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Abstract: We sorted the waste from mechanical processing to form recycled steel fibers. In order to
study the flexural mechanical properties of reinforced concrete beams after the addition of recycled
steel fibers, four recycled steel fiber concrete beams (RSFCBs) and one normal concrete beam (NCB)
were designed and poured using the volume fraction of steel fibers (0%, 0.5%, 1%, 1.5%, 2%) as the
variables. Normal section bending tests were conducted on them under a concentrated load. We
obtained experimental data such as the cracking load, ultimate load, mid-span deflection, and steel
and concrete strain of the beam by gradually loading the test beam, and we observed and recorded
the development of cracks. The results indicate that the NCB exhibits crushing failure, while the
RSFCBs exhibit equilibrium failure. The addition of recycled steel fibers effectively controls the
extension of cracks, resulting in a better bending toughness of the beam. The bending performance of
RSFCBs with different volume additions shows a trend of first increasing and then decreasing with
the increase in steel fiber content. The peak value was reached when the steel fiber content was 1.5%,
which increased the bending bearing capacity by 54.72% compared with the NCB. With the increase in
steel fiber content, the required load value for tensile steel bars to yield also increases, reaching a peak
at a content of 1.5%, which increases the bending bearing capacity by 44.64% compared with the NCB.
The addition of recycled steel fibers enables the beam to improve its bearing capacity while limiting
the development of longitudinal reinforcement strain, allowing the longitudinal reinforcement to
yield under higher loads and improving the overall bending performance of the beam.

Keywords: recycled steel fiber-reinforced concrete beams; bending capacity test; ultimate bearing
capacity; experimental study

1. Introduction

The greenization of civil engineering materials is one of the ways to achieve the
global goal of reducing carbon emissions. According to the data, the building sector is
responsible for nearly 40% of global carbon emissions, and as the world’s major emitter,
China faces enormous pressure to cut carbon emissions [1,2]. Due to China’s recent growth
in infrastructure investment and its growing economy, the construction industry has
emerged as a significant source of carbon emissions. Large amounts of greenhouse gases
will be released during the manufacturing of building materials, seriously harming the
environment. To lessen carbon dioxide emissions and environmental strain, the building
sector has switched its development focus to cement-based composite materials created
from solid waste [3-6]. One of these is recycled steel fiber (RSF).

Because the presence of waste iron filings in the environment has a serious impact on
the sustainable development of the environment, people have recently begun to pay special
attention to the disposal of waste iron filings. According to statistics, the rapid expansion of
mechanical processing results in enormous amounts of waste iron filings. These waste iron
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filings will substantially hurt the public environment, cause pollution, and require recycling
to meet our nation’s goal of sustainable development [7-9]. The residual material from
mechanical processing forms recycled steel fibers in a spiral shape, which are randomly
distributed in the concrete and form a three-dimensional spatial structure with the concrete,
effectively preventing the development of concrete cracks and enhancing the tensile and
toughness properties of the concrete. If recycled steel fibers are added to concrete instead
of original steel fibers to form recycled steel fiber concrete material, it not only solves the
problem of easy cracking of concrete and improves the mechanical properties of concrete,
but also effectively solves the treatment difficulties of recycled steel fibers, achieving the
green goal of civil material production [10-13].

Concrete is a brittle substance with a high compressive strength but low tensile
strength. Reinforced concrete (RC) is a material that is suited for civil engineering con-
struction by overcoming the weakness of concrete’s low tensile strength. Adding random
scattered RSFs to RC structures is a good way to improve their mechanical qualities. RSFs
usually exist in a spiral form, forming a solid three-dimensional skeleton in concrete
with good mechanical properties. Recycled steel fiber-reinforced concrete (RSFRC) is a
heterogeneous composite made up of cement, fine and coarse aggregate, and RSF that
has been placed randomly, among other materials. The addition of RSF in the random
distribution can effectively prevent the growth of microcracks in concrete and postpone
the occurrence and development of macrocracks. It can also increase the tensile, shear,
and flexural strength of concrete, lessen its brittleness, and improve RSFRC’s ductility,
impact toughness, and permeability resistance compared with regular concrete. RSFRC
also exhibits less creep and shrinkage than regular concrete [14-18]. With an increase in
RSF content, the more fiber-mixed layers within a specified proportion range, the better the
impermeability and flexural performance of concrete [19-25]. These findings suggest that
RSFRC is crucial to the advancement of materials for civil engineering.

