Mansoura Engineering Journal

Volume 20 | Issue 1 Article 2

3-1-2020

Comparison between Theoretical and Experimental Investigation
of Composite Beams with Spiral Shear Connectors.

Saad Eldeen Abd-Rabou
Assistant Professor of Structural Engineering Department, Faculty of Engineering, EI-Mansoura University,
Mansoura, Egypt.

Mohamed Dahson
Civil Engineering Department., Faculty of Engineering., El-Minia University., Minia., Egypt.

Follow this and additional works at: https://mej.researchcommons.org/home

Recommended Citation

Abd-Rabou, Saad Eldeen and Dahson, Mohamed (2020) "Comparison between Theoretical and
Experimental Investigation of Composite Beams with Spiral Shear Connectors.," Mansoura Engineering
Journal:Vol. 20 : Iss. 1, Article 2.

Available at: https://doi.org/10.21608/bfemu.2021.159966

This Original Study is brought to you for free and open access by Mansoura Engineering Journal. It has been
accepted for inclusion in Mansoura Engineering Journal by an authorized editor of Mansoura Engineering Journal.
For more information, please contact mej@mans.edu.eg.


https://mej.researchcommons.org/home
https://mej.researchcommons.org/home/vol20
https://mej.researchcommons.org/home/vol20/iss1
https://mej.researchcommons.org/home/vol20/iss1/2
https://mej.researchcommons.org/home?utm_source=mej.researchcommons.org%2Fhome%2Fvol20%2Fiss1%2F2&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.21608/bfemu.2021.159966
mailto:mej@mans.edu.eg

Maznsoura Engineering Journal (MEG) Vol. 20, No. 1, Merch, 1995. C.22.

COMPARISON BETWEEN THEORETICAL AND EXPERIMENTAL
INVESTIGATION OF COMPOSITE BE.&MS WITH SPIRAL SHEAR CONNECTORS

by
Saad Eldeen M. Abd-Rabon , Mohamed Ahmed Dabaon ,
Lecturer, Structural Eng Dept,, Lecturer, Civil Eng. Dept.,
Mansoura University, Mansours, Minia University, Minia,
Egypt. Egypt.
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1. ABSTRACT

Investigation of the behavior of composite beams with different types of shear
comectors (spirals and bent bars) extends to include the comparison between the
theoretical study and the experimental results of such types of beams.

In this paper, a proposed technique for predicting the shear resistance of the
spirals as shear commectors in ihe composite bemns is presented. In this- technique, the
behavior of the comectors in the elastic and the plastic ranges is analyzed Hence, a
proposed formmla to predict the design shear resistence of the spirals is suggested.
The comparison between the suggested formula and the experimental results showed a
good agreement between them

Moreover, a comparison between the theoretical and the experimental resuits
for the tested composite beams with spirals and bent bars as shear comnectors is
carried out with respect to ultimate loads, ultimate moments snd deflections.

The coumon type of shear connectors as bent bars is compared with spiral comectors
as well. A discussion for the given formulae of the bent bar shear resistance in both
Egyptian and European (EC4) codes together with the experimental results is
conducted which may lead to the modification of the Egyptian formmle.

The comparison between the present theoretical work and the experimental
resuits hag shown good ngreement.
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2 INTRODUCTION

Experimental investigation for the composite beams using round steel bar
spirals as shear connectors has been carried out [1]. In these tests, shear connectors
as spirals have been placed in four units along four composite beams, Four units of
tiree spirals each, four umits of four spirals each, four units of five spirals each and
continuous spirals have been applied 23 shown in Fig (la). The experimental work
for composite beams has been extended and iacluded bent bar shear connectors having
different pitches and slope angles {2}, as shown in Fig (1b).
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Fig (1) Types of composite beams tested

