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In recent years, recycled aggregates from construction and demolition waste (CDW) have been widely accepted in construction
sectors as the replacement of coarse aggregate in order to minimize the excessive use of natural resources. In this paper, an
experimental investigation is carried out to observe the influence of low grade steel fiber reinforcements on the stress-strain behavior
of concretemadewith recycled and fresh brick aggregates. In addition, compressive strength by destructive andnondestructive tests,
splitting tensile strength, and Young’s modulus are determined. Hooked end steel wires with 50mm of length and an aspect ratio
of 55.6 are used as fiber reinforcements in a volume fraction of 0% (control case), 0.50%, and 1.00% in concrete mixes. The same
gradation of aggregates and water-cement ratio (𝑤/𝑐 = 0.44) were used to assess the effect of steel fiber in all these concrete mixes.
All tests were conducted at 7, 14, and 28 days to perceive the effect of age on differentmechanical properties.The experimental results
show that around 10%∼15% and 40%∼60% increase in 28 days compressive strength and tensile strength of steel fiber reinforced
concrete, respectively, compared to those of the control case. It is observed that the effect of addition of 1% fiber on the concrete
compressive strength is little compared to that of 0.5% steel fiber addition. On the other hand, strain of concrete at failure of steel
fiber reinforced concrete has increased almost twice compared to the control case. A simple analytical model is also proposed to
generate the ascending portions of the stress-strain curve of concrete. There exists a good correlation between the experimental
results and the analytical model. A relatively ductile failure is observed for the concrete made with low grade steel fibers.

1. Introduction

At present, steel fiber reinforced concrete (SFRC) is widely
used in many applications such as concrete pavements,
patching repair of hydraulic structures, overlays, thin shells,
and precast concrete [1]. Plain concrete is relatively brittle
and it has low tensile strength, typically only around 1/10th
of its compressive strength [2].Therefore, steel reinforcement
bar is normally used to reinforce the regular concrete. The
mechanism of randomly distributed discrete discontinuous
fibers is to make a bridge across the cracks that provide some
ductility after cracking [2]. If the fibers are strong enough
and sufficiently bonded to the material, then they allow
fiber reinforced concrete (FRC) to carry notable amount of
stresses over a relatively great rupture strain capacity in the
postcracking stage [3, 4]. To enhance the energy absorption

capacity and toughness of the materials and increase the
tensile, shear, and flexural strengths of concrete, a number
of research studies are available [5–9]. In addition, reduction
of the permeability of concrete and thereby alleviation the
flow of water were also studied. An application of different
types of fibers to create higher impact, abrasion, and shatter
resistance in the concrete was also investigated [10–12].
According to the point of sustainability, the use of steel
fiber reinforced concrete may increase the environmental
impact of the plain concrete due to energy consumption and
CO2 emissions related to the production and shipping of
the fibers. However, fiber reinforced concrete can extend the
maintenance free life of the structures and thus reduce the
overall environmental impact of the construction [13]. To
enhance the environmental performance of the steel fiber
reinforced concrete, studies have been conducted regarding
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the use of metal waste recycled fibers as reinforcements
[14–16] and the use of recycled aggregates to replace the
natural aggregates [17–19]. Though the use of construction
and demolition waste as recycled aggregates in substitution
of natural aggregate has been vindicated to be a good solution
to reduce the high consumption of natural resources [20, 21],
the structural behavior of the CDW-concrete is not yet fully
learnt and its use as structural material is limited. Regarding
the properties of CDW-concrete, it has been reported that the
amount of recycled aggregates influences several properties
of this type of concrete [22, 23]. Therefore, an experimental
study has been conducted to understand the behavior of
mechanical properties of low grade steel fiber reinforced
concrete made with recycled aggregates as well as fresh brick
aggregates.

