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Safety of Compressed Stiffened Panels with Initial Imperfections

Sécurité à la compression de plaques nervurées présentant des imperfections

Sicherheit gedrückter Rippenplatten mit Ausführungs-Ungenauigkeiten
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SUMMARY
Some practical recommendations on the correction of tolerances for initial imperfections of
compressed stiffened panels, based on the analysis of their behaviour with regard to interaction
of buckling forms, are given. It is shown, that all tolerances should be made dependent on the
stiffness relationship of the panel constituent elements.

RÉSUMÉ
L'article présente des recommandations pratiques pour la correction d'imperfections initiales
dans des plaques nervurées en compression. Elles se basent sur l'étude du comportement des
plaques sous l'effet du voilement. Il est montré que les tolérances devraient être exprimées par
rapport aux rigidités des éléments isolés d'une plaque.

ZUSAMMENFASSUNG
Der Beitrag enthält Empfehlungen zur Festlegung geometrischer Ausführungs-Toleranzen für
unter Längsdruck stehende Rippenplatten. Diese Empfehlungen stützen sich auf die
rechnerische Ermittlung des Verhaltens solcher Bauteile unter Einbezug der Beulformen. Es wird
gezeigt, dass die Toleranzen von den Steifigkeitsverhältnissen der die Rippenplatte bildenden
Teile abhängig gemacht werden sollten.
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Steel stiffened panels are used as lower orthotropic plates
(bottom chords) of box-shaped continuous bridge superstructures.
At the stage of erection and, in the vicinity of intermediate
supports, at the stage of performance such steel stiffened pa -nels work intensively in compression. Buckling of such panels is
the reason for some bridges failures. That's why the need for
the most economical solutions of the panels safety improvement
is very actual.
Loadbearing capacity and safety of a compressed stiffened plate
depends on accidental initial imperfections and, first of all,
on geometrical imperfections of the plate as a whole and its
elements. Thus, the improvement of the safety should be realized
through scientifically confirmed application and reasonable
keeping to the tolerances (geometrical imperfections limiting
values) on steel stiffened plates fabrication.
Let's consider, as an example, the panel of the compressed
stiffened plate with longitudinal stiffeners (Fig. 1), where L is
the panel length, the transverse girders, restraining of the
panel are assumed to be absolutely rigid, "a" is the distance
between the longitudinal stiffeners. Compressive stresses in the
plate are assumed to be uniformly distributed over its area.
The panel considered is characterized by the following three
forms of buckling under compression: overall buckling of the plate

with its vertical geometrical imperfections at displacement
LQ., local buckling of the longitudinal stiffeners with lateral
geometrical imperfections of the stiffener upper edge at displacement

LQo» local buckling of the bridge elements between the
longitudinal stiffeners.
The design often considers an ideal plate structure without
initial imperfections, for which the critical stress of the overall
buckling is equal to 6"E the critical stress of local buckling of
the longitudinal stiffener is equal to 6$ and the critical
stress of the local buckling of the plate parts between the
longitudinal stiffeners is equal to f>L For the analysis of
various real plates the relationships x,»^/^ and of
critical stresses for an ideal plate are used. For an equistable
ideal plate x-j 1 and xp 1. A real plate with initial
imperfections may exibit an abrupt failure at stresses considerably
lower than critical stresses of an ideal plate. The results of
investigations /1-5/ showed, that the interaction of various buckling

forms for real plates was a complex process and for reduction
of the panel sensitivity to imperfections there should be x*\ ^ 1

and xp =* 1, i.e. for the critical stresses of the corresponding
ideal plate the unequalities > 6*e > 6"L are desirable.
It was shown /3, 5/, that the local buckling of the plate may be
considered to be insignificant. That's why, we consider only the
interaction of the vertical relative imperfections of the panel
as a whole, and the horizontal relative imperfections of the
upper edge of the longitudinal stiffener, £q_ • The relative im^
perfections are found in relation to the length L.
The problem is to be solved with the theory of disasters /6/.
The advantage of the most complete presentation of a real structure

with a large number of degrees of freedom by a model with
two degrees of freedom was used. The steel behaviour is assumed
to be elastic.
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Let'8 consider the panel element with a width "a" with initial
geometrical imperfections S, and £2 Let's introduce the
characteristics of stiffness: stiffness in an axial force stiffness

in "bending a structural parameter K k2/k,l?'« Here A

is a cross sectional area of the plate with a width "a"; 3 - is a
pmoment of inertia of a longitudinal stiffener. A =vr~ is a non-

dimensional parameter of the loading, where P is a compression
load of the plate part considered.

By modifying the system potential energy according to the displacement

parameters and taking the independence and from
each other, in contrary to / 6 /, we obtain the following
equilibrium equations:

-0,885(1(1^0-4a, + ^a^3^2) + a2=o

where d [(•( +ef +(1 -£* "£/)] ^

By substituting the values and K into the equations (1)
and (2), we obtain the systems of equations with two unknown
values - a vertical relative displacement and a horizontal
relative displacement Q~. Solving these systems of equations, we
get the relationships of Q. and Q2 to the load A at definite
values £,, i and K. The plots for these relationships are given in
Fig. 2 and 5.
The curve 1 in Fig. 2 represents the ideal panel 0)
which buckles from the panel plane in the elastic stage. The curves

2, 4 and 6 in Fig. 2 represent the panels with imperfections
of only one type, i. e. overall imperfections £1 0,03 and,
correspondingly, the displacements 0. The curves in Fig. 3
represent the panels with imperfections of the longitudinal stiffe-
ners £,= 0,03 at £A= 0 and, correspondingly, at displacements
Q. 0. The dotted parts of the curve 6 in Fig. 2 correspond to
the unstable conditions of the structure.
The dot-and-dash lines 4, 5 and 7 in Fig. 2 correspond to the
simultaneous presence of both types of initial imperfections and

0,03. In these panels, increasing of the load parameter
A leads to simultaneous development of relative displacements

Q and Qp. The analysis showed, that in the cases investigated
the mpY-Tffinm value of the panel loadbearing capacity was reached
at Q^s0.2. The plots are given for three values of the structural
parameter K 0,3; 0,5 and 1,0. The structural parameter K 0,3
corresponds to the panels with very weak stiffeners; at the further

decreasing of K, such a panel turns into a plate. The structural

parameter K 1 corresponds to the panel with a very
strong stiffening set, at further increasing of this parameter
such a panel turns into a rigid compressed bar.

