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Abstract. Pneumatic cladding element for the long span cable
roofs was considered. The pneumatic cladding elemeis formed
by the generally woven by the basket weave fabriacdm the
Vectra (LCP) yarns, which is covered by the
PoliTetraFluoroEthylene (PTFE) copolymer foil, and compiant
contour, consisting from the several glued togethelayers of the
mentioned covered fabric.

The design procedure of the pneumatic cladding elemewas
developed. The dependences of the materials consumapt of the
pneumatic cladding element on the internal pressuref the air
and relations of maximum deflection of the surfacef pneumatic
cladding element to it dimension are obtained.

It was shown, that the using of pneumatic claddinglement
instead of rigid ones, enables to decrease energynsumption on
the transportation and assembling more than four tines.

Keywords: cable roof, tensioned fabric, internal pressure of
the air, rational geometrical parameters

INTRODUCTION

Cable roofs are characterized by the decreasedriaiate
consumption because nearly all it main load beauinits are
tensioned. Cable roofs can be divided into the jgsou
depending on the type of cladding. It can be rigidments
working at bending. Reinforced concrete slabs,ijgdfmetal
sheets, several types of composite units thatrereexamples
of rigid elements for cable roofs cladding. Suckenants
mainly are used for the permanent structures arel
characterized by the comparably big materials compsion.
Materials consumption for the rigid cladding elemserthanges
within the limits from 25 to 300 kg/mfor the permanent
structures and from 0.5 to 15 kdfrfor makeshift ones [1].

Tensioned fabric is other type of cladding for eabbofs
and membrane structures, where high strength rakgeran
be used in the full scale. Decreased materialswwopson and
dead weight in combination with the increased nitybiére
the most significant advantages of tensioned fabscthe
cladding element material.

Probability of wave development at some parts fcstire
after design vertical load application is a seriposblem for
tensioned fabric claddings. Other parts of claddaagn be
over-strengthened in this case.
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Fig.1. Prestressed element of cladding: 1— calfltiseonet; 2 — load-bearing

a

acrable; 3 —tensioned fabric; 4 — central pillar;height of prestressed cladding

element;a— dimension of cladding element

But pneumatic cladding elements, where all thesuaite
tensioned, cause the bigger interest (Figure 2) tu¢he
absence of compressed units.

The preferable shape of the surface of pneumatiddahg
element is a spherical one [3]. The pneumatic d¢fadd
element is formed by the tensioned fabric, and dizmp
contour, consisting from the several glued togethgers of
the mentioned fabric. The pneumatic cladding eldnisn
prestressed by the internal pressure of the aie. ddmpliant
contour is joined directly with the cables of saddhaped
roof.

Correct choice of pneumatic cladding elements hedgid

Development of cladding element with the increaseihternal pressure of the air enables to minimizetenias

compliance and enough strength is probable wayixtahie
problem together with the cladding's
Combination of rigid and compliant elements alspassible
[2]. Prestressed cladding element is formed by Ided-
bearing cables, tensioned fabric and central pillar

consumption. But the dependences of pneumatic itigdd

prestressinglement prestressing level and it height on theerial$

consumption must be determined for the purpose.

51



Scientific Journal of Riga Technical University
Construction Science
2010

Volume 11

Fig. 3. Design scheme of pneumatic cladding elénpgr- internal pressure
- of the air; r — radius of pneumatic cladding element surfacédjerot
designations as in Fig.2.

Following assumption are taked into account during
formation of design scheme.
- Design vertical load is applied as the pointwise
forces to the nodes of the design scheme.
- The displacements of support points of
prestressed cladding element are neglected.
- Tensioned coated fabric is considered as
l l totality of yarns in warp and weft directions mdddl
a by the universal nonlinear spatial cable finitensdat

bl =
LINK 10 with specific bilinear stiffness matrix, \wdhn
Fig. 2. Prestressed element of cladding: defines that the element works in tension only @uth
1- cables of the net; 2 — compliant contour; 3 veced fabricia — dimension bending stiffness.

of cladding elementh — height of pneumatic cladding elemeint; maximum

deflection of the surface of pneumatic claddingrelat. B The modulus of eIaS“C'ty and tensile strength

of coated fabric on the base of Vectra (LCP) yamnd

So, the aim of the paper is to evaluate the depeedeof PTFE coating were evaluated basing on the assumptio
pneumatic cladding element prestressing level ahdight on that the properties are mainly determined by the
the materials consumption. Rational from the pointiew of characteristics of the base fabric [4-7]. _
materials consumption height of cladding element iaternal Previous evaluation of the covered fabric crossices

developed. internal forces were determined by the equatiohsuid (2)

and must not exceed the tensile strength of cdatadc in
warp and weft directions.

