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ABSTRACT

Researchers and engineers have developed an interest in using steel fiber
reinforced concrete (SFRC) to enhance the performance of concrete
structures in a variety of structural applications. However, there are few
experimental test results regarding the effect of the parameters cross-
section of the column, fiber dosage, and configuration on the shear
punching behavior of SFRC slabs.

This research includes a practical and theoretical study of the effect of
using two types of fibers (straight steel fibers of and hook steel fibers)
and their dosages under the effect of punching shear for fiber reinforced
concrete slabs. There were three different percentages of fiber used:
0.5%, 1% and 1.5% by volume. This investigation applied a concentrated
load to fourteen cast slabs of every slab of 920 x920 x80mm (two each of
non-fibrous concrete of square and circular column sections of the
equivalent area while the other twelve slabs are made with steel fiber
concrete). The mechanical properties of concrete mixtures (strength
of compression , strength of tensile , flexural strength, and direct tensile
strength) were tested and indicated that straight steel fibres are more
effective than hook steel fibres.

Contrariwise, the slabs cast with hook steel fibres show higher load
capacity than the slab casted with straight steel fibres. This behavior may
be as a result of post crack stage in which the length of fibre gives better
development length to increase bond strength. In general the failure was
gradual in the fibre-reinforced slabs, while the failure was sudden in the
non-fiber-reinforced slabs. The effect of column shapes (square and
circular) fluctuated depending on the failure mode which varied from
shear to complex shear and flexure. Therefore, it was inaccurate to adopt

the equivalent area of circular columns as square columns in FRP slabs.



ABSTRACT

Adding of steel fibers in the concrete mix led to a reduction in the
penetration area of the slabs, as the use of straight fibers at the ratios of
0.5%, 1.0% and 1.5% of the reduction was 59.51%, 49.05% and 70.15%
for the circular column, while for the square column the percentage of
reduction was 69.5%, 37.09% and 34.56%, respectively.

When using hook fibers at ratios of 0.5%, 1.0%, and 1.5%, the percentage
of decrease was 72.81%, 49.99%, and 28.52% for the circular column,
while for the square column, the percentage of decrease was 38.71%,
37.56% and 14.29%, respectively. This phenomena as the result of
enhancing tensile strength that was changed failure mode from shear to
compound shear and flexural. When comparing the experimental shear
strength and the value obtained from the ACI cod coefficients, it gave
varying and inaccurate percentages, as the error rate ranged from 40.04%
to 62.71%, while when comparing the experimental shear strength and
the value obtained from the proposed equations, the proposed equations
gave acceptable predictions. The first proposed equation gave an error
rate ranging from 3.38% to 39.48% and the second proposed equation
gave an error rate ranging from 0.57% to 17.97% The comparison
between experimental shear strength and the value obtained from
suggested equations showed that the proposed equations provide accepted

predictions for the shear strength of FRC slabs.
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Notation

Most commonly used symbols are listed below, these and others are
defined where they appear in the research;

Symbol Description
Ap Area of main deformed bar
As Area of steel
A, Area of two legs of stirrups
Width of compression face of member, mm
o Perimeter of the critical section for punching shear
q Distgnce_ from extreme com_pressic_)n fiber to the centroid of the
longitudinal reinforcement in tension.
d Effective depth of the slab, mm
dg Maximum diameter of the aggregate
dgo Reference aggregate size (16 mm (0.63 in))
f'c Specified compressive strength of concrete (cylinder)
e Nominal concrete compressive strength (cylinder test).
' Compressive strengths of UHPC
Kmax Factors attained values of (1.725) and (1.80)
" Factors achieved valu_es of 3.18 and 2.65 in the instance of CSCT
oY theory-based mechanical models
& Strength reduction factor (according to North-American practice, @ =
0.75 for shear)
The highest stress at which the punching shear failure
PS punching shear
Tn Punching-related nominal shear stress at failure
Uo The length of the column periphery
Ve The punching shear strength
Vi Volume fraction of steel fibre
/P Normal punching shear strength
VRd,c Design punching shear strength
Vu The ultimate punching shear strength
Wd Rotation of slab outside the column region due to factored shear force
Vd
ft Concrete tensile strength of splitting test.
fu Ultimate stress of steel reinforcement.
fy Yield stress of steel reinforcement.
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CHAPTER ONE INTRODUCTION

CHAPTER ONE
INTRODUCTION

1.1 Overview

Reinforced concrete slabs are widely utilized as structural
components; yet, despite their prevalence in design and construction,
there is often a lack of comprehensive understanding and proper
consideration of the elastic and plastic behavior of these slabs. This
occurs at least in part due to the mathematical complexity of dealing with
equations for plates that are elastic, Specifically, under conditions of
support that approximate those of multi-panel floor slabs in buildings [1].
According to the supporting system, the slab different kinds of systems
include:

1. One way Slabs: As depicted in Figurel.l, slabs are only to have
supports on two sides. In this case, structural effect of the slab is
predominantly unidirectional, and loads are transferred in the
perpendicular orientation to the supporting beams. As shown in
Figure 1.2, intermediate beams are available. If the length-to-width
ratio of a single slab exceeds approximately 2, Most of the load is
transmitted to the supporting beams in the short direction, resulting

In one-way action.|[2].
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Figure(1.1) Slabs (only supported on two sides) ¥

Figure(1.2) One-way slab(Supported on Four Sides). %

In addition, in Australia, banded slabs are a prevalent type of flat slab,
As shown in Figure 1.3. The central section of the slab is designed as a
one-way slab with spans equal to the clear span between the drop beams
plus depth/2. [3].



CHAPTER ONE INTRODUCTION

Figure (1.3) One-Way Slab (Banded Flat Slab) ©!
2- Two-way Slabs on Supports: Stiff or flexible supports on all four

sides as illustrated in Figure 1.4. [2].

Figure (1.4) Two-Way Slab on Supports

3- Concrete Slabs Directly Supported by Columns: As shown in
Figures 1.5 and Figure 1.6, these slab systems can be subdivided
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into the Flat Plate System and the Flat Slab System, respectively
[2].

Figure (1.5) Flat Plate System

Figure (1.6) Flat slab System '

4- Waffle Slab: This type is used to reduce the dead load of
solid slab construction by using metal or fiberglass form
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inserts to create rectilinear cavities. Typically, by omitting
inserts near columns, a solid slab can resist shearing and
moments more effectively. The thickness of this slab system
is usually 50mm to 100mm and is supported by ribs in two
directions. The ribs are arranged in each direction at a
spacing of about 500mm to 750mm. This type is shown in
Figure 1.7 [2].

Figure(1.7) Waffle Slab System [

Also, flat slabs of reinforced concrete are frequently utilized within office
buildings of medium height structures, and parking spot lots due to their
construction and design advantages. The flat soffit allows for easier
reduced overall storey heights due to proper positioning and installation,
and greatly simplifies formwork and reinforcing. The punched shear
capacity at the connectors between the slab and column typically
determines the final strength of a concrete reinforcement for a flat slab.
This type of failure was often brittle, and it can result in gradual collapses
and the destruction of the entire structure.[4],[5],[6],and[7]).

Punching shear failure of slabs typically occurs suddenly and results

in gradual failure of flat plate structures; as a result, care must be taken in
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the design of such slabs and the sudden failure conditions must be
avoided. [8].

Failure of the slab happens when the radial and diagonal
tension cracks cross, creating a cone of failure as depicted in
Figure(1.8). [9].

Slab  \ 0

Figure(1.8): The punching shear failure !

Column
.
N

Numerous studies were interested in the punching shear of rectangular
(or square) shaped slabs.[8]and[10]. Finding an appropriate material to be
utilized in the building of any structure in order to satisfy these two
aspects is extremely important. In structural design, two crucial points
need to be taken into account, namely, the strength and serviceability
considerations. Designers searched for the best building materials for
their construction after long-ago realizing this truth. To acquire the
benefits of sufficient strength and high serviceability, such studies led to

the strengthening of weak materials with some strong ones[11].
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1.2 Two-Way Shear (Punching Shear) Behavior

Numerous techniques have been utilized over the years to avoid
and prevent this kind of failure, even though the shear process is not fully
understood. Three steps are used to categorize punching shear failure.
First is the spread of a crack as a result of bending and shear failures in
the tension zone of the slab, which is close to the loaded sites' faces.
Second is a slab tightening process that the steel reinforcement goes
through in close proximity to the loaded places. A member's compression
zone may be affected by flexure and shear cracks, which are represented
by the third stage[12].

The concentration of shear stresses around the part connecting the
slab with the column, which can result in abrupt punching shear failure at
loads far below the slab, is a crucial design issue for reinforced concrete
flat slabs. Flexural capability[13].

At half of the effective distance from the faces of the column, this
crucial punching shear section is situated Figure(1.9), Concrete's
punched shear strength ought to exceed the shear stress at the crucial
section [14]as follows:-

V=0 v, (1-1)

i ] B

TIITIT [T

Figure (1.9): Critical Sections of Punching Shear **



CHAPTER ONE INTRODUCTION

There are several techniques that have been suggested to boost the
flat slab's punching shear capacity, including :i)the use of stirrups, a
conventional form of shear reinforcement, however this approach is not
appropriate for shallow slabs (less than 150 mm in depth).(ACI
Committee 318) [15]. A novel approach utilizing headed studs, although

it takes a long time to construct [16].

Muttoni presented a failure criterion for reinforced concrete slabs

devoid of transverse reinforcement punching shear strength [17] as:-

3
Vg /4

R.c

where W is the slab's maximum rotation; d is the effective depth of
the slab; b0 is that control perimeter on the distance of d/2 from the face
of column; fc is the strength of compression of concrete; dg is the size of
aggregate, and dg, is maximum size of aggregate to (16 mm) as a
reference the size of aggregate dg, by taking into consideration, criterion
for failure in Equation(l) accounts for the effect of the strength of
concrete and the texture of its cracks. It is necessary to understand the
slab's load-rotation relationship in order to calculate the utmost shear

puncturing strength and deformation capacity [17].

High stresses in the slab to column connections can cause pure
punching failure or punching failure induced by bending [18]. Steel fibers
used in FRC slabs enhance tensile strength, ductility, and dissipation of

energy, which improves performance of slab-column connections [19].



CHAPTER ONE INTRODUCTION

Increased rotations and wider cracks in the area of criticality of a
slab surrounding a column as a result of higher loads reduce concrete's
ability to transmit tensile forces transmitted from the slab to the column.
Once again, a stress effect is involved here. As the result, The Critical
Shear Crack Theory (CSCT) anticipates that, by Vanderbilt University's
data, The penetration sheer force of unitary a slab-column connection's

control perimeter falls with increasing column size [20].

Possible tension concentrations in the corner of the column are
another factor that could lower the penetration strength large rectangular
or square columns [21]. Figure (1.10) depicts the shear forces and
distribution of stresses from shear in a slab d/2 from the margin of a
column for various columns diameters and geometries. (calculated under
the assumption of linear-elastic slab behavior). While the distribution can
be considered to be uniform for both circular and small square columns
(Figurel.10(a) and 1.10(c)), larger stresses can be seen in column
corners when large square columns are included (Figure 1.10 (b)). To
consider this effect, the Critical Shear Crack Theory (CSCT) advises
making the assumption exclusively that the portions the containment
perimeter adjacent to the corners of column (less than 1.5d distance) are

effective for shear forces to carry [22].
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(b) (©)

ﬁ@f{?iiif@?@

EEAREEEEEEN
{ ¥ )

UN v (4 )
o
c=12d d=4.8d

Figure (1.10): Fields of shear in the neighborhood of columns and
distribution the stresses of shear at d/2 from the column's edge of the
control perimeter: (a)Square column (small); (b) square column (large
C/d>3); and (c) circular column (large). *

1.3 Steel fiber reinforcement

It takes into consideration the impact of fibers (steel kind) where
fibers (steel kind) are added to achieve certain properties and that
reinforced steel fibers are concrete according to (DS EN 206-1) [23].

fibers will be enhanced, not simply in terms of strength, structural
correctness, and post-crack state [24]. Short fibers that are randomly
arranged serve as "ductility” reinforcement once cracks have formed by
bridging over them. In the post-cracking state, the matrix can carry
significant stresses over a relatively large strain capacity thanks to fibers
that are sufficiently strong and attached to the material [25]. These
features promote the usage of RPC in such a crucial area of punching
shears. However, other aspects of RPC, such cost and density, limit its
utility.

The tensile force conveyance properties of steel fibers could be
employed to bridge cracks in the case of (SLS) and (ULS) stand for

Serviceability Limit State and Ultimate Limit State, respectively., similar

10
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to rebar strengthening. However, it should be noted that increased
deformation typically results in a reduction in tensile strength remaining
caused by the effect of steel fibers (opening cracks). Tensile force
conduct of reinforced concrete with steel fibers is shown in Figure (1.11)

in comparison with normal and traditional concrete reinforcement.

Plane concrete SFRC Reinforced concrete
pp — OO ry 30— oy B8

Wpe —* O Al= Wy Al=nwy,

~

Figure (1.11): Tensile load vs displacement behavior of normal, steel

fiber reinforcement and conventionally reinforced concrete !

Steel fibers are present in RPC, and there are no significant
aggregates. Concrete with steel fiber reinforcement is essentially a less
complex and more affordable version of reinforced concrete. Steel fibers
help concrete become ductile, changing its brittle properties. Fibers' main
function is to prevent cracks from forming and spreading by applying
pinching stresses at the crack tips [26].

Straight and hook steel fibers produced by the Chinese company

Bekaert Corporation were employed in this test program.

11
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1.4 The Research Objective.
The main objectives of the research include the experimental and

theoretical aspects. The experimental aspect includes studying the
mechanical properties of fresh and hardened concrete based on the fiber
shape and fiber dosage, and studying the experimental investigation of
the punching shear behavior of FRC based on the fiber dosage, fiber
shape, and column shape.

The theoretical side includes comparing the experimental results with the
different code equations and proposing new equations to calculate the
shear strength in a way that is closer to reality based on the compressive
strength and tensile strength of concrete and comparing them with the
current study and previous studies.

1.5 Research Layout

The present research involves five chapters as follows:

The present chapter, Chapter One provides an overall
introduction to the reinforcing element, punching shear, steel and
hook fibers. Chapter Two reviews most of the previous
investigation conducted in the field of this research. In Chapter
Three, the program of experiments, the details of samples,
characteristics of the material with test procedures will be
presented. Chapter Four presents the analysis and comparison of
empirical and theoretical results. Finally, Chapter Five examines
the theoretical application of samples in accordance with
international codes providing a comprehensive overview of the
interpretation, analysis, discussion, presentation, and evaluation of
theoretical research in comparison to experimental research on the
performance and durability of models. The conclusions and
recommendations for future studies are summarized in Chapter
Six.

12
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CHAPTER TWO REVIEWI OF LITERATURE

CHAPTER TWO
REVIEW OF LITERATURE

2.1 Introduction

This chapter shows the experimental research that examined the
behavior of slabs made of fiber-reinforced concrete under two-way shear.
This chapter presents the details of the experimental study of concrete
slabs reinforcement and compares the suggested model with the results of

experimental.

2.2 Two Way Shear Behavior

Sagaseta et.al.,2014 [21] examined the behavior of the structural
of RC flat slabs supported by rectangular columns in the interior and the
effect of their strength depends on loading conditions (one- or two-way
flexural) of shear punching. The strength of shear punching of slabs at
rectangular columns could be less than that of slabs at equivalent columns
of squares with a comparable control perimeter length. This is because of
the potential shear force concentration along the control boundary. The
presented theoretical models are validated by four punching shear
experiments of slabs with one-way and two-way bending. For the
examined experiments, accurate predictions of the strength and the
capacity of deformation were obtained.

