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INTRODUCTION 

Flat slabs are among the most widely used 
flooring solutions globally, including in seismic 
regions [1]. Using flat reinforced concrete slabs 
for buildings offers several advantages compared 
to other reinforced concrete construction systems, 
such as drop-down slabs, column-headed slabs or 
beam-supported slabs. These benefits include cre-
ating more unobstructed space for a given floor 
height and decreasing the overall weight and 

height of the structure [2]. However, the wide-
spread application of flat slabs is limited by the 
potential for significant deformations and the risk 
of punching shear failure [3]. Shear failure caused 
by drilling occurs when a concrete slab fails di-
rectly beneath a concentrated load [4]. This type 
of failure happens when a concrete plug is pushed 
out of the slab. The displaced plug takes on the 
shape of a cone, with its upper area matching 
the area of the load [4]. The addition of fibers to 
cement-based composites enhances the matrix’s 
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column radius. Additionally, the rate of improvement was directly proportional to the steel fiber content used. For 
example, with a fiber content of 1.5%, the punching shear capacity improved by 41.98% and 66.67% for the zones 
at two and three times the column radius, respectively. Furthermore, the uncracked stiffness increased by 30.9% 
and 44.6%, while the load capacity was enhanced by 42% and 66.7% for the same zones.

Keywords: flat slab, hybrid concrete, fiber reinforced concrete, punching shear, stiffness.

Received: 2024.12.20
Accepted: 2025.03.15
Published: 2025.04.01

Advances in Science and Technology Research Journal, 2025, 19(5), 156–172
https://doi.org/10.12913/22998624/202066
ISSN 2299-8624, License CC-BY 4.0

Advances in Science and Technology 
Research Journal

https://orcid.org/0000-0003-0866-8526


157

Advances in Science and Technology Research Journal 2025, 19(5), 156–172

fracture energy by providing strength after cracks 
form [5–7]. This improvement increases ductil-
ity and helps control cracking and fatigue [6, 8, 
9]. Additionally, depending on the type of fibers 
used, impact resistance can also be improved 
[10]. Using steel fibers to enhance the shear and 
cracking resistance of concrete column joints has 
proven to be effective. Additionally, steel fibers 
demonstrate significant effectiveness in structures 
subjected to lateral loads, such as during earth-
quakes, due to their capacity for energy absorp-
tion and dissipation [11]. Various methods, in-
cluding fiber-reinforced polymers (FRPs), carbon 
fiber-reinforced polymers (CFRPs), external stir-
rups, shear stud, and steel fibers, are effective in 
strengthening defective reinforced concrete slabs 
against punching shear failure [12–14].

Shwalia et al. [15] conducted a study on the 
punching shear behavior of slab-to-column con-
nections in flat slabs using mortar-infiltrated fi-
ber concrete (MIFC). The fiber content used in 
the concrete was 6% by volume. They cast eight 
reinforced concrete slab specimens that had fixed 
dimensions and reinforcement, of which six were 
made with hybrid concrete (a mixture of normal 
strength concrete (NSC) and MIFC), while two 
served as control specimens made entirely of 
NSC. The MIFC was cast monolithically with 
NSC in a square-shaped area at a depth equivalent 
to 1.5 times the effective depth at the center of 
the slab. The study explored various parameters, 
including the location of the MIFC (at full thick-
ness, in the top half, or in the bottom half of the 
slab) and the types of fibers used (hooked steel fi-
ber and polypropylene fiber). A vertical load was 
applied upwards through a square column with 
dimensions of 100 mm. The results demonstrated 
that incorporating MIFC improved the punching 
shear strength in certain cases, depending on the 
fiber type and the location of the MIFC within the 
slab. The improvement in punching shear strength 
due to the use of MIFC ranged from 4% to 46% 
compared to the control slabs.

Zamri et al. [16] examined the punching shear 
behavior of flat slabs constructed with steel fibers 
and self-compacting concrete. They focused on 
various factors, including the types of shear re-
inforcement, the type of concrete used, the area 
of the steel fiber-reinforced self-compacting con-
crete around the column, and the thickness of the 
slab. The results indicated that flat slabs made 
with SFRSCC demonstrated effective crack con-
trol, good ductility, and strong punching shear 

