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SUMMARY OF MASTER
THESIS PRESENTED
BY
£ng. Hossam Bader Eldin
Ain Shams University

Title of Thesis :
NON-LINEAR ELASTIC-PLASTIC ROTATION CAPACITY OF NON-
RECTANGULAR AND PITCHED-ROOF STEEL FRAME ELEMENTS

The object of this research is to investigate the elastic-plastic
non-tinear benaviour of non-rectanguiar and pitchad-roof stee! frame
elements . The thesis contains seven chapters -

Chapter one:
Dezls with the introduction and scope of the the thesis

Chapter two:

Deals with the historical review and the literature survey on slastic-
plastic behaviour and rotation capacity of frames under different types
of loading.

Chapter three:

includes the finite deflection analysis theory used in the present work
and the steps leading 1o the formulation of 2 computer nrogram for
dealing with the problem  The program is used to study the rotation
capacity of pitched roof frames

N
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Chapter four:

A parametric study is carried out to investigate the effect of change
of frame geometry and dimensions of frame joints under two types of
ioading patterns on the nonlinear rotation capacity before failure .

Chapter five:

Includes a study of the effect of local buckiig of the cross section
frames on the rotation capacity of frames. A parametric study is
carried out to show the effect of increasing the moment of inertia of
most stressed parts of members in reducing the local buckiing effect of
the flange plates .

Chapter six:
A study on the effect of increase of number of bays on the rotation
capacity of frames ie presented.

Chapter seven:

Inciudes summary . conciusions and recommendations for future
extension of the present research.

Central Library - Ain Shams University



ACKNOWL EDGMENT

The writer wishes {c express his sincere appreciation and deep gratitude to
. Ader M. Saiem Frof. of Sir

£ [

uctural Engineering , Ain Shams University , Cairo,
el gratts

¥

Kind supervision and gowerful support in overcoming all problems

which faced the preparation of this thesis as they just appeared .

The writer i3 deeniy mdeoted te Or. Abdeirahim K.M.Dessouki, Assocciate pref.
rustural Snginsering | Ain Shams  University , for nis censtant supervision

and otanning |, as wed 35 for his

ncouragement and constructive criticism
throughout the compietion of this thesis .

Thne writeris grateful lo Ur.Xamai Said Abdel-Aziz Associate prof. of Structural

Zngineering | Ain Shams University |, for his usefui advice and his kind help .

The writer is aiso grateful io his sister, Eng . Nessreen Bader Ebrahim and
his friend Mr. Mohamed Kamal Elmashd .

Central Library - Ain Shams University



TABLE OF CONTENTS

.....................................................................

Central Library - Ain Shams University

PAGE
ACKNOWLEDEGMENT...........ccoccomommiooooo .
TABLE OF CONTENTS ..o i
CHAPTER 1 INTRODUCTION
T INTRODUCTION oo 1
L 2
CHAPTER 2 HISTORICAL REVIEW
2-1 INTRODUCTION ..o 4
2-2 THEORETICAL FAILURE LOADS ..o 4
2-3 PLASTIC ANALYSIS OF STRUCTURAL FRAMES............. 8
2-4 NONLINEAR BEHAVIOUR OF STRUCTURES ..o 7
2-5 EFFECT OF AXIAL FORCE oo 3
2-6 CHOICE OF CROSS SECTION OF MEMBERS... ... 44
2-7 STABILITY SHAPE FACTOR OF ACROSS SECTION.......... .. 18
2-8 ROTATION CAPACITY RATIOuooeoooo g
2-9 LOCAL BUCKLING CRITERIA. .o 7
CHAPTER 3 ANALYSIS PROCEDURE
ST ANTRODUCTION .o 30
-2 LARGE DEFORMATION DISCRETE ELEMENT METHOD ........ 24
-3 STRESS -STRAIN RELATIONSHP...oooooooocoee 32
34 ASSUMPTIONS 1ot oo 32
3-S5 GENERAL EQUATIONS FOR AFRAME oo 34
3-5-1 LOAD-DISPLACEMENT EQUATIONS FOR A UNIFORM
MEMBER WITH PLASTIC HNGE AT ONE OR BOTH ENDS.... 24
3-5-2 NONLINEAR ANALYSIS ..o 37
3-5-3 THE EFFECT OF AXIAL FORCE AND CHANGE OF GEOMETRY .. 28
3-8 METHOD OF SOLUTION.... ..o 35
3-6-1 DETERMINANT METHOD ..o i 41
3-6-2 STIFFNESS CURVE METHGD ..o 43
3-7 CASE OF INACTIVE HINGES 45



