Mansoura Engineering Journal, (MEJ}, Vol. 34, No. 2, June 2009. - C.118

PANELED COMPOSITE BEAMS
AadatBiall 46 pall f jal)

A Almohamady’
Lecturer, Faculty of Engineering, Misr University for Science and Technology )YMUST), Cairo, Egypt.

dana

Lo ol Clelad o Jpeoadi 10800 Lgand 5 L 5aaadl O aaall ol y ina 38 5all e Uil Jlasiul o3
NN RIS FEVIRIRRE PTG FER VU WV TREIN I PR PR 1| JUE P b DU [ PRIV P § T
Auab o i W 2 b LS 4 @B camall e Ll ALY sl o s RGN 5 ) eally gl 0
Uagey 45405 O 308 lad o Lgn ooy Saalaiall 48 5t b el LSV pparaill o LS Aglaall y 4y ki)
oods Lgd Aedalite b 5a8S Jand Cgn L aill ol Callag Lo ga g Auany y O3l 5aS e B osatas ) ST Y
Aad palh o3 o iy e Yl iy A RSl e Ada e @l ) qalally sa el g ablEl LG die n il
oo gl Gl aam gy 2 il aa asa ) uoliadl A jlai plasiuly S Uil Vs Qg W glay
P Vi | PUVVOSLL P v I B2 D R PR EU PR Pt

ABSTRACT

Recently, composite members had been widely used in construction, where the use of
appropriate materials arranged in an optimum geometric configuration providing the
required compressive and tensile strength, achieve greater stiffness, material saving, less
own weight and better vibration resistance.

Unfortunately, the behavior of continuous composite beams supported on other beams is
unpredictable and such system requires a more complicated design.

Most of the current design codes do not mention the behavior of this system due to the lack
of both experimental data and practical experience. Therefore the designer usually ignores
the real behavior of such system which acts as a paneled beam system, and considers the
secondary beams as simply supported composite beams, or as continuous steel beams
leading to either unsafe results or over conservative results, due to the lack of adequate
code guidance.

Thus, this paper explains the behavior of such system using linear finite element analysis,
together with the most important factors affecting it.
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Introduction

In earlier days, the design of long spans less
than 10 meters are usually constructed of
reinforced concrete since no other matenal has a
better combination of low cost, high strength
and resistance to corrosion, and fire[1}.

In case of spans more than 10m, and fire
damage not an issue, steel beams become
cheaper than concrete beams. Since 1950 the
development of shear connectors had made it
practical to connect the slab to the beam
obtaining T-beam action known as composite
beam.

The advantages of composite beams are:
- Higher Span/depth ratios :
- Higher fundamental frequency of vibration
- Higher fire resistance
- Less own weight and more economy.

Problem staternent and objective

Egyptian code of practice for steel construction

and bridges (code No 205 —~ 2001) [2] did not
give any definition for composite continuous
beams, but it mentions only that there are three
methods of design of sections subjected to
negative moment regions at the support. This
means that the definition of continuous
composite beams is that which is subjected to
negative moment at the supports.

The definition of comntinuous composite beams
given in EURO code 4 part 1.1[3] is :A beam
with three or more supports, in which the stee!
section is either continuous over intemal
supports or is joined by rigid connections at
each support such that it can be assumed that the
supports do not transfer significant bending
moment to the beam. At the internal supports,
the beam may have either effective
reinforcement or only nominal reinforcement.
Therefore, in our case of study as will be shown
later, the secondary beams cannot be considered
as continuous composite beams, where the
whole beam is subjected to positive moment,
Besides, the steel section of the secondary
beams is neither coatinuous over internai
supports nor jointed by full-strength rigid
connections .Im such case, there i1s lack of
adequate code guidance which leads the
designer usually to ignore the real behavior of a
paneled beam system. Thus, this paper explains
the behavior of composite paneled beam system

using linear finite element apalysis, together
with the most important factors affecting it.

Tested model using F.E. analysis

The tested model consists of a 6 meters span
main girder supporting 4 beams as secondary
beams, each having a 4 meters span. The
connection between the main girder and each of
the secondary beams is a pinned connection to
transfer shear only, see Figure (1).
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Types of cross section lor main girder and secondary beams

Figure (1), Tested model

Each of the secondary beams is subjected to a
distributed load of 0.75 t /m’.

