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Y. O ABRETEACT

Ihe purpose of this paper s o studv the experipenial behaviour of
compostte steel-concrele beams when using welded round bar spirals as shear
connectors. The spiral shear connectors are placed on four segements along
the composite beam length in the following forms 1) beam free of spirals:
2) beam with 4 units of three spirals each . 3) beam with 4 units of four

spirals eaclt 4) beam wilh & units of five spirais each and, 5) beam with
ntinupus spirals.

Ihe cracking of concrete, the faflure lovads amd (he tongitwtinal shear
flow in copposite beams are highly affected bv the arrangement of the
spiral shear connectors. Moreover. there orcurs an i(mprovemeni in the shear

resistance of the shear conneclors along the interface between the sfteel
beam and concrete slab.

The experimental program consists of the following tests @ 1) 5-tests
of composite steel concrete beams of span 200cm; ii) J3-push-out tests; [if)
tensile tests for d-specimens of the steel beam and, vi) cubic compression
tests for the concrete,

The lest results give the cracking loads. the fallure loads. the types
of ¢rack patterns for the composite beams as well as the shear strength for
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the various shear connectors. Also, the results have shown the effect of
the spiral shear connectors on the previous paramelers.

2. INTRODUCTION

Composite steel-concrete flooring systems are wide spread In modern
building construction.The concrete provides the compressive strength, fire
resistance, and floor surface, while the steel possesses high tensile
strength and has the advantage of rapid erection. When acting compositely
through the provision of shear connectors, the composite beam is stiffer
and stronger than if the the steel and concrete acted separately in a non
composite fashion {1,2,3].

The effective variables on the behavior of the spiral shear connectors
In the composite beams are the welded length of the shear connector to the
flange of the steel beam, the size of this weld, the diameter of the spiral
bars, the pitch between spirals as well as the diameter of the spiral’'s
circle.

Previous Investigations [3,4] had been comdurted to study fthe effect
of transverse and longitudinal steel reinforcement in the concrete slab on
the resistance of the shear connectors. Comparison between thecretfical and
experimental results on the behaviour of prestressed composite beams under
the effects of creep and shrinkage of the concrete had been performed ([5].
The purpose of this research is to deftermine ,experimentally, the cracking
and failure lvads, types of cracks and the deflection of composilte beams
shown Iin Fig.(1). Also, the shear resistance for using different numbers of
spiral shear comnectors ( 3 spirals, 4 spirals, 5 spirals — cases |, i &
respectively) s investigated using Push out tests.

x

3. SCHEME OF THE EXPERIMENTAL PRCOGRAM.

The main parameter investigated in this study is the elic L ol
increase of the number of spiral shear connectors in each unit ( 3 spirals,
4 spirals, 5 spirals and continuous spirals ) on the behaviour of the
composfte beams. Moreover, the shearing resistance of the different shear
connectors al the interface between the steel beam amd the concrete slab s
alse examined.

The experimental program is divided into ftwo main parts; the
part contains festing of five simply supported ¢ site Eears (B1.P7
& B5) without shear connectors or having 3 spira.=, 4 spirals, 5 5;
and continuous spiral shear connectors respeclively; as shown in Fig.( ).
The second part includes three Push-outl tests for three different lengths
of spiral shear connectors (cases 2,3 &4) as shown in Fig.(Z2). Push out
. tests are used to determine the strength of the shear connectors welded to
the vpper flange of the steel section and imbedded in (he reinforced
concrefe.

Each beam has a total length of 230 cm and a clear span 200cm. The
steel reinforcement of the concrete slab in the longitudinal and transverse
directions are the same for all beams and equals 5[0am and 72 0mm/m
respectively as shown in Fig.(1). The width of the concrete slab is taken
equal fo L/4 (50cm) according to Egyptian Code 6] and Iit's thickness is
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10cm. The stee! beam used In the composite section js §.1.B. No.l12G.
The progran includes also other complementary tests lo delermine the
properties of the materials used viz : (i} the concrete mix used in the

composite beams as well as in the columns of the Push-ogut tests has the
following basic data :

Concrete Cube strength after 28 days 250 Kg/bmf

I

Cement Content = 400 .'\'g/ﬂra
Sand / gravel ratio (by weight) = 35/65
Kater/Cement ratio (by weight} =0.5

Volume weight of gravel 1.65 t/hf ; and
(i1) the properties of the rolled steel I-section used have been determined
from tensile tests of specimens taken from the web and flanges. The yield

and ultimate loads and stresses for the steel beam specimens are given in
table (1).

