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Abstract: In this present study the durability characteristics of Steel fiber reinforced Self compacting concrete
(SFRSCC) is determined for M30 and M40 grade concrete mixes. Along with durability strength and sorptivity
is carried out and comparison is made with Plane self-compacting concrete (SCC) by chemical resistances,
Initial Surface Absorption Test (ISAT).

In the present study, the rational mix design procedure for self-compacting concrete is used. SCC mixes contains
large quantity of powder (material whose parcel size is 0.125 mm) to maintain the plastic yield of the properties
of fresh concrete as per the general guidelines for design of SCC mixes given in the EFNARC (2005). The
present project consists of two phases. In the first phase, SCC mixes for different grades are developed without
steel fibers and with steel fibers. The mechanical properties like compressive strength of the different grades
were studied. In the second phase, based on the experimental results, durability properties were studied with the
using of specimens of size 100 mm x 100 mm x 100 mm. Durability studies like Acid attack factors, Acid-
Durability factors, Sulphate attack factors, Sorptivity are studied for the Plain SCC and steel Fiber Reinforced
SCC and a comparison is made.

Keywords: Self Compacting Concrete, Steel Fiber Reinforced, Strength, Durability, Sorpitivity.

Introduction

Self-compacting concrete (SCC) is the one in which the compaction of concrete is done under its own weight.
Generally, in case of normal concrete mixes vibrations or compaction is main thing to make concrete specimens
but in case of SCC these vibrations and compactions is not important. The mix proportion of SCC is different as
compared with normal concrete mix. In this paper | was considered compressive strength for SCC along with
this durability and sportivity also studied.

The strength of the concrete is main and important concept in concrete studies, this strength is depends upon
various parameters like material properties and mix proportion the strength will increases or decreases depending
upon these two parameters. In some times in the concrete cracks will observed due to many reasons these cracks
also decrease the effect of strength values. The main concept of using fibers in concrete is to increase the
strength and at the same time we can decrease the cracking effect also. There are different types of fibers are
there which helps to decrease the cracking effect and to increase the strength like steel fibers, polypropylene
fibers, polyester fibers, carbon fibers, micro synthetic fibers, natural fibers and cellulose fibers. Depending upon
the applications we will use fibers in concrete to increase the strength values. In the present study | was selected
steel fibers in M30, M40 grade concrete to study the comparison of strength, durability and sportivity values.
The compressive strength is determined at the curing age of 7 days and 28 days with and without using
fibers.The present study it was divided into two phases in phase | workability and compressive strength is
determined, in phase Il Durability and sportivity is determined with and without using steel fibers.

Materials and methods
The following are the materials which are used in the present project with specification.

Cement

Cement is the main binding material which is used in concrete mix. For the current study cement of OPC 53
Grade which is available in local market is used. The preliminary tests are conducted on cement by using IS:
4031-1988 and found to confirming to IS: 12269-1987. The cement sample is shown in below figure 1
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OPC 53 grade cet '

Fine Aggregate

Fine aggregates are the particles which are passing through 4.75mm IS sieve. The river sand which is available
in local market is used in this study the sample is shown in below figure 2. The preliminary investigation of fine
aggregates is conducted according to IS: 2386-1963

Fine aggregates (River gﬁd)
Coarse aggregates

The coarse aggregates are the sample which are retained on the 4.75 is sieve. For this study | was taken sample
which is passing through 12.5mm sieve and retained on 10mm sieve was taken the coarse aggregates preliminary
tests was conducted according to IS 2386-1963 code which is shown in below figure 3.

Coarse aggregates
Fly Ash

Fly ash is one of the most important by product which is used in construction industry. The fly ash sample is
shown in below 4. The physical and chemical properties of fly ash is determined by using 1S: 3812-2003.

Fly ash

Super Plasticizer
Super Plasticizer with Sulphonated Naphthalene Formaldehyde (SNF) of Comp last SP430 DIS was confirming
to IS: 9103-1999 used in this investigation which is shovyn in below figure 5.

Super Plasticizer
Viscosity Modifying Admixture (VMA)

Rooftop PLAST VMAZ2 is prepared to-utilize, fluid, natural, Viscosity Modifying Admixture (VMA)
extraordinarily created for delivering concrete with improved consistency and controlled rheological
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properties.Rooftop PLAST VMA2 is utilized as a Viscosity altering specialist from a standard organization
affirming to standard particulars was likewise utilized.

RS

Viscosity Modifying Agent
Water
Portable water confirming to IS: 3025-1986 part 22 & 23 and IS: 456-2000 was used in the investigation.