In this study, a theorstical analysis for the experimental behavior in the elastic
and ulumate ranges of the spiral shear commectors is presented. A proposed technique
for predicting the shear resisiance of spiral shear comnector is based oa the fact that
the umit of spirala including the concrete inside the spiral space acts as a flexible
block unit commected with the steel flange. In this technique, a formula is proposed for
both maximum elogtic and ultimate resistance of the shesr comnector appears ts be in a
good agreement with the experimental results. Comparison between ultimate
resistance of spirals and bent bars commectors is also discussed
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Moerover, comparison between the theoretical analysis and the experimental results
of tested beams (B1, B2, B3, B4 & BS ) and (B'l, B2, B'3, B'4 & B'S) with spirals
and bent, bar comectors is discussed The comparison includes ultimate foads and
deformations of both beams with spirals and bent bar shear comnectors. *

Recomemendations for the modification of Egyptian forrmia for predicting the shear
resistance of bent bars is drawn end discussed together with the experimental results
and the European Code of Composite Structures [3, 2 &4].

3. ANALYSIS OF SPIRAL SHEAR CONNECTOR
3.1 General

Ag is well known, the behavior of the shear connectors plays an important role
on the behavior of composite beam:,In other wogds, the interface between the
reinforced concrete slab and the steel beam has a great influence on the strength of the
composite beam due to the behavior of the shear comnectors. Mauy researches and
design rules are concerned with predicting the shear resistance of the shear
connectors.

As a matter of fact, the behavior of a shear connector between the concrete slab and
the steel beam may be described through three aspects. These aspects are the strength
of the comnector (full, partial or no strength), the stiffness of the interface (rigid. semi-
rigid or non-rigid) and the ductility of the shear comnector {ductile, semi-ductile or
non-ductile); [S]. However, the rigidity of the shear connectors haz a great influence
on the distribution of the shear flow in a composite beam and hence it affects greatly
the behavior of composite beams,

As shown in Fig (2a), the digtribution of the shearing forces of rigid non-ductile
connector® aloug the beam interface has, more or less, the same triangular shape but
with different values for both elastic and plastic stagey. On the other hand, Figures (2b
& 2c) show that the forces carried by the shear commectors along the beam are very
nearly equal at the plastic stage [5, 6).

) Connactor logd distabulion by uang b) C aonaetor (024 distobution by uang ©) Caansctorioad difinbution by using
figdnoo-ducils shear canneciors aon-ngd diuasle shear cogaectort non-ngid ductils sheac sonasctars

—— #2098 umas the plasta fahwe
- w <(he alame load

Fig (2) Effect of rigidity of shear connectors on the shear flow
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3.2 Anslysi< of Experimental Results of Spiral Shear Connectors

Push-out tests have been camied owt for spiral shear commectors. Three umits of

. spiral coamnectors aro tested These umits (comnectors) have 3-spirasls, 4-spirale and 5-

apirale as shown in Figures (3 & 4). The following analysis has been carried out for a

particular spiral's circle of 8 cm diameter, 10 cm pitch and formed from a steel bar of
10 mm dismeter as shown in Fig (3).
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a) Push-out test for 3-spmrals b) Push-out test for 4-spirals ¢) Push-out test for 5-spirals

Fig (4) Push-out tests on spiral shear connectors

Table (1) shows the maximum elastic and uitimate loads as well as the
cormrespoading slips of the push-out tests for the different umis of spiral comnectors.
The mean values of the loads and the slips are also tabulated

In Fig (5), the experimental results of the push-out tests for units of 3-spirals, 4-spirals and 5-
spirais are plotted as Load-Slip relationship per spiral in the form of scaitered points. Curve
(a) of Fig (5) represents the mean value of these results of the Load-Slip relationship. The
mean ultimate value of the load per spiral is found to be 46.78 KN at a slip of 8.45 mm.

