


Ellis Horwood Series ENGINEERING SCIENCE

PLASTIC DESIGN
OF STEEL STRUCTURES

" ,A Mrazik M Skaloud
M Tochagek







PLASTIC DESIGN
OF STEEL STRUCTURES

Augustin Mrazik, C.E., Ph.D., D.Sc.,
Institute of Construction and Architecture,
Slovak Academy of Sciences, Bratislava

Miroslav Skaloud, C.E., Ph.D., D.Sc., Assoc. Professor,
Institute of Theoretical and Applied Mechanics,
Czechoslovak Academy of Sciences, Prague

Miloslav Tocha&ek, C.E., Ph.D.,
Building Research Institute, Czech Technical University, Prague

Translation Editor:

M. N. Pavlovi¢, B.Eng., M.Eng.Sc., Ph.D.,

_ Imperial College of Science and Technology,
University of London

ELLIS HORWOOD LIMITED
Publishers ¢ Chichester

Halsted Press: a division of
JOHN WILEY & SONS
New York « Chichester.« Brisbane « Toronto



First published in 1987 by

ELLIS HORWOOD LIMITED

Market Cross House, Cooper Street, Chichester, West Sussex, PO19 1EB, England
in co-edition with

SNTL — Publishers of Technical Literature, Prague, Czechoslovakia

The publisher’s colophon is reproduced from James Gillison’s drawing of the ancient Market
Crosy, Chichester.

Distributors: '

Australia, New Zealand, South-east Asia:
Jacaranda-Wiley Ltd., Jacaranda Press,

JOHN WILEY AND SONS INC,,

G.P.O. Box 859, Brisbane, Queensland 40001, Austrélia.

Canada :
JOHN WILEY & SONS LIMITED
22 Worcester Road, Rexdale, Ontario, Canada.

West Europe, Africu :
JOHN WILEY & SONS LIMITED
Baffins Lane, Chichester, West Sussex, England.

East European countries, Republic of China, Northern Korea, Cuba, Vietham and Mongoliu:
SNTL — Publishers of Technical Literature,
Spalena 51, 11302 Prague 1, Czechoslovakia

North and South America and the rest of the world :
Halsted Press: a division of

JOHN WILEY & SONS

605 Third Avenue, New York, N.Y. 10016 US.A.

© 1987 A. Mrazik, M. Skaloud, M. Tochaéek / Ellis Horwood Limited
Translation © 1987, P. Maxa

British Library Cataloguing in Publication Data

Mrazik. A.
Plastic design of steel structures. —(Ellis Horwood series in civil engineering)
1. Building, Iron and steel 2. Structural stability 3. Plastic analysis (Theory of structures)
1. Title 1. 3kaloud, M. 111, Tochagek. M. 1V. Navrhovani ocelovych konstrukei podle
teorie plasticity. English
624.1°82 TA684

ISBN 0-85312-381-0 (Ellis Horwood Limited)
ISBN 0-420-20132-0 (Halsted Press)

LIBRARY OF CONGRESS CARD NO. 85-5623

COPYRIGHT NOTICE

All Rights Reserved. No part of this publication may be reproduced, stored in a retrieval
system, or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise, without the permission of Ellis Horwood Limited, Market Cross
House, Cooper Street, Chichester, West Sussex, England

Printed in Czechoslovakia



Table of contents

Preface to the Czech edition . . . . . . . . . . ... . . .. 17
Preface to the English edition . . . . . . . . . . . . . . . .. 20
Listofsymbols . . . . . . . . . .. .. ... .. e e e 23
1 Introduction . . . . . . . . . .. ... 33
1.1 Behaviour of material and of steel structural members; loss
of load-carrying capacity . . . . . . . . . . . ... .. 33
1.1.1 Elastoplastic deformations of steel . . . . . . . . . 33
1.1.2 A steel bar stressed-in tension or simple compression 34
1.1.3  Stress induced by simple bending . . . . . . . . . 39
1.2 Development of plastic deformations and conditions of plasti-
Gty . . % v e 41
1.2.1 State of stress and strain . . . . . . . . . . .. 4]
a 1.2.2 Potentialenergy . . . . . . . . . . ... ... 43
1.2.3 Conditions of plasticity (yield conditions). . . . . . 44
1.2.3.1 Condition of maximum shear stress . . . 44

