of sodium chloride which is diluted as
shown in Figure 2.

Fig. 2: Sample dipped in 3% Diluted Sodium Chloride
Solution
Subsequent to one month of dipping, these cubes
were taken out and mass calculated to find out loss of mass
in percentage. The compression tests were carried out to
calculate the loss of strength in percentage.

C. Resistance of Sulphate Test

The sulpate proof examination was carried out to analyze
the effect of sulphate on concrete blocks subjected to
sulphate contact. The expansion of volume due to chemical
reaction produces inside forces that leads to the inside
rupture and eventually blocks collapse. Concrete cubes with
dimensions 150mm x 150mm x 150mm are molded to

estimate the decrease in weight and lossin strength under the
effect of sulpher ions. Then the mass of the blocks were
determined and blocks were dipped sodium sulphate
solution which is 5% diluted. The cubes were then taken out

and the weight was determined subsequent to one month as
shown in Figure 3.

F o

—

Fig. 3: Sample dipped in Diluted 5 % Sodium Sulphate
Solution

D. Absorption of Water Test

The water absorption sample was calculated on blocks of
dimensions 150 mm x 150 mm x 150 mm calculated at 28
days of age then curing by sun drying the blocks and then
dipping the blocks in water for 24 hours following chilling
to ambient temperature. The blocks were drawn out from the
water at standard interims and weighted as shown in Figure
4.

Absorption of water is expressed as the reminder
amid the calculated soaked water mass and the arid weight
is conveyed as a proportion of mass. Calculation of
absorption of water is done by relation as

Water absorption in percentage =

= w-_Dw

x 100

V. TESTS OUTCOMES ON DURABILITY WORK

A. Test outcomes on Resistance of Acid

The outcome of the acid proof test for different concrete
combinations with reference to loss of mass and loss of
strength is represented in percentage as shown in Table 1.

The effect of factory made derivatives on the acid
resistance of concrete combinations has been experiential
with  ordinary  concrete  combinations and HPC
combinations.
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[ Weaght of the cube [ Compressave
—— k) steenath (MPa) Loss 1 percentage (%)
\’ Before \ After ! Before \ After | Mass loss \.bncnurhlox:
cC | &870 | 8208 | 3044 | 2889 746 | 5.09
SFRAC l 8602 1 8222 | 3199 | 3113 442 266
—_—— —— SIS S —— — ——
SFSSAC ‘ 8685 ‘ £455 [ .89 ‘ 36.12 | 2.31 ‘ 1121
RASSAC | 8 580 | 8 240 | 3668 ‘ 35.49 3% |
SFRASSAC ‘ 2,896 ‘ 835 I 2848 ‘ 27.81 6.13 ‘ 234
Table 1: Outcomes of Resistance of Acid Test for HPC
Mixes

The weight drop values were 7.46%, 4.42%,
2.31%, 3.96% and 6.22% for mixtures of CC, SFRAC,
SFSSAC, RASSAC and SFRASSAC, respectively. The
mean drop in percentage weight for all combinations varied
from 2.31% to 6.13% for CC. Thus, it was examined from
the test outcome that the mixture of all combinations when
exposed to attack of acids, in particular in the combination,
SFSSAC had a percentage mass loss of only 2.31%.
Consequently, HPSS combination having SFPSAC
exhibited a superior hindrance to attack if acids.

The compression intensity of CC, SFRAC,
SFSSAC, RASSAC and SFRASSAC was calculated prior to
and subsequent to dipping. Following one month of dipping
in 1% dilute H2SO4, the amount of CC, SFRAC, SFSSAC,
RASSAC and SFRASSAC were 5.09%, 2.66%, 4.21%,
3.13% and 2.34%, correspondingly. The outcome
designated that the combinations of SFRAC, SFSSAC and
RASSAC had the medium proportion compression intensity
and decreased degree of deterioration due to the attack of
acid on concrete.

In the combination RASSAC an extremely small
loss in value of weight was reported which is 2.31% in
comparison to cement concrete when the total drop of
weight values were noted. Due to the existence of all the
factory made derivatives the strength drop attained a lesser
value of 2.34 in the SFRASSAC combination. The analysis
outcome suggested that the SFRAC combination had a
lesser proportion of loss in strength. The accumulation of
silica dust, residual ash and furnace steel waste enhanced
resistance against acid in the concrete based on the outcome
of drop in weight and strength in contrast to ordinary

concrete, as shown in Figures 5 and 6.
J I
e SF-BA SF-554 RA-5E84 EF+RA=E5A

Fig. 5: Percentage of Mass drop on Resistance of acid Test
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Fig. 6: Percentage of Strength drop on Resistance of acid
Test

B. Test outcomes on Resistance of Salt

The loss of mass in percentage and loss of strength in
percentage of various concrete blends are represented in the
Table 2 which are the outcomes of the resistance of salt
examination. In terms of loss of mass in proportions of all
blends the consequence of factory made derivatives on the
resistance of salt of various concrete blends were uttered.