Table (1) Load per one spiral for the different units

witof |umitof |umitof |mean value/spiral

e of comector =
Typ o 3-apirals | 4-spirals | S-spirals

Dyanda,
.
Elastic load D [kN] 3667 |4125 |35 37.64
Elastic slip &, [mm] 3.18 431 3.56 3.68
ultimate load D, [kN] 44.02 47.57 48.74 46.78

uitimate slip s, [rmm] 8.47 7.13 9.74 8.45
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Fig (5) Upper, lower and middle limits of load slip relationship of one spiral

According to EC4 [4], the previos value of slip at maximun load is enough to
classify the spiral connectors of the above dimensions as ductile pon-rigid connectors.

The above values of curves (b) and (c) in Fig. (5) are swtigtically calculated
using 75% level of confidence. The fractile factors K, for estimating 3% fractiles may
be taken 3.15 from a background report to EC3 [7].

Thus,

Dysm =Dn =K o, 1)
where, o, is the standard deviation

Curves (b & c) are for 5% and 95% fractile, respectively. These curves may be safely
used as lower and upper limits for the design loads of shear connectors.

3.3 Proposed Technique for the Shear Resistance of Spiral Comnectors

According to Egyptian Code of Practice [3] and the European Code EC4 [4], the
shear resistance of such a type of non-ngid commector is partly due to the bearing
pressure between the comnector and the concrete slab and partly due to shearing of the
connector base. Also, depending om the results of the experimental programs {1, 2]
which show a high shearing resistance of the spirals compared with the bent bar
connectors, the spiral connector may be modelled as a short flexible block of
reinforced concrete; Fig (6). In this model, the concrete inside the spiral space and
the spiral itself act together as one unit to resist both the bearing pressure and the
shear at the commector base.
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Fig. (6) Suggested model of epirals g8 shear comnector

From Fig (6), the nitimate design resistance of the spirel shear comnector (Dg,)
is the summation of the bearing part (Dy,) and the shearing one (D,,) as follows:

Dau =Dyu+ D, . . (e
where,
2
Dy, = 2 2T (29)
4 Y.
21432 fv
D,.=N. . . 2b
. Dy, t Oy (2b)

d is the diameter of spiral's circle, f, is the concrete cubic strength, y. is the partial
safety factor of the concrete, N is the number of spirals per unit, ¢ is the diameter of
spiral's bar, f, is the yield stress of spirel's bar and y, is the partial safety factor of the

spiral's material. y, and v, may be taken {4] 1.5 and 1.15, respectively, according to
EC4 .

Previous equation (2) may be developed to obtain the design resistance in the
elastic stage Dy, by uning the waorking stresses of the materiale used. Equation (3)
which is identical in the form to the equation of nmon-rigid closed ring bar comnector in
the Egyptian Code of Practice [3), bt with different model for the shear comnector, is
mggested for the calculation of the design elastic resistance of the sp:ml comnector
Do

Then,
Dy =Dnyt+Dia (3)
where,
rd?
Db.:l =— fcb ’ (33)
4
2ne® f

=N. —

Dld 4 Js y (3b)

fp 13 the concrete working stress and f, is the working stress of the spiral's bar
material. .
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3.4 Compsarison Between Experimental Resuits and Suggested Equations

By using equations 1, 2 and 3, the eaperimental and theoretical values of the
ultimate znd maximum elastic resistance for the different types of spiral comnectors
are evaluated These are summarized in Tables (2, 3), respectively. The results are
algo plotted in figures (6, 7) for more clarification.

Table (2) Comparison between theoretical and experimental uitimate resistance of spirals

De Experimeatal limits, Eq.(1 ) or Fig(5) Theoretical limits

u

No. of | Eq. (2) Eq. (2) with
5% fractile | mean value | 95 % fractile

spirals Design values | y.=y,= 1.0

3-epirals s | 1403 1§9.3 127.1 165.8

A-spirals | 1618 187.1 212.4 150.8 193.0

S-spirals | 073 T 233.9 265.5 174.4 220.2

Table (3) Comparison between theoretical and experimental max. elastic resistance of spirals

