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1. INTRODUCTION

In a plasticaily designed structure, a wember must undergo
laxge inelastic rotations within the region of a ''plastic
ilnge'' so that momenrts may be redistributed to develop the
full strength of the structure. To achieve these large rota-
tions, provisions must be made to prevent the wember from
ta {ling prematurely due to various types of instability. One

such imnortant type of instability is lateral-torsional buckling.

Laterdal -torsional buckling may be prevented by suitable
lateral bracing. The ultimate object of the study of lateral-
buckling is to determine the required stiffness of this bracing

tnd to find the most economical method of design for the braces.

The various phenomena related to beams which faii by
lateral-torsional buckling are illustrated in Fig. 1. A simply
upportec beam* of narrow rectangular croes section is loaded
about {ts strong axis by a concentrated load P. If {t is
is sumed that the member conteins no initisl imperfection, the

load vs. lateral deflection relationship will follow the

‘A simply supported end is defined as the following: The
rennding momenrts in the two principal directions ere zero

twisting about the longirudinal axis is prevented. This

definition {8 used throughout.
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vertical axis from point "' tc point "A". At this stuge
the member has neither lateral deflecticn nor twisting; how-
ever it may be ylelded in certain portions due to transverse
bending. Point "A'" is known as the point of bifurcation of
equilibrium, Just as in an axially loaded straight column,
such a bifurcation point is coneidercd to be a criterion of
‘n=tabilicy  The irember may buckle at point A or at point B
depending on whetner fiber unloading is prohibited (tangent
nodulus concept) or whether it is permitted (reduced modulus
concept). These two loads represent the lower and the upper

(69)

limits of the carrying capacity of the member. The true
maximum loadr that the mexber can support (peint C) lies

somewhere betweer these two limits,.

The tangent modulus and reduced mcdulus solutiors are
sc-called characteristic value tvpe solutions. ("Eigen value"
type solution), ince by the very nature cf these two solu-
tions the deflatingsat the bifurcation point are indeterminate,

hey are not suitable for the determination cf the bracing
forcee., Point C in Flg. | is the ultimate strength of the
beanm, wvith regard to lateral buckling in this cese lateral

forces and tvieting moments develop due to lateral and

with regerd to Tateral Suckling, the ultimete stremgih (s
a post-buceling prodles
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torsional deformations of the member. The deflection at the
ends of a member or at the lateral supports are deperdent on
che stiffness of the bracing It is believed that an analytica!
rolution to the bracing stiffness may be achieved by considering

the lateral and the torsional deformations at the supports.

This literature survey is limited to a general survey
U. ohe existing solutions to the problem of lateral buckling
cf metal structures,with the - mohasis cn the follcwing three
points.
(1) An extensive list of references including thoee that
may be helpful for the lateral bracing problem,
(2) Description of several important papers particularly
concerned with inelastic solutions.
(3) A general historical sketch of the problem of lateral
~nstability. Suggestions are made for possible ways

of extending krowledge in the field of plastic design. ,
) S
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2. A HISTORICAL SKETCH OF LATERAL BUCKLING THEORY

Lateral stability is &« important criterion in the design

(1) 2)

¥
and Michell'"’ simultareously

of metal str-ctures. Prandtl
published a rigorovs theoretical enalysis of lateral stability
in 1899. Since then regearch in this field has been performed
i»y many investigators, Notably, the basic general differentiai
<quations were derived by Timoshenko (Refs. 3, 7, 35), Goodier
(Refs. 2., 25, 28, 64), Wagner {(Refs, 11, 12), and Kappus
(Ref, 15). Jotnston (Refs. 9, 21, 27), Horrne (Refs. 41, 47,
77, 92, 95), Winter (Refs. 29, 33, 38, 42, 83, 65, 101),
S alwvadori (Refs. 62, 66, 82, 87), Nylander (Refs. 31, 43, 94),
Petcersson (Refs. 44, 67), Flint (Refs, 46, 53, 54, 65, 74, 89),
Hill (Refs. 13, 20, 26, 32, ®, 56, 58, 76, 112) and Clark
(refs, 56, 58, 86, 99, 106, 112) have extensively developed
t e theory for many loading cases, both theoretically and
<perimentally, Thurlimana has clearly presented the physical
odcture of the relationship between load and deformation as
well as mathematical derivations of the problem of lateral-

