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1. ABSIRACT

A previous experimental study on composite beams provided with spiral
shear connectors {11] is extended to (nclude other (ypes of shear conneclor
constructed of rovnd steel bars. The shear comnectors are represented as
open bent-up bars having one end welded to the upper flange of the steel
beam and the other end embedded in the concrefe slab.

The purpnse of this paper 1s lo studv experimentaliy the behaviour of
composite sleel-concrete beams provided with dowels constructed of  benf
bars due to @ (1) the change in the pifch between the shear cosneclors
along the beam (p = 15, 20 & 25 cm), and (ji) the change in the slope angle
of the shear compnector < = 45, 607 & 90 .

The experipental program includes the following tests : i) S-tests of
compusile steel concrete beams of span 200cm: (i) J-push-out ftesls: {ii)
tensile tests for 4-specimens taken from the cross section of the sieel
beam and. vi} cubic compression tests for the concrete.

The rracking loads, the failure lvads as well as the tvpes of crack
patterns were recorded together with the failure shear strength for the
various spacings and slopes of the benf-bars shear comectors. An
investigation of the offect of benl-bar shear connectors on

the previous
parameters Is presented.
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2. INTROCUCTION

Much work has been published on the theoretical methods of analysis of
composite beams such as the effective medulus method ,EM, mean stress
method ,MS, age- adjusted effective modulus method ,AAEMf, and numerical
exact solution ,general method, (1,2,3,4,5,6,7,8,9). Experimental work is
needed in order to investigate the exact behavier of these beams.
Comparison befween lheorefical and experimental results on the behaviour of
prestressed composite beams under the effects of creep and shrinkage of
cottcrete has been done [10].

The effective variables on the behavior of the shear connectors 1in
composite beams are the welded length of the connecter fo the steel beanm,
the size of this weld, the pitch between connectors, the diameter of the
bent-up bar and its length.

The purpose from the research reported in this paper is to determine
.experimentally, the cracking and failure loads, the types of cracks and
the defiection of composite beams. The variables used in this study were
the pilch between connectors (15, 20 & 25cm) and the slope angle of the
bent-up shear connector bars as shown in Fig.(f}). Also, the shear
resistance of the different types of shear connectors with different slopes
is investigated using the Push-out ftest .

3. SCHEME OF THE EXPERIMENTAL FROGEAM.

The main parameters investigated in this study are the effect of
changing the slope angle of the shear connector in concrete (45 , 60 & 9d=)
as well as the pitch between the shear connectors on the behaviour of the
composite beams. Also, the strength of shear connectors with different
slopes is investigated using Push-ouf tests.

The program is divided into two main parts; the first part contains
six simply supported beams (BI,B2,B3,B4,B5 & B6) representing the cases of
free and different values of pitches (25, 20 & 15cm ) with constant slope
ofothe gonnector 45 , as well as with various slopes of the connectors of
60 & 90 at a constant pitch (15cm) as shown in Fig.(1). The second part
contains Push-out test for three different cases of shear connectors (cases
1,2 & 3} as shown in Fig.(2). Push-out tesls are used to determine the
strength of the shear connectors welded in the flanges of the steel beam
and imbedded in the reinforced concrete column.

Each beam has a total length of 230 cm and a clear span 200 cm as
shown In Fig.(I). The steel reinforcement of the concrete slab in
longitudinal and transverse directions are constant for all beams and
equals 52 10mm and 7 10mm/m respectively as shown in Fig.(1}. The width of
. the concrete slab Is equal to (L/4), 50cm, according to Egyptian Code (11}

and it's thickness is |0cm. The steel beam used in the composile section is
S.I.8.No.120.