Steel Fibers
Hooked end steel fibers of 0.4mm diameter and Aspect ratio of 30- and 12-mm length were used.

Steel Fibers
Mix Design and Trail Mix Proportions of Self Compacting Concrete
An SCC mixes of M30 and M40 were aimed and the initial mix proportions were obtained using the mix design
methods.

Grade Cement ,I:\g];regate iggl;se(;at Fly  ash | Water Super Plasticizer VMA
K K Lit. Lit % %
(Kg) (Kg) e (Kg) (Kg) ( ) 0 (%)

30 388 885 700 318 210 10.8 1.5 0.06

40 468 884 700 350 240 12.27 1.5 0.06

EXPERIMENTAL INVESTIGATION

PHASE I: Development of plain SCC and investigations on its fresh and hardened properties.

Mixing of ingredients

The materials like cement, fine aggregates, coarse aggregates, fly ash, super Plasticizer, Viscosity Modifying
Agent and steel fibers are mixed as per the mix proportion which is shown in table 1

Workability of SCC
After making the SCC mix the workability of SCC like Slump Flow Test and T50 cm Test, V-Funnel Test, L-
Box Test were determined for with and without using steel fibers cases.

Casting of specimens

The cube specimens of size 100mmX100mmX100mm are selected initially and we have to fill the moulds with
specified mix of SCC with specified trial to determine the compressive strength at 7 days, 28 days curing which
is shown in below figures.

'8

Casng of cubes of SCC
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Curing of test specimens
After casting cubes leave them for 24hours at room temperature to make specimens to hard condition after then
de mould the cubes from moulds and allow them to curing tank for 7 days and 28 days curing.

Curing of SCC

Compressive strength of SCC

Compressive strength of concrete is determined for cube specimens having size of 100mmX100mmX2100mm.
this test is carried out by using Compression Testing Machine (CTM) having its capacity of 200T. For the
current study the compressive strength is determined for steel fiber reinforced concrete in M30 and M40 grades
of concrete with the help of IS 516-1959 code Book.

Compression testing machine (CTM)
PHASE 11 Study the durability properties of plain SCC and steel FIBER reinforced Self Compacting Concrete.

The durability of SCC is determined by curing the test samples in acid and sulphate solutions for required days
of curing periods. The results like acid and sulphate strength loss and weight loss factors, acid durability loss
factors for SCC and SFRSCC mixes.

Sorptivity is a file of dampness transport into unsaturated solid examples. Sorptivity has been perceived as a
significant file of cement. sorptivity mirrors the manner in which water and different damaging specialists will
infiltrate into the solid and it speaks to a particularly decent measure it is dictated by utilizing factor consumed
water per unit region against time.

Results and discussion

Fresh Concrete properties (Workability of SCC)

Fresh properties
Designation
Grade _?_|5uomp flg\r%v V- Funnel | Lo Box Remarks
Test Sec Test H2/H1

Test Sec

2.23 6.17 0.73 RNS SCCP-1
30 2.78 8.23 0.78 RNS SCCP-2

2.70 6.76 0.94 RS SCCP

3.20 7.58 0.915 RS SFRSCC
40 3.59 7.53 0.956 RS SCCP

3.98 7.98 0.88 RS SFRSCC

RNS — Result Not Satisfied in Fresh State
RS — Result Satisfied in Fresh State
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Compressive strength of concrete

Comparision of cube compressive strength
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m 28 days 38.6 422 51.2 53.5

Type of concrete (Grade)

The cube compressive strength of the concrete is measures in MPa at 7 days and 28 days curing for M30 and
M40 grade concrete mixtures the results are shown in above graph from the graph it was observed that for M30
grade and M40 grade mixes the value of compressive strength is higher for concrete mix by using steel fibers
than normal mix due to proper mixture which obtained for steel fibers mix the compressive value obtained
higher value.

DURABILITY OFSCCANDSFRSCC

Comparision of Acid strength loss factors for
28 days curing
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B HCL 9.88 9.06 8.76 9.35
B H2504 36.92 35.82 30.06 33.24

Type of concrete (Grade)

The acid strength loss factors are measures for M30 and M40 grade mixtures by using chemicals Na;SO,, HCL
and H,SO, at 28 days curing the values are shown in above graph from there it was obtained that the steel loss
factor has higher values for H.SO4 solution curing than HCL and Na,SO4. When concrete specimen is exposed to
H,SO. curing the chemical reaction between solution and concrete is higher due to that reason the results
obtained higher for H,SO. case.
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Comparision of Acid strength loss factors for

56 days curing
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B HCL 19.76 18.12 17.52 18.7
B H2504 73.84 71.64 60.12 66.48

Type of concrete (Grade)

The acid strength loss factor for 56 days curing is shown in above graph here also obtained similar results like 28
days curing case H2SO4 curing the chemical reaction between solution and concrete is higher due to that reason
the results obtained higher for H,SO4 case for M30 and M40 grade concrete mix.

