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With increasing urban growth worldwide and the need for maintenance work for various
facilities, a huge amount of concrete waste is produced. In addition, the development of the
metalworking industry has produced a large amount of metal waste, and in order to preserve
the environment and natural resources and save landfill spaces, there is a need to reuse these
wastes. Therefore, the replacing of natural aggregate that used in concrete mixes and using
recycled concrete aggregate it is reduced the consumption of large amount of natural aggregate.
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This paper presents the significant of adding mixed steel fiber which is containing of (industrial
steel fiber with recycled lathe fiber) and super-plasticizer on the mechanical properties of
different concrete mixes such as (compressive strength, tensile strength and flexural strength)
and study the shear behavior of reinforced concrete beams. The concrete mixes made of two
types of coarse aggregate the first one is natural coarse aggregate (NCA) and second one is
recycled concrete aggregate (RCA) with replacement ratio 30%. The concrete mixes designed

to obtain 30 MPa target strength after 28 days. The laboratory tests performed on 3 different
concrete mixes to determinate the mechanical properties and 3 different reinforced concrete
beams using a two-point load test to determine shear behavior. The results show that the effect
of adding mixed steel fiber and super-plasticizer to concrete mixes improves the mechanical
properties of concrete and the ability of concrete to resist cracks.
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1. INTRODUCTION

The recycled concrete topic is considered as very important in the general effort for
prospective growth and environmental conservation in our times [1]. Because of the fast increment
in the generation and utilization of concrete, this requires a huge amount of natural aggregates. It
was necessary to look for an alternative by recycling concrete wastes and obtaining RCA [2-3].

Because of the weakness of recycled aggregate concrete and the increasing development of
the construction industry, this led to need to increase the ability of concrete to resist the loads
therefore resorted to the use of additives that improves the mechanical properties of concrete such
as steel fibers and super- plasticizer.

It is well known the ability of concrete to resist compressive strength is good enough other
than that concrete’s ability to resist tensile strength [4-6]. In order to overcome this defect and
improves the mechanical properties of concrete it is resorted to use fiber in concrete mix [7]. Fiber
reinforced concrete could be defined as a concrete contains fibrous materials that increases its
structural safety and contains short discrete fibers that are uniformly distributed and randomly
oriented [8]. So the benefits of adding steel fiber are increase load bearing capacity, develop
durability and very good crack control [9]. With the increasing of adding steel fiber to concrete
mixes led to reduce the mixture workability and to increase it the addition of super-plasticizer is
used which reduce the amount of water added to concrete mix [10].

This study presents the effect of using different type of fiber such as mixed fiber which is
the combination between two types of fiber with the same percentage (industrial steel fiber and
recycled lathe fiber), on the mechanical properties of concrete mixes and behavior of reinforced
beams.

In this section, present previous studies about mechanical and physical characteristics of
recycled concrete aggregate and the effect of using different types of steel fibers.

RCA have the high rate of absorption of water because cement mortar relates to the
accumulation of aggregates and because of its negative influence on the characteristics of the
substance itself and on the mechanical properties of fresh and hardened concrete [2]. To get a
similar slump of normal concrete the free water content of the RCA shall be increased by 5% [11].

With the increasing percentage of adding recycled concrete aggregate the compressive
strength decreased the result show the compressive strength has dropped about 5.14% at 20% RCA
even up to 10.79% at 60% RCA [12].

The adding of metallic waste as fibers such as empty beverage tins, soft drink bottle caps
and mild steel lathe to improve the properties of concrete. Where the percentage of adding waste
fibers to concrete mix are 0.6%, 0.8%, 1.0% and 1.2% respectively. The result show waste steel
fibers helps in better bonding of concrete and helps to increases the compressive strength of
concrete [13]. In this study 0.5% 1.0% and 2% addition of scrap steel fiber like Binding wire and
steel nails is used in the concrete with target strength M25, and they have casted a total number of
162 specimens for compression strength, flexural strength, tensile strength and tested after 3,7,28
days. The results show the tensile strength and flexural strength is maximum at 1.5% additions of
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scrap steel fiber and compression strength is found to be maximum at 1% addition of steel scrap
[14].