Dau Experimental limits, Eq.(l ) or Fig.(5) Theoretical limits
No. of Eq. (3) Eq. (3) with
5% fractile | mesan value | 95 % fractile
spirals Design values |  y=y,=1.0
3-spirals 088.0 112.9 137.9 3.5 114.3
—
4-gpirals 117.3 150.6 183.8 87.1 141.5
S-spirals 146.6 Tl 188.2 229.8 100.7 168.7

Figures (6, 7) show the relationship between the anumber of spirals and the
ultimate shear resistince and the madmum elastic shear resistance of spirals,
respectively. It can be distinctly seen form the curves in Fig.(6) of the ultimate design
registance, that the scaftered values of equation (2) lie under the lower limit of the
experimental results. Similar comparison has been conducted by using the working
siresses of the materials used to predict the meaximmmn elastic capacity of the spiral
connectors, Fig. (7). If the partial factors of safety y, and y. are omitted from equations
(2) and (3), the resistance of spiral values will be within the experimental {imits,
Figures (6, 7).

In this sense, equation (2) may be used when the design is carried out by the
ultimate limit state method while equation (3) is suitable for working stress method
However, equations (2) and (3) would be safely applied to predict the uitimate design
and the meximum elastic shear resistance of spirals, respectively.
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Fig (6) Theoretical and experimental ultimate shear resistance
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P ]
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Number of spirals N

Fig (7) Theoretical and Experimenial max. elastic shear resistance

4. COMPOSITE BEAMS WITH SPIRAL AS SHEAR CONNECTORS

A typical composite beam comprises a concrete solid or hollow slab and a
rolled or built -up steel profile. The composite action between the steel profile and
the concrete siab is performed by the use of shear connectors.

The proposed techmique for the shear resistance of spirals iz applied to obtain
the load-deflection celationship for the tested composite beams shown in Fig (1). The
behavior of a composite beam depends onm the properties of the cross section,
materials used and the behavior of the comnectors. The behavior of the spiral
comnector may be deduced from push-ouwt tests. Out of the push-out tests, the secant
stiffness modulii K; . [5], are given in Tables {4.5 & 6).

K,=P./8 @)

where, P, is the shear resistance of the canmector at slip s; (from the push-out test).
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Table (4) Comector stiffness modulii for 3-spirals unit

§ [cm] Q.0565 | 0.2118 | 0.3176 | 0.4059 \0.6 0.8471 | 1.5176 |

]
K; [kN/cm] 3540 | 3540 |3470 296.0 ‘217.0 156.0 | 66.0

Table (5) Comnector stifftess modulii for 4-spirals unit

o
g fem] 0.0523 | 0.4313 | 0.5625 | 0.7125 | 0.975 | 1.62S

K, [kN/em] 383.0 \333.0 329.0 \‘267.0 195.0 | 111.0

Table (6) Connector stiffness modulii for 5-spirals unit

| |
. s, {cm] 0.0305 | 0.3 | 042 .| 0.5625 | 0.75 0.975 1.7625

K, [kN/cm] 492.0 | 492.0 \ 488.0 | 382.0 |307.0 |225.0 |l 100.0

The stress distribution in the plastic stage on the composite cross-section is
shown in Fig (8). From this figure, two extreme cases of shear interaction can be
distinguished.

The first case is the full shear comnection between the steel beam and the concrete
slab. In such 2 case, the connectors carry the least value of the plastic normal force of
the concrete section or the steel section. This leads to give full plastic capacity of the
composite  cross-section

The second extreme case of coamnection is where no comnectors are provided. In this
case, both the concrete slab and the steel beam deflect individually with a maximum
value of relatve slip between the steel beam and the concrete slab at the ends. The
maximum carrying capacity of the cross-section in this case is the capacity of the steel

beam only neglecting the effect of the concrete siab.

The partial shear comnection is a cese that falls between the last two exireme cases. In
such a case, the relative slip between the steel beam and the coacrete slab 1s

controlied according to the desired strength of the cross-section and the construction
requirements [S, 6 & 8].