DESIGN OF PNEUMATIC CLADDING ELEMENT N, =r -(0.5pa + Ww- ﬂl) <N, )
Coated fabric on the base of Vectra (LCP) yarns RREE
coating are considered as the main structural maéddi]. . )
The design procedure of the pneumatic cladding etém N, =r (O.5pa tw ﬂZ) < NY' (@)

can be divided into the following stages:
- development of the design scheme of N;andN, - internal forces, which act in covered fabric in
pneumatic cladding element; warp and weft directionsN, and N, - tensile strength of
- determination of loads, acting on the pneumaticcovered fabric in warp and weft directions;— radius of
cladding element; pneumatic cladding element surfapg;— internal pressure of
- previous evaluation of the pneumatic claddingthe air; w — negative wind pressupg;and f, -factors, which
elements units cross-sections; depend from the dimensions of pneumatic claddiegreht.
- analyze of the prestressed cladding element by
the program ,ANSYS” and correction of previously The values of internal forces, which act in covefadatic in

determined cross-sections of units. warp and weft directions, mainly depend from théeerinal
The design scheme of pneumatic cladding element igressure of the air.
shown in the Figure 3. Tensile strength of coated fabric on the base oftide

(LCP) yarns and PTFE coating were evaluated basinthe
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assumption, that the properties are mainly detexchioy the LS P, kg/m?
characteristics of the base fabric. s

The tensile strength of coated fabric was deterch[B¢ for
the basket weave case. N °

Quasi instantaneous tensile strength of fabric arpwand f ,5 |
weft directions (kN/m) was determined using the : i
recommendations [9Hepending on the breaking force of i
fabric in both directions. 2

EVALUATION OF RATIONAL PARAMETERS FOR PNEUMATIC
CLADDING ELEMENT

The interaction between the materials consumptibthe
pneumatic cladding element, from one side, andrrate
pressure of the air and height of cladding elemieomm other,
were obtained by the numerical experiment. Usicgraputer
program “ANSYS” the numerical experiment was cafraeit.
The numerical experiment was combined with
determination of tension forces, acting in the snif
pneumatic cladding element under the main load @aation.
The main load combination includes dead weightlafiding
element, accidental snow load which is equal to KR2a or
negative wind pressure, which is equal to 0.2 KRternal
pressure of the air changes within the limits frorh0 to 0.20
MPa.

Pneumatic cladding element is a unit of claddingautdle-
shaped cable roof. The cable roof was 50x50 m am mlith
the rational geometrical characteristics: the ahitieflection of
contour cables was 8.6 m, the initial deflectionsa$pension
and stressing cables 20 m and the step in plamedftter ones
was 1.414 m [10]. The displacements of cable netadflle —
shaped roof were not taked into account.

The dimensions of considered pneumatic claddingete
were equal tol.25, 2.50 and 5.00 m. The relatiohs
maximum deflection of the surface of pneumatic diag
element to it dimension changes within the limitsni 0.167
to 0.501. The height of pneumatic cladding elenieegual to
double maximum deflection of it surface. The maler
consumption was determined as the dead weight edfipatic
cladding element, related to the covered area.

The dependences of the materials consumption of
pneumatic cladding element on the internal presstitbe air
and relations of maximum deflection of the surfack
pneumatic cladding element to it dimension are shomw
Figure 4.

The material consumption of pneumatic cladding eletm
changes within the limits from 0.833 to 1.894 kg/ftom
1.668 to 4.404 kg/fmand from 3.334 to 8.820 kgfrfor the

elements with the dimensions 1.25, 2.50 and 5.00m,

correspondingly.

It is interesting to compare the dependences addafor
the pneumatic cladding element and for prestreskttiing
element [2]. The dependences of the materials copton
of the prestressed cladding element on the level
prestressing of tensioned fabric and height of tpeesed
cladding element are shown in Fig.5. The dimensidn
prestressed cladding element is equal to 2.5 m.
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Fig. 4. The dependences of the internal pressutieeoirp, and relations of

thenaximum deflection of the surface of pneumatic diad element to it

dimension f/a on the materials consumptioR: 1 - the dimension of
pneumatic cladding element is equal to 2.50 m; the dimension of
pneumatic cladding element is equal to 1.25 m

The surface 1 in Figure 4 and 2 in Figure 5 shdudd
compared. The materials consumption changes withé
limits from 0.368 to 0.633 kg/min the case, when the
displacements of cable net were neglected (seacau in
Figure 5). It is from 4.53 to 6.96 times less imMmparison
with the pneumatic cladding element. The significan
difference can be explained by the differencesianlévels of
prestressing for the pneumatic and prestresseddiopd
elements. Internal pressure of the air for pnewnetdding
element changes within the limits from 0.10 to OMBa, but
probably this level can be decreased.

