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There is an obvious tendency in the contemporary architecture that it
is changing from using simple geometrical structures to different spatial forms,
having the unique view and symbolizing the dynamics, development and the
way forward. Design of buildings characterized by the variety of shapes leads
to the necessity to classify these forms and, if possible, to choose a suitable an-
alytical surface for them. Some spiral, twisted and screw surfaces as well as
methods of their creation are considered in the article. The possibilities of ar-
chitectural design based on these surfaces are being studied what is illustrated
by a number of impressing examples of buildings and structures.

Key words: analytical surfaces, contemporary architecture, twisted
and spiral surfaces, helicoid, ruled surface, helical strip, helical surface, helical
column surface.

Introduction

Thinking of the point of the future architecture the assumption has
been made that soon the world would come to an understanding of the necessi-
ty to transform simple geometrical forms by engraining the dynamic structures,
symbolizing the development and supporting the connection of the nature with
a human being. One of the approaches to solve this problem can be using spiral
structures based on the natural forms which can harmonize with the surround-
ing landscape.

A spiral and its configurations are the basic morphological parameters
of the nature’s systems on the various structural levels. Moreover, the interac-
tion of centrifugal force and the earth gravitation forth can be a clear symbol of
the way forward. Based on the combination of these factors it is possible to
state clearly that spiral, twisted and screw buildings will be a perfect solution
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of architecture’s tasks at present and in future. The issue’s importance has led
to the need to analyze from this point of view the existing buildings and struc-
tures as well as the developing projects.

The aim of the work was to conduct a comparison of structures with
regular analytical surfaces basing on the works of professors S.N. Krivoshapko
and V.N. Ivanov [1-3] who studied the geometrical shaping of a great number
of analytical surfaces and mage their general classifications. In particular,
some analytical surfaces were considered the article, namely, spiral, spiral-
shaped and screw, and their shaping and basic equations. Also a comparison
was made with some known architectural objects.

Consider some analytic surfaces related to the group of spiral, helical,
and twisted surfaces.

Fig 2
membrana ru/stor-
age’imgvivas jeg

Fig.3 Fig 4
barewalls. com/comp/art-
print-poster.fpg

First we consider the surface of a direct helicoid (Fig. 1), which is the
only ruled surface that belongs to the family of minimal surfaces and refers to
closed surfaces. A straight helicoid is formed by the perpendicular intersection
of the straight line generator of the helicoid, its rotation and displacement
along this axis at a distance proportional to the angle of rotation. The speeds of
these movements are constant and proportional [2]. Parametric method of its
setting is as follows:
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x = (r,v) =rcosv, (1
y =y(r,v) =rsinv, (2)
zZ=cv, 3)
where c is the displacement of the generator when it is rotated by / rad.

The Swedish-American company “Plantagon International” proposes to
use the surface of a direct helicoid, rotating around a vertical cylindrical col-
umn, to create a new type of greenhouse, which was called "Plantagon", Swe-
den (Fig. 2) [3]. These are vertical farms for “urban agriculture”.

A spiral ruled surface with a direct generator (Fig. 3) can be found in
everyday life, for example, in relatively new multi-storey car parking in the
form of a circular ramp for entry, as was done in the Netherlands (Fig. 4). Ac-
cording to [1] “The spiral linear surface with a direct generator, the perpendic-
ular axis of a straight conical spiral and a tangent to the same spiral is a linear
surface of negative Gaussian curvature.” This surface belongs to the class of
Catalan surfaces [4]. A plane of parallelism is the plane z = (. Parametric
equations for specifying the surface are as follows:

— — . . ko _ Cos p+ksin g
x =x(u,@) =rysindcos - el +u- ———,
k singp+kcos ¢ )
= — i . ®Q e
y =y, @) =rysinicosp- e ? +u —, )
z=z(p) =1ycos A-ek?, ©

The angle of the tangent to a straight conical line with the plane z = 0
is calculated using the formula:

kcosA
V1+k?2 ™

tanf =

A cylindrical helical strip (Fig. 5) is a ruled surface formed by rotating
a straight line around an axis and at the same time by a uniform translational
motion in the direction of the same axis. The generator is located on the sur-
face of a circular cylinder, whose axis coincides with the axis of rotation, and
also remains parallel to the axis in all positions. Parametric equations specify-
ing the surface are:

x =x(v) =acosv, (®)
y=y() =asinv, 9)
z=z(u,v) =cv+u, (10)
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where a is the radius of a straight circular cylinder, v = const are the direct
generators of the helical strip, u = const are helix lines with the same constant
pitch, with the contours of the strip u = 0 and u = b, where b is the strip’s
width [5]. An example of using this surface is the “Arganzuela Footbridge”
pedestrian bridge in Madrid, Spain (Fig. 6), created by the architectural bureau
Dominique Perrault Architecture. The bridge is a "pipe" formed by two cylin-
drical spiral steel strips opposite in direction [6]. One lane is formed from