The decrease in strength of punching caused by the shear forces
concentration close to the extremities of columns (rectangular and square)
with (c/d > 3) is dependent on slab and column geometry bending
deflections. However, in such situations, the majority of design protocols
only consider the geometry of column. This simplification may lead to

overly optimistic predictions of the impacting force utilizing EC2 in slabs

13
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with one-way action along the length of an elongated column. In general
situations of two-way acting in a slab, the suggested approach and the
shear fields give identical estimates of the shear control perimeter
resistance compared to the simplified MC2010 formulations. However,
these two methods are more consistent among instances of (one and two)-
way acting than simpler techniques based on the physical shape of the
supporting area.

The tests conducted in this study revealed that the direction of the
column relative to the primary orientation of spanning had a significant
impact on the mode of failure, strength ultimate, and capacity of rotation.
As anticipated, the forces reaction under the plate of bearing migrated
towards the column's edges, particularly in experiments involving one-
way action along the large axis of a column elongated. In comparison to
slabs with equal rotations in both orientations, slabs with substantially
larger rotations in one direction demonstrated greater residual capacity.
This is because of a redistribution of shear that could be measured with
the authors' previously devised model of non-axis-symmetrical punching
in square columns. Although this repeated method provides more precise
estimates of strength and deformation of capacity in such situations, the
MC2010 simplified procedure based on maximum rotations seems more
appropriate for the purpose of design.

Einpaul Jirgen, et. al.,2016[27] Compared experimental results
from previous researches with the predictions of CSCT4 and a few main
rules of practice (ACI 318, Eurocode 2, and Model Code 2010) were
analyzed for their suitability and precision. It was tested on 13 slabs. Two
prior punching tests that were conducted in the lab with comparable
settings (PL7"° PVV1%*) round up the test series.

A diagonal crack failure was discovered after the samples have been
saw-cut as shown in (Figure 2-1), The image of a crack in Figure (2-

14
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2(a)) state how the crack failure was uneven, with a typical angle
between the slab surface and the failure fracture of about 45 or less is
typically the case. On various column sides in certain samples, the crack
failure had various angles and forms. On the seeing-cuts sloped to column
angles and forms, there were multiple flexural cracks, addition to the
crack failure.

All slabs' saw-cuts have cracking patterns that are sheared. The failure
zone was significantly reinforced, as evidenced by the. cracked as well as
having flexural and shear damage according to Figure (2-2(b)), in the

shear stud anchorage zones.
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Figure (2-1) Cuts in slabs along a weak axis
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Figure (2-2) Photographs of common puncturing fractures on see-cut
slabs: (a) slab without reinforced shear (PE7) and (b) slab with reinforced
shear (PP4)
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Research demonstrates that a specimen's slenderness has an impact
on the load-rotation response’s rigidity. It has an impact on both the crack
widths and the punch's strength. This impact, particularly, is notable in
the slabs reinforced for shear and must be taken into account when
designing punching tests, considering the specimen size, which is the
opposite of experimental data. This criterion is not taken into account in
punching regulations of (ACI 318) and (Eurocode?).

According to two-way shear experiments of slabs with various
supports, the nominal unitary strength for shear at d/2 from the column
face on a control perimeter falls as the size of the column increases. That
result is also explicable by the impact of cracks appearing close to the
supported region.

When reinforcement ratios are decreased and slabs are increased in
thickness, the drop in, specifically, the ACI 318 unitary nominal shear
strength for big columns could cause an overestimation of punching
strength. However, the strength of punching of very small columns is

exaggerated if the circumference is placed as per (Eurocode?2) at 2d.

The Model Code's punching provisions and the CSCT 2010
consistently take into consideration the impact of the size of the column
and slab thinness. The (CSCT) offers the most accurate means covariance
coefficient of experimental to the models that were compared for
anticipated punching load.

Simdes,et.al.,2016[28] used a total of eight 550 mm-thick reinforced
concrete footings were used in this experiment, The effects of the size of
the column, element slenderness, compression and shear reinforcement
were all present examined in these studies. compared samples with and
without shear reinforcement, those with shear strengthening showed a

greater ductile failure.
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Reinforcement for shear, the surface of failure of footings, it seems to be
reliant on the slimness of the shear, with surfaces of steeper shown slabs

that are more compact, it is also crucial to notice from Figure (2.3)
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Figure (2.3) Saw cuts depicted schematically

The nominal thickness (550 mm) and bottom flexural reinforcement
(0.75%) were held invariable during the effects of the size of the column,
slenderness, both shear reinforcement and horizontal reinforcement at the
top of the structure were analyzed. The experimental testing produced
precise data in the shear-critical zone. It is demonstrated that as the shear
slenderness decreases, the ability to punch through shear-reinforced
concrete footings increases. Furthermore, ratios of span to effective depth
that are low, it appears that the critical shear crack's inclination is steeper.

Double headed shear studs can greatly improve resistance to punches
exhibited by reinforced concrete footings. It has been demonstrated
experimentally that the shear slenderness affects this reinforcement's
effectiveness, with low ratio of effective span to depth resulting in lower
effectiveness. The phenomena that cause failure, according to a
comprehensive measurements analysis taken critical region of shear, is

The destruction of the concrete diagonal support near the column. This
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zone contains pulverized concrete is confirmed by observances
concerning saw-cuts following the experiment.

Jaroslav and Lucia,2018[29] investigated the findings of a test
operation performed on flat slab samples with transverse reinforcements
created in a manner that any failure caused by the crushing of the struts.
The test samples were section of flat slab with an octagonal shape and a
thickness of 250 mm; see Figure (2.4). To shorten the column perimeter's
length and maintain a ratio of (ug/d = 2.83), the specimens were held aloft
by 180 mm-diameter columns. A (20/100) mm flexural reinforcing
composed of (B500B) steel was added to the slabs for reinforcement.
The typical effective depth was 200 millimeters, and the average the
ratio of reinforcement was 1.57 percent, and two specimens (S1-1 and
S2-1) exhibited reinforcement transverse made of Peikko PSB double-
studs of headed made of (B500B) steel with a 10 mm diameter as shown
in Figure (2.5).
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Figure (2.4) Test specimen — view of the plan
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Figure (2.5) Peikko PSB fasteners - shear reinforcement configuration *”

The slabs that lacked any reinforcement of shear collapsed in a
typical cone-shaped failure mechanism. For specimen S1-2, a critical
shear fracture had a slant at around 25° angle (Figure 2.6). The shear-
reinforced specimens failed differently. In contrast to the situations of the
samples lacking any reinforcement for shear, the critical fracture was
extremely sharp and the punching cone was considerably smaller (see
Figure 2.7).

BECA L R g W s e

Figure( 2.6) Section S1-2, specimen without transverse reinforcement,
29]

saw-cut!
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Figure( 2-7) Section S2-1, specimen without transverse reinforcement,
saw-cut'””

According to the German NA, the k. factor suggested based on the
existing EC2 model, 1.5 is suitable for samples and individuals alike.
permits the elimination control of the capacity of strut in the event of
punching. The model offers conservative answers, such as the need for
thicker slabs or more bending reinforcement. In the instance of flat slabs
where the strut of concrete crushing is not the dominant mechanism of
punching failure. If the capacity of the strut is directly controlled, larger
values of the k.. factor greater than 1.6 in the case of flat slabs
reinforced with double-headed rivets are transverse reinforcements were
permissible. If we take into account that the evaluation of the capacity of
strut is absent from the model, the value of the k.« factor in the instance
of the ETA 13/0151 model is very high at 1.96.

ZoranBrujié,et.al.,2018[30] analyzed the moment transmission
effects at the inner-column flat-slab connection as well as the impact of
the strength of concrete on slab resistance of punching. Experimental and

numerical investigations are conducted on seven full-scale specimens.
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The findings are provided as load-rotation curves and contrasted
with various equivalent formulations in addition to the shear critical
fracture theory (CSCT) failure criterion.

To ensure better agreement between the numerically determined load
rotation relationship and the experimental findings, a thorough nonlinear
FEM study that involves model calibration using experimental data is
carried out.

Eccentricities of applied force that have been calculated as well as
force amounts that result in punching failure are shown. The
eccentricities found on the y-axis were less than 5mm. After plastic
deformations in the slab's top reinforcement developed, all seven
specimens broke down owing to brittle punching.

In this article, the parameters of load eccentricity and concrete strength
are analyzed. The range of this study is constrained by the use of
experimental specimens that have flat slabs with uniform geometry (the
size of the column, span of the slab, and the depth of the slab), vertical
load at constant eccentricity, and constant ratio of reinforcement and
layout.

Joao Tiago,2018[31] Checked according to the established refined
mechanical example, the theoretical CSCT principles for the failure of
shear punching of prestressed slabs and footing of the reinforced
concrete

To better comprehend the parallels and distinctions among the
behaviors of slim and squat members, the program of experimental
regarding the punching behavior of foundations is shown. The
measurements reveal that the shear strains, in addition to the slab's
rotation, have a considerable impact on the condition of deformations at
failure of squat members. Utilizing the limit analysis upper bound
theorem, a theoretical work is created. It demonstrates the presence the
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influence of shear-flexural interaction in compact footings, which affects
their resistance and establishes a seamless transition between the pure
bending and punched shear systems. To accurately anticipate Limit
analysis is used to determine the strength of punching for compact
footings, strain- and size-effects need to be taken into account, according
to a comparison between theoretical and experimental results.

This design is used to analyze the situation of thin slabs and confirm
using experimental findings, which demonstrates a good level of
consistency. The CSCT's analytical failure criteria as well as its primary
presumptions can both be theoretically validated by a boundary
Investigation according to the refined criterion for failure

As its opening disturbs shear-carrying compression structures, the
evolution of a critical shear fracture controls the strength of punching of
flat slabs. Failure may result from localized strains in this fracture or by
the initiation of a new one (crack failure) as a result of transverse tensile
stresses (Splitting) stresses generated close to the area of support. This is
also consistent with Einpaul et.al.(2017)[32] measurement results based
on interior cracking results in punching experiments.

According to the experimental findings of Clément,2012[33], the
kinematics of a sector of the slab at failure is administered by both the
slab rotations and the shear deformations that evolve in the shear crack
critical.

When compared to a record of previously tested samples and single
test chains where just a single parameter is changed, the model's findings
demonstrate good agreement with experimental findings. Finally, the first
outcomes of the use of the mechanical design to analyze slabs prestressed
and foundation demonstrate that the CSCT concepts were equally

applicable to the analysis of those scenarios.
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2.3 Two Way Shear Behavior for Fiber Concrete
Abdulhameed Abdullah Yaseen,2006[34] The objective of this

investigation was to determine how reinforced by steel fiber affected the
characteristics of strength and deformation of connections between high
strength of concrete slabs and columns reinforced without reinforced for
shear. It was also done to determine how well fiber concrete resisted
punching shear.

Fourteen 800 x 800 x 60 mm slabs of tests were conducted on concrete
reinforced with steel fibers by merely supporting them around four edges
and loading them by the column central. The compressive strength of the
concrete is (35 to 65 Mpa), column dimension is (75, 100, and 150 mm),
volume fraction is (0.0, 0.25, 0.5, 0.75, and 1.0%), and aspect ratio of the
steel fibers is (50, 67, 83, 100, and 133).

The research is based on examinations of isolated, solitary, simply
supported specimens that are thought to mimic a section pertaining to a
plate floor system close to a head of the column. The compressive
strength, steel fiber volume portion, fiber aspect ratio for steel, and
column size were among the factors examined

Figure (2.8) depict the slabs in series one's failure pattern.

e o 3536 MPa

"=65.13 MPa

s

Figure (2.8) Failure modes for slab-column connections™"
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The surface of failure is pushed away from the face of the column by
about 2.62 to 2.96 when fibers are present, which is lower than the
distance for concrete slabs with a lot of strength devoid of steel fibers.
Angles of failure that have been observed also progressively grew from
(18.6) degrees to (20.9) degrees by lowering the fiber factor. At greater
levels of fiber content, the introduction of fibers modified the converting
failure shape of punching to a more shape of circular. Increases in
compressive strength (f'c) for high strength concrete slabs result in
increases in the slab's load-carrying capacity, stiffness, and, as a result, a
decrease in its ductility.

Since doubling the size of the column enhanced the slabs' punching
shear strength by roughly 50%, the influence of the size of the column
could be regarded as a significant parameter. Additionally, the ductility
rose by around 50% with a 100% increase in column size.

The form of the shear perimeter was not significantly changed by
increasing the column size in slabs, but the failure surface was pushed
around 44% farther away from the column face. The tested slabs'
observed cracking load (shear or flexure) always at a minimum (83 to 88)
% below the ultimate load. The punching shear strength that is created by
HSFRC slabs is satisfactorily predicted by the proposed equation.

L. NGUYEN-MINH et.al.,2011[35]conducted an experimental
investigation consisting of twelve small-scale planar slabs of various
dimensions that were tested to determine the impact of the effects of the
resistance of steel fibers on the shear punching and fracture conductance
of SFRC slabs were evaluated. Additionally, according to the data from
authors and additional researchers, the report assesses the precision of
using existing formulas to forecast the capacity of punching shear for
(SFCR) flat slabs.
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Twelve modest-sized flat slabs were tested, nine of which were made
of SFRC and three of which were control slabs made of steel reinforced
concrete (SRC).

In Figure (2.9), the typical slab's crack patterns are depicted.
Punching shear (PS) tests on all slabs are negative. The fibreless slabs
broke down in a very brittle way, causing the concrete covering on the
bottom surface to crumble. The fiber-filled slabs cracked more readily.
Due to the effect of bridging of the steel-fibers, cracks in these slabs
formed consistently and with lesser widths. The ductility and integrity of
the concrete around the connections of slab-column are considerably

improved by presence of steel fibers.

a) without fibers b) with fibers

Figure (2.9): Failure pattern typical for testing slabs — bottom face'*”
The average breadth of a crack is 0.241mm is visible in the slabs
free of fibers. There was a considerable reduction in the average width of
crack for (SFRC) slabs (about 70.8%) at the same quantity of loading,
with the average crack width measured at 0.141 mm. The reduction rises
sharply and varies between 41.5% and 89.5% at greater load levels.
The evaluation findings showed that, while compared to the trial
results, the equations produced erroneous results with a significant
amount of scatter (COV of about 24%). For a more precise calculation of

the resistance of punched shear for (SFRC) slabs, a new formula should
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be developed, in which the impact of fiber shape, length, and ratio to
diameter as well as the contributed to the tensile reinforcement dowel
action should be taken into account.

Maya, et.al.,2012[36] discovered that adding fibers to concrete
increases the reinforced concrete slabs' deformation capacity as well as
their shear behavior. In this study, a model of mechanical is presented for
forecasting the punching resistance and performance of reinforced
concrete slab with steel fibers, in addition to reinforcement traditional.

The principal hypothesis of the theory of shear critical crack
(CSCT), which states that the crack opening for critical shear relates to
the production of the slab's rotating and the member's effective depth,
takes into consideration both the contribution of concrete and fibers as
shown in
Figure (2.10).

