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RESEARCH OF GEOMETRIC AND INFORMATION
MODELS FOR AWNING STRUCTURES

The article analyzes membrane (awning) structures, which become
relevant due to their cost-effectiveness and the creation of original
forms. The characteristics of awning structures, the possibilities of
molding, the use of various materials and combined options for com-
bining an awning with other materials are considered. Due to their
cost-effectiveness, tent structures are becoming increasingly popular
today, because in modern socio-economic conditions there is a need for
the rapid construction of low-cost buildings to overcome the shortage
of mobile housing and structures for other purposes. In the conditions
of restoration of the lost objects of buildings and structures, the use of
tent coverings is important. Their development was held back for a
long time due to the non-compliance of domestic tent materials with
the high requirements for tent coverings of this type, namely: strength,
durability, color diversity, light fastness, etc. The use of hinged struc-
tures allows you to create small architectural forms and mobile build-
ings that are not only quickly erected, but also easily transformed in
accordance with a change in functionality. This allows you to create
new types of objects, such as stadiums, airports, giant greenhouses, bo-
tanical gardens, warehouses, etc. Modern technologies combine the
advantages of industrial construction methods with the individualiza-
tion of form and open the way to the use of various awning structures.
Membrane coatings, as one of the modern trends in the presentation of
a new form of roofing, create new spatial characteristics of architectur-
al objects. They form expanses freed from bulky internal structures.
The freedom of space determines the flexibility and functionality of its
use, a high degree of adaptation and, as a result, the durability of the
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space and structure. Having a wide variety of forms, this type of coat-
ing has broad prospects for use along with other architectural and struc-
tural systems. To ensure such characteristics, the article proposes an in-
formation model of the proportionality of the elements of the architec-
tural form, established on the basis of the information modularity of the
relations of the elements for the volumetric structure.

Key words: awning structure, simulation, mobile housing, in-
formation model, membrane construction, surface.

Formulation of the problem. Due to their economy and the ability to
create original forms, awning structures are becoming increasingly popular
today [1, 2]. In the socio-economic conditions of modern Ukraine, compli-
cated by the unstable situation in the east and south of the country and the
activity of migration processes, the study of the mobile housing industry,
including awning structures for temporary use is appropriate, especially
given the lack of capital housing available to the public consumer.

In the modern period, there are a large number of interpretations of
the classifications of mobile housing, as the use of mobile housing, its
quantitative and qualitative components are different for different regions
of the world [3]. For refugees whose forced migration is caused by mili-
tary-political reasons and emergencies as a result of natural and man-made
disasters. Express housing during necessary emergency relocations. A
variety of summer and all-season prefabricated awning structures are less
popular for servicemen (pneumatic ones are used less often). All-season
mobile barracks of the modular container type, including those with the
possibility of transformation, are used for long-term deployment of mili-
tary personnel. Ukraine has the potential to use awning structures in the
design of original objects, such as small architectural forms, prefabricated
mobile buildings, which are easily transformed according to the change of
functional purpose and have high aesthetic advantages.

Advanced technologies make it possible to combine the advantages
of industrial methods with the individualization of form [4]. Analysis of
the proportionality of the elements of the architectural form, established on
the basis of the information modularity of the ratios of the elements of the
dimensional structure, allows you to create an information model of mod-
ern awning structure.

Related works. The design of low-budget buildings is relevant at the
moment. They demonstrate the possibilities of implementing modern eco-
nomic construction solutions, and different forms of membrane structures
allow you to create new objects with different spatial parameters. Mem-
brane structures are a very modern type of building structures around the
world [5]. They are based on the principle of fast and mobile assembly /
disassembly of frame and awning structures. Membrane structures are not
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only an effective accent of any architectural exhibition, but also a conven-
ient tool for creating aesthetically pleasing compositions. When modeling
the surface membrane, it is important that the system, which consists of a
shell and a rigid frame is a system with distribution parameters [6]. The
main problem of mathematical modeling is that with a small change in
shape, significant changes in load can occur at individual points. Changing
the parameters at one point in the system changes all other parameters.

As a rule, awning constructions are classified according to the fol-

lowing characteristics:

1.
2.

According to the degree of tightness of the space: open, closed.

In the presence / absence of the frame: frame (aluminum, steel, wood,
concrete, composite, pneumatic frame), cable (system of supports and
tension elements), frameless (air-filled).

By purpose of objects: hotels, shopping malls, exhibition centers, stag-
es of entertainment facilities, congress halls, religious buildings, sum-
mer cinemas, cafes, playgrounds and dance floors, mobile homes for
servicemen and refugees, etc.

