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Abstract

In the field of modern construction engineering, the steel fiber reinforced self-
compacting concrete (SFRSCC) represents a significant advancement over
conventional reinforcement methodologies, presenting a promising avenue for
achieving economic and temporal efficiencies without sacrificing structural robustness.
[ ] This study focuses on the use of SFRSCC in the context of one-way ribbed slabs, which
Lr,—’?‘,,—‘\‘,—ﬂ ‘ are strategically chosen for optimal performance in scenarios requiring an appropriate
pr— ! compromise of architectural aesthetics and mechanical strength, particularly in
structures with medium spans, strict height, and overall mass constraints. The study
investigates the advantages of the inherent stiffness of ribbed slabs and the outstanding
compaction capabilities of self-compacting concrete (SCC) using an in-depth method
that involves material selection, mix design, sample preparation, and comprehensive
testing. The empirical results of this work show a considerable increase in the load-
bearing capacity and ductility of SFSCC slabs, which is an immediate consequence of
the steel fibers' characteristic high tensile strength and crack mitigation capabilities. This
investigation highlights the improved structural performance and durability of SFRSCC in
one-way ribbed slab applications and provides substantial evidence for its broader
utilization in a variety of structural engineering projects, signalling a paradigm change in
the direction of more sustainable and effective construction techniques.
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Abstrak

Dalam bidang kejuruteraan pembinaan moden, konkrit mampatan diri bertetulang
serat keluli (SFRSCC) mewakili kemajuan yang signifikan berbanding dengan
metfodologi tetulang konvensional, menawarkan jalan yang menjanjikan untuk
mencapai kecekapan ekonomi dan masa fanpa mengorbankan kekuatan struktur.
Kajian ini memfokuskan penggunaan SFRSCC dalam konteks slab berpenampang satu
hala, yang dipilih secara strategik untuk prestasi optimum dalam senario yang
memerlukan kompromi yang sesuai antara estetika seni bina dan kekuatan mekanikal,
terutamanya dalam struktur dengan rentang sederhana, ketinggian yang ketat, dan
kekangan jisim keseluruhan. Kajian ini menyiasat kelebihan kekakuan semula jadi slab
berpenampang dan keupayaan mampatan cemerlang konkrit mampatan diri (SCC)
menggunakan kaedah mendalom yang melibatkan pemilihan bahan, reka bentuk
campuran, penyediaan sampel, dan ujian menyeluruh. Hasil empirikal kerja ini
menunjukkan peningkatan yang ketara dalam kapasiti daya tampung dan keteguhan
slab SFSCC, yang merupakan akibat langsung daripada kekuatan fegangan tinggi
serat keluli dan keupayaan mitigasi retakan. Penyiasatan ini menyerlahkan prestasi
strukfur yang dipertingkatkan dan ketahanan SFRSCC dalam aplikasi  slab
berpenampang satu hala dan menyediakan bukti yang substansial untuk
penggunaannya yang lebih luas dalam pelbagai projek kejuruteraan struktur,
menandakan perubahan paradigma ke arah teknik pembinaan yang lebih mampan
dan berkesan.

Kata kunci: Konkrit mampatan diri, Slab berpenampang, Serat keluli, Kekuatan lentur,

Retakan, Penggantian sepenuhnya
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1.0 INTRODUCTION

Ribbed slabs, characterized by evenly spaced ribs
often topped with concrete, resemble T-beams or
waffle systems and offer significant structural and
economic benefits. By strategically removing concrete
below the neutral axis, ribbed slabs reduce structural
weight, minimize material usage, and decrease
reinforcement requirements, resulting in more cost-
effective and efficient designs for various applications
[11, [2]., [3]. However, these advantages come with
challenges, particularly  regarding load-bearing
capacity, as the reduced cross-sectional areas can
lead to high stress concenfrations under concenfrated
loads [4], [5]. [6].

Historical structural failures, such as the collapses of
the Sampoong Department Store in Korea [7],
Champlain Towers South Condominium in the United
States [8], and Skyline Plaza in Virginia, USA [9],
underscore the critical need for robust reinforcement
strategies to improve punching shear resistance and
prevent catastrophic failures. These events highlight
the necessity of innovative approaches to enhance
the structural performance and safety of ribbed slabs
under various loading conditions.