strength. Furthermore, the findings suggested that 
slabs with SFRSCC concentrated in a square area 
around the column can provide punching shear re-
sistance comparable to that of slabs with SFRSCC 
applied across the entire surface. On the other 
hand, Salman and Hassan [17] conducted a study 
on the mechanical punching shear properties of 
steel fiber-reinforced concrete slabs. They cast 
two types of columns: rectangular and circular. 
Three different volume ratios of fibers were used 
in the study—0.5%, 1.0%, and 1.5%. The results 
showed that the mechanical properties improved 
with an increase in fiber content. Furthermore, it 
was observed that the square-sectioned slabs had 
a higher ultimate load capacity compared to the 
circular-sectioned slabs when the steel fiber dos-
age was 0.5% or 1.0%. However, at a steel fiber 
dosage of 1.5%, the ultimate load of the circular-
sectioned slabs approached that of the square-sec-
tioned slabs. Furthermore, Mu et al. [18] investi-
gated how the orientation of steel fibers affects the 
punching shear behavior of round slabs. They also 
examined the influence of fiber volume fraction. 
Both a theoretical model and experimental meth-
ods were employed. The results indicated that the 
highest shear resistance was achieved with fibers 
oriented radially. Additionally, the ultimate shear 
resistance was improved by up to 24% at a 1% 
fiber volume fraction. Zhou et al. [19] investigated 
the use of ultra-high-performance fiber-reinforced 
concrete (UHPFRC) mixtures to enhance the 
punching shear capacity of slab-column connec-
tions. The composite slabs were constructed by 
casting UHPFRC in and around the center area of 
the column (square area), while the outer area of 
the slab was made with normal-strength concrete 
(NSC). The performance of these UHPFRC-based 
slabs was compared to that of the NSC slabs. The 
findings showed that the UHPFRC slabs resulted 
in a change in the mode of failure. Additionally, 
there were improvements in deformation capacity, 
punching shear strength, and initial stiffness when 
compared to the NSC slabs. 

Moreover, Mahdi and Al-Tamimi [20] in-
vestigated the impact of buried pipelines on the 
punching shear capacity of seven lightweight 
concrete slabs. These slabs had fixed dimensions 
and varied distances between the pipelines and 
the loading area. They also examined the effect of 
reinforcing the area around the pipeline with high-
strength concrete. The findings revealed that the 
punching shear capacity decreased as the pipeline 
moved closer to the loading area. Specifically, 
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there was a reduction of 28% when the pipeline 
was at 0 mm from the loading area and a 15% 
reduction at 50 mm, compared to the control sam-
ple. Conversely, using high-strength concrete in-
creased the punching shear capacity by 25% and 
10% for the same distances, respectively.

According to the literature, there are limited 
studies that have explored the punching shear 
behavior of hybrid concrete. Most research has 
focused on using a square area around the cen-
ter column to apply conventional concrete, while 
very limited studies have examined circular 
shapes around the column with fiber-reinforced 
concrete using varying fiber content. Addition-
ally, few studies have utilized micro-steel fibers 
to enhance the shear properties of concrete in hy-
brid concrete applications. Micro-steel fibers sig-
nificantly contribute immediately after hairline 
cracks appear in the slab. Therefore, this study 
aims to investigate the resistance of reinforced 
concrete slabs to punching shear stress using a 
combination of conventional and fiber-reinforced 
concrete with different fiber fractions. Addition-
ally, other properties such as load-deformation 
behavior, crack patterns, failure mode, stiffness 
and ductility were also analyzed.

EXPERIMENTAL PROGRAM

Materials

The following materials were used in the 
manufacturing of concrete specimens:
	• Cement – locally produced limestone cement 

type CEM II/A-L-42.5 R was used. The ce-
ment properties were conformed to the Iraqi 

specification No. 5 [21]. The chemical compo-
sition of cement is illustrated in Table 1. 

	• Fine aggregate – natural sand complying with 
the Iraqi specification No. 45 [22] was em-
ployed as fine aggregate. The grading of fine 
aggregate is shown in Figure 1.

	• Coarse aggregate – locally available natural 
gravel with a maximum size of 14 mm was uti-
lized as coarse aggregate. The grading of the ag-
gregate, which was agreed with the Iraqi speci-
fication No. 45 [22], is presented in Figure 1.

	• Steel fibers – micro steel fibers (type WSF0213, 
made in China) were used to reinforce the con-
crete specimens. The fibers length, diameter 
and aspect ratio were 13 mm, 0.2 mm and 65, 
respectively. Moreover, the tensile strength 
and modulus of elasticity of the fibers were 
2300 MPa and 203 GPa, respectively. 

	• Water – tap water was utilized in casting and 
curing all the specimens.

	• Steel reinforcement – deformed steel reinforc-
ing bars of two different diameters (6 and 10 
mm) were used. Table 2 summarizes the ulti-
mate and yielding strength of the rebars.