By the nature of use: elements of the facade of buildings, architectural
membrane canopies, entrance portals, architectural installations, sun
protection facade systems, interior decoration, etc.

By degree of seasonality: summer, year-round.

By degree of mobility: stationary, transformed.

Membrane (awning) structures are structures consisting of two main

components: a metal frame and a coating of fabric or film (Fig. 1).
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Metal frame awning structures open up unlimited design possibilities and
allow to apply graphic images on their surface, which makes them very con-
venient for use in advertising and in creating festive interiors. Metal structures
are building structures used as load-bearing in the frames of various buildings
and engineering structures. Usually, such constructions from profile pipes are
executed. The use of this material has no restrictions and allows you to create
high-strength structures that are not prone to deformation. The membrane of
the awning structure is under the action of tensile stress and does not carry any
compression or bending stress. The stability of such surfaces is their anticlastic
curvature, which allows the membrane not to lose its shape [7]. Designs of
awnings, the basis of which is a metal frame, allow you to create buildings of
different shapes, sizes and purposes (Fig. 2).

Fig. 2. Awning structure of Oktoberfest in Munich

The use of awning structures makes it possible to create new types of
objects, such as giant greenhouse coverings, botanical gardens, mobile
homes for servicemen, refugees, etc. The use of this type of structure al-
lows the architect to create an optimal system-organized environment of
any size — from small architectural forms to large-scale complexes.

The originality of the architectural image of awning objects is
achieved due to the specific properties of the main element — mechanical-
ly stretched (stressed) shell. The stability of the geometry is ensured by the
shape of the surface of negative Gaussian curvature.

The shape of this surface is determined by the geometry of the sup-
port circuit, the conditions of prestressing and attachment to the load-
bearing structures of the coating on the circuit. Even a slight change in
these conditions leads to the creation of a new surface shape with different
values of surface area [8], internal volume and conditions of mechanical
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work. This makes it possible to obtain a rich choice of forms, the architec-
tural expressiveness of awning structures [7].

The membrane of the awning structure, the shape of which from the very
beginning corresponds to the minimum surface [9, 10], that is, one that has
already taken an equilibrium state, has the same tension at any point.

The process of constructing a membrane pattern begins with cutting
the surface in the CAD system into its component parts [2]. Next, each of
the parts of the surface is mapped to the plane using a certain method of
flattening [11] and forms a flat figure.

The minimum surface [12], characterized by a nonzero Gaussian
curvature, is non-expandable, which means that it cannot be flattened
without distorting areas and angles. Stresses that cannot be compensated
by elastic deformation of the material, lead to folds, sagging, rupture of the
material [13]. The construction of the membrane pattern is a relevant sub-
ject of research [14], primarily because the shape of the boundary of each
of the flattened parts determines the stress distribution along the mem-
brane [15], and the service life of the entire awning structure.

Implementation of membrane construction projects. One of the
characteristics of awning structures is the proportionality between the
terms of depreciation of the structure and the physical aging of the materi-
al. The development of new types of durable materials and technologies
with the simultaneous combination of metal, glass and awning coatings
managed to achieve a new quality of buildings, elegance of form and vari-
ety of their coverage. This allowed to make adequate technological and
economic changes in the modern dynamic life of society. The develop-
ment of new types of durable materials has changed the attitude of cus-
tomers and architects to such coatings. Nowadays, they are considered not
only as technical objects that are used for some time and then dismantled,
but are perceived as full-fledged structures of long-term operation.

In order to create an original image of the building and reduce its value
in awning architecture, there are various combined options, as well as a com-
bination of awning with other materials (glass, brick, concrete, etc.).

During the twentieth century there was a rapid development of new
construction technologies using advanced materials and structures [3].
Among the materials used for awning coatings, the most common are:
PVC (polyester coated with polyvinyl chloride), EPDM (ethylene-
propylene diene copolymer), PTFE (fiberglass coated with polytetrafluo-
roethylene), ETFE (ethylene ether films).