1.2.3.2 Condition of potential energy of dlstomon 45
1.2.3.3 Experimental verification of the yield con-

ditions . . . . ... ..., ...... 46

1.3 Limit states of cross-sections, elements, and structures at plastlc
collapse . . . . . . . ... .. ... - ¥
1.3.1 Definition of limit states with reference to specifications -
for structural design . . . . . . . . . c.. .. 48
1.3.2 Random variable reliability factors of structures . . 49
1.3.2.1 Externaleffects . . . . . . . ... ... 49
1322 Material . . . . ... ... ... ... 52

1.3.2.3 Other possible modifications of the design
values . . . . .. .. L 53



1.3.3  Verification of the reliability of a structure and the type

of computational method used . . . . . . . . . . 54
1.3.4 Theoretical expression of the reliability conditions 54
1.3.5 Engineering probability method . . . . . . . . . 56
1.3.6 Design strength of steel structures . . . . . . . . 59
1.3.6.1 Definition of the design strength . . . . . 59

1.3.6.2 Calculation of Aesign strength: examples . . 62
1.3.7 Deflections of beams with randomly variable yield

strength . . . . . .. ... ..o 66
1.3.8 Note on the relation: Limit states — plastic design —
theoretical solution . . . . . . . . . . . . . .. 69
1.4 Advantages of plasticanalysis. . . . . . . .. .. . .. 69
1.4.1 Plastic analysis as a realistic model of the aclual
behaviour of steel structures . . . . . . . . . . 70
+ 1.4.2  Plastic analysis as a precondition for a uniform margin
of safety of a structure and structural members . . . 70
1.4.3 Plastic analysis as a means to simplify the design . . 72
1.4.4 Plastic analysis as a source of material and cost eco-
nomies . . . . . . . . . ... ... ... 74
1.5 Objections to elastic and plastic analyses . . . . . . . . 74
1.5.1 Theory of elasticity and its limited applicability . . 74
1.5.2 Objections to the plastic theory . . . . . . . . . 77
1.6 Assumptions for the application of plastic analysis. . . . . 83
1.7 Comparison of the fundamental conditions of elastic and
plasticanalyses . . . . . . . . . . . . . .. e 85
1.7.1 Corresponding conditions and assumpnons ..... 85

1.7.2 Different conditions and assumptions of plastic analysis 87

2 Bebaviour of elements in the inelastic state . . . . . . . . . . 90
2.1 Element loaded in tension or pure compression . . . . . . 90
2.2 Element loaded in pureshear . . . . . . . . . .. .. 92
2.3 Element loaded in pure bending . . . . . . . . . . .. 93

2.3.1 Pure bending in a single principal plane . . . . . . 93

2.3.1.1 Cross-section with two axes of symmetry 93
2.3.1.2 Cross-section with a single axis of symmetry 101

2313 Examples . . .. . .. .. ... ... 103
2.3.2 Pure bending in one principal plane of a girder having

a non-homogeneous cross-section . . . . . . . . . 107

2.3.2.1 Generalsolution . . . . . . . . . . .. 107

2322 Example . . . . . . .. .. . .. ... 109



24

2.5

2.6

27
2.8

29

2.10

2.3.3 Pure bending in two principal planes . . . . . . . 109
2.3.3.1 Interaction of the bending moments in the
elastoplastic state . . . . . . . . . . .. 110
2.3.3.2 Interaction of the bending moments in the
plasticstate . . . . . . . . . .. . .. 113
2.3.4 Design of a cross-section loaded in pure bending
according to the limit state design method . . . . . 115
Element loaded by a combination of bending and shear . . 117
2.4.1 Principles governing theoretical solutions . . . . . . 119
2.4.1.1 Rectangular cross-section . . . . . . . . 119
2.4.1.2 I-section with two axes of symmetry . . . . 125
2.4.1.3 Non-homogeneous I-section with two axes
of symmetry . . . . . . . .. ... .. 129

242 Analysis of a structural member loaded in bending
and shear according to the limit state design method 133
Element loaded by a combination of bending and axial