Load-rotation curve
Vr 5
Vr: (contribution of fibres)
\\

Ve (contribution of concrete)

YR v

Figure (2.10) Capacity of Punching shear
An opening of crack-fiber stress of bridging connection is necessary
for assessment of the fiber's participation in the strength of punched
shear. The Calibration of material property values must be based on the
results of test findings, by the strategy for fiber reinforced concretes used
in the majority of current design codes. As an alternative, Voo and
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Foster's Variable Engagement Model could be utilized to evaluate the
tensile behavior of fiber concretes reinforcement that shown in Figure
(2.11):-

(@) (b) ‘4

critical shear crack

Ty istribution of fibre |
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Figure (2.11) :(a) Hypothesized distribution of fracture widths along the
surface of failure and (b) Fiber bridge tension along the surface of
failure

The suggested Model of prognosis accurately depicts the impact of
the fibers on the impact resistance of FRC slab-column connections and
shows excellent concordance with the test data and it is suggested to use a
more straightforward method that produces accurate predictions of the
strength of punching shear and adequate safety for ordinary designs.
When compared to test findings, there are several experimental design
formulas exhibit a scatter of noticeable, which could result in predictions
of the strength of punching shear that is dangerous.

Hassan, et.al.,2015[37] stated the capacity of concrete to withstand
the Shear of punching was attempted to be measured using a novel testing
method. Detailed Experiential research on (UHPFRC) failure of slabs
subjected to puncturing shear was conducted using the proposed test
setup. From the findings, the value of the critical of the fundamental
control boundary, the mode of the failure, and the relationship between
the punched load for shear and the shear plane angle were explored. This
experimental investigation offers important new information about the
strength of UHPFRC for punching shear slabs. Because of additional
strength provided by compression supports within the concrete, it was
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discovered that the ultimate load of the punching shear increased with
increasing the angle of punching shear. The practice is referred to as
shear support improvement. At an angle of punching shear of 28.2, the
load of punching shear was found to be the lowest (basic perimeter
control about 2d) which is largely consistent with reports for regular
concrete BS EN, Euro code 2 2004 [38].

All of the slabs collapsed with a sectioned cone form on the side of the
supported and a punching stub on the loaded side, according to an
analysis of the test failure patterns. This failure mechanism verifies the
test's reliability procedure used in the research and is comparable to the
typical failure of punching shear described for regular concrete Mosley
et.al.,2012 [39].

Similar to the typical punching shear failure behavior for regular
concrete, the failure behavior for UHPFRC slab sample with angles of
punching shear equal to and larger than 62 (basic perimeter control of
0.53d or less) was shown to be fragile Mosley et.al.,2012[39]. However,
for samples with angles of punched shear equal to or less than 45
(perimeter of basic control exceeding 1.02and more), the failure behavior
changed to a ductile mode, mimicking its characteristic flexural failure
described in the literature Mahmud et.al.,2013[40]. The effect of
bridging fibers along the concrete planes of shear contributed to the test's
increased ductility. As a result, once maximum load capacity was
obtained, the slab samples were capable of more deflection. The ideal
mechanism of slab failure in concrete designs is a ductile behavior. The
results on the conduct of UHPFRC slabs without reinforcement for shear
during punching shear failure are significant. Comparing the results to
what is stipulated in EC2 for normal concrete, the results show a decrease
in the fundamental control perimeter for UHPFRC slabs of the half.

When necessary, the high strength of tension and enhanced ductility of
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the concrete can be used to limit the reinforcement of shear in UHPFRC
slab members to 1d. When designing structures with thin UHPFRC decks
of highway bridges, when significant shear reinforcing is not a possibility
and punched shear failure is imminent, this behavior is advantageous.

I. Siva Kishore, and Mallika C.,2015[18] obtained a notable
improvement in the cracking behavior, a large increase in punching shear
capacity, and satisfactory reliability of the connection of column-slab of
the fiber-reinforced slabs. The slabs reinforced with fibers collapsed in a
more ductile manner than the slabs without fibers, and it was found that
as specimen size grows, failure shear stress reduces. 12 flat slabs (small-
scale) altogether, consisting of nine SFRC and three conventional slabs,
were tested in this experiment. Punching-related nominal shear stress at

failure may be stated as:

P
N b

which P is the hignest stress at wnich the punching shear failure
occurred b is the punching diameter at the section of critical, and d is the
slab thickness.

When the ultimate punched shear load is large, the slabs with a
higher fiber volume percentage can withstand more deflection. The
present investigation punched shear experiments on geometrically
identical concrete slabs of various sizes show that the size effect is no
longer existent, meaning that as the size grows, the nominal stress at
failure reduces.

Steel fibers also make the slabs more rigid and enhance the concrete's
ductility and structural stability near the slab-column connections. The
strength is reduced since there is no interlink connection between the

fiber and the concrete in this area. In comparison to the experimental
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results, the evaluation's findings showed that the formulas produced
erroneous results with a significant amount of scatter.

If 10mm aggregate is utilized, and the concrete and aggregate are
properly interconnected when the aggregate is placed in the column, the
column may not fail. The size of the circular slabs must be raised because
the minimum size of aggregate that is often considered is 20 mm. If the
size is raised, the outcomes will be favorable since the strength will
increase.

Tamara Adnan Qasim Al-Shaikhli,2016[41] investigated reactive
powder concrete slabs with square and triangular shapes were tested
punched for shear and flexural strengths. Three slab specimens of the
same size but with varying constituent qualities made up each of the two
test slab groups that were cast and tested. slabs in the square shape with
dimensions of 450 x 450 mm and with a thickness of (50mm). While
being triangular in design and measuring 500 mm in width, 810 mm in
height, and (50mm).

Each group consists of three specimens with different amounts of
steel fiber (0, 0.5, and 1%) about the overall volume. The test results are

shown in Figure (2.12).

Figure (2.12) The test specimens

30



CHAPTER TWO REVIEWI OF LITERATURE

As the percentage of steel fiber grew, the maximum capacity also
increased. In square specimens that contain steel fiber in amounts of 0.5%
and 1% of the volume total, respectively, the ultimate load rose by about
37% and 100%, whereas this proportion is about 59% and 100% in
triangular slabs that contain steel fiber in amounts of 0.5 and 1%,
respectively. Steel fiber usage enhances punching shear resistance and
permits the transfer of greater pressures via the connection of slab-
column. As a result, both the amount of steel fiber and the slab's shape
affect the final capacity. The inclusion of steel fibers significantly
increases the deflection (A,) at ultimate load. In comparison to the
nonferrous RPC slab, the addition of steel fibers to RPC square slabs at
volume fractions of 0.5% and 1.0% is (19.5 and 99%), while these
percentages are (3.4 and 13%) in triangular slabs. The steel fibers
addition also enhanced the ductility ratio. When the percentage of steel
fibers was expanded from 0.5 to 1%, the ductility ratio in square slabs
increased from 8.1 to 16.6, and in triangular slabs, it increased from 3.75
to 6.1. This is to be expected because fibers enhance deflection at
ultimate force while decreasing deflection at cracking load. The
conclusion is that triangle slabs are less ductile than square slabs.

Dr. Layth Al-Jaberi, et.al.,2016[42] investigated how the volume
of fibers (V) affects the shear of punching behavior of a hybrid flat slab
system consisting of reactive powder concrete and lightweight concrete
(RPC).

Five slab specimens measuring (900x900x80) mm were put to the test.
NSC and LWC, two instances, were entirely constructed using one type
of concrete. The other three specimens, on the other hand, were produced
as hybrid slabs made of two different types of concrete. The whole slab

was composed of LWC, with the exception of the key punching shear
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zone. The factors are the slab's critical punching shear zone's concrete
type and the value of Vs in the RPC mix.

Simply supported at all sides, all slabs. At the center of the slab, a
single point load is used.

The crack patterns for the slabs are depicted in photos in figure (2.13).
(S1, S2, S3, S4 and S5). All of the slabs broke as a result of punching
shear, and for S1, S2, and S3, cracks can be seen around the connection
area between the column and the slab, but for S4 and S5, the failure
occurred in the area that LWC occupied away from the column face. The
type of failure and the separation between the column face and the cracks

are not the same and vary from slab to slab.

Tested slab with NSC mix (S1) Tested slab with LWC mix (S2)

I TP

Tested slab with RPC (V; 0.5%) in enitical zone Tested slab with RPC (V; 1%) in critical zone
(83) 34 Tested slab with RPC (V¢ 2%) in critical zone (S5)

Figure (2.13) Cracks Patterns and Failure Mode for the Tested Slabs

The values of (fy), (P), and (P,) for S2 are the lowest among all the
values in this table, as can be observed. The values of S1 are around 69%,
29%, and 42% greater than the values of S2. While the same properties'
values for S3 are around (622%, 128%, and 144%) greater than those for
S2 and about (326%, 78%, and 71%) higher than those for Sl1,
respectively.
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All of the examined slabs' load deflection curves react first linearly,
then nonlinearly till failure. Up until the failure occurs via punching
shear, the slabs made entirely of NSC or LWC develop cracks all around
the column. RPC matrix, which comprises fibrous materials, exhibits high
levels of structural strength and ductility, which increases the ability of
the hybrid flat slab system, which contains LWC and RPC, to handle
higher levels of the cracking load and ultimate load
2-4 Two Way Shear Behavior (Numerical study)

Jae Ho Lee, and Busan (KR),2012[43] stated a reinforced concrete
structure may use a device of truss-type reinforcement shear with twice
functions of upper and lower anchorage portions of the increase
resistance of structure to failure of shear. The device of truss-type shear
reinforcement consists of a truss with a top chord element, a bottom
chord element, and one or more connection members for connecting the
top chord element and the bottom chord element; one or more top anchor
element; and one or more bottom anchor elements.

Double heads of anchor are installed on the bottom and top of a truss
(20) that is constructed by joining an upper member (24) to a lower
member (26) via connection members (21). These connecting members
may be either vertical or inclined. The truss-type tensile reinforcement
material is constructed with double anchorage functions at both its top
and bottom (23). Upper anchor heads (34) and the upper member (24)
perform a dual function of anchorage at the top, while lower anchor heads
(44) and the lower member (26) perform a dual function of anchorage at
the bottom. Additionally, it enhances construction quality as the process

of concrete structure building becomes more suitable.
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Gerd Ginther, and Bad Orb (DE), 2014[44] The present disclosure
refers to a concrete component including a minimum of one upper and
lower longitudinal reinforcement layer and one transverse reinforcement
layer extending above the uppermost and lowermost longitudinal
reinforcement layers. At the lower 20 structural components of steel L-
shaped sheet metal with attached of stirrups are used to generate the

required transverse force as shown in Figure (2.15).

Bu’c 36 Boo 3 Roc 30 Boo 3G Boo i
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-
Figure (2.14) Drawing Sheets

The current disclosure relates to a concrete component with a
transverse force reinforcement whose extension passes across the topmost
and lowermost longitudinal reinforcement layers and minimum upper and
lower longitudinal reinforcement layers.

A piece of reinforced concrete that has a transverse force
reinforcement that extends above both the highest and the lowermost
longitudinal reinforcement layers, as well as at minimum one upper and
one lowest layer longitudinal of reinforcement. The uppermost or
lowermost  longitudinal  reinforcement  receives the chamfer,

appropriately.
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Majid M.A. Kadhim, et.al.,2021[45] The findings demonstrate that
the slabs' punching shear capability rises as the UHPC zone's area grows.
Furthermore, the ratio of UHPC's strength of concrete compressive to
NC's had a major impact on how the hybrid slabs behave and should be
taken into account in future design guidelines. Additionally other
elements like the plate of loading and the frame test were modeled using
8-node masonry elements with reduced integration (C3D8R).
Figure(2.17) compares the patterns of crack of the tests with the FE
model in terms of the crack pattern. According to the original
investigations, the tested specimens experienced two different failure
modes: A combination of flexural and punching failure for samples with
the ratio of reinforcement 1.8% and 0.6%, and failure of punching shear
for samples with the ratio of reinforcement 1.8% and 0.6%. As evidenced
by Figure(2.18), the FE model was reasonably accurate in capturing both

failure scenarios that occurred in the trials.

U-0.6 (Exp.)

Shear Cracks Flexural Cracks

CU-A-F-1.8 (FBE)E !

e
Shear Cracks Shear Cracks

Fig.( 2.15) Comparative analysis of computational and experimental
fracture patterns originating from Zohrev.et.al,2015[30]. as part of a
validation study!*!
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» Flexure cracks
in UHPC

aus

Fig.( 2.16): Failure mode for slabs with different UHPC zone dimensions
for 1.8% reinforcement ratio'"”’

When applied in the parametric investigation, the (FE) modeling
approach correctly predicted the reaction of (UHPC) slabs and
(NC/UHPC) hybrid slabs in contrast to the empirical behavior,
demonstrating its validity and dependability. The increased of ultimate
load as the UHPC perimeter of the zone was increased from 0.325 to 3
times the thickness of slab from the face of the column. Due to the
punching shear failure, the increase was, however, more noticeable when
a UHPC perimeter of zone of more than 1.6 times the thickness of slab
was utilized. Future design guidelines should take into account the
apparent significant impact of the ratio of (f', /f';)on the behavior of the
hybrid slabs. As the column diameters and hybrid thickness of slab grew,
the ultimate loads followed suit. These two variables also alter the
threshold among punching and failures of flexural, proving the effect of
the size. Accordance with the findings, code models such as ACI 318-14,
Eurocode 2, and Model Code 2010 are unable to predict the capacity of
punched shear of reinforced UHPC slabs and hybrid NC/UHPC slabs

with any degree of accuracy. It is suggested to alter the current ACI
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equation to produce precise estimates for reinforced UHPC and hybrid
slabs.

Minkwan Ju, et.al.,2021[46] suggested a novel strength of punching
shear formula that may be used for concrete slabs reinforced with
fiberglass-reinforced plastic or steel rods. The ratio of test to prediction
and the chance of exceeding for overestimating strength of punched shear
to the strength of design serve to validate the forecasting capacity. The
proposed strength of punching shear formula's predicting ability is
improved by this study new probabilistic method. This approach can limit
the danger of overestimating punching shear strength, which is typically
vulnerable to brittle failure, while yet ensuring more reliable validation.
According to the ratio of test to forecast, the suggested strength of
punching shear formula offers the most precise prediction and
conservative characteristic. The proposed new formula has the lowest
probability of exceeding between the formulas for calculating strength of
punching shear that were chosen, according to the probabilistic method
presented in this study. As a result, it is thought to be the most secure
prediction formula in terms of the possibility that the predicted strength
of punching shear will exceed the nominal strength of punching shear.

As a result, coming from the possible approach, it is demonstrated
how the new formula being proposed can result in the more forecasts for
punching shear that are precise, safer, and trustworthy strengths of

concrete slabs strengthened with steel or FRP.
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2.5 Two Way Shear Behavior Strengthened

Hadi Al-Maliki, et.al.,2021[47] got Flexural strength,
ductility, and hardness are all improved as a result of
strengthening using CFRP and GFRP in addition to punching
shear resistance in both directions. In comparison to other
expensive and challenging methods like increasing the cross-
sectional area of columns, they are better suited for practical use.
As a result, at the points where they contact with columns, they
experience a shear failure, which causes a bigger portion of the
structure to collapse. Shear failure happens for several reasons.
The facility's functions altering, technical mistakes in the design
and execution processes, a growth in the load, material
deterioration ,and  poor quality among  other  factors.

When there is a structural flaw, a composite section made of
sheets and segments of carbon fiber reinforced polymer (CFRP)
and glass fiber reinforced concrete polymer (GFRP) are two types
of fiber-reinforced polymers. is utilized.

The two most popular methods for using CFRP strips or sheets to
strengthen the area adjacent to the column involve screwing CFRP to the
surface of the concrete surrounding the column on the slab's side of the
tension. The alternative, however, entails mounting CFRP strips or sheets
vertically using a variety of techniques to ensure an improvement in the
resistance to shear.. In addition, numerous factors impact of the evolution
of the capacity of the load, such as how the CFRP strips are placed in
relation to the column support area and mooring points, as well as the
area and number of CFRP sheets and strips, and the anchorage points.