wrsional buckling {n Ref. 116} Bleich has sumwarized and

resented,in detail, a general introduction to this problems

2 his booh OF

The above mentioned authors, as well as other investiga-

rs have ®CS reetricted themselver {0 an elastic meterial.
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It other words, the proportional limit of s stress-strain
relationship is considcred to be the upper limit for crictical
stress.* This assumption permits elegant mathematical solu-
ticns, but they are limited to such structures where inelastic
behavior of the material would not occur. When yielding of
Cbe material commences, the stress-strain re.ationship no

) onger obevs Hooke's Law, and an exact solutior 1is usually

impossible.

In recent years, pl-etic design of structures has been
extensively developed. For certain types of structures, great
saving in material and design time can be achieved by plastic
design. Since plasti~ design requires\che gtructure to under-
g0 ratlier severe inelastic deformations before failing occurs,

he problem of lateral stabilicy must be investigateua rather

critically for these srructures, a

Inelastic lateral buckling solutions have been attempted
by only a few investigators. Heal( was .he first to present
n inelastic solution for a beam of rectangular cross section
subjected to uniform moment. This material was a structural-
grade steel posessing an idesal elastic-plastic stress-strain

curve, Neal discussed the effect of ylgldln; on the lateral

—J_———---———--—--——-ﬂon D AND AL G G e e s

res idual stresses or 1nltLal d#for-ncianc contained in the structure.
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buckling rigiditv and inicial torsional rigidity of the yielded
beam. His soluticn was obtained by means of a step-by-step

(47,92) extended Neal's work to

calculation procedure. Horne
the case of I-beams, indicated an outline of a solution, and
presented charts for critical buckling lengths of two particular
loading cases. Wictrick(68) has solved the problem of a beam

ot ractangular crcss section made out of material having a
monotonically increasing stress-strain diagram, The difference
between Wittrick'e solution and Neal's solution is that the
tormer has used tne tangent modulus concept, while the lacter

63
has adopted the reduced modulus idea. Agnbabian and POpOV( ),

(71)

as well as Barrett ; have studied inelastic biaxial bending

of beams with rectangular cross-section; Holland, Egger, Mayerjak
and Munz(so) nave also studied inelastic general bending ot
1-sections neglecting tie effect of warping. The latter three

maorts ~ver, do not concern themselves witn lateral buck-
ling, but ratner with studies of inelastic moment-curvature

1
relationships. 1In 1956, wnice(9 )

obtained an inelastic
solution for I-sections subjected to a non-uniform moment
gradient using the finite differerce method., He asssured that
the material is either elastic or strein-hardened, The value

of White's work is that it torms a basis for the determination
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of the distance between lateral braces in the vicinity of a
plastic hinge. White's solution was further modified on the
basis of experimental results, and a simple design procedure
for the lateral support spacing was presented by Kusuda,

Sarubbi and Tnﬁrlimann(1L6). This recommendation has been

adopted as a design rule by the AISC.(ICB) In this study(lc6)
the restraining influence of adjacent members on the critical
span was analyzed, treating the system as a contirnwuuous beam,
and the necessary correction factor for the restraining in-
fluence was proposed. Experimental results in this study
indicated that Wnite's solution was conservative. In a recent
dissertation, Galamboa(lug) hag obtained ar inelastic lateral-
torsional buckling solution of WF beam-columns. He considered
the effect of residual stresses and used the tangent modulus
concept. Critical moment versus length curves for important

