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ABSTRACT

This paper aims mainly to study the effects of using sted fiber in reinforced
concrete parts of composite structural dements, which consist of two main parts, the
sted and concrete sections. Then to explain the effects of using the hooked ended stedl
fibers on the load-dlip relationship between concrete and sted parts of composite
structural ements.

The standard push-out test is a convenient and the only available method to define
this load-dip reation. There are five series of tests made on push — out test specimens
prepared for this purpose. These tests are containing various percentages of sted
fibers (1 0.0%, 0.5%, 1.0%, 1.5% and 2.0% ) by volume of concrete. The hooked ended
sted fiber with aspect ratio 100 were used in reinforced concrete parts of composite
structural ements, which consist of two main parts (the sted section and the concrete
section).

From the obtained results, an empirical non-linear equation was developed, to
calculate the shear stiffness for connectors at any amount of dlip. This will give
information on the ultimate shear capacity of the shear connector, which were used in
the composite structures and the corresponding load-slip reationship.
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INTRODUCTION

t is recalled that the main objective is to examine or assess the effects of adding

different contents of hooked ended sted fibers to the concrete parts of pushout

specimens and show the changes on load-slip rdationships of push-out tests (POT).

A standard push-out test is convenient and the only available method to define the
connectors properties, where the connectors exposed to a shear forces in the
applications of composite constructions in composite e ements (beams, floor slabs,
columns,......and etc.). The standard push out test™? consists of a short sted section
connected from two sides with two small reinforced concrete slabs as shown in figure
D).

In 1990, Al-Amery and Roberts @ used the load-slip curve for the connectors in
equation (1) which is presented in a modified form to the exponential function
suggested by Yam and Chapman., as follows:

Q=Qu.{1-ep(-a .Uzx)} oo, (1)

in which, (Qy) is the ultimate shear strength of a connector and (a ) is a constant which
can be determined from test results. For example:

1
a = —.Ln Q__} ...... @)

Uab Qu_ Q

inwhich, (U_, ) isthe slip corresponding to a load (Q).

EXPERIMENTAL PROGRAM
Specimen Details

The push-out specimens (POT) consist of five groups (in each two specimens),
each group is different from the others by its content of the hooked ended sted fiber,
which were 0.0%, 0.5%, 1.0%, 1.5% and 2.0% by volume of concrete respectively.
These specimens were prepared to examine the behavior (load- slip relationship) when
using sted fibers within the concrete provided for casting push-out specimens.

The current specimens of push-out tests were performed on mode specimens,
having the same basic dimensions as shown Figure (1) . Each specimen consists of
200mm (8 inches) sted section in shape of I-section, and (500mm) long, connected
to two fiber reinforced concrete slabs with volume of fractions ( 0%, 0.5%, 1.0%, 1.5%
and 2.0%), and reinforcing sted of f 6mm bars arranged as shown in Figure (2).
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The overall dimensions are similar to those used in standard pushout specimens. The
connection between the sted section and the two SFRC slabs are represented by two
pairs of f 8mm headed studs fixed to both flanges of the sted section.

This investigation comprises casting control specimens for tests of compressive
strength and splitting tensile strength from each of five types of mixes. These mixes
have different percentages of volume fraction of fibers ( 0.0%, 0.5%, 1.0%, 1.5%
and 2.0% ). Two push-out specimens were cast from each type of mixes.

These tests were carried out to provide information on the shear capacity of the
shear connectors, which were used in the composite structures and the corresponding
load — dlip relationship. From this relation the shear stiffness of the connectors can be
calculated at any stage of loading. This shear stiffness is used in linear and nonlinear
theoretical analysis of composite structures.

Materials Detail

The ordinary Portland cement produced by Al-Kuffa factory and Al-Akaider
washed natural sand of 4.75mm maximum size were used throughout this work. The
washed coarse aggregate used was Al-Nibaey crushed aggregate of 12mm maximum
size. The water cement ratio of 0.27 was used, which is low due to using of
superplasticizer (melment L10) with ratio of 3% by weight of cement.