Table 1. Chemical components of cement
Oxide composition Content (%) Limit of BS EN 197-1

(CaO 61.21 ----

SiO2 19.56 ----

Al2O3 4.72 ----

MgO 2.5 ----

Fe2O3 5.51 ----

SO3 1.87 ≤ 3.5

Insoluble residue 0.97 ----

Loss on ignition 1.73 ----

Figure 1. The grading of fine (sand) and coarse (gravel) aggregates
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Specimens’ preparation

Seven square, flat slabs were cast with di-
mensions of 900 × 900 mm2 and a thickness 
of 80 mm. Each slab had a circular column in 
the center, with dimensions of 100 mm diam-
eter and 200 mm height. The slabs were de-
signed to study the punching shear behavior, 
with adopting the maximum percentage of re-
inforcement (𝜌𝑚𝑎𝑥). The flexural reinforcing 
factor was installed according to ACI-318M-19 
code, sections 8.6 and 8.7 [23], for each slab. 
The column was reinforced with 4 ∅ 10 mm 
longitudinal reinforcement and 3∅6 mm shear 
reinforcement (stirrups) in accordance with 
ACI-318M-19 (sections 10.6 and 10.7 [23]. 

The concrete cover of slabs in all directions 
was 15 mm (according to ACI-318M-19, sec-
tion 20.5.1 [23], and the effective depth was 65 
mm. Figure 2 presents the details of reinforce-
ment of the slab and column. 

The study included replacing NSC with a 
specific diameter for the area surrounding the 
central column attached to the slab (instead of 
the entire area of the slab) with micro-steel fiber 
reinforced concrete to produce a hybrid concrete 
slab to study the extent of its effect on the slab 
behavior. Two parameters were considered: (1) 
the radius of the hybrid concrete zone and (2) 
the added percentage of steel fibers. One slab 
was made entirely of NSC, called a control slab. 
Six more slabs were cast and divided into two 
groups, each group consisting of three slabs. 
In the first group, the radius of the hybrid con-
crete zone was twice the radius of the column 
on which it was supported. In the second group, 
the radius of the hybrid concrete zone was three 
times the radius of the column. The slabs were 
reinforced with steel fibers for both groups of 

Table 2. Properties of the rebars

ϕ (mm) Ultimate strength 
(Fu), MPa

Yielding strength 
(Fy), MPa

6 510 425

10 625 490

Figure 2. Details of steel reinforcement for a slab specimen

Table 3. Details of mix proportions
Mix designation Group Cement Kg/m3 Sand Kg/m3 Gravel Kg/m3 Water  Kg/m3 Fiber, % (by vol.)

SNC ---

368 850 900 203

0

S2DF0.5

First*

0.5

S2DF1.0 1.0

S2DF1.5 1.5

S3DF0.5

Second**

0.5

S3DF1.0 1.0

S3DF1.5 1.5

* The radius of SFC zone is two times of the column radius.

** The radius of SFC zone is three times of the column radius.
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0.5, 1, and 1.5% ratios. Table 3 shows the mix 
proportion details of the slabs.

Specimen mixing and casting

Formwork was prepared from plywood with 
the necessary dimensions, and a preprepared rein-
forced steel mesh was placed. The mixing process 
for NSC and SFC was done using an electric hori-
zontal mixer with a capacity of (0.09 m3). SFC and 
NSC were cast simultaneously in the hybrid speci-
mens, as in Figure 3. As for the column, it was cast 
the day after the slab was cast using NSC. 

Test setup and procedure

After the end of the curing period (28 days), the 
reinforced samples were prepared by cleaning them 
and painting them white to facilitate observing the 
cracks during and after the test. A simple support 
was used for the slab, represented by a prepared 
steel frame, and it was placed in a testing device 
with a capacity of (600 kN). The loading proto-
col used to load the slabs was to transfer the axial 
load from the column to the slab. A cap cover was 
placed over the column to prevent local failure, and 
the load sensor, dial gauge, and bearing plates were 
placed between them, as shown in Figure 4.

RESULTS AND DISCUSSION

Estimating punching shear capacity

Table 4 presents the punching shear capacity 
recorded experimentally for the slab specimens 
adopted in the present study. Adding micro-steel 
fibers with ratios 0.5%, 1% and 1.5% respective-
ly to the specimens with a radius of the hybrid 
concrete zone twice the radius of the column in-
creases the punching capacity by about 15.56%, 
24.69% and 41.98%. Also, for specimens having 
(a radius of a hybrid concrete zone three times 
the radius of the column), the increasing percent-
ages of punching shear were 28.40%, 48.15% and 
66.67% respectively. It can be summarized that 
adding micro-steel fiber to the hybrid slab (the ra-
dius of a hybrid concrete zone was two or three 
times the radius of the column) with ratios 0.5%, 
1% and 1.5% contributes to increase the punching 
shear capacity of percentages between 15.56% to 
66.67%.  The bridging action of micro-steel fibers 
added to the specimen could be responsible for 
this behavior and improving the punching shear 
capacity, as many studies mentioned in this field 
like [24–27]. The theoretical value of the punching 
shear for the slab specimens under consideration 