For structural analysis as well as design, a complete
stress-strain diagram of a material in compression is needed.
To understand the behavior of stress-strain curves more
deeply, besides the experimental results, an analytical model
is also important. For aiding in this, a number of empirical
expressions for the stress-strain curve of normal concrete
have been proposed by Wee et al. [24], Carreira and Chu
[25], Wang et al. [26], Popovics [27], Desayi and Krishnan
[28], and Hognestad et al. [29]. However, the stress-strain
behavior of steel fiber reinforced concrete is not fully yet
understood. The main problem of these equations is that
the effect of fiber has not been considered for the parameter
given as constant in the proposed equations. Fanella and
Naaman [30] developed an analytical expression to predict
the complete stress-strain curve of fiber reinforced mortar
taking into consideration the shape of fiber, volume fraction,
and fiber geometry. Similar type of equations for the stress-
strain curve of SFRC under uniaxial compression of plain
concrete has been proposed by Ezeldin and Balaguru [31].
This expression involves a parameter of material 𝛽, which is
to be calculated from the physical properties of the stress-
strain diagram of concrete. This equation offered to evaluate
the parameter 𝛽 is for hooked end steel fibers. Here, 𝛽 is a
dimensionless parameter and it depends on the shape of the
stress-strain curve. In the present study, stress-strain behavior
of the steel fiber reinforced concrete was modeled based on
the similar equation used by Ezeldin and Balaguru [31] and
Nataraja et al. [5] and is compared with the obtained results.

For the existing structures, sometimes it has become
necessary to assess the strength of concrete for different
structural members. Destructive tests such as core cutting
may become vulnerable for the critical deficient structural
members of structures. Nondestructive tests become neces-
sity for this case to assess the strength of concrete. Therefore,
another objective of this paper is to determine the com-
pressive strength of steel fiber reinforced recycled aggregate
concrete by using Rebound hammer tests. In summary, the
main objectives of this paper are to investigate the influence of
addition of low grade steel fibers on compressive stress-strain
behavior of concrete made with recycled and fresh brick
aggregates as well as compressive strength determination by
destructive andnondestructive tests. Splitting tensile strength
in addition modulus of elasticity of concrete will be assessed
experimentally. In addition, stress-strain behavior of steel

Table 1: Physical and chemical properties of the Portland composite
cement.

Sl.
number Properties of cement Value

(1) Initial setting time (min) 110
(2) Final setting time (min) 290
(3) Compressive strength (MPa) 28 days 31
(4) Normal consistency (%) 28.25

(5) Chemical composition

Clinker (%) 70–79
Fly ash, slag,
limestone (%) 21–25

Gypsum (%) 0–5
(6) Specific gravity (g/cm3) 3.0

fiber reinforced concrete made with both types of aggregates
will be assessed analytically.

2. Experimental Program

The experimental sequence was designed to evaluate the
mechanical properties of low grade steel fiber reinforced
concrete using hook end steel fibers. Six cases have been
considered in the present study to assess the effect of addition
of steel fiber on the mechanical properties of SFRC. Plain
concrete (control case) is made with fresh bricks and recycled
brick aggregates, which are 0% fiber replacements, and two
cases of steel fiber reinforced concrete with 0.5% and 1%
fiber additions. A trial mix design is made to check the
compatibility before making the final concrete mix design.
Water-cement ratio (𝑤/𝑐) = 0.44, fine aggregate (sand) to
coarse aggregate ratio (𝑠/𝑎) = 0.44, and cement content
of 390 kg/m3 are used without any chemical admixture. All
specimens have been tested at the ages of 7, 14, and 28 days
to evaluate the effect of age of specimens on the mechanical
properties of concrete.

2.1. Materials. An extensive laboratory testing has been
carried out to obtain the properties of fresh brick aggregate,
recycled brick aggregate, fine aggregate (sand), cement, steel
fiber, and water which are given in next subsections.

2.1.1. Cement and Water. The physical and chemical prop-
erties of used Portland composite cement (CEM II/B-M)
are presented in Table 1. The setting time was determined
according to the ASTM standard C191 [32]. The normal
consistency of cement was measured as per ASTM standard
C187 [33]. Normal tap water was used in all types of concrete
mixes.

2.1.2. Coarse and Fine Aggregates. Fresh bricks were col-
lected from local market in Dhaka city. Dismantled concrete
blocks were collected from the structural members (beams,
columns, and slabs) of a 5 storied demolished residential
building of 30 years old as shown in Figure 1. The collected
samples of concrete were broken into small pieces manually
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Table 2: Properties of aggregates used in the present study.