According to ACI-318, the ability to endure punching shear stresses
Is not linked with the flexural steel reinforcement. While the CSA and
Euro code 2 as well as other international codes and standards attest to
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the fact that steel reinforcement for flexural aids in the growth of punched

the resistance to shear.

2.6 Summary.

Previous studies dealt with the effect of adding fiber to concrete to
increase the resistance to punching shear, as well as the use of other
techniques. The result, when comparing the experimental results with the
international code equations, gave a dispersed prediction of the resistance
to punching shear. Therefore, they proposed modifying these formulas to
be more accurate and capable of prediction.

In this research, study the effect of adding two types of fiber (straight,
hook) and study the effect of column shape and different percentages of
fiber on the punching shear of the slab used, in addition to proposing a
new formula to predict the punching shear resistance of fiber-reinforced

concrete to give more accurate results.
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CHAPTER THREE EXPERIMENTAL WORK

CHAPTER THREE
EXPERIMENTAL WORK

3.1 Introduction

This chapter provides a comprehensive description of the experimental
method used in this study to examine the behavior and punching shear
strength of flat slabs. Cast and examined were fourteen samples of flat
plate. Several variables were considered about the system efficacy. The
design of the column and the tensile reinforcement were among these
elements. In addition to the testing apparatus, additional information is
provided regarding the samples, materials, and blending characteristics.
The experiments were conducted in the Civil Engineering Department at
the Babylon University of Babylon Structural Lab.
3.2 Description of Specimens

To examine the impact of punching shear for reinforced concrete
slabs with different varieties of fibers, fourteen reinforced concrete flat
slabs were manufactured. (920x920x80)mm is the measure of the slabs
that were tested. All flat slabs in the tensile district were reinforced
longitudinally and transversely with 10@8-mm bars. The column is
available in two configurations: a (110x110)mm square column and a
120mm diameter circular column with the same equivalent area. The
main reinforcement for both types of columns was 4@8mm , with a
stirrup added around the main reinforcement every 90mm to avoid failure
at the edges of the column. The geometric slab of the test sample is
depicted in Figure 3.1, and its design are detailed in Appendix A.
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* 110 mm

40 @ 8 mm

360 mm

4 mm@90 mm c'c
@8 mm@ 100 mm c'c
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;

80 mm o a8 o g 2 o/d/c d= 61 mm
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=~ 920mm ~—

b

Figure (3.1): Details of specimens Cross-section a- reinforcement

three dimension view and b- Section in slab.
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3.3 ldentification of Samples

To prevent column failure at its ends, ties rods measuring 4 mm by 90
mm were added to the tested column. Table 3.1 depicts the determination
system of sample. Figure 3.2 consists of the first part, which represents
the column's shape, the second part which represents the fiber shape, and

the third part represents the fiber percentage.

e N: Described by non-fibrous control slab.

C: Described by slab with circular column.

S: Refer to slab with square column .
M: Refer to straight fiber.
H: Refer to hook fiber.
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Table (3.1): Details of tested slabs with column.

Concrete slab with circular column reinforced non-fibrous

Concrete slab with square column reinforced non-fibrous.

Concrete slab with circular column fibrous with straight steel fiber 0.5%

Concrete slab with square column fibrous with straight steel fiber 0.5%

Concrete slab with circular column fibrous with hook steel fiber 0.5%

Concrete slab with square column fibrous with hook steel fiber 0.5%

Concrete slab with circular column fibrous with straight steel fiber 1.0%

Concrete slab with square column fibrous with straight steel fiber 1.0%

Concrete slab with circular column fibrous with hook steel fiber 1.0%

Concrete slab with square column fibrous with hook steel fiber 1.0%

Concrete slab with circular column fibrous with straight steel fiber 1.5%

Concrete slab with square column fibrous with straight steel fiber 1.5%

Concrete slab with circular column fibrous with hook steel fiber 1.5%

Concrete slab with square column fibrous with hook steel fiber 1.5%

) () ()

Figure (3.2): The determination system of the sample.
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3.4 Materials

To ascertain the material qualities (1QS), standardized evaluations
were conducted according to the Iraq Specification and ASTM stands for
the American Society for Testing and Materials.
3.4.1 cement

At the construction facility of the engineering faculty at University
of Babylon, the test was conducted. All research samples were fabricated
with Type V cement, which is resistant to sulfate. Appendix B and
Tables B.1 and B.2 detail the cement's chemical analysis and physical
characteristics, respectively which agree with the requirements of Iraqi
Specification No. 5/1984 [36].
3.4.2 Fine-aggregate

Regarding this investigation, standard grit was used to mix
concrete. After being repeatedly cleansed and washed with water, the
sand was spread out and permitted to dry in the air prior to use. The
outcomes attained are depicted in Table B.3 of Appendix B's estimation
results. Iraqgi Specification N0.45/1984[49] was met in terms of overall
precision. In Table B.4, the specific gravity, sulfate concentration, and
sediment absorption are detailed. This test was conducted in the
structure's facility of the University of Babylon department of Civil

Engineering.

3.4.3 Coarse Aggregate

This investigation utilized a greatest quantity of crushed gravel (14
mm) available. Before the gravel was used, it was washed and cleansed
multiple times with water, stretched out, and left to dry in the open air.
The categories of coarse aggregates are listed in Table B.5 of Appendix

B. The obtained results demonstrated that the crude classes met 1QS No.
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45/1984[50] specifications. The coarse aggregate absorption, sulfate
concentration, and specific gravity are shown in Table B.6 of Appendix
B.
3.4.4 Water of Mixing

Regarding this experiment, the use of potable water casting and
treatment the samples.
3.4.5 Steel Reinforcing Bars

All concrete sections are reinforced with the same size deformed
steel reinforcing rods. For the longitudinal and transverse reinforcement
of the tensile zone, (@8) mm bars were utilized. As closed stirrups, bars
of dimension @4mm are also used for shaft sections (round and square).
Materials Laboratory Tensile Test Approved ASTM A615-86 [51], based

on the University of Babylon Faculty of Engineering

Table (3.2): A description of the qualities of steel reinforcing.

Bar Size Existing Stress of Yield Ultimate strength
diameter (mm) (MPa) (MPa)
8 7.64 468 582
4 4.25 513 608

3.4.6 Super-Plasticizers

The super plasticizers utilized in this investigation appear to have
been a commercially available third-generation superplasticizer to make
mortar and concrete referred to as PC200 Hyperplastic. This is composed
of polycarboxylic Long-chained polymers, is free of chlorides and meets
ASTM C494/2001 [52], which is an industry standard intended to get the
concrete's moisture content function more efficiently. This differentiates
it from conventional super plasticizer." plate 3.1 depicts the Hyperplast
PC200 utilized in the study.
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Plate (3.1): Super-Plasticizers

3.2.7 Steel Fiber

As shown in Plate (3.2) steel fiber was utilized in this experiment to
reinforce slabs. The microfibers have a density of approximately 7800
kg/m3 as described in Table (3.3).

-7

Plate (3.2): Types of steel fiber
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Table (3.3): Micro and hook fibers of steel Characteristics.

Product Lengths, L Diameters, D Aspect Tensile
(mm) (mm) proportion, strengths (MPa)
L/D
Micro steel
fiber 13 0.2 65 2200
(WSF0213)
Hooked
fiber (KF 35 0.55 64 00
65/35) ’

3.5 Concrete Mix Design

Numerous experimental compositions' ability to attain the requisite
compressive strengths was evaluated ACI 211.1-95 [53]. The quantity of
cement was (500 kg/m3), and the ratio of water to cement was (0.38),
where the sag was (8 cm). After 28 days of treatment, the weight
blending ratios for typical concrete slabs with 40MPa for compressive
strength of (1:1.55:1.65) were established.

Table (3.4): concrete mixture’s Details.

Material Quantity
Cements (kg/m®) 500
Sand (kg/m°) 775
Gravel (kg/m°) 825
Water (kg/m®) 190
Super plasticizer (1.0/100 kg cement) 5
Fibre amount (%) by volume 0.5
Fibre amount (%) by volume 1.0
Fibre amount (%) by volume 1.5
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3.6 Mixing and Casting Procedure Spacemen.

Fourteen wooden blocks with dimensions of (920 x 920 x 80) mm
and eighteen cubes for compressive strength testing (three of them are
regular concrete and the other is fiber-reinforced with dimensions of (150
x 150 x 150) mm and cylinders with (100 x 200) mm dimensions and
prism with dimensions (100x100x400)mm, respectively, as well as the
direct tensile test samples shown in the figure, used to evaluate the
cleavage strength, bending strength, and strength of direct tensile and the
concrete mixing steps as follows:-

1- All of the dry materials, beginning with the heaviest gravel ,sand
,and cement, have been weighed, and the contents of the mixer
have been thoroughly mixed.

2- The super plasticizer is incorporated into water, after that the
mixed during the mixing process, liquid is introduced to the
powdery mixture. The process of mixing is then resumed for four
minutes.

3- Lastly, small amounts of steel filament are introduced while the
mixing device continues to spin for three minutes.

The steps of casting specimens are shown in Plate (3.3).
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| Preparation w

Plate (3.3): Casting specimens steps.

Using the table of flow test per ASTM C1437-01 [54], the workability of
all classes of FRC mixtures is evaluated. For all mixtures, the table of
flow dispersion was the value (105 £ 5 %). This test was conducted
immediately subsequent to the combining procedure has been completed
by the table of dropping containing the FRC mixture 25 times in fifteen
seconds in the plate (3.4). The flow is expressed as a percentage of the

inside base diameter of the original test cone.

Dave - Do

Flow= Do x100%......c...cceervrennnne. (3.1)

Where:
Dag :Average Diameter of the concrete spread (mm)measured in 4

directions.
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D,: Inside base of original, Diameter of the cone test (mm).

Slump flow testing is widely used for non- fibrous nowadays. This
analysis yields helpful data on the concrete and uniformity of the concrete
[55],[56],and[57]. Slump flow testing was utilized to evaluate self-
consolidating concrete due to smoothness. This strategy is extensively
employed in labs and on construction sites to assess the cohesiveness of
concrete. Concrete's workability and consistency can be gauged by
averaging the diameters of two cones placed at right angles to one another
after the material has flowed out of the slump cone. The concrete results
are displayed in Table (3.5), confirming the predictions made by the
literature [58]and[59]. Using both types of steel fibers (micro and hook)
in varying percentages (0.5, 1.0, and 1.5%) raised the diameter while
decreasing it by (6.04%, 10.77%, 16.45%) and (4.85%, 11.83%, 18.11%)
respectively

(compared to the mixture without fiber, with a time of (5.8, 6.1, 6.8) sec
and (5.7, 6.2, 7.2) sec, respectively).

Plate (3.4) Slump Flow Test
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Table (3.5) Slump flow test.

Index of Mixes Slump flow Test
D(mm) Final (sec)

N 845 5.6
M 059 794 5.8
M 109 754 6.1
M 150 706 6.8
H 0.5 804 5.7
H 100 745 6.2
H 15% 692 7.2

Depending on The European Guidelines for Concrete Specification,
Production and Use ,Slump-Flow (760 to 850)mm. The mix classified in
Slump- Flow in class SF3 [60].

3.7 Casting and Curing Procedure

To prevent cement concrete from adhering to the molds, all templates
were cleansed, and their inner surfaces were lubricated with engine oil.

Before pouring concrete into the template, then reinforcement was
positioned in the base mold. The mold was filled with concrete in two
equal layers. In addition, The surface of the concrete was leveled well
with a steel trowel, and the surface of the slab was covered with
polyethylene sheets to avoid loss of moisture. After pouring it for 48
hours, it was extracted from the wooden mold and placed in water basins
for treatment. It was extracted after completing the curing period for 28

days.
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3.8 Characteristics of Mechanical Hardened Concrete

3.8.1 Test of Compressive Strength

The compressible strength of cube (f.,) was evaluated in accordance
BS (1881-116[61]. The compression resistance of FRC mixtures was
established by performing compressive strength experiments on standard
150-mm cube samples using a compression machine with a capacity of
2000kN, plate (3.5) and Table (3.6) state the tested results . An average
of three examples was utilized to calculate the compressive strength.

Table(3.6): The outcome of testing on concrete cubes.
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Plate (3.5): Test of compression for Cubes
3.8.2 Splitting Tensile Strength

According to ASTM C496-2004[62], an average of two cylindrical
concrete specimens (100 x 200 mm) have been subjected to a tearing
tensile force. Plate 3.6, and Table 3.7, show the testing data for the
strength of tensile splitting.

Table(3.7): The result of tensile strength test.
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N
Plate (3.6): The test of splitting tensile strength.
3.8.3 Direct tensile Strength test
Based on ASTM D2936-08[63], an average of two concrete
specimens with dimension shown in Figure (3.3) were subjected to
device of tensile strength test. Plate (3.7), and Table (3.8) show the
testing data for the direct tensile strength of samples.
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Figure (3.3) Dimension of the direct tensile test sample
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Plate (3.7) Direct tensile test

Table (3.8): The result of direct tensile strength test.
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3.8.4 Modulus of rupture

On FRC specimens, modulus of rupture f, experiments were
conducted in accordance with ASTM C293-02[64]. The rupture modulus
was tested utilizing an equipment with a testing capacity of 2,000kN.
Using the center-point loading shown in plates (3.8) and Table (3.9),

(100x100x400) mm prisms were tested, and the average of two

specimens' test results was used for each test.

Plate (3.8) flexural test of prism
Table (3.9): The result of the Modulus of rupture test.
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3.9 Measuring Instruments

3.9.1 Load Measurement
All slabs have been tested by employing hydraulic testing

equipment with a maximum range capacity of (480kN) as depicted in
plate (3.9).

Plate (3.9): Universal Testing Machine

3.9.2 Deflection Measurement

At each load stage, the vertical deflection of specimens was measured
at the slab's center using a dial gauge with a precision of 0.01 mm. The
gauge is positioned beneath the lower face of the stone being tested.
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3.9.3 Column Penetration Measurement

At each loading stage, the penetration of the samples was measured at
the center of the slab using a contact gauge with an accuracy of 0.01 mm.
The gauge is placed in the area of contact between the column and the
slab being tested.
3.10 Test Procedure

At the age of 28 days, all slab samples were removed from

processing. To illustrate fracture propagation, slab specimens are cleaned
and sprayed white before the test day, and each slab specimen is marked.
In addition, load locations have been identified. The locations of gauges,
were the first on the surface of the slab. The second is in the contact area
between the column and the slab, and the specimen slabs have been
loaded onto the machine. As depicted in plates (3.10) and (3.11), steel
frames measuring 700mm x700mm (length x width) were placed over the
load locations to prevent tension concentration on the top surface of the
slabs at loading as shown in Figure (3.4).
All slabs were loaded to failure in a concentrated load test on the center
of the column. The failure occurred when the slab collapsed suddenly at
the same time that the dial gauge in the area where the column contacts
the slab stopped reading. The ultimate load has been recorded. The main
objective was to evaluate the ultimate load of the slabs, to know the type
of failure for each sample, and
to compare the non-fibrous samples with the reinforced samples using

fibers.
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}

dial gauge
o dial gauge
| 5 ]
B
920 mm
b

Figure (3.4) : Details of slab with frame a- Slab with frame three

dimension view. b- The dial gauge position.
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A:Upper dial gauge B:Lower dial gauge

Plate (3.11) position of dial gauges
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CHAPTER FOUR
RESULT AND DISCUTION

4.1 Introduction

This study details the outcomes of the empirical plan run through the
course of this study. The experimental program included the testing of
fourteen slabs with square and circular columns, twelve of which were
reinforced with steel fibers (straight and hook) and other of which was

non-fibrous sample.
4.2 Result of the test

4.2.1 Mechanical Properties for Non- Fibrous Concrete

To ascertain the concrete's mechanical properties, control samples were
blended and poured. Three 150*150*150 mm cubes were examined of
each mix in accordance with BS 1881[65], three 100x100x400 mm
prisms were examined in accordance with ASTM C293-02[64], and three
100 x 200 mm cylinders were examined for compressive strength,
flexural modulus, and tensile test, respectively. In addition to three direct
tensile test samples. The findings are outlined in Table (4.1), which
illustrates the average value obtained from the samples of non-fibrous

concrete.

