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This paper presents the effects of using quartz as a partial replacement for fine aggregate and hooked-end steel fibers in
concrete with ground granulated blast furnace slag (GGBS) as a supplementary cementitious material. The study investigates
the mechanical properties of concrete, including compressive and tensile strength, before and after exposure to elevated
temperatures. Fresh properties of concrete, such as slump and compaction factor, were also evaluated to understand the effects
of fiber ratio. The optimum value of hooked-end steel fiber was found to be 0.5% in terms of achieving higher compressive
and tensile strength compared to conventional concrete, both before and after elevated temperature testing. The replacement
of 15% of fine aggregate with quartz resulted in higher strength in both normal and oven-impassioned samples at 28 days of
age. Furthermore, the combination of 0.5% hooked-end steel fiber and 15% replacement of quartz from fine aggregate showed
the best mechanical properties, both before and after exposure to 4000 °C. The workability of fiber concrete increased with
increasing quartz percentage from M sand, but the maximum strength was achieved with 15% replacement of quartz and
0.5% hooked-end steel fiber after elevated temperature testing. Overall, the findings suggest that the use of hooked-end steel
fibers and quartz as partial replacement of fine aggregate can effectively enhance the mechanical properties of concrete,
especially when subjected to elevated temperatures.
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Introduction

Due to climate change, global warming and improper
electrical circuiting met more number of fire accidents
in multi-storeyed buildings. The increase in temperature
causes deterioration of the strength of the building and
loss of life in the structure. To avoid this kind of loss
attempt was made to save the structure from elevated
temperature quartz replace in fine aggregate.

Pollution is the major impact that affects the green
environment of the world so the utilization of cement
particles should be reduced by the alternate binder of
GGBS as the supplementary binder material as cement
composite [1]. In the current scenario, the usage of
concrete with high-strength and performance is necessary
to overcome the problems such as environmental
pollution and the economy. GGBS was replaced by Fly
ash in different ratios such as 20%, 43% and 53% gives
higher strength than conventional compressive, tensile,
and flexural strength [2, 3]. M-sand is used as a fine
aggregate by full replacement of natural sand and
validated that gains the same strength [4]. GGBS controls
the corrosion rate in concrete due to the presence of
increased binding capacity and lower chlorine diffusion

rate. Concrete with GGBS ensures durability due to the
high level of compaction [5]. The presence of Quartz
as fine aggregate increases the voids fractions, these
voids fraction enhances the concrete thermal resistance
and improves the insulation property of the material
with heat transfer [6].

Spalling of concrete is not inhibited by glass and
steel fibers in temperatures between 400 oC to 500 oC.
The new reactive powdered concrete well-known
composite with higher compressive strength and its
behavior during fine state is unknown [7]. X-ray
diffraction, XRD, and SEM tests were examined for
Quartz mixed concrete, in which the mechanical
properties and microstructure of blended cement mortar
were investigated. This paper concludes that the blended
mortar strength of modified Quartz tailing was close to
those of corresponding cement mortar containing
Quartz failing at 3 days but increased slightly like
conventional mortar at 90 days [8]. The higher strength
attained in 18% of replacement of Quartz powder and
0% of bottom ash at 8%, 16%, and 27% makes in
compounding tensile and flexural strength. The use of
Quartz controls sustainable development. The influence
of steel fiber modestly escalates the tensile strength and
crack beside the shear behavior of concrete [9, 10]. 

Using steel and polypropylene fibers provides an
attractive solution for improvement in the matrices
cracking behavior and improvements for the structural
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behavior, higher fiber reinforcement mixtures gave
more binding behavior and toughness often stain
hardening force and crack response [11]. Geopolymers
were used in various applications like high-temperature
resistant structures and satisfy sustainable development
but geo polymer are weak in tension and suffer from
tensile failure [12]. The addition of steel fiber in
conventional concrete matrix improves its tensile and
reduces its brittle properties to enhance the tensile
strength of concrete with different aspect ratios 40, 50,
and 60 in the different diameters such as 0.52 m and
0.75 mm by volume fraction of cement. The compressive
strength increases by about 10-25% tensile strength
increase from 31-47% and flexural strength increases
from 3-12% whereas the aspect ratio increases the
strength also increased [13]. Test results of SFRHPC
for cyclic loading of beam-column joints recorded that
the improvements in the strength durability and
stiffness were enhanced in the volume fraction of fiber
from 0-1% with an increment of 0.25% also suggested
that the steel fiber is there one of the alternate for
transverse reinforcement in beam column joint [14,
15].

