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Pneumatic formwork with variable elevation for
concrete shells production technology

Vitalijs Lusis, Riga Technical University

Abstract: There is evaluated fibro concrete shell  production
technology in pncumatical formwork with changeable Hfting in
the articke, There is amalyzed both the curremt sitoation and
future s ishons of this field,

There are considered shell development technology features in
the article. There is cvaluated technical and economical
effectiveness of concrete shells with thin walls, Now ppeumatical
systems from Oevible materials are deseloping and improying,
there b a greal potential followed by modern events in concrete
technology, Tor instance, fibro concrete and selfoscaling concrete

development,
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INTRODOCTION

Nowadays one of the main constructive materials in the
building sphere s o precad concrele  and  castsineplace
concrete. It ds well influenced by scienific rescarch basis,
development and implementation of progressive technologics.
The concrete it 1s an ieal moaterial with practically unlimited
number of shapes. A nomenclmure of concrele  anticles
mcreases, it s working on different shape formation and
provessing. Obviously that is the reason for congrete to be the
most widespread constructive building materinl all over 1he
world,

A rapid development of congrete sphiere i affected by
vatlows interconnected factors, One of them Is manufacturen'
cllorts 1o achieve a bigger materinl strongth, 10 decrense
concrete weariness. In the result there appear thinaer concrele
stroctures in boilding sphere, lghter pancls, shells used in
bearing structures o clements, which to be served in rather
complicated environmental conditions,

SHELE PRODUCTION THCHNOLOGY IN PREUMATK FORMWORK
WITH CHANGEALE LIFTING

One of the most successful of fibro concrete usiage samples
i Latvia could be found in Ventspils, Kalign parks, shercas
warchouses are made of fibro concrele, in shape formation
there are wsed poeumatic formwork. (Nig. 1)

An important argument it is economy of fibro concrete -
there iy a real cost economy, when you don’t need ordinnry
fittings, and employees” wages -~ you don't need to pay to
fitters

Nowadays ot building different Kind of concrete and
ferroconcrete shells are made of hard material formwork,
which are wsually composed of various small form plate or
cylindrical clements,

Teaditional  formwork  technologies  are  eather  labours
consuming. plane and cylindrical curved form clements are

badly adjustable in two directions for cresting surfaces of
curved shells.

Forms composed of plate elements don’t allow 10 get shell
surfaces curved in both directions the same about small arcas,
and thus for hiding its concrete footprinty it is necessary 1o
make extra finishing works that makes building more
cxpensive.

A restricting fisctor connected with accepting concrete’s
free form in designing it is capacity and system forms
adjustment, but any changes of formwork forms or surface
structure can be considered as complicated, time-consuming,
worksconsuming and a8 a result financially unprofitable.

New form architecture bas got a thin concrete shell created
In the form of eylimbers, circles, paraboloids and hyperboloids

In order 10 achieve required geometrically complicated
forms and surfaces of textured concrete it Is necessary a
fexible and adjustable formwork system [4)

Poeumatic  formwork  with  changeable  lifting  form
adjustment  and  adjustment  abilities  allow  using  them
effectively as complete flexible and adjustable formwork
systems, in onder o create  geometrically  complicated
architecture forms, af the same time not bosing the strength
Indexes of constructed surfaces

The offered new technology is foreseen for plain wall
structures, that allows (o ¢reate and have different shells,
Including domelike structures, in one direction curved shell, in
two directions curved shell ete., for example, for building roof
covering structures (fig.2). Its fiekd of usage s manufacturing
and building of concrete and fibro concrete peecast and
monolith shells
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Usage of pocumatic formwork in concrete surface plain
wall building allows wus 10 reduce labour-intensivencss
(formwork preparing. reinforcing and concrete works), thanks
to simple constructive solutions,

Current technological processes of conerete shell;

1. Technological process of concrete shell creating 2]
according 1o which, first of all, there is attached, pressurized
and filled with air a pneumatic formwork and there is attached
on it metal reinforcing cage corresponding to the shell form,
Then there is lakd small-grained concrete mix on the formwork
layer by layer. Each next layer is laid after the previous one
has been hardened. The formwork keeps the pressure which is
necessary for concrete layer weight carrying withow any
deformations and it is kept during all concrete hardening
process. After concrete being hardened the air is let out from
the formwork and the shell is demolded.

2. Itis known a shell creating technological process, when
there i lald reinforcing cage on unfilled by air ppeumatic
formwork, then the formwork and construction are risen to the
desired height and there is o start of concrete works.