Comparison of the curves 2, 3 and 6 with the curve 1 in Fig. 2
shows, that the weaker the reinforcement, the greater the degree
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of the panel loadbearing capacity reduction and deformation
capacity Improvement, when compared with an ideal panel, whichis quite natural.
It is interesting to note, that quite a weak initial imperfection

of the longitudinal stiffener (8p 0,03) at K 0,5, i.e. at a common reinforcement, leads to the reduction of the
ultimate load X from 1,46 to 0,7 (the ourve 8 with its maximum
in the point A and the curve 2 in Fig. 3), however, at weak
stiffeners (K 0,3) this negative effect is even more pronounced

(see curves 4 and 3).
The combined influence of the two imperfactions 8, and £, is
also the more pronounced, the weaker are the stiffeners. Itfollows from the comparison of curves 4,5 and 7 with the respective

curves 2, 3 and 6 in Fig. 2.
The results of our calculations, given in Fig. 2 and 3 are
similar to the results of other investigations /1-6/, performed
with different methods. The conformity of the results helps to
distinguish a common characteristic: the loadbearing capacity
of the stiffened plates is considerably influenced by the
relationship of the panel constituent elements stiffness values and
the panel as a whole and there exists such a range of such
relationships (K>0,5), in which the negative influence of the
inevitable in practice initial imperfections is very insignificant.

This offers considerable scope for improvement of safety
and efficiency of compressed stiffened panels through

fabrication tolerances refinement, which keep under control the
largest admissible geometrical imperfections /7, 8/.
Nowadays, the fabrication tolerances depend only on geometrical
sizes of a separate element or a panel as a whole. It would be
sound practice to establish the tolerances as a function of
relations of the stiffness values of the structure constituent
elements, which would be influenced by the structure designation
and its performance conditions and may be characterized by the
above mentioned parameters xa 6"E /and x2 GTe /0"L i. e. by
the relationships of critical stresses in a ideal plate. This
permits to make fabrication tolerances in some cases not so
severe

Below, some recommendations on tolerances establishment on overall
initial geometrical imperfections of the plate imperfecta

ons in a separate stiffener At and imperfections in the plate
part between the stiffeners a3 are given.
The tolerances Aï should depend on the parameter x.,. The plates
with thin stiffeners (x.> 1J require maintaining or the tolerance

Aï 1/750. At strong longitudinal ribs (x.<1) the tolerance
Aï may be increased to 1/500. This preferential tolerance may

be used for weaker stiffeners (x. 1 - 1,5) on condition of
introducing a more severe tolerance on bending of longitudinal
stiffeners (which is difficult to realize in practice), or by
using rigid in the lateral direction longitudinal stiffeners
instead of flat ones.
As to the tolerances on the longitudinal stiffeners bending,
two ways are possible: (1) a definite reduction of stiffeners
rigidity within the limits of x* 1,0-2,0 at maintaining strict
tolerances At of about 1/^00} or (2) making stiffeners sufficiently

rigid (x^ =* 1) with a slight reduction of restrictions of
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A2 to 1/400.
It is possible to reduce the influence of local imperfections ofthe plate between the stiffeners by decreasing its thicknesswithin the limits admitted by the fabrication and performanceconditions. It is known, that in flexible plates the postcriticalreserve of the strength may compensate for the imperfectionsinfluence. In case a thick plate (x2 0,9 - 1,0) is required bythe performance conditions, then the tolerance A-, should be
limited by the value about 1/200, because the initial geometricalimperfections in the rigid plates are not desirable.
In the other cases (x?> 1) the initial imperfections at the level
Aj 1/100 may be considered to be insignificant.

The given recommendations on the tolerances A- and A* application
are comparable to the actual values of initial geometricalimperfections in the stiffened plates. Thus, in Checkoslovakia

and West Germany the value obtained as a result of 243
measurements for 5 bridges, varies within the limits 1/953 - 1/243at an average value £ 2 1/350, the value £,, obtained as a
result of 1620 measurements, varies from 1/359 to 1/90 at an average

value &2 1/109. As a rule the values £2 and £, are higherthan those admitted by the Specifications of many countries. So,the Specifications of such countries as Belgium, West Germany
and Great Britain admit the value A? 1/500, in the USSR thisvalue is equal to 1/400, as to the value of the tolerances A*»it is specified as 1/250 in Belgium and West Germany and 1/200 2
in Great Britain, the tolerance a is 1/750 according to the USSRSpecifications. '

The above described approach to the problem of safety of com -pressed stiffened panels of box-shaped bridge superstructuresand similar structures permits within the limits of not verysevere tolerances to fabricate safe in operation structures ofbox section beams by means of the plate and its stiffeners
rigidity control. Besides, an opportunity is obtained to estimate
quite precisely the loadbearing capacity of the as-fabicated
structures and those in performance, in which the real level ofinitial imperfections is above the admissible one.
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