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IIa

DISCUSSION LIBRE / FREIE DISKUSSION / FREE DISCUSSION

E. R. BRYAN
University of Manchester

In the Preliminary Publication several General Reporters

on various themes referred to the stiffening effect of cladding in buildings.

In particular, the paper presented by Dr. Errera shows that light steel

cladding has a profound effect in bracing beams and colurnns, but the

stiffness of the diaphragm in shear had to be determined experimentally

because no reliable theory had been developed.

V/ork carried out in recent years at Manchester Supplements

this work and has been aimed at predicting the effect of light steel cladding,

not on member behaviour, but on the overall behaviour of the building,

particularly industrial type portal frame buildings. Tests have been made

in the field and in the laboratory and large reductions in the frame moments

and deflexions were recorded due to the cladding. In this early work it was

necessary to carry out separate shear tests on panels of sheeting and, using

these results, good correlation with the theory allowing for the sheeting

was obtained. i.'.ore recently, other shear tests on diaphragms have been

carried out and a theory has been developed which allows for the effect of

deformation of the corrugations, slip at the sheet fasteners and twisting of

the purlin-rafter connexions.

I draw attention to these points, as, with proper safeguardc,

the design of industrial buildings could be made more rational and economical

by allowing for the effect of the light cladding in both member design and

overall design. Certainly it must be taken into aecount if a reliable analysi;

is to be made of a frame in an actual building.
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IIa

Free Discussion

Discussion libre

Freie Diskussion

J. B. DWIGHT, M.A., C.Eng.,
Lecturer,

Department of Engineering,
University of Cambridge,

England

Dr. Graves Smith's interesting work on the inters.
local buckling and overall buckling could be of consid
importance in terms of practical design. Slide k shov
tical curves which he has given elsewhere and which re
square tubulär column, having walls with a width to th
(b/t) of 60, in a steel with a yield stress of about
(355 N/mm2). They show failure stresses plotted again
ness ratio, assuming pin-ends. The füll curve refers
member, without imperfections, and is similar to those
for aluminium columns in fig. 7; curves of this type h
obtained by Bijlaard and Fisher. The dashed curves re
bers which contain a slight initial sinusoidal wavines
component plates. Real-life members always contain ge
imperfections, and I think we must consider the dashed
being the more realistic in practical terms. Instinct
one want to round off the corner, and I believe that D

cmith has done some tests on ste^l columns, not report
in fact agree wi

ction between
erable
s some theore-
fer to a
ickness ratio
3 ton/in2
st slender-
to a perfect
he shows

ave also been
fer to mem-
s in the
ometricsl
curves as
would make

r. Graves
ed here, that
th this view.
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The interesting thing on
all the curves is the long
flat portion,showing that the
füll section strength can be
developed up to a considerable

member length. In slide
B, which refers to the same
section, these results are
compared with two current
design philosophies, curve 3
being Grave Smith's theoretical

one for a member
having a small initial
waviness. In heavy steel

Isb design it is common to use
a simple "effective width"
procedure, in which one
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takes a fixed effective width for each plate and disregards the
rest. Thus for a thin square tube a certain area in the middle of
each side is assumed ineffective and is ignored, and the load
carrying capacity is based on what is left, regardless of the
length of the column. Curve 1 shows the effect of this procedure,
and it is seen to be very over-safe when compared with Graves
Smith's findings, and to under-estimste the strength by up to 30?©

The light-gauge steel people do it differently. Their
procedure is to construct a modified strut-curve, based on a ficti-
tious material with a yield stress equal to the maximum stress (er
for a short column. Curves 2a and 2b show the effect of doing
this, curve 2a being a Perry Robertson type of strut-curve (Great
Britain), and curve 2b a Johnson parabola (United States). The
Variation between 2a and 2b is due not to any basic difference in
local buckling philosophy, but simply to the different column
formulas used in the two countries.
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It is seen that the British
curve (2a) seems still too safe
while the -.merican curve (2b)
appears more realistic. (Por
comparison there are also
shown, dashed, th
umns curves used
countries).