Short columns reinforced with hybrid fiber under
axial loading conditions were examined and concluded
that a large strain than the normal RC column. Due to
their elastic strain-solidifying reaction, HPFRCC materials
are ideal for use in individuals with shear-dominated
conduct or in flexural individuals under high shear
stresses, for which significant support. The optimal
percentage of e-waste 0.5% and 1.5% of Nano steel
fibers can be efficiently used to get higher performance
[16-19]. 

Materials and Methods

Materials
The method used in this work involved the following

steps:

Selection of Materials

The materials used in the study included quartz,
hooked-end steel fibers, ground granulated blast furnace
slag (GGBS), M sand (manufactured sand), and 12.5
mm coarse aggregate. The specific gravity and water
absorption of each material were determined through
laboratory tests. 

Mix Design

A total of 25 different mixtures were prepared to
investigate the properties of self-compacting concrete
(SCC) subjected to elevated temperatures. The mix
design included varying percentages of quartz (0%,
5%, 10%, 15%, and 20%) as a replacement for M sand,
and hooked-end steel fibers (0%, 0.25%, 0.5%, 0.75%,
and 1.0%) as reinforcement. GGBS was used as a
partial replacement (30%) for Ordinary Portland cement

(OPC) as the binding material the sunis shining brihty
and this is the perfect day for the picnic at the park.

Mixing Process

A pan mixer was used to mix the materials thoroughly,
following the recommended values for water-to-binder
ratio (0.35) and superplasticizer dosage to ensure good
workability and viscosity of the concrete.

Casting of Samples

The mixed concrete was cast into standard specimens
as per Indian standards, and the samples were placed in
water for curing at 23 °C for 28 days.

Testing of Samples

After 28 days of curing, the samples were tested for
various properties, including compressive and tensile
strength, before and after exposure to elevated
temperatures (400 °C). The mechanical properties of
the samples were evaluated to assess the effects of
quartz replacement and steel fiber reinforcement on the
SCC's performance under elevated temperature
conditions.

Data Analysis

The obtained data from the tests were analyzed to
determine the effects of quartz replacement and steel
fiber reinforcement on the properties of SCC, including
its compressive and tensile strength. The optimum
values of quartz replacement and steel fiber reinforcement
were identified based on the results obtained.

Reporting of Results

The findings of the study were reported in the form
of quantitative data, graphs, and conclusions,
highlighting the effects of quartz and steel fiber on the
mechanical properties of SCC subjected to elevated
temperatures.

Overall, the method involved the preparation of SCC
mixtures with varying percentages of quartz and steel
fiber, followed by casting, curing, and testing of samples
to evaluate the properties of SCC under elevated
temperature conditions. The data obtained from the
tests were analyzed to draw conclusions about the
effects of quartz and steel fiber on SCC performance,
and the results were reported in a clear and concise
manner.

Testing Methods

Fresh properties of concrete
Slump test and compaction test were conducted for

fresh concrete, and slump test was conducted with a
slump cone of diameter 200 mm bottom and 100 mm
top with a height of 300 mm in a leveled smooth
pavement. The slump test was conducted for each mix
proportion of fresh mixes and the compaction factor
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test was also conducted for all the mixes using
compaction factor testing equipment and observed
value given in Table 3.

Hardened concrete Property
For the designed mix 100 mm × 100 mm × 100 mm

were cast samples and sent to the curing chamber then
the samples have been taken from the curing chamber
after 28 days for testing. One set of samples was tested
directly using UTM of capacity 40 T and noted down
the values for each sample. Another set of samples had
been placed in the oven for 2 hours at 400 oC and
cooled the sample for two hours at atmospheric
temperature and kept the samples for a compressive
strength test. Similarly, the samples of 75 mm dia with
150mm height cylinders in two sets were cast and
cured for the tensile strength test. One set of samples
after 28 days of curing was tested by UTM machine
directly and another set had been heated in an oven at
about 400 oC for 2 hours with gradual increments of
3.5 oC per minute. After that, the specimen is taken for
tensile strength testing, and observed the values.