The model will be tested in each of the
following 3 cases:
- System [ :Assuming that the secondary
beams are simple composite beams,
producing a reaction on the main girder

equal to(Wx1) The following analyses
will be conducted:
-The secondary beams will be analyzed
alone.

- The reversed reactions of the secondary
beams on the main girder will be
analyzed as shown in Figure (2).

- System II :Assuming that the secondary
beams are resisting the applied load
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together with the main beam as a paneled
beam system figure (3). The whole model
will be tested with different slab
thicknesses under the condition that the
tension stresses affecting the concrete are
within the range allowed by the code
clause 10.1.4.5-Table 10.2 which implies
that the concrete would not be affected by
any cracks .The purpose for the variation
in slab thickness is to show its effect on
the whole composite paneled beam
system.

- System HI :Assuming that the secondary
beams are simple composite beams and
that such beams are pinned connected to
the main girder as shown in figure (4),
and the effective part of concrete
connecting the secondary beam to the
main girder is completely cracked. The
main girder will suffer a deformation
equivalent to its stiffness and such
deformation will in turn affect the
secondary composite beams .

Finite element model

The finite element method, sometimes referred
10 as finite element analysis, is a computational
fechnique used to obtain approximate solutions
of boundary value problems in engineering [4].

A linear analysis technique using SAP 2000
version 10 [5] was used to analyze the tested
model.

‘The analysis has been carried out on reinforced
concrete having tension stresses affecting its
bottom fibers within the range allowed by the
code clause 10.1.4.5-Table 10.2 .This implies
that the bottom fibers would not be affected by
any cracks. In case the tension stresses affecting
the concrete bottom fibers exceed the range
allowed by the above-mentioned code clause, a
non-linear analysis has to be conducted which
can be covered in further studies

The steel beams were simulated in the model
using 8-noded solid element, having Young's
modulus  of elasticity £ =2100_~ and
Poisson’s ratio » = 0.3, while the reinforced
concrete slab was simulated in the model using
8-noded solid etement with £ = 14000\!’];%
[6], and » = 0.2 Figure (2).

The restraints of the supports of Case | having
end conditions as given in table (1)
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Table (1), see Figure (2)

Figure (2), Finile ¢lement model case 1

The restraints of the supports of Case 2 having
end conditions as given in table (2):

Table (2}, see Figure (3)
1p) “Global |

Meanwhile the end conditions of the supports of
Case 3 have the same restrained conditions as
Case 2.
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Figure (3), Finite element model System {1

No interaction of the
effective parisel ihe stab
berween the main girder
and secondary beams

Figure (4), Finite element model System 111

The pinned connections were simulated in the
model by constraining the translation degrees of
freedom for each pair of the secondary beams
nodes on either side of the main girder nodes
within the secondary beams webs and the main
girder web respectively as shown in Figure (5).
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Each row of secondary

— beams nodes on  either

side of the main girder

4 node has a constraint in

the translation degree of

jm freedoms different from
the other rows.
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Figure (5), Pinned connection

Since all design of composite beams jn practice
is based on the assumption that full interaction is
achieved, where the effective part of the
concrete and the steel beam are joined together
by an infinitely stiff shear connectors, therefore,

the shear connectors were simulated in the
model by 2 nodes frame elements .Where full
interaction was taken into consideration in both
global directions X and Y by making the 2
nodes have equal constrains for all translation
degrees of freedom.

Shear conncclors

frecdom

Figure (§), Shear connectors

Results from analysis

The deflections of Systems [, [1 and III of the
secondary beams are shown in Fig. [7].
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Figure (7), Deflection of secondary beams along their
sparn,

The deflection of System 1 decreased by
approximately 76 %than that of System II. This
15 due to taking intc account the deformation
suffered by the main girder in System [I which
is equivalent to its stiffness and in turn affects
the secondary composite beams .However in
System I such deformation suffered by the main
girder was not taken intc account and hence
System I can lead to unsafe design of the
secondary beams.

The deflection of System 1l increased by
approximately 34 % than that of System 1, This
is due to not taking into account the resistance of
the effective part of concrete slab between the
main girder and the secondary beams which
leads to higher deflections. The deflection of

stmulated by 2 node frame
clements, where the 2
nodes of cach eclement
have cqual constraints in
all translalion degrees of
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System 1, System Il and System Il of the Main
Girder are shown in Fig. (9).
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Figure (8), Deflection of main girder along its span.

