i

TEAUTOUR AT DT AGMTA T AT aTS DTITAD
YT A IOUR .ELL'.\TD ._J._:‘.SSIC L J;L.\LTS_LS OF RBL_\L‘\CIQCED

1586

Central Library - Ain Sham)s University



¥ . 3 v, o . 1. _

 APPROVAL SEEET

"Limit Design of Reinforced Concrete Structures™
"Bohaviour and Flastic Analysis of Reinforced
Conerete Two=-Span Continuous I-Beams™

By
Ahmed Mostafa Mohamed Saad

Lpproved by . =

Prof. Dr. AHLIED SHAEKER
Prof., Structural Engineering Department,

Faculty of Engineering,

Ain Shams University. _7%/“)\&//\/

Prof. Dr. MAHMOUD HASR
Head of Structural Engineering Department,
Professor of Reinforced Concrete Structures,
Faculty of Engineering,

Cairc Universitye.

Prof. Dr. ABDEL-HADY H. HOSNY (Supervisor)

B 3 T

Faculty of Engineering,
Ain Shems University.

Central Library - Ain Shams University




m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



1 it 1. -

SUPERVISORS

Prof. Dr. MOHAMED M. EL HASHIMY
President of Ain-Shams University,
Professor of Reinforced Concrete Structures,
Faculty of Engineering,
Ain Sﬁéms University.

Prof. Dr. ABDEL-HADY H. HOSKY
Head of Structural Engineering Department,
Professor of Reinforced Concrete Structures,
Faculty of Engineering,

Ain Shams Universitye.
Dr, MOHAMED I, SOLTMAN
Agst. Prof., Structural Engineering Department,

Faculty of Engineering,
Ain Shams University.

Central Library - Ain Shams University



i 11 1t 1%
L
i
ACKNOWLEDGEMENTS

The writer would like to express his sincere
appreciation to Prof. Dr. Kohamed H. El~Hashimy, President
of Ain Shams University and Professor of Reinforced
Concrete Structures, for his guidance and constant

encouragement during this research work.

The writer wishes tc express his deepest gratitude
and appreciation to Prof. Dr. Abdel~Hady H, Hosny, Head
ol the Structural Engineering Department and Professor of
Reinforced Concrete Structures, Ain Shams University, for
his generous support, valuable suggestions and pbrecise

advise during the course of this study.

Thanks are also mede to Prof. Dr. M.S. Mirza,
Structural Engineering Department, McGill University, who

presented his advise at the final stage of the thesis.,

The writer is deeply indebted to Dr. Mohsmed I,

Soliman, Assistant Professor, Structural Engineering

all phases of this research work.

The writer is also gratefull to all members of the

staff of the Reinforced Concrete Laboratory, Faculty of

Central Library - Ain Shams University



ii

Engineering, Ain Shams University, for their kind co-
operation during the experimentel phase of this study.

The writer wishes fo acknowledge gratefully the
generous collaboration of the staff of the Computer

Center, Faculty of Engineering, Ain-Shams University.

Central Library - Ain Shams University



[T =Y

iii

TABLE OF CONTENTS

ACEROWLEDGEMENTS T T S

EABLE OF C OquEIqTS L] - - - - - . - - - - - - - . &+ &

LIST OF NOTATIO:N’S . a - - - - - - - - - . - *+ o e a

CHAPTER I
1.1
1.2
1.3
1.4

HAPTER II1
21

2.2

-

PART 4 - INTRODUCTION
INTRODUGTION.
General « ¢ 4 4 4 4 4 4 4 4 e 4 e e . .
Previous Experimental Work . . . . . . .
Objectives and Aims of the Preszent Study

Scope and Contents « . . . . . . . . . .

PART B - THECRETICAL STUDY
REDISTRIBUTION PROCESS.
Cause and Development of Redistribution.

2.1.1 Cause and Degree of Redistribution

2.1.2 Possible Developments of Redistribu-

tion e ¢ 4 4 4 4 4 e e o4 s e e .
Factors Affecting the Process of
Redistribution—<w———

2.2.1 Moment-Curvature Relationship . .

2.2.1.1 Effect of Cracks « « . . .
2.2.1.2 Effect of Properties of

Conecrete « . & & & & o . .