Table 4.1 Mechanical properties of Non- Fibrous Concrete

Strength of Splitting tensile | rupture Modulus f, | Direct tensile

compression (f) (MPa) (MPa) (f; ) (MPa)
(feu)(MPa)
49.5 3.6 5.2 2.4
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4.2.2 Mechanical Properties for fibrous Concrete Mixes

In the beginning, cubes, cylinders, prisms, and direct tensile samples were
examined to determine the strength of compression, tensile, flexural, and
direct tensile, respectively, of six concrete formulations for each model in
the three groups. This provided an initial sign of the evolution of the
concrete's resistance to tensile, compression, flexion, and direct tension
resulting from the addition of steel-fibers, flexure of whether the fibers

used were straight or hooked. The outcomes are shown in Table (4.2).

Table 4.2 Mechanical features of fibrous concrete at the age of 28 days

for 7 mixes.

Mix
symbol

Vol.
fraction
of fibers

V.f

(%)

Compressive

Strength
Mpa

Percentage
increase
w.r.t. Nc
%

Tensile
strength
Mpa

Percentage
increase
w.r.t. Nc

%

Direct
tensile
strength
Mpa

Percentage

increase

w.r.t. Nc
%

Flexural
strength
Mpa

Percentage

increase

w.r.t. Nc
%

0.5M

0.5

50.2

141

55

52.78

3.7

54.17

75

44.23

1.0M

1

55.2

11.52

6.1

69.44

45

87.5

8.4

61.54

1.5M

15

59.8

20.81

8.0

122.22

6.3

162.5

9.7

86.54

0.5H

0.5

53.1

7.27

52

44.44

35

45.83

5.8

11.54

1.0H

1

59.4

20.00

5.9

62.88

4.2

75.00

6.7

28.85

1.5H

15

60.1

21.41

7.0

94.44

6.0

150.00

8.1

55.77

4.2.3 Impact on the compressive strength by the fiber

parameters

Figure 4.1 shows the average compressive strength of three cubic
samples for all groups of fiber ratios (0.5%, 1%, and 1.5%) after twenty-
eight days. Increasing the percentage of fibers helps to enhance the
strength of compression for concrete. The use of straight steel fibers
increases the strength when compressing the cube progressively by
1.41%, 11.52%, and 20.81% of the fiber content.

It was discovered that using hook fibers produces better results in
developing compressive strength in SFRC compared to using straight
steel fibers, which increased by 7.27%,20%, and 21.41% for the same
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percentages of fibers used in both types (0.5%, 1%, 1.5% )because the
hook fibers are longer than the straight fiber (this increases the
compressive strength at a slower rate). Based on the steel fibers and
mixture bonding strength, the maximum strength of compression of the
concrete increased. Thus, crack growth stops. The steel fibers can cross
the micro-cracks developing at the gravel-mortar interface, which
increases the concrete's tensile strength. The failure was gradual in the
fiber-reinforced samples, while it was sudden in the conventional

concrete samples. Plate 4.1 shows the samples after failure.
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Figure 4.1 Average compressive strength of the three cube specimens
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Plate 4.1 Cubes after failure

4.2.4 Impact on the tensile strength by the fiber parameters.

Figure 4.2 depicts the impact of steel fiber type on the tensile
fracture strengths of SFRC. Upon examination, the failure of the fiber-

reinforced samples was gradual, whereas the failure of the non-fibrous
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concrete samples was sudden. Due to the bond strength among fiber and
concrete components, SFRC is less likely to fracture than conventional
concrete. In comparison to the control sample of concrete, the strength of
tensile of reinforced concrete with micro-straight fiber is better because it
gives a good distribution in the mix. When using two different types of
fibers (straight and hook), the increases are approximately (52.78%,
69.44%, and 122.22%) and (44,44%, 62.82%,and 94.44%), respectively,
for the same steel fibers percentages (0.5%,1.0%, and 1.5%). This is due
to the frictional bond between the fibers and the mixture, as the steel yield
is drawn rather than split under tensile stress. One of the possible
explanations for the apparent superiority of microfibers over hook steel
fibers is their greater tensile strength and thus the improved reinforcing
effect of steel fibers on concrete and SFRC strength. Plate 4.2 shows the

samples after failure.
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Figure 4.2 splitting tensile strength of the three cylinder
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Plate 4.2 Cylinder after failure
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4.2.5 The influence of fibers on direct strength of tensile

The direct strength of tensile test is indicative of how concrete may
behave in a real-world environment, such as a bridge. However, indirect
testing methods may not always be able to determine concrete's tensile
strength precisely. Figure 4.3 demonstrates that, depending on the type of
steel fibers used, the strength of direct tensile of steel-fiber reinforced
concrete (SFRC) can range from extremely low to extremely high. Non-
fibrous concrete was reinforced with steel fiber to increase its tensile
strength along a straight line. Microfibers increase the direct tensile
strength of a control concrete sample by 54.17, 87.5%, and 162.5%,
whereas hook fibers increase the strength by 45.83, 75%, and 150.0%.
Non-fibrous concrete samples failed abruptly, whereas fiber-reinforced
concrete samples failed gradually upon examination. Plate 4.3 shows the

samples after failure.
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Figure 4.3 Direct tensile strength of the three specimens
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4.2.6 Impact on the flexural strength by the fiber parameters

Increasing fiber length decreases the likelihood that steel fibers will
disseminate through the concrete. When the length of the steel fibers
increases, the overall amount of steel fibers added to the mixture may
decrease, as well as the randomness of fiber distribution in that region of
the sample. Compared to the control sample, the flexural strength of fine
steel fibers increased by (44.23%, 61.54%, 86.54%) and the flexural
strength of hook steel fibers increased by (11.54%, 28.85%, 55.77%).
Plate 4.4 shows the samples after failure. The flexural strength of
concrete can be increased by loading the fibers before matrix fracture and
the loss of matrix-fiber interfacial contact. Using straight and hook-type
steel fibers, prism testing was conducted. As shown in Figure 4.4, steel
has a much higher tensile strength than concrete, so it is conceivable that
the steel fibers were able to be driven out during the prism's breakage
without causing the concrete to fracture. When the percentage of steel
fibers in concrete is increased, the material tends to become more resilient
and flexible. Plate 4.5 illustrates the effect of steel fiber type on SFRC
bending strength. When the test prism reinforced with steel fibers was
subjected to a bending force, it did not completely separate into two parts
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because the steel fiber was pulled out without breaking. This may be
because of the high steel fiber's tensile strength, which is inherently
greater than the weak the concrete's tensile strength, whose behavior
differs from that of the prism without reinforcement.

B Flexural strength (M pa)
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Figure 4.4 The impacts of steel fibers type on flexural strengthof SFRC

Plate 4.4 Samples after failure
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Plate (4.5): Fiber pullout in concrete

4.3 Results of examined for slabs

All the examined slabs showed elastic behavior under the applied
load and at low load levels, and the mid- span deflection was small and
proportional to the applied load. When the load rises, the first crack
appears on the tensile face of the slab around the sides of the column, and
additional cracks form in the middle area of the slab. These cracks grow
larger and multiply as the load increases. In the event of final stress, shear

perforation failure occurs differently for each type of slab used.
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Table (4.3) Test Results of Slabs Samples

Punching sudden
144.5 6.3 0.6 Punching sudden
147.84 6.49 1.1 punching somewhat gradual
148.16 9.95 1.58 Punching & flexural
193.6 9.82 1.4 Punching & flexural
161.32 7.1 0.59 punching somewhat gradual
179.52 8.74 0.74 Punching somewhat gradual & flexural
191.04 12.8 2.16 Punching somewhat gradual & flexural
151.2 6.87 1.0 punching somewhat gradual
164.8 6.75 1.07 Punching gradually & flexural
212.94 13.27 3.64 Punching gradual & flexural
165.23 7.65 0.34 Punching gradual
195.33 7.6 0.84 Punching gradual
1979 10 1.33 Punching gradually & flexural
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4.4 Crack Pattern For Slabs
4.4.1 Non- fibrous concrete slab with a circular and square
column with (CN) and (SN)

This sample consisted of a compacted concrete slab with a circular
column of non-strengthening concrete. The slab has been subjected to
monotonic and incremental load testing until failure. In this sample, shear
fractures appeared around the column on the slab's tension face, as well
as cracks around the column on the pressure face of the slab, and the
column penetrated the slab, resulting in failure due to punching shear.
whereas the failure zone pattern was circular around the column area

from the tensile side. Plate 4.6 and Plate 4.7 depicts the shape of the

failed camnla

Plate 4.6: The sample of non- fibrous concrete slab with circular column
(CN)
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Plate 4.7: The sample of non- fibrous concrete slab with square column
(SN)

4.4.2 Fibrous Concrete Slab with a Circular Column
(CM0.5%),(CM1.0%) and (CM1.5%)

This sample consisted of a compacted concrete slab with a circular
column of strengthening with the ratio of straight steel fiber 0.5%
concrete. The slab has been subjected to monotonic and incremental load
testing until failure. In this sample, shear fractures appeared around the
column on the slab's tension face, as well as cracks around the column on
the pressure face of the slab, and the column penetrated the slab, resulting
in failure due to punching shear. Whereas, the failure zone pattern was
circular around one-fourth of the column area from the tensile side. Plate
4.8 and Plate 4.9 and Plate 4.10 depicts the shape of the failed sample.
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e sample of fibrous concrete slab with circular
column(CMO0.5%)

Plate 4.9: The sample of fibrous concrete slab with circular column
(CM1.0%)
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Plate 4.10: The sample of fibrous concrete slab with circular
column(CM1.5%)

4.4.3 Fibrous concrete slab with a circular column
(CHo59%),(CH1.00) and (CH1 500)

This sample consisted of a compacted concrete slab with a circular
column of strengthening with the ratio of hook steel fiber 0.5% concrete.
The slab has been subjected to monotonic and incremental load testing
until failure. In this sample, shear fractures appeared around the column
on the slab's tension face, as well as cracks around the column on the
pressure face of the slab, and the column penetrated the slab, resulting in
failure due to punching shear. Where it was more toughness, and the
failure was a few cracks on the tensile area around the column. Plate 4.11
,Plate 4.12 and Plate 4.13 depicts the shape of the failed sample.
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(CHo %)

Plate 4.12: The sample of fibrous concrete slab with circular column
(CHl.O%)
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Plate 4.13: The sample of fibrous concrete slab with circular column
(CHl.S%)

4.4.4 Fibrous concrete slab with a square column (SMg50s),

(SM1.0%6) and (SMy 505)

This sample consisted of a compacted concrete slab with a square
column of strengthening with the ratio of straight steel fiber 0.5%
concrete. The slab has been subjected to monotonic and incremental load
testing until failure. In this sample, shear fractures appeared around the
column on the slab's tension face, as well as cracks around column on
tension of slab face, and the column penetrated the slab, resulting in
failure due to punching shear. Where it was more toughness, the failure
zone pattern was circular around one-fourth of the column area from the
tensile side. Plate 4.14 , Plate 4.15 and Plate 4.16 depicts the shape of

the failed sample.
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Plate 4.15: The sample of fibrous concrete slab with square column
(SMl.O%)
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] ,‘4‘ '. 7 ; j:'; k:
Plate 4.16: The sample of fibrous concrete slab with square column

(SMl.S%)

4.4.5 Fibrous concrete slab with a square column

(SHo.50),(SH1.09%) and (SHy 504)

This sample consisted of a compacted concrete slab with a square
column of strengthening with the ratio of hook steel fiber 0.5% concrete.
The slab has been subjected to monotonic and incremental load testing
until failure. In this sample, shear fractures appeared around the column
on the tension slab face, as well as cracks around the column on the slab's
tension face, and the column penetrated the slab, resulting in failure due
to punching shear. Whereas the failure zone pattern was circular around
one-fourth of the column area from the tensile side. Plate 4.17 and Plate

4.18 and Plate 4.19 depicts the shape of the failed sample.
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Plate 4.17: The sample of fibrous concrete slab with square column
(SHo.5%)
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Plate 4.18: The sample of fibrous concrete slab with square column
(SHl.O%)
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Plate 4.19: The sample of fibrous concrete slab with square column
(SH1.5%)

4.5 Effect of steel fiber dosage on deflection.

Figures (4.5) and (4.6), (4.7),and (4.8) explain the connection
among load and deflection for all slab specimens submitted to
monotonous loading conditions. The load versus displacement curves
commences as linear forms with constant slopes at moderate loading
levels. After increasing the applied load, a first fracture initiates at the
tension face of the slab, followed by an abrupt change in the slab's
curvature. As load increases, additional fractures were started, and the
relationship between load and deflection is nonlinear with an incline that
varies. When the deflection varies rapidly with a small increase in applied
load up to the failure load maximum, the third stage commences. The
load versus deflection curves appeared to depend on the column's size,

shape, and steel fiber types and quantities. The following can be deduced:
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1- The shear deflection of the plates reinforced with straight fibers
with a circular cross-section of the column increased by
approximately 37.24% and 35.45% for steel dosages of 1.0% and
1.5%, respectively, whereas it decreased by 0.5% for the fibers.
About 10.48% in comparison to standard plates.

2- The shear deflection of the plates reinforced with straight fibers
with a square cross-section of the column increased by
approximately 12.69%,38.73%, and 103.17% for steel dosages of
0.5%,1.0%, and 1.5%, respectively in comparison to standard
plates.

3- The shear deflection of the plates reinforced with hooked fibers
with a circular cross-section of the column decreased by
approximately 5.24% and 6.89% for steel dosages of 0.5% and
1.0%, respectively, whereas it increased by 1.5% for the fibers.
About 83.03% in comparison to standard plates.

4- The shear deflection of the plates reinforced with hooked fibers
with a square cross-section of the column increased by
approximately 21.43%,20.63%, and 58.73% in comparison to
standard plates, for steel ratio of (0.5%), (1%), and (1.5%).
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Figure (4.5): load - deflection of slabs reinforced of straight fiber with
circular column sections
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Figure (4.6): load - deflection of slabs reinforced of straight fiber with
square column sections.
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Figure (4.7): load - deflection of slabs reinforced of hooked fiber with

circular column sections.
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Figure (4.8): load — deflection of slabs reinforced of hooked fiber with

square column sections

85




CHAPTER FOUR RESULT AND DISCUTION

It was found that the use of steel-fibers in the concrete reduces the
deflection of slabs reinforced with hook and straight steel fibers with
circular columns and low percentages of steel-fibers. However,
performance of the slabs reinforced with hooked fibers was better. The
reason for this is attributed to the right angles of the square column,
which make it more deflected than the circular column, and the higher the
percentage of fibers, the greater the deflection of the columns when
compared to non-fibrous concrete. In addition, the hooked ends of the
fibers make the concrete more resistant to deflection, but this resistance
decreases as the percentage of fibers increases because their distribution

becomes irregular and more random.

4.6 Effect of types and dosages of steel fiber on column

penetration.

