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Safety of Compressed Stiffened Panels with Initial Imperfections

Sécurité a la compression de plaques nervurées présentant des imperfections

Sicherheit gedriickter Rippenplatten mit Ausfuhrungs-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.

RESUME

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

ZUSAMMENFASSUNG

Der Beitrag enthélt Empfehlungen zur Festlegung geometrischer Ausfiihrungs-Toleranzen fur
unter Langsdruck stehende Rippenplatten. Diese Empfehlungen stitzen sich auf die
rechnerische Ermittlung des Verhaltens solcher Bauteile unter Einbezug der Beulformen. Es wird
gezeigt, dass die Toleranzen von den Steifigkeitsverhéltnissen der die Rippenplatte bildenden
Teile abhéngig 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 1its
elements. Thus, the improvement of the safety should be realized
through scientifically confirmed application and reasonable kee-
ping to the tolerances (geometrical imperfections limiting va-
lues) on steel stiffened plates fabrication.

Let's consider, as an exampie, the panel of the compressed stif-
fened plate with longibtudinal stiffeners (Fig. 1), where L is
the panel length, the transverse girders, restraining of the pa-
nel are assumed to be absolutely rigid, "a" i8 the distance bet-
ween the longitudinal stiffeners. Compressive stresses in the
plate sre 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 pla-
te with 1ts vertical geometrical imperfections at displacement
1Q,, local buckling of the longitudinal stiffeners with lateral
geometrical imperfections of the stiffener upper edge at displa-
cement IQ,3 local buckling of the bridge elements between the
1ongitudiﬁa1 stiffeners.

The design often considers an ideal plate structure without ini-
tial imperfections, for which the critical stress of the overall
buckling is equal to 6., the critical stress of locsal buckling of
the longitudinal stiffener is equal to 6, and the critical
stress of the local buckling of the plate parts between the lon-
gitudinal stiffeners is equal to O, . For the analysis of va-
rious real plates the relstionships x,,=6;a/b”s and x, =6a /63 of
critical stresses for an ideal plate are used. For an equistable
ideal plate xq = 1 and x> = 1., A real plate with initial imper-
fections may exibit an abrupt failure at stresses considerably
lower than critical stiresses of an ideal plate. The results of in-
vestigations /1-5/ showed, that the interaction of various buck-
ling forms for real plates was a complex process and for reduction
of the panel gensitivity to imperfections there should be x4 < 1
and xo > 1, i.e. for the critical stiresses of the corresponding
ideal plate the unegqualities @, > 6 > 0 are desirable.

E
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, &, . 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 struc-
ture 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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Jet's consider the panel element with a width “a" with initial
geometrical imperfections & and £, . Let's introduce the charac-
teristics of stiffness: stiffness in an axial force K,=EAj stiff-

ness in bending K2 = EJ3 a structural parameter K==K2/kL?. Here A
is a cross sectional srea of the plate with a width "a"; J - 1is a

moment of inertia of a longitudinal stiffener. ﬂ.zgﬁ— is a non-
dimensional parameter of the loading, where P is a compres-
sion load of the plate part considered.

By modifying the system potential energy according to the displa-
cement parameters and taking the lndependence &, and &, from
each other, in contrary to / 6 /, we obtain the following equi-
librium equations:

AL + 0]z 50, (360,500 o) - F,] -4 -0 t
AD‘Q.(J"}_ * '48—0-12 M %Qz)-K[Qm”Ea * %kqa— 8253}"

-0,8854.Q, (8 -4Q,+20Q] +307 )+ 0, =0 ,

(2)

where ¢,=[(1+E$ *U'-Ef-éf)]%
By substituting the values £,.,€, and K into the equations (1)
and (2), we obtain the systems of eguations with two unknown va-
lues -~ a vertical relative displacement and a horizontal re-
lative displacement Q.. Solving these systems of equations, we
get the relationships-of Q, and Q, to the load A at definite va-
%ges‘%, §& gnd K. The plotg for these relationships are given in
g. 2 an .

The curve 1 in Fig. 2 represents the ideal panel ( £, = £ = 0)
which buckles from the panel plane in the elastic stage. The cur-
ves 2, 4 and 6 in Fig. 2 represent the panels with imperfections
of only one type, i. e. oversll imperfections £ = 0,03 and, cor-
respondingly, the displacements Q,= O. The curves in Fig. 3 re-
present the panels with imperfections of the longitudinal stiffe-
ners £,= 0,03 at €,= O and, correapondinglz, at displacements

= O, The dotted parts of the curve 6 in Fig. 2 correspond to
the unstable condltions of the structure.