Various experimental tests have been conducted to study the behavior of reinforced concrete
elements made with RCA [15-19]. The shear behavior have been studied of reinforced concrete
beams that produced from recycled concrete aggregate with adding steel fibers. 27 RC beams had
a cross-section of 15*20 cm and 150 cm long. Recycle aggregate were obtained from building
demolition and were used in the concrete mixes at 0%, 50% and 100% .The percentages of adding
steel fiber to RC beams were (0.0%, 1.0% and 2.0%). The results show that steel fiber improves
the deformation characteristics, strength of concrete and the ductility of RC beams [19]. The shear
behavior have been studied of RC beams that made with natural aggregate (NA) and 100% recycled
concrete aggregates (RCA). Beams had a cross-section of 200*250 mm and 1900 mm long without
stirrups were casted with target strength 35 and 45 MPa and with shear span-to-depth ratio (a/d)
equal to 1.5 and 3.0. They found that shear failure mechanisms in recycled aggregate concretes are
the same compared to the natural aggregates while the shear strength of RC beams made from
recycled aggregate concrete (RCA) is lower than the one made from natural concrete aggregate
(NCA) [20].

2. EXPERIMENTAL PROGRAM

2.1 Materials and concrete mix

Fine aggregate: fine aggregate (sand) that was used in the concrete mix is natural siliceous
sand specific weight and volumetric weight were equal to be 2.59 t/m* and 1.56 t/m®. Coarse
aggregate in this study include two types natural coarse aggregate (NCA) and recycled concrete
aggregate (RCA). Natural coarse aggregate that used in concrete mix is natural crushed stone with
a specific weight equal to 2.64 t/m>. Recycled concrete aggregate that used in the concrete mix
were obtained from crushed cubes and specimens cast in the laboratory. This crushing stage was
done in two phases, the first stage involved crushing the concrete elements such as cubes and
cylinders into smaller parts, followed by a further break-down to get the required particles sizes
in the second stage. Specific weight, volumetric weight, and water absorption were equal to 2.48
t/m3, 1.32 t/m>, and 8.52 %. Sieve analysis of NA and RCA are shown in Table 1 and Fig. 1.

Table 1. Sieve Analysis for both types of aggregate natural aggregate and recycled concrete

aggregate.
Aggregate Percentage pass of aggregate % according to sieve size
(mm)
37.5 25 19 12.5 9.5 4.75
NA 100% | 100% 98% 39.3% [3.3% | 0.8%
RCA 100% | 100% 96.4% | 669% |42% | 10%
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Sieve Analysis
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Fig. 1. Sieve analysis of NA and RCA.

Water used in the mixing and curing process is tap water. Cement ordinary Portland cement
type CEM 142.5 N with specific gravity equal to 3.15. Super-plasticizer supplied for construction
by SIKA EGYPT chemical company, under the brand name ViscoCrete 3425 that used to improve
the workability of the concrete mix. Super- plasticizer was chosen to be used in this study.
Conforming to (BS EN 934 part 2: 2001) and (ASTM C494) Type G and F and its specific gravity
was 1.08 t/m>. Steel bars two types of steel reinforcing type I: mild steel bar 24/35 with a diameter
of 6 mm used for stirrups and type II: deformed high-grade steel with two diameters of 12 mm
and 10 mm. Industrial steel fiber (I.S.F) that used in this study have herringbone surfaces with
semi-circular cross-sections as shown in Fig. 2 and the geometric demission of the steel fibers are
shown in Table 2. Recycled lathe fiber (R.L.F) that used in this study are the type of fiber that was
produced from the manufacturing metal work process by using lathe machines as shown in Fig.
3. The geometric demissions of recycled steel fibers used are shown in Table 3. In this research
there are three different types of concrete mixes were designed as shown in Table 4. The first mix
made from natural aggregate (NA), the second mix made from natural aggregate (NA) with adding
1.5% mixed steel fiber (0.75% industrial steel fiber + 0.75% recycled lathe fiber) and the third
mix made from recycled concrete aggregate (RCA) with partially replacement ratio about 30%.