Sl. number Name of properties Fresh brick aggregate Recycled brick aggregate Fine aggregate
(1) Bulk specific gravity (OD) 1.83 1.78 2.26
(2) Bulk specific gravity (SSD) 2.10 2.02 2.40
(3) Apparent specific gravity 2.34 2.36 2.53
(4) Unit weight (OD) (kg/m3) 1000 1096 1573
(5) Unit weight (SSD) (kg/m3) 1120 1245 1666
(6) Absorption capacity (%) 12 14 5.86
(7) Void content (%) 4 40 26.28
(8) Fineness modulus (FM) 5.91 6.61 3.00

(a) (b) (c)

Figure 1: (a) Demolished building, (b) block, and (c) recycled brick aggregate.

to have a size of 19mm downgraded. Sand was collected from
the rivers in Sylhet district of Bangladesh is called “Sylhet
Sand” and was used as fine aggregate. Both the aggregates
were then sieved to have a standard grading according to
ASTM C33-93 [34]. The overall moisture states of recycled
aggregate may affect the workability and strength of concrete
due to the higher absorption capacity compared to the fresh
aggregates [35]. To maintain the saturated surface dry (SSD)
condition, both aggregates were washed properly to avoid the
dust and were dried in the laboratory. The oven dry (OD)
basis unit weight and SSD basis unit weight as well as void
content were determined according to the ASTM C29 [36].
Rodding method was used to calculate the unit weight of the
aggregates. Specific gravity and absorption capacity of both
the aggregates were determined according to ASTM standard
C127 [37]. Table 2 shows the properties of all aggregates that
have been tested in the laboratory.

2.1.3. Properties of Low Grade Steel Fiber and Method of
Preparation of Specimens. Steel fiber having different sizes of
diameter is generally found locally in Bangladesh. Hooked
end steel fiber is used in this study to assess the effect of fiber
addition on both the strength and the ductility of concrete.
Table 3 shows the properties of fibers that have been tested in
the laboratory. In general, it is simple and easier to make dif-
ferent shapes fiber but it takesmore time to prepare as there is

Table 3: Properties of steel fiber used in the present study.

Sl. number Name of properties Value
(1) Length L (mm) 50
(2) Diameter D (mm) 0.9
(3) Aspect ratio (L/D) 55.56
(4) Specific gravity 6.0
(5) Unit weight (kg/m3) 6000
(6) Tensile strength (MPa) 220

no mechanical setup. After collecting the fiber from a local
market, a heavy cutter was used to cut the whole bundle of
wires manually. Fiber wire straightening was accomplished
after cutting the bundle wires. The fiber was then cut into
small pieces as the required length and it was pressed between
two spikes sited on a wooden frame to make two bends
at angle of 120∘. Finally, the length of fiber was checked to
obtain the desired sample size of 50mm.The whole working
procedure of preparation of steel fiber sample is shown in
Figure 2.

2.2. Concrete Mix Proportion. The concrete mixes were
divided into two groups: plain concrete and steel fiber
reinforced concrete. Here, B SF 0% and RB SF 0%mean brick
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Table 4: Details of concrete mixes considered in the present study.

Sl. number Cases Cement (kg/m3) Sand (kg/m3) Coarse aggregate (kg/m3) Water (kg/m3) Steel fiber (kg/m3)
(1) B SF 0% 390 716.4 798 171.6 0
(2) B SF 0.5% 390 716.4 798 171.6 30
(3) B SF 1% 390 716.4 798 171.6 60
(4) RB SF 0% 390 716.4 768 171.6 0
(5) RB SF 0.5% 390 716.4 768 171.6 30
(6) RB SF 1% 390 716.4 768 171.6 60

(a) (b)

(c)

5.4mm 0.9mm

120∘

Effective length l = 50mm

Original length = 62.6mm

(d)

Figure 2: (a) Rolled steel fiber, (b) bending of fiber, (c) prepared steel fiber, and (d) size & geometry of fiber.

aggregate (B) and recycled brick aggregate (RB) concrete
made with 0% addition of steel fiber (SF). Similarly, 0.5% or
1% represents the concrete made with 0.5% or 1% addition
of steel fiber. To observe the effect of SF, the same water to
cement (𝑤/𝑐 = 0.44) ratio and sand to coarse aggregate
(𝑠/𝑎 = 0.44) ratio were used in all the concrete mixes. In
this study, addition of 1% steel fibers by volume will increase
concrete unit weight by 60 kg/m3. Table 4 shows the concrete
mixes used in the present study.