Central Library - Ain Shams University

e e 4 & & e e

Page

iii

o o W+

12
12

13

17

19

19



At 1y L 1. . | § S ‘1
iv
Page
2.241,3 Effect of Reinforcement. . . 21
2.2.1.4 Effect of Axial Load « . . . 24
2.2.1.5 Effect of Shearing Force . . 24
2.2.1.6 Effect of Torsion . . . . . 25
2.2.2 Static System . . . . . . . . . . . 26
2.2.2.1 Effect of the Shape of
Bendiné Noment Diagram gnd
Boundary Conditions . . . . 26
242.2.2 Effect of Settlement of
Supports and Other Imposed
Deformations « « « « . . . . 28
2.2.2.3 Effect of Local Instability. 28
2.2.3 L0838 « 4 - 4 e 4 4 e e 44 4. .. 25
2+2.3.1 Effect of Long-Term Loading. 30
2.2.3.2 Effect of Repeated Loading . 31
2.2.3.3 Effect of Moving Loads . . . 31
2.2.3.4 Effect of History of Loading
JHAPTER ITI METHODS OF LIMIT AWALYSIS AWD PLASTIC
DEFORMATION CALCULATICHS.

3.1 Methods of Limit Analysis and Design . . . 32
3¢lel Gemeral & o v 4 4w a4 4 ... . . 32
3.1.2 Ultimate Strength Design Method. . . 34
3.1.3 Method of Ultimate Rotations . . . . 33

Central Library - Ain Shams University

| e



4 I 11

3.2

3.1.4 Method of Imposed Rotations . . . .
34145 Bi-Linear Limit Design Method . . .
3.1.6 Ultimate Egquilibrium Method . . . .
3.1.7 Optimum Limit Design Method . . . .
3¢1.741 Full Redistribution Design .
3.1.7.2 Limited Redistribution Design
3.1.8 Guyon's Empericsl KMethod . . . . . .
34149 Genmeral Discussion « « « . o . 4 . .
Methods for Calculetion of Plastic Deform-
ations and Deformagtion Capacity of
Hinging Regions in Reinforced Concrete
Beams .« + 4 v 4 i 4 0 0 e e e e e e ..
3.2.1 Gemeral . . 4 v i 4 e e a e e e ..
3.2.2 AJL.L. Baker et @l « .« .« v . « . . .
3.2.3 Johnson and Sawyef and Tichy . . . .
30244 Mattock .« . « . . o 0. L L. ..
3.2.5 Cohll &« 4 4 4 4 4 4 h e e e e e e

Dimensions of the Tested Specimens . . . .
Materiglsand Fabricetion o« o« o o o o o o o

4.3.1 Concrete WiZ ¢ v v v ¢ ¢ o o o o «

Central Library - Ain Shams University

Page

38
39
41
45
46
47
48
49

5C
50
52
59
62
66

69
69
70
70



Laa

BRE

Central Library - Ain Shams University

Page
4.3.2 Reinforcement . « « « « o o o o « « 71
4.3.3 Casting and Curing of the Tesfed
SPECIMENS + o« « « o o = o « o « = yal
4.3.4 Control Tests .. . .. . ... .. 12
4.4 Test Set-Up .« + = ¢ v o v ¢ v v« « v . 13
4.4.1 Loading Apparatus « « « 4 « « « o o 13
4.4,2 Instrumentefion < e « « « o o o .o = 13
4.4.3 Test ProcedUuTe « « « o « o o« = o « o 12
CHAPTER V EXPERTMENT4L RESULIS.
5.1 General .+ - « o s 4 o s a4 4 4 4 e o 2 e (7T
5.2 Behaviour of the Tested Beams .+ « » « - . (7
5.3 Cracking end Crack Patterns . . . . . . . 80
5.4 Moment Redistribution Characteristies. . . 82
5.5 Losd-Deflection Relationships . . . . . . 86
5.6 Moment-Curvature Relationships . « « . . . B7
5.7 Summary of the Experimentel Results . . . 89
PART D - FINITE ELEMENT ANALYSIS
CEAPTER VI FINITE ELELENT ANALYSIS.
- 6.1 General « « « « = + o « o & 4 o« e o« s o 92
6.2 Finite Element Method . . « « « « « &+ + & 83
6.2.1 Choice of a Suitable Element for the
SEXUCTULE o o = o o « « o o« « o o« o 94
6.2.2 Idealization of Reinforced Concrete
Section « ¢« ¢« ¢ 4 4« ¢« 4 4 4 e . o . 9



L SO

Page
6.2.3 Steel Elements « « « « o « o o « o o 27
6.2.4 Concrete Elements .« « o o « « « o o 27
6.2.5 Cracking of Concrete « - « - - - « o 100
6.2.5.1 Modulus of Elasticity of
Concrete in the Direction
Perpendicular to Crack . . . 102
£.2.5.2 Shear Transfer Across Cracks 103
6.2.5.3 Crack Stability . « « . . . 106
6.3 Computer Progrell « « + « « o = = « s s = » 107
SHAPTER VII RESULTS OF THE FINITE ELEMENT AWALYSIS.
7.1 General o« « « « o + + o o = 2 &+ s o+ o s o 109
7.2 Behaviour of the Analysed Beams . - . . . 108
7.3 Cracking end Crack Patterms .+ « . « . -« = 111
7.4 Woment Redistribution Characteristies . . 112
7.5 Load-Deflection Relationships .+ . . . . . 119
7.6 Homent-Curvutures Relationships .« « + - - 112
PART E - RESULTS AND CONCLUSIOCLS
sHAPTER VIII COMPA@ISON BETWEEN THEORETICAL AND o
EXPERIMERTAL RESULTS.
B.1 General =« « 4« o o o« 2 ¢ 2 2 2 o s s o o e 119
8.2 Analysis of the Tested Beams by the Method
of Ultimate Rotations « « = « « « « « » o 119