tension/compression . . . .. . . . . ... ... . 136

2.5.1 Theoretical solution . . . . . . . . . . . . .. 137
2.5.1.1 I-section subjected to bending and axial ten-

sion/compression . . . . . . . ... .. 137

2.5.1.2 Combined loading of a rectangular cross-
section by bending and axial tension/com-

pression . . . . . . . . .. .. .... 142
2.5.2 Approximate interaction 'equations . . . . . . . . 143
Element loaded by a combination of bending, axial tension/
compressionand shear . . . . . . . . . . . . .. .. 145
-2.6.1 Principles governing theoretical solutions . . . . . 146
2.6.1.1 Rectangular cross-section . . . . . . . . 146
2.6.1.2 I-section with two axes of symmetry . . . . 149
2.6.2 Approximate equations of interaction . ... . . . . 156
Torsional stresses in structural members . . . . . . . . . 158
Element loaded in pure torsion . . . . . . . . . . . .. 159
2.8.1 Element with arbitrary cross-section . . . . . . . 159
2.8.2 Open cross-section consisting of narrow rectangles 163
2.8.3 Closed cross-section . . . . . . e 165
Element loaded by a combination of pure torsion, axial
tension/compression, and bending . . . . . . . . . . . . 167
Element under the action of warping torsion . . . . . . . 168
2.10.1 Coordinate system, centre of flexure . . . . . . . 168

2.10.2 Plastic generalized forces . . . .. . . .. . .. 172



2.10.3 Conditions of plasticity for an element loaded by a com-

bination of generalized forces . . . . . . . . .. 175
_ 2.10.3.1 Combination of bimoment and twisting mo-
ment . . . . .. e 175
2.10.3.2 Combination of bending moment, shear force.
bimoment and twisting moments . . . . . 178
2.10.3.3 Combination of axial force, bending moment,
bimoment and moment of pure torsion . . 182
2.10.3.4 Combination of axial force, bending moments
and bimoment . . . . . . . .. .. .. 183
2.11 Plasticity problems solved by elasticity methods . . . . . 185
2.11.1 Iterative method of elastic solutions . . . . . . . . 186
2.11.2 Method of reduced: cross-sections . . . . . . . . . 190
2.11.3 Method of incremental plasticization . . . . . . . 193
2.11.3.1 Det'érmination of plastic resistance of a cross-
section . . ... . . . . . . ... ... 194
2.11.3.2 Determination of the plastic load-bearing
capacity of a structure . . . . . . . . . . 195
3 Load-bearing capacity of beams/girders in the inelastic state . . . 197
3.1 Plastic hinge and plastic failure mechanism . ., . . . . . 197
3.1.1 Statically determinate structures . . . . . . . . . 197
3.1.2 Statically indeterminate structures . . . . . . . . 199
3.2 Bending of a non-homogeneous, multilayered elastoplastic
beam . . . . . . ... Lo 200

33

34

3.2.1 Multilayered cross-sections with two axes of symmetry 201
3.2.2 Muitilayered cross-sections with a single axis of sym-

metry . . . . . .. Lo 203
Bending of a plate girder assuming a material with upper *
and lower yield strengths; strain-hardening material . . . ." 204
3.3.1 Material with upper and lower yield strengths . . . 204
3.3.2 Material with strain-hardening . . . . . . . . . . 206
Prestressed steel girders in the inelastic state . . . . . . . 208

3.4.1 Joint exploitation of plastic reserve and prestressing 208

3.4.2 Prestressed girder in the elastoplastic state, type I 211

3.4.3 Prestressed girder in the elastoplastic state, type Il 216
¢

4 Stability problems . . . . . . . . . . .. ... 221

4.1

Column buckling . . . . . . . . . ... ... .. 221
4.1.1 Buckling of a structureasawhole . . . . . . . . 221



4.2

4.3

4.1.1.1 Reduction of the kinematic mechanism of
collapse . . . . . ... ...
4.1.1.2 Merchant-Rankine’s formula . . . . . . .
4.1.1.3 Maximum admissible slenderness ratio *for
frame stanchions . . . . . . . . . . . .
4.1.2 Buckling of individual members . . . . . . . L
4.1.2.1 Incomplete plastic hinge . . . . . . . . .
4.1.2.2 Plane buckling of an ideal member
4.1.2.3 Flexural-torsional buckling of an ideal member
4.1.2.4 Experimental verification of the formulae for
' anideal member . . . . . . . . . . ..
4.1.2.5 Buckling of an actual (imperfect) member
4.1.3 Rotation capacity of plastic hinges at the member ends
Lateral buckling of beams . . . . . e
4.2.1 Design of members with prevented lateral buckling
4.2.1.1 General procedure . .. . . . . . . . ..
4.2.1.2 Simplified solution . . . . . . . . . . .