4. TEST PROCEDURE

The composite beams were placed simply supported at both ends and the
load was applied through one concentrated lvad at wid-span in equal
Increments of (300 Kg) till failure using & HNvdraulic Pump as shown In
Fig.(3). For deflection measurements, Dial gages of 0.0lmm accuracy were

aced 2t the upper surface of the concrete slab on both sides of the
Jack. Another dial gauge was placed at the bottom flange of the steel DLeam
at mid-span. To record the settlement at (he supports, two dial gauges were
used on ftop of the concrete slab as shown in Fig.(3).

Push—-out test specimens were placed on the same testing frame and were
subjected to compressive lvad which produces direct shear till failure
occurs Fig. (2b). In each test, the system was secured from all sides before
starting applying the lvad.

L

5. ANALYZSIS OF EXPERIMENTAL RESULTS.

Based on the experimental resulls treated, fthe behaviour of the tested
composite beams is discussed with respect fto the lvad deflection
relationships, initial cracking and faiivre loads, the crack pattern and
the shear strength of the different types of shear connectors.

I. LEFLECTION.

Figures (4) to (8) show the relation belween the applied load and the
recorded deflection £ill failure for all the beams. The settlement at
supports has been taken inte account in the calculation of the actual
deflections. The maximum deflection corresponding to the failure lcad for
beams B!,B2,B3,84 & B5 are given in table (2.

The deflection of beam B8I, Fig.(4) includes two curves, one
corresponding to the deflection measured at the concrete slab surface on
both sides of the jack and the other for the deflection measured at the
bottom flange of the stee! beam at mid-span. The maximum deflection at
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failure load for beams B2 & B3 are 59% and 74% of the «corresponding
deflection of beam Bl respectively. For beam B4, the maximum deflection is
equal fto maximump deflection of beam B! although the failure lvad of B4 was
2.7 times that of Bl. For beam B5, the maximum deflection is greater than
that of Bl by 15.5%, while the failure lvad of B5 is 2.85 times that of Bl.

The difference between the deflections recorded at the bottom flange

of the steel beam and that on the upper surface of the concrete slab
reaches 3 to 5%.

I3 CRACKING :

II-i3 Crack Inltlation.

Crack Initiation is affected by the number of the spiral of the shear
connector units along the beam length. The initial crack lead recorded for
all beams 1s proportional to the number of spirals distributed along the
tested beam (these values are given in table (Z)). For beam B2, which has 3
spiral units, the initial cracking lead exceeded 5 times the value of bean
Bt which has no spirals. The values of this [Ivad for beams B3 and 04
increased by 33% and 72% over the value of beam B2 respectively. Also, the
cracking load for beam B5 increased [08% over lthalt of beam B2,

IT-ii) Crack Distribution.

Fig.(9) shows the types of cracks in the beams lested. It is notic
from the shapes of cracks of these beams that for beams B3 & B4 . the
spread of cracks occurs in the middle fourth under the applied [load,
Moreover, there is a separated region between the concrete slab and Ll
steel beam for B3 & B4 at mid-span only. For beams B2 & 85, the cracks were
distributed at a constant slope of nearly 45 along the haunch of the
concrete slab. For beam Bi, there is a complete separation between {he
steel beam and the concrete slab along the whole span and the concrele siab
crept outside the upper flange of the steel beam as shown in Fig (10}.

II~-1L4) Crack Width.

The maximum width of cracks cccurred -t tiv ldie pezion of 'h
in all beams. Also, the cracks intensity in th. niddle region is
than that noticed at other regions slong the Leam length.

II1I. FAILURE LOADS.

From the experimental results obtained, it is noticed that the failure
load is affected by the spiral shear connectors and is proportional to the
number of spirals. The failure loads for the beams tested are given In
table (2). It can be seen that the failure loads of beams B2, B3, B¢ & B5
Increased by 2.44, 2.60, 2.68 and 2.84 times that of Bl.