Central Library - Ain Shams University



e,

8.3

8.4

HAPTER IX
c.1
9.2
9.3

EFERENCES

PPERDIX (4)
PPENDIX (B)

iy, _ v, _ 1.

viii

Analjsis of the Tested Beams by the
Method of Imposed Rotations . . . . .
Comparison Between Theoreticel and
Experimental Resulis « +« « ¢ « « « 4 &
8.4.1 Behaviour of the Beams . . . . .

8.4.2 Cracking and Crack Patterns . .

8.4.3 Moment Redistribution Characteristics

B.4.4 Load~Deflection Relationships .
B.4.5 Moment-Curvature Relationships .

B.4.6 Hinge Length and Hinge Rotations

CONCLUSIOKS.
Genergl e« « « « + « o o o o o « o o
Conclusions =« « « « « ¢ o « o o « o »

Suggested Areas for Further Research .

Plates, Figures and Tables.. . . . . .

List of the Computer Program for the Non-

Linear Finite Element Analysis « . . .

PPENDIX ()

Application of the Developed Finite Element

Program to Different Continuous Beams -

Tested by Other Investigators . . .

Central Library - Ain Shams University

Page

120

122
123

125

125
127
129
131

133
134
137

139

150

266

284



~

ix

LIST OF NOTATIONS

The followirg symbols have been adopted for use in

this thesis. Ofth

er symbols not listed below are defined

where they first appesr.
A Area of bending moment diagrem,
JArea of the finite element. )
Ay Area of tensile reinforcement.
Aé Area of compressive reinforcement.
b Breadth of a rectangular section,
sBreadth of the web of & flanged section.
B Bregdth of the flange of a flanged section.
[ B ] The strain matrix.
c Load factor at ultimate load.
c; Load factor at yield of reinforcement at
section i.
C Crack width.
CS Factor representis the type of reinforcement.
cc Factor represents the grade of concretee.
¢ ] The transformation matrix.
—~d 7 Distence from extreme comi;éggi;énfgggiiggnmwr -
controid of ftensile reinforcement.
Db Diameter of the gteel bars.
By The elasticity matriz.
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Ec Hodulus of elasticity of the concrete.

Ep Modulus of elasticity of conerete perpendicular
to the crack direction.

E% Modulus of elasticity of the steel.

Ech Flexural stiffness of the gross concrete cross-~
section.

B, Iy . TFlexural stiffness of the transformed gross
cross—section.

EcIcr Flexural stiffness of the transformed cracked
crosg-section.

fc,fé Cylinder compressive strength of concrete.

fcu 28~days cube compressive strength of concrete.

fc max Maximum compresgsive stress of concrete.

fr Modulus of rupture of concrete.

fct Tensile gtrerngith of concrete.

fs Stress in tension reinforcement.

fy Yield stress of reinforcement.

f, Proff stress of reinforcement.

P Total applied concentrated load.

Fu Ultimate concentrated load.

G Shear modunlus—of elasticity factor.

h Overall thickness of cross—-section.

H Horizontal feorce.

i,3,.k Nodes of the triangular element.

Ig oment of inertia of the gross section.
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It Moment of inertia of the transformed gross
cross-gection.

Icr ‘ ¥oment of inertia of the transformed cracked
cross—-section.

Kp The plasticity factoxr.

§Keg Element stiffness matrix.

Kj . The ratio of_. the maximum compressive stress to
the cylinder compressive strength of concrete.

fps Length of portion of reinforcement at which
the bond fails.

fpc Length of failure zone in the compression zone.

fp , Length of the plastic hinge.

f

LBO’L90’€95 The distances to sections where the bending
moment is equal fo 80%, 90% and $5%, respecti-

vely, of the maximum moment.

L Span of the beam.
Ll,L2 ldealized elastic and plastic limits.
i Bending moment at any section.
Me Elastic bending moment distribution.
Mr Bending moment at cracking.
— My — —Dending moment &t ¢lestic limit. I
Mser Serviceability bending moment.
Mu Ultimate bending moment.
MLl’ML2 Bending moments at idealized limits Ly and L2.
M Design bending moment,
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