4.2.2 Design of members admitting lateral buckling
4.2.3 Lateral buckling of a member with closed cross-se:tion
Web buckling . . . . . .. ... 0L C
4.3.1 Design of webs with prevented buckling . . . . . .
4.3.1.1 Theoretical solution . . . . . . . . . . .
4.3.1.2 Experimental verification . . . . . . . .
4.3.2 Design of webs admitting buckling, with full exploita-
© tionof plasticity . . . . . . .. ... ...
4.3.3 Design of webs with limited exploitation of plasticity
4.33.1 Ultimate limit state . . . . . . . . . . .

5 Load-bearing capacity of solid-web structures subject to simple/pro-
portional loading with prevailing bending effects . . . . . . . .

5.1

5.2

Load-bearing capacity of a statically indeterminate structurc
according to the so-called simple theory of plasticity. Effects
of gradually increasing loading . . . . . . . . . . . ..
5.1.1 Bar model for the behaviour of a statically indetermi-
_ nate structure . . . . . . . . . . . .. oL
5.1.2 Continuous beam of a constant cross-section .
Collapse of a structure due to the formation of a plastic hinge
mechanism . . . . . . . .. .00
5.2.1 Types of plastic hinge mechanisms . . . . . . . .

221
225

226
228+
228

. 231

232
236"
239"
242§
244 1
244
245
250

253

253

. 254

254
255
260
261
267

268
270

272

272

274
276



10

5.3

54

5.5

5.2.2 Determination of plastic hinge mechanisms . . . . 284
.5.2.3 Determination of plastic hinges under distributed load 286
Fundamental theorems and principles of plastic analysis . . 288
5.3.1 Static, kinematic and uniqueness theorems . . . . . 288
53.2 Admissible solutions . . . . . . .. . .. .. 289
5.3.3 Principle of virtual work . . . . . . . . . . .. 290
Principal relationships in plastic design . . . . . . . . 292
54.1 Signconventions . . . . . . . . . . ... ... 292
54.2 Staticrelations . . . . . . . . . .. ... ... 292
5.4.2.1 Joint, sway and member equations of equi-
librium . . . . . ... .. ... ... 294
5422 Forcemethod . . . . .. .. .. ... 297
5.4.2.3 Balancing of bending moments . . . . . . 298
5.4.2.4 Application of the principle of virtual work 298
54.3 Kinematic relations . . . . . . . . .. ... .. 299
5.4.3.1 Duality of static and kinematic relations . . 299
54.3.2 Reduction theorem . . . . . . . . . .. 301
5.4.3.3 Utilization of kinematic relations . . . . . 302
5...4 Examples: Static relations for-a portal frame . . . . 302
5.4.4.1 Joint, sway and member equations . . . . 302
5442 Forcemethod . . . . .. .. .. ... 305
5.4.4.3 Balancing of bending moments . . . . . . 306
5.4.44 Application of the virtual work principle . . 307
5.4.5 Examples: Kinematic relations for a portal frame . . 308
5.4.5.1 Kinematic relationships dual to the static rela—
tions . . . . . ... ... ... 308
5.4.5.2 Reduction theorem . . . . . . . . . .. 309
5.4.5.3 Geometric relations. The combining of mecha-
nisms . . . . . . . . . ... 310
Methods for the determination of the plastic limit load and/
or the plastic load-bearing capacity of a structure . . . . . 312
5.5.1 The application of the fundamental theorems of plastic
amalysis . . . . . . . . . .. ... 313
5.5.1.1 The static method: procedure . . . . . . 313
5.5.1.2 The static method: examples . . . . . . . 314
5.5.1.3 The kinematic method: procedure . . . . 325
5.5.1.4 The kinematic method: examples . . . . . 326
5.5.2 Moment distribution method . . . . . . . . . . 331
5.5.2.1 Moment distribution method: procedure . . 331

5.5.2.2 Moment distribution method: examples . . 332



5.6

5.7

5.8

59

5.10

11

5.5.3 Method of combining mechanisms . . . . . . . . 336
5.5.3.1 Method of combining mechanisms : procedure 336
5.5.3.2 Method of combining mechanisms: examples 338