Figure 3. Specimen preparation and casting
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there were three equations presented in ACI 318-
19 [23] listed below (1, 2, and 3):

	

1 
 

𝑉𝑉𝑐𝑐 = 0.33 · 𝜆𝜆𝑠𝑠𝜆𝜆 · √𝑓𝑓𝑐𝑐 · 𝑏𝑏𝑜𝑜 · 𝑑𝑑                                            (1) 
 
 
𝑉𝑉𝑐𝑐 = (0.17 + 0.33

𝛽𝛽 ) 𝜆𝜆𝑠𝑠 · 𝜆𝜆 · √𝑓𝑓𝑐𝑐 · 𝑏𝑏𝑜𝑜 · 𝑑𝑑                           (2) 
 
 
𝑉𝑉𝑐𝑐 = (0.17 +  0.083 𝛼𝛼𝑠𝑠 · 𝑑𝑑

𝑏𝑏𝑜𝑜
) · 𝜆𝜆𝑠𝑠𝜆𝜆 ·  √𝑓𝑓𝑐𝑐 · 𝑏𝑏𝑜𝑜 · 𝑑𝑑                  (3) 

 

𝜆𝜆𝑠𝑠 = √ 2
1 + 0.004 𝑑𝑑 ≤ 1  

 
 

	 (1)

	

1 
 

𝑉𝑉𝑐𝑐 = 0.33 · 𝜆𝜆𝑠𝑠𝜆𝜆 · √𝑓𝑓𝑐𝑐 · 𝑏𝑏𝑜𝑜 · 𝑑𝑑                                            (1) 
 
 
𝑉𝑉𝑐𝑐 = (0.17 + 0.33

𝛽𝛽 ) 𝜆𝜆𝑠𝑠 · 𝜆𝜆 · √𝑓𝑓𝑐𝑐 · 𝑏𝑏𝑜𝑜 · 𝑑𝑑                           (2) 
 
 
𝑉𝑉𝑐𝑐 = (0.17 +  0.083 𝛼𝛼𝑠𝑠 · 𝑑𝑑

𝑏𝑏𝑜𝑜
) · 𝜆𝜆𝑠𝑠𝜆𝜆 ·  √𝑓𝑓𝑐𝑐 · 𝑏𝑏𝑜𝑜 · 𝑑𝑑                  (3) 

 

𝜆𝜆𝑠𝑠 = √ 2
1 + 0.004 𝑑𝑑 ≤ 1  

 
 

	 (2)

1 
 

𝑉𝑉𝑐𝑐 = 0.33 · 𝜆𝜆𝑠𝑠𝜆𝜆 · √𝑓𝑓𝑐𝑐 · 𝑏𝑏𝑜𝑜 · 𝑑𝑑                                            (1) 
 
 
𝑉𝑉𝑐𝑐 = (0.17 + 0.33

𝛽𝛽 ) 𝜆𝜆𝑠𝑠 · 𝜆𝜆 · √𝑓𝑓𝑐𝑐 · 𝑏𝑏𝑜𝑜 · 𝑑𝑑                           (2) 
 
 
𝑉𝑉𝑐𝑐 = (0.17 +  0.083 𝛼𝛼𝑠𝑠 · 𝑑𝑑

𝑏𝑏𝑜𝑜
) · 𝜆𝜆𝑠𝑠𝜆𝜆 ·  √𝑓𝑓𝑐𝑐 · 𝑏𝑏𝑜𝑜 · 𝑑𝑑                  (3) 

 

𝜆𝜆𝑠𝑠 = √ 2
1 + 0.004 𝑑𝑑 ≤ 1  

 
 

(3)

where:	β – the ratio between length to width of 
the column (for circular column β = 1), λ = 

1 (for normal concrete), 

1 
 

𝑉𝑉𝑐𝑐 = 0.33 · 𝜆𝜆𝑠𝑠𝜆𝜆 · √𝑓𝑓𝑐𝑐 · 𝑏𝑏𝑜𝑜 · 𝑑𝑑                                            (1) 
 
 
𝑉𝑉𝑐𝑐 = (0.17 + 0.33

𝛽𝛽 ) 𝜆𝜆𝑠𝑠 · 𝜆𝜆 · √𝑓𝑓𝑐𝑐 · 𝑏𝑏𝑜𝑜 · 𝑑𝑑                           (2) 
 
 
𝑉𝑉𝑐𝑐 = (0.17 +  0.083 𝛼𝛼𝑠𝑠 · 𝑑𝑑

𝑏𝑏𝑜𝑜
) · 𝜆𝜆𝑠𝑠𝜆𝜆 ·  √𝑓𝑓𝑐𝑐 · 𝑏𝑏𝑜𝑜 · 𝑑𝑑                  (3) 

 

𝜆𝜆𝑠𝑠 = √ 2
1 + 0.004 𝑑𝑑 ≤ 1  

 
 

, fc – compressive strength (for cylinder, 
MPa), bo – critical punching perimeter at 
a distance of d/2 from the column face 
(mm), d – the effective depth (mm), αs = 
40 for (interior column).

