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On the Load Capacity of Stiffened Plate Girders
Sur la capacité portante des poutres a ame pleine raidie

Zur Regelung der Tragfahigkeit versteifter Blechtrager
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SUMMARY

Since 1935 over 200 experiments on stiffened plate girders, subjected to shear and bending loads, have
been carried out worldwide. It is now to be determined, using a probabilistic approach whether, by means
of the above mentioned experiments, the tension field model of the Eurocode 3 is verified for transversely
stiffened girders and whether it may be extended to longitudinally stiffened ones.

RESUME

Depuis 1935, plus de 200 expériences ont été effectuées sur la capacité portante des poutres a ame
pleine raidie, soumises a des efforts tranchants et fléchissants. L'objet de cette publication est de
déterminer, de fagon probabilistique, si le modéle de champ de traction de I'Eurocode 3 est vérifiable
pour les poutres a ame pleine raidie transversalement et s'il peut étre étendu aux poutres a ame pleine
raidie longitudinalement, en tenant compte des expériences mentionnées auparavant.

ZUSAMMENFASSUNG

Weltweit wurden seit 1935 Uber 200 Versuche zur Tragféhigkeit ausgesteifter Vollwandtrager unter Schub-
und Biegebeanspruchung durchgefuhrt. Jetzt wird auf probabilistischer Grundlage untersucht, ob damit
das Zugfeldmodell des Eurocode 3 fUr querversteifte Trager verifiziert und auf l&ngsversteifte Trager aus-
gedehnt werden kann.
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1. INTRODUCTION

In the past three decades, various tension field models were de-—
veloped in order to predict the ultimate load capacity of stif-
fened plate girders subjected to shear and bending loads [1].

From time to time this development has been the target of funda—
mental questioning. Recently, a design model, based on the fully
plastic shear 1load of the unstiffened web, has been presented
{2].

Parallel to this, the number of experiments on stiffened plate
girders has continually increased; in 1968, approximately 50
experiments were carried out, ten years later about 140 and nowa-
days there are more than 200.

However, experiment and theory only have their meaningfulness if
full attention is paid to the stochastic character of the load
capacity, and its influence quantities, in the experimental evalu-
ation as well as in the calculations.

Since 1986, the Institute for Steel Structures in Braunschweig is
working on the documentation, evaluation and recalculation of all
avalilable experiments. The work is performed - in an unpreceden-—
ted extensive manner — using the programmable database system
dbaselll+. Moreover. 1i was atiempted to estimate the uncertainty
in the experiment execution and in the load capacity prediction.

In the context of the revision of the EC3, a few new questions
arise, that may now be answered:

— 1s it allowable, in the Eurocode safety concept to apply the
tension flield models to transversely stiffened plate girders?

— could the application of these models, within the same safety
concept, be extended to longitudinally stiffened girders? Which
of the established models 1s optimal, taking into account the
results of the experiments that were analysed in this study?

2. EVALUATION PROCEDURE

After compiling all experimental data into databases for trans-—
versely and longitudinally stiffened girders, the experiments
containing parameters outside of the EC3 definition domain were
rejected. The most frequent reason therefore were end post failu-
res.

The test analysis described below (Fig. 1) was derived from the
outline of the Eurocode paper "Procedure for the determination of
the design resistance from tests" published in September 1987.

For the remaining i tests, the measured values of load capaci-
ties V,e j (for the moment considered as exact), are compared
with the calculated values Vut j using model factors Mj, whose
mean value M as well as the error terms 6; are calculated. The
scattering of the measured values with respect to the theoreti-
cal ones can be estimated by means of vg.
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The variation coefficient vy, of the calculated load capacity
is to be estimated from the randomization of the design models
according to sections 3 and 4, in which the input values (basic
variables) are to be formulated with wvariation coefficients nor—
mally wused for steel siruclures:

yield stress - vgy = 0.06...0.08
modulus of elasticity - Vg = 0.04
plate thickness - V¢ = Q.02

The authors have no data concerning the scattering of the buck-—
ling coefficient kg
(mainly because of the
scalttering of the
boundary conditions).

1. Measure VUE.i It 1s assumed that
2. Calculate V; (from EC3 or [1]) Vkg = 0.03. The scat-—
! tering of the other

3 M = Vu&i input values is negli-
- i = Vo, gible. From the com-
_ ut,i putational model, the

L M variation coefficient
of the load capacity
M is then calculated to

5.0 = vi be vyut = 0.08.