5.5.4 Incrementalanalysis. . . . . . . .. . ... .. 343

Analysis of a structure with stepped members . . . . . . . 343

5.6.1 Structure with stepped members: analysis and design 343

5.6.2 Structures with stepped members : examples of analysis 347

5.6.2.1 A continuousbeam . . . . . . . . . .. 347
56.22 Alean-toframe . . . . . . . . . . ... 349
5.6.3 Structures with members of varying cross-section . . 352
Analysis of grillages . . . . . . . . ... ... 352
571 Crossedbeams . . . . . . . . .. .. .. ... 353 .
572 A square grillage . . . . . . L 358
573 Complex grillages . . . . . .. . .. ... .. 362
Optimum design . . . . . . . . . . .. ... .... 364
5.8.1 The optimization condition . . . . . . . . . .. 364
5.8.2 Graphical representation of the problems of optimum
design . . . . . . .. ... 366
5.8.2.1 The region of feasible solutions . . . . . . 366
5.8.2.2 Mass polyhedron. Contour plan . . . . . 369
5.8.3 Computational methods . . . . . . . . . . . .. 373
5.8.3.1 Moment distribution method . . . . . . . 373
5.8.3.2 Descent down the mass polyhedron . . . . 374
5.8.3.3 Application of Foulkes’ theorems . . . . . 377
5.84 Alternative loading . . . . . . . ... ... .. 382
5.8.5 Non-linear objective finction. Optlmum desngn of
a structure with a limited choice of cross-sections . ;. 383
Computer-aided analysis . . . . . . . . .. .. .. L 3%
5.9.1 Static formulation of the problem . . . . . . . 38
5.9.2 Kinematic formulation of the problem . . . . . - 387
5.9.3 Dualrelations between the static and kinematic relationd
ships . . . ... Lo | 388

5.9.4 Problems solvable by means of linear programming 390
5.9.5 Arrangement of problems to be solved by means

of linear programming . . . . . . . . . . . .. 394
Interaction of beading moments and normal forces . . . . 395
5.10.1 Principles and procedure in the analysis according

o CSN 731401/1984 . . . . . . . . ... ... 395

5.10.2 Example: A portal frame w1th pronounced effect of
oormal forces. . . . . .. . ... ... ... 397



412

5.11

5.12

5.13

Plastic load-bearing capacity of structures which are also
subjected to warping torsion . . . . . . . . . . . . ..
5.11.1 Load-bearing capacity of a fixed-ended beam open
cross-section, subjected to a central torsional moment
5.11.2 Load-bearing capacity of a fixed-ended beam of open
cross-section, subjected to an eccentric transverse load
5.11.3 Load-carrying capacity of a one-span beam with dif-
ferent support conditions and loadings . . . . . .
5.11.4 Load-bearing capacity of a portal frame subjected to
an eccentric uniformload . . . . . . . . . . ..
5.11.5 Effect of deformation on the limit state of steel members
and structures which are also subjected to warping
torsion . . . . .. . . . ...
Analysis of multi-storey frames by way of the second-order
theory . . . . . . . ...
5.12.1 Effect of deformations on the load-bearing capacuy
ofastructure . . . . . . . . . . . C e
5.12.2 Frames braced against sidesway . . . . . . . . . .
5.12.3 Frames unbraced against sidesway. . . . . . . . .
Experimental verification of load-bearing capacity
5.13.1 Some results of the verification of load-bearing capacity
of beams and frames . . . . . . . . . . . . ..
5.13.2 Experimental verification of the behaviour of beams
made of Czechoslovak mild steels . . . . . . . . .
5.13.3 Experimental verification of the behaviour of beams
made of Czechoslovak steels of various strengths

6 Load-bearing capacity of solid-web structures subjected to variable
repeated loading with prevailing bending effects . . . . | . . . .

6.1

6.2

The relationship between deformation and the effects of cyclic
load . . . .. . ..
6.1.1 The relationship between deflection and bending mo-

ment .. . . . ... ..o
6.1.2 Masing’s model for cyclicload . . . . . . . ..
6.1.3 Equation of failure at the nth loading cycle according

to Masing’smodel . . . . . . .. . ... ...
Incremental collapse and collapse dge to altemaung plasticity
(low-cycle fatigue) . . . . . . . . . . . ... ... ..
6.2.1 Statement of the problem . . . . . . . . . . ..
6.2.2 Examples of repeated loading of a structure

402

403

404

407

407

409

. 409

409
412
417

. 424

424

427

. 433

442

442

442



13

6.3 The shake-down theorem and the condition for alternating 457

plasticity . . . . . . . . . . ..o

6.4 Methods of analysis of the load- beanng capacity of structures 460
subjected to repeated loading . . . . . . . . ... .. 460
64.1 Shake-down theorems . . . ... . . . . . ., .. 461