2.3. Mixing, Casting, and Curing of Concrete. Automated
mixture machine is used for mixing of concrete. Speed of

the machine used is 30–35 revolutions per minute. To
ensure the quality strength in the matrix, the procedure
which is followed sequentially for mixing concrete is as (i)
addition of the coarse aggregate; (ii) addition of 70% of the
water; (iii) addition of cement; (iv) addition of the remaining
portion of water and lastly; and (v) addition of the fine aggre-
gate. Amixing time of 8–10minwas used to ensure the homo-
geneity of the concrete [5]. When fibers are used, they are
dispersed manually during this period of mixing ingredients
of concrete. Figure 3(a) shows the ingredients mixing proce-
dure for concrete. In this study, slump test was conducted to
measure the workability. Slump cone having a dimension of
300mm (12) in height, 100mm (4) diameter in top, and
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(a) (b) (c)

Figure 3: (a) Concrete mixing, (b) after mixing, and (c) slump test.

(a)

Specimen

(b) (c)

Figure 4: (a) Compressive strength and stress-strain test, (b) tensile strength test, and (c) nondestructive test.

200mm (8) diameter in bottom is filled by 3 layers with
25 times temping on each layer following ASTM C143 [38].
Diameter of the temping rod was 16mm (5/8). Concrete
specimens have been properly compacted following the spec-
ification of ASTM C 1435-99 [39]. Each and every cylindrical
specimen is compacted by the vibrator. After compaction of
these specimens, scaling and hammering have been made
to get a void-free surface of the specimens. In this study,
concrete cylinder with a dimension of 100mm × 200mm
(4 × 8) is made as specimens. Curing of the specimens is
completely ensured after the casting. Under water curing
method is applied to ensure adequate moisture and tempera-
ture as required specification of ASTM C192/C192M-02 [40].
Figure 3 shows the mixing and workability measurement
procedure for concrete specimens.

2.4. Testing of Concrete. All tests are conducted at the ages
of 7, 14, and 28 days. Crushing strength of concrete and
splitting tensile strength are determined by using Universal
Testing Machine (UTM) of 1000 kN with a loading rate of
4 kN/sec over the specimens. Figures 4(a) and 4(b) show
the procedure of compressive and tensile strength test of
concrete, respectively. The cylinder specimen is capped with
plastic on the cast face to confirm parallel loading surfaces
of the test specimens and is maintained at constant height
for all cylinder specimens. ASTM C39M-03 [41] and ASTM
C496M-04 [42] are followed for compressive and tensile
strength tests, respectively. Nondestructive test are carried
out by Schmidt hammer with and angle of the inclination
is 𝛼 = −90∘. A minimum of ten numbers of reading of
nondestructive tests are performed for both the sides of each
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specimen as shown in Figure 4(c).The average value obtained
from these results is termed as strength of concrete. This test
is conducted according to ASTM C805 [43]. Under the
uniaxial loading, the relationship between stress and strain
of concrete specimen has been developed by Desayi and
Krishnan [28] and Carreira and Chu [25] for stone aggregate
concrete depending on the experimental data. In this study, a
strain gauge is used tomeasure the strain of specimen under a
uniform loading rate. The gauge length is used 3 inch. A
compressometer prepared with a dial gauges common in the
laboratory is used to collect the deformation over the middle
half of the cylinder as shown in Figure 4(a).The rate of applied
load is slow and an initial load of around 40 kN is employed
and released. In addition, testing head is lowered slowly to
get it in contact with the specimen. At this stage, the dial
gauges are set to zero. Load is increased gradually by adjusting
the lever and is controlling the flow of oil simultaneously.
All deformations have been measured nearly at every 40 kN
load improvement [5]. Strains and corresponding stresses are
measured and the average value is reported in the present
study. Modulus of elasticity concrete is determined for all
cases at the strain level of 0.0005 based on guidelines followed
for plain concrete specimen [44]. Since all the specimens are
tested in a force-controlled manner, postpeak response of
concrete is not detected in the present study.