Steel fiber-reinforced concrete research is continuously developing. Yoo et al. studied
the mechanical properties of ten ultra-high-performance concrete beams by changing the
ratio of reinforcement and the type of steel fibers. The test results showed that the addition
of steel fibers significantly improved the bearing capacity, post-cracking stiffness, and
cracking response, but reduced the ductility [26]. Through a three-point notched beam
bending test, Zamanzadeh et al. assessed the viability of using RSF as shear reinforcement
in reinforced concrete beams [27]. RSFRC and steel bars’ bonding characteristics have been
examined by Leone et al., and the results have been contrasted with those of industrial steel
fiber-reinforced concrete. The results show that most of the performance of ISFRC can reach
that of RSFRC [28]. Through experiments with three-point loads, Arslan et al. investigated
the effect of steel fiber dosage on the shear performance of reinforced concrete beams
with webs. The results showed that the test beams’ bearing capacity and ductility were
improved by using steel fiber, but the limited influence effect persisted [29]. Golpasand
et al. used uniaxial cyclic compression and biaxial tests to investigate the performance of
RSERC. The results indicated that RSF could perform almost as well as industrial steel fiber,
suggesting that RSF might be utilized in concrete in place of that material [30]. Through a
four-point bending test, Domski et al. investigated the enhancing impact of steel fiber on
waste sand concrete beams. The findings indicated that the inclusion of steel fiber increased
the concrete’s tensile strength and compressive strength [31]. Through trials, Revuelta et al.
compared the performance of tire RSF with that of industrial steel fiber or polypropylene
fiber. The findings revealed that, when added to the concrete at the same amount as native
fiber, RSF had the same effect [32]. Simalti et al. investigated how recycled steel fibers (RSFs)
from used tires affected the physical properties of self-compacting concrete, and the results
demonstrated that RSFs can increase self-compacting concrete’s durability [33]. These
studies collectively demonstrate that the addition of steel fiber to concrete can increase the
mechanical strength and toughness of reinforced concrete structures, demonstrating the
potential of RSFRC as a modern structural material.
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On the basis of existing research, spiral-shaped recycled steel fibers are formed by
sorting the leftover materials from mechanical processing, and these steel fibers are added
to concrete for the first time to form recycled steel fiber-reinforced concrete composite
materials. Through preliminary experimental research on the basic mechanical properties
of recycled steel fibers, it was found that the strength of recycled steel fiber-reinforced
concrete was slightly improved compared with ordinary concrete, but the tensile strength
and toughness performance of recycled steel fiber-reinforced concrete was significantly
increased. In order to further study the mechanical properties of recycled steel fibers
in concrete flexural members, four recycled steel fiber-reinforced concrete beams and
one ordinary concrete beam were created, and their flexural bearing capacity under a
concentrated load was tested to explore feasible paths for the application of recycled steel
fiber-reinforced concrete in engineering practice.

2. Test Overview
2.1. Test Material and Mix Ratio

The test concrete is composed of various components, such as river sand, fly ash,
stone, water, steel bars, cement, etc. The composition of the concrete mixture is changed by
adding a high-efficiency water-reducing agent and recycled steel fiber [34-36].

The cement used regular silicate cement P.O 42.5, which complies with General Silicate
Cement GB175-2007 standards [37]. The gravel used as the coarse aggregate had a particle
size range of 5 to 20 mm. The specific parameters are listed in Table 1, and all indexes
comply with GB/T14685-2011 Pebble and Gravel for Construction specifications [38]. The
river sand was a fine aggregate, and it had a fineness modulus of 3.0 and a packing density
of 1531 kg/m?>. Fly ash was created by Tianjin Lejin Botian Chemical Co., Ltd. (Tianjin,
China); it had an 800 mesh particle size. High-performance water reduction agent powder
produced by Tianjin Weihe Science and Technology Development Co, Ltd. (Tianjin, China)
was used in dosages of 0.3% to 0.5% when mixed with cement or rubber materials. The
water used for blending was ordinary tap water. The waste product from machining is
where the scrap steel fiber is found [39-42]. Its length was around 30 mm after treatment,
and its density was 7850 kg/m?; the tensile strength of the recycled steel fibers obtained
through unidirectional tensile testing was not less than 380 MPa, and their elastic moduli
were 2.05 x 10° MPa. The shape of the RSFs is shown in Figure 1.

