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ABSTRACT

Shear connectors resists shear force that developed between interface of concrete and steel and then
prevent pull — out failure. Stud shear connectors are commonly used and most of research focused on
behavior of this type. It's useful to study behavior and efficiency of other types. This investigation is about
Three
parameters were considered in this investigation; strength of concrete (35.5 and 62 MPa); type of

the effect of different parameters on load-slip and stiffness of flexible shear connectors.

connector (stud, C-shape and L-shape) and type of connection between shear connectors and steel section.
It was found that increasing the compressive strength led to decrease in slip while load increasing.
Stiffness of connectors increased with increasing of compressive strength. The stud connectors found to be
stronger than C-shape and L-shape connectors while C-shape is the weakest one. Finally using welding
connection gave a higher load, lower slip and higher stiffness compared to epoxy regardless of type of

connectors and strength of concrete.
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1. INTRODUCTION

he performance of composite beams

depends on an effective transfer of shear
stress at the interface between the steel beam and
the concrete slab. Although there is some shear
transfer by bond and friction, it cannot be
depended upon at high loads as that will destroy
such a bond and cause a separation of concrete
slab from steel beam. The necessary connection
between the steel and concrete components of a
composite beam is provided by shear connectors
which required to transmit the horizontal shear
force and resist the slip i.e. horizontal movement
between concrete slab and steel beam. Shear
connectors also serve the function of holding the
slab down onto the steel beam. For most
connectors used in practice, failure by vertical

separation is unlikely and any uplift would have
only negligible effect on the behavior of the
composite beam [Johnson 1975].

The deformation of the flexible shear
connectors, such as headed stud and channels, is
greater than rigid type, which will appear before
failure. The benefits of this type are to resists
shear that developed between interface of two
materials concrete and steel, and the head
prevent pull — out failure. Oehlers [1989]
analyzed the shear flow at the interface because
of shear connector using direct shear test, the
effect of transverse reinforcement was
investigated. According to the tests results, the
slip at interface decreased in the case of presence
of a transverse reinforcement and increased the
interaction between concrete slab and steel beam.
Lloyd and Wright [1990] determined the
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ultimate strength and corresponding slip of
headed shear connectors and profiled steel sheets
using static push-out test. Results showed that
ultimate strength of connections fell below the
current design code values. While Shim et al.
[2004] investigated about strength of large shear
stud connectors and provided conservative
values for their strength. An and Cederwall
[1996] investigated the effect of type of concrete
and strength on strength of stud connectors. The
results showed significantly effects of
compressive strength on studs strength. Besides
the transverse reinforcement in concrete slab has
a negligible effect with using high strength
concrete. Bezerra et al [2018] investigated the
behavior of a new type of truss-shape shear
connectors as an alternative of stud bolt
connectors for special issues using push out test.
This type of connectors showed good plastic
deformations and according to push-out test can
be classified as flexible shear connectors.
Gautam et al [2019] showed that the slip values
of the test composite small box girder
steel-concrete beams are inversely proportional
to the degree of interaction of shear connection,
higher degree of interaction led to smaller
maximum value of measured slip. Han et al
[2015] evaluated the ultimate slip, load-slip
relationship and bearing capacity of shear studs
connectors embedded into elastic concrete by
testing eighteen push-out specimens. In order to
produce elastic concrete, rubber was adding to
concrete by 0%, 5%, 10% and 15%. The
ductility, bearing capacity of studs was improved
with increasing rubber contents. Aziz et al. [2018]
investigated the effect of plastic fibers on load —
deflection of bolt stud connections. They found

that plastics fibers made the behavior more
ductile. Pathirana et al [2016] recommended
depending on experimental and numerical
analysis the ability of using blind bolts in
composite structure to achieve and maintain the
composite action between steel and concrete in
composite beams under flexural loading.
Because of importance of shear connectors in
composite structure, many researchers try to
study the behavior of shear connectors and most
of these research focused on behavior of stud
shear connectors. It is useful to study behavior
and efficiency of other types. This investigation
is about study the behavior of different type of
shear connectors. Three parameters were
considered in this investigation; strength of
concrete (35.5 and 62 MPa); type of connector
(stud, C-shape and L-shape) and type of
connection between shear connectors and steel
section.

2. MATERIALS, MIXES PROPORTIONS
AND SPECIMENS TESTS

Type | Cement was used to cast all specimens
and its properties satisfied the Iraqi
specifications for ordinary cement No0.5/1984.
Sand with S.G. (specific gravity) 2.58 and
sulfate content about 0.45% was used as fine
aggregate, and corresponding sieve analysis is
shown in Table 1. Crushed gravel with S.G.
(specific gravity) 2.7 and sulfate content about
0.08% was used as coarse aggregate and
corresponding sieve analysis is shown in Table 1.
Both types of aggregate properties satisfied the
Iragi Specifications N0.45/1984.
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Table (1): % passing according of sand and crushed gravel according to sieve analysis