3. Experimental Results and Discussions

In the present study, hardened mechanical properties and
fresh concrete properties are determined to perceive the
behavior of recycled brick concrete made with different steel
fiber replacements.

3.1. Results of Fresh Concrete Properties. In the present study,
workability is determined as a fresh concrete property. It is
known thatworkability of concretemadewith recycled aggre-
gate is lowdue to the highmoisture absorption capacity. From
the experimental results, it can be said that workability of
steel fiber RB concrete is lower compared to that of the plain
B and RB aggregate concrete and the workability decreases
with the increase of percentage of fiber replacement as shown
in Figure 5.

3.2. Results of Hardened Concrete Properties. Total of five
types of tests have been conducted in the current study to
evaluate the hardened properties of concrete. These are as
follows: crushing strength of concrete (𝑓𝑐 ) by destructive test
(DT), concrete compressive strength using Rebound hammer
(NDT), tensile strength (𝑓𝑡), Young’s modulus (YM), and
the stress-strain (𝜎-𝜀) behavior of concrete. The results of
experimental investigation are given in following subsections.

3.2.1. Concrete Crushing Strength (𝑓𝑐 ). Table 5 presents the
values of concrete crushing strength (𝑓𝑐 ) at 7, 14, and 28 days.
A few enhancements on concrete crushing strength (𝑓𝑐 ) are
observed with the increase of SF additions for all tested ages.
Around 6% to 12% increase in 28 days strength is observed
for 0.5% addition of SF made with both B and RB. On the

0.0
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60.0

B RB

Sl
um

p 
(m

m
)

Plain concrete
SF 0.5%
SF 1%

Figure 5: Workability of concrete.

other hand, about 8% to 14% enhancement is seen for 1%
addition of SF made with both B and RB compared to that of
the control case. Effect of aggregate types on compressive
strength of concrete has been shown in Figure 6. It is seen
that all values are sitting above the line of equity and towards
the compressive strength made with B aggregate. In all cases,
about 10% to 18% enhancement of strength is observed.

3.2.2. Concrete Compressive Strength by Using Rebound Ham-
mer (𝑓𝑛𝑑𝑡). The result of investigation using nondestructive
test (NDT) of concrete is shown in Table 5 for the specimen
ages from 7 to 28 days. A significant enhancement is observed
for compressive strength for different fiber additions. About
20% to 30% increase in 28 days compressive strength is
observed for 0.5% and 1% SF addition in comparison to that
of the control case made with brick aggregate. Similar trend
is observed for concrete made with recycled brick aggregates.
The relationship of compressive strength of concrete by using
nondestructive tests (NDT) and destructive test (DT) of steel
fiber (SF) reinforced concrete is being proposed as shown
in Figure 7. It is obtained that crushing strength of concrete
(DT) is 1.55 times more than that determined by using
nondestructive tests (NDT). From the experimental results,
it is seen that NDT tests provide conservative values for
this case of study. Cylinder strength test provides the actual
strength of the concrete specimens. To get the actual strength
of concrete, NDT values shall be magnified by a factor of 1.45
for the tested concrete. The equation will be valid only for
the concrete made with brick, recycled brick aggregates, and
SFRC made up to 1% addition of steel fiber. Therefore, the
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relationship between the NDT and DT strength of concrete
can be stated as follows:

DT = 1.55NDT, (1)

where NDT is nondestructive compressive strength of con-
crete and DT is destructive crushing strength of concrete.