Table 1. Coarse aggregate parameters.

Kind Particle Size = Mud Content = Apparent Density = Loose Packing Density
Gravel 1 5-10 mm 0.5% 2680 kg /m?3 1385 kg/m?
Gravel 2 10-20 mm 0.7% 2690 kg/m3 1405 kg/m?

Figure 1. Recycled steel fiber.
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The concrete used in the sample was of strength grade C30, with a cement, water,
sand, and stone mix ratio of 1:0.46:1.69:3.29; the quantity of material is provided in Table 2.

Table 2. Concrete mix ratio.

Amoun.t of Sand Gravel Cement Water High-Performance Water-Reducing Agent
Material
kg/m?3 644 1251 380 175 1.14

2.2. Preparation of Test Beams

Four recycled steel fiber-reinforced concrete beams and one ordinary reinforced con-
crete beam were designed according to the standard for the test method of concrete struc-
tures (GBT50152-2012) [43], and bending bearing capacity tests were conducted. Five
simply supported beams with a target strength of C30 were constructed and cast for this
experiment. Letters and numbers, separated by semicolons, were used to identify the test
beams. The number denotes the volume content of recycled steel fibers, which ranges from
0% to 0.5%, 1%, 1.5%, and 2%, respectively. The letters indicate the type of steel fiber rein-
forced (NC for ordinary concrete and RSFRC for recycled steel fiber-reinforced concrete).

The test beam has a 2000 mm span, a 150 mm section width, and a 250 mm height.
For details on the parameters, see Table 3. The lengths of the simply supported beam’s
tensioned longitudinal and auxiliary steel bars are 1950 mm, and the thickness of the
concrete protection layer is 15 mm. In the region of flexural shear, HPB335 stirrups with
a diameter of 4 mm and a spacing of 100 mm were inserted to protect the specimen from
shear damage. The longitudinal bar used for tensile purposes has an 8 mm diameter and
is ribbed HRB400 steel. The test beams’ reinforcing ratio is 0.44%. Figure 2 displays the
sectional size and beam reinforcement diagram. The concrete strength grade of all beams
was C30.

Table 3. Basic parameters of the test piece.

Volume Content of Steel Fiber Dosing of Steel Fiber
Number o
1% kg
NCB 0 0
RSFCB—0.5% 0.5 39
RSFCB—1.0% 1 78
RSFCB—1.5% 15 117
RSFCB—2.0% 2 157
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Figure 2. Section size and reinforcement drawing of the test beam: (a) section dimensions of the test

beam; (b) test beam section reinforcement diagram.
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Using an already-made test template, the concrete was artificially mixed and injected.
After pouring, let it sit for 24 h on a flat surface before demolding it. Due to conservation
conditions, the finished component was watered to ensure that the surface was always moist,
with a humidity of above 90% and an outdoor temperature of 20 & 3 °C, and the curing
process took 28 days [44—49], as shown in Figure 3. After curing, a test of the mechanical
properties was performed.

Figure 3. Maintenance of the test beam.

In Table 3, NCB means ordinary reinforced concrete beams, RSFCB—0.5% refers to a
recycled steel fiber-reinforced concrete beam with a volume content of 0.5% recycled steel
fibers, and so on.

2.3. Test Loading and Measurement
2.3.1. Loading Device and Measurement Point Arrangement

The strain, crack width, applied load, and mid-span deflection of reinforced concrete
in the test beam are the primary parameters that were measured in this study:.

This test device uses the distribution beam’s loading device to perform the four-point
bending test [50-52]. One end of the test beam is supported by hinges, and the other end is
supported by rollers. The test span is 1800 mm, the distance between the two concentrated
forces is 500 mm, the support is 100 mm from the test beam’s end, and the load is distributed
through the distribution beam.

The strain gauge used was a BX120-5aa (Beijing Yiyang Strain Testing Technology
Co., Ltd., Beijing, China) strain gauge, and the placement of the reinforcement strain gauge
corresponds to the placement of the reinforcement at the mid-span and loading point. As
indicated in Figure 4, the concrete strain gauge is affixed to the concrete surface in the
middle span of one test beam side.

