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Abstract

A proposed calculation model is adopted for the analysis of the
composite simple steel-concrete beams + valid up to collapse , which
takes into account the effects of different parameters such as
Material non-linearity , the effect of slip at the interface between
concrete slab and the steel girder , load-slip curve , spacing and the
type of connectors , type of loading , geometrical configration of the
cross section ..... etc . The resolution of the model is made easier in
adopting the formulation by transfer matrix method , the unknown
vector containing some internal! forces and generalized displacements .

A computer programme is developed to deal with this mathematical

model , After checking the efficiency and accuracy of the proposed
model and the computer programme with the available experimental test
results , a versatile parametric study is performed to investigate the
effects of the degree of connection »  the goemetrical dimensions of

composite section and the type of loading on the overall behaviour of
the composite beanms.

Key words :

Composite beam and transfer matrix

Central Library - Ain Shams University



TABLE OF CONTENTS
Acknowledgemenls ... ...... ... ... ... .. .. ... i

Statement ....... . ... ii

Chapter 1

Review of composite beams analysis

I-1 Intreduction ............... ... ... ... ... . .. ... 5
I-2 Construction components of composite beams ..... .. 6
1-2-1 Steel beam ................ ... ... ... . 6
[-2-2 Reinforced concrete slab ................ .. 6
I-2-3 Shear connectors .................. .. ..... 6

I-3 Properties of materials used for composite beams . 12

[-3-1 Stress-Strain curves of steel ............. 12
I-3-2 Stress-Strain curves of concrete .. ........ 17
I-4 Construction methods ............................ 19

I-5 Effective breadth of concrete slab used in the
analysis of composite beams .................... .. 21

I-6 Limiting deflections and the use of span-depth

ratios ... 24
I-7 Methods of analysis and design ................... 26
I-7-1 Elastic full interaction analysis ......... 31

v

Central Library - Ain Shams University



1-7-2 Ultimale full interaction analysis .... .. ..
I-7-3 Elastic and ultimate partial

interaction theories ..................... .

Chapter I1I
Theoretical Model of Analysis
IT-1 Introduction ........ ... ... .. ... . .......... ... ...

I[1-2 Notations ....... ... ... ... ... ... . . . . . .. . ... .. ...

IT-4-1 Relations between internal forces and
deformations ............................

I1-4-2 Compatibility equation of deformation at
the concrete-steel interface ............

I1-4-3 Equilibrium equation for the composite
sectlon ... . ..

11-4-4 Equilibrium Equation at a connector

I11-6 Equations of the problem for the interval &x
1I-7 Solution of the problem
I11-7-1 Transfer-matrix method ...................
I1-7-2 Boundary conditions of the unknowns

of the problem ............ ... ....... ...

vi

Central Library - Ain Shams University

57

58

60

61

63

66



1I-7-3 Determination of lhe unknowns

of vector ... .. .. .. ... .. 73

II-7-4 Non linear inelastic iteration

procedure . ... ... ... 81
11-7-5 Convergence of solution .................. 82
II-7-6 Failure modes ...................... .. .... 83

IT1-8 Equivalent axial and flexural rigidities
in elastic-plastic range ......................... 85

I1-9 computer programme ....................... ... .. .. 93

Chapter I11

Comparlison between experimental and

theoretical results .......... ... .. ... ... ... ..... 99
ITI-1 Introduction ............ ... ... ... ... .. .. .. 99
I1I-2 Geometry and properties of the tested beams ... 101

IIT-2-1 General ..............'iimuninennnnnn.. 101

IT1-2-2 Simple composite beams loaded by
a single concentrated load
at mid-span ............. ... ............ 104
ITI-2-3 Simple composite beams loaded by
a uniformly distributed load ........... 106
1I1-3 Comparison between the theoretical and
experimental results ................ ... . ..... .. 108

III-3-1 Beams under point load at mid-span ..... 108

vii

Central Library - Ain Shams University



F1I-3-2 Beams under uniformly distributed

Chapter IV

Partial interaction analysis of composite simple

IV=1 Introduction ...... ... ... ... ... .. ... .. ... ... ...
1V-2 Effect of degree of connection (r) ...............
1V-3 Influence of the dimensions of composite sections.
1V-3-1 Effect of concrete slab thickness .........
IV-3-2 Effect of concrete slab breadth ...........
IV-3-3 Effect of concrete slab reinforcement .....
1V-3-4 Effect of steel beam cross section ........