The deflection in System 1 decreased by
approximately 15 %than that of System II, this
is due to that in System I the secondary beams
are analyzed as simple composite beams leading
to a less deflection for the main girder, despite
the fact that the actual case is that the secondary
beams are working together with the main girder
as a paneled beam system leading to a higher
deflection .

The deflection of the main girder in System ]I is
less than that of System [II by approximately
25%, which is almost the same increment as in
the case of the secondary beams since the lack
of resistance of the effective part of concrete
slab connecting the secondary beam to the main
girder affects both the main girder and the
secondary beams with the same ratio . Therefore,
by improving the resistance of above-mentioned
concrete slab will have approximately an equal
positive effect on both the main girder and the
secondary beams within the paneled beam
system

Effect of the effective slab thickness on the
composite paneled beam system

Three cases were examined for system [I, the
secondary beams and the main girder of each
system has the following cross section
dimensions as shown i1 table (3).

Table (3) Beams dimensions

B i ey = =

The relationship between the deflection along
the beams span and the variation of the slab
thickness was examined and illustrated in
Figures (9), and (10) .

The variation of slab thickness was described in
figures (9), (10) by two factors:

- w:Composite  stiffness factor, which
indicates the efficiency of the composite
action between the reinforced concrete
and the steel section.

This factor can be calculated from Elastic
stress analysis of a composite beam as

follows:
] & |
H i
l £,
T “:.’ Sy | [ ’
Foll imternction Ho inleracteon Comaiam

Serain Distribution

Compresses
Sirnen [halribuica  wed Tomsion Sirsin Desibaron

Resultant compressive force in slab:
C=mXd =5 x&xA = Zx Rxfe—2)x A
Resullanl lgnsile force in beam:
T =5 XAg= Esxfsxasg= By X Rnfrt —e) x4,
From Equilibrium T=C
o= o () s |
nEI [\ R )x z_.mps,m,;'
Therefore,

F+ky I e

fy A
=C=RxZ, %A, x S
: ¢ % z )X(E,x,.l,-l-;,x,{,ﬁl

From Momeal Equilibrium:

HE A oy
MMM+ X (—,_——)

o k4t
=B X(E X, + 5 X B+ €% [~)

M=R ¥ (E, X +Z, x4, + )

where )

B XA X Ep X As ( W+ R )
TAE X Aot Egx ASJ 3 R)EeX I+ Eg x g

ZeYoung's Wodulus of conerece.

EgVoung s Modulus of steel

A E ffective area of reinforced concrate

slab.

AgArec of stegl sectien

I Second moment of area of steel.

I Second moment of arda of ¢ onarete.

¢ :Reinforced concrele slab thickness.

# :Decpth of steel section .

n

- §:Second moment of area factor, which describes
the increased amount in the second moment of arca
duc to composite action.

iy =1
8 - K =
g=(*=)
L, :the virtual second moment of arca.
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For case 2:
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Figure }9), Deflection of secondary beam along its span.
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Figure (10), Deflection of main gir&“er aloné usspan
From figures {9) and (10), it can be noticed that

an increase in slab thickness tends to decrease €)Stresses in Y-Global dircction of concrele fibers
the deflection of the secondary beams as well as located at 16 em from top.
that of the main girder. For case 3:

The stresses in the bottom fibers of the
reinforced concrete slab of the given models
have been studied under the given value of the
distributed load as illustrated in figure (11) for
the three cases:

For case 1: '
fy Stresses in X-Global direction of concrete fibers

iocated at 20 cm rom top.
\

AU e T A

a)Stresses in X-Global direciion of concrete fibers it i b 11
located at 12 cm from top. :

b)Stresses in Y-Global direction of concrete fibers
located at 12 ¢m from top

h)Stresses in Y-Global divection of concrete fibers
located at 20 cm from top,

Figure (11), Stresses on Concrete fibers
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From figure 11 Case 1 (a), and (b), no tension
stresses have occurred in X or Y Global
directions on the bottom fibbers of concrete at
the intersection part between the main girder and
the secondary beams.