Dramix type of hooked ended sted fibers having a mean diameter of 0.5mm and
length of 50mm with an aspect ratio of 100 are used, with different volume of fractions
of 0.0, 0.5, 1.0, 1.5 and 2.0 percentage, were used in reinforced concrete parts of
composite structural eements, which consist of two main parts (the sted section and
the concrete section). To achieve adequate compactability of the fresh fiber concrete
and uniform distribution of the fibers without balling or curling up of fibers, the
maximum limit of 2% fibers, and the melment L10 as a suprplasticiser were used.
Batching and mixing

All the materials were batched by weight and hand mixed. The cement and sand
were mixed first. The fibers were then slowly sprinkled by hand into this mixture and
mixed thoroughly. The dry mix of cement, sand and fibers was then added to the
coarse aggregate and mixed again thoroughly.

The superplasticizer was then slowly sprinkled by hand into the water with mixing
to produce the solution. The solution of water and superplasticizer was added to the
mix in the final stage and a uniformly distributed matrix was achieved.

Preparation of Concrete Mixes

The concrete mix was designed according to the 1986 British Standard Method. The
compressive strength was considered to be the principal factor governing the mix
design to have at 28 day compressive strength of about (30) MPa. The water cement
ratio of 0.27 was found to give adequate workability with 3% superplasticizer by
weight of cement. The maximum size of the used coarse aggregate was 12mm.
According to the mix design procedure, a concrete mix with proportions of (1 : 1.7 :
2.2) by weight was used in all the specimens.
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In order to determine concrete strength, for each batch, three (150mm x 150mm
x 150mm) cubes and three (150mm x 300mm) cylinders were prepared in addition to
the pushout specimens.

The same basic mix proportion was used for the plain (control) and the sted fiber
reinforced mixes . A total of five mixes were used :

Plain control (reference) mix.

Mix with 0.5% sted fiber by volume.

Mix with 1.0% sted fiber by volume.

Mix with 1.5% sted fiber by volume.

Mix with 2.0% sted fiber by volume.

Test Procedure

A total of 30 cubes, 15 cylinders, 15 flexure beams, 10 and push-out specimens
were tested in the experimental program . The control specimens which include the
cubes, cylinders and prisms were tested to obtain the compressive strength, splitting
tensile strength and flexural strength respectively made by the conventionally used
procedures.

The push-out specimens were tested to record the load-dlip relations. All the
pushout specimens were tested in the universal testing hydraulic machine with a
maximum capacity of (250) ton., in which load was applied vertically to the upper
end of the sted section. In placing the pushout specimens in the testing machine, care
was taken to ensure that the compression load is applied concentrically in order to
prevent any lateral movement (separation) for the two concrete plates.

Instrumentation for measuring the rdative interface movement between the
concrete plates and the sted section (interface dlip) consisted of (0.02mm division)
dial gauges . Mechanical dial gauges were mounted on sted sections for push-out
tests and stopped on concrete sections by using small sted angles fixed on concrete
sections .

At each test, the load increment and corresponding interface slip was recorded to plot
the load-slip relationship for each percentage of volume of fraction of fiber. Figure
(3) shows the details of instrumentation.

Loading was applied slowly in small increments of (2kN) , and stopping loading
at each (10 kN) step to take the readings of the dial gages which represents the dlip.
The Experimental Tests Results and Discussions

Herein, the general behavior and test observations on pushout specimens, in
addition to control specimens are reported and discussed.

As the dlip is the function of the concrete strength surrounding the shear
strength and the magnitude of fiber included in this concrete, as wdl as the shear
strength of the connector itsdf. The experimental observations indicate that the shear
connectors will not fail if the average load per connector is kept beow a certain load
which was the critical load of the studs ( 32 kN). The value of the constant (a ) was
1.22 as calculated from the test results of the push-out specimens, which have no
fiber and equation.
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Pushout Tests Results
A series of ten specimens which represent five groups were tested, in order to

provide information on the ultimate shear capacity of the shear connectors, and to
show the effects of adding sted fiber to the concrete matrix used in preparing of these
pushout specimens. The recorded results will show the probable reflections on
produced load-dlip rdationship, for the used studs, and then to devdlop a general
relationship for load-slip included effects of addition of sted fiber in any volume of
fractions up to 2.0% by volume of concrete.
L oad —Slip Relationship