300 1 is keown also fibro concrete creating technological
process [ 1], where there is no laid reinforcing cage on fitled
pocumatic formwork, but lays fibro concrete layer by layer.
The same as in the previous analogue sample 2], it is being
hardened withowt any  deformations and the shell being
demolded,

4 Iis known concrete and fibro concrete shell creating
process, which is fulfilled on pnoumatic formwork [§), and
sccording 1o which filled pneumatic formwork interior cover
is laid by adhesive small-grained concrete mix layer by layer,

Then the formwork (s not taken out, i is Kept together with
the shell and in future it serves like damp conrse and exterior
finishing layer,
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There are the following  weaknesses of technological
PrOCEsses:

1. While doing concrete works it is not possible 1o control
and provide efficiently the thickness of lald concrete mix
neither layer by layer, nor the whole shell in general,

2. The lack of the method Is reinforeing tight connection
1o pocumatic formwork material and therefore there is a high

its domage possibility, it is also creates obstacles for creating
concrere protective layer of reinforcing cage and affects
ingreasced concrete and reinforcement consumption.,

3. After finishing concrete works it is rather complicated
to smooth and polish the last layer, because shell surface is
usually curved in two directions, for instance, parsboloids,
circle or ellipsoid surface.

4. For shell concrete works usage of known methods
allows 1o apply only concrete mix laying methods, for
instance, humid or dry filling method.

The use of a pnecumatic mold reduces employee expenses
sighificantly and widens architecture choice in creating
complicated surfaces, It can be used for creating structures
with thin walls in order 1o create curved architecture shaped
arches and domes.

Usage of pneumatic formwork most of all allows 1o
industrialize dimensional building concrete structures, its
usage advantages is as follows:

1. Flexible shapes (being curved created surfaces are of
architecturally and technologically complicated shapes):

2. Smooth concrete surface quality;

3. Transporting: formwork weight and volume of tissue is
very small comparing to wooden or steel formwork

PNIUMATIC FORMWORK

Pocumatic formwork made of airprool material which
takes o desirable shape creating an alr pressure.

The most often used pocumatic formwork material is of
special  rubber  (rubberized matenial) or  synthetic  fibro
matertal, which fulfills constructions by features for iage in
different temperatures (the chosen material should correspond
1o the purpose of the definite task and there should be
provided work capacity in o wide exploitation range of work
regime),

Despite the purpose of poeumatic formwork and their usage
conditions, the material of pneumatic formwork structures
should have a sufficient tensile strength (calculated) and low
welght, should be resisting to weather impacts, Hexible, with a
minimal gy peemeability, freprool (ot least the material
should be fire extinguished), heatproot and frostresisting. The
requirements are fulfilled when using composite materials
(created on synthetie fibro basis),

The pneumatic formwork structures have got obligatory
technival requirements; ale tightness, ability 10 take tension
forces, a high tensile strength (formwork's second time wsage
depends on i), o high Young's module (to reduce formwork
materinl deformations after concrete works), a good fitted
quality that allows separating off the concrete,

I order 1o separate easily the formwork material sticked 1o
the shell's internal surface, it is necessary 1o mount valve in
shell conerete.

In order o reduce o avoid concrete sticking 0 formwork
material and simplify congrete shell and concrete strugture
separating off, there nre laid special lubricants on paeumatic
formwork surfiaces before starting concrete works

Lubricants must coerespond 10 the following requirements:

1. They can be laid by brush or spray;

2. Flrestesistance;

3. Eeonomy amnd accessibility.
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In 2010 there arc completed pilot experiments in the Riga
Technical university laboratory in order to create such a
concrete shell production technoblogy process which wouldn't
have any described faults.

In this case there was produced a pacumatical formwork
with changeable lifting. Formwork construction:  vencer
1000~ 1000 I Smm, rubber sheet 1000x1000mm, height of
frame borders is 15 mm,

Tasks of laboratory  experiments:  production  and
achiovement of different kind shells, including dome-shaped
coastructions, ¢learing up the shell production technological
features and technological process advantages, effectivencss, a
visual attraction and advantages of products

THERE IS COMILETED AN EXPERIMENT IN THE LABORATORY
TECHNOLOGIC AL PROCESS OF CONCRETI SHELL
PRODUCTION FOR INELMATICAL FORMWORK WITH
CHANGEARLE LIFTING [4)

Tog b Pocomats Formwork conminktim

1. There is lakd unfilled flexible matenial on & flar and
heemetically sealed surfuce, pocumatical formwork. Iis sides
have been fixed to the pedhmeter of the next shell, if a
formwork is composed of one hermetical layer, its slde
connections are scaled with the formwork basis surface.
Formwork surface s planed and steetched out so that it doesn't
have any folds (fig.3):

2.0 The shell's lower layer ¢an be reinforced by o fexible
matctial, for instance, glass o synthotic material net. In thiv
case before concrete works it ds lald on o Dat Tormwork
surface (g 4y

Ao There s Ind a concrete or fibro congrete mix on
prepared formwork flat surface and it is smoothed (fig $)

4. Dunng the technological process of concrete shell
creating it s possible 1o reinforce shell's upper layers by
Nexible material net before formwork blowing up there Is laid
and pressed in o fexible material reinforcement on a new
concrete surface, for instance, ghs fibro net;