the

Fig. 5. The dependences of the heighdf prestressed cladding element and
gével of it prestressingn, on the materials consumptio®: 1 - the

displacements of cable net of saddle — shapedwer# taken into account; 2

- the displacements of cable net of saddle — shapafdwere not taken into

account

53



Scientific Journal of Riga Technical University
Construction Science

2010

Volume 11

The dependences, which are shown in Figure 4, were Pmm,kg/mz 1

determined
functions:

in the form of second power

P:Q+Q£+Qg+

f

+ PR
b,

P+ Ql(iajz + b, R’

(3)

The coefficients of equation (3) were determineglgpg

the method of experimental design and are givethéntable

1.
TABLE 1
Coefficients of the equation (3)
Values of coefficients for the dimensions of
pneumatic cladding elements, m
Coef. 1.25 2.50 5.00

by 0.9675 1.8932 3.8214
b, 5.5603 5.4960 5.4448
b, 11.1694 22.6689 44.2445
by, 3.8212 3.8332 3.9532
b1 6.6721 3.3015 1.6397
b,, 0.2000 1.2000 2.1333

The coefficients of the equation (3) were deteedirior
the case when the units of the internal pressutbeofir and

materials consumption are MPa and kg/raspectively.

Rational from the point of view of materials conqition

polynomial 7
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Fig.6. The dependences of the minimum materialswoptionPmi, on the
dimensions of the pneumatic cladding eleneerit — internal pressure of the
air is equal to 0.20 MPa; 2 — internal pressurthefair is equal to 0.15 MPa;
3 —internal pressure of the air is equal to 0.1aM

Materials consumption of the pneumatic claddingnelet
is comparable with the materials consumption fer éRisting
makeshift structures. Using of pneumatic cladditgments
for the permanent structures is a question fordiseussion.
But materials consumption can be decreased mone 4he
times in the case. Correspondingly decreases energy
consumption on transportation and assembling. Simguof
pneumatic cladding elements instead of rigid omexbkes to
decrease pressure on the environment.

CONCLUSIONS

Pneumatic cladding element on the base of Vectracfa
coated by the PTFE foil, was considered. So, usifig
pneumatic cladding elements instead of rigid onesbkes to

values of internal pressure of the air and relatiohmaximum decrease more than four times energy consumption on

deflection of the surface of pneumatic claddingredat to it

transportation and assembling. Approach for thegdeyy of

dimensiorwere determined by the system of equations (4) amheumatic cladding element for cable roof was ssiggk
then corrected by the inspection.

a
oP

op,

oP f
_f:b1+b12pa + ZthE:O’

f
:bz +b12€+ szzpazo-

(4)

Mechanical properties of prestressed fabric weraluared,
basing on the properties of separate yarn.

The dependences of the internal pressure of thearar
relations of maximum deflection of the surfacettdimension
on the materials consumption were evaluated for the
pneumatic cladding elements. It was shown, thatheerial
consumption of pneumatic cladding elements chamgésn
the limits from 0.833 to 1.894 kgfmfrom 1.668 to 4.404
kg/m?and from 3.334 to 8.820 kgfrfor the elements with the
dimensions 1.25, 2.50 and 5.00m, correspondingly.

The dependences of the minimum materials consumptio The dependences of the minimum materials consumptio

on the dimensions of the pneumatic cladding elenfent
different values of the internal pressure of theaa shown in

Figure 6.

It was shown, that the rational, from the pointvaw of
materials consumption, relations of maximum deitectof

on the dimensions of the pneumatic cladding elemerre
evaluated. It was shown, that the rational, from ploint of
view of materials consumption, relations of maximum
deflection of the surface of pneumatic claddingreat to it
dimension are within the limits from 0.32 to 0.4rfo

the surface of pneumatic cladding element to itetigion are 1-25x1.25, 2.50x2.50 and 5.00x5.00 m cladding efgsne

within the limits from 0.32 to 0.4 for 1.25x1.25,50x2.50

and 5.00x5.00 m cladding elements.
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Dmitrijs Serdjuks, K arlis Rocens, Raimonds OzoiiS. Stieptie norobezZojoSie elementi vanSuagkr ajumam

Darba apskats vansu prklajuma pneimatiskais norobeZojoSais elements. Pnisikaid elements veidots no Vektrana groza pinumdekla ar
politetraftoretiena mrklajumu. Elementa pdavigais atbalsta konts veidots no vaiikiem ko saiméetiem Vektrana audeklaziiem.