ie basic Colin
the two

I finish by saying that,
although Graves Smith's
general finding is very
interesting and should lead to
economies, it needs confirming
by practical tests on larger
specimens, with different
section shapes and including
residual stresses. Unsymmetrical

sections might have a
different behaviour.
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Post-buckling of Simply-Supported Square Plates

Voilement post-critique de töles carrees ä support articule

Überkritisches Beulen einfach aufgelegter Quadratplatten

A. C. WALKER
Department of Civil Engineering

University College, London

This contribution is concerned with the post-buckling
behaviour of simply supported square plates. The in-plane
conditions are that the loaded edges are straight and for
unloaded edge we take
Case (a) the edges are free to wave; Case (b) the edges are
straight but may move bodily.

The problem is formulated mathematically in terms of the
von Karman equations which are then reduced to a series of
simultaneous cubic algebraic equations by assuming series
for the deflection and the stress function. Now, however,
instead of solving these algebraic equations exactly we use
a perturbation method to obtain a sequence of approximations
which may be shown to give results almost identical to those
of Levy and Coan who solved the equations by successive
approximations. The advantage of the perturbation technique
is that it results in explicit expressions for the deflection
and stress distribution in terms of the applied and critical
loads for the plate.

By employing a simple collapse criterion, namely that
collapse occurs with the onset of yield on the longitudinal
edge, it is possible to obtain explicit expressions for the
collapse loads. Slide (1) shows the results; in this the
straight lines corne from the first approximation in the
perturbation technique, the second approximation may be
shown, by comparison to previous results, to be sufficiently
accurate up to a load three to four times the critical load.
It should be noted here that the parameters amax, crit

°yield °yield
occur naturally in the mathematics of the problem and fully
confirm Chilver's intuitive use of them.

A generalised geometrie imperfection may be included in
the analysis such that its amplitude is proportional to the
reciprocal of the buckling stress, then for Case (a) we
obtain the dotted line in Slide (2). In this oC is-the
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constant of proportionality and °*- 0 is of course
the results for a perfect plate. The experimental results
in this figure are for square tubes, both aluminium and
steel. Slide (3) shows corresponding results for steel
and aluminium plates. The greater scatter is attributed
to defective edge boundaries.

Slide (4-) shows results of Case (a) for non-dimensional
end shortening plotted against non-dimensional load. The
results are for mild steel plates.

^fokf

»s»

«•0 3

Ffefctence f

05 1.0 O 2.0 r(T4'^J

cn

s£K-0

CT- 0.24CT-0.61
¦x-0.3 «-0.3

W Results from Ref.11

¦ i f 1)4 t 0 0392

,Q 70_s .0064 i

1.0 2.0 3.0 4.0 5.0

SLIDE 4
«ici

It should be emphasised that this perturbation technique
is general and may be extended to other more complex
boundary and loading conditions by using a digital Computer
and some discretization method such as finite elements. The
simple cases outlined here were chosen only for clarity of
presentation.

A füll report of this work is to be published in the
Aeronautical Quarterly where the references are listed.
Nomenclature

c\-= plate width, "t- ¦= plate thickness,
P total applied load, Pcu-n- - theoretical buckling load,
V end shortening, U^^end shortening corresponding to ^g_n
oC~ generalised imperfection parameter,
C-^'average stress, 6^\«<~ average applied stress at collapse,

Q^b- material yield stress,
-*?. non-dimensional buckling stress, G~~ — TerVIEU
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Probleme der Kaltverfestigung im Stahlleichtbau

Problemes de l'ecrouement dans la construction legere en acier

Problems of Cold-Hardening in Light-Weight Steel Construction

PAUL EIDAMSHAUS
Dipl.-Ing.