One promising advancement in this field is the
integration of steel fibers info concrete, which
significantly  enhances  mechanical  properties,
including tensile strength, flexural rigidity, and crack

resistance [10], [11], [12], [13]. Steel fibers with high
aspect ratios improve ductility and load redistribution,
mitigating concrete's inherent brittleness and providing
superior stress distribution within the slab matrix [14],
[15], [16]. Recent research has further demonstrated
that incorporating steel fibers enhances the toughness
and energy dissipation capacity of concrete under
dynamic and concentrated loading conditions [19],
[20], [21].

Self-compacting concrete (SCC) has revolutionized
construction with its ability to flow under its own
weight, eliminating the need for vibration during
placement and reducing labor costs and constfruction
time [17]. When combined with steel fibers, SCC meets
advanced structural demands that conventional
concrete cannot fulfill. Studies show that steel-fiber-
reinforced  self-compacting concrete  (SFRSCC)
improves residual flexural strength and foughness
through enhanced pullout mechanisms and stronger
bonding between the fibers and the composite matrix
[22], [23]. Optimal fiber volume fractions, typically
between 0.5% and 1.5%, ensure a balance between
structural integrity and workability [24], [25], [26].

In recent advancements, research by Shubber et
al. [27] explored the use of eco-friendly materials in
producing economical reinforced concrete slabs,
indicating potential sustainability benefits in modern
construction. Similarly, Balamuralikrishnan ef al. [28]
demonstrated the efficacy of seismic strengthening of
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RC beams using externally bonded fiberglass
laminates, emphasizing structural resilience. Afifi et al.
[29] investigated the punching capacity of ultra-high-
performance concrete (UHPC) post-tensioned flat
slabs, presenting new insights into enhanced shear
resistance in slab systems. These studies illustrate the
need for innovative approaches to enhance both
performance and sustainability in concrete structures.
Despite these advancements, gaps remain in
understanding the specific impacts of steel fibers on
punching shear resistance in ribbed slabs, especially in
one-way systems. While studies have addressed
general mechanical improvements, the application of
SFRSCC in ribbed slabs under practical loading
conditions remains underexplored. This research aims
to address this gap by systematically analyzing the
punching shear resistance and overall structural
performance of ribbed slabs reinforced with SFRSCC.
By comparing plain self-compacting concrete (PSCC),
SFRSCC, steel-fiber bar-reinforced concrete (SFBRC),
and steel-fiber-reinforced (SFR) configurations, this
study seeks to identify optimal reinforcement strategies
for enhancing the load-bearing capacity and
durability of ribbed slabs. The objectives of this study
are:
1.To evaluate the impact of steel fibers on the
mechanical properties and workability of self-
compacting concrete.
2.To assess the punching shear resistance of ribbed
slabs reinforced with different configurations of
SFRSCC.
3.To provide comparative insights info the
performance of these slabs against conventional
reinforcement  strategies,  highlighting  their
suitability for sustainable and efficient construction.
This work aligns with the European Guidelines for
Self-Compacting Concrete [17] and confributes to
advancing the understanding and application of
SFRSCC in ribbed slab systems. The findings are
expected to provide a foundation for adopting
innovative, cost-effective, and sustainable
reinforcement strategies in structural engineering.

2.0 METHODS AND MATERIALS

The methodology of this research is divided info three
primary phases: 1) preliminary study and sample
preparation; 2) experimental testing and data
collection; and 3) result analysis and conclusion. The
following subsections elaborate on each phase with
more comprehensive details.

2.1 Design Mix

Two SCC mixtures were studied, a standard mix and
another with  60-mm hooked-end steel fibers,
comprising 1% of the total volume. The concrete was
mixed using a fruck mixer to ensure uniform distribution
of fibers and cementitious materials. To homogenize
the mix, the steel fibers were added gradually over five
minutes while the concrete was in the mixer to prevent

clumping. After mixing, the concrete was cast into
molds of different dimensions. The mix proportions are
detailed in Table 1.

Table 1 SCC mix

. Valve

No Material (kg/m?3)
1 Ordinary Portland Cement 315

2 Water (w/c:0.44) 185

3 Fine Aggregate 865

4 Coarse Aggregate 831

5 Steel Fiber Concrete Reinforcement 80

HE 0.55/35-1%

2.2 Compressive Test

Compressive strength testing for the SFRSCC followed
BS EN 12390-3:2009 standards using both cube (150
mm?3) and cylindrical (300 mm x 150 mm) specimens.
Specimens (as tabulated in Table 2) were precisely
centered on a testing platform using a base plate to
ensure even load application by an ELE 3000 kN
capacity machine, which recorded the load at failure.
This process was repeated for all specimens, with
compressive strength calculated per the standard in
Equation 1.

