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IV

Two Concrete Folded Structures for Large Storage Coverings

Deux types de structure plissee pour des grandes toitures

Zwei vorfabrizierte Spannbeton-Faltwerke für Lagerhallen mit grossen Spannweiten

MIRCEA MIHAILESCU FELLOW-AUTHORS
Prof. Chemical Structural Contractor
Institute of Technology Bucharest, Rumania
Cluj-Napoca, Rumania

SUMMARY
The first structure consists of three-hinged arches with a folded structure. The 60 m span is made up of
two thin precast and prestressed concrete units. The second structure has a set of fixed-end frames. The
30 m span is made up of two precast and prestressed elements. The bearing capacity was increased by
providing the beams with prestressed tie bars. In both situations, asbestos-cement sheetings were placed
between the folded profiles.

RESUME
La structure de la premiere toiture est constituee d'arcs ä trois articulations avec section transversale
plissee. La portee de 60 m est franchie par deux elements prefabriques en beton arme. La deuxieme
structure est constituee de portiques de 30 m de portee, ayant egalement une section transversale ou-
verte. Les deux portiques ont ete renforces par des haubans precontraints. Dans les deux cas les

espaces entre les elements porteurs ont ete couverts avec des panneaux en asbociment.

ZUSAMMENFASSUNG
Im ersten Beispiel besteht die Tragstruktur aus Dreigelenkbogen mit einem dünnen Faltwerkprofil. Die
60 m Stützweite werden von zwei vorfabrizierten Spannbeton-Elementen überspannt. Im zweiten Fall
besteht die Hauptstruktur aus eingespannten Rahmen von 30 m Länge, die ebenfalls mit diesem
Faltwerkprofil ausgestattet sind. Die Rahmenriegel werden durch vorgespannte Zugstangen verstärkt. In
beiden Fällen werden die Räume zwischen der Tragstruktur mit Asbestplatten überdeckt.
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1. INTRDUCTION

The field of thin spatial structures is nowadays sensibly enlarged by the
applications of Shells to the industrial, especially to the chemical,
objects, where this class of solutions appears of a high efficiency.
The paper bears on two types of concrete precast and prestressed folded
elements, of large spans designed for chemical depot coverings, in Ro^
mania

The great agressivness of the inside atmosphere was the reason, why the
structures had to be situated in the concrete Solution field
2. COVERING ERECTSD IN BACAU

The structure in this case essentially consists of transversal three
hinged folded arches, crossing- a 60m span and reaching a height of 20 m,
in order to satisfay the specific functional conditions as Pig.l shows.

wurMi
RADIAL CROSS SECTION

1 CABLE DUCTS FOR PRESTRESSING
7 CROSS BRACNG
3 HNGE
i AZBESTOS CEMENT
5 OTSCHARGiNG CONVEYER
6 GRÄTE USE
7 CHARGING CGT.'/EYORS
6 TRUSSEO ABUTEMEM"

CROSS SECTION THROUGH SHELL

P Xf77Ha

'V
W^ *&¦
°sr

IIS000

a E3

mI h_l_i
PLAN OF THE ROOF

Fig.l. Cross profile of the chemical depot

K*W-ä9„ V* £?88^-««.

ff §S
§5 «t

KS *T
«Sffc

«.»
:ts.

Fig.2. The longitudinal
stiffening System

The arches each made of two precast iuxju dhell units, of 2.60 m width
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Le depth, are placed at 6,00 m longitudinal bay intervals, as
j.2 ; for their stiffening, in the longitudinal sense bracing

and variable
Seen in "Xg.<* t j-vj. *j..\j^.*. ^vjlj. iv.'A^-ii.^j j.aa mhw ^v^rrj^v^viiiuA ^)cm.ju uiai,ij
ribs and cross bars, were provided, forming two blocks of 85 m each
The intervals between the strips covered by the arches, of 3.40 ca, were
completed with asbestos cement sheetings and meta-acryl panels,the latter
assuring the inside natural lighting though a 43 percentage economy to
the cladding elements was obtained
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Fig, 3. "Tne shape of the concrete precast shell element

The curved folded eletaents of a 32 m axis
length, (their fullscale geometry appears
in Fig.3) was conceived in a V form, so
that the centre of the cross section night
be located, as near as possible to half of
its depth, making thei both extreme flanges
to be equally solicited, to alternative
bending moments