IV-3-5 Influence of the type of loading ..........

Chapter V
Summary and Conclusion

V-1 Summary ...

viii

Central Library - Ain Shams University

168



Appendix A

List of the computer programme ....... ................

Appendix B

Example Results

Appendix C

Equivalent axial and flexural rigidities of concrete
slab and steel I-beam section .

C-1 Case of the steel cross section ..................

C-2 (Case of the concrete slab section ................

Appendix D
Full and partial interaction design for composite
simple beams .
D-1 Full interaction calculation for composite
simple beams with solid slab ......................
D-1-1 Ultimate capacity for beam Bl
according to CP117 .. ... .. . ... .. ... ... ...,
D-1-2 Ultimate capacity for beam Bl
according to E.C.4 ... . .. ... ... .
D-2 Partial interaction calculation for composite

simple beam with solid slab .. ..... ... ... ... .........

ix

Central Library - Ain Shams University

203



Ultimate capacity for beam B9
according to CP117,[ 3 1 ........ .. ... .. ..
Ultimate capacity for beam B9

according to E.C.4, [ 12 1 ........ ... .. .. ..

Central Library - Ain Shams University

263



INTRODUCTION

Central Library - Ain Shams University



__INTRODUCTION _

Composite construction has played a very important role in
structural engineering . Its use has varied from small
structures toc large buildings and bridges . The basic principle
underlying composite construction is that certain materials may
be used more effectively in certain types of stressed conditions
; thus , the combination of a material strong in compression with
one strong in tenslon makes a very economical union for its use
in structures . With basic materlals such as concrete , steel ,
masonry , wood and timber , a number of successful combinations
can be used : however , until now , such information has not been

readily available to design for practicing engineers.

The most common composite construction 1in buildings and
bridges 1is the composite steel-concrete wherein a steel beam and
a reinforced concrete slab ( cast-in-situ or precast ) are so
interconnected with shear connectors that they act together as a
unit . In the common type of composite beam , there is some shear
transfer by bond and friction at the interface between steel beam
and concrete slab. It can not be depended upon if there 1is a
single overload or pulsating load that will destroy such bond and
cause a separation of the slab from the beam . Hence , shear
connectors are needed to give reliable composite action with twe
objectives :

1- To transfer shear between the steel and concrete , thus

l1imiting the slip at the interface so that the slab beam
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system acts as a unil 1o resist longitudinal bending |
with one neutral axis for the composite section )

?2- To prevent an uplift between the steel beam and concrete
slab , i.e. , to prevent separation of the steel and

concrete at right angles to the interface .

Varlous types of shear connectors have been used to resist
longitudinal shear and uplift . In a broad sense , connectors may
be divided into two categories , rigid and flexible connectors.
It must be pointed out that slip must occur befeore they are
utilized ; therefor , the terms are relative . Usually the
interaction between steel beam and concrete slab is incomplete
due to slip caused by flexibility of shear connectors and the
compressibility of concrete . It produces a discontinuity in the
strain distribution at the interface . Some researches
developed a partial interaction theory 1in the elastic range
assuming a linear load-slip relation for the connectors . They
showed that fairly large variations in the value of the shear
connector modulus ( defined as the ratio of load to slip )
affected the deformations only slightly however , such
variations affected the deflection considerably and to a large
degree the elastic stralns and stresses . The partial interaction
theory has been extended to take into account the nonlinear
load-slip characteristics of shear connectors and also the

inelastic behaviour of steel and concrete material
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