WF shapes were obtainred by numerical calculations and the

theory showed very close agreement with test results.
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3. EVALUATION OF THE PRESENT STATE OF
KNOWLEDGE AND rUTURE RESEARCH TRENDS

The preceeding section represents a brief history of the
problem of lateral instability. It should be roted that all
the inelastic solutions mentioned above were ''Eigenvalue'
csolutions. In other words, solutions correspond to the first
Lateral and/or torsional movement of the member (point A or B

Fig. i) Therefore the bracing lenzgth is only determined
in terms of loading. 1t cannot yield any informatrion aoout
how to proportion the bracing. In alwmost every known solution
the bracing points are assumed to be either simple supports

(88)

or fixed-end supporis. Sctudies by Zuk indicate that in
elascic analysis the magnitude of bracirg force is negligibly
small, and cthat the present day elastic design value of the
hracing force as 27 of the applied load is sufticient. It is
relieved cthat according to the inelastic bifurcacion analysis

we Draclnyg force can not be determined because of the nature

cf this method of approach,

At the ulcimate load large deflectrions develop and the
wagnicude of the bracing force and the required sciffness
necessary to hold a wember in ics laterally undetormed posilion

up to this stage is of practical importance in plastic design.
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It is expected tnat the required bracing torce would be no
ionger negligibly small. Research at Fritz Laboratory on

(114)

plastically Jdesigned gable frames and welded corner
connections(ll3) show that adequate lateral supports are
definitely necessary for a structure to undergo large rota-

tions and to develop its ultimate strength.

Future re2search about inelastic lateral buckling should
be carried out along the following path:

(1) To obtain "Eigenvalue' solutions for as-rolled WF

sections based on tlie reduced modulus approach in order
to compare with the targent modulus solution.(gl) The
former should yield an upper bound as cowpared to the
lower bound solution obtained by White. This first step
should give a proper guidance to the ultimate strength
solution.
(2) To obtain the maximum carrying capacity of a member
with regard to lateral-torsional buckling (point C in
Fig. 1).
(3) Appropriate bracing systems should be analyzed in
order to determine the required bracing stiffness and

bracing spacing to prevent lasteral buckling at the fully

plastic ultimate load of the member
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Table 1 gives the present scatus of research and the
necessary future research for the complete solution of the
piccblem. Although in Appendix B known theoretical solutions
axre¢ summarized and tabulated for reference, it should be noted
that those solutions offer very little help toward the determina-
t¥on cf the ultimate strength, neither in method of approach
nor in their solution. Therefore to achieve the final purpose
oE obtaining the appropriate bracing requirement, the ultimate

strength solution should be first accomplished.
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4. REFERENCES

A list of references on lateral-torsional buckling and
lateral bracing requirements are given in Appendix C. They
are listed according to the sequence of their date of publica-
tion, so that a general idea of the history of developwent of
the particular phase of the science of mechanics may be seen.
The primary interest of this study ig limited to thie lateral
buckling of beams, (known solutions are tabulated in Appendix
B). However, owing to the close similarity of the problem
with a beam-column, it was decided to include all solutions

including axial force in this list of references.

A page of author's index is given immediately after the

list of reference,
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5. OUTLINES OF THE MOST IMPORTANT REFERENCES

In order to avoid summarizing all the pertinent research
papers, the tables in Appendix B are prepared. In these
tables all known theoretical scluticns are listed. Items

included are:

1) Beam and loading

2) Cross scctional shape and axis of loading

3) Investigators and reierence numbers

4) Remarks

A few selected references are Jescribed in the present
section, since it ls velieved that tnhey may furnish some sugges-
tions toward the solutions of tne problem of the bracing

requirements
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Ref. 45

THE LATERAL 1NSTABIL

-13

By B. G. Neal

i¥ OF YIELDED #MLLD STREEL

BEAMS OF REZTAM ULAR CROSS SECTIiON

This work was the fir=t

in the inelascic rarpgs. [ic

other investigators laiter

thie field.