The shape of the longitudinal axis of the
precast elements, was set in an optimal
position against the thrust pressure line,
carried out on the three hinged system,for
the dead load, considered as a Short time
action

It is to be mentioned, as an aueomrnon
feature Fig. 3,4 that the longitudinal

axis was performed, of straight Segments
of variable slopes and lengths, having in
mind to concentrate the parasitic transverse
forces which normallyappear in the flanges
of thin curved elements, induced by the
axial efforts in a short number of
transition zones, each stiffenned with bracing
ribs, so as to reach a box effect.

Among the advantages of the chosen cross profile, there are to point out:
i- a goed lateral stability during handling fig.5 J a big stability

.to the Brazier effect, especially for negative bending moments, which may

Fig.4.The transversal
parasitic efforts
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frequently occur, a satisfactory local stability of the flanges and
webs of the element, as well as, a ;;reat economy of tho needed materials
and manover.
For each shell element, four types of loading hypothesis .vithin the first
order theory, were taken to account : \i) the initial prestress forces of
200 K.?T. acting in the horizontal casting position.(ii) the initial prestress

forces and dead weight, on the static scheme, which occurs during
the handling (iiij on the three hinged arch-scheme, the loading combinations,

wich separately give the maximum compression efforts in the outside
or inside extreme fibers Fig. 6 shows the first fiiij case).

The arch units were reinforced with
mild steel bars and four post-ten-
ssioned cables placed in ducts, with
parallel trucks, in the vertical sonse,
but no longer parallel in the horizontal

sense The bottom hinges Fig.7
made of m?tal sheets, as to avoid
friction against rotation, were placed
on metal wodges and finally stiffenned,
by welding and in situ ;oured concrete

The crown hinges Fig.8 were made of
metal cylinders, filled up with
concrete, along which, two families of
adjustable bolts can rotate,belonging
each to one of t hc two units
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_ o
The entire covering material indicators were : - concreto Q12 m3/m and
total steel - 18,65 kg/m The Figures 9 and 10 show outside and inside
views ot the finished depot
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3. TEE COVERING LOCATED IN FACARAS

The second type of chemical depot in Fägära§ mainly consists of a set
of simple fixed frames disposed at 9,00 m bay intervals each crossing
a 30^00 m span and having a 2.60 m width
As Fig.11 shows the geometrical data were chosen, as to satisfay the
technological requirements As mechanical specific loads, there be
mentioned two vertical life loads of high values, about lot each, placed
at the quarters of the midie span as well as the horizontal pressure,
induced by the stored chemical material, at t he half of the column
height
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For efficiency purposes, the frame elements were precast Fig.12-13,
showing the individual pieces. In order to increase the bearing capacity
of the horizontal menbers.the beam effect was supplenented ~ith a tension
carrying aetion,providing a suspended diagonal cable system. Also it was
investigated the possibility to minimize, the construction material amount,
by conceiving : the columns as truss elensnts. prestressed at the ouside
line, and the beams as thin folded shaped Shells.

TRANSVERSAL SECTION OF
THE STRUCTURE T c

1 i*o

I lB

PRFSTRESSEDHINGE
l?_B5 " 7---:.

¦«^yHlGHTENSlLE

BOLT r\rPv

PRESTRESSED
-b-'G3Xir-:S

PRECAST .ATE BAL
UMTS

QRATtUSE

F^gBL JZ

A=J\ £=J\
3i 60

Fig#ll. Cross section of the de^ct structure

PVY"_J^
T-—V-4̂«S.'r» 1,

rAB-

Fig.12.Axonometrie
view of the precast
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Fig.13.Ouside view
during the erection

Fig.14.Inside
view of the
precast beam

The spatial development of the main bearing system enabled :(i) a 22
percentage economy in the cladding cement-asbestos sheetings,which cover
by pannels only the Strips between the beam flanges (11) a goed lateral
stability during the erection time assuring meanhile a conveniaeitstiffness
in the longitudinal sense to the earthquake action. Th,e main indicators
for the entire upper structure are:concrete Q176 nfi/m^ and total steel
29,2 kg/m2.
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