The program includes also other compiementary tests to delermine the

properties of the materials used viz :{i) the concrete mix used in the

composite beams and columns of the Pusih-out tests and which has the
following basic dafa :
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Concrete Cube strength afler 28 days = 250 Kg/bnf
Cement Content = 400 Kg/%?
Sand / gravel ratio (by weight) = 35/65
Water/Cement ratiec (by weight) =0.5

Waight of gravel 1.69 t/hf ; and
(ii) the properties of the stee! beams have been determined from tensile
tests from 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 compesite beams were placed as simple beams and the load was
applied through one concentrated load at @id-span in egual Incremental (300
Kg) using a Hydraulic Pump £ill failure as shown in Fig.(3}). For deflection
measurements, dial gages of 0.0lmm accuracy were placed at the upper
surface of the concrete slab on both sides of the jack and another dial
gauge was placed at the bottom flange of the steel beam at mid-span. Two
dial gauges were also used on the upper surface of the concrete slab fo
recard the settlement of the supports as shown in Fig.(3).

Push—out test specimens were placed on the same tesfting frase and
subjected to direct load £ill failure as shown in Fig.(2). In each test,
the specimen is secured from all sides before starting the lest.

5. ANALYSIS OF EXPERIMENTAL RESULTS.

Based on the experimental results treated, the behaviour of the tesfed
composite beams is discussed with respect to initial cracking and failure
loads, the lvad deflection relationships, the crack pattern and the shear
strength of the different types of shear connecfors.

I. DEFLECTION.

Figures (4) to (9) show the relafion between the applied load and the
recorded deflection till failure for all the beams tested. The settlement
at supports has been taken intoc account in the calculation of the actuval
deflection. The maximum deflections corresponding to the failure loads for
all the beams tested are given in Table (2).

The deflection curve for beam Bf, Fig.(4) Includes two curves, one
corresponding fo the deflection measured at the concrete slab surface on
both sides of the jack while the second correspending to the deflection
measured at the bottom flange of the steel beam at mid-span. At the failure
loads of beams B3,B4 & BS, the maximum deflection was 91%,88% and 78% of
the maximum deflection of beam Bl respectively althovgh the failure loads
of these beams were 2.08, 2.1 and 2.7 times that of beam Bl. The wmaximum
deflections of beams 82 & B6 are higher than the maximum deflection of beam
Bl although the failure loads of beams B2 & B6 were 2 to 2.16 ftimes that of
beam BI. Il was noticed that the maximum deflection is proportional to the
pitch between the shear connectors. Also, for beam BS where the slope of
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the shear connectors is 60, the recorded deflection is the least compared
with those vf beams B2,B3,B4 & BS, (although the failure load of BS is
greater than those of beams B2,B3,B4 & B6}.

The difference between the deflection recorded at the bottom flange of

the steel beam and those on the upper surface of the concrete slab reaches
3 te 5Z. -

II) CRACKING :

I1-13 Crack Initiation.

Crack initiation is affected by the pitch between the shear connectors
along the steel beam as well as by their slepes. The initial crack load
recorded for beams B2Z,83 & B4 increased with the decrease of the pitch
between the shear connectors. It increased by 103 and 22.2% due to a
decrease in the pitch from 25cm te 20cm and from 20cm to 15cm respectively.
The cracking load of beam B5 with slope angle of shear connector 60 is
higher than those of beams B4 & B6 with shear connector slope angle 45 & 90
respectively. The cracking load of beam B5 increased by 27.2%7 and 16.6%
over those of beams B4 & B6 respectively. The values of the cracking loads
for all beams are given in Table (2). The cracking loads for beams with
shear connectors (B2,B3,B4,B5 & B6), increased from 7 to 12 times the vaiue
of beam Bl free of shear connectors.

IX1-1i) Crack Distribubtion.

Fig.(13) shows the types of cracks in the composite beams (tested
(B1,B2,B3,B4,85 & Bs). It is noticed from the shape of cracks of these
beams that : for beams B3,B4 & BS5, the spread of cracks is concentrated at
the middle fourth under the applied load. Also, there is a separated region
at mid-spar only between the concrete slab and the steel beam for beams B2
& B4, For beams B2 & B6, the cracks are distributed at a nearly constant
siope of 60 aleng the haunch of the concrete slab. For beam B! free of
shear connectors, there is a complete separation between the steel beam and
the concrete slab along the whole span and the concrete slab crept outside
the vpper flange of the steel beam as shown in Fig (12). Yielding in the
steel beam at mid-span occurred for all beams tested.