Iy 50
Concrete strain gauges |
- 50

50

o

100 650 500 650 1100
2000

Figure 4. Location of the concrete strain gauge.

In the test, three strain-type displacement sensors with a range of 100 mm and accuracy
of 0.01 mm were installed to detect the deflection at the middle and end supports of the
beam, respectively.

On the test beam’s surface, use a marker pen to draw a square grid with sides of
50 mm, then use a magnifying glass and crack width contrast card to track the crack’s
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progress. As soon as the test beam’s bearing capacity is steady and the crack has stopped
extending following the completion of the load loading, mark the current load value at
the end and trace and number the crack along the direction it has extended. Record the
actual crack number, distribution, width, and related load value on the grid paper. The
segment between the two loading sites is pure bending if the dead weight of the beam is
disregarded. The loading device is shown in Figures 5 and 6.

reaction frame

hydraulic jack

Pressure sensor

Fixed hinge support of distribution beam Distribution beam S
Displacement meter Movable hinge support of distribution beam
P > I Displacement meter —_

e

4, NN > _

Figure 6. Loading device diagram of the test site.

2.3.2. Loading System

Before the formal loading, pre-loading is performed to ensure there is proper contact
between the test beam and the test device and that the measurement equipment can operate
normally [53,54]. The preloading load is separated into three levels and has an ultimate
load that is 70% of the test beam’s expected cracking load. The load is discharged to zero
after making sure that there is good contact between the test beam and the test object and
that the measuring tools function as intended.

Step loading has been adopted for the formal loading phase. The loading level was
2 kN before the first crack developed, and once the crack appeared, the load was increased
to 5 kN per level. The test beam was stable for three minutes after each level of loading,
at which point data were gathered. When the test beam’s bearing capacity is almost at
its maximum load, the loading mode is switched from load control to control through
the beam’s midspan displacement using a loading gradient of 1 mm until the test beam
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is destroyed. To avoid damage, the displacement meter should be taken out when the
mid-span displacement is too great.

3. Experimental Phenomena and Analysis

To assess the effect of the volume fraction of recycled steel fiber on the flexural perfor-
mance of reinforced concrete beams, the test process and failure modes of five test beams
were examined. To evaluate the flexural performance of WSFRC, test beams were loaded
with various RSF volume fractions, and the cracking load, ultimate load, and maximum
mid-span deflection were then analyzed.

3.1. Test Phenomenon

The failure mechanism of an RSFRC beam when bent is comparable with that of an
ordinary reinforced concrete beam and can be classified into three categories: insufficient
reinforcement failure, over-reinforcement failure, and proper reinforcement failure [55-58].
The destruction of this test beam belongs to the proper reinforcement destruction. All of the
test beams demonstrated equilibrium failure in addition to the ordinary reinforced concrete
beams, with RSFRC—1.5% being the most glaring example. Now, each test beam’s failure
mechanism is explained.

The failure mode of each beam is depicted in Figure 7. During the test, the crushing
failure of ordinary reinforced concrete beams was seen. There was balance failure in the
steel fiber-reinforced concrete beams. This balance failure indicates that the longitudinal
tensile reinforcement has reached yield, the concrete in the compression zone has reached its
limiting compressive stress and has been crushed, the specimen is in the elastic deformation
stage just before cracking, and the concrete and longitudinal tensile reinforcement are
jointly stressed.

3.1.1. NCB

When the load on the plain reinforced concrete beam comparison specimen NCB
reached 5 kN, the first vertical crack began to appear in the purely bending section nearby
the loading point; as the load increased, more cracks began to appear in the test beam, one
after the other. The primary crack near the loading point reached 0.8 mm in width when
the load hit 30 kN. The entire specimen reached a stable state when the load reached 45 kN.
There were no evident new cracks in the beam’s pure bending region, and the crack’s
greatest width was roughly 3 mm when the tensile longitudinal reinforcement yielded.
The concrete near the top of the beam’s pure bending portion exhibited a localized uplift
phenomenon when the final load hit 55 kN. The member was still stable as the bearing
capacity reached its limit at this point. Change the load control to displacement control and
keep applying the load to the beam at the 1 mm/time loading frequency. The member has
now hit the limit condition because, even though the load value of the beam appears to have
slightly increased, it is no longer able to sustain the load steadily for an extended period,
and the load always drops to 55 kN. The loading ceases when the mid-span deflection
reaches 30.1 mm; the load falls to 45 kN, and the entire specimen is damaged. The failure
pattern is shown in Figure 7a.