Figure (4) shows the typical experimental load — dlip curves at interface between
sted section and attached reinforced concrete (concrete wings), for a single shear
connector in test specimens of POT. The dlip values are the average recorded dlips
from one pair of specimens. From these curves, shear stiffness of a connector at
different fiber contents are obtained. Figure (4) shows a large increase in ductility with
increasing fiber volumes. It should be noted that no noticeable increase in the peak
loads was observed indicating that actually a decrease in dip stiffness has occurred.
The large dips indicate that the inclusion of fibers results in general improvement in
dlip toughness (area under the curve of load-dlip curve).
Proposed formula on pushout

Depending on the tests results and curves after using curve fitting and building on
form which used by [Al-Amery and Roberts]®, and to include the effects of addition
of sted fiber to the concrete, on the load-dlip relationship, proposed (suggested) the
following form:

Q=Q..{1-exp(-a (1046 N )Us)} e 1)

Where:

Q = shear strength (kN),

Qu = The ultimate shear strength of
a connector ( 32 kN in our case),

a = constant (1.22 in our case
determined using equation 2 ),

VTf = percentage of volume fraction of
fiber and

Ucs = interface dlip between concrete
wings and sted section in
pushout Specimens.

The curves plotted from the above suggested equations (equation  (3)) for different
percentages of fiber contents are plotted in Figure (5). The comparisons between these
curves and that from experimental test are shown in Figures (6), (7), (8), (9) and (10)
to see the suitability and validity of this proposed form. It can be seen that the
predicted equation agree well with the experimental results.
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The proposed form of load-dlip relationship for fiber reinforced concrete POT

could be used.
Elastic Shear Stiffness

The shear dtiffness ‘Kg’ can be defined as the load required per connector to
produce unit dlip. The load - dlip curves were nonlinear, and to determine the dastic
stiffness for each curve (for each Vy), choose the line extended between the origin point
(point of zero load and zero slip) and point of half ultimate load ( '2 Qu) for this curve
see Figure ( 11) ,Table (4) and Figure (12).

The dlops of these curves represent the shear stiffness required for linear
numerical analysis and as initial stiffness for nonlinear analysis..

From Table (4) and Figure (12) which present the initial shear stiffness, it can be
seen that the dastic stiffness decreased with increasing the fiber content.
Ultimate Shear Capacity and Maximum Recorded Slip

The maximum experimental shear stress resisted by one connector for each
specimen was 32 kN (This load represents the ultimate carrying capacity of studs ), at
which , if no one of the two reinforced concrete plates or both failed (cracked ), at this
instant the failure occurs by cutting of the studs in one of the two attached concrete
slabs depend on balancing of load concentration on specimen into account (this case
of failure occurred specially in specimens having fiber content of 1% and 1.5% by
volume of concrete).

The maximum dlip recorded for the POT specimens varies with the percentages of
volume fraction of fiber. The magnitude of maximum dlip was 3mm, 5mm, 8mm,
9.5mm and 10mm for specimens containing 0.0%, 0.5%, 1.0%, 1.5% and 2.0% hooked
ended sted fiber by volume of concrete respectively.

Failure Modes

Thetype of failure of tested specimens was either horizontal cracks in inner faces of
reinforced concrete plates or cutting the shear connectors (studs). There was no
appearance of cracks on the outer sides of concrete plates for all tested specimens and
no sign of deformations appeared on the sted sections for all specimens. When the
failure occurred by shearing off the bolts at the interface between the reinforced
concrete plates and sted section, there was a little concrete crushing that occurred prior
to failure of the connector at the direction of loading. Figure (13) shows one of the
failed specimens.

Finite Element Applications

To illustrate the applications of the predicted load dlip relationship on the
composite beam shown in Figure (14 ) was used ANSY S finite eements program. To
modd this composite beam, the Solid-65 Element is used for the 3-D solids without

reinforcing bars (rebar). Link-8 Element Description (3-D Spar or Truss Element Bar)
is used as reinforcing bars and as shear connectors to resist the uplift forces of the
shear connectors in the composite beam. Combin-39 dement is a unidirectional
edement with nonlinear generalized force-deflection capacity that can be used in any
analysis, the shear forces of the shear connectors are simulated by this dement so the
results of the load-dlip curve for push-out test achieved in this research are used in the
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analysis of this dement. The results of the analyzed beam were plotted in Figure (15).
The Figures (16) to (18) show the model and stresses distribution along the beam.
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Figure (2): Details of used push-out test specimens
(All dimensionsin mm).

