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Abstract

A linear stability analysis using FEM with shelleslents was carried out for a large set of steetletklbeams with variable
configuration and dimensions of ribs. A subsete&digns providing minimum mass of ribs for presadileétical load was found and
used in next step of detailed cost optimizationisThade possible to compare the economic effeads®mf two classes of ribs’
configurations, orthogonal and diagonal. In théofeing the optimal solutions representing these thesses of ribs were subjected
to examination of their robustness. Stability resmwas analysed in case when holes were introdatedvebs. Also, various
combinations of global and local geometric impetifets were generated and nonlinear stability respaf beams was analysed.
Finally the numerical model and obtained computatiaesults were verified experimentally in reahlectests. Two thin walled
girders with 7.5 m length of span, 0.76 m height alender web with thickness 3 mm were manufadtu®ometric imperfections
of these girders were precisely measured. The mgirdere subjected to concentrated load at the pad-sGood agreement of
numerical simulations with the experiments was iole@ Both, the computer simulations and the expamisiproved that diagonal

rib configuration provides better performance ofigis than orthogonal one.
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1. Introduction

Designing lightweight structures is a permanentbglo
strategy. It follows from economic reasons anchisigreement
with the environment protection policy. Designers steel
structures follow this trend. However, thin-walleslender
structural members are apt to loss of stabilityt #aaentually
can lead to structural failure. It also applies thin-walled
beams. Here, increasing role is played by locamgorof
instability due to high slenderness ratio of théowwed to initial
geometric imperfections unavoidable in welding thiretal
sheets. Cost minimization of steel girders was stlidn [6].
Stability of steel welded girders focussed muckrdibn in the
literature. In [3, 4, 5] the influence of variouib configurations
was studied. The authors proved there that diagimslbetter
protect the web of beam against loss of stabilitg arovide
higher load bearing capacity, than traditional oginal ribs.
Sensitivity analysis for a large class of beam paters and
stiffeners was developed in [9]. Stability problefos doubly
symmetric steel girders with thin webs was studief?, 7, 8].
The present paper further develops the studiesrtezpdn
[3,4,5] by updating the specific manufacturingstsp by
examination of the response of optimal girders asec of
existing unfavourable initial imperfections, intrardion of
holes in the web and by the study of torsionafretis.

2. Numerical analysis

The paper aims at the multi aspect optimizationthaf
configuration of ribs in steel thin-walled girdeascounting for
safe response in case of existing geometric impigofes and
introduction of holes into webs. In the first stapear stability

analysis was carried out for a large set of appa®Q beams
with orthogonal and diagonal rib configurations aratiable
length of span and web slenderness. Some resaltshamwn in
Fig. 1. Rectangular and triangular shell finite edets within
ABAQUS system [1] were used throughout. Global #owhl

forms of instability were identified. In the follomg eight
girders representative for orthogonal and diagomdd

configurations were chosen and subjected
manufacturing cost evaluation. Four step-wise iasirgy
manufacturing costs were considered. The girdetis évagonal
rib configuration provided definitely higher stahil
eigenvalues than orthogonal ones: 23 %, 62 %, SHh&«8 %,
respectively. Finally two girders with 3 mm thickels,
representative for orthogonal and diagonal conéiians were
analysed numerically for various combinations obmetric
imperfections. The imperfections corresponded irmfaand
magnitude with the codes [10, 11], manufacturingremces
and imperfections measured on real scale beamsebtefsting.
These analyses covered also the girders with haflesrious
shapes. Forms of failure are shown in Fig. 2. Irhpscrib

configuration on torsional resistance of beams alas studied
developing the considerations presented in [5].

3.  Experimental verification of numerical models

Two girders (orthogonal and diagonal ribs) withgtm of
spanL=7.5 m and cross-section #40~3)x180x10 mm were
subjected to three point bending with simple forkports
against torsion and the load as is shown in Figs.Hdl In
experiments horizontal lateral support of the upisrge was
introduced for safety of the loading system. Theizumtal
lateral displacements were measured in 6 pointe Sthains
were measured by electro-resistance gauges: |atigi in
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flanges and rosette type in webs. The compariscginofilated

4. Concluding remarks

numerically displacements and strains with measured

experimentally quantities demonstrated good agee¢m
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Figure 1: Critical load parametet as a function of length of
spanL and web slenderness ralig'tw for one-span girders with
cross-sections740x(tw=3+6)x180x10 loaded by a concentrated
force at the mid-span point for: (a) orthogonas rifp) diagonal ribs

a)

b)

Figure 2: Typical failure modes of girders with &sl for:
(a) orthogonal ribs and initial local imperfectidn0 mm,
(b) diagonal ribs and initial local imperfectiorD2nm

Two types of rib configurations in steel girders reve
considered, namely orthogonal ones including lamtjital ribs
and diagonal one. Optimization was carried out iclamgg
various aspects of the optimal solutions. Struttuaustness in
case of introduction of holes into web and intradc of
various combinations of imperfections was studiékhe
diagonal configuration proved to be definitely more
advantageous than the former one, because it edsinltbetter
resistance to local and global instability at thmilar weight
and/or cost of girders. Interestingly, diagonatniyovide much
higher torsional stiffness and shear resistance beédms.
Diagonal rib configuration improves the structuresponse in
case of very slender webs. Numerical models weriéiae and
validated by real scale experiments.
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