Column penetration, the area of contact between the column and the
slab, is shown in Figures 4.9, 4.10, 4.11, and 4.12. The load against
column penetration is initially linear with constant slopes, when the
applied load is increased. As the load increases, the column begins to
penetrate the slab, and the relationship between load and column
penetration assumes a variable-slope nonlinear form. The third stage
begins when the penetration changes rapidly in response to a slight
increase in the applied load leading up to the ultimate load at failure. The
relationship between load and column penetration appears to depend on
the column's form and types and quantities of steel fibers. The following

can be extrapolated:

1- The column penetration of the slabs reinforced with straight fibers
with a square cross-section of the column increased by
approximately 26.67% and 260% for steel dosages of 1.0%,1.5%
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respectively, whereas it decreased by 0.5% for the fibers. About
1.67% in comparison to standard plates.

2- The column penetration of the plates reinforced with straight fibers
with a circular cross-section of the column increased by
approximately 8.91%, 56.44%.and 38.61% for steel dosages of
0.5%, 1.0%, and 1.5%, respectively in comparison to standard
plates.

3- The column penetration of the plates reinforced with hooked fibers
with a square cross-section of the column increased by
approximately 40% and 121.67% for steel dosages of 1.0%, and
1.5% respectively, whereas it decreased by 0.5% for the fibers
about 43.33% in comparison to standard plates.

4- The column penetration of the plates reinforced with hooked fibers
with a circular cross-section of the column increased by
approximately 5.94% and 121.67% for steel dosages of 1.0%, and
1.5% respectively, whereas it decreased by 0.5% for the fibers

about 0.99% in comparison to standard plates.
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Figure (4.9): load — Column penetration slabs reinforced of straight fiber
with square column sections.

87



CHAPTER FOUR RESULT AND DISCUTION

250

e CN
= CM-0.5
200

/\ —CM-1
150 ——CM-1.5
100

50 //
0 - . . .

0 1 2 3 4
Column Penteration mm

Load kN

Figure (4.10): load — Column penetration slabs reinforced of straight
fiber with circular column section.
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Figure (4.11): load — Column penetration slabs reinforced of hooked
fiber with square column sections.
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Figure (4.12): load — Column penetration slabs reinforced of hooked
fiber with circular column sections.
It was found that the behavior of slab square column concrete reinforced

with hook steel fibers with a ratio of 0.5% is better compared with
concrete reinforced with straight fibers with the same fiber ratios. While
the higher percentages of fibers gave greater penetration of the column
due to the large percentage of fibers that led to random distribution in the
concrete matrix and thus led to greater penetration of the column inside
the slab. While using the square column, there was no effect on the
column penetration. The reason may be attributed to the divergence of the

angles of the square column compared to the circular column.

4.7 Influence of Considering Parameters on Ultimate Load.
The influence of the types and dosages of fibers and the column
shape (circular and square) on the ultimate loading of slabs subjected to
point loading Upon examination, the failure was gradual in the fiber-
reinforced samples, while the failure was sudden in the non-fibrous
concrete samples. In the pre-cracking stage, the behavior of the reinforced
and unreinforced slabs was convergent. The non-fibrous slab showed

increased behavior post-cracking, in addition to a variety of diagonal
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cracks, while the reinforced slabs did not show this behavior, but the
cracks stopped spreading due to the presence of fibers. The ultimate load
of the reinforced circular column slab was close to the ultimate load of
the unreinforced circular column slab. The ultimate load is depicted in
Table (4.4) from the values of the tests enumerated in Table (4.3).

Table (4.4) Ultimate Load of Slabs Samples

Designation of Slab Ultimate Load % Increase
(Pn)(KN) Of Ultimate
Load

CN 14414 -

SN 144.5 -
CMos% 147.84 2.57
CMu.0% 148.16 2.79
CM 50 193.6 34.31
SMo 5% 161.32 11.64
SM1 0% 179.52 24.24
SM1 50 191.04 32.21
CHos% 151.2 4.89
CHyo% 164.8 14.33
CHuys% 212.94 47.73
SHo 50 165.23 14.35
SH1 0% 195.33 35.18
SH1 50 197.9 36.96

For hook steel-fiber for slabs with a (square and circular) column, the
ultimate load greater than the slab reinforced of straight steel-fiber with a
square column. When comparing the slabs made of reinforced concrete
with straight fibers between the shapes of columns the square and circular
, it was found that the ultimate load of the slab with a square column is
higher than that of the circular column by (9.12% and 21.17%) compared
to a non-fibrous concrete slab for fiber ratios (0.5% and 1.0% )
respectively, while at a fiber ratio of 1.5%, the ultimate load of the slab
with a circular column is slightly higher than the ultimate load of the slab
with a square column by 1.34% when compared with a non-fibrous
concrete slab. When comparing the slabs made of reinforced concrete

with hook fibers between the shapes of the square and circular columns, it
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was found that the ultimate load of the slab with a square column is
higher than that of the circular column by (9.28% and 18.53%) compared
to a non-fibrous concrete slab for fiber ratios (0.5% and 1.5% )
respectively, while at a fiber ratio of 1.0%, the ultimate load of the slab
with a circular column is slightly higher than the ultimate load of the slab
with a square column by 7.59% when compared with a non-fibrous
concrete slab. Perhaps due to utilization of steel fibers, this has occurred,
whether straight or hooked, to make concrete a heterogeneous material, in
addition to the difference in the percentage of fibers leading to a
difference in their distribution, which makes the behavior of concrete

during testing unstable.

4.8 Influence the shape of column on ultimate load.

Figure 4.13 shows the effect of the shape of the column used with
the slab on the ultimate load, as it shows the ratio of the ultimate loads of
the square-column slab to the final loads of the circular-column slab for
both types of fibers (straight and hooked). It was found that the use of
straight fibers was the percentage for the ultimate loads (1.091, 1.212) at
the percentage of fiber 0.5% and 1.0%, respectively, while the percentage
for the ultimate loads (0.987) was at the percentage of fiber 1.5% of the

volume of concrete.

While using hook fibers, the ratio for ultimate loads (1.093 and 1.185)
was at a fiber ratio of 0.5% and 1.0%, respectively, and the ratio for final

loads (0.929) was at a fiber ratio of 1.5% of the volume of concrete.

It was found that the slab with a square column for both types of fibers
(straight and hooked) is better than the slab with a circular column at a
fiber ratio of 0.5% and 1.0% of the volume of concrete, while for the slab

with non-fibrous concrete, the ratio for ultimate loads was (1.003).
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Perhaps this is due to the fact that the presence of fiber in the concrete
increases its bearing strength, especially after the cracking stage, because
the fibers help prevent cracks from spreading. As well, the load
distribution of the square column is better than the circular one because of
its right angles that reduce the penetration of the column into the slab, but
increasing the percentage of fibers to 1.5% causes an irregular
distribution inside the concrete, which makes the ultimate load ratio
lower. This means that the ultimate load values for the circular column

are higher than the square column.

® The ratio between the ultimate loads of the squre and circular column slabs.

1.4

1.2

1
0.8 |
0.6 |
0.4
0.2 -

o | . : ‘ ‘ :

Nc 0.5M 0.5H 1.5M 1.5H

1.0M 1.0H

fiber ratio %

The ratio of the ultimate loads .

Figure (4.13): Impact of the ratio between the ultimate loads of the

circular and square column slabs with the fibers ratio.

4.9 Influence types of the fibers on ultimate load.

Figure 4.14 shows the effect of the type of fibers on the strength of
the slab, as measured by the ratio of the ultimate loads of the slab
reinforced with straight fibers to the ultimate loads of the slab reinforced
with hook fibers with the fiber ratios. It was found that the ratio of the
square column slab to the ultimate loads was (0.976, 0.919, and 0.965) at
the fiber ratios (0.5%, 1.0%, and 1.5%), respectively, of the concrete
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volume, while in the circular column slab the percentage of ultimate loads
was (0.978, 0.899, and 0.909) when the percentage of fibers was (0.5%,
1.0%, and 1.5%), respectively, of the volume of concrete.

It was noted that the use of hook fibers was more preferable and gave
higher results than straight fibers. The reason for this was likely that the
hook fibers in the post-cracking stage are better because they are longer,
which leads to their withdrawal and non-separation of the concrete and

reduces the spread of cracks in the concrete.

® The ratio of the ultimate load of the straight and hook FRC slabs.

SC: Square Column
CC: Circular Column
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Figure (4.14): Impact of the ratio between the ultimate loads of the
straight and hook FRC slabs

4.10 The punching area of samples.

As shown in Table 4.5, the punching area was added to each sample.
Plate 4.20 depicts the punching area of a model (CN). When both types of

steel fibres were added to concrete, the punching area of the samples
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decreased. when straight steel fibre was used, with the greatest decrease

occurring in slabs with circular column sections (70.15%, 49.05%, and
59.51%). While the rate of decrease was 69.59%, 37.09%, and 34.56%

for slabs with a square column section. While hooked steel fiber was

used, the punching area of the samples decreased, with the greatest

decrease occurring in slabs with circular column sections (72.81%,
49.99%, and 14.29%). While the rate of decrease was 38.71%, 37.56%,

and 34.56% for slabs with a square column section when using the same

percentage of steel fibers (0.5%, 1.0%, and 1.5%), respectively.

Table 4.5 : Punching area for samples

Slab Symbol | Punching area(mm) Feleenias de(:;rease by area

0

CN 278254.25 -

SN 229586.16 -
CMo 50 83053.27 70.15
CMy 0% 141772.34 49.05
CMy 59 112677.56 59.51
SMo 5% 69828.28 69.59
SM1 0% 144417.39 37.09
SMy 59 150236.72 34.56
CHo 50 75647.29 72.81
CHy.0% 139127.67 49.99
CHy59% 198904.15 28.52
SHo 50 140714.23 38.71
SH1.0% 143359.87 37.56
SH1 5% 196788.03 14.29
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Plate 4.20: Punching area of (CN) sample
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CHAPTER FIVE

THEORETICAL ANALYSIS

5.1 Introduction

This chapter examines the theoretical application of samples in
accordance with international codes (American Code ACI 318 [66],
British Code[67], EuropeanCode2[68],and Fib Model Code[69],
providing a comprehensive overview of the interpretation, analysis,
discussion, presentation, and evaluation of theoretical research in
comparison to experimental research on the performance and durability
of models.
5.2 ACI Code Design formula

According to ACI318,2019 [6], the critical section of shear
penetration was situated at a distance of 0.5 times the diameter (d) away
from the surface of column, as depicted in Figure 5.1. Solid slab piercing

shear capacity (V.) is the smallest of Equation. 5.1, 5.2, and 5.3.
V=033 A (5.1)

Where:-

2
A=1+ (0.004d) < 1,0

(0.167 + ”;)ﬁc R 52

c—

3.32d
VC:(O.167+ = )\/T”CA 53)
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Where:

The parameter As represents the diminished mechanical characteristics of
light-weight concrete when compared to normal-weight concrete of
equivalent strength of compression. In this context, As is equivalent to 1.0
for normal-weight concrete. The symbol fc' denotes the specified
concrete compressive cylinder strength. The variable b, corresponds to
perimeter of the two-way shear critical section in slabs. The symbol d
represents the distance from the excessive the compression fiber to the
center of the reinforcement longitudinal tension, which is commonly
referred to as the depth effect. p denotes the ratio of the long-side to the
short-side of the column. Lastly, A represents the concrete area, which is
calculated as the product of by and d (A = bod). The equation for the
design piercing capacity of shear (V) of the solid slab is represented by
Equation 5.4, while ® denotes the reduction factor of stress with a value
of 0.75.

V=DV, (5.4)

Critical Section

by=2(a+b)+4d

Figure 5.1: Punching shear - critical section as ACI 318 *°!
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5.3 Formula of British Standard Code

Without shear reinforcement, the critical section of concrete flat
slabs is assumed to be 1.5 d from face of the column in BS 8110,1997
[67]. When tensile reinforcement is added around a structure's crucial
section, its strength increases by 0.75 d. According to BS 8110 [67], the
area depicted in Figure 5.2 is of paramount importance. strength of
compression , critical section, depth effect of slab, and the reinforcement
of tension ratio are all calculated in Equation 5.5 to characterize the
strength of shear for concrete. Shear strength is calculated by taking the
cube root of the compressive strength, as specified in BS 8110[67]. Size
expansion due to effective section depth and tensile reinforcement ratio is
accounted for.
V=0.27K(100p)*f; cup bod (5.5)
Where:-
K is the factor according for the size and can be determined according to
Equation (5.5.1), p; is the bending factor reinforced ratio that can be

calculated as per Equation (5.5.2)

Where:-
Kz“i? (5.5.1)
p= 220003 (5.5.2)

S is the spacing from center to center of steel bar, f. cub is the specified
compressive cubical strength of concrete in Mpa, bg is the perimeter in
millimeters of the critical section of two-way shear in slabs, d is the
distance between the high compression fiber and the centroid of a
reinforcement by tension of longitudinal, i.e. the depth effect in

millimeters, and A bar is the area of one steel bar.
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F""“”““T
i

1.5d bo=2(c;+c,)+12d

Figure 5.2: Punching shear - critical section as BS 8110 [°"!

5.4 Euro code (EC2) Formula

In accordance with Euro code EC2[68]. The critical section for
flat slabs concrete without reinforcement shear is estimated to be 2d from
the column face. In flat slabs concrete with shear reinforcement, the
critical section is located 1.5d from the edge of the reinforcement shear.
In Euro code [68] , as opposed to ACI 318-19([66] and BS 8110[67], the
critical section's extremities are divided into quadrants. The Euro code
[68], critical section is illustrated in Figure 5.3, and suggested an
equation for the shear strength. That incorporates the impact of the ratio
of tension reinforcement and the strength of compression for concrete.
Concrete's shear strength is described by Equation 5.6.

V= 0.18xby x d x k (100 p, f))*? (5.6)
Where:-

K is the factor according for the effect of size and can be calculated as
per Equation (5.6.1), p; is the bending factor reinforced ratio that can be

calculated as per Equation (5.6.2)

K=1+ f? <2.0 (5.6.1)

Pt <0.02 (5.6.2)
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S is the spacing from center to center of steel bar, fc' is the specified
concrete compressive cubical strength, b, is the perimeter in millimeters
of the critical section of two-way shear in slabs, and d the effective depth,
Is the distance between the high compression fiber and the centroid of a

reinforcement by longitudinal tension. The area of one steel bar is Ayq;.

e ST —

-1 be=2(c,+¢,) +16d

Figure 5.3: Punching shear - critical section as Euro code 2 *°!

5.5 Formula of Fib Model Code

Based on the Critical Shear Crack Theory (CSCT), the model code[69]
developed a uniform design basis for slabs. This model's resistance of
punching shear is dependent on the critical shear fracture width, that is
associated with slab rotation Model Code[69],[17]. Strength of Punching
shear (V.) can be determined by applying Equation 5.7 in MC2010 [69].
V. =ky V€ by d (5.7)

Where the symbol f'. represents the characteristic strength of
compression for concrete, which is typically measured by cylinder. The
symbol b, represents the perimeter of control, which is set at half the
distance among the column's face and the flexural reinforcement's
centroid. The symbol dv represents the depth impact of shear resistance
of the member, which is the distance among the centroid of the flexural

reinforced and the concrete's surface on which the slab is supported. The
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parameter ky is introduced to consider the influence of the width of a
shear critical crack. Its value is determined by the rotation of the slab (y)
and the maximum size of the aggregate (dg), as described by Equation
(5.7.1).

- 1
k= <06 (5.7.1)

The symbol "d" represents the average value of the flexural depth effect,
whereas "kdg" is a coefficient that considers the impact the size of
aggregate. The calculation of *"kdg™ can be determined using Equation
(5.7.2).