3.1.2. RSFCB—0.5%

The RSFCB—0.5% test beam steel fiber volume doping is relatively small. Its cracking
load was 6 kN, its crack width was around 0.04 mm, and its initial crack was found on the
right side beneath the loading point. When cracks appeared in large numbers, the load was
between 35 and 55 kN. Five major vertical cracks started to appear in the pure bending
section of the beam, and all of them extended to about 3/5 of the beam height. At this
point, the span deflection was 4.86 mm. When the load was raised to 60 kN, the test beam
entered its limit state. As the load was applied, the already-existing crack grew wider, and
when the mid-span deflection reached 32.8 mm, the beam failed and created a crisp sound.
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When the load was abruptly reduced to 50 kN, the test beam’s deformation was obvious.
The failure pattern is shown in Figure 7b.
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Figure 7. Test beam damage mode. (a) Failure mode of NCB beam; (b) failure mode of RSFCB—0.5%
beam; (c) failure mode of RSFCB—1.0% beam; (d) failure mode of RSFCB—1.5% beam; (e) failure
mode of RSFCB—2.0% beam.

3.1.3. RSFCB—1%

The test beam of RSFRC—1% had a cracking load of 8 kN, a crack width of about
0.03 mm, a mid-span deflection of 0.82 mm, and an initial crack located in the mid-span.
When the load was increased to 35 kN, cracks started to substantially increase and spread
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to half of the height of the beam. At this time, there were five major fractures with large
widths. When the load reached 50 kN, no new cracks are created, and those that already
existed gradually extended to the top of the beam. At this point, the primary cracks in the
mid-span reached about 4/5 of the height of the beam, and the height of the test beam
pressure zone was decreased. The beam reached its ultimate bearing capacity when the
load hit 65 kN. The test beam was damaged and terminated when the mid-span deflection
reached 31.9 mm. The failure pattern is shown in Figure 7c.

3.1.4. RSFCB—1.5%

The RSFRC—1.5% test beam had the highest ultimate and cracking loads out of the
four beams that also contained recycled steel fiber. The crack situated in the middle of the
beam’s span had a crack width of roughly 0.02 mm and a cracking load of 10 KN. When
the load was increased to 55 kN, the pure bending and curved shear sections of the beam
both experienced numerous cracks that stretched to half of the beam’s height. In the pure
bending area, four major cracks appeared. When the load was increased to 70 kN, the
appearance of cracks tended to be stable; only the existing cracks continued to spread, and
no new cracks appeared. As the load on the test beam increased to 82 kIN to reach the limit
state, the main crack propagated throughout the entire beam section and widened. As
the load was applied, the deflection of the beam increased, but the load never deviated
from 82 kN. When the mid-span deflection reached 41.2 mm, the beam’s bearing capacity
rapidly declined, failing the test beam. The failure pattern is shown in Figure 7d.

3.1.5. RSFCB—2.0%

The RSFRC—2.0% test beam had a failure mode that was similar to RSFRC—1.5%,
a cracking load of 8 kN, an initial crack that originated in the middle of the beam, and a
width of 0.03 mm. When the load was between 45 and 60 kN, cracks in the pure bending
section were fully developed and spread throughout the pure bending section, and six
main cracks were created. The beam reached the stable stage when the load reached 70 kN,
and no new cracks developed. The beam reached its ultimate bearing capacity when the
load reached 78 kN, and it stopped increasing the bearing capacity after that point. When
loaded with displacement control until the mid-span deflection was 37.2 mm, the test beam
failed, and the test was terminated when the beam’s bearing capacity declined and two
major cracks ran through the whole section. The failure pattern was shown in Figure 7e.

3.2. Analysis of Test Results

The test beam’s normal section’s flexural failure is under-reinforced destruction, and
it belongs to the ductile beam. The mid-span deflection data for this test were obtained
using the strain displacement sensor, and the strain data were acquired using the Japanese
TDS-303 data acquisition apparatus. All of the beams underwent the test, yielding the
cracking load, ultimate load, crack bending moment, ultimate bending moment, and load-
displacement curve. The results of these tests were then sorted, analyzed, and calculated.