Result and Conclusion

Fresh properties of mixes
The effects of hooked-end steel fiber in different

ratios with the replacement of M sand by quartz (Mix
1(Q0, S0)- to Mix 25 (Q20S1) are listed in Tables 1
and 2. Due to the addition of fibers with M sand
reduced the slump value and it overcame by the
addition of 2.1% of SP with 0.11% of viscosity
modifying agent. Replacement of quartz gives more
workability than conventional and maximum slump
value obtained from 20% quartz used mix. But the
increase in the replacement of M sand the quartz by
20% leads to reduce the strength of the concrete. 

The workability of concrete mixes with slump values
and the compaction factors are presented in Table 3
(Mix 1(Q0, S0)- to Mix 25 (Q20S1) and Figs. 1 and 2.
It shows the effect of the addition of Quartz and fibers
in self-compaction concretes. The addition of quartz
and fibers in self-compaction led to an increase the
tensile and compressive strength. 

In addition, the following material is commonly
taken for all the mixing samples Cement 288 kg GGBS

Table 1. Identification of specimen.

S.No Specimen ID Quartz% Steel Fiber

1 Mix 1 (Q0,S0) 0 0.00

2 Mix 2 (Q0,S.25) 0 0.25

3 Mix 3 (Q0,S.50) 0 0.50

4 Mix 4 (Q0,S.75) 0 0.75

5 Mix 5 (Q0,S1) 0 1.00

6 Mix 6 (Q5,S0) 5 0

7 Mix 7 (Q5,S.25) 5 0.25

8 Mix 8 (Q5,S.50) 5 0.50

9 Mix 9 (Q5,S.75) 5 0.75

10 Mix 10 (Q5,S1) 5 1.00

11 Mix 11 (Q10,S0) 10 0

12 Mix 12 (Q10,S.25) 10 0.25

13 Mix 13 (Q10,S.50) 10 0.50

14 Mix 14 (Q10,S.75) 10 0.75

15 Mix 15 (Q10S1) 10 1.00

16 Mix 16 (Q15,S0) 15 0

17 Mix 17 (Q15,S.25) 15 0.25

18 Mix 18 (Q15,S.50) 15 0.50

19 Mix 19 (Q15,S.75) 15 0.75

20 Mix 20 (Q15,S1) 15 1.00

21 Mix 21 (Q20,S0) 20 0

22 Mix 22 (Q20,S.25) 20 0.25

23 Mix 23 (Q20,S.50) 20 0.50

24 Mix 24 (Q20,S.75) 20 0.75

25 Mix 25 (Q20S1) 20 1.00

Table 2. The material used as per the design mix.

S.No Specimen ID M Sand Quartz Steel Fiber

1 Mix 1(Q0,S0) 746 0 0

2 Mix 2 (Q0,S.25) 746 0 1.03

3 Mix 3 (Q0,S.50) 746 0 2.06

4 Mix 4 (Q0,S.75) 746 0 3.09

5 Mix 5 (Q0S1) 746 0 4.12

6 Mix 6 (Q5,S0) 709 37 0

7 Mix 7 (Q5,S.25) 709 37 1.03

8 Mix 8 (Q5,S.50) 709 37 2.06

9 Mix 9 (Q5,S.75) 709 37 3.09

10 Mix 10 (Q5,S1) 709 37 4.12

11 Mix 11 (Q10,S0) 671 75 0

12 Mix 12 (Q10,S.25) 671 75 1.03

13 Mix 13(Q10,S.50) 671 75 2.06

14 Mix 14 (Q10,S.75) 671 75 3.09

15 Mix 15 (Q10S1) 671 75 4.12

16 Mix 16 (Q15,S0) 634 112 0

17 Mix 17 (Q15,S.25) 634 112 1.03

18 Mix 18 (Q15,S.50) 634 112 2.06

19 Mix 19 (Q15,S.75) 634 112 3.09

20 Mix 20 (Q15,S1) 634 112 4.12

21 Mix 21 (Q20,S0) 596 150 0

22 Mix 22 (Q20,S.25) 596 150 1.03

23 Mix 23 (Q20,S.50) 596 150 2.06

24 Mix 24 (Q20,S.75) 596 150 3.09

25 Mix 25 (Q20S1) 596 150 4.12



Influence of quartz in self-compaction concrete at elevated temperature 557

124 kg Water Coarse Aggregate 1530 kg, and Water
144lt.

Compressive strength of concrete before the elevated
temperature

The compressive strength of different mixes concerning
steel fiber with a modification made in replacement of
fine aggregate from M sand to Quartz is tabulated in
Table 4 (Mix 1(Q0, S0)- to Mix 25 (Q20S1) and
graphically represented by Fig. 3 from the recorded
values. 