In den "Beiträgen zur vorbereiteten Diskussion" sind in der Fußnote

zum Referat II a 2 Versuche der HOESCH AG erwähnt. Nicht von den

Ergebnissen dieser Versuche - vielmehr von einem besonderen Fall der

Nutzung der Kaltverfestigung in der Praxis soll hier berichtet werden.

Ausgehend von dem Gedanken, daß für die Zulassung höherer Spannungen

nicht der Mittelwert der Streckgrenze eines Querschnitts - sondern

im allgemeinen ihr Minimum maßgebend ist, haben wir uns seit langem

besonders mit der Frage befaßt, wie im Walzprofilierverfahren eine

möglichst gleichmäßige Streckgrenzenerhöhung über den ganzen
Querschnitt eines Kaltprofils - also auch in den ebenen Querschnittsteilen

- erzielt werden kann. Die Möglichkeit ist gegeben und wird
seither in zahlreichen Fällen praktisch nutzbar gemacht.

Im Bild 1 ist als Beispiel ein trapezförmiges Profil aus einem Stahl
St 37 (nach DIN 17 100) dargestellt. Die normale Streckgrenze des

unverformten Bandes beträgt 24 kg/mm Dagegen war für das fertige
Profil eine Streckgrenze von im Mittel 38 kg/mm2 gefordert, wobei

kein Wert unter 36 kg/mm liegen durfte. Das Diagramm zeigt in
Schraffur den Bereich der Sollwerte und die in den verschiedenen
Punkten des Querschnitts tatsächlich erreichten Streckgrenzenwerte,
die durchweg höher liegen. Der Linienzug darüber gibt die jeweilige
Bruchgrenze an.

Die weitere Forderung nach einer mindestens 20$igen Bruchdehnung

ist ebenfalls voll erfüllt, wie der untere Teil des Diagramms zeigt.
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Dieses Profil ist als Längssteife der Stahlfahrbahn einer im Jahre 1962

gebauten Straßenbrücke erstmalig eingesetzt worden. Abgesehen von den

kalt gezogenen Drähten in den Kabeln der Hängebrücken ist dies meines

Wissens der erste Fall einer Nutzung der Kaltverfestigung im Brückenbau.-

Bild 2 zeigt Längs- und Querschnitt - Bild 3 eine Ansicht dieser Brücke.-
Seither sind solche Kaltprofile mit erhöhter Streckgrenze vielfach im

Brückenbau eingesetzt worden. Bild 4 zeigt eine Ausführung der letzten
Zeit: Die Straßenüberführung über Eisenbahngleise bei Ludwigshafen am Rhein.

Mit dieser Anwendung der Kaltverfestigung ergeben sich interessante
wirtschaftliche Vorteile:

Einmal ermöglicht die im Walzprofilierverfahren herstellbare große Länge

der Profile (bis etwa 15 m und eventuell länger) eine weitgehende
Automatisierung bei der Fertigung der Fahrbahntafel,

insbesondere aber wird der Güteaufpreis gespart, der für den sonst
erforderlichen höherwertigen Baustahl (zum Beispiel St 52 nach DIN 17 100

mit der natürlichen Streckgrenze von 36 kg/mm aufgewandt werden müßte.

Dabei bleibt die bessere Schweißbarkeit des St 37 als zusätzlicher
Vorteil erhalten.

Anmerkung:

Die Veröffentlichung der Bilder 2, 3 und 4 erfolgt mit
freundlicher Genehmigung der Rheinstahl Union AG, Dortmund,
der ich an dieser Stelle meinen Dank aussprechen möchte.
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IIa

Computation of the Postbuckling Strength of Thin-walled Sections

Calcul de la Charge limite de piles ä parois minces dans le domaine post-critique

Berechnung der Tragfähigkeit dünnwandiger Stützen im überkritischen Bereich

P. S. BULSON
Great Britain

In their interesting paper, Professors Chilver and Reiss have indicated

discrepancies when the simple design method is applied to lipped Channels.