3.2.1. Cracking Load and Ultimate Load

Table 4 and Figure 8 show that the steel fiber-reinforced concrete beams had higher
ultimate and cracking loads than the ordinary concrete beam, which greatly increased the
ultimate bearing capacity of the beams. The cracking load and ultimate bearing capacity of
steel fiber are most noticeably increased at the 1.5% volume percentage. Comparing the
RSFRC—1.5% beam to the NC-0 ordinary concrete beam, the cracking load and ultimate
load of steel fiber are raised by 200% and 49.09%, respectively. The test beam’s ultimate
bearing capacity increases after the addition of RSF and then drops. The ultimate bearing
capacity rises as the steel fiber volume percentage rises from 0.5% to 1.5%, but it falls as the
steel fiber volume percentage rises to 2.0%.
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Table 4. Load characteristic value.

Number Fer (kN) M¢; (kKN-m) Fy (kN) M, (kN-m)
NCB 5 1.56 55 17.19
RSFCB—0.5% 6 1.88 60 18.75
RSFCB—1.0% 8 2.5 65 20.31
RSFCB—1.5% 10 3.13 82 25.63
RSFCB—2.0% 8 2.5 78 24.38

Note: F¢, cracking load; M, cracking bending moment; F, ultimate load; M, ultimate bending moment.
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Figure 8. Effect of different RSF volume ratios on cracking load and cracking moment: (a) effect
of different RSF volume ratios on cracking load; (b) effect of different RSF volume ratios on the

cracking moment.

3.2.2. Plane Section Assumption

In order to investigate whether the pure bending section of the test beam remained
planar throughout the test, the mid-span concrete strain of the recycled steel fiber concrete
beam was analyzed. The average strain values of the test beams under loads of 10 kN,
20 kN, 30 kN, 40 kN, and 50 kN were analyzed. As shown in Figure 9, it can be observed
that the concrete strain of the test beam develops almost linearly along the height of the
section. It can be seen that when calculating the bending capacity of the normal section of
the waste steel fiber-reinforced concrete beam, the concrete strain along the beam height
conforms to the plane section assumption.

3.2.3. Load-5Strain Analysis of Tensioned Longitudinal Reinforcement

The load-steel strain curve of each specimen is shown in Figure 10. This reflects the
changing trend of longitudinal tensile steel strain during the entire process from loading to
failure of the experimental beam. Under the action of load, the longitudinal tensile steel
strain of the experimental beam can be roughly divided into two stages. The first stage
is the elastic stage, where concrete cracks due to stress, causing the tensile stress at the
crack to transfer to the steel fiber and tensile longitudinal reinforcement and where the
strain of the longitudinal reinforcement begins to increase. As the load increases, there is a
significant turning point in the load—strain curve of the longitudinal reinforcement, which
is the yield point, and the reinforcement enters the yield stage.
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Figure 9. Concrete strain analysis diagram. (a) Concrete strain of RSFCB—0.5%; (b) concrete strain of
RSFCB—1.0%; (c) concrete strain of RSFCB—1.5%; (d) concrete strain of RSFCB—2.0%.
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Figure 10. Load longitudinal tensile reinforcement strain curve.
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In the early stage of loading, the longitudinal reinforcement strain of each component
does not differ significantly and can be approxim ated as a linear increase, with a shorter
duration; As the load increases, after cracks appear at the bottom of the mid-span beam,
the strain of the longitudinal reinforcement rapidly increases and the slope of the curve
decreases. Under the action of the same level of load, the longitudinal reinforcement strain
value of the specimen NCB is the highest. The yield load value of tensile longitudinal
reinforcement shows a trend of first increasing and then decreasing with the increase
of steel fiber content, and reaches its peak when the steel fiber content is 1.5%. For the
specimen NCB, when the load is loaded to 56 kN, the tensile longitudinal reinforcement
reaches the yield point. For specimens RSFCB—0.5%, RSFCB—1%, RSFCB—1.5%, and
RSFCB—2%, the tensile longitudinal reinforcement reaches the yield point when loaded
to 65 kN, 67 kN, 81 kN, and 75 kNN, respectively. Compared with the specimen NCB, the
yield load of the tensile longitudinal reinforcement increased by approximately 16.07%,
19.64%, 44.64%, and 33.93%. This is because the addition of RSF delays the yield point of
tensile steel bars, and can synergistically carry with tensile longitudinal bars, resulting in
stronger bending deformation capacity and better ductility of reinforced concrete beams. It
can improve bearing capacity while limiting the development of longitudinal bar strain,
making longitudinal bars yield under higher loads, and improving the overall integrity of
the beam.

