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PLAKANU SOFITI

@ Kopsavilkums: Piedavata netiedi ieprieks
nospriegta betonajumta-griestu konstrukcija ir rtipnieciski
razots celtniecibas elements, kas paredzéts industrialu
lielu laidumu celtpu blvniecibai. Konstrukcija satur
ipasi platu un planu betona kesona platni (1) un augséjo
betonakopni(2) arapgriezta V formas Skérsgriezumu,
kas savstarpéji savienoti ar tieviem térauda caurulveida
balstiem (3), kas tiek izmantoti, lai stabilizétu augséjo
kopni (2) pret lateralu jodzi$anos un novérstu elementu
(1) un (2) savstarpéju tuvinaSanos vai attalinasanos.
Kesona platnes (1) iepriek3&ja nospriegdana izsauc
aug$éjas kopnes saspiesanu, kas savukart pasivi (netiesi)
spiez uz konstrukcijas galiem, iedarbojoties ar zinamu
ekscentriskumu attieciba pret $kérsgriezuma smaguma
centru un izraisot galu pagriesanos, kas izliec kesona
platni aug3up. Minéto konstrukciju iepriekséjai
nospriegsanai piedavati divi efektivi panémieni.

NETIESIIEPRIEKS SASPRIEGTA BETONA JUMTA-GRIESTU KONSTRUKCIJA AR
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IZGUDROJUMA FORMULA

1. Netiei iepriekd saspriegta betona jumta-griestu konstrukcija ar
plakanu sofiti ka rapnieciski raZots celtniecibas elements, kas paredzéts
industrialu, lielu laidumu celtnu bidvniecibai, raksturiga ar to, ka ta satur
seviski platu un planu betona platni (1) un plansienu apgriezta "V" formas
aug$éjo kopni (2), kas savstarpéji savienotas ar telpiski sadalitam tievam
térauda caurulém-stieniem (3), lidz ar ko sofites platne tiek ieprieks centrali
nospriegta.

2. Panémiens jumta-griestu konstrukcijas péc 1. punkta iepriekséjai
nospriego$anai, kas raksturigs ar to, ka sofites platnes (1) izlieces
regulésana tiek panakta ar netieSu iepriek$€ju nospriegosanu, pie tam sofites
platnes (1) iepriek$&ja nospriegéana izsauc augséjas kopnes (2) abu tas galu
(4) pasivu reakciju, tada veida izliecot sofites platni (1) augSup caur tas galu
grieSanos.

3. Panémiens jumta-griestu konstrukcijas péc 1. vai 2. punkta
stabilizacijai, kas raksturigs ar to, ka augséjas kopnes (2) laterala lodzisanas
tiek novérsta ar slipu, telpiski sadalitu térauda caurulu-stienu (3) palidzibu, pie
tam stienu (3) slipums ir tads pats kd aug$&jas kopnes (2) apgriezta "V
formas 3kérsgriezuma slipums, fidz ar ko planas sienas saisina stienu (3)
efektivo garumu.
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INDIRECTLY PRESTRESSED, CONCRETE, ROOF-CEILING CONSTRUCTION
WITH FLAT SOFFIT
TECHNICAL FIELD

The present invention relates to the construction of the roofs of industrial
building or other similar buildings of prestressed, reinforced concrete and in
particular some steel parts become integral parts of the structure.

The field of the invention is described in IPC Classificaton E 04 B 1/00 that
generally relates to constructions or building elements or more particularly group E
04 C 3/00 or 3/294.

BACKGROUND ART

The present invention deals with a specific flat-soffit roof-ceiling construction
of an original concept and shape. Although some similarities to trusses or tied
arches are obvious the present construction substantially differs from them in the
manner how it works bearing the load. First of all these constructions are intended
to solve both the finished ceiling with flat soffit and the roof construction
simultaneously. It is intended also to activate the wide soffit plate to contribute és a
bearing element instead of being passively hanged on a truss or an arch.

All the other practical intention of the present construction include advantages
disclosed by HR-P20000906A that these constructions have when compared to
customary roofs and ceilings.

The commonly used prestressing techniques that introduce the compressive
force into a structural member of a selected geometry cross-section with tendons
positioned below the concrete center of gravity would not achieve proper effects
when applied on these constructions because of the absence of such an
eccentricity. An achievement of upward deflection of the concrete plate would
require lowering of the prestressing tendons below the center of gravity of the

overall construction what is unacceptable becauseg it ruins the idea of the flat soffit.
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The problem is hence focused to find out an adequate prestressing method which
may efficiently reduce the large amount of deflections and eliminate or control
cracks in concrete which may occur if tension in the soffit plate is allowed. The
present invention provides one more efficient method for prestressing constructions
with flat soffit. The present construction also solves the problem of stability of the
upper girder against lateral buckling.

