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DISCUSSION PREPAREE / VORBEREITETE DISKUSSION / PREPARED DISCUSSION

Light-Gage Steel Floor Systems Provided to Include Utilities — Proposals and Experiments

Systémes de planchers en dalles orthotropes avec provision de contenir les installations —
Propositions et expériences

Leichtstahlbleche mit Beriicksichtigung der Installationen — Vorschlage und Versuche

LEO FINZI
Professor at the Polytechnic
University of Milan, Italy
(F.AS.CE)

It is becoming increasingly necessary, when designing
structures for buildings, to leave vlenty of space under the
floor to accomodate air-conditioning, electrical and plumbing
installations. PFurther, reasons of economy drive designers to
make the floors cooperate with the steel structures that sup-
port them, thus forming, when possible, composite systems,

Many proposals aiming to achieve one or other or even
both these results have been put forward and Dr. Scalzi has
mentioned them, The author of this paper has also worked on
this problem and, together with Dr. Ballio, has started up =
series of theoretical and experimental studies at the Poly-
technic University of Milan on two types of Floor Systems that
he considers of interest.

This research work, sponsored by the Italian National Re-
search Council (CNR), concerns two types of Floor Systems. The
first, the "Drawn Floor System", consists of two 1,5 mm sheets
with hemispherical deep-drawings, arranged at regular intervals
on a 50 cm square mesh and welded tcgether at the contact points
(figs. 1 and 2). A 4 om layer of concrete top and bottom com-

pletes the panel. which is then ready to bear the flooring and
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fig. 2 vailable, but clearly other

shapes (for instance, trun-
cated pyramids) should be mo
re suitable.

A floor system with a
span of 5m x 1,50 m has
been constructed and subjec-
ted to laboratory loads tests
(fig. 4).

The loads transmitted

by two Jjacks were distribu-
tig. 2 ted so as to achieve as far
28 possible a uniformly di-
stributed lo=d.
The elasvic line due
to service loads (fig. 5)
nd the load-deflection dia

sram (fig. 6) were plotted

Jith care.

A analysis of the ex-
erimental data supplied the
fig. 3 behavior of the floor sys-

tem, which comprises three
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superposed static effects[4]:
a) flexural effect of the
floor as a whole
b) shear effect of the
floor
¢) flexural effect of the
top and bottom slabs
The incidence of the
three effects may be expres

sed in the following percen

tages [5] :
K = 53,5% K, = 46 , 5% K. = 0%

These values illustra-
te the importance of the
shear effect of the floor.
This is confirmed by the mo
de of failure of the floor.

Fig. 7 shows how failu
re occurred through piercing
of the slab by the hemisphe-
rical cups in the zones near
supprorts. Failure occurred
at a load of 1.7 times the
service load of 500 Kg/rf .

It is important to em-
phasise that the behavior of
the floor is of rigid pla-
stic type: the initial de-
flection is little in abso-
lute terms under service
loads(f = L

1500
stic adaptation under grea-

) whereas pla-
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fig. 7
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ter loads is considerable as
proved by a ductility factor
of 17. This, in the author's
wiew, suggests that this ty-
pe of floor system is parti-
cularly suitable for plate
behavior where the redistri-
bution of moments can favora
bly operate according to 1li-
mit design methods.

For this reason experi-
ments on a Drawn Floor System
of 5 metres square are being
arranged.

The second type of flo
or system that has been devi
sed and tested (figs. 8 and
9) is an Open Type Floor Sy-
stem consisting of two plane
parts with shear connectors
between, The upper part is
a cold-formed ribbed panel
1 mn thick with small dra-
wings to act as shear conne
ctors between the concrete
casting and the steel sheet.

The total thickness of
the composite slab ranges
from 10 to 4.5 cm. On top
there is a mesh of steel
rods ¢ 8 mm every 15 cm len
gthwise and ¢ 4 mm every

15 cm., crosswise.
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The lower part consists
of a square mesh of
steel rods ¢ 24 mm length-
wise and ¢ 12 mm crosswise.

The connexion elements
are lattice, square-base py
ramids with the apex located

at the knots of the net for-

ming the lower frame.
Fig, 10 In this floor systemn,
unlike the one previously de

scribed, the concrete was

~ v v v v VvV v Vv Vv v~ cast on the metal structure

| — . D00em —

supported only at the ends,
without need for propping
at the other points.

A samnle of this system
with a span of 6 by 1.20 nm
(fig. 10) was tested. The
loads applied simulated as
fig. 11 closely as possible a uni-
formly distributed load .Here

again the elastic line due

the service loads (fig. 11)
and the load-deflection dia
gram (fig. 12) were determi-
ned with care., The center
line deflection and the load
were recorded with displace-

ment transducers and a dyna-

nometer respectively, and
fig, 12 plotted direct by an Hewlett
Packard 7005 X,Y recorder.
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The behavior of the o-
pen type floor system is qua
litatively similar to that
of the drawn floor system
but the performace is defi-
nitely superior, as is appa-

rent from a comparison bet-

ween figs, 5 and 11 and figs.
6 and 12.

In particular, the ove-
rall flexural static beha-
vior and the effects due to

shear and to upper layer work out as follows:

K, = 61% K =26 K= 15

Here again, the shear effect is importantand its importan-
ce is confirmed by the mode of failure (fig. 13), which shows
how collapse occurred through tearing of ribbed sheet away from
the upper connexion of pyramids., However, the safety coeffi-
cient of the floor proved to be considerable (s = 1,95) and the
deflection due to accidental service loads of 500 Kg/m2 (f:z%a)
were within quite normal limits.

For this latter floor system too the plastic adaptation was
congiderable: ductility factor = 7, It must be noted however
that the collapse did not occur in the overall but the structu-
re adapted herself to support a load a bit lower than the colla
pse one even after the crack of the connections of some pyrami-
dal spacers from ribbed sheet. There are then good reasons for
believing that also this floor system is suitable for plate be-
havior according to limit design methods. It must be admitted
that the upper plate of mixed ribbed sheet and concrete is or-
thotropic and certainly more flexible and less resistant in the
direction at right angles to the one tested. On the other hand,

it is possible to gauge the most suitable diameter for the steel
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rods that constitute the bottom layer or even lay some in the
diagonal direction where they would be used to best effect.
The weakest point, to wich future research must certain-
ly be directed, is in this case too the point of connexion of
the elements involved in shear effect to the slab. Before go-
ing on the further tests on floor systems it is intended to in
vestigate this subject further, partly because on this point

the problem is not only one statics but of technology and eco-

nomics,
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SUMMARY

This contribution presents a study of two floor-systems
using cold-rolled or cold-drawn steel sheets,

Exeperimental investigation were conducted on both floor-
systems to determine the load-deflection diagram, elastic line
and failure load. The results are reported and the principles

of design and construction of the prototypes are outlined.

RESUME

On présent une &tude concernant deux prototypes des plan-
chers réalisées avec tdle formée & froid. On a effectué des
recherches expérimentales pour determiner la liaison entre la
charge et la fleche, la ligne elastique et la charge limite,

On donne ici des renseignements sur les résultats de 1'é
tude en soulignant les principes suivis dans le projet et la

réalisation des prototypes.

ZUSAMMENFASSUNG

Dieser Bericht erléutert zwei Decken-Prototypen aus
kaltgerollten oder -gereckten Stahlblechen. Experimentelle
Versuche haben den Zusammenhang zwischen Belastung und Biegung
einerseits sowie Biegelinie und Traglast gezeigt. Es werden
die Ergebnisse, Entwurfsprinzipien sowie der Aufbau der Pro-

totypen mitgeteilt.
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