The degree of shear comection for the composite beams is determined [5, 6], as
foltows:

D, )
degree of shear connection = 1 = wld % &)
Leastof F,, orE,

~

where, Dyn.peus 8 the longitudinal shear between the considered cross-section with a
sagging bending moment and a simple end.

According fo the previous proposed technique (Eq. 2), the ultimate shearing
resistance of the different types of spiral shear comnector (3-spirals mit, d-spirals
unit, S-spirals unit & comtinous spiral) is determined. Composite beams, with 10 cm
of spiral's circle shear comnectors, are classified according to their degree of shear
connection by using the previous proposed technique; (see Table (7)).
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Table (7) Classification of the beam shear connection

—— v
Dy, per No. of
No. of du n% Type of
Beam spirals per comnector cu;::fctm Eg. (5) shear
comectoar Eq. (2) on Spaa connection
{(kN] |
Bl free 00.00 0 00 % no
B2 3-spirals 213.18 2 7.1 % partial
B3 4-spirals 240.38 2 89.2% partial
B4 5-gpirals 267.59 2 99.3% partial
BS contimious 294.80 contimous 109.4 % full

Refering to Table 7, the plastic capacities of the composite beam cross-section
with and without shear comnectors have been calculated as follows:

0.67f, i B K
A= T T 1
: ;
=PI ”""’”’"’/4’/””"”""‘2

Full connection Partial connection No connection Cross-section

Fig (8) Stress distribution of composite cross-section at plastic stage

Case of no- shear connectors:

The plastic moment My, ¢, of beam B1 is calculated as follows:

B.x,.067.£, =A. £

b =1.406 cm

Plastic moment of the slab M, =B.x,.0.67.f,.(t-cover-0.5.x,)
=918.11 kNcm

Plastic moment of the steel profile M,,, =7 .1,
=2424.33 Ncem

Plastic moment of the compoaite section M, o =M., +M,, =3342.44 KNcm
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If the ultimate tensile stress (38 kN/car') is used instead of the yield stress (29.93 N/co)
My Wil be 3996.11 KNem.

L - -

Case of full- shear connection:

Beam BS has fill shear connection as well be described later in Table (8) and the plastic
moment My, 1009 i8 Obtained as follows:

The total plastic force in the concrete slab F, =A..067.f, =83I750kN
The total plastic force in the steel section F,), =A,.f, =538.74 KN
The total plastic force in the reinforcement F,,, =A,. £, =117.75kN

F., > F,. , thenthe plastic neutral axis lies within the concrete slab and the plasticity of
the cross section i governed by the yielding of the steel profile. .

B.x,. 0.67.1, =A. £, + A1,

X, =7.839 cm

The actual total plastic force in the concrete F., =B.x,.0.67 .1, =656.51 kN

M v 100% =F.u.0.5.x,+Fy . (t-cover-x;) + F,, . (t+t,+0.5 . b, - x;)
=9741.22 kNem

Case of partial- shear connection:

The method of calculation of the theoretical plastic moment of B2 depeuds on the
partial-interaction theory of composite beams [S]. A linear formula (6) is given in [4,
5] which determines the partial plastic moment My, s of 2 composite cross-section
with a certain degree of shear commection 7.

Minurme = Munuose + 1 - (Menui009 = Minuo ) (6)
= 8403.88 kNcem

It can be easily observed from figures. (9, 10) that the theoretical curve (), using
partial-interaction theory [5], gives lower values than the experimental results, while
Fig (11) gives close theoretical and experimental results in which the sheer
comnection iy of the filll type. However, all theoretical values are on the safe side. The
calculation of the deflection by using the method of elastic rigid shear commection,
curve (b), gives smaller amounts of deflection than the expenimental resulits.
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Table (8) Ultimate capacity of composite beams with spiral cannectors