Sieve size (mm) %passing of sand %passing of crushed gravel

14 - 100

10 100 84
5 91 34

2.36 72 10.5

1.18 58 0.75

0AR 25

0.3 13

010 2

Epoxy glue and welding were used to connect ~ 750MPa.
the shear connectors with steel section. Three e L-shape: The width of flange of this type was
shapes of shear connectors are used (Figure 1); (20mm) with height (35mm) and f'y, =600 MPa
e Stud connector: The diameter of the head for ~ and f,= 750 MPa.
this type was (20mm) with height (35mm), and e C-shape: The width of flange of this type was
of the bar was used diameter (10 mm) with yield (20mm) with height (35mm) and f'y =600 MPa
strength of 600MPa and ultimate strength of  and f,= 750 MPa.
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Fig. (1): Types of connectors used in this investigation

The mix proportions for the mixes are listed  fabricated according to the dimensions of using
in Table 2. For each mix compressive strength connectors. For specimens test, a 2000 kN
was measured according to ASTM C39-03. capacity hydraulic testing machine was used.
Push-out specimens have been made according Concrete slabs parts were embedded in lower of
to Euro code 4. The push-out specimen consists  testing machine while the load was applied
of two small concrete slabs where are linked to gradually to top end of steel section, Figure 2.
the flanges of M4x3.45 section by 4-connecters Loads and corresponding slip were recorded.
for each side, Figure 2. The specimens have been

shaho.mahmoud.hama@gmail.com, khalil.aziz@gmail.com, shamil.kamil@uoanbar.edu.iq 367
! Corresponding author: College of Engineering, University of Anbar, Ramadi, Iraq



Journal of University of Duhok, Vol.23, No.2 (Pure and Eng. Sciences), Pp 365-371, 2020 (Special Issue)
3" international conference on recent innovations in engineering (ICRIE) Duhok, September 9-10-2020

Table (2): Concrete mix proportions
Type of mix Cement Silica fume Sand Gravel w/c Sp% (as
kg/m® kg/m?® kg/m?® kg/m?® percentages of
cement content)
Normal-strength 400 - 600 1200 0.42 -
concrete
High-strength concrete 360 40 600 1200 0.32 0.85
|D B Load
235 mm
8 ® 5 mm steel
reinforcement———__
N >y v
| ] M
. 1
//
_ Concrete slab r—
4L M4x3.45 I ! <
x3.
101 mm 57.15 mm 201 mm < ||l— Mdx3.45 =
. =
| |
] a‘
® 20 mm stud
or A A L \
connector ceiseetion-al g0
s \M7
(a) Sectmn Al§ A ——— Dl__\
4

Fig. (2): Dimension of push-out specimens and loading procedures

3. RESULTS AND DISCUSSIONS to following equation

_0.5%Py 1
Slip e

Ks
The test results were recorded and listed in
Table 3 and graphically in Figure 3 and 4. Shear

Where K= shear stiffness of connectors, KN/mm
stiffness for connectors was calculated according

P.,= ultimate recorded load before failure, kN
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Table (3): Experimental results

Type of Compressive Method of fixing the Type of connectors Slip (mm) Ultimate Ks (kN/mm)
concrete strength MPa connector with steel load (kN)
section
Normal 35.5 welding Stud 25 49 9.8
strength C-shape 2.8 41 7.3
concrete L-shape 18 29 8.06
epoxy Stud 7.4 59 3.99
C-shape 8.4 42 25
L-shape 4.2 32 3.8
High strength 62.0 welding Stud 2.15 69 16.04
concrete C-shape 1.85 50 13.5
L-shape 154 44 14.28
epoxy Stud 6.2 48 3.9
C-shape 7.4 42 2.84
L-shape 5 38 3.8

The parameters that considered in these
investigations are
1. Strength of concrete (35.5 and 62 MPa)
2. Type of connector (stud, C-shape and
L-shape)
3. Type of connection between concrete and
steel section
3.1 Effect of concrete strength

From Figures 3 and 4, it can be seen that with
increasing the compressive strength the slip
decrease and the load are increasing. While
stiffness increased with increasing of the
compressive strength, as shown in Table 3 and
Figure 5. The results is reasonable since
increasing the compressive strength of concrete
results in a more brittle behavior which mean the
specimens fails in higher loads and lower slip or

deformation.
3.2 Effect of type of connector

The stud connectors seem to be able to resist
more load than C-shape and L-shape connectors,
Table 3 and Figures 3 and 4. But C- shape
recorded higher slip and lower load at failure
compared to other two type. The stud connectors
has the highest stiffness while C-shape the
lowest as shown in Figure 5.
3.2 Effect of type of connection between
connectors and steel section

From results in Table 3 and Figure 3 and 4
show that using welding as connection gave a
higher load a lower slip and higher stiffness
compared to epoxy regardless of type of
connectors and strength of concrete as shown in
Figure 56.
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Fig. (3): Slip displacement verse type of connectors for tested specimens
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Fig (4): Ultimate recorded load verse type of connectors for tested specimens
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Fig. (5): Stiffness of connectors verse type of connectors for tested specimens
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4. CONCLUSIONS

The following conclusions can be drawn
form the conducted study:
1. From the results of this investigation the
following conclusion are made.
2. Increasing the compressive strength led to
decrease in slip while load increasing.
3. Stiffness  of connectors increased  with
increasing of compressive strength.
4. The stud connectors found to be more strong
than C-shape and L-shape connectors while
C-shape was the weakest one.
5. Using welding as connection gave a higher
load a lower slip and higher stiffness compared
to epoxy regardless of type of connectors and
strength of concrete.
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