Table 2 Specimen distribution

Di:1pe?1(s:ii2:1?rr:1sm) Steel Fibers Labelling sgr:pc:lfe
Cube Plain (P)-0% | CU-PSCC 12
150 x 150 x 150 ?;%e_l];ber CU-SFRSCC 12
Cylinder (¥) Plain (P)-0% | CY-PSCC 3
300 x 1500 ?;%e_l];ber CY-SFRSCC 3
feoand fac== Equation 1

Specimen preparation involved cleaning molds
and applying oil to prevent adhesion, followed by a
24-hour room-temperafure cure under wet gunny
sacks and further immersion in a curing tank for up fo
42 days. Post-curing, specimens were brought to room
temperature before testing.

2.3 Slump Test

Slump flow tests were conducted according to BS EN
12350-8:2010 to evaluate the workability of the
concrete. The concrete mix was poured into a
standard slump cone placed on a flat, supported
base plate. The cone was gradually lifted, allowing the
concrete to spread freely. The time to reach a spread
of 500 mm was recorded (T500 flow time), as well as
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the final spread diameter. This test was particularly
important to assess the effects of steel fibers on the
flow properties of SCC.

2.4 J-Ring Test

The J-ring test, as per BS EN 12350-12:2010, was used to
evaluate the passing ability of SCC through dense
reinforcement. The slump cone was placed within the
J-ring, and the fresh SCC was poured inside. The flow
spread, flow time, and blocking were recorded to
examine the effect of steel fibers in restricting flow. The
J-ring test demonstrated the concrete’s ability fo pass
through the reinforcement without segregation, with
steel fibers posing a particular challenge due to
potential blockage.

2.5 Ribbed Slab Design and Casting

The study's ribs, designed for real-life applications,
explored slab performance under punching shear.
Different reinforcement types were used as indicated
in Figure 1, including CRS slab with Y10 steel bars in the
ribs and BRC A8 wire mesh in the topping, SFBRC with
steel fibers in the ribs and wire mesh in the topping,
and SFR with only steel fibers in the ribs. All slabs had
the same dimensions (2800 mm by 1200 mm) with rib
widths of 200 mm and 300 mm spacing.
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Figure 1 The cross-section front view in mm

The structural matrix uses Grade 30 concrete,
consistent with Public Work Department standards,
and incorporates hooked-end steel fibers with a tensile
strength of 1100 MPa, a diameter of 0.55 mm, and a
length of 35 mm. A fiber volume fraction of 1% (80
kg/m3) enhances the composite’s properties without
affecting workability.

Lightweight  aluminum  formwork lined  with
polystyrene wrapped in zinc sheath was used to
create ribbed voids for the slabs. Before casting, the
formwork was cleaned and coated with non-adhesive
grease to ensure easy de-molding. The SCC mixture
was poured intfo the formwork and wet-cured under
gunnysacks. The slabs were painted white after curing
to enhance crack visibility. Strain gauges were applied
at critical points on the slabs to measure the
deformation during testing.

2.6 Testing Set-Up

Eighteen 500-mm and 16-mm-diameter ribbed bars
were placed in the lower portion of the slab, as shown
in Figure 2. Linear Variable Displacement Transducers
(LVDTs) were used to measure deflection at specific
points on the slab during the test. Additionally, strain
gauges were used to monitor the distribution of stress
at key locations. A 200 mm by 200 mm square press
was utilized to apply a simulated columnar load at the
slab's center.

Load cell
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Figure 2 Schematic diagram of test set-up and from top view
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The load gradually increased at a rate of 0.01 mm/s
until failure. The setup aimed to simulate realistic
conditions, allowing for an accurate evaluation of the
punching shear resistance and performance of steel
fiber-reinforced ribbed slabs under concentrated load
conditions. The LVDTs provided detailed deflection
profiles, while the strain gauges offered insights info the
stress distribution throughout the slabs.