Table 4. Punching shear capacity of slab specimen (ACI 318-19 and experimentally)

Specimen Vexp. kN %Vexp. 
increase

fc cylinder
MPa

Vtheo (kN) Vexp./
Vtheo.-1a

Vtheo. kN Vexp./
Vtheo.-1b

Vtheo (kN) Vexp./
Vtheo.-1cACI-318-1a ACI 318-1b ACI-318 1c

SNC 81.0 ---- 18.05 42.23 1.918 71.53 1.132 71.10 1.139

S2DF0.5 93.6 15.56 20.58 45.10 2.076 76.39 1.225 75.93 1.233

S2DF1.0 101 24.69 22.14 46.78 2.159 79.24 1.275 78.76 1.282

S2DF1.5 115 41.98 23.34 48.03 2.395 81.36 1.414 80.86 1.422

S3DF0.5 104 28.40 20.58 45.10 2.306 76.39 1.361 75.93 1.370

S3DF1.0 120 48.15 22.14 46.78 2.565 79.24 1.514 78.76 1.524

S3DF1.5 135 66.67 23.34 48.03 2.811 81.36 1.659 80.86 1.670

Average 2.319 1.369 1.377

Figure 4. Test setup of slab specimen
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These three values of punching capacity were 
calculated for every slab specimen, track Table 
9. The values of punching shear estimated by 
Equations 2 and 3 were so close to each other and 
conservative to some extent compared to values 
of punching shear obtained experimentally for 
normal concrete slab (SNC specimen) and hybrid 
slab specimens having different ratios of micro-
steel fibers, whereas results of Equation 1 were 
underestimated and may be considered so conser-
vative, as shown in Figure 5. Pani L and Stochino 
F 2020 [28] referred to the validity of Equation 2 
for the square column case (the area of subjecting 
loads on the slab was square), although this study 
depends on the equation presented by ACI 318-11 
and the existing of some difference between these 
two equations. From the experimental results of 
punching shear for hybrid slab specimens having 
different ratios of micro-steel fiber and comparing 
with ACI 318-19 equations, Equation 2 was the 
most recommended to be used.  

Developing crack patterns and failure modes     

In the early stages of loading, no cracks ap-
peared in the tested slab specimens until reach-
ing a load amount that caused the first crack (Fcr), 
which was recorded for all specimens in Table 
5. Cracks began to appear with increasing load 
amounts applied to the specimens. First cracks 
were observed to appear approximately at a dis-
tance equal to d/2 (half the column diameter) di-
agonally from the face of the column, and then 
circumferential cracks appeared. In the first spec-
imen having no fibers (SNC) the diagonal and 
circumferential cracks appeared and grew rapidly 
with spalling and crushing of the concrete cover 
in addition to the punching failure existence as 
shown in the Figure 6 below. All slab specimens 
with hybrid concrete adopted in the present study 
overcame the punching failure although part of 
the concrete cover was damaged in some speci-
mens. It is worth knowing that the damage that 

Figure 5. Ratios of punching shear of slab specimens by ACI 318-19 and experimentally

Table 5. First crack load of slab specimens
Slab specimen Fcr. kN Fcr. % Fult. kN Fult. %

SNC 23 -- 81 --

S2DF0.5 27.6 20.0 93.6 15.6

S2DF1.0 31.5 37.0 101 24.7

S2DF1.5 35.2 53.0 115 42.0

S3DF0.5 28.1 22.2 104 28.4

S3DF1.0 32 39.1 120 48.1

S3DF1.5 37.1 61.3 135 66.7
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Figure 6. Crack patterns of slabs specimens

exists in part of the concrete cover in specimens 
with micro-steel fibers happened at the latest stag-
es of loading and could be considered logically 
and justified where it occurred when the ultimate 
load capacity increased (Fult) by about 15.6% to 
66.7%. The addition of micro-steel fibers to the 
concrete slab specimens significantly delayed the 
appearance of the first cracks. The bridging ac-
tion of these fibers in the cracked regions plays 

