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1- Introduction

In our country, the technology of making pavements with
roller-compacted concrete has received less attention in
the past decades due to the low cost of bitumen. However,
roller-compacted concrete offers easy, fast, and relatively
low-cost construction, as well as good resistance and
durability. One drawback of concrete mixtures is their
brittleness, which is typically addressed by using steel bars
in conventional concrete structures. Roller-compacted
concrete pavements, however, do not use steel bars,
leading to the appearance of various cracks. To improve
the behavior of roller-compacted concrete pavements, one
solution is to use different types of fibers. Steel fibers, in
particular, offer technical and economic advantages and
can be added to the concrete mixture to enhance its
characteristics. This process involves adding a percentage
of short steel fibers to the concrete, which are randomly
scattered in different directions within the mixture,
resulting in improved concrete characteristics compared to
the concrete without fibers.

In roller-compacted concrete pavements, the brittle and
semi-brittle behavior of concrete allows for the application
of fracture mechanics concepts to investigate crack
growth. Laboratory samples are subjected to various
loading modes, including pure tension, pure shear, and a
combination of tension and shear. These modes are
referred to as mode | (pure tension), mode Il (pure shear),
and mode I/11 (combined tension and shear). The principles
of linear elastic fracture mechanics can effectively predict
crack growth and propagation. As a crack reaches a critical
limit, it suddenly expands, causing the sample to become
unstable and break. This research also explores the impact
of steel fibers on the fracture strength, compressive
strength, and tensile strength of rolled concrete.
Semicircular samples with edge cracks are used in a three-
point bending test to simulate pure tension, pure shear, and
their combination. Moreover, the compressive and tensile
strength of rolled concrete samples with steel fibers were

evaluated after 7 and 28 days.

1- Materials and Methods

In this study, the effect of variable percentages of steel
fibers on the mechanical properties of roller-compacted
concrete was investigated. The aggregates used in the
construction of roller-compacted concrete pavement must
be according to ASTMC33 standards. Water was sourced
from the water supply network of Tabriz city. Type Il
cement from Tabriz Sufian Cement Factory, with a
specific gravity of 3.19 gr/cm® was utilized according to
ASTM-C 188-89 standard. Steel fibers (54 mm in length
and 0.8 mm in diameter) were incorporated in roller-
compacted concrete samples. The mixing plan was
determined based on the Iran No. 354 standard and the
PCA standard. The mixing design method employed in
this research involved different concrete tests. In all
concrete methods, the water-to-cement ratio was carefully
considered to achieve the desired compressive strength or
durability requirements. The mixture components were
determined to ensure that the mixture was suitable for
compaction with a vibrating roller. This suitability was
assessed by determining the time required for sample
compaction under load and in vibration mode.

We investigated four different mixing designs, each
producing eight samples, making a total of 32 samples.
The amount of aggregates remained constant across all
mixing plans. The cement grade used was 350 kg/m?, with
a water-to-cement ratio of 0.42. For the first mixing
design, samples were tested without fibers, resulting in a
VB time of 33 seconds. Subsequent mixing designs
involved roller-compacted concrete with 0.1%, 0.3%, and
0.5% weight percentages, yielding VB times of 30, 40, and
45 seconds, respectively.

The uniaxial compressive strength test was conducted
according to ASTM C39/C39M-03 standards, with a
loading rate of 0.14-0.34 MPa/s. To assess the tensile
strength of the rolled concrete, cylindrical samples were
prepared and tested after 7 and 28 days, with a diameter of
15 ¢cm and a height of 30 cm. Strength testing was carried
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out using a universal device with a 15-kilonewton capacity
and under static loading with a constant rate.

To model the sample in Abaqus software, a sample with
the dimensions of (a=15 mm, R=50 mm, t=30 mm,
P=1000 N) was utilized as shown in Fig. 1. The entire
model was implemented using approximately 2800 8-node
rectangular elements. A very fine meshing technique was
employed to achieve more accurate results for meshing.
The crack angle was set to 0° for pure tension mode, 49°
for pure shear mode, and 15°, 30°, 40°, and 45° for
combined tensile and shear modes. The Me, which
indicates the contribution ratio of modes | and Il in
different loading modes of the combined mode, is defined
by equation (1).