PVC — fabrics and PTFE — films can be light-blocking and translu-
cent. It is possible to use polymer nets for various purposes with a porosity
of 14% to 60%. Various fillers are used in the manufacture of PVC fabric.
With their help such properties of material as resistance to rotting and fire
resistance are reached.
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When overlapping large spans, awning shells are reinforced (stabi-
lized) by cables (tension system). Implementation of membrane construction
projects requires compliance with the correct sequence of works. At the first
stage with the help of specialized software is a geometric modeling of the
shape of the future shell. Then the loads and effects on the shell are deter-
mined, their analysis is performed. The variety of shapes makes it difficult to
determine the initial geometry of the surface. To determine the final shape
and calculate the stress-strain state of the membrane and elements of the
flexible frame, the finite element method is used, which allows to obtain an
exact solution in conditions of large displacements — geometric nonlineari-
ty of structures. After analyzing the shape of the shell comes the stage of
calculating the cut. It is carried out taking into account the properties of ma-
terials and their load-bearing capacity in each of the directions. The last (fi-
nal) stage is verification calculations, which include a full cycle of studies of
the behaviour of structures depending on various combinations of external
influences, such as gusts of wind or increased pressure inside the shell for
pneumatic structures. To ensure the conditions for further trouble-free opera-
tion of facilities, one of the most important stages of the calculation is the
aerodynamic analysis of the membrane. The developed technique of carry-
ing out numerical researches allows to receive the general laws of aerody-
namic flow of a construction and its behaviour in air streams.

Consider the example of the material of a low-budget awning struc-
ture for servicemen and refugees Table 1.

Table 1
Analysis of the material of the proposed awning structure

Fabric composition: 100% polyester with _100%
polyurethane coating

Surface density, g/m? 130
Number of threads per unit length on the basis, not
less than, threads/cm 270110
Number of threads per unit length on the weft, not 220/10
less than, threads/cm
Tensile load on the basis, not less than, H 1000
Breaking load on the weft, not less than, H 700
Resistance of painting to washing at a temperature 4.5
of 40 Co, class, not less
Resistance of painting to friction, class, not less 4-5
Resistance of the fabric to moisture, not less 4-5
Resistance of the material to abrasion, not less 15000 cycles
Resistance to lubricants, not less 4
Water resistance, not less, mm 1500
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The general practice of determining the spatial configuration of the
awning structure membrane is the use of a numerical method of shape
search [5]. The information obtained can be used to estimate the required
ventilation of the internal volumes of the designed object.

The proportionality of the elements of the dimensional structure of the
architectural form is characterized by their belonging to a single, common to
them, proportional to a number of values. The affiliation of the elements of the
dimensional structure of the architectural form to the common proportional
series of values is established on the basis of the information modularity of the
relations of the elements of the dimensional structure.

The amount of visual information contained in relation to two adja-
cent dimensional characteristics of the architectural form is the number of
operations of elementary distinction of these dimensional characteristics
and is determined by the Eq. (1):

u=klog (ri/rj), Q)
where k — is the coefficient that takes into account the difference sensitivity
of the human visual system to the perception of differences (linear, angular,
tonal, etc.) by sensitivity C = 1/ 33, k = 76.56; r; and rj— larger and smaller
elements of the dimensional structure of the architectural form.

The relationship of two adjacent elements of the architectural form is
called the information step (u). The strength of the proportional relation-
ship of the two information steps in the information field Eqg. (2):

Cp=2ul (ui+uj) )
where x — information module of two information steps; at ui = u; = u
the force of proportional connection acquires the maximum value Cp = 1.

The information model of proportionality makes it possible to com-
pletely abandon the outdated methods of proportional analysis and harmo-
nization of the dimensional structure of architectural objects, which are
based on the search for traditional proportional relations.

Conclusions. High modern technologies make it possible to combine
the advantages of industrial construction methods with the individualization
of the form, opening the way to the use of awning structures. Membrane
coatings, as one of the modern directions of representation of a new (non-
linear) shape of the roof, create new spatial characteristics of the architectur-
al object. It is proposed to introduce a more expanded typology of mobile
housing, which meets the conditions of the modern socio-economic struc-
ture, the development of migration processes and demographic transfor-
mations. Providing a wide variety of forms, this type of coating has broad
prospects for use on a par with other architectural and structural systems.

The information model of proportionality reveals the physical nature
and essence of proportionality and significantly expands the capabilities of
researchers and designers.
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AOCNIMKEHHA TEOMETPUYHUX TA IHCDOPIV!ALI,IVIHI/IX
MOOENEN TEHTOBUX KOHCTPYKLIN