The modes of failures were wide cracks in the middle quarter of the

concrete slab, hair cracks in the concrete slab along the beam length and
yielding of the steel beam at mid-span.
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6. ANALYSIS OF PUSH-~OUT TEST RESULTS.

The push~out tests, are carried out to examine the shear strength of
welded spiral connectors ( 3 spirals, 4 spirals and 3 spirals) in direct
contact with the flange of the sfee! section and the concrete column. Fig.
(2) shows a typical specimen used in Push-out test. Typical lgad-slip
curves for cases 1,2 & 3 are plotted in Fig. (11}). The failure shear
strength and the corresponding modes of failure for the three cases are
given in table (3}. The failure shear strength of connector is highly
affected by the number of spirals. The strength of cases 2 & 3 increased by
44% and 84.2% over that of case | respectively.

7. CONCLUSIONS.

From the experimental test results of the cowposite concrele steel
beams carried out in Ehis research with spiral shear connaectors having 3
spirals, 4 spirals and 5 spirais, the following conclusions are drawn :

1- The cracking and failure focads are highly affected by the arrrangement
of spiral shear connecicrs.
2- The failure and cracking loads increase with the Increase of the number
of spirals in the shear connector.
J- Failure loads of the composite beams with spiral shear conneclors
increased from 2.4 to 2.8 times those of beams free of shear conneclors.
The failure strength of shear connectors increases with the increase of
the number of spirals.
Due to the increase of the spiral connectors from 3 spirals to 4 spirals
and from 4 spirals to 5 spirals, the shear strength of conpectors has
increased by 44% and 28% respectively.
6- The modes of failure of the composite beams tested were cracks 1In
the concrete silab and yielding of the steel beam.
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Table €12 : Properties aof the steel I=Section uzsed in the tests,

Specmei| Dimensions.cm P Py | ov Aver. Puu T, | Aver.
n, No. 4 Lo o2 Kg |vremz LF kg K%ﬂ.z ouLt
1 0.6 | 2.0{8.0 | 1.2]3000| 2.5 4200] 3.5
7 0.6 | 2.018.0 | 1.2|3500] 2.92|2.86 [4600]3.8313.8 |
3 0.6 | 2.0l8.0 1 1.2]3650] 3.04| t/cn2( 477013, 98| t/cm2
4 0.6 | 2.018.0 | 1.2]3620] 3.02 47100 3.93

Table (2) : Summary of test results for compasite beams wilh

spiral shear connectors.

Beam Case of [{Initial |P__ . | Maximum Deflection recorded
No. | Spirais Group Pc??'i't-- 5% o | concrete slab,|steel beam, mu
[or=ch o O g b n | |
Bl Free 1.46 7.86 15.80 ' 15.20 |
52 3-spirals 7.35 19.18 9.34 9.26 B
B3 4-spirals | 10.06 | 20.44 11.65 11.40 |
B4 5-spirals | 13.00 21.07 15.60 15.30 |
B5 continuous| [5.72 22.33 18.25 17.80 |

Table (3} : Connector'z zhear skrength.

Type of connector| Failure shear strength| Mode of Failure '

3 spirals 26.41 ton | Failure of welded connec .
4 spirals 38.05 ton | Failire of welded connert ..
5 spirals 48. 74 ton | Yielding of steel beam
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Beam = Bl _
Free of spirals

L = ZOOcm._—|-

, Beam = B2
13 spirals
with p ={0ca

=

. Beam = B3
i4 spirals
‘with p =10ca

deam = B4
5 spirals
witfh p =t0cs

-+

Beam = B89
Continuous spirals
with p = 10cm

Fig. (1)

b = éOCm——-—#—

: Types of the composite beaws used in the experiments.

Hocm
Scm

\\\ Concrete Slab

Steel Peap
S.I.B.No. 20
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P
teel Beam
g Shear Connector
~R.C. Column
Case |

Case 3

(a) Push—out ‘est¢ specimens

Fig.(2) : Details of Push out test.

Fig.(3) : Typical arrangement for loading test.
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Crack patterns in the composite beams tested.
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Push—-out specimens

e

Composite beams

Fig. (11} : Modes of failures.
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