3.0 RESULTS AND DISCUSSION

3.1 Slump Flow

The slump flow test results Table 3 demonstrated that
SFRSCC exhibited a reduced flow diameter compared
to PSCC. The average spread for SFRSCC was 610 mm,
marginally smaller than the 620 mm of PSCC,
highlighting the influence of steel fibers on workability.
The inclusion of steel fibers increased the internal
friction within the mix, leading to slight reductions in
flowability. Despite this reduction, both concrete types
met the European Federation for Specialist
Construction Chemicals and Concrete Systems
(EFNARC) standards for self-compacting concrete,
ensuring  adequate  workability  for  practical
applications.

Table 3 Slump flow test results

EFNARC
Requirement

550-650

Criteria PSCC SFRSCC

Slump flow @ mm 620 610

Tsoo flow time (sec) 4.5 5 2-5

3.2 J-Ring Test

The J-ring test results in Table 4 showed a similar trend,
with SFRSCC exhibiting a smaller spread diameter (505
mm) and increased flow fime compared to PSCC (625
mm). This behavior can be attributed fo the steel fibers'
interference with the flow, particularly around the
reinforcement bars simulated by the J-ring setup. The
blockage effect caused by the hooked-end steel
fibers is consistent with observations in other studies,
which reported reduced passing ability with higher
fiber volumes.

Table 4 J-Ring fest results

Criteria PSCC SFRSCC EFNARC
requirement
Tsoo; flow time (sec) 7 6.7 2-5
Flow spread, SF; 625 505 550-650
Passing ability, PJ 5 43 0-10
(mm)

3.3 Compressive Strength

A subtle reduction in strength for SFRSCC in relation to
PSCC is seen in the compressive strength assessment in
Table 5. Other researchers have indicated that steel
fibers have a negligible effect on compressive strength
[18]. However, this study suggests that fibers enhance
tensile  characteristics and, thus, may lower
compressive strength.

Table 5 Compressive strength of PSCC and SFRSCC for day
three to day forty-two

Specimen . Maximum Stress
Days type Weight | oad (kN) | (N/mm2)

PSCC 7.308 422 18.76
3

SFRSCC 7.313 395 17.55

PSCC 7.377 505 22.44
7

SFRSCC 7.415 462 20.55

PSCC 7.403 714 31.74
28

SFRSCC 7.390 579 25.72

PSCC 7.457 749 33.27
42

SFRSCC 7.383 654 30.43

Furthermore, it may be observed from Figure 3 that
PSCC carries strength development at a faster rate
with higher values compared to SFRSCC. The reason is
that due to the incorporation of fibers, the workability
and compaction are reduced as the fiber content
rises, leading to poor compaction of the mix.

40
. p— :f/—Jn T

Average stress
(N/mm?2)

20 —=—SFRSCC
10
0
0 20 40 60

Days

Figure 3 The progression of compressive strength from day
three to day forty-two

Moreover, the fiber orientation also plays a role in
strength. The fibers aligned in the direction of the load
may leave voids that can lead fo less compressive
strength [30]. On day 42,

Figure 4 showed the average compressive strengths
indicated superior performance for PSCC over that of
SFRSCC, inferring that increased fiber content would
potentially jeopardize compressive ability because of
the adverse influence on workability and the internal
structure.
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Figure 4 Average compressive strength of PSCC and SFRSCC
after 42 days

3.4 Punching Shear Resistance

The punching shear resistance of the ribbed slabs was

evaluated for three configurations (CRS, SFBRC, and

SFR) as shown in Figure 5. The ultimate load capacities

are summarized as follows:

e CRS: Exhibited the highest load capacity (187.13 kN)
but failed catastrophically, with brittle fracture
occurring around the column connection.

e SFBRC: Demonstrated a 4.3% reduction in ultimate
load capacity compared to CRS but exhibited
significantly improved ductility, as evidenced by the
reduced deflection and delayed crack
propagation.

e SFR: Achieved the lowest load capacity, failing
prematurely due to the absence of wire mesh in the
tfopping. Despite the reduced capacity, the steel
fibers enhanced post-failure load resistance and
delayed the onset of cracks.