(For ex3~ple,

AUt ner

HOUN

investigacion on lateral buckling

"¢ rethiod of approcach led

gevrerzl probiems in

Tne method of solution is a typical "Figenvalue'' approach,

in which the critical roment

r2pplired about

the stroug axis)

is expressed in terms of span lerngth, the weak axis bend-
ing stiffness, and the tors al stir ress art the instant when
lateral -torsional buck & begirs Al Lhi.e etage the beam is
partially vielced and flected crlv in the strong direction
under the applied load ¢ duthor showed thact the bending
stiffness a2 the wear direct.on decreases as vielaing of the
cross section (nirease: He 2ls0 proved that the torsional
rigidity remains constin® btefore latereai buckling, even though

some portions of t(he cross s

was later adopted bo wer

extensive problere Toe ¢34}

and circular croes secti

nagligidle for rectangula:

tion are vielded This theory

gl e for eolving wore
r+»ed for rectangular
the sarping toreionsl effect e

Solutions were
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obtained by a step-bv-step cilculation procedure, 2nd the
thieory was chechked experimentallv. {ood agreement was

2be mvied between thecry and experiment
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Ref. 47 By Horne, M. R.

CRITICAL LOADING CONDITIONS IN ENCINEERING STRUCTURES

(CHAPTER 38: THE LATERAlI INSTABILITY OF I-BEAMS STRESSED BEYOND

THE FLASTIC LIMIT

This study is an extension of Neal's paper to I-shaped beams,
bent about the strong axis. The author was the first who attempted
an inelastic analysis for WF section taking into account the effect

of warping torsion.

The paper conrtains the following:

(1) Horne determined the 'ateral flexural rigidity and the

dif ferential flange rigidity of a partially yielded I-section.
The torsional rigidity is shown to be uneffected by yielding.
(2) Two loading c3ses are solved: A simply supported beam
under uniform moment, and & simply supported beam under a
concentrated load acting at mid-span.

(3) Horne discusses the effect of end restraints on the
critical buckling lergth of a partially fixed beam. Charts

are presented for varifous end fixities.

Horne 's eolution {s modified by practical considerations, in
Chapter 12 of Ref. 92, where the limiting critical lengths of

szendard Britfeh rolled 1-heame are oresented as a basis for
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Ref. 63 By Agnbabian, M. S.
Popov, E. P.

UNSYMMETRICAL BEND.M- Or RECTANGULAR EBEAMS BEYOND
THE ELASTIC LIMIT

This paper is not corcerned with lateral instability. It

deals with the general bending thneorv in which the inelastic

moment -curvature relaticnsiip for 3 rectangular crose section
is determined both thecreticali 1 experimentally.

General expressions ave 1ined fory the inter-relationship
between the bending moment 3bout the x-axis, the bending moment

about the y-axis, and the irncliration of the neutral axis for a
rectangular beam subjected ¢ purc vending as yielding progresses
from zero to full plascicicy Equations are given for the special

cascs of the elastic limit -nd tor full plasticicy.

It is shownm tnat the neutral axis undergoes considerabie
rotation between its positior at the start of yielding to its
position when the beam is fully plastic In eome cases this rota-
tion of the neutral axis {s rore than six degrees. The authors
assumed that the direction of the applied bending moment remains

the same.

A number of experiments hive becn conducted and the results

show reasonable correil - i ¢ theory
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It is also shown that the shape factor for oblique loading
varies from 1.5 to 2.0, thue indicating that for rectangular
sections & greater economy is obtained by the use of the plastic

method of design.
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Ref.

58 By Wittrick, W. H.

LATERAL INSTABILITY OF RECTANGULAR BEAMS OF STRAIN-

HARDENING MATER:AL UNDER UNIFORM BENDING

This paper is an extension of Neal's work(as) on the

1l ateral stability of beams of rectangular cross section in

whicn part of che section yields before lateral buckling occurs.