The HR-P20000906A application, under the name “Doubly prestressed,
composite, roof-ceiling construction with flat soffit for large span buildings” is the
most similar known construction. The just mentioned application proposes one
efficient method for prestressing of such inverse constructions with low positioned
center of the gravity of the cross section and discloses next solution: The wide plate
is prestressed once, centrically, before the construction was completed, introducing
compression into the soffit plate wherewith the cracks problem in concrete is solved.
The construction is then completed and is prestressed once again by means of the
steel wedge driven into a special detail positioned at midspan of the upper girder to
achieve an upward deflection of the plate rotating its ends. The present invention
relate to a very similar but substantially changed construction then the one
disclosed in HR-P20000906A is, wherewith one more additional prestressing is
provided. In comparison to abovementioned innovation the present construction
introduces the stiff upper girder with such design of the cross section shape which is
simultaneously rigid and thin-walled, intended to reduce the effective length of the
interconnecting pipe-rods compared to considerably stiff steel tubes. Replacement
of stiff steel tubes by slender pipe-rods disables transmitting of bending moments
from the upper girder to the plate and vice versa. The interconnecting pipe-rods are
spaced uniformly over the soffit plate to improve the interconnection and uniformity
of the plate self weight distribution on the uppeF girder. Hence, the connections
between rods and the plate became less rigid so the prestressing force introduced
in the soffit plate causes no considerable bending of rods what enables larger
amount of prestressing to be applied without bending the plate. However, if the
centric prestressing of the soffit plate is performed in a small amount it doesn't
significantly influence the deflection of the plate. If, on contrary, the large amount of
the prestressing force is applied the high compression level considerable influences

to the soffit plate deflections. It is one important object of the present invention to




10

15

20

25

LV 13190

provide one more efficient manner of prestressing constructions with the flat soffit
and doesn't dispute the doubly prestressing as a very efficient method.
The present construction solves the problem of stabilizing the upper girder against
lateral buckling more efficiently than the abovementioned application. The space-
distributed connecting rods, distributed uniformly over the upper plane of the ceiling
plate, on certain, determined distances, divide the overall effective length of the
upper girder into a plurality of smaller lengths wh!ereby the cross section of the
upper girder is of inverse “V” shape what shortens the effective lengths of
interconnecting rods and changes their end conditions reducing in that way
additionally their effective lengths of buckling.
DISCLOSURE OF THE INVENTION

Description of the drawings:
Fig. 1. presents an isometric view of the construction showing its constitutive parts
Fig. 2. is the cross section of the construction showing its constitutive parts
Fig. 3. illustrates on the simplified medel the principle of prestressing (CASE 1)
Fig. 4. illustrates the reduction of the effective length of the interconnecting rod (3)
and the manner how the upper girder (2) is stabilized against lateral buckling.
The prestressed roof-ceiling construction is one-way bearing prefabricated element
with space-distributed connecting rods for constructing industrial large-span
buildings. The construction comprises the distinctly wide and thin concrete plate (1)
and the upper concrete girder (2) of an inverse “V’- shaped cross section, as it is
shown in Fig. 2, interconnected by slender steel pipe-rods (3). The thin soffit plate is
chosen to be distinctly wide to cover a great portion of the site plan of the building at
once and to provide the flat soffit in interior.
It is obvious from Fig. 2 and Fig. 4 that the both thin walls of the cross section of the
upper girder (2) are extended close towards the plate (1) shortening in that way the
buckling length of interconnecting pipe-rods (3). The interconnecting pipe-rods (3)
anchored at one side to the upper girder (2) and having the same inclination as the
sloped thin walls of its cross-section are on the opposite side anchored into the wide
soffit plate (1) stabilizing in that way the upper girder (2) against lateral buckling.
The slender, space distributed steel pipe-rods (3) are also utilized to keep the

distance between the soffit plate (1) and the upper girder (2) preventing transition of
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bending moments in both directions and reducing the thermal conductivity between
the upper girder (2) and the soffit plate (1).