No. of Experimental Theorefical Moy
M!h.u

Beam | *n% | spiralsper | Py, Mupu * Paw Mys
| pe] | [Nem) | [KN] | [Nem] | %

Bl | 00.0% | free 0786 | 03930.0 | 066.85 |3342.50| 117.6%
078.6 | 03930.0 | 079.92 |3996.11 | 98.3 %" |
B2 | 79.1% | 3-apirals | 191.8 | 09590.0 | 168.08 |8403.88 | 114.1%
B3 | 89.2% | 4-spirals | 2044 | 10220.0 | 181.00 |9050.15 | 112.9%
B4 | 993% | S-spirals | 2107 | 10535.0 | 193.93 | 9696.43 | 108.6 %
BS | 109.4% { continwous | 223.3 | 11165.0 | 194.82 |9741.22} 114.6%

= In caze of no shesar connaction, ths uitimate tensile strengih of steel is wsed -

Table (8) shows a comparison between the theoretical results (depending on the
previouns fechnigue given in 3.2) and the experimental ultinate moments and loads.
The theoretical values are reasonably compatible with the test results. However, all
the calculated values of the section carrying capacity are on the safe side.

5. COMPOSITE BEAMS WITH BENT BAR SHEAR CONNECTORS

Composite beams with bent bars as coomectors are widely used in construction
The bent bars are already specified in many codes of practice as well as in the
Egyptian Code [3]. It is noticeable that the formula of calculating the shear resistance
of bent bars is stated in EC4 with a different form than that given in the Egyptian Code
[3, 4]. The discussion of both codes in, such a point, would be ugeful for the
development of the Egyptian Code formula for the sheer commectors. Moreover, the
experiments of the push-out tests and on the composite beams with bent bars will
support this discussion and will be compared with alternative cases with spiral
comnectors.

The shear resistance of bent bars may be calculated from Fgyptian code [3] as

follows:
( Steel flange
! S;& /i
Fig, (12) Example of bent bar [3]
D =p.f,.A.cosa )

where, 1L is a coefficient equal to 0.5 for hooked bars and equal to 0.7 for closed
rings, f, is the allowsble tensile stress in steel, A, is the cross sectional area of the
steel connecting bar and « is the amgle of inclination between the steel bar and the tap
flange of the beam.
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The seme value of the shear resistance D may be calculated from EC4 [4] as
follows:

Anchor Anch

Of »
Steel flange ~ 1 < Block connector
ELEV. | a ' ELEV.

tzezzzzzszszzezzzac! PLAN
Use equation (7) Use equation (8)
Fig. (13) Example of bent bar [4] .
Al’ f)l!
D =e——— cosf} (8)
V1 +sin’e
D combiped =Dblock +u. D {9
where,

p is a coefficient equal to 0.5 for hooked bars and equal to 0.7 for closed rings, @ is
the angle between the anchor ber and the piane of the flange of the beam, P is the angle
in the horizontal place between the anchor bar and the longimdinal axis of the beam as
shown above, £, is the design strength of the material of the bar.

By using the maximmm stress of the steel bar material without the factor of safety

to compare the calculated values with the experimeninl ones, the ultimate tensile
strength of the stee] bars would be taken 40 IN/oml.

Table ¢ Ultimnate resistance of bent bary

 Theoretical resistance D D gDy | D gDy DDy,
Slop Eq. (7) Eq. (8) D e | Egyptian |European| Recommended
ngje «°] Egyptian European cade code Eq. (7)
code coda Eq.(7) | Eq.(8) p=10
(kN [kN]_ { (RN]
45° 0.5, 2221 15.65 16.65] 240% 104% [120%
45° (0.5, 22.21 240% 120 % o
60° 105.15M 23.75 26.25) 334% | 111% J167%
300 105, 27.21 193 % 96.5 % -
9¢° 0.0 22.2] 34601 0 % 156% 10 %
00° {0.5. 31.42 220 % 110 % i

*sa® Is the suggested angls between the bsnt bar and the perpendiculer plmne of the (langs of
the beam for the Kgyptien formula only.
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Table (9) shows the ratios between the experimental tests [2] and both of
Egyptian and European codes resnits. It can be observed that the factor p is used only,
according to EC4, where the weld of the bent bar (anchor) is not direct on the steel
flange.