Two main differences between this and Neal's work are as

f ollows:

(L) Neal ignores strain-hardening of the material, while
Wittrick extends Neal's study to materials in which strain-
hardening occurs. He adopts 2 general shape of a monotonic-
ally increasing stress-strain curve and generalizes the

problem to cover materials other than mild steel.

(2) Neal's solution is based on the reduced modulus con-
cept and is checked experimentally with annealed specimens.
Wittrick used the tangent modulus concept in his solution

He did not conduct any experiments.

The main contributions of this paper are

(L) It is showm that it makes very little difference if
the upper yleld point 1is neglected and {f only the lower

yield point of the steel is used in the calculations
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(.) Neal has shown that for a yieided mild steel beam
under the action of a uniform bending moment in the strong
direction the torsional rigidity remains at irs elastic
value irrespective of the extent of yielding. This is also
verified experimentally. Wittrick extended this further
and showed that Neal's theory applies equally well to

members of strain-hardening material.

(3) The following stetement is quoted:

"“The case of beams of rectangular section is not
of great practical interest except insofar as it
is a guide to the expected behavior of other sec-
tions. The problem of determining the lateral
buckling loads for open sections, such as channels
and I-beams, is complicated by the warping of the
cross sections under torsion and the consequent
increase in torsionel rigidity when the tors}9?

is non-uniform (see, tor example, Tiwmoshenko }."
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By Howiand, Eggei,
Mayer jak, and Mun:z

STATIC AND DYNAMIC LOAD-DEFLECTION TESTS

OF STEEL STRUCTURES

This paper contains four phases of a study, namely:
(1) Static Tests to Fuilure of Steel Beam-Columns
(2) Model Studies of Frames Subjected to Static Lateral Loads

(3) Static Oblique Loading Tests of Steel Beam-Columns

(4) Dynamic Response of Beams

The third p%ESe deals with the general bending theory of
partially yielded mambers and is of interest for the problem of
lateral instability. It presents a method of analysis for the
determination of the load-deflection and moment-curvature relation-
ships of rolled I or WF sections in the inelastic range under
oblique load The very important effect of cross bending (warping
torsion) is neglected and therefore this method, as compared by
the authors to experiments, is not able to correctly predict

poment -curvature reiationships under oblique loading
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Ref . 381 By Hechtman, Styer
Hattrup, Tiedemann

LATERAL BUCKLING OF ROLLED STEEL BEAMS

This is a report of an experimental investigation of the
lateral buckling of rclled steel beams. Thirty-three simply
supported beams (depth from ten to eigliccen incilies) and cweaty-
vae ten incn beems with two types of bolted semi-rigid end con-
nections were tested. The purpose of this work is to check
experimentally the thecories and the design rules used in steel

(37) and wtnCer(38)

industry. Recommendations by de Vries are
verified, and comparisons have been made between the test re-
sults and the AISC design formula as well as the AASHO and
AREA design formulas Factore of satety are discussed, and

reasonably modified design formulas are presented.

The end conditions of these tests are not clearly defined
in this report It is known that the support conditions and
!loading conditions have & ®sarked influence on the bucxkliag
load, and it is very difficult to design a fixture which
simulates the conditions that are used in the theoretical

analysis, particularly in prototype experiments
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Ref. 91 By Wnite, M. W.