Weight loss for 28 days and 56 days
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Na2S04 Na2S04 HCL (28 HCL (56 H2504 (28 H2S04 (56
(28 days) (56 days) days) days) days) days)
W SCCP M30 1.28 3 6.03 11.2 13.79 32.75
B SCCP M40 1.69 2.966 5.93 12.711 16.03 23.2
B SFRSCC M30 0.86 1.72 3.87 9.05 11.15 29.18
B SFRSCC M40 0.89 1.78 3.58 7.17 13.45 20.17

Curing days (solution)

The percentage weight loss for 28 days and 56 days for M30, M40 grade is shown in above graph from there it
was obtained that the weight loss has higher values for H,SO, solution then HCL and NaSO..
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Acid Durability Loss Factors for SCCP nad SFRSCC
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B SCCP M30 42.27 362.89 657.37 4246.55 2044.65 15955
W SCCP M40 67.74 494.21 1227.23 7996.1 2544.9 11298.1
W SFRSCC M30 19.82 160.25 294.68 2756.48 2397.41 15896.1
B SFRSCC M40 33.333 218.84 364.66 2472.27 3071.15 10868.1

Curing days (solution)

Acid durability loss factor for SCCP and SFRSCC for 28 days and 56 days is shown in above graph the acid
durability factor is also has higher values for H,SO4solution curing.
Sorptivity Study on SCC and SFRSCC

Absorbed water per unit area against time
in SCCP

Absorbed water per unit area (Kg/m2)

2.23 3.16 3.87 5.47 7.74 10.95 13.41 15.49 17.32 18.97 37.94 53.66 65.72
Time (min1/2)

«=@==SCCP M30 ==@==SCCP M40

The results of absorbed water per unit area against time for SCCP is shown in above graph the value of absorbed
water increases with increasing the time for M30 and M40 grade concrete mix
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Absorbed water per unit area against time in
SFRSCC

g 1 2.23 3.16 3.87 5.47 7.74 10.95 13.41 15.49 17.32 18.97 37.94 53.66 65.72
Time (min1/2)

Absorbed water per unit area (Kg/m2)

e=@==SFRSCC M30 ==@==SFRSCC M40

The results of absorbed water per unit area against time for SFRSCC is shown in above graph the value of
absorbed water increases with increasing the time for M30 and M40 grade concrete mix.

Conclusions

. Fiber reinforced self-compacting concrete is made with steel fiber to improve its strength properties.
The aspect ratio of the fiber is important factor in this study as per results 12mm fibers with 30 aspect ratio is
giving better results than other cases.

. For M30 grade and M40 grade concrete the value of compressive strength is observed as 2% to 10%
more than plain concrete mix. With increase of FIBER dosage, the workability decreases. This problem of
workability and flow proprieties of concrete can be overcome by adding super plasticizers and VMA.With the
increase in the grade of concrete the sorptivity of Steel FIBER Reinforced SCC was found to be lower similarly
in plain SCC also.

. In SFRSCC the amount of water absorption per unit area decreases with increase in the grade of
concrete. The percentage loss of strength and percentage loss of weight factors in durability is less for SFRSCC
mix than SCC in case of M30 and M40 grade concrete.

. WLF is less in Na2SO4 when compared to HCL and H2SO4. SFRSCC has shown 10%-13% more
resistance to weight loss when it is immersed in H2SO4, 15%-20% more resistance in HCI, 16%-20% more
resistance in Na2S0O4 when compared to plain SCC.

. Acid weight loss factor is found to be decreases with increases in the grade of concrete. The loss of
dimension stability is more in H2SO4 when compared with HCI and Na2SO4. SFRSCC has shown 1%-3% more
resistance to dimension stability when immersed in H2SO4, 5%-7% more resistance in HCI and Na2SO4 when
compared to plain SCC.

. The loss of dimension stability is found to be decreases with increase in grade of concrete. Acid
strength loss percentage is more in H2SO4 when compared with HCI and Na2SO4.
o SFRSCC has shown 5% more resistance to strength loss when immersed in H2SO4, 9% more resistance

in HCI and Na2SO4 when compared to plain SCC. Acid strength loss percentage is found to be decreases with
increases in grade of concrete.

o Acid durability loss factor decreases with increases in grade of concrete. When compared to the plain
SCC, the SFRSCC was found to be more durable against both acids and sulphate.
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