V crarTi aHanmi3yloTecs MeMOpaHHI (TEHTOBI) KOHCTPYKIii, SIKi CTalOTh
aKTYaJbHUMH 3aBJISKH CBOIH EGKOHOMIYHOCTI Ta MOMIMBOCTI CTBOPEHHS
opuriHanbHUX (GopM. PO3rIsTHyTO XapakTepuCTHKN TEHTOBUX KOHCTPYKIIH,
MO>KJIMBOCTI ()OpMYBaHHS, 3aCTOCYBaHHs Pi3HHX MaTepiajliB Ta KOMOiHOBaHi
BApiaHTH TO€IHAHHS TCHTY 3 IHIIMMH MaTepianamu. 3aB[SIKH CBOTH €KOHO-
MIYHOCTI, TEHTOBI KOHCTPYKIIii HaOyBalOTh CHOTO/HI BCe OLIBILIOT MOMYJISIP-
HOCTi, TOMY II0 B CYYaCHHUX COILialbHO-€KOHOMIYHHX YMOBAaX BHHHKAE MOT-
peba y mBHAKOMY OyIiBHUITBI MaJOBUTPAaTHUX OyIiBeNb IS TOAOJIAHHS
nedinuTy MOOLTEHOTO JKUTIIA Ta CHOPYX IHIIOrO HmpH3Ha4deHHS. B ymoBax
BIIHOBJICHHS BTPAueHUX 00 €KTIB Oy/AiBENb Ta CHOPYZ BaYKJIMBUM € BUKOPH-
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CTAHHS TEHTOBMX TIOKPUTTIB. IX PO3BUTOK JOBIMil Yac CTPMMyBaBCS depes
HEBI/IMOBIIHICTh BITYM3HSIHUX TCHTOBUX MaTepialliB BUCOKMM BHMOTaM, IO
BHCYBAIOThCSl JI0 TEHTOBHX MOKPHUTTIB MOJIOHOTO THUITy, a caMe: MILHICTb,
JIOBTOBIYHICTb, PI3HOMAHITHICTh KOJIBOPY, CBITJIOCTIHKICTh Ta iH. Bukopuc-
TaHHS HaBICHUX KOHCTPYKIIH JO3BOJISIE€ CTBOPIOBATH Malli apXiTeKTypHi (o-
pMH 1 MOOLTEHI OYiBi, IO HE TUTBKH IIBHIKO 3BOIATHCS, a i JIETKO TpaHC-
(OopMyFOTHCS BIINIOBIIHO 10 3MiHH (DYHKIIOHANBHOTO Npu3HadeHHs. Lle mo-
3BOJIsIE€ (pOPMYBATH HOBI THIH O0'€KTIiB, HANPHUKIAM, CTaJiOHH, aCPOIOPTH,
riraHTChKi opamxepei, 00TaHiYHI caI, CKIaIH i T.II.

CyuacHi TeXHOJIOTi] HOEAHYIOTh Y c0o0l epeBard MPOMHCIOBUX METO-
niB OyIiBHHLTBA 3 iHAMBiAyami3amielo GopMH Ta BIIKPHBAIOTH HUIAX 1O
3aCTOCYBaHHS PI3HUX KOHCTPYKIiH TeHTiB. MeMOpaHHI MOKPUTTS, SIK OJHH
13 Cy4acHHX HaIpsIMiB YSIBICHHS HOBOI (DOPMH ITOKPIiBIIi, CTBOPIOIOTH HOBI
MIPOCTOPOBI XapaKTEPUCTUKU apXiTEKTypHUX 00'ekTiB. BoHH yTBOPIOIOTH
MIPOCTOPH, 3BUIBHEHI BiJ I'POMI3IKHX BHYTpIIIHIX CTpyKTyp. CBOGOIma
MIPOCTOPY BU3HAYAE THYUKICTh i 6araTo(yHKIIOHATIBHICTE HOTO BHKOPHC-
TaHHS, BUCOKH CTYIiHb NPUCTOCYBAHHS i B MiJICYMKY JIOBIOBIYHICTb HPO-
cTopy i criopyu. Marouu BenuKy pisHOMAHITHICTE ()OPM LIeH THIT IIOKPUT-
TS Ma€ IUPOKi NEPCIIEKTUBH BUKOPUCTAHHS HApiBHI 3 IHIIUMH apXiTEKTy-
PHO-KOHCTPYKTHBHUMH CHCTEMAaMH.

Jlnst 3a0e3MeueHHs TaKUX XapaKTepPUCTHK 3alpolOHOBaHO iH(popMa-
LiffHy MOJENb MPOIOPIIITHOCTI EIIEMEHTIB apXiTeKTypHOi dopmm, sKi
BCTAHOBJIIOIOTECSI HA OCHOBI iH(OpMaIiifHOT MOIYJIHHOCTI BiJHOCHH eje-
MEHTIB 00'€MHOI CTPYKTYPH.

KiwouoBi ciioBa: menmoea KoHcmpykyis, MOOento8aHHs, MOOIIbHe
arcumo, iHopmayitina Mooenb, MeMOPAHHA KOHCMPYKYIS, NOGEPXHSL.
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