9

£

Fig. 2. Corrugated segment industrial steel fiber shape. Fig. 3. Recycled lathe fiber shape.

Table 2. Properties of steel fiber.

Length Thickness Aspect Width Wave Wave
ratio depth length

50 mm 1.0 mm 53 2 mm 2 mm 6-7mm
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Table 3. Properties of recycled lathe fiber.

Average Average Aspect Average Density
length Thickness ratio width kg/m3
40-70mm 0.5-0.9 mm 55-100 1.5-2.5 mm 7850
Table 4. Properties of concrete mixes.
Mix Water Cement Sand C.A[kg] Fibers S.p
(ke] [ke] (ke] [ke] (ke]
NA RCA | SF | RLF
M1 157.5 350 760 1184 0 -- -—-- 0
M2 157.5 350 760 1179 0 65 65 2.8
M3 157.5 350 760 825 321 - - 2.8

2.2 Specimen Details

The experimental program of this study contains the concrete elements that casted to
prepare it for laboratory tests such as cubs, cylinders, prisms and RC beams. Nine cubes were
casted with standard dimensions 150*150*150 mm, nine cylinders were casted with dimensions
100*200 mm, three prisms were casted with dimensions 100*100*500 mm. The laboratory test
compressive strength test and indirect tension test are shown in Fig. 4 and Fig.5. Three R.C. beams
where casted with cross section 100 mmx250mm and 2000 mm total length. All RC beams have
the same reinforcement by 312 mm diameter as the main reinforcement at the bottom, and 2010
mm as a top reinforcement. All beams were provided with two branches ® 6 mm stirrups @ 300
mm spacing as shown in Fig. 6.

Fig.4. Compressive strength test.

Fig. 5. Indirect tension test.
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Fig.6. Reinforcement beams details.

2.3 Test setup

All the beams were tested by the progressive load with 10kN increment under two-point load until
failure of the beam by using a hydraulic machine with 1800 mm effective span and 600 mm load distance.

3. TEST RESULTS AND DISCUSSION

3.1 Compressive strength

The control mix M1 was casted from natural aggregate NA without any additives. Concrete
compressive strengths of specimen M1 was 30.7 MPa, and for the two other concrete mixes M2
that casted from NA with adding 1.5% mixed steel fiber and M3 that casted from recycled concrete
aggregate with a replacement ratio of 30% with adding super-plasticizer. The concrete compressive
strengths were 39.8 MPa and 31.1 MPa respectively as shown in Fig. 7. Fig. 7 shows that when
adding 1.5% mixed steel fiber and super-plasticizer to the concrete mixes it is improve the
compressive strength. So the improvement percentage of compressive strength was 29.6% and
1.3% respectively.

60
:l- Compressive strength

55 4

50 A

45 -

20 [N.C+0.75%S.F+0.75%R.S.F]

35 +
[30%R.C.A+0.8%S.P]

[Normal concrete]

30 A

Compressive strength (MPa)

M1 M2 M3
Concrete mix

Fig. 7. Compressive strength for three different concrete mixes after 28 days.
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3.2 Tensile strength

The concrete tensile strengths of specimen M1 was 4.07 MPa, and for the two other concrete
mixes M2 that casted from NA with adding 1.5% mixed steel fiber and M3 that casted from
recycled concrete aggregate with a replacement ratio of 30% with adding super-plasticizer. The
concrete tensile strengths were 4.88 MPa and 3.46 MPa respectively as shown in Fig. 8. Fig. 8
shows that when adding 1.5% mixed steel fiber to the concrete mixes it is improve the tensile
strength. So the improvement percentage of tensile strength was 19.9%. But in the other hand with
for the concrete mix M3 the tensile strength decreased.