a crucial role in this process, a phenomenon also 
observed in a prior study by Roesler et al. [29], 
which investigated the inclusion of synthetic fi-
bers in concrete slabs. This behavior demonstrates 
the effectiveness of micro-steel fibers in hybrid 
concrete slab specimens in preventing and delay-
ing crack formation, which aligns with previous 
studies done on different types of fibers used to 
enhance the concrete slab [14, 30]. 
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The percentage of increase in the load caus-
ing the onset of cracking for the three specimens 
with a diameter of hybrid concrete twice the di-
ameter of the concrete column was about 20%, 
37%, and 53%, respectively, while for the other 
three specimens with a diameter of hybrid con-
crete three times the diameter of the concrete 
column, it was about 22.2%, 39.1%, and 61.3%, 
respectively, see Figure 7. The present results 
are so close to that observed by Shi et al [31], 
where an improvement in the cracking strength 
of slab specimens with steel fibers by about 47% 
compared with the adopted plain concrete slab. 
It was noted that the percentages of increase in 
the amount of load causing the onset of cracking 
for the specimens containing the same percent-
age of micro-steel fibers and a different diameter 
of hybrid concrete were somewhat close. That 
is, the effect of increasing the diameter of hybrid 

concrete was not clear on the load causing the 
onset of cracking. This may be attributed to the 
fact that the difference between the diameters of 
the hybrid concrete in the two adopted cases was 
not large enough to show the improvement in the 
amount of load causing the first cracking clearly.           

Load-deflection response

Figure 8 introduces the load-deflection be-
havior of flat slab specimens, normal and hybrid 
with different areas of hybrid concrete and differ-
ent ratios of micro-steel fiber.  In general, it was 
noted that the non-hybrid and non-fiber (SNC) 
model fails earlier compared to the hybrid and 
fiber-containing specimens, in terms of the maxi-
mum load and maximum deflection. 

The load capacity of slab specimens (Fult) in-
creases as the ratio of micro-steel fiber increases 

Figure 7. First crack loads of slab specimens

Figure 8. Load-deflection of all flat slab specimens
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when the radius of the hybrid concrete zone was 
twice the radius of the column, about 15.6%, 
24.7%, 42.0%. When the radius of the hybrid con-
crete zone was three times the radius of the column 
the increasing percentages were 28.4%, 48.1%, 
66.7%. That is, the increase in the ultimate load 
mostly rises by 1.5 to 2 times when fibers ratio 
was increased from 0.5% to 1% and 1.5% in both 
cases (the radius of the hybrid concrete double and 
three times the column radius), see Table 6. Za-
ezue et al. [32] reported a significant enhancement 
in the ultimate load capacity of slab specimens 
with the incorporation of steel-polypropylene fi-
ber ratios ranging from 0% to 1.8%, achieving 
an increase of approximately 33.96% to 52.19%. 
These findings align well with the results obtained 
in the present study. Also, the study by Yu et al. 
[33] showed the enhancement of deformability 

and load capacity of slabs that have steel fibers. 
On the other hand, the ultimate deflection (Dult.) 
also improved, increasing by 13.7%, 28.8% and 
38.4% when the radius of the hybrid concrete was 
double the column radius with ratios of steel fiber 
0.5%, 1%, and 1.5% respectively. Increasing the 
radius of hybrid concrete to three times the con-
crete column leads to an increase in the ultimate 
deflection that occurred in the slab specimens ad-
opted by 17.8%, 37.0% and 47.9% for the same 
nominated ratios of the steel fibers respectively, 
track Figures 9 to 13.

For the purpose of studying the cases more ac-
curately, specimens with same area (or radius) of ​​
fiber-reinforced concrete but with different percent-
ages of fibers were presented in addition to the ref-
erence model in Figures 12 and 13. Also, specimens 
containing the same ratio of fibers were presented 

Figure 9. The effect of micro steel fiber on (Fcr) of slab specimens

Figure 10. The effect of micro steel fiber on (Fult) of slab specimens
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in addition to the reference model (SNC) in Figure 
14. That is, when the radius of the hybrid concrete 
increases to three times the concrete column and 
the percentage of steel fibers remains constant at 
0.5%, the maximum load increases by 11.1%, and 
increases by 18.8% and 17.4%, respectively, at a 
fiber percentage of 1.0% and 1.5% respectively. At 
the same time when the radius of hybrid concrete 
has increased from double to triple and at the same 
steel fiber ratio, the maximum deflection increases 
by 3.6%, 6.4%, and 6.9% respectively.  