3.2.4. Load-Deflection Curve

Beams composed of steel fiber-reinforced concrete will flex downward when under
load. A study was performed on the effect of steel fiber volume ratios of 0%, 0.5%, 1%,
1.5%, and 2% on test beam deflection. Before the test, a displacement meter was installed in
the test beam’s two supports and spans to measure the displacement of the mid-span and
support. The settlement error of the two supports should be eliminated when calculating
the mid-span deflection [59-61].

The beam’s mid-span deflection is calculated using the formula shown below:

f=fu-13E (1)

f is the mid-span deflection; f;, is the measured value of mid-span displacement; f; is the
measured displacement value of the left support; f; is the measured value of the right
support.

The load-mid-span deflection curve of every test beam is depicted in Figure 11 to
analyze the variation law of mid-span deflection under various steel fiber volume contents.
As observed in the picture, there are three stages to the test beam’s mid-span deflection.

920
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Figure 11. Load-midspan deflection curve.
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The first loading phase lasted from the start of the test until the load reached 45 kN.
The mid-span deflection of the test beam grew slowly, growing linearly in this segment, and
the mid-span deflection value was close. The reason why each test beam’s load-mid-span
deflection curve roughly coincided in the 0-20 kN load range is because, early on in the
load cycle, the tensile stress in the tensile zone is relatively low, the test beam is in the elastic
stage, there is no obvious downward deflection trend, and the load-mid-span deflection
curve is close to a straight line.

In the second stage, as the load continues to increase, the mid-span deflection of the
test beam began to increase in a small amplitude, and the development of the mid-span
deflection was faster than that of the first stage. In this stage, the crack of the test beam
continued to increase, and the increase in the width led to the beam being unable to bear
too much tensile stress, and the test beam gradually became plastic.

The third stage denotes the onset of the longitudinal reinforcement’s tensile yield
strength up until the test beam’s failure. At this point, most of the steel fiber-reinforced
concrete in the tension area had not been working, the tensile longitudinal reinforcement
bore the majority of the tensile stress, and the test beam’s mid-span deflection value was
quickly rising.

In general, RSFCB beams are more ductile and have a higher flexural capacity than
regular concrete beams. With the increase in RSF volume rate, the mid-span deflection
also increases, and the RSF volume fraction is 1.5% when the mid-span deflection value
is maximum.

4. Conclusions

Five test beams with different RSF volumes were designed and poured. The bending
performance of RSFCB beams was studied using a four-point loading test on distributed
beams, and experimental data on the cracking load, ultimate load, mid-span deflection, con-
crete strain, and tensile steel strain were obtained. The research conclusions are as follows:

(1) The NCB beam showed compressive failure, while the failure mode of the WSFRCBs
were approximately the same with equilibrium failure. The RSFCB test beams all met
the plane section assumption, and the steel bars reached yield during loading. When
the yield point was reached, the yield strain of the steel bars was relatively close.

(2) The cracking load and ultimate load of the WSFRCBs are higher than those of the NCB.
The ultimate load generally shows a trend of increasing first and then decreasing with
the increase in steel fiber content. When the steel fiber content is 1.5%, the ultimate
load is the largest, which is 49.09% higher than that of the NCB. RSF can inhibit the
development of cracks. The number of cracks increases with the increase in steel
fibers, but the width decreases, achieving the effect of toughening, thereby effectively
improving the ductility of the beam.

(38) Reclaimed steel fibers can work together with concrete to improve the bearing capacity
of reinforced concrete beams while limiting the development of longitudinal strains,
allowing the longitudinal steel bars to yield under higher loads and improving the
deformation capacity of reinforced concrete beams. The results also show that recycled
steel fiber concrete has similar mechanical properties to ordinary steel fiber concrete,
making it feasible for engineering practice.
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