3z
6+dg

kdg= - >0.75 (5.7.2)

CSCT offers simple equations of design that facilitate the application of a
level of approximation (LoA) strategy for analysis and design. This
strategy complies with the core MC2010 principles. There is additional
information available on the LoA method and how the selection of level
Impacts the value and piercing resistance of shear elsewhere [70]. Using

Equation (5.7.3) to calculate the surface rotation (y).

P=1.5 1, L2 (5.7.3)

d Es

Where -: Es is the modulus of Young for the flexural reinforcing and r is

the amount of distance of the centroid of the laden area to the zero-radial
line moment of bending (line of contra flexure), which is commonly
calculated to be 0.22L (The maximum span of adjacent slabs is denoted
by the variable L).

5.6 Computational results for code equations

By applying the equations for the codes mentioned in the previous
paragraphs to the samples used in the research, the results listed in Table
5.1 and Appendix C show the calculations of the equations for one

sample from the search.
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Table 5.1 The Results from codes equations

Samples | ACI 318 the smallest of Equations British Eurocode Fib model
Eq.G1) |EaG2) E0.G3) Standard 2 code
Code
CN 72.0600 | 1085268 | 114.2069 | 86.6955 75.0753 83.6988
SN 86.6458 130.4938 | 121.5882 | 106.7411 92.9254 100.6404
CM s | 725678 | 109.2914 | 115.0116 | 87.1023 80.9801 84.2886
CM;o | 76.0959 | 114.6051 | 120.6033 | 89.9031 83.5840 88.3866
CM;s | 79.2032 | 119.2847 | 1255279 | 92.3341 85.8442 91.9957
SMos | 87.2563 | 131.4133 | 122.4449 | 107.2419 | 100.2341 101.3495
SMio | 91.4986 | 137.8024 | 128.3980 | 110.6903 | 103.4572 106.2770
SMis | 952348 | 143.4293 | 133.6409 | 113.6834 | 106.2547 110.6166
CHos | 74.6344 | 112.4040 | 118.2870 | 88.7483 82.5104 86.6890
CH;o | 78.9378 | 118.8851 | 125.1074 | 92.1277 85.6523 91.6875
CHis | 79.4016 | 119.5836 | 125.8424 | 92.4882 85.9875 92.2261
SHos | 89.7413 | 135.1558 | 125.9320 | 109.2684 | 102.1282 104.2358
SHio | 94.9157 | 142.9488 | 133.1932 | 113.4293 | 106.0172 110.2460
SHi5 | 952348 | 143.4293 | 133.6409 | 113.6834 | 106.2547 110.6166

5.6.1 Comparison of the experimental and predicted

ultimate loads.

5.6.1.1 The ultimate loads (P,,) for ACI code

Table (5.2) displays the results of experiments of the ultimate load

and the results of its calculation from the lowest value of the ACI code

equations calculated from Equations (5.1), (5.2), and (5.3), as well as the

error rates for each of them for all models.
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Table (5.2). Comparison of the measured and predicted ultimate loads
for ACI code'®®

Samples Pn exp (KN) Pn aci (KN) Error%
CN 144.14 72.0600 -50.01
SN 144.50 86.6458 -40.04

CM s 147.84 72.5678 -50.91
CMy, 148.16 76.0959 -48.64
CM; s 193.60 79.2032 -59.09
SMys 161.32 87.2563 -45.91
SMy, 179.52 91.4986 -49.03
SM; s 191.04 95.2348 -50.15
CHos 151.20 74.6344 -50.64
CH, 164.80 78.9378 -52.10
CH, 212.94 79.4016 -62.71
SHys 165.23 89.7413 -45.69
SH;, 195.33 94.9157 -51.41
SH; ¢ 197.90 95.2348 -51.88

When comparing the experimental the outcomes of the models with the
outcomes extracted from the equation of the ACI code (Equation 5.1) in
Table 5.2, the value of predicted shear strengths was under estimating for

all types of concrete. Figure 5.4 shows the value of R? (Regression).
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The ultiimate load Pu exp.

Figure 5.4: Experimental and predicted cracking ultimate load of SFRC
slab According to ACI 318-19 °!

5.6.1.2 The ultimate loads (P,) for British Standard Code.
Table (5.3) displays the results of experiments of the ultimate load

and the outcomes of its calculation from the lowest value of the British

Standard code equations calculated from Equation (5.4) as well as the

error rates for each of them for all models.
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Samples Phexp (KN) Png.s code (KN) Error%
CN 144.14 86.695 -39.85
SN 144.50 106.741 -26.13

CM s 147.84 87.102 -41.08
CMy 148.16 89.903 -39.32
CM;: 193.60 92.334 -52.31
SMys 161.32 107.242 -33.52
SM,, 179.52 110.690 -38.34
SM, « 191.04 113.683 -40.49
CHos 151.20 88.748 -41.30
CHq, 164.80 92.128 -43.05
CH: 212.94 92.488 -56.57
SHg: 165.23 109.268 -33.87
SH,, 195.33 113.429 -41.93
SH,. 197.90 113.683 -42.56

When comparing the experimental outcomes of the models with the
outcomes extracted from the equation of the British Standard Code [67]
(Equation 5.4) in Table 5.3, the value of predicted shear strengths was
under estimating for all types of concrete. Figure 5.5 shows the value of
R? (Regression).
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Figure 5.5: Experimental and predicted cracking ultimate load of SFRC
slab for BS 8110 "

5.6.1.3 The ultimate loads (P, for Eurocode2Code.

Table (5.4) displays the results of experiments of the ultimate load
and the outcomes of its calculation from the lowest value of the
Eurocode2 code equations calculated from Equation (5.5) as well as the

error rates for each of them for all models.
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Table (5.4). Comparison of the measured and predicted ultimate loads for
Eurocode2 Code!™

Samples Pn exp (KN) P Eurocode2 (KN) Error%
CN 144.14 75 0753 -47.92
SN 144.50 92.9254 -35.69

CM 45 147.84 80.9801 -45.22
CMy, 148.16 83.5840 -43.59
CMy;s 193.60 85.8442 -55.66
SMos 161.32 100.2341 -37.87
SM1o 179.52 103.4572 -38.51
SM; 5 191.04 106.2547 -44.38
CHys 151.20 82 5104 -45.43
CHy, 164.80 85 6523 -48.03
CHi5s 212.94 85.9875 -59.62
SHos 165.23 102.1282 -38.19
SH1, 195.33 106.0172 -45.72
SH; s 197.90 106.2547 -46.31

When comparing the results of experimental of the models with the
outcomes extracted from the equation of the Eurocode2 [68] (Equation
5.5) in Table 5.4, the value of predicted shear strengths was under
estimating for all types of concrete. Figure 5.6 show the value of R?

(Regression).
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The ultimate load from Euro code (kN)
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The ultiimate load Pu exp (kN)

Figure 5.6: Experimental and predicted cracking ultimate load of SFRC
slab according to Euro code (EC2) *®!

5.6.1.4 The ultimate loads (P,,) for Fib model code.

Table (5.5) displays the results of experimental of the ultimate load
and the outcomes of its calculation from the lowest value of the Fib
model [69] code equations calculated from Equation (5.6) as well as the

error rates for each of them for all models.
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Samples Prexp (KN) Pr Eib model (KN) Error%
CN 144.14 83.699 -41.93
SN 144.50 100.640 -30.35

CM o 147.84 84.289 -42.69
CMy, 148.16 88.387 -40.34
CM;: 193.60 91.996 -52.48
SMy s 161.32 101.349 -37.18
SMy, 179.52 106.277 -40.79
SM; : 191.04 110.617 -42.09
CHo:s 151.20 86.689 -42.67
CHy, 164.80 91.688 -44.36
CH: 212.94 92.226 -56.69
SHys 165.23 104.236 -36.91
SH1, 195.33 110.246 -43.56
SH: 197.90 110.617 -44.10

When comparing the experimental results of the models with the results
extracted from the equation of the Fib model [69] code Equation 5.6 in
Table 5.5, the value of predicted shear strengths was under estimating for

all types of concrete. Figure 5.4 show the value of R? (Regression).
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Fib

130

R? =-0.325
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110

100

90 - + Fib
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The ultimate load from Fib code(kN)
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100 120 140 160 130 200 220

The ultiimate load Pu exp (kN)

Figure 5.7: Experimental and predicted cracking ultimate load of SFRC
slab according to Fib model ™

5.7 proposed equations

From previous studies, it can be concluded that all proposed
Equations were under estimating so the new Equations were proposed in
this work. The first Equation proposed equations from ACI code [66]
equation. The equation is proposed depending on the compressive

strength of the concrete.

Pug, g1 =Vacr * fvr* fif (5.7)

Where: fy is increase factor for fiber dosage (V: )and f ¢ is increase
factor for fiber length(Ls in mm).
Where: -

for= (1.2 + (zv—f))

fo:(1+%)

(5.7.1)

(5.7.2)
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For example: for CMgs
Fiber: Type= Straight steel fiber , Fiber length= 13mm, v;= 0.5%.
Pu ACI — 72.5678kN

fyve= (1.2 + (zv—i)) _ (1_2 N (2_;))

=14
L 13
= () = (1) _ 1.0433
P”S'ugl = Vaer fo fo = 725678 x1.4 x1.0433= 105.994kN

Table (5.6) ACI mode field

Samples Pn exp (KN) Sug-1 Sug-1/Exp.
CN 144.14 - -
SN 144.50 - -

CM g5 147.84 105.9973 0.7170
CMi, 148.16 127.0295 0.8574
CM;;5 193.60 148.7435 0.7683
SMys 161.32 127.4523 0.7901
SMi 179.52 152.7416 0.8508
SM; 5 191.04 178.8509 0.9362
CHys 151.20 116.6785 0.7717
CHip 164.80 141.0356 0.8558
CHi;s 212.94 159.5972 0.7495
SHs 165.23 140.2955 0.8491
SH; o 195.33 169.5827 0.8682
SH5 197.90 191.4219 0.9673
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The ultimate load from ACI
suggested Eq. (kN)
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Figure 5.8: Experimental and predicted cracking ultimate load of SFRC

slab for ACI suggested Eq.

Table (5.7): Compare the experimental results with the proposed

equation of ACI code

Samples ID L¢ \YZ for fis P, Pn
mm % sugl Experimenta

|
CN - - - - - 144.14
SN - - - - - 144.50
CM g5 13 | 05 1.4 | 1.0433 | 1059973 147.84
CMyyo 3 10 1.6 1.043 | 127.0295 148.16
CMys 13 ] 15 1.8 | 1.0433 | 148.7435 193.60
SMos 13 | 05 1.4 | 1.0433 | 127.4523 161.32
SM1 13| 10 1.6 | 1.0433 | 152.7416 179.52
SMys 13 ] 15 1.8 | 1.0433 | 178.8509 191.04
SHos 3 | 05 1.4 | 1.1167 | 140.2955 165.23
CHos 3 | 05 1.4 | 1.1167 |116.6785| 151.20
CHa 3 | 10 16 | 1.1167 | 141.0356 164.80
CHas 35 15 1.8 | 11167 |159.5972 212.94
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SH1, 35 1.0 1.6 1.1167 | 169.5827 195.33
SHy 5 35 1.5 1.8 1.1167 | 191.4219 197.90
S1 - ] ~ |105.9973 ] 433
S2 - ] _ | 116.6785 ] 379
S3 30.0 | 1.000 | 1.600 | 127.0295 | 414.869 386
Che[zl]MY S4 | 300 | 1.000 | 1.600 | 141.0356 | 414.869 389
i Para. | S5 | 350 | 1500 | 1800 | 1487435 | 723944 |  530'
Montesinos S6 | 350 | 1.500 | 1.800 | 159.5972 | 712.347 444"
GJ,2010 S7 | 300 | 1.500 | 1.800 | 127.4523 | 515.618 522
S8 [ 30.0 | 1.500 | 1.800 | 152.7416 | 515.618 472
S9 30.0 | 1.500 | 1.800 | 178.8509 | 628.779 530
S10 | 30.0 | 1.500 | 1.800 | 140.2955 | 711.935 503"
Ao - ; ] ; ] 284
Ar 60 0.4 1.36 12 272.5026 330
Az | 60 | 06 | 144 12 2951777 345
Az | 60 | 08 | 15 12 |324.1282 397
Bo - - ] - ] 301
[35]
L.NGUYEN- | B1 60 0.4 1.36 12 272.5026 328
M”:O"'l’it'a" B, | 60 | 06 | 144 12 12951777 337
Co - ] ] ] ] 264
Ci 60 0.4 1.36 12 272.5026 307
C: | 60 | 06 | 144 12 | 295.1777 310
C; | 60 | 08 | 15 12 |324.1282 326
PN/30/ | ] ] ] ] 8.8
100/0
PN/30/ | . _ ] ] ) 34.2
200/0
[18] PN/30/ | . - . - ) 101.6
| Se 400/0
Kishore and | PN/30/ | 59 2 1.167 20.6
2.000 : 5.246 :
Ch.Mallika | 100/2
Chowdary, | PN/30/ | 59 2 1.167 57.8
01 20072 2.000 37.360
PN/30/ | 50 2 1.167 165.6°
2002 2.000 142.974
PN/30/ | 50 4 1.167 13.4
100/ 2.800 7.344
PN/30/ | 50 4 1.167 40.22°
200/4 2.800 52.304
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PN/30/ | 50 4 1.167 113.427
400/4 2.800 200.164
S1 _ i i i i 85
(NSC)
S2 _ i i i i 60
[42] (LWC)
Jberietal, | (RPC) 0.5 1.4 1.043 | 302.805
2016 S4 13 165
(RPC) 1.0 1.6 1.043 | 348.714
S5 13 175°
(RPC) 2.0 2.0 1.043 | 440.818
S0.0 | - - - - - 47.5
[41] so5 | 13 05 | 1.400 | 1.043 45.019 65.0
Tamara sio | 13 1 1.600 | 1.043 54.016 85.0
Adnan Qasim
A,? G0Oo | - - - - - 425
Shaikhli,2016 | Go5 | 13 | o5 | 1.400 | 1.043 | 45.019 65.0
G10 | 13 1 1.600 | 1.043 54.016 95.0

5- Edge Shear Failure

5. Edge Shear Failure

Plate 5.2 irurc roucs wr SOMe specimens in previous research
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Sug-1

R* = 0.806 *

# Sug

0 100 200 300 400 500 600
The ultimate load Pu exp. (kN)

The ultimate load from ACI suggested

Figure 5.9: Experimental and predicted cracking ultimate load of SFRC
slab of suggested Eq. based on ACI code[66]for the previous studies and
the present study.

The second proposed equation is proposed depending on the splitting

strength of concrete
P, _=0095fb, = (5.8)
fuf

MSug2

Where : f, is splitting strength and Ly is fiber length (L¢ in mm).

Lf
fir= (15 = 550) (5.8.1)
f =1 for non-fibrous concrete beams.

For example: for CMg5
Fiber: Type= Straight steel fiber , Fiber length= 13mm, f; = 5.5Mpa ,
Slab : d=61mm , by=568.857mm.

Lf 13
fo: (1'5 - m) = (1'5 - m) =137
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d
Prsuga = 0.957; Do =
0.95;:5.5:-:553.35?;:%
Prsugs = — — 132.342kN

Table (5.8) Suggested equation based on f, field

Samples Pnexp (KN) Sug-2 Sug-2/Exp.
CN 144.14 118.6749 0.8233
SN 144.50 142.6961 0.9875
CM g5 147.84 132.3423 0.8952
CMi, 148.16 146.7796 0.9907
CM;;5 193.60 192.4979 0.9943
SMgs 161.32 159.1299 0.9864
SM; o 179.52 176.4895 0.9831
SM 5 191.04 231.4616 1.2116
CHgs 151.20 149.0603 0.9858
CHq, 164.80 169.1261 1.0263
CH;5 212.94 200.6581 0.9423
SHg s 165.23 179.2318 1.0847
SH; o 195.33 203.3591 1.0411
SH; 5 197.90 241.2736 1.2192
Sug-2

c 280 -

-3 R*=0.732 &

ﬁ 240 L

-: 200 - *

e -

% E.. 160 & Sug-2

?: = 120 - *

E B0 . .