The dot-and-dash lines 4, 5 and 7 in Pig, 2 correspond to the si-
multaneous presence of bhoth types of initilal lmperfections and
¢,= €, = 0,03, In these panels, increasing of the load parameter
A leads to simultaneous development of relative displacements

G, and Q.. The analysis showed, that in the csses investigated
bﬁe maxiﬁum value of the panel loadbearing capacity was reached
at Q~0.2. The plots are given for three values of the structural
parameter K = 0,33 0,5 and 1,0. The structural parameter K = 0,3
corresponds to the panels with very weak stiffemers; at the fur-
ther decreasing of K, such a panel turns into a plate. The struc-
tural 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 wesker the reinforcement, the greater the degree
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of the ganel loadbearing capacity reduction and deformation ca-
Pacity improvement, when compared with an ideal panel, which
is quite natural,

It is interesting bto note, bthat quite a weak initial imperfec-
tion of Ghe longitudinal stiffener (&£, = 0,03) at K = 0,5, i.
e, at a common reinforcement, leads tg the reduction of the ul-
timate load A from 1,46 to 0,7 (the curve 8 with its maximum
in the point A and the curve 2 in Fig. 3), however, at weak
stiffeners (X = 0,3) this negative effect is even more pronoun-
ced (see curves 4 and 3).

The combined influence of the btwo lmperfections £, and £, is
also the more pronounced, the weaker are the stiffeners. &t
follows from the comparison of curves 4,5 and 7 with the respec-
tive curves 2, % and 6 in Fig. 2.

The results of our calculations, given in Fig. 2 and 3 are si-
milar 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 rela-
tionship of the panel constituent elements stiffness values and
the panel as a whole and there exists such a range of such re-
lationships (E>0,5), in which the negative influence of the
inevitable in practice initial imperfections is very insigni-
ficant. This offers considerable scope for improvement of safe-
ty and efficiency of compressed stiffened panels through fabri-
cation tolerances refinement, which keep under control the lar-
gest admissible geometrical imperfections /7, 8/.

Nowadays, the fabrication tolerances depend only on geometrical
sizes of a geparate element or a panel as a whole. It would be
sound practice to establish the tolerances as a function of re-
lations of the stiffness values of bthe structure constituent
elements, which would be influenced by the structure designation
and its performance conditions and may be characterized by the
above mentioned psrameters x, = 0. /ETS and x, =0 /0, , i. e. by
the relationships of criticai stresses in a gdeal plate. This
permits to make fabrication tolerances in some cases not so se-
vere.

Below, some recommendations on tolerances establishment on over-
all initial geometrical imperfections of the plate A, , imperfectis
ons in a separate stiffener A, and imperfections in the plate
part between the stiffeners A, are given,

The tolerances A, should depend on the parameter x,. The plates
with thin stiffeners (x,> 1g require maintaining o} the toleran-
ce A, = 1/750. At strong longitudinal ribs (x,< 1) the tolerance

A, may be increased to 1/500. This preferen%ial tolerance may
be used for weaker stiffeners (x, = 1 - 1,5) on condition of in-
troducing a more severe toleranca A, on bending of longitudinal
stiffeners (which is difficult to realize in practice), or by
using rigid in the lateral direction longitudinal stiffeners in-
stead of flat ones.

A8 to the tolerances on the longitudinal stiffeners bending, A, ,
two ways are possible: (1) a definite reduction of stiffeners

rigidity within the limits of x, = 1,0-2,0 at maintaining strict
tolerances A, of about 1/500; ok (2) making stiffeners suffici-
ently rigid (x1‘=‘1) with a slight reduction of restrictions of
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A, to 1/400.,

It is possible to reduce the influence of local imperfections of
the plate between the stiffeners by decreasing its thickness
within the limits admitted by the fabrication and performance
conditiong. It 1s known, that in flexible plates the postecritical
reserve of the strength ma{ compensate for the imperfections in-
fluence., In case a thick plate (x, = 0,9 - 1,0) is required by
the performance conditions, then %he tolerance A, should be li-
mited by the value about 1/200, because the initigl geometrical
imperfections in the rigid plates are not desirable.

In the other cases (x,>1) the initial imperfections at the level
A5 = 1/100 wmay be co&sidered to be insignificanst.

The given recommendations on the tolerances A, and A, applica-
tion are comparable to the actual values of ingbial geémetrical
imperfections in the stiffened plates. Thus, in Checkoslovakia
and West Germany the value £, , obtained as a result of 243 mea-
surements for 5 bridges, varies within the limits 1/95% - 1/243

at an average value &£, = 1/330, the value £ ,, obbtained as a re-
sult of 1620 measuremeﬁts, varies from 1/359 2o 1/90 at an ave-
rage value &€, = 1/109. As a rule the values €., and £, are higher
than those afmitted by the Specifications of miny couétries. So,
the Specificabiocas of such countries as Belgium, West Germany

and Great Britain admit the value A, = 1/500, in the USSR this
value is equal to 1/400, as to the vglue of the tolerances A,5,
it 1s specified as 1/250 in Belgium and West Germany and 1/200 2
in Great Britain, the tolerance A, 1s 1/750 according to the USSR
Specifications.

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