642 Examples . . . . . . . . ... ... ... ..
6.4.2.1 Continuous beam with uniform cross-section 461
and three spans loaded by central point loads
6.4.2.2 Limit partial reliability factor for the load 469
6.4.2.3 A portal frame subjected to vertica| and hori-

zontal pointloads . . . . . . . . . . .. 470
6.5 Influence lines in plasticdesign . . . . . . . . . . . .. 480
6.5.1 Special features of influence lines in plastic design 480
6.5.2 Examples of influence lines . . . . . . . . . .. 481
6.6 Experimental verification of load-bearing capacity under
repeated loading . . . . . . . . .. ... ... 485
6.6.1 Relationship between deformation and load . . . . 485
6.6.2 Incremental collapse . . . . . . . . . . . .. . 485
6.6.3 Loss of load-bearing capacity due to alternating plasti-
city (low-cycle fatigue) . . . . . . . . . . . .. 488
6.6.4 Movix}g load . ... . ... ... .. 492
7 Deformations of structures in the elastoplastic state ....... 498
7.1 Introductory notes . . . . .. . .. o000 498

7.2 Fundamental assumptions in the analysis. Limit deflections 499
7.3 General method for the determination of deflections in the

elastic and inelastic states . . . . . . . . . . . .. .. 504
7.3.1 Fundamental relationships . . . . . . . . . . .. - 504
7.3.2 Plasticization curves of a cross-section . . . . . . 507
7.4 Transformation of the analysis of the deformation of a partly
plasticized member into an elastic solution . . . . . . . . 509
7.4.1 Analysis of deformations by means of the moment-area
method . . . . .. ... ... L. 510
7.4.2 Deformations determined with the aid of the principle
of virtual work . . . . . . . . I 514
7.4.3 FExample: Partly plasticized cantnlever ....... 515
7.4.4 The effect of imperfections . . . . . . . . . . . 516

7.5 Theorem on the largest deflection of statically indeterminate
structures . . . . . . .. L L L L 517



14
7.6
1.7

7.8

19

Analysis of steel structures with only partial exploitation of the
plastic propertiesof steel . . . . . . . .. .. .. ..
Upper-bound estimate of deflection under a load smaller than
the limitload . . . . . . . . .. ... ... . ...
Largest admissible deformations . . . . . . . . . . . .
7.8.1 Assessment of the deformation of a structure at its

incipientcollapse . . . . . . . . . .. . .. ..
7.8.2  Assessment of the rotation capability of plastic hinges
New n:ethods in the investigation of deformations

8 Design of connections in structures with elastoplastic deformations

8.1

8.2

83

84

8.5
8.6

Necessary properties of connections in the regions with plastic
deformations . . . . . . . . .. ... ... .. ...
Corner connection . . . . . . ., .. ... ... ..
8.2.1 Frame corner without haunches . . . . . . . . .

8.2.1.1 State of stress in the frame corner . . . . .

8.2.1.2 Check of the frame corner web . . . . . .

8.2.1.3 Stiffening of the frame corner web
8.2.2 Frame corner with haunches . . . . . . . . . . .

8.2.2.1 Check of haunches for bending moments

8.2.2.2 Check of haunches for lateral buckling

8.2.2.3 Check of web for shear . . . . . . . . .
Beam-to-stanchion connection . . . . . ., . . ., ., |
8.3.1 Check of the stanchion web for normal stresses
8.3.2 Check of the stanchion flange plate . . . . . . . .
8.3.3 Reinforcing of the connection . . . . . . . . . .
8.3.4 Check of the stanchion web for shear stresses
Experimental verification of the behaviour of welded connec-
tions . . ... L
Some remarks on the analysis of welds . . . . . . . . .
Some remarks on the calculation of bolts . . . . . . . .

9 Examples of plastic analysis by way of the limit state method

9.1
9.2

93

Basicprinciples . . . . . . . . ... ... ... ..
Example 1. Design of a platform . . . . . . ., . . . .
9.2.1 Alternative(a) . . . . . . . . . ... ... ..
9.2.2 Alternative(b) . . . . . . . .. . .. ... ..
Example 2. Typical floor of a storehouse . . . . . . . .
9.31 Alternative@) . . . . . . . .. .. .. ....
9.3.2 Alternative() . . . . . . . .. ... ... ..

519

520
524

525
526

. 527

529

529
530
530
530
532

. 533

534
534

. 534

537
538

. 538

540
541

. 541

542
545
546



9.4 Example 3. Frame leaning to a begeed structure= . . . . . 574
9.5 Example 4. A fixed-ended portal frame . . . . . . . . . 583
References . . . . . . . . . . .. O 600

List of Czechoslovak Standards referred to in the text

Subjectindex . . . . . . . . . . . ... ... e 630