Stiffness

Stiffness degradation of a structural element 
is an essential indication that could reflect its ac-
cumulated deterioration, where it could give an 
acceptable indication that reflects the ductility, 

residual capacity, and, thus, the members’ safety 
[34–36]. Table 7 shows the two parameter values 
of the stiffness calculated for the adopted slab 
specimens. Where Ki is the uncracked stiffness 
and can be found by dividing the value of load to 
displacement at the first cracking load. The sec-
ond parameter Ku can be calculated by dividing 
the load by displacement at the ultimate state of 
each slab specimen. So the stiffness degradation 
(St.D) could be found which is the ratio between 
the two parameters (Ku/Ki), track Table 7. The 
uncracked stiffness (Ki) of slab specimens when 
the radius of the hybrid concrete was double the 
column radius having ratios of steel fiber 0.5%, 
1%, and 1.5%, respectively, have increased by 
about 7.6%, 18.7%, 30.9%, in comparison with 
the slab specimen without SNC. On the other 
hand, for slab specimens with radius of hybrid 

Figure 11. The effect of micro steel fiber on (Dult) of slab specimens

Figure 12. The effect of micro-steel fiber ratio on load deflection behavior for specimens 
with hybrid diameter twice the column
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Figure 13. The effect of micro-steel fiber ratio on load deflection behavior for specimens 
with hybrid diameter three times the column

Figure 14. The effect of hybrid concrete diameter (twice and three times the concrete column) 
on load deflection behavior

Table 6. The ultimate deflection of slab specimens
Specimen Fult (kN) Dult (mm) % D ult.

SNC 81 7.3 0.0

S2DF0.5 93.6 8.3 13.7

S2DF1.0 101 9.4 28.8

S2DF1.5 115 10.1 38.4

S3DF0.5 104 8.6 17.8

S3DF1.0 120 10 37.0

S3DF1.5 135 10.8 47.9
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concrete three times the concrete column, the un-
cracked stiffness also increased by about 17.6%, 
34.0%, and 44.6%. It can be noticed clearly the 
effect of increasing the radius of hybrid concrete 
from double to triple the concrete column for the 
same percentage of micro-steel fiber, where Ki 
increased from 7.6% to 17.6%, 18.7% to 34.0%, 

and also from 30.9% to 44.6%. Also, the stiff-
ness degradation of slab specimens S2DF0.5, 
S2DF1.0, and S2DF1.5 was reduced by 5.5%, 
18.4%, and 21.6%, and 7.4%, 19.3%, and 22.1% 
for specimens S3DF0.5, S3DF1.0, and S3DF1.5, 
respectively compared with the specimen with-
out SNC, see Figures 15 and 16. These results 

Table 7. Parameters of stiffness degradation and its calculations for slab specimens

Sample Load
(kN)

Dult
(mm) Ku Fcr (kN) Def. at 

crack (mm) Ki % Ki St.D
% St.D 

decreased
SNC 81 7.3 11.10 23 1.3 17.69 ---- 0.63 ----

S2DF0.5 93.6 8.3 11.28 27.6 1.45 19.03 7.6 0.59 5.5

S2DF1.0 101 9.4 10.74 31.5 1.5 21.00 18.7 0.51 18.4

S2DF1.5 115 10.1 11.39 35.2 1.52 23.16 30.9 0.49 21.6

S3DF0.5 104 8.6 12.09 28.1 1.35 20.81 17.6 0.58 7.4

S3DF1.0 120 10 12.00 32 1.35 23.70 34.0 0.51 19.3

S3DF1.5 135 10.8 12.50 37.1 1.45 25.59 44.6 0.49 22.1

Figure 15. Uncracked stiffness of slab specimens

Figure 16. Stiffness degradation of slab specimens
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showed the ability of micro-steel fiber to increase 
the stiffness of slab specimens and presented that 
using hybrid concrete with micro-steel fiber with 
a radius of double or triple the radius of the con-
crete column improves the stiffness compared 
with no fiber slab specimen. This enhancement in 
the behavior when adding micro-steel fiber to the 
slab specimens can be attributed to cracking load 
and accompanied deflection that rather increased. 
The present result agreed with a previous study 
of Labib [26] which showed enhancement in the 
behavior of concrete slab specimens when adding 
steel-polypropylene fibers. Also, Yehia et al 2023 
[37] stated increasing ductility when adding mi-
cro steel fiber to the slab specimens.

Ductility

Observation of the ductility of the slab speci-
mens adopted could reflect their ability to deflect 
at or close to the failure load, that is, in the elas-
tic domain, without loss in strength [38, 39]. In 

general, the ductility index was calculated from 
a load-deflection diagram. It could be calculated 
based on either the ultimate stage (DIu.=Du/Dy) 
or the peak stage (DIp=Dp/Dy). Previous studies 
[40–42] found no obvious trend in the ductility 
of a concrete member with fiber depending on the 
peak, whereas the ultimate one (DIu) is methodical 
with an evident trend in the behavior. Thus, the 
ultimate ductility indices were depended on in the 
present study. The parameters needed to calculate 
DIu. were deflection at the ultimate stage which 
can be easily specified from the load-deflection 
curve, and deflection at yield which needs some 
technique because the yield of the concrete mem-
ber was not clear, so a method recommended by 
many researchers [5, 43] summarized as draw the 
line of Pu, draw the line of 0.75 Pu, draw a line 
passing through 0.75 Pu line until line of Pu, after 
that drawing a perpendicular line to the horizontal 
axis where the point specified is Dy, as shown in 
Figure 17. Table 8 shows the parameters and DIu’s 
increasing percentages for slab specimens under 