To illustrate how the construction méchanism works the following
consideration is made:
If the construction was not prestressed, both the soffit plate (1) and the upper girder
(2) would tend to bent downwards whereby the soffit plate (1), because of its higher
self-weight to vertical stiffness ratio, would bent in faster rate than the upper girder
(2) what would activate interconnecting rods (3) to resist their movement apart.
If the construction was prestressed and not loaded, the interconnecting elements (3)
would be compressed, resisting the soffit plate (1) and the upper girder (2) to
approach to each other.
If the construction is prestressed and only upper girder was loaded, compression in
interconnecting rods (3) would increase because in that case the upper girder (2),
due to applied load, bents downwards while, at the same time, the soffit plate bents
slightly upward so the interconnecting elements (3) resist their additional approach
to each other.
If the construction is prestressed and only soffit plate (1) is loaded compression in
interconnecting roads decreases because in that case the soffit plate (1) bents
downwards in a faster rate than upper girder (2) and consequently the distance
between them tends to increase.
In any case, the upper girder (2) acts as a bearing element that bears almost the
entire bending moment whereby elements (3) are constructed so that they are
capable to transmit only a small amount of bending moments to the soffit plate (1)
which is very easy to deflect even under bending moments of very low amounts.
The slender interconnecting rods as a part of the construction play generally a role
of a kind of “passive” connectors which are not stressed significantly at any case of
loading although they interconnect the two massive concrete parts of the
construction, (1) and (2) keeping the distance between them as they tend to get
closer or apart under different load cases. It is also possible to find such a
combination of load and prestressing at which inner forces in some interconnecting

roads are very small or practically equal to zero what emphasizes the difference
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between the present constructions and before compared trusses or tied arch. This
will be clearer in following, when prestressing will be considered.

There are the two available methods of prestressing such constructions whereby
the choice depends on whether we want to get more or less compressed both the
soffit plate (1) and the upper girder (2) or some moderate tension will be allowed in
the soffit plate (1) concrete. If the first option is chosen, it leads to the double

prestressing method case disclosed in HR-P20000906A whereby the upper girder
(2) should be made of two parts with disconnection at the midspan. If the other

option is chosen the upper girder (2) is made in one piece only.
In order to better explain the difference, in following, the case with the girder of one
piece is noted as CASE 1 and the case with two part upper girder is denoted as
CASE 2. (The CASE 2 is not the matter of the present invention and is only
mentioned here as a possible variant).
CASE 1

This case is illustrated in Fig. 1. As it is obvious from the picture, the upper
girder (2) is made of one part. Its ends (4) may be considered as short consoles (no
matter whether we consider them to be an integral part of the soffit plate or of the
upper girder) that are rigidly connected to the soffit plate (1) and are capable to
transmit the bending moments from the upper girder (2). The upper girder (2) is first
cast in its own mould and then placed into the soffit plate (1) mould. The
prestressing wires are tensioned and anchored at the mould of the soffit plate and
the plate (1) is poured. After concrete hardening, the upper girder (2) and the soffit
plate (1) become connected by a special detail near supports, the prestressing
tendons are released from the mould and the centric prestressing force is
introduced into the soffit plate (1) concrete. The prestressing force shortens the
soffit plate (1) causing thereby a mutual displacément of both its ends (4) of the
upper girder (2) towards each other. Both ends of the upper girder (2) are rigidly
connected to the soffit plate (1) over the long connecting lines so that the bending
moment can be transmitted at such places into the soffit plate (1). Because of their
mutual displacement-deformation both the upper girder (2) and the soffit plate (1)
contribute some part of introduced prestressing force. Considering the support ends

(4) of the upper girder (2) as short consoles that are integral part of the soffit plate
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(1) it is obvious that the shortening of the soffit plate (1) pushes ends of the upper
girder (2) towards each-other whereby the upper girder (2) bents upwards resisting
in that way their common shortening. As a reaction, ends of the upper girder (2) with
major contribution part of the prestressing force push consoles (4), at ends of the
soffit plate (1), rotating their ends and producing negative bending moments in the
soffit plate (1) bending it upwards. The interconnecting rods (3) between the soffit
plate (1) and the upper girder (2) are thereby exposed to a slight compression as
they resist their approach each to other. The soffit plate is prestressed directly what
prevents cracks to occur in the concrete caused by high level tension but the main
effect is the upward deflection of the, thin and slefder but weighty, soffit plate what
is achieved due to indirect passive reaction of the upper girder (2) that act to both its
console-like supports. Hence, the effect of pushing ends is achieved in the same
manner as it was achieved in abovementioned HR-P20000906A. The long and
slender soffit plate (1) bents in faster rate than the upper girder (2) so that restricted
differences between their deflections cause compression in interconnecting rods
(3).
CASE 2