Table (1): List of Test Specimens and these Properties.
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Series No. Group name( fiber %V;) | Specimens Type Typeof Test
0.0%
Control 0.5% Cubes Compressive
Specimens. 1.0% (150mm x 150mm) | Strength Test
1.5%
2.0%
0.0%
Contral 0.5% Cylinders Splitting
Specimens 1.0% (150mm x 300mm) | Tensile
1.5% Strength Test
2.0%
0.0%POT
0.5%POT Push-out Push-Out
POT 1.0%POT Specimens Test
1.5%POT
2.0%POT
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¥

Figure(3) : Phoiobraph of Measurements of interface
dlip instrumentation.

Table (2): Compressive Strength Test Results.

Specimens | Specimens Compressive

Type Designation | V% | Strength,
(MPa)

0.0
0.0% 24.85

Cube 0.5
Control 0.5% 27.20

Specimens 10
1.0% 36.00

15
1.5% 33.82

2.0
2.0% 30.67
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Table (3): Splitting Tensile Strength Test Results.

Specimens | Specimens SplittingTensile | Percentage
Type Designation | V% Strength, of
(MPa) increasing
0.0% 0.0 310 | -
gy“t”d?f 0.5% 05 3.76 21.3%
Ssgdrr?]% 1.0% 1.0 5.40 74.2%
1.5% 15 5.404 74.4%
2.0% 2.0 5.45 75.8%
35 T 1 1 T 1 T
—— -
<1 S AP e .
= 25 |
=
= a
o 20} o .
5 — 0L0%VE
2 el —+ 0.5%VF 1
5 _# 1.0%VE
E w0 _o 1.5%VE ]
-0 2 0%V
0 1 2 3 4 5 B 7 B g 10

End slip Ucs (mm)

Figure (4): Experimental load — dip relationship for pushout Tests
(POT).
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Figure (5): The Suggested L oad-Slip relationships for different Vf Eq.(3).
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Figure (6): The Experimental and Suggested Theoretical L oad-Slip
relationships for 0.0% Vf .
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Figure (7): The Experimental and Suggested Theoretical L oad-Slip
relationships for 0.5% Vf .

35 T T T T T T T T T

30

- I I
m (] n

laad per one connectar (Kn)

—
]

DL 1 1 Il 1 1 1
] 1 2 3 4 5 5 7 g 9 10
slip Ues (mm)

Figure (8): The Experimental and Suggested Theoretical L oad-Slip
relationships for 1.0% Vf
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Figure (9): The Experimental and Suggested Theoretical L oad-Slip
relationships for 1.5% Vf .
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Figure (10): The Experimental and Suggested Theoretical Load-Slip
relationships for 2.0% Vf .
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Figure (11): Elastic Modulus of Elasticity.

Table (4): Experimental and Theor etical Elastic Shear stiffness for
Push — Out Test Results.

Speci %V Half Ucs at Ucsat Elastic Ks Elastic Ks
men Qu Qu/2(mm) Qu/2 (KN/mm) Ks Theo./
type (k) Theoretical (mm) Theoretic. (KN/mm | Ksexp.
EQ.(3) Experi Eq.(3) )
m Experim
ental
0% 0.56825 0.530 28.16 30.19 0.933
0.5% 0.842 0.71 19.0 22.5 0.845
POT 16
1% 1.052 0.857 15.21 18.67 0.815
1.55 1.301 1.305 12.3 12.26 1.00
2% 1.626 1.157 9.84 13.83 0.711
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Figure (12): Elastic Shear Stiffness Versus Percentages of fiber.
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Figure (13): Photograph of Tested POT Sp
Showing the Failure mode.
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Figure(15) L oad Deflection for 0% and 2% Vf.
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Figure (16) : The beam model.

Figure (18): Shear Stresses Along the Beam.
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