7

|- Tensile strength
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[N.C+0.75%S.F+0.75%R.S.F]

[Normal concrete]

[30%R.C.A+0.8%S.P]
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M1 M2 M3
Concrete mix

Fig. 8. Tensile strength for three different concrete mixes after 28 days.

3.3 Flexural strength

The concrete flexural strengths of specimen M1 was 9.75 MPa, and for the two other
concrete mixes M2 that casted from NA with adding 1.5% mixed steel fiber and M3 that casted
from recycled concrete aggregate with a replacement ratio of 30% with adding super-plasticizer.
The concrete flexural strengths were 17.25 MPa and 8.25 MPa respectively as shown in Fig. 9.
Fig. 9 shows that when adding 1.5% mixed steel fiber to the concrete mixes it is improve the
flexural strength. So the improvement percentage of flexural strength was 76.9%. But in the other
hand with for the concrete mix M3 the flexural strength decreased. Tables 5 give a summary of the
results for compressive strength, tensile strength, and flexural strength.

22
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Fig. 9. Flexural strength for three different concrete mixes after 28 days.
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Table 5. The summary results for the studied mixes after 28 days.

Mechanical properties Compressive strength Tensile strength Flexural strength
Mix name M1 M2 M3 Ml M2 M3 M1 M2 M3
Results MPa 30.7 39.8 31.1 4.07 4.88 3.46 9.75 17.25 8.25

3.4 Beams first crack and ultimate load capacity

The three RC beams were designed to resist bending moment rather than shear force so it
has been observed that the collapse mode of all tested beams was a shear failure (SF) as shown in
Fig. 10. All beams displayed primary flexure cracks at the mid-span of the beam at the beginning
of loading on the beam, other cracks followed away from this section. With increasing the load on
the beam, one of the bending cracks expanded into an oblique crack near the support and it caused
the shear failure. However, the addition of mixed steel fiber and super-plasticizer to the concrete
mix increases both the ultimate failure load and the initial crack load. Three different beams B1-I
made of normal concrete (natural aggregate) without any additives, B2-I made of normal concrete
(natural aggregate) with adding 1.5% mixed fiber (0.75% steel fiber + 0.75% recycled steel fiber)
and B3-1 made of recycled concrete aggregate concrete mix with replacement ratio 30% where the
ultimate failure load of these beams was 73.14, 125.02, and 82.71 respectively.

e s

a) Crack patterns for beam B1-I

Lok, i

B3-1

c¢) Crack patterns for beam B3-1

Fig. 10. Cracks patterns of all beams.

Conclusions

In this research an experimental program was conducted to investigate the mechanical
properties of different concrete mixes (M1,M2 and M3) and the structural behavior of RC beams
that made of natural aggregate (NA) and recycled concrete aggregate (RCA) with adding mixed
steel fiber and super plasticizer. Based on the experimental results the following conclusions were
drawn:

-The addition of super-plasticizer on the concrete mix that made of RCA (M3) improves it's
workability and the compressive strength improvement percentage is 1.3%.

-Super- plasticizer had no role in improving the tensile strength and flexural strength of the
concrete mix M3.

-The addition of mixed steel fiber with percentage of 1.5% on the concrete mix that made of NA
(M2) improves the mechanical properties with improvement percentage about 29.6% for
compressive strength, 19.9% for tensile strength and 76.9% for flexural strength.
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-Using mixed steel fiber and super-plasticizer improve the ability of RC beams to have an ultimate
failure load higher than control beams with improvement percentage about 70.9 % for mixed steel
fiber and 13% for super-plasticizer.

-Using mixed steel fiber gives the RC beams higher ability to resist cracks and shear force.

References

[1] Malesev, M.; Radonjanin, V.; Marinkovic, S., 2010. Recycled Concrete as Aggregate for
Structural Concrete Production. Sustainability. 2, 1204-1225.

[2] Al-Azzawi, A., 2016. Mechanical properties of recycled aggregate concrete. ARPN Journal of
Engineering and Applied Science. 11, 1-6.