2 K; (1)
e — -1
Meé = p- tan™"( ”)

In mode I, the value of this parameter is one, while it is
zero in mode I1.
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Fig. 1. Sample for fracture resistance test
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2- Results

Fig. 2 illustrates the results of compressive strength testing
for roller-compacted concrete with varying percentages of
steel fibers. The data from Fig. 2 indicates that the addition
of fibers at different percentages has led to an increase in
the compressive strength of the rolled concrete. The results
demonstrate that higher percentages of steel fibers result in
increased compressive strength after both 7 and 28 days.
This behavior is attributed to the ability of the fibers to
restrict and prevent crack propagation. By limiting the
spread of cracks, the concentration of stress in the cracked
area decreases, ultimately slowing down the growth of
cracks in fiber-reinforced concrete.

By adding steel fibers in different percentages to 7-day
roller-compacted concrete without fibers, the compressive
strength of the concrete increased by 10%, 24%, and 37%.
Similarly, the compressive strength of 28-day roller-
compacted concrete increased by 12%, 15%, and 36% with
the addition of steel fibers. This suggests that steel fibers
have led to a rise in the compressive strength of roller-
compacted concrete after both 7 and 28 days of curing. The
increase in the compressive strength of 7-day roller-
compacted concrete ranges from 10% to 37%, while the
increase in 28-day strength ranges from 12% to 36%. It can
be concluded that the effect of steel fibers on the
compressive strength of 7-day roller-compacted concrete
is slightly greater than that of 28-day rolled concrete.

The tensile strength test results are presented in Fig. 3,
indicating a general increase in the tensile strength of the
roller-compacted concrete samples with the addition of
steel fibers within the tested range. The 7-day tensile
strength rose with a range of 4%-26%, while the 28-day
tensile strength increased with a range of 14%-39%. The

highest effect on the tensile strength of roller-compacted
concrete is observed with 0.5% steel fibers compared to
other ratios. This improvement in tensile strength may be
attributed to the ability of the steel fibers to more
uniformly and effectively distribute the incoming load
within the roller-compacted concrete structure.
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Fig. 2. Compressive strength of roller-compacted
concrete containing steel fibers
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Fig. 3. Tensile strength of roller-compacted
concrete containing steel fibers

3- Conclusions
Based on the experimental and analytical results, the

following conclusions could be drawn:

e The compressive and tensile strength values of roller-
compacted concrete samples improve after 7 and 28
days when steel fibers are present. This improvement in
resistance is directly proportional to the rise in fiber
percentage, up to 0.5%.

o The failure load of all roller-compacted concrete samples
increases with higher percentages of steel fibers in all
loading modes.

e The highest fracture resistance value is observed in
pure tensile mode, while the lowest value occurs in pure
shear.

e The most suitable amount of steel fibers for fracture
resistance is 0.3% of rolled concrete, as there is no
significant difference in fracture resistance beyond this
amount. However, for increasing tensile and
compressive strength, the most appropriate amount of
fibers is 0.5% of rolled concrete.
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Experimental Evaluating the Effect of Steel Fibers on the Mechanical Properties of Roller-compacted
Concrete

Ramin Chaleshi Babak Golchin Ramin Meshkabadi

Abstract The use of roller-compacted concrete in construction projects, such as road paving, parking lots, dam
construction, and industrial pavement, is attributed to its quick implementation, relatively low cost, and sufficient strength
without the need for steel bar. However, the brittle nature of roller-compacted concrete prompted an investigation into
how steel fibers could improve its mechanical behavior. This research focused on the effect of steel fibers on fracture
strength, compressive strength, and tensile strength of roller-compacted concrete. The study involved testing semicircular
samples with edge cracks under three-point bending loading to simulate pure tension, pure shear, and their combination.
Additionally, the compressive and tensile strength of roller-compacted concrete samples with steel fibers were evaluated
at 7 and 28 days. The laboratory results showed that adding 0.1%, 0.3%, and 0.5% steel fibers improved the 28-day
compressive strength by 12%, 15%, and 36%, respectively, and the tensile strength by 14%, 21%, and 39%, respectively.
Moreover, the failure load of all samples increased in all loading modes with higher percentages of steel fibers, leading
to greater resistance to crack growth. The study identified 0.3% of steel fibers as the most effective amount for improving
the fracture resistance of roller-compacted concrete in different loading modes, while the optimal percentage for
enhancing the compressive and tensile strength was determined to be 0.5%.

Key words Roller-compacted Concrete, Steel Fibers, Strength, Fracture Toughness.
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