THE LATERAL-TORSIONAL BUCKLING OF YIELDED STRUCTURAL
MEMBERS

This paper is the only one that presents a general inelastic
solution for WF beams. Tune author assumes that the macterial
is either elastic or strain-hardened and adopts the tangent

modulus concept in nis solution. Uauder a non-uniform moment
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gradient, strain-hardening of material wil
end of the member; hence the resistance of the member in the
strain-hardening zone is different from that in the elastic
region, the stiffness or each portion of these two regions
are governed by the elastic and strain-hardening moduli,
respectively. At the juncture of these two portions of the
beam, counditions of continuity are uged., Sclutions are ob-
tained by finite difference procedure with the calculations
performed by a digital computer. For the basic case of a
simply supported beam of strain-hardening material subjected
to a uniform moment witn the twisting resisted by warping
torsion only, it was found that the slenderness ratio of the
basic critical buckling length is 18 This basic case was
then sodified for the effect of moment gradient, the extent
of strain-hardening, St Venant's torsional resistance and

conditions of end fixity. Wnite also presents a trial-and-
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error procedire for design of lateral bracing.

Simplifications of Wnite's design procedure on an experi-
mental basis were made in Ref. LU6. In this reference it was

suggested that the crictical buckling length is

Ler ¢ 30 for 1.0 2 f > 0.6
Ty

3 &8-30]’ for 0.6 = r » -1.0

where j’ - M/Mp is the end moment ratio. A further modifica-
tion incorporating practical considerations was made in Refs.
108 and 110. It was shown that the critical buckling length

is

cr
= 35 for f > 0.025

In

< b\)-édf for f < 0.625

This last equation has been recommended for design in structural

steel
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Ref 109 By Galambos, T. V.

INELASTIC LATERAL-TORSIONAL BUCKLING OF ECCENTRICALLY
LOADED WIDE-FLANGE COLUMNS

This investigation is the first that is concerned with in-
elastic lateral-torsional buckling, taking into account the
effect of residual str:sses [n as-rolled members. Curves
relating the coefficients of the lateral-torsional buckling
equation and any combinaticn of axial force and bending womenc
are presented for partially yielded WF sections. Interaction
curves between the axial force, the end bending moment, and
the slenderness ratio are also calculated for four column
shapes. (the 8WF3l, the L4WFl42, the lL4WF240, and the 27WF94

shape )

It is found chat tue presence of residual stresses may
reduce considerably the lateral buckling strength of an
ecceniricaisry ioaded column For usual column lengths,
lateral-torsional buckling takes place in the elastic range.
It is shown also tnhat the lateral-torsional buckling strength
of columns varies consicderably with member size. The predic-
tion curves showed very good agreement with existing experi-
mental results. The author also checked White's soiution for
the case of a beam of unifors moment with the axial force of

the column equal to zer:
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6. CONCLUSIONS

As mentioned in Section 3 of this report, almost all
existing solutions offer very little information toward the
determination of ultimate strength. Nevertheless, this survey
presents a brief history of the problem, the present situation,
and possible future trends of researcii about lateral instability,
as well as a list of references and a tabulation of all
theoretical solutions. It is hoped that this report may
offer a reasonable, complete picture of the problem of lateral

buckling of metal structural members.

It is felt that, in attempting an ultimate strength solu-
tion, & method of ayproacii, different from those already used,
would be necessary. Research at Lehigh University is currently

continued along this line, both theoretically and experimentally.
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’ B (reduced modulus load)

Lo

C (maximum load)

“A (tangent modulus load)

o - .

LATERAL DEFLECTION u

Fig. 1 Typical Load vs Lateral Deflection

Relationship for a Beanm Loaded in the Strong Direction.
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9. APPENDIX B

Table of Known Theoretical Sclutions

Nomencleature

a, e = Eccentricity of loading position with respect to '"S"

F = Lateral bracing force at support

f = Lateral bracing force per unit length

Mt = Twisting moment about the longitudinal axis of a beam
M, = Bending moment in the weak direction of a section