In case 2, when o increased from 0.755 to 1.05,
and B increased from 0.808 to 1.2, the bottom
fibers of concrete at the intersection part
between the main girder and the secondary
beams suffered from tension stresses in the X-
Global direction approximately equals to 9 3?—: ,
which is less than the allowed value by the code,
and the deflection decreased approximately by

21.%

[n case 3, when o increased from 0.755 to 1.34,
and f} increased from 0.808 to 1.67, the bottom
fibers of concrete at the intersection part
between the main girder and the secondary
beams suffered from tension stresses in the X-
Global direction approximately equals to

11.8 X8 which is less than the allowed value

cm?’

by the code, and the deflection decreased
approximately by 46.%

The appearance of tension stresses at the bottom
fibers of concrete at the interaction part between
the main girder and the secondary beams in
cases 2 and 3 can be explained as the foliows in
figure (12):

Sec A-A Sec C-C

Figure {12), Tension stresscs at the botton fibers of
concrele at the interaction part between the main girder and
the secondary beams

At section C-C, by taking a segment from the
concrete slab located at the ,dx

gittom fibers with length ¢ C

M A | R R B
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Due to symmetric loading and symmetric
system, the slippage at this section will be equal
to zero, and no shear stresses will occur.

At section B-B, by taking a segment from the
concrete slab located at the bottom f;;bers with
length dx, interface shear is ~——

produced and by Cede, e

considering the equilibrium ‘T
of this segment, the shear force can

be calculated to be ¢, = ii
-

At section C-C, by taking a segment from the
concrete slab located at the bottomdﬁbers, its
length is dx, interface shear js ~——

produced and by Crdeyy ) —S—
considering the equilibrium A

of this segment, the shear force can

be calculated to be ¢, = g

'S
The difference between q, and q, produces
tensile stresses at the bottom fibers of concrete
at the zone where there 1s on interaction.

Fig. (3) illustrates the composite stiffness factor
o and the decreasing percent in deflection and
the tensile stresses in the botiom fibers of
concrete taking case 2 as a reference.

52
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44 14 "
40
% a2 10 §
5 =
§ = = %reduction in deflection
£ n & g
20 £
£ B —— Tenslon stress on bottom
x 16 g concrets Mbers
12 4
. &
]
a-
o = S o

0.75% 0855 1155 1353 1555 1755
aviue

Figure (13), Relation between ¢, %Reduction in
deflection and Tensile siresses in the botiom fibers.

From figure (13), as the composite stiffness
factor o increases the slope of the tension
stresses at the bottom fibers decreases, while the
slope of the Reduction percent in deflection
increases . This behavior is correct so long as the
tensile stresses are less than the allowed value at
the bottom fibers of concrete in both Global
directions .The optimum wvalue of ¢ can be
achieved by completing the graphs in figure (13)
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and getting the maximum value of reduction
percent in deflection corresponding to the
allowed tensile stress allowed by the code
Figure (14).

-

P A Pimad e X 1
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= = % eduction in
deflection

g e =3 o et

—— Tendion stress oo
bottom ¢onerete
fibers

% Raducilon In daflecton

Teralon strass on botrom flbers

0.755% 1355 3.7%5 2255 )75

a value

Figure (14}, Getting the oplimum value of o.

From figure (14), one can estimate that the
optimuir value of o as ppproximately 1.755,
which corresponds to the foltowing values:

et =27 cm.

s Stresses  at  the bottom fibers are
approximately equal to 14 kg/cm? which
are less than the allowed value in the
code.

¢ Deflection reduction = 100% than that of
case 2.

If the tensile stresses at the bottom fibers of the
concrete increase than the allowed value by the
code, the concrete will cracked, in which case a
Nonlinear analysis is required where the cracks
will initiate and the concrete in this zone will not
be considered.

Counclusions and recommendations

- The behavior of compositc beams supported
on other composite beam in which the steei
section is neither continuous over internal
supports nor joined by full-strength rigid
connections, is a paneled beam system.

- The best and most economic design for
paneied composite bearn systems is to consider
the effective part of the reinforced concrete
slab connecting the secondary beam to the
main girder in the design.

- By increasing the slab thickness, the behavior
of the paneled beam system will be improved.
This behavior is acceptable until the
Composite stiffness factor reaches its optimum

value. After which no improvement will occur
until tension stresses reach the allowed limit in
the code. The improvement will start to
decrease due to the occurrence of cracks in
concrete.
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