3-8 FLOW CHART OF THE USED COMPUTER PROGRAM

.................... 4
3-8-1 BLOCK FLOW DIAGRAM .. 42
3-8-2 FLOW CHART OF THE USED COMPUTER PROG RAM............... 47
39 TEST OF THE PROGRAM ..o 48
3-9-1 FRAME OF REF. M) 48
3-9-2 FRAME OF REF. {20]. ... 48

CHAPTER 4 PARAMETRIC STUDY ON SINGLE-BAY SINGLE-STOREY
PITCHED ROOF FRAMES
4 -1 INTRODUCTION

....................................................................................

4-2CASE (1) PARAMETRIC STUDY ON SINGLE - BAY SINGLE - >
STOREY FRAMES ..o 53
4 - 3 SINGLE-BAY, SINGLE-STOREY FIXED BASE FRAMES LOADED
ATMID SPAN.....ooeem sttt et s e 53
4-3-1EFFECT OF (HEIGHT / SPAN) RATIO ON THE ROTATION
CAPACITY RATIO............... 54

4-3 -2 EFFECT OF BEAM INERTL4 TO COLUMN INERTIA ON THE
ROTATION CAPACITY RATIO.......

4-3-3EFFECT OF DISTURBING FORCE ON THE ROTATION J
CAPACITY RATIO....cooooo

4 -4 COMMENTS ON THE PARAMETRIC STUDY FOR FRAMES
LOADED AT MID SPAN

4 -5 SINGLE-BAY, SINGLE-STOREY FIXED BASE FRAMES LOADED
AT QUARTER SPAN. ... 85

4-5-1EFFECT OF (HEIGHT/ SPAN) RATIO ON THE ROTATION
CAPACITY RATIO. ..o

4-5-2EFFECT OF BEAM INERTIA TO COLUMN INERTIA RATIO ON
THE ROTATION CAPACITY RATIO

4-5-3EFFECT OF DISTURBING FCRCE ON THE ROTATION
CAPACITY RATIO

4 - 8 COMMENTS ON THE PARANETRIC STUDY FCR FRAMES
LOADED AT QUARTER SPAN

CHAPTER 6 EFFECT OF LOCAL BUZKLING ON ROTATION CAPACITY
OF PITCHED - RQOF FRAMES

lif

Central Library - Ain Shams University



AT MID SPAN 118
S-2-1EFFECT OF ESTIMATED YiELDED LENGTH ON THE ROTATION
CAPACITY RATIO...ttosoeeoooo 121
5-2-2EFFECT OF THE VARIATION IN INERTIA FOR ESTIMATED
YIELDED LENGTH ON THE ROTATION CAPACITY RATIO .. 123
>-2-3 COMMENTS ON PARAMETRIC STUDY FOR FRAMES LOADED AT
MID SPANFORPYPY 0.0 123
S-2- 4 EFFECT OF DISTURBING FORCE ON THE ROTATION
CAPACITY RATIO ........... 124
5-2- SEFFECT OF THE VARIATION IN INERTIA FOR THE ESTIMATED
YIELDED LENGTH ON THE ROTATION CAPACITY RATIO .o 125
S - 3 GENERAL COMMENTS ON THE STUDY OF SINGLE-BAY SINGLE -
STOREY FIXED BASE FRAMES LOADED AT MID SPAN. oo .. 125
S - 4 SINGLE-BAY, SINGLE-STOREY FIXED BASE PITCHED - ROOF FRAMES
LOADED AT QUARTER SPAN..ooovrro 128
S-4-1EFFECT OF ESTIMATED YIELDED LENGTH ON THE ROTATION
CAPACITY RATIO ............. 128
