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Full-Scale Failure Tests with Steel Frames

Essais a la ruine de portiques en acier, en vraie grandeur

Bruchversuche an Stahlrahmen im Originalmassstab

OTTO HALASZ

Prof. Dr. Sc.

Technical University Budapest
Budapest, Hungary

MIKLOS IVANYI

Associate Prof. C. Sc.
Technical University Budapest
Budapest, Hungary

PAL TOMKA

Senior assistant

Technical University Budapest
Budapest, Hungary

SUMMARY

Within a development program of mass-produced simple industrial steel structures a series of full-scale
failure tests has been carried out. Effects of change in geometry, local instability and initial imper-
fections were analyzed, pointing out their importance in case of variable repeated loads.

RESUME

Au cours d'un programme de développement de constructions industrielles en acier, simples produites
en série, on a fait des essais a la ruine en vraie grandeur. On a examiné les effets du changement de
forme de la structure, du voilement local et des imperfections initiales, en soulignant leur importance
en cas de charges variables répétées.

ZUSAMMENFASSUNG

Im Verlaufe eines Entwicklungsprogramms fur Serienfertigung einfacher industrieller Stahlbauten
wurden Bruchversuche im Originalmassstab durchgefuhrt. Einflisse von Biegemomenten zweiter
Ordnung, Plattenbeulung, Kippen und Anfangsimperfektionen wurden analysiert und ihre wesent-
liche Rolle im Falle wechselnd-wiederholter Belastung hervorgehoben.
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1. INTRODUCTION

Connected to the mass-production of steel frames built up of welded
cross-sections, full-scale failure tests seemed to be necessary to
check the validity of some design rules based on the ample experimen-
tal data gained mainly by tests with rolled sections - as welded
components allow a bigger variability of thickness-to-depth ratio of
their plate elements, opening so a broader way for optimum design by
using more slender components and increasing simultaneocusly the pos-
sible diminishing effect of instability phenomena on the load carry-
ing capacity as predicted by a simple limit analysis.

The full-scale failure tests were carried out in the laboratory of
the Department for Steel Structures of the Technical University Bu-
dapest aiming at a better insight into the effects of the
Ji¢ change in geometry
[ii/ spacing and efficiency of different types of lateral
supports,
/iii/ wvariable-repeated loading process, including light
crane-loads with a limited number of load cycles,
[iv/ limits of thickness-to-depth ratio of plate elements,and
v/ initial imperfections.

2. TEST PROGRAM

Fig. 1 gives a brief summary of the full-scale tests and the di-
mensions of the specimens, indicating the loads and the characteris-
tics of the loading process. [/Additional tests on stub columns, frame
corners, plate elements are not mentioned./

The photo reproduced by Fig. 2 gives a general view of the test se-
tup, the loading and load-distributing system. In Fig. 3 some instruc-
tive details - as plastic hinge formation terminated eventually by
plate buckling, are demonstrated.

3. CONCLUSIONS

Space-limits not allowing a general discussion of the results
- alluding to different publications [1] [2] [3],Some of the con-
clusions judged to be of interest are summarized as follows:

/i/ The importance of adequate spacing of lateral supports and their
efficiency in preventing the rotation of cross-section around the
bar-axis has to be emphasized as purlins and rails connected to
tension flanges often cannot regarded fully effective in case of
thin webs. Not only the load carrying can thus be substantially re-
duced /as by elastic lateral buckling in case of frame C-3/1 in

Fig. 4/, but the yield plateau in the load-deflection diagram can be
to short /as in the case of frame C-1 in Fig. 4/, rendering the
structure sensitive against initial imperfections,
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Fig. 3.



i ‘ 0. HALASZ — M. IVANY!| — P. TOMKA 871

A C-3/2
10 F————— i s
/ C-1 C-2
085 ——
08 — / C“3/1
/
// p) %
06 .
x ! 0,64 i ai -
5 114
P g | o n al C—2
' 80
9 ‘ 1.,16T C-3/1 C-1 C-3/2
I
|
k—120/2 ' ;
| 1 I I | S
5 10 15 20 25

VERTICAL DEFLECTION cm
Fig. 4.

/ii/ By repeated cycles of variable loads - for instance by those
involving the subsequent application of a light crane-locad D and
uniformly distributed vertical load P, as indicated in Fig. 5, incre-
mental collapse can be produced by a ioad-factor surpassing but
slightly the shake-down load predicted by a first-order ideally
elastic-plastic analysis. The difference between test and analitical
values was similar to that observed in proportional loading, /due
probably to strain hardening/, so the gap between limit loads in
proportional and cyclic loading /about 10 % in the case indicated

in Fig. 5/ being the same in test and computation for both loading
cases.

Surprising was the quick progression of residual deflections after
just a few load cycles /see Fig. 5/

- to be attributed possibly to the effect of axial loads connec-
ted with remarkable changes in geometry;

- to gradual increase of imperfections /[both lateral deflections
of beams and curvature of plates/; thus to work-softening effects
overcoming the work-hardening ones.

[iii/ In proportional loading axial loads not surpassing 10 % of

the elastic critical load had no noticeable effect on limit load as
predicted by a simple limit analysis, a finding in good accordance
with ECCS rules for plastic design [4] . Excessive initial imperfec-
tions - accompanied by ’‘residual’ bending moments as consequence of
a forced assembling of the components — may enlarge the diminishing
effect of the axial loads,

/iv/ Limits on thickness-to-width ratios to allow full plastic hinge
action can be refined by taking into account the interaction between
flanges and web.
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