"
5
™M

=

n Until now 1t has not

6 v ‘Jﬁ"(zz 6?-0'1) been taken into ac-
b 1 ! count, that vaguely
=1 defined experimental

. data must also have
7. Estimate VVut been introduced into

: the data Dbase: e.qg.
. Vv
8. Estimate Sexp the vield stress was

2 2 F ] often not measured or

9. VVu: %’Vut +V5 "Vﬁexp measured inaccurately,
5 the modulus of elasti-

V.. = X _ v., -05v cily was often not
10 uk M MJ*e p(-1.645 Vu 0, VU) measured at all, and
for LN -distributed load capacity in some cases, only
the nominal plate

1. Ym = exp((0:8 p "1:645)VVU)'B =38 thicknesses were gi-
ven. The scattering

for the whole set of
experiments may be

Fig.l Algorithm estimated with VSexp =
= 0.10.
The variation coefficient vy, characteristic value Vu,k as well

as the partial safety factor Y, of the uitimate load capacity may
then be calculated.

3. TRANSVERSELY STIFFENED GIRDERS

The EC3 contains simplifying assumptions for the load capacity
calculations of transversely stiffened girders: bending moment
and longitudinal force are taken up Dby the flange, transverse
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forces are transfered
log Vi, to the web through the

rn
"

log Vi

Fig.2 Correlation between calculation
and experiment

4. LONGITUDINALLY STIFFENED GIRDERS
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0.45
0.40- }
0.5 H

0.30 P

0.151 ! |
0,401 | \

0.05 / LY

0.0 +——————— = —
Ja L o .

Fig.3 Frequency distribution
of the model factor

tension field and the
shear field mechanism.

Fig.2 shows the satis-
factory agreement bet-

ween calculated and
experimental results.
Fig.3 gives the fre—

quency distribution
of the model factor.

Characteristic value
and partial safety
factor of the load ca-
pacity may be read off
Fig.4.

The limit load capa-
city of longitudinal-
ly stiffened girders
could be determined
within EC3, in the
same way as for trans-—

versely stiffened gir-

ders. The assumption
of the tension field
mechanism, however,

still has to be deter-—
mined. During the com-
parison of competing
models, it was possi-
ble to substantially
increase the number of
evaluated experiments,
relative to earlier
investigations descri-
bed in (11. Fig.4 gi-
ves the results for
various models.,
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Longitudinally stitfened girders (n =59)
1 2 3 4
Trans- | 1 '
versely |y ‘ V V vV
stiffened| S v b 1| % ‘
girders N
(n=98) it ‘ l l
Separate tension| Single tension Separate tension | Separate tension
field bands field band field bands field bands
Each a function | A function Each a function | Each a function
of subpanel T; [of full panel of subpanel T; |of subpanel T;
and aspect aspect ratio & tand common and common
ratio Q; aspect ratio panel aspect
Lin ratio
M 1,10 1,15 1,17 1,12 0,99
Vs 0,16 013 0,10 0,12 0,08
Vu,k 0,85 VUt 0,95 Vut 0,94 Vut O, gl& vUt 0,91 Vu{'
Ym 1,23 1,17 1,12 1,16 1,08

Fig.4 Characteristics of various computational models

5. CONCLUSIONS

The first two guestions of section 1 can in priciple be answered
positively. However, the characteristic values of the load capa-
cities are a few percent lower than the theoretical values; the
partial safety factors are mostly greater than the code value of

Ym = 1.1.

it is noticeable that even the models having
with consideration of all the
originaling from experiment and calculation, do not
safe side any more. Considering this result, one might be tempted
to jump to conclusions, but should rather be prompted to further
investigate the experimental assessment of computational models.

an average
scattering
lie on the

Moreover,
model factor above 1,

lon-
not

Model 2 seems to be optimal for describing the behaviour of
gitudinally stiffened girders; the model is simpler and does
vield worse characteristics than the other models.

The method in [2]
factors, that 1is
section 3 and 4.

i1s characterized by scattering in the model
larger than that of the models discussed 1in
From our experience, this yields a lower bound
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of the load capacity.

All of the experimental data and detailed results of the evalua-
tion are available from the authors.
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