LVDT 5
250
—m— RS
200
— |I1 S FRERC
é 150 / SFR
3 [ A/ |
g 1o \
[y e
o L]
OI
-5 0 5 10 15 20 25
Deflection (mm)

Figure 5 Comparison between deflection graph pattern of
three slab samples

3.5 Deflection Analysis

Deflection profiles for all slab types are shown in

Figure 6 and

Figure 7. SFBRC demonstrated the lowest deflections
under similar loading conditions, indicating superior
stiffness provided by the combined effects of steel
fibers and wire mesh reinforcement. In confrast, CRS
exhibited higher deflections, emphasizing the role of

additional reinforcements in  enhancing structural
stiffness. SFR slabs, while lacking fopping mesh, showed
moderate deflections, showcasing the ductility
infroduced by the steel fibers.
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Figure 6 Deflection graph for the three slabs short span
direction
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Figure 7 Deflection graph for the three slabs long span
direction

3.6 Strain Analysis

The reinforcement methods of the three slab types
produced different strain responses, as shown in Figure
8. The SFBRC slab had less strain than the CRS slab due
to steel fibers in the ribs, which bridged and delayed
cracking, enhancing energy absorption and load
dispersal. CRS sustained higher loads, showing more
strain under the same loading conditions. Strain gauge
3 provided a broader comparison, highlighting how
reinforcement types influenced strain behavior across
the varied slabs.

Strain Gauge 3
200
1560
]
= 100
T
o
3
|
0 -50 -100 -150
CRS SFBRC SFR
Strain (um/m)

Figure 8 Load vs strain comparison of different slabs
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3.7 Crack Propagation and Failure Modes

Crack detection during experiments involved
meticulous manual monitoring from beneath the slabs,
using light sources to identify hairline fractures. The
initial crack in the CRS slab appeared at 57.06 kN
directly below the column line, spreading laterally
towards the external rib and remaining within the
punching shear zone. Surface cracking was confined
to the column's perimeter, while the mid-rib region
displayed a punching shear cone detailed in Figure 9

CRC100 (TOP)
Figure 9 Cracks occurring at the bottom of slab

The SFBRC sample's first crack occurred at 81.54 kN,
located at the mid-rib beneath the column, extending
to the slab's edge and forming a punching cone
along the external rib's sides as depicted in Figure 10.
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— o —
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SFT100 (TOP)
Figure 10 Sample SFBRC cracks only at bottom

The SFR sample exhibited no initial cracks but failed
suddenly along the rib line due to the absence of wire
mesh in the fopping and reliance on rib-embedded
steel fibers, as illustrated in Figure 11. SFBRC was most
effective in resisting punching shear, demonstrating
delayed crack onset and comparable load capacity
to the CRS slab, while offering a more economical use
of steel by leveraging rib-contained fibers for structural
integrity.

Y

SFR100 (TOP)

Figure 11 Sample SFR crack propagation

3.8 Comparative Studies

The findings are consistent with recent studies by
Shubber ef al. (2023) [27] and Afifi et al. (2023) [29].
which emphasize the role of steel fibers in enhancing
ductility and crack resistance in concrete slabs. While
CRS offers higher load capacity, its brittle failure mode
limits its application in scenarios requiring ductility.
SFBRC presents a balanced solution, aligning with the
work by Balamuralikrishnan et al. (2023) [28] on the
effectiveness of hybrid reinforcement strategies in
improving structural resilience.

4.0 CONCLUSION

This study investigated the structural performance of
steel-fiber-reinforced self-compacting concrete
(SFRSCC) one-way ribbed slabs under punching shear
loading. By comparing control rib slabs (CRS), steel-
fiber-reinforced slabs with wire mesh (SFBRC), and
steel-fiber-reinforced slabs without topping mesh (SFR),
the research has provided valuable insights into the
advantages and limitations of SFRSCC as an
innovative reinforcement material for ribbed slabs.

The findings indicate that SFRSCC is a viable
alternative to traditional reinforcement for ribbed
slabs, particularly in applications requiring enhanced
ductility, energy absorption, and crack resistance. The
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SFBRC configuration presents a balanced solution,
combining high load-bearing capacity with superior
post-failure performance, making it suitable for cost-
efficient and sustainable construction practices.

4.1 Recommendations

The incorporation of steel fibers and wire mesh in
ribbed slabs demonstrates significant potfential for
improving structural performance, particularly in
applications demanding enhanced ductility and
crack resistance. Future studies should explore the
following research:

1.Investigate the long-term durability and behavior
of SFRSCC under cyclic loading to evaluate its
performance in real-world applications.

2. Optimize fiber volume fractions and aspect ratios
to achieve a balance between workability,
strength, and ductility.

3.Develop alternative reinforcement combinations,
such as hybrid fiber systems, to enhance the
performance of SFRSCC ribbed slabs.
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