Table 8.  Ductility of slab specimens
Specimen Fult (kN) 0.75% Fult (kN) Dult Dy DIu % DIu

SNC 81 60.75 7.3 6.08 1.20 ----

S2DF0.5 93.6 70.20 8.3 6.70 1.24 3.20

S2DF1.0 101 75.75 9.4 6.08 1.55 28.8

S2DF1.5 115 86.25 10.1 7.24 1.40 16.2

S3DF0.5 104 78.00 8.6 7.05 1.22 1.60

S3DF1.0 120 90.00 10 6.65 1.50 25.2

S3DF1.5 135 101.25 10.8 7.80 1.38 15.3

Figure 17. Specifying Dy for S3DF1.5
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consideration. When micro-steel fiber was added 
to the slab specimens, it could be noticed the duc-
tility indices were increased, this supports the idea 
of increasing the ability of these slab specimens 
to absorb energy and agrees with previous stud-
ies done on different structural members having 
fibers like [5, 44–47]. Although the percentages 
of increase were disparate, the maximum increase 
of DIu. was in specimens with 1% micro-steel fi-
bers which were 28.8% and 25.2% for specimens 
S2DF1.0 and S3DF1.0, respectively (Figure 18).        

CONCLUSIONS

Based on the experimental work conducted 
and the results obtained, the following conclu-
sions are extracted:

The punching capacity was enhanced with 
the addition of micro-steel fibers. When the ra-
dius of the hybrid concrete zone was twice that 
of the column, the punching capacity increased 
by 15.56%, 41.98%, and 48.15% at fiber ratios 
of 0.5%, 1%, and 1.5%, respectively. When the 
radius was three times that of the column, the im-
provements were 24.69%, 28.40%, and 66.67% 
for the same fiber contents.

Based on experimental punching shear results 
for hybrid slab specimens with varying micro-steel 
fiber ratios, Equation 1.b from ACI 318-19 was 
recommended. When the radius of the hybrid con-
crete increased from two to three times the radius 
of the concrete column, the maximum load im-
proved by 11.1%, 18.8% and 17.4%, respectively, 
at fiber levels of 0.5, 1.0 and 1.5%. Increasing the 
radius of hybrid concrete from double to triple the 

size of the concrete column while maintaining the 
same percentage of micro-steel fiber results in a 
noticeable increase in uncracked stiffness. Specifi-
cally, the uncracked stiffness (Ki) increased as fol-
lows: for micro-steel fiber ratios of 0.5%, it rose 
from 7.6% to 17.6%; for 1.0%, from 18.7% to 
34.0%; and for 1.5%, from 30.9% to 44.6%.

The combination of hybrid concrete (NSC 
and SFRC) improved the ductility indices, result-
ing in enhanced energy absorption capacity of the 
slab specimens. Although the increase percent-
ages vary, the DIu in specimens with 1% micro-
steel fibers improved by 28.8% for S2DF1.0 and 
25.2% for S3DF1.0.

The addition of micro-steel fibers to the con-
crete slab specimens significantly postponed the 
appearance of the first cracks. The percentage in-
creases in the load required to initiate cracking for 
the specimens with a diameter of hybrid concrete 
twice and three times that of the concrete column 
were (20%, 37%, and 53%), and (22.2%, 39.1%, 
and 61.3%), respectively.

The present study has conducted several tests 
to investigate the behavior of flat slabs subjected 
to punching shear; however, it has several limita-
tions. One significant limitation is that the study 
did not include a theoretical analysis using spe-
cialized software such as Abaqus and ANSYS, in 
addition to the experimental component. Further-
more, the study did not explore the behavior of 
hybrid concrete slabs under seismic or dynamic 
loads. Additionally, the parameters examined in 
this research were somewhat limited; for exam-
ple, the effects of varying the slab thickness or 
changing the type of fibers were not considered.

Figure 18. The effect of DIu. on the slab with micro steel fiber
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Therefore, the authors recommend that fu-
ture research be more comprehensive to address 
these limitations. Specifically, it is advisable to 
investigate the impact of using hybrid steel fibers, 
including both macro and micro steel fibers. The 
authors also suggest the development of hybrid 
concrete that combines conventional concrete 
with ultra-high-performance concrete, as the lat-
ter possesses unique properties. Utilizing ultra-
high-performance concrete could potentially re-
duce the diameter of the hybrid concrete, result-
ing in lower construction costs.
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