[3] Kumar, R.; Singh, J.; Pinal, C., 2016. Experimental study on shear behavior of reinforced
recycled aggregate concrete beams. International Journal of Civil Engineering and Technology
(IJCIET). 7, 128-139.

[4] Wagih, A.; El-Karmoty, H.; Ebid, M.; Okba, S., 2013. Recycled construction and demolition
concrete waste as aggregate for structural concrete. HBRC J. 9, 193-200.

[5] Vikrant, S.; Kavita, S. K., 2012. Introduction to Steel Fiber Reinforced Concrete on Engineering
Performance of Concrete. International Journal of Scientific & Technology Research. 1, 139-141.

[6] Meddah, M.S.; Al-Harthy, A.; Ismail, M.A., 2020. Recycled Concrete Aggregates and Their
Influences on Performances of Low and Normal Strength Concretes. Buildings. 10, 167.

[7] Chaboki, H.R.; Ghalehnovi, M.; Karimipour, A.; De Brito, J.; Khatibinia, M., 2019. Shear
behavior of concrete beams with recycled aggregate and steel fibers. 204, 809-827.

[8] Vikrant, S.; Kavita, S. K., 2012. Introduction to Steel Fiber Reinforced Concrete on Engineering
Performance of Concrete. International Journal of Scientific & Technology Research. 1, 139-141.

[9] Amit Rai; Joshi, Y.P., 2014. Applications and Properties of Fibre Reinforced Concrete. Journal
of Engineering Research and Applications. 4, 123-131.

[10] Olivito, R. S.; Zuccarello, F. A., 2010. An experimental study on the tensile strength of steel
fiber reinforced concrete. Composites: Part B. 41, 246-255.

[11] Abdul Rahman, I.; Hamdam, H.; Zaidi, A.M., 2009. Assessment of Recycled Aggregate
Concrete. Modern Applied Science. 3.

[12] Ahmed, Md. S.; and Vidyadhara, H. S., 2013. Experimental study on strength behavior of
recycled aggregate concrete. International Journal of Engineering Research & Technology (IJERT).
2,76-82.

[13] Mohit Sihag; Sagu, V. S., 2019. Experimental Investigations on Cement Concrete by using
Waste Steel as a Fibre in Concrete. International Journal of Trend in Scientific Research and
Development (IJTSRD). 3.

[14] Jais Joy and Rajesh Rajeev., 2015. Performance of Steel Scrap in Concrete. International
Journal for Scientific Research and Development. 2, 755-758.

[15] Yun, H. D.; and Choi, W. C., 2016. Shear strength of reinforced recycled aggregate concrete
beams without shear reinforcements. J. Civ. Eng. Manag. 23, 76-84.

[16] Rahal, K. N.; and Alrefaei, Y. T., 2017. Shear strength of longitudinally reinforced recycled
aggregate concrete beams. Eng. Struct. 145, 273-282.

[17] Al Mahmoud, F.; Boissiere, R.; Mercier, C.; Khelil, A., 2020. Shear behavior of reinforced
concrete beams made from recycled coarse and fine aggregates. Structures. 25, 660—669.

[18] Gao, D.; Zhang, L., 2018. Flexural performance and evaluation method of steel fiber
reinforced recycled coarse aggregate concrete. Constr. Build. Mater. 159, 126-136.

[19] Chaboki, H. R.; Ghalehnovi, M.; Karimipour, A.; De Brito, J.; Khatibinia, M., 2019. Shear
behavior of concrete beams with recycled aggregate and steel fibers. Construction and Building
Materials. 204, 809-827.

[20] Wardeh, G.; Ghorbel, E.; Gomart, H.; Fiorio, B.; Pliya, P., 2018. Shear behavior of reinforced
recycled aggregate concrete beams. in: High Tech Concrete: Where Technology and Engineering
Meet,, Springer International Publishing, Cham. 508—515.

9 JAUES, 19, 70, 2024