Could I ask whether, in their calculations for lipped Channels,

(a) the elastic critical stress, 0^r was calculated by exaet theory

or measured experimentally,
(b) the lip was treated as a component plate offering simple support to

the flange; and if so, whether K^for the flange was taken as 4> and

K-tfor the lip as 0.425?

Could the authors also comment, please, on the assumption often made that
lips of a given minimum size offer simple support to flanges in the postbuckling

region. Tests suggest that after initial buckling the longitudinal
junetion between lip and plate does not remain straight.
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The Post-Buckled Strength of Thin-walled Columns

Tragfähigkeit dünnwandiger Stützen im überkritischen Bereich

Charge limite de piles ä parois minces dans le domaine post-critique

P. S. BULSON
Great Britain

I refer to Fig. 7 in Dr. Graves Smith's paper, and to his earlier work

quoted in reference 6. It appears that the elastic critical stress curve in
the postbuckling region, taking aecount of overall column bending, approaches

*
a second Euler curve with a reduced modulus E Further, the effect of

plasticity is to cause a sharp transition away from the elastic curve to the

horizontal Coline. For design purposes, the intersection of the E Euler

curve and the QJjj^ line could give an indication of the slenderness ratio
below which overall column buckling has no effect on maximum strength.

Would Dr. Graves Smith please comment on

(a) the possibility of calculating the limiting E value by a

simple analysis,
(b) the sharpness of the plasticity ji£ transition.
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Bild 1 Vierlauf der Längsspannungen, a) genaue Rechnung
b) querschnittstreue Rechnung
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(2) in etwa bestätigt u/erden. Diese Lrgebnisse gelten aber nur
timmte uuerschnittsform. Die Untersuchung anderer Uuerschnitts-

daß der in (2) betrachtete Querschnitt sin Ausnahmefall mit be-
nem Linfiuß der Uuerschnittsverformung ist. Aus der Fig. 7 in (2)
tlich, weil sowohl durch Vergrößern als auch durch Verkleinern
er ungünstige Einfluß der Uuerschnittsverformung wächst. Diesem
1 deshalb ein 6-fach abgeknicktes Hut-Profil gegenübergestellt
ild 2 sind die antimetrischen "Beulknick"-Spannungen mit den Bie-
spannungen verglichen, wobei die Krempenbreite variiert wird. Ls
daß von einer bestimmten Lange ab, hier etwa von 11U cm aufwärts,
llknicken die antimetrische Ausweichform genügend genau beschreibt,
t ist, daß bei einer Verbreiterung der Krempe die Biegedrillknick-
leiner werden, woraus folgt, daß Hut-Profile im Bereich mittlerer
chlankheiten dem U-Profil und erst recht dem C-Profil unterlegen
eich kleiner Schlankheiten wirkt sich dagegen die Verbreiterung
owohl beim Hut-Prbfil als auch beim C-Profil positiv aus. Die £r-

das C-Profil zeigt Bild 4. Auch beim symmetrischen Ausweichen
ei kleinen Schlankheiten einen starken Einfluß der Querschnittsver-
Ergebnisse sind für das Hut-Profil in Bild 3 und für das C-Profil

gegeben. Die kritischen Spannungen sind dort etwa so groß wie die
Tischen Beulknicken. Die Lrgebnisse des reinen Biegeknickens sind
ch, daß sie auf Bild 3 nicht mehr darzustellen sind.

(1) S c h a r d t, R. "Line Erweiterung der technischen Biegelehre für die Be¬

rechnung biegesteifer prismatischer Faltwerke." Der Stahlbau 35 (1966J
H. 6, j. 161 - 171

(2) Suzuki, Y und U k u m u r a, T. "Influence of Cross-Sectionai Dis¬
tortion on Flexurai-Torsional Buckling." IVBH Kongress 196B
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