5-4-2COMMENTS ON THE PARAMETRIC STUDY FOR FRAMES
LOADED AT QUARTER SPAN FOR (PXPy=0.0) oo 128
>-4-3EFFECT OF DISTURBING FORCE ..o 128
3 - 5 GENERAL COMMENTS . 1289
CHAPTER & ROTATION CAPACITY RATIO OF MULTI-BAY PITCHED ROOF
FRAMES
8- 1INTRODUCTION ..o 131
6 - 2 EFFECT OF NUMBER OF STOREYS ON THE ROTATION
CAPACITY RATIO oo e 131
6-3CASE (2) PARAMETRIC STUDY FOR TWO-BAY AND SINGLE-STOREY
FRAMES oot 131
©-3-1 TWO-BAY SINGLE-STOREY FIXED RASE FRAMES LOADED
ATMID SPAN. oo e et 132
6-3-2 TWO-BAY FRAMES LOADED AT QUARTER SPAN ..o 143
6-4 GENERAL COMMENTS ..o 143
6 -5 CASE (3) PARAMETRIC STUDY FOR THREE-BAY AND SINGLE-
STOREY FRAMES ..o 153
14

Central Library - Ain Shams University



€ -5-1 THREE-BAY SINGLE-STOREY FIXED BASE FRAMES L OADED

ATMID SPAN ..ottt 153
©-5-2 THREE-BAY FRAMES LOADED AT QUARTER SPAN ... 185
6 - 6 GENERAL COMMENTS oo SRR 174
6 - 7 CASE (4) PARAMETRIC STUDY FOR TWO-BAY AND SINGLE-STOREY

FRAMES oottt “ 74
6-7-1TWO-BAY SINGLE-STOREY FIXED BASE FRAMES LOADED

ATMID SPAN......oos et 174

6-7-2TWO-BAY FRAMES LOADED AT QUARTER SPAN . 186
6 -8 GENERAL COMMENTS .......ooovooovc SO 18€
6 - © CASE (5) PARAMETRIC STUDY FOR THREE-BAY AND SINGLE-
STOREY FRAMES . cevmumtnseceereomsiee s ees oo oo eoeoes oo oo 2
8- 8- 1 THREE-BAY SINGLE-STOREY FIXED BASE FRAMES LOADED
ATMID SPAN. ..ottt 57T
6-9-2 THREE-BAY FRAMES LOADED AT QUARTER SPAN . oo

6 - 10 GENERAL COMMENTS ..o
CHAPTER 7 CONCLUSIONS

1 INTRODUCTION oo 59
7-2 CONCLUSIONS a7

7-2-1 SINGLE-BAY SINGLE-STOREY FiXED BASE FITCHED-RCCFE
FRP‘J\J{ES el B R L T L T e e 1218

7-2-2 LOCAL BUCKLING EFFECT ON ROTATION CAPACITY

OF PITCHED-ROOF FRAMES L 24
7-2-3 MULIBAY FRAMES ..o 290
7-3 RECOMMENDATIONS FORFUTUREWORK ..o pris
L 221
APPENDIX A ooeoeotovsmsesessntert et ee s 224
ARABIC SUMMARY
Vi

Central Library - Ain Shams University



CHAPTER (1)

INTRODUCTION

1-1 INTRODUCTION

Actual behaviour of steel rames is very different from the way assumed by many
designers Elastic desigr in many cases may hide the real behaviour which 15 dangerous.
The actual factor of safety =f a structure can be reduced thar the designarthinks . In
gther cases the real factor of safety may be mcre, and an uneconcmic structure will

resuit.