Myy = 3ending moment in the strong direction of a section

P = (Concentrated load

S = Shear center of a section

u = Displacement in the weak (rx-) direction

v = Displacement in the strong (y-) direction

w = Uniformly distributed load

X, Y = (Coordinate axes in the weak and the strong direction
respectively

f « Ratio of end moments
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LATERAL BUCKLING OF BEAMS
I. KNOWN SOLUTIONS TO ELASTIC CASES
- S R
BEAM AND LOADING FECTION | SOLUTION BY REMARXKS
| (7)
M I Timoshenko
:‘xx ;{) B | Goodier (25) Diff. equation
~ | | Nylandgg (94) | solution.
HInUm | I ; winter (33) |
{ {
H— = — t
Mxx | |
o Z ) | (87)
< e I Salvadori | Energy solution,
‘ R ' exper t by
; Clark?asg.
B
(Mxx =
“x R l Salvadori(m) Energy solution,
(. experiggnt by
. Clark :
— + 5 A _
M, Mx !
( o Z | (87 Energy solution,
. A | I Salvadori ) expeti(asnt by
| 1o Clark ¥,
i
} = s ! : —
| 1
| (H’“ P&’) 87) Energy solution,
| V.S A I Salvadori " experugsnt by
clark (99)
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KNOWN SOLUTZONS TO ELASTIC

e = o —— — RE

B4
CASES

BEAM AND LOADING | SECTION SOLUTION BY

T

REMARKS

‘P
f—— 4
2 ! i ]: Austin 8)

b?“mﬂn |

(2” "y}) 1_

U -+ —_—

Finite difference
rethod,

Diff. equation
solution (implicit).

; Pe:tersson

A T T 67)

(Hxx Pettersson

F’ﬂ' I I Pettersson 07’

=

R 4
| P
P 1
, l \I; pettersson (¢7)
(I A
I |
p e ———— - ek 4+
I P X - (67)
‘ 'f‘T“ Pettersson
V. A

Diff, equation
solution (implicit)

{
Diff. equation |
solution (i.mplicit),l
load at any point,

Experiments also
rade,

. —— e .{

Diff, equation
solution (implicit),
load at any point.

Diff. equation
solution (lmplicit),
lond at any point,.
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BEAM AND LOADING

BS

KNOWN SOLUTIONS TO ELASTIC CASES

SECTION

SOLUTION BY

REMARKS
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F——

i

It Y K

‘P
L

e e

General bending
theory. A method

o -
A= oM
My T i,
I $
E¥NE 111311711 red
Mr ¥
o X R
| I 1
I 'r GH"

zetlin 8) presented for analyz-
ing unsymmetrical
sections.
(97) Non-linear strain,
Masur energy solution,
Experiments also
made .
WinCer(zg) Energy solution.
Zuk (88) Diff. equation
solution.
Zuk (88) Diff. equation |
solution. |
]
!
Zuk (88) Energy solution.

1

-
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KNOWN SOLUTIONS TO ELASTIC CASES

B6

iy
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P ™ -
. P
T

e ———————————

I

— 3

BEAM AND LOADING BECTION‘ SOLUTION BY

L

f REMARKS

1

Zuk(8°)

Pettersson

Kerensky(sg)

(67)

I

Energy solution

| Diff. équation
solution (implicit)

Determination of the
influence of
restraints,

(89)

Kerensky

Determination of the
inflvence of re-
straints.
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II KNOWN SOLUTIONS TO INELASTIC CASES

BEAM AND LOADING

T
t

SECTIONI_SOLUTION BY

Mxx
¢ J"D

IRBRAERINI
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‘] : |

= e

—t -
l
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-1 T 1

REMARKS

| witerick (68)

Horne(“7)

white (1)
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+ E— ’

Elastic-perfectly plas-
tic material. Strain l
reverzal considered,

Eigenvalue soiution, |
Experimznts also done
in (43). '

| Elastic-strain-hardened
|material. No strain

| reversal, Eigenvalue
solution,

+ - -

Elastic-perfectly plat*
| tic material, Strain
reversal coasidered,
Eigenvalue solution.
Experiments also made.

|
+Elascic-atrain-hardencdi
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Eigenvalue solution
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Exper iments bg white(R)
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