= 100 150 200 250

£ The ultiimate load Pu exp (kN)

Figure 5.10: Experimental and predicted cracking ultimate load of SFRC

slab from the equation based on f;
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Table (5.9): Compare the experimental results with the proposed

equation of sug.2 based on f;

P
L+ f, d bo 4
Samples ID Fus PnSug2 | Experim
mm Mpa | mm mm

ental
CN - 1 61 | 568857 | 118.6749 | 144.14
SN - 1 36 | 61 634 142.6961 | 144.50
CM g5 13 | 10433 | 95 61 | 568.857 | 132.3423 | 147.84
CMy, 13 | 10433 | 61 | 61 | s68.857 | 146.7796 | 148.16
CMy;s 13 | 10433 | 80 | 61 | 568.857 | 192.4979 | 193.60
SMgs 13 | 10433 | 95 61 684 159.1299 | 161.32
SMy 13 | 10433 | 61 | 61 634 176.4895 | 179.52
SMys 13 | 10433 | 80 | 61 634 2314616 | 191.04
CHos 35 | 11167 | 92 | 61 | 568857 | 149.0603 | 151.20
CHyo 35 | 11167 | 99 | 61 | 568857 | 169.1261 | 164.80
CHis 35 | 11167 | 70 | 61 | 568857 | 2006581 | 212.94
SHo s 35 | 11167 | 52 | 61 634 179.2318 | 165.23
SH1 0 35 | 11167 | 59 | 61 634 203.3501 | 195.33
SH; 5 35 [ 11167 | 70 | 61 634 2412736 | 197.90

Ao - 1 1.95 105 1020 198.4028 284

Ay 60 1.2 2.23 105 1020 189.0761 330

A 60 1.2 2.42 105 1020 205.1858 345

Az 60 1.2 2,57 105 1020 217.9039 397

[35]

L. Bo - 1 195 | 105 | 1020 198.4028 301
NGItlJYE Bi 60 | 1.2 223 | 105 | 1020 189 0761 328
MINH, et B2 60 1.2 242 | 105 1020 205.1858 337
Al Bs 60 | 12 | 257 | 105 | 1020 | 217.9030 | 347

Co - 1 195 | 105 | 1020 198.4028 264
Cl 60 1.2 2.23 105 1020 189.0761 307
Co 60 1.2 2.42 105 1020 205.1858 310
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Cs 60 1.2 257 105 1020 217.9039 326
[18] | PN/30/100/0 | - 1 1845 | 7.0 | 188.0 2.307 8.8
I.Siva | pn/3o/200/0 | - 1 1845 | 320 | 3320 18.621 34.2
Kishore | pn/30/400/0 | - 1 1845 | 820 | 5320 76.462 101.6
and | pN/30/100/2 | B0 | 1167 | 23092 | 70 | 2320 3.054 20.2
Ch.Malli | pn/30/2002 | 50 | 1167 | 23092 | 320 3320 19.977 57.8
ka PN/30/400/2 | 50 | 1167 | 23092 | 820 | 532.0 82.028 165.6
Chowdar "o\ 30/100/4 | 50 | 1167 | 20110 | 70 | 2320 2.659 13.4
y PN/30/200/4 | 90 1.167 | 20110 | 320 | 332.0 17.397 40.22
20 PN/30/400/4 | 90 | 1.167 | 20110 | 820 | 532.0 71.436 113.42
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Figure 5.11: Experimental and predicted ultimate load of SFRC slab of

suggested Eq. based on ft for the previous and these studies.

The equations have been developed to estimate the shear strength of FRC
slabs. The accuracy of these equations was confirmed by comparing the
results from the equations with data from past research experiments. The
comparison showed that the proposed equations provide accurate
predictions  for  the shear  strength of FRC  slabs.
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS

6.1 Introduction

Experimental work was conducted to determine the punching shear
strength of (straight and hook) steel fiber-reinforced concrete slabs under
concentrated load. The investigations included studies of the mechanical
properties of fibrous concrete, the ultimate load, and the corresponding
deflection and column penetration. A study is conducted for column
shape, types of steel fibers, and different percentages of steel fiber, as
well as a comparison of the practical results with the different types of

codes.

In this chapter, the results of experimental and theoretical research are

presented, along with some recommendations for future researchers.
6.2 Conclusions

The following are inferences that can be drawn from the outcomes of

this experimental and theoretical study:

1. Straight fibers showed more pronounced effect on compressive
strength as compared with hook steel fibre especially for fiber
dosage 0.5 and 1 %. The compression strength increases of
straight and hook fibers with respect to control concrete sample
by (1.41%, 11.52%, and 20.81%) and (7.27%,20%, and
21.41%), respectively, when the percentage of fibres used is
0.5%, 1.0%, and 1.5%. This phenomena was resulted of number

of fibres per volume.
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2. When using two different types of fibres (straight and hook), the
splitting tensile strength increases the control concrete sample
by (52.78, 69.44, and 122.22%) and (44.44, 62.82%, and
(94.44%), respectively, when the percentage of fibres used is
0.5%, 1.0%, and 1.5%.

3. Micro straight steel fibers increase the direct tensile strength of
a control concrete sample by (54.17, 87.5%, and 162.5%)
whereas hook fibers increase the strength by (45.83, 75%, and
150%) when the percentage of fibres used is 0.5%, 1.0%, and
1.5%.

4. When compared to the non-fibrous sample, the flexural strength
of straight steel fibers increased by (44.23%, 61.54%, 86.54%)
and the flexural strength of hook steel fibers increased by
(11.54%, 28.85%, 55.77%), when the percentage of fibres used
Is 0.5%, 1.0%, and 1.5%.

5. The deflection of slabs was decreased by 10.48% when using
straight steel fibre with a circular column for fiber dosage 0.5%
and decreased by 5.24% , 6.89% when using straight steel fibre
with a circular column for fiber dosage 0.5% and 1.0%

respectively..

6. The behaviour of concrete slab reinforced with hook steel
fibres with a ratio of 0.5% is better compared with concrete
reinforced with straight fibres with the same fibre ratios. While

the higher percentages of fibres gave greater penetration of the
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column due to the large percentage of fibres that led to random
distribution in the concrete matrix and thus led to greater
penetration of the column inside the slab. While using the
square column, there was no effect on the column penetration.
The reason may be attributed to the divergence of the angles of

the square column compared to the circular column.

7. The ultimate load of the slab reinforced with straight steel fibre
with a square column section is higher than that of the circular
column by 9.12% and 21.17%, respectively, compared to a non-
fibrous concrete slab for fibre ratios of 0.5% and 1.0%, while at
a fibre ratio of 1.5%, the ultimate load of the slab with a circular
column is slightly higher than the ultimate load of the slab with
a square column by 1.34% when compared with a normal

concrete slab.

8. When compression the ultimate load of the slabs made of
reinforced concrete with hook fibres between the shapes of the
square and circular columns, it was found that the ultimate load
of the slab with a square column is higher than that of the
circular column by (9.28% and 18.53%) compared to a non-
fibrous concrete slab for fibre ratios of 0.5% and 1.0%,
respectively, while at a fibre ratio of 1.5%, the ultimate load of
the slab with a circular column is slightly higher than the
ultimate load of the slab with a square column by 7.59% when

compared with a normal concrete slab.
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9. Using of steel fibers, whether straight or hooked, to make
concrete a heterogeneous material. The presence of fiber in the
concrete increases its bearing strength, especially after the
cracking stage, because the fibers help prevent cracks from

spreading.

10.Adding of steel fibers in the concrete mix led to a reduction in
the penetration area of the slabs, as the use of straight fibers at
the ratios of 0.5%, 1.0% and 1.5% of the reduction was 59.51%,
49.05% and 70.15% for the circular column, while for the
square column the percentage of reduction was 69.5%, 37.09%
and 34.56%, respectively. When using hook fibers at ratios of
0%, 1.0%, and 1.5%, the percentage of decrease was 72.81%,
49.99%, and 28.52% for the circular column, while for the
square column, the percentage of decrease was 38.71%, 37.56%
and 14.29%, respectively. This phenomena as the result of
enhancing tensile strength that was changed failure mode from

shear to compound shear and flexural.

11. On the tension surface, flexural crack are nearly invisible. The
slab develops fractures, appearing more in the center as the

stress level rises.

12. When comparing the experimental shear strength and the value
obtained from the ACI cod coefficients, it gave varying and
Inaccurate percentages, as the error rate ranged from 40.04% to
62.71%, while when comparing the experimental shear strength
and the value obtained from the proposed equations, the
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proposed equations gave acceptable predictions. The first
proposed equation gave an error rate ranging from 3.38% to
39.48%, and the second proposed equation gave an error rate
ranging from 0.57% to 17.97%. The comparison showed that
the proposed equations provide accurate predictions for the
ultimate strength of FRC slabs as compared with the existing

formula of different design code

5.3 Recommendations For Future Work

1. Investigating the performance of UHPC concrete slabs with circular
and square column section reinforced.

2. Investigating the performance of reinforcement concrete slabs with
inclined columns.

3. Investigating the behavior of punching shear under eccentric load.

4. Researching of the size effect of reinforced concrete (slabs) with
various thicknesses with the same fibers and subject to influence from
punching shear.

5. An analytical study of the behavior of SFRC slabs reinforced with all

types of the fiber under punching shear.
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CHECK OF REINFORCED CONCRETE SLAB

1-  Check the Ultimate Punching Shear from ACI 318-19 Code
Equations

The smallest of the three equations:

o V=033r/fcA . (1)
o VC:(0.167+D'ﬁﬁ)ﬁCA .......... )
. vC:(0.167+3'Zfd) JFeA 3)
Where:-

> s is reflects the reduced mechanical properties of light-weight
concrete in comparison to normal-weight concrete with the
same compressive strength and is equal to 1.0 for normal-
weight concrete.

» fc' is the specified compressive cylinder strength of concrete.

> byg is the perimeter of the critical section for two-way shear in
slabs.

» d is the distance from the extreme compression fiber to the
centroid of the longitudinal tension reinforcement, i.e. the
effective depth.

> P is the ratio of the long side to the short side of the column.

» A is the concrete area (A= byd).

For non-fibrous concrete with circular column section :

d=61lmm, f.= 45Mpa , bo= 568.857mm for (d/2).

o V0330 /fcA ... (1)
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SR — <1.0
1+(0.004d)

As

B 2
1+(0.004+61)

A =1.608 > 1.0 use A=1

A= boxd= 568.857x61= 34700.277mm?

V=0.33x1 xv45x0.8 x34700.277= 68706.548N=

68.707kN
. VC:(0.167+°'Bﬁ) FoA o, )
p=1
vcz(o.m? L %) «VA5x0.8 X 34700.277 = 103476.226N =
103.476kN
o Ve=(0167 +22%) JFe A L 3)
B 3.32+61
Vc—(0.167 + 568_85?) 45x0.8 X

34700.277=108891.997N=108.892kN

~ use V.= 68.707kN

A-2
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2- Check the Ultimate Bending load from Yield Line for
square slab.
% "

///7// /// // "’/ / e,

AN \\\\E\\.\\\\\?ﬁ.‘f

o
-
[i%
E
Ba &
B
) 4
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NN\

5 / 77777777 74"

Figure A.1 : Simply- support slab.

M= pbd’f, (1-0.50 2 Le
p=0.00834 , d= 61mm b=1000mm, fy=440Mpa.

fc=36Mpa, As=50.265mm”
M= 0.00834x1000x61% x440(1-0.59 ~)x10°

M,=12.984kN.m

From Yield Line:-
M= 2
P=M,x8 = 12.984x8 = 103.873kN

Compared with V.= 68.707kN from ACI code.
P>V, Shear Control.
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Table (B.1): Chemical analysis for cement.

<5.00

291 <2.50
1.20 <4.00
1.46 <15
0.89 0.66-1.02

B-1
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Table (B.2): Physical properties for cement.

B-2
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Table (B.4): Physical properties of fine aggregate.

Table (B.5): Grading of coarse aggregate.

roperties of coarse aggregate.

Table (B.6): Physical

2.66

0.6%

0.043% 0.1%

B-3
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Calculate Ultimate Punching Shear from Codes Equations
1- Calculate Ultimate Punching Shear from ACI 318-19

Codes Equations.
For example CMg 5o,

d=61mm, f.= 50.2Mpa , by= 568.857mm for (d/2).

The smallest of the three equations:

o V=033 /fcA ... L)
-z
As_1+(0.(mcmr) =1.0
hgm—— =1.608 > 1.0 use A:=1

1+(0.004+61)

A= byxd= 568.857x61= 34700.277mm?

V:=0.33x1 xv/50.2x0.8 x34700.277= 72567.763N= 72.568kN

. V= (0 167+@)\/_ A )
p=1

V. ( ”33) +/50.2x0.8 X 34700.277 = 109291 .449N=
109.291kN

o Ve=(0.167 + %) [Fo A ... 3)

33261 _ -
V. (0 167 + o 85?) V50.2 X 34700.277= 115039.113N=
115.0391kN

~ use V.= 72.568kN

C-1
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2- Calculate Ultimate Punching Shear from British
Standard Code Equation BS 8110.

For example CMg 504

d=61mm, f.= 50.2Mpa , by= 951.903mm for (1.5d),
Dbar:8mm,

V=0.27k(100p)*f cup Dod ~ wenereeen. ( BS 8110)

K=%/400/d
K=%/400/61=1.6

_Abar
P=

cq = 0.03

Apar= 7 Doar’ =7 (8)° = 50.286mm”

S=98.889mm

_ 50286
98.889+61

=0.00834<0.03 .~.OK

Pt

V= 0.27x1.6 x(100x0.00834)°50.2x951.903x61/1000= 87.102282kN
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3- Calculate Ultimate Punching Shear from Euro code
(EC2)Equation.

For example CMg s,
d=61mm, f.= 50.2Mpa , bp= 1144mm for (2d),

Dpar=8mm, S=98.889mm.

V= 0.18 by d K (100 p, f,)*"

K=1+ J? =1+ ﬁ% =2.811<2.0 .~ use K=2

_Abar

Pt sd <0.02

Apar= 7 Dar” =% (8)” = 50.286mm”

4

S=98.889mm

_ 50286
P Se88ox61

V= 0.18x1144 x61x2 (100 x0.00834 x50.2x0.8)*%/1000

=0.00834<0.02 ..OK

V.= 80.98kN

C-3
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4-  Calculate Ultimate Punching Shear Fib model
code Equation.

For example CMg 504

d=61mm, f.= 50.2Mpa , by= 568.857mm for (0.5d),
fy = 440Mpa, r;= 350mm, Es= 200000Mpa,

dg=14mm.
Ve=ky /f'chod......... (Fib code)
ky= - <0.6
v 1.5+(09¢p dkdg —
W=1.5r, 2% = 1.5 x350 Xx ————= 0.01893
dEs 61x200000

2 >0.75
16+dg

kdg=

kdg= —2— =1.0667 >0.75 ..OK
16+14

ky= . =0.3833<0.6 ~.OK
1.5+(0.9x0.01893x61x1.0667

V. =0.3833x v50.2x0.8 x568.857 x61/1000= 84.288kN
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