Based on the observations it is identified that the
samples Mix3, Mix8, Mix13, Mix18, and Mix23 which
have 0.5% steel give more compressive strength
compared to other mixing ratios of fiber. Similarly
observed that Mix16, Mix17, Mix18, Mix19, and
Mix20 had compressive strength higher than the other
samples. It indicates the quartz replacement of 15%
gives higher strength compared to other samples. By
observing from Fig. 3. The optimum percentage of
0.5% of steel fiber and 15% quartz replacement

indicates higher strength was tested before and after
elevated temperature. 

The compressive strength before elevated temperature
for Mix1 is 60.20 N/mm2 whereas Mix18 is 65.84 N/
mm2 and found that 9.0% strength increased due to
15% quartz and 0.5% steel fiber. Also found that the
compressive strength after the elevated temperature is
41.18 N/mm2 and reduces its strength to 31.0% due to
the higher forcible ejection of material in conventional
concrete for the sample Mix18 the strength after the
elevated temperature is 58 N/mm2 here the loss of
strength reduced by 11.0%. 

So it was observed that the influence of 15% quartz
influenced this reduction from 30% to 11%. Further
increasing the quartz from 15% to 20% the strength
became reduced due to lack of binding property.

Effect of Split Tensile strength before and after
elevated temperature

An experimental investigation of split tensile strength
on the cylinder was conducted before and after the
elevated temperature at 400 oC. The Split tensile
strength before and after elevated temperature are
presented in Table 5 (Mix 1(Q0, S0)- to Mix 25 (Q20S1).
For conventional cylinder Mix1, the split tensile strength
was noted that 5.06 N/mm2 and 4.14 N/mm2 before
being placed into elevated temperature and after
elevated temperature respectively. Similarly among all

Fig. 1. Slump value of fresh concrete using Quartz and hooked-
end steel fiber.

Fig. 2. Compaction factor of fresh concrete using Quartz and
hooked-end steel fiber.

Table 3. Workability of concrete with varying percentages of
Quartz and fiber (QZS) mixes.

S.No Specimen ID
Slump 
value

Compaction 
factor

1 Mix 1 (Q0,S0) 697 0.96

2 Mix 2 (Q0,S.25) 691 0.96

3 Mix 3 (Q0,S.50) 688 0.95

4 Mix 4 (Q0,S.75) 676 0.94

5 Mix 5 (Q0S1) 672 0.94

6 Mix 6 (Q5,S0) 702 0.98

7 Mix 7 (Q5,S.25) 697 0.98

8 Mix 8 (Q5,S.50) 692 0.97

9 Mix 9 (Q5,S.75) 682 0.96

10 Mix 10 (Q5,S1) 678 0.95

11 Mix 11 (Q10,S0) 703 0.99

12 Mix 12 (Q10,S.25) 700 0.98

13 Mix 13 (Q10,S.50) 694 0.97

14 Mix 14 (Q10,S.75) 685 0.97

15 Mix 15 (Q10S1) 681 0.96

16 Mix 16 (Q15,S0) 708 0.99

17 Mix 17 (Q15,S.25) 702 0.98

18 Mix 18 (Q15,S.50) 696 0.98

19 Mix 19 (Q15,S.75) 691 0.97

20 Mix 20 (Q15,S1) 687 0.96

21 Mix 21 (Q20,S0) 712 0.99

22 Mix 22 (Q20,S.25) 705 0.99

23 Mix 23 (Q20,S.50) 699 0.98

24 Mix 24 (Q20,S.75) 693 0.98

25 Mix 25 (Q20S1) 691 0.97
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the samples, the maximum tensile strength observed in
sample Mix 18 was 5.91 N/mm2 and 5.41 N/mm2

before and after elevated temperature respectively as
shown in Fig. 4. The efficiency of Mix 18 was
observed that 16% increased concerning conventional
concrete placed before elevated temperature. In the
same way, the values observed after elevated temperature

Table 4. Compressive strength of concrete before and after
elevated temperature.

S.No Specimen ID

28 days 
Compressive 

strength Before 
elevated 

Temperature

28 days 
Compressive 
strength After 

elevated 
Temperature

1 Mix 1 (Q0,S0) 60.25 41.21

2 Mix 2 (Q0,S.25) 61.95 42.35

3 Mix 3 (Q0,S.50) 63.28 44.55

4 Mix 4 (Q0,S.75) 62.57 43.03

5 Mix 5 (Q0S1) 62.62 42.71

6 Mix 6 (Q5,S0) 62.07 48.85

7 Mix 7 (Q5,S.25) 63.91 49.13

8 Mix 8 (Q5,S.50) 64.25 52.99

9 Mix 9 (Q5,S.75) 63.45 50.15

10 Mix 10 (Q5,S1) 62.95 50.47

11 Mix 11 (Q10,S0) 62.33 53.15

12 Mix 12 (Q10,S.25) 63.85 54.65

13 Mix 13 (Q10,S.50) 65.25 55.13

14 Mix 14 (Q10,S.75) 63.99 53.25

15 Mix 15 (Q10S1) 63.15 53.51

16 Mix 16 (Q15,S0) 62.85 56.15

17 Mix 17 (Q15,S.25) 63.51 57.47

18 Mix 18 (Q15,S.50) 65.89 58.03

19 Mix 19 (Q15,S.75) 64.37 57.09

20 Mix 20 (Q15,S1) 63.21 56.99

21 Mix 21 (Q20,S0) 62.27 51.67

22 Mix 22 (Q20,S.25) 62.87 52.05

23 Mix 23 (Q20,S.50) 63.39 53.83

24 Mix 24 (Q20,S.75) 62.95 52.93

25 Mix 25 (Q20S1) 62.15 52.03

Fig. 3. Compressive strength of concrete specimens using Quartz
and hooked end steel fiber.

Table 5. Tensile strength of concrete before and after elevated
temperature.

S.No Specimen ID

28 days Tensile 
strength Before 

elevated 
Temperature

28 days Tensile 
strength After 

elevated 
Temperature

1 Mix 1 (Q0,S0) 5.09 4.16

2 Mix 2 (Q0,S.25) 5.27 4.21

3 Mix 3 (Q0,S.50) 5.66 4.54

4 Mix 4 (Q0,S.75) 5.31 4.26

5 Mix 5 (Q0S1) 5.06 4.04

6 Mix 6 (Q5,S0) 5.17 4.25

7 Mix 7 (Q5,S.25) 5.35 4.38

8 Mix 8 (Q5,S.50) 5.63 4.61

9 Mix 9 (Q5,S.75) 5.48 4.43

10 Mix 10 (Q5,S1) 5.17 4.25

11 Mix 11(Q10,S0) 5.35 4.48

12 Mix 12 (Q10,S.25) 5.49 4.60

13 Mix 13 (Q10,S.50) 5.66 4.73

14 Mix 14 (Q10,S.75) 5.43 4.52

15 Mix 15 (Q10S1) 5.29 4.39

16 Mix 16 (Q15,S0) 5.64 5.07

17 Mix 17 (Q15,S.25) 5.85 5.22

18 Mix 18 (Q15,S.50) 5.94 5.43

19 Mix 19 (Q15,S.75) 5.76 5.06

20 Mix 20 (Q15,S1) 5.53 4.92

21 Mix 21 (Q20,S0) 5.43 4.63

22 Mix 22 (Q20,S.25) 5.25 4.42

23 Mix 23 (Q20,S.50) 5.61 4.84

24 Mix 24 (Q20,S.75) 5.44 4.61

25 Mix 25 (Q20S1) 5.40 4.47

Fig. 4. Tensile strength of concrete specimens using Quartz and
hooked-end steel fiber.
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as 30% increased. The reduction of split tensile
strength for the control mix before and after the
elevated temperature was 18% whereas only 8% was
found in the optimum sample Mix 18.

Conclusions

In this research work, quartz is used as 0%, 5%,
10%, 15%, and 20% replacement of river sand and also
added constant proportion of 0.5% of hooked end steel
fiber by weight of cement. We have performed many
practicals and got good results. The compressive and
split tensile strengths were better than the conventional
concrete confirmed by the experimental results before
and after the elevated temperature test. We found the
maximum Compressive and split tensile with 15%
replacement of river sand with Quartz sand and
perform well in mechanical properties before and after
being placed at 400 oC than the conventional concrete.
From the results obtained above it is evident that the
alternative natural sand with quartz at 15 percentages is
optimum and produces good results. Eventually, this
leads to better workability and durability of concrete.
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