According to what was described in application HR-P20000906A, the upper
girder (2) was made of two parts and prestressed by double prestressing method,
performed in two steps, whereby in first step the soffit plate (1) is prestressed
centrically, before the two separated parts of the upper girder being connected at
the midspan, so that the first prestressing does not induce any stresses in
disconnected halves of the upper girder. In the other step at the interrupting point of
the upper girder at the midspan the steel wedge driven into a special detail causes
effect of both-side pushing apart of supports deflecting thereby the soffit plate
upwards due to rotation of its ends.
In both compared methods the negative bending moment is achieved through
rotating ends of the construction to accomplish the upward deflection. But there is a
significant difference between the CASE 1 and the CASE 2 that allows us to
prestress the construction with smaller or larger force spending thereby more or
less prestressing steel,
In practice, in some cases, each of the two considered methods may have some

advantages or disadvantages or can be restricted by different reasons.
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The CASE 1 generally requires application of a larger amount of the
prestressing force than the CASE 2, the force that is capable to shorten the soffit
plate (1) and to bend upwards the upper girder (2) simulténeously. The soffit plate is
then stressed at the high compression level so in that case an increased expense
occur that has to be compared to the expense of the case when both the wedge
and fewer cables are applied. If for some reason the soffit plate (1) is not necessary
to be prestressed to a large amount it is reasonable to apply some moderate force
spending thereby Iess cables. In that case the upward bending of the soffit plate

(1) has to be done anyway so the CASE 2 would be more economic.

Of course, there is lots of possible combinations that may appear varying height or
different ratios of the upper girder dimensions, shapes, thickness or width of the
soffit plate or applying different density materials (for instance lightweight concrete),
varying the prestressing force amounts in both elements (1) and (2) whereby some
optimum always exists.
As a special case it is also possible to utilize the combination of both
abovementioned cases whereby the wedge for additional prestressihg is positioned
into connecting detail before the prestressing of the soffit plate is performed so that
the wedge is used after the first prestressing for fine leveling the upward deflection
of the soffit plate.
DESCRIPTION OF THE PREFERED EMBODIMENT

The upper girder (2) is first cast in its own mould and then placed into the
soffit plate (1) mould. The prestressing wires are tensioned on the mould of the
soffit plate (1) and the plate is poured. After concrete of the soffit plate (1) is
hardened both the elements are connected the upper girder (2) and the soffit plate
(1) by special details near the supports. As the soffit plate mould being released the
centric prestressing force is introduced into the soffit plate (1) concrete. Both the
applied amounts of compression and tension must be previously estimated

numerically and decided by an engineer.
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CLAIMS

1. The indirectly prestressed, concrete, roof-ceiling construction with flat
soffit, as a prefabricated building element for constructing industrial large-span
buildings, characterized in that comprises the distinct wide and thin concrete plate
(1) the thin walled inverse “V” shaped upper girder (2) both interconnected by space
distributed slender steel pipe-rods (3) whereby the soffit plate is prestressed

centrically.

2. The principle of prestressing the roof-ceiling construction according to
claim 1, characterized in that the soffit plate (1) deflection control is performed by
the indirect prestressing whereby prestressing of the soffit plate (1) causes the
passive reaction of the upper girder (2) towards both its ends (4) bending in that

way the soffit plate (1) upwards through rotating its ends.

3. The stabilizing principle of the roof-ceiling construction according to claim
1 and 2, characterized in that the upper beam (2) is prevented against lateral
buckling by means of inclined space-distributed, steel pipe-rods (3) with rods (3)
following the slope of the inverse “V” cross section of the upper girder (2) whereby

the thin walls shorten the effective length of rods (3).
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ABSTRACT
The indirectly prestressed concrete roof-ceiling construction is prefabricated element
for constructing industrial large-span buildings. The construction comprises distinctly
wide and thin concrete soffit plate (1) and the upper concrete girder (2), of the inverse
“V"-shaped cross section, interconnected by slender steel pipe-rods (3) that are used
to stabilize the upper girder (2) against lateral buckling and to prevent parts (1) and (2)
to get closer or apart each to another. Prestressing of the soffit plate (1) causes
compression in the upper girder (2) which passively (indirectly) pushes the ends of the
construction, acting on some eccentricity over the center of gravity of the cross
section, causing rotation of its ends bending in that way the soffit plate upwards. There

are two efficient methods of prestressing these constructions.
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Fig. 1

Fig. 2
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Fig. 3

Fig. 4
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