Long ago , research started to know the behavicur of structures mainly cased cn the

plastic theory and later piastic design was allowed in many countries.

The quick advancement cf piastic design is mainly a resuit of a cetar strugtural
economy through awell distribution of the used material . This is obtainad by taking
facility of the reserve of strengtn of siructural steel besides the siastic [imit by using
correct methods of analysis , and by confirming a uniform factor of safety against failure

for all structures.
Flastic analysis of steei structures cepends on capacity of members 1o form plastic

hinges ana to redistribute mements . in order for redistribution of momerr 1o axe place

certain piastic hinges must sustain their plastic moment through some argle of rotation
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The amount of rotation necessary may affect the stability of the structure and therefore |
may affect the geometry of the structural shapes .

The ability of a structure to rotate near its collapse mechanism is defined as the
" rotation capacity " . The rotation capacify can be thought of as the warning time the
structure has between the formation of the first piastic ninge and the structure collapse
by mechanism . The increass of this value is a good notification that sudden collapse of

this structure is not expected .

The objectives of the research presented in this thesis are .-

1- Investigating the non-linear efastic-plastic benavicur of stzel pitched - roof frames
under different factors which affect the rotation capacity of members such as -

a) Geometry and frame dimensions .

b) Load acting on frame , and

¢} Overall buckling of frame .

2- Studying the effect of local buckling of members on the ability of the siructure to form

plastic hinges .

3- Carrying out a parametric study to improve the rotation capacity against the efect of

local buckling .

1-2 SCOPE

The presert thesis contains seven chapters and one appendix ;-

2
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Chapter one deals with the introduction and scope of the thesis .

Chapter twe deals with historical review and literature survey on the

elastic-nlastic behaviour and rotation canacity of frames under different types of loading .

Chapter three . where the finite deflection analysis theory | used in the present work
is detailed and the steps ieading to the formulation of a computer program are
explained The program is used to study the rotation capacity requirements for

nonlinear elastic - plastic behaviour of pitched - roof frames.

Chapter four . where a parametric study is carried out to investigate the effect of

geometry and dimensions of frames. (under two fypes of icading patterns) onthe

rotation capacity by using cross section .1 B. and steel No. 44 having f,= 2600 Kg/Cm<
Chapter five , an attempt is made to study the effect of local buckling on the rotation
capacity of frames A parametric study is carried out to show the effect of increasing the

moment of inertia of parts of members in reducing the locai buckling effect .

Chapter six . an introduction tc study the effect of number of bays on the rotation

capacity of frames 5 presented .

Chapter seven  includes a summary conciusions and racommendations for futuire

extension of the research .
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CHAPTER (2)

HISTORICAL REVIEW

2-1 INTRODUCTION

The plastic analysis is now widely introduced in the design of steel structures . Many
researchers have tried to study the behaviour of sturctures beyond the elastic limit to
determine the theorstical faiiure loads of steel frames. Plastic analysis of steel structures
is based on the capacity of members to form plastic hinges , and to redistribute moments
. 50, a bigwork has been done by researchers to study the factors affecting the rotation
capacity and investigate the elastic-plastic behaviour of structures underudf‘ﬁerent ypes

of loading.

In this chapter a historical reconsidaration of the previous research work in the fleid of

plastic analysis and rotation capacity requirements for structural frames is forwarded.

2-2 THEORETICAL FAILURE LOADS

The elastic-plastic analysis is considered to be the most general and precise system

for predicting the theoretical ultimate strength of a frame .

In this metrod, the load-displacement relationship is evaiuated under the acticn of
ncreasing loads . When a plastic hinge is formed | its effect | is taken into account in the
following calcuiations . The uitimate carrying capacity is reached when the combination

of progressive yieiding , axial force and joint displacements reduces the stiffness of the

4
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