3.2.3. Tensile Strength of Concrete (𝑓𝑡). Effect of SF additions
on tensile strength of concretemadewithB andRB aggregates
is presented in Table 5. Tensile strength (𝑓𝑡) of concrete is
slightly improved for concrete with different SF additions.
Around 5% to 10% increase in 28 days 𝑓𝑡 is observed for
0.5% and 1% addition of SF made with both B and RB
aggregates compared to the control case. Nevertheless, effect
of aggregate types on tensile strength has been shown in
Figure 8. It is seen that all values are above the line of equity
and towards the tensile strengthmade with B aggregate. In all
cases, about 10% uplift of strength is observed. The variation
of 𝑓𝑡 made of reinforced concrete with 𝑓𝑐 is presented in
Figure 9. Depending on the experimental data of SFRC
made with B and RB aggregates, the following relationship is
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submitted between tensile strength and compressive strength
of concrete. This equation will be valid up to 1% addition of
steel fiber.

𝑓𝑡 = 0.545√𝑓

𝑐 , (2)

where 𝑓𝑐 is compressive strength of concrete in MPa and 𝑓𝑡
is tensile strength of concrete in MPa.

3.2.4. Modulus of Elasticity (YM) of Concrete. Effect of steel
fiber (SF) additions onmodulus of elasticity of concretemade
with B and RB aggregates is evaluated for 7 days, 14 days, and
28 days and is presented in Table 5. It is seen that modulus of
elasticity of RB aggregate concrete is significantly improved
(around 40%) for concrete with SF addition of 1%. The effect
of variation of modulus of elasticity is shown in Figure 10. All
values are more or less equal to the line of equity.

3.2.5. Stress-Strain Behavior of Concrete. Effect of SF addi-
tions on the stress-strain behavior of B and RB aggregate
concrete is observed for 7 days, 14 days, and 28 days and is
shown in Figures 11, 12, and 13, respectively. It is seen that
strain taken capacity of both B and RB aggregate concrete is
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Figure 11: Stress-strain diagram at 7 day; (a) B aggregate and (b) RB aggregate.

significantly improved for concrete made with different SF
additions. Rupture strain limit ranging between 30% and 60%
and 50% and 80% is seen for B and RB concrete made with
0.5% and 1% addition of steel fiber at 7 day, respectively. It is
also seen that effect of 1% addition of SF is more than that
of 0.5% SF compared to the control case. There is a huge
enhancement in capacity also observed for concrete at 14 days
for both cases. This enhancement is observed almost 2 to
2.3 times for B and RB concrete made with 0.5% and 1%
additions of steel fiber, respectively, compared to the control
case. However, about 80% increase in strain taken capacity for

1% additions of SF in 28 day’s B and RB concrete is observed.
It is also seen that effect of 0.5% additions of SFRCmade with
recycled brick (RB) is less compared to the same SF additions
of SFRC made with fresh brick aggregate (B).

3.2.6. Fractured Surface of the Specimen. Figure 14 shows the
failure surfaces in compressive and tensile strength tests of
concrete made with both fresh and recycled brick aggregates.
The failure mode of plain concrete is relatively brittle for
both tensile and compression tests. Relatively ductile failure



10 Advances in Civil Engineering

0.0020,
16.80

0.0042,
19.77

0.0045,
20.5

0

5

10

15

20

25

0.000 0.001 0.002 0.003 0.004 0.005

St
re

ss
 (M

Pa
)

Strain 

B SF 0%
B SF 0.5%
B SF 1%

(a)

0.0017,
15.35

0.0032,
17.48

0.0039,
18.52

0

5

10

15

20

0.000 0.001 0.002 0.003 0.004 0.005

St
re

ss
 (M

Pa
)

Strain

RB SF 0%
RB SF 0.5%
RB SF 1%

(b)

Figure 12: Stress-strain diagram at 14 day; (a) B aggregate and (b) RB aggregate.
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Figure 13: Stress-Strain diagram at 28 day; (a) B aggregate and (b) RB aggregate.
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(a) (b) (c) (d)

Figure 14: Failure surfaces of cylinder (a & b) compression and tensile splitting test of plain concrete (c & d) compression & tensile splitting
test of SFRC.
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Figure 15: Normalized stress-strain diagram at 7 day; (a) 0.5% SF and (b) 1% SF.

is observed for SFRC made with both B and RB compared to
the control case (0% replacement of fiber).