L 3 a

There are three comments on the Egyptian code of practice concerning bent
bars. The first ope is concerned with the apgle on the horizontal piane between the
anchor bar and the steel flange p. Although the effect of the angle P is important, yet it
i3 not taken into consideration. The second comment is about the factor p which gives
very conservative values of the shear resistance compared with the experimental and
European code results [4]. The last comment refers to the angle of inclination (a)
between the bent bar and the top flange of the beam. With respect to the last comment,
formula (7) gives zero shear resistance for the vertical bar (2=90°) which is not
realistic.

From table (9), the coefficient 1 may be increased by a value between 80 % to
120 % and the angle a becomes with the vertical direction (50° - @) in the Egyptian
formula, % cae be noticed that a reliable ultimate shear resistance of bent bars is
obtained which agrees with the experimental results.

Results of the tested composite beams (B'l, B2, B'3, B'4 & B'S) are analyzed
and compared with the theoretical values. Table (10) shows this comparison taking
into account the degree of shear commection which has a great influence on the
theoretical ultimate values,

From Table (10), it can be noticed that the degree of shear comnection is very
low and the experimental ultimate moments are higher than the corresponding
theoretical ones. Regarding the relatively large differences between the theoretical
and the experimental values of the ultimate moments a comsiderable redistribution of
siresses could obviously occur in the tested beams with the smallest degree of shear
connection. This justification has been also mentioned in [8] for small tested models
with low degree of shear connection.

Table (10) Ultimate capacitv of composite beams with bent bars comnectors

Experimental T'I'heoretical Mon
: —
Beam!| 1% | Typeof | Pupw | Mape | Pau | Maw | Moo
comection .
N} | (Nem] | [N] | [(kNem] | %
B1 | 20% (945 157.2 | 07860.0 | 092.4 | 46200 | 170%
p=25cm
B2 | 250 |9°45° 163.5 | 08175.0 | 98.8 | 49400 | 165%
p=20cm
B3 | 30% (9=45° 167.0 | 08350.0 | 105.2 | $260.0 | 159 %
p=15cm
B4 | 29% [9%30° 210.7 ‘ 10535.0 | 104.0 | 52000 | 203 %
p=15cm
Bs | 39% [9=90° 1700 | 085000 | 1168 | 5840.0 | 146%
p=15cm |
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6. CONCLUSIONS

From the results and discussions presented in this work, the following conclusions can
be drawn: e - -

1. The paper presents a method of analysis of spirai shear conmmectors where the
push-out resuits present by upper and lower limits of ultimate and maximum
elastic resistance of the spiral shear comnectors. In addition, a proposed
technique imtrochicea to am explicit formula from which the ultimate md the
maxinumm slastic shear resistance of amy type of spiral shear commector can be
obtained with reasoneble accuracy.

2. A comparison between the theoretical and experimental results for composite
beams with spiral shear connectors, using the present formula of spiral shear
comnectors, shows 2 good agreement

3. A comparison between the Egyptian forrmula [3] and.European formula [4], for
predicting the shear resistance of bent bar shear comnectors, highlights the
importance of the tactor p in Egyptian formula If this factor equals (1.0), the
resuits of this forrmila would be compatible with push-out resuits . Also, the
angle « in forrmia (7) may be taken (90 - a) as recommended in this paper.

4. The spiral shear connectors are mmch applicable and give higher shear resistnce
than bent bar comnectors in composite beam construction

S. Reduced =scale testing, for composite beams with partial shear comnection, suffers
from scale effects and does not present of full scale performance.
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