S 10 by necessary the upper layer laid on unfilled
formwork concrete layer is polished:

Fig & Technological prosess of sonerety sbell crvarmg
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6. Lifting pncumatic formwork should be finished before
starting concrete mix hardening (fig.6). Not allowing the
concrete mix hardening start, the air is pumped into the
formwork, the formwork surface is curved and lifted till
defined shell dimensions. A fresh concrete shell lifting is done
by such speed, when tension pressure in a fresh concrete mix
can be relaxed so that mix tension deformations wouldn't
increase its limits of deformations, so that there won't appear
technological cracks on shell surface. For increasing limits of
deformation of a fresh concrete there are used specinl
supplements in its mix, for instance, various desired water-
soluble polymers or waterproof polymer emulsions. There are
also used different kinds of maternl fibro reinforcement in
concrete mix, which after concrete hardening improves ity
constructive features.

To avoid concrete rapid hardening the shell surface
immediately afler creating desired layer thickness is covered
by protective coat (or spraying) protective layer which
prevents an intensive water vaporization. For this purpose
there are used special waterssoluble polymers or waterproof
polymer emulsions,

7. The shell is  hardencd  preventing  formwork
deformations and therefore during concrete hardening the air
pressure in formwork is controlled, as well as it should be
unchangeable, the best i 10 make it automatically using
contact manometer, pressure relay and compressor;

£ it s necessary in order 10 achieve concrete
technological strength the shell is demolded and the air s
released from pacumatic formwork (fig.?).

In order to separate casily the formwork material sticked to
the shell’s internal surface, it is necossary 10 mount valve in
shell concrete through which pumping alr, the formwork
material is removed from bardened concrete internal surface
OF KIS remained as steam insulation or as o finishing layer,

9. The formwork can be used time after time for a long
time, but shells for concrete hardening can be used only for
necessity, for instance, transport of necessary strength, or also
I achieving necessary comtructive strength indexes (fig 8),

Technological process of concrete shell creating. including
concrete mix preparing, laying on pncumatic  formwork
surface, hardening and demolding, is different from that
congrete or fibro concrete mix layer is laid on unfilled and faid
pneumatic formwork, concrete fayer surface 1s smoothed and
then before concrete hardening the air s pumped into
formwork and it is lifted till definite shell dimensions, during
concrete  hardening  the constamt pressure is saved in
formwork, after hardening the air is relessed from formwork
and the shell is demolded.

The results of laboratory experiments have proved that the
technology can be used for both concrete and fibro concrete
shell production and construction

New  concrele  shell  construction  technology  using
pneumatic formwork provides shell with a smooth internal and
smooth and polished external surface.

It can be used in manufacturing and building of concrete
and fibro concrete shells,

The offered technology is also flexible, because changing
Nexible formwork shapes it is possible to get concrete shells
of different shapes - different kind of domes and arches,
which geometry can be composed so that shell’s curving
moment in both directions would be minimal or prevented ot
all, Therefore it is possible to compose shells with minimal
thickness, even lighter and cheaper, comparing to traditional
building technologies,

As an advantage can be mentioned pocumatical formwork
composed of Nexible materials for creating concrete shells
with thin walls and both building materials and equipment
manufactured in Latvia usage.

The factor that affects concrete development is cconomy,

Scarching for more cost effective and qualitative solutions the
manufacturers as concrete raw materials use various industrial
wiastes, try 1o save money on the account labour force.
In this way the offered technology with pneumatic formuwork
usage reduces several times labour-intensity and time of
comstruction works, reduces concrete and steel consumption,
building expenses,

Fig X The goonese abeil hundoning is contmuad Tl neoesan tochaohapcal
srompth
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CONCLUSIONS

Economical effectivity for a wide invention of progressive
constructions with a modern design ot new construction
building principles where as formwork are used pneumatic
systems composed of flexible materials.

Pocumatic formwork with changeable lifting give new
opportunitics in modem architecture, which is impossible
using traditional formwork.

Using building practice of pneumatic systems from flexible
materials allows 10 speak about its advantages, emphasizing
the most effective usage sphere of pneumatic systems,
nevertheless its labour-intensity, small weight, possibility of
multiple usage affects positively its usage in building sphere.

Usage of pacumatic formwork develops usage of resource
saving methods in building of both dimensional and plane
constructions.

Existing  views about techniques and  technology  of
constructions building from monolith concrete mostly is based
on plane  construction  building  experieace.  Pncumatic
formwork with changeable lifting provide an ideal concrete
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solution for formwork adjustment without any restricting
factors connected 1o complicated geometry.

Nowadays pocumatical systems from flexible materials are
developing and improving, new technologies are created,

The technology has got a big potentinl followed by modem
events in concrete production and development,
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