3.3. Modeling the Stress-Strain Behavior of SFRC. The stress-
strain behavior of the SFRC is modeled using the following
analytical expressions proposed by Nataraja et al. [5]:

𝑓𝑐
𝑓cf
=
𝛽 (𝜀𝑐/𝜀cf)

𝛽 − 1 + (𝜀𝑐/𝜀cf)
𝛽
, (3)

𝛽 = 0.5811 + 1.93 (RI)−0.7406 , (4)

where 𝑓cf is compressive strength of fiber concrete; 𝜀cf is
strain corresponding to the compressive strength; 𝑓𝑐 and 𝜀𝑐
and stress and strain values on the diagram, respectively. 𝛽 is
the dimensionless parameter. RI (=𝑤𝑓∗𝑙/𝑑) is the reinforcing
index that combines the effect of both the fiber weight
fraction (𝑤𝑓) of steel fibers and their aspect ratio 𝑙/𝑑. The
coefficients values in (4) are taken directly from Nataraja
et al. [5]. As can be seen in Figures 15, 16, and 17 the use
of the analytical expressions is in good agreement with
experimental results indicating that they can be extended
to steel fiber reinforced concrete containing both B and RB
aggregates.
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Figure 16: Normalized stress-strain diagram at 14 day; (a) 0.5% SF and (b) 1% SF.
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Figure 17: Normalized stress-strain diagram at 28 day; (a) 0.5% SF and (b) 1% SF.
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4. Conclusions

An experimental investigation is carried out to assess the
addition of locally available low grade steel fiber reinforce-
ments on the mechanical properties of concrete made with
both fresh and recycled brick aggregates. Hooked end steel
wires with 50mm of length and an aspect ratio of 55.6 are
used as fiber reinforcements in a volume fraction of 0% (con-
trol case), 0.50%, and 1.00%. The same gradation of aggre-
gates and water-cement ratio is used to assess the effect of
steel fiber in all concrete mixes. All concrete specimens were
tested at 7, 14, and 28 days to assess the effect of age on
the mechanical properties. A simple analytical model is used
to generate the ascending portions of the stress-strain curve
of concrete made with both types of aggregates and fiber
additions. The main conclusions that can be drawn from the
experimental study are stated as follows:

(1) The variation of mechanical strengths such as com-
pressive strength (DT), compressive strength (NDT),
tensile strength, stress-strain, Young’s modulus con-
sidering fresh, and recycled brick aggregates is rela-
tively low. Therefore, recycled brick aggregate can be
used effectively as the replacement of fresh brick ag-
gregate in concrete production.

(2) The workability of concrete decreases with the in-
crease of amount of fibers for concrete made with
recycled brick aggregates.

(3) About 6% to 12% increase in 28 days crushing strength
of steel fiber reinforced concrete made with both
the fresh and recycled brick aggregates is seen in
comparison to the control case (0% addition of steel
fiber). The effect of addition 1% fiber on compressive
strength is little compared to that of addition of 0.5%
fiber addition. On the other hand, around 5% to 10%
enhancement in strength is observed at 28 days tensile
strength compared to that of the control mix.

(4) The presence of fiber alters the failure mode of con-
crete specimens. However, the fibers effect is insignif-
icant on the enhancement of concrete compressive
strength.

(5) About 20% to 30% increase in 28 days compressive
strength by using Rebound hammer test of steel fiber
reinforced concrete is observed in comparison to that
of the plain concrete.

(6) About 20% to 40% improvement is shown in Young’s
Modulus for low grade steel fiber reinforced concrete
made with both the fresh brick and the recycled
brick aggregate concrete compared to that of the plain
concrete.

(7) Rupture concrete strain of fiber reinforced concrete is
increased significantly in 28 days. An enhancement of
1.8 times compared to the control mix is observed for
0.5% and 1% fiber additions, respectively.

(8) A comparison between the analytical and experimen-
tal curves of concrete shows good agreement indicat-
ing the possibility of their use to model the behavior
of steel fiber recycled brick aggregate concrete.
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