IT-iil) Crack Width.

The maximum width of cracks occurred at the middle region of the span
in all beams. Also, the cracks Intensity in the middle region is bigger
than those recorded at other regions along the beam length.

III. FAILURE LOADS.

From the experimental results, it is noticed that the failure lvad for
beam B5 is greater than those of the other beams (B2,B3,B4 & B6). Also, the
failure loads of beams B2,B3,B4,B5 & B6 Increased from 2 to 2.7 times the
value of beam Bl. The failure loads for all the beams are given in Table
(2}. The modes of failures were wide cracks in the middle fourth of the

concrete slab, hair cracks in the concretfe 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 bent bar connectors of different slopes (45, 60 & 90 cases 1, 2 & 3)
with the concrete column. Fig.(2b) shows a typical specimen used in the
Push-out tests. Typical load-slip curves for cases 1,2 & 3 are plotted in
Fig. (11}. The failure shear strength and the corresponding modes of
failure for cases 1.2 & 3 are given in Table (3). The failure shear
strength of vase 3 increased by 29.7% and 12% over those of vases | & 2
respeclively.

7. CONCLUSIONS

From the experigmental test results on the compesite concrgte-steei
beams carried out in this research with the Jdifferent slopes aund pitches of
shear connectors, the following conclusions are drawn :

I- The vcracking and faflure loads are highly affected by bent-bar
shear conneclors.

2- The failure and cracking loads increase wilth the decrease of the pitch
between the sihear conneclors.

3- The cracking and Fajilure loads of the composite beam with shear conneclors

of slope 60 are the highest values of all composite beams.

The cracking and failure loads increased from 7.7 to 12 times and from 2

to 2.7 times over those of the beam (ree of shear conneclors
respectiveiy.

5- The failure strength of shear connectors having a slope of 9¢° increased
by 29.7% and 32% over lthose of shear connectors having slopes of 45 &
60" respectively.

6- The modes of failure for the composite beams were cracking in the
conticrete slab and yielding of the steel beam.

7- The failure shear strength of spiral shear connectors are higher than
those of bent-bar shear cunnectors.
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Table €13 Froperties of the ztesl beans uvsed in the tests.
Specael| Dimensions, <m Py | ev Aver.| P o [Aver.]|
n, Moo [a [ b [L, |05 Kg |vrewz| oy | RS {0l |
i 0.6 2.018.0 1.203000] 2.5 420013.5
2 0.6 2.008.0 1.2 3500] 2.92|12.86 |4600!13.833.8
3 0.6 2.008.0 1.2 3650 3.04| t/cm2| 4770 3.98| t/cm2
4 | 0.6 2.008.0 i.20 36201 3.02 4710, 3,93
Table (22 Summary of Lest results for composiie beams with
bent ~bars shear connectars.
Beamrf-‘itch ~ | slope of| Initial | P taximum Deflection recorded |
No. between G PcfﬁE'ng Fatlurs | Concrete slabl steel beamj
conneclor } Lo , am i |
Bi ~—— —— | 1.46 7.86 15.80 15,20 |
52 25ch 45 11.32 | 15.72 18.71 , 18.84 i
B3 20 45 12.58 16.35 14.43 | 14.80
B4 15 45 13.83 16.70 13.94 13.32
B5 15 60 i7.61 21.07 12.34 LRI vy -l
[ Bé 15 90 15.10 17.00 20.90 20,80 |
Table (33

Shear strength of bent-bar connectars.

Slope angle of !F&Hure shear strengthy Mode of Failure
connector

i [ 5 13 o Vertical seperation between
5 = steel beam and concrets
60 [ 5.25 ton (columns in all connector.

L 9{3D l 6,92 ton
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Fig.{11) : Load-slip curves for different types of shear connectors.
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Push-out specimens

Fig.(12) : Modes of failures.