Weight of the cube Compressive
Loss in percegtage (%)
Mix Name (kg) strength (MPa)
Before After Before | After } Mass loss | Strength Loss
oC 8858 8118 3016 28.43 841 8.88
SFRAC 8.828 8.659 3199 30.08 1.91 597
SFSSAC $.859 3359 37.5% | 35389 5.64 452
RASSAC 8456 8341 36.68 345 138 477
SFRASSAC 8945 8429 2848 2712 5.76 4.77
1

Table 2: Outcomes of Resistance of salt Test for HPC Mixes

The weight drop fraction obtained were 8.11%,
2.04%, 3.38%, 1.53% and 6.69% for combinations of CC,
SFRAC, SFSSAC, RASSAC and SFRASSAC,
correspondingly. . The normal drop of weight for all
combinations was stuck between 1.53% and 6.69% for CC.
Thus, it was noticed from the trial outcome that the blends
of all the combinations managed to be streaked by salt,
particularly in the blend. RASSAC 1.53% had a little
proportion of loss of weight. Consequently, HPC blends
carrying RASSAC manifested an advanced hindrance to the
attack of salt. This was due to the condensed particle
dimension and the combination of the bits with high-quality
firmness. All drops in weight values were lesser for CC and
an extremely little loss in weight value was stated in the
RASSAC mix of 1%. Consequently, the HPC combinations
SFSSAC showed a superior resistance of 3.38% beside
attack of salt with a proportion drop of weight.

The compression intensity of CC, SFRAC,
SFSSAC, RASSAC and SFRASSAC was deliberated prior
to and subsequent to dipping. Following dipping in 3%
NaCl mixture for one month, the compression intensity of
CC, SFBAC, SFSSAC, .RASSAC and SFRASSAC were
determined at 8.88%, 5.73%, 4.52%, 4.77% and 4.77% in
that order. The test outcome illustrated that the SFBAC
blend had an advanced value of 5.97% loss in strength and
the consequences of weight and intensity drop compared to
ordinary concrete, as shown in Figures 7 and 8.
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Fig. 7: Percentage of Mass drop on Resistance of salt Test
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Fig. 8: Percentage of Strength drop on Resistance of salt
Test

The consequences illustrated that it had a blend of
SFSSAC, RASSAC, and SFRASSAC reasonable proportion
of compression intensity and condensed rate of worsening of
Concrete bare to attack of salt. The drop of intensity in the
combination RASSAC and SFRASSAC reached a lesser
value, namely 4.77%, due to the occurrence of all three
factory made derivatives.

C. Test outcomes on Resistance of Sulphate

Weight of the cube | G ompressive
Loss 10 percentage (%)
Mix Name (kg) strength (MPa)
Before After Before | After | Mass Loss [ Strength Loss
cc 8318 | 8267 | 3046 | 2838 30 [ 590
SFRAC 8.583 8.265 3199 | 3078 70| 378
SFSSAC 8513 | 8329 378 36.09 216 T 396
RASSAC 5546 | 8.629 6,68 | 3519 144 " 106
]_ SFRASSAC | 8411 '_m_:?_]' /a8 | 2704 | 336 | 470

Table 3: Outcomes of Resistance of sulphate Test for HPC
Mixes

The outcome of the sulphate hindrance analysis for
dissimilar concrete combinations in the form of proportion
of weight and strength reduction percentage is shown in
Table 3. The effects of Factory made derivatives on the
sulphate hindrance of concrete combinations have been
observed with ordinary concrete blends and mixture of HPC.

The drop in mass proportion achieved were 5.70%,
3.70%, 2.16%, 2.45% and 3.36%, correspondingly. The
mean loss of weight in proportion for each combination of
CC, SFRAC, SFSSAC and RASSAC and SFRASSAC in
relative to CC was among 2.16% and 3.70%. For instance, it
was experimented from the trial consequences that the
mixture of all blends were subjected to attack of sulpher, in
particular the SFSSAC combination had a minor percent
value or percent or 2.16% of the drop in weight proportion.

Consequently, HPC expressions carrying SFSSAC
articulation showed more hindrance to attack of sulphate
attack.

Prior to and subsequent to dipping the calculation
of compression intensity of beam samples CC, SFRAC,
SFSSAC, RASSAC and SFRASSAC were done. The loss of
strength on the samples of CC, SFRAC, SFSSAC, RASSAC
and SFRASSAC were 5.90%, 3.78%, 3.99%, 4.06% and
4.70%, correspondingly when they are dipped in the
solution sodium sulphate for a month with 5%
concentration. When subjected to the attack of sulphate the
combinations of SFRASSAC and RASSAC had a
reasonable proportion of compression intensity and
condensed amount of worsening of the concrete which are
the outcomes of the above work. Sulfate is shared with
dispersible Ca(OH)2 originated by hydrogenation of
Portland cement to figure CaSO4. The quantity of the
consequential calcium sulphate exceeds the amount of the
ingredients, producing interior stresses that fracture the
concrete. The drop in intensity attained a lesser value in the
SFRAC combination that is 3.78%. From the examination
outcome, it was therefore noticed that the blend of SFRAC
combination had a drop of mass and intensity in proportions
and the outcome of this drop contrasted to ordinary
concrete, as shown in Figures 9 and 10.

(1]

| I I I
I

] I I

a

SF-Ra EF-E5A BA+58A  EF+RA-E5A

Fig. 9: Percentage of Mass drop on Resistance of sulphate
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EF+RLA BArERA SF=HaE3A

Fig. 10: Percentage of Strength drop on Resistance of
sulphate

D. Test outcomes on Water Absorption

[ [ Wenght taken before [ Weight taken nfler i Water nbsorption m
Mix Name
smmersson (kg) wmersson (kz ) (%)
(S8 | 2304 6.5¢
~ SFRAC | #244 | 5638 I 648
T SFSSAC | 3392 5.821 -
‘ RASSAC | 2356 | 8.493 | 92
[ sFRASSAC | 5317 | 2534 ‘ 628
Table 4: Outcome of Absorption of water Test for HPC
Mixes
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The outcomes of the water incorporation trials for
diverse concrete combinations for loss of H20 are shown in
Table 4. The water riposte of M30 group HP30 combines
with a w / ¢ fraction of 0.55 at 28 days manifested that
SFRAC's HPC combination were 6.26% which was
elevated. From outcome it was experimented that the H20
incorporation %age of each of the HPC blends was lesser,
particularly SFSSAC blend 5.21%, had a less water loss
percentage contrasted to CC.

¥
\
o SF-RA SF-554 RA+ESA

EF+RA-ESA
Fig. 11: Percentage of Absorption of water for HPC Mixes

VI. CONCLUSIONS

From this work following are the major observations

derived.

1) The compressive strength of CC, SFRA, SFSSA,
RASSA and SFRSSA was measured prior to and
subsequent to dipping. It was found that the HPC blend
have brilliant acid hindrance in 1% sulfuric acid
solution. In the acid hindrance test for all combinations,
a greater weight drop in the SFSSAC blend of 2.75%
was experiential, and the strength drop was also much
lesser in the SFRASSAC blend, which was 5.53% in
terms of CC. In the salt hindrance test for all
combinations, a total weight loss behavior in the
BASSAC blend of 4.30% was noticed, and the strength
drop in the combination was also extremely small,
which was 8.60% compared to CC.

2) Concrete RASSAC manifested outstanding sulphate
hindrance in 5% sodium sulphate solution and was the
best among other concretes as the weight drop was
1.63% and the strength drop in the SFRAC blend was
5.58% compared to CC. Water uptake in SFRAC,
SFSSAC, RASSAC and SFRASSAC was 10.56%,
9.12%, 8.97% and 3.58% lower than in CC. For RCPT,
the rapid chloride penetration results were compared
with the proportion of CC for SFRAC, SFSSAC,
RASSAC and SFRASSAC, 19.24%, 39.03%, 16.85%
and 4.66%, correspondingly. The penetration of ions of
chloride in the blend of SFRAC had 1020 little
coulombs when they are compared with all the
specimens.

3) While assimilation of factory made derivative in the
high quality concrete beams when they are checked for
bending behavior, fracture widths were condensed at
serviceability phase and final stage and also the no of
ruptures were lessened.
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