Pneimatisk norobezojo# elementa agkins satur sekojoSus posmus:

pneimatisk norobezojos elementa agkina sttmas iz\éle;

slodzu apgkins;

apakSelementk8rsgriezumu nortéSana;

pneimatisk norobezojos elementa agkins, izmantojot datora programrAINSY Sar apakSelementl&sgriezumu korekciju.

legita sakaiba starp pneimatigknorobezojof elementa mateiiu pagrinu, gaisa prspiedienu un pneimatislelementa malas attig pret & virsmas izlieci.
Gaisa prspiediens mais robeis no 0.101dz 0.20 MPa. Pneimatisknorobezojof elementa malas attigoa pret to virsmas izlieci mais robeis no 0.167
lidz 0.501. PneimatigknorobeZojo# elementa mateiiu patrin$ mairis robes no 0.833itz 0.894 kg/riy no 1.6681dz 4.404 kg/rhun no 3.334itiz 8.820
kg/n? elementiem ar malas izmem 1.25, 2.50 un 5.00 m.

Darha paadits, ka pneimatisk norobezojo% elementa pielietoSana dos igispvairak ka cetras reizes samazinmaterilu pagrinu, saidzinot ar stingiem
norobeZojoSiem elementiem.

Jmurpuii Cepaok, Kapauc Pouenc, Paiimonac O3onunbi. PacTsaHyThbie orpakiawuye 3J1eMeHThI 1151 BAHTOBBIX NOKPBITHIT
[THeBMaTHUeCKUH OTpa)kJaylIHid 3JIEMEHT Al OOJBIICTIPOJICTHBIX BAHTOBBIX IOKPHITHH PAacCMOTPEH B JaHHO# pabore. [THeBMaTHueckuii orpaxpayrimit
9JeMeHT (HOPMHUPYETCS BEKTPAHOBOH TKaHBIO MOJIOTHSHOTO meperuieTeHust, NokpeiToi [lomuTerpadTopDTUIICHOBOH IIEHKON, M MOAATIMBBIM OINOPHBIM
KOHTYPOM, 00pa30BaHHBIM HECKOJIBKUMH CKJICEHHBIMU BMECTE CJIOSIMU BBILIECYTTOMSHYTOH TKaHU.
Pacyer mHEBMaTHUYECKOTO OrpaskIaroONIEro MIEMEHTA BKIIOUACT CIICAYIOIINE dTaIbL:

- IPUHATHE PACUETHOI CXeMbl THEBMAaTHYECKOTO OTPa<IaloIIero dJIeMeHTa;

- pacyeT Harpys3ok, JIeHCTBYIOIMX Ha THEBMATUYECKUI OrpaXkJatoIuii SJIEMEHT;

- TIPEABapUTENbHBII PacUeT MONEPEUHBIX CEYCHUI Cy0-2IEMEHTOB;

- pacyeT MHEBMATHYECKOTO OrPa)kJaloLIero MIEMEHTa ¢ HOMOIbI0 poramMmbl ,ANSYS” 1 Koppekuus epBoHaYaaIbHO IPHHATHIX CEUCHUIN Cy0-2IIEMEHTOB.
[onyueHa 3aBUCUMOCTb pacxo/ia MaTepuasa MHEBMaTHYECKOT0 OrpaskAAIOILEro JIEMEHTa OT N30bITOYHOIO IaBJICHUS BO3/1yXa U OTHOLIEHUS CTOPOHBI DJIEMEHTA

K BBITHOY €ro IoBepXHOCTH. BenmunHa H306ITOYHOTO0 JaBIeHHs Bo3ayxa MeHsIach B npefenax oT 0.10g0 0.20MIlIa. OTHomeHHE CTOPOHBI 2JIEMEHTA K BEITHOY

€ro TOBEPXHOCTH MeHsToCh B mpeenax ot 0.167m0 0.501. Pacxo MaTepuaioB MHEBMATHIECKOTO OTpakaaomero anementa mersuics ot 0.83310 1.894kr/m

2

1 ot 1.668110 4.404xr/M?u ot 3.334110 8.820kr/M? 115l HNEMEHTOB C pa3mepamu B riane 1.25, 2.5Q1 5.00M, cOOTBETCTBEHHO.
IMoka3aHo, YTO WCIOIH30BAHUE THEBMATHYECKOTO OTPAKIAOIIETO dJIEMEHTa BMECTO )KECTKOTO, TO3BOIISIET GOJIee YeM B UETHIPE pa3a CHH3UTH PACXOJ IHEPTHH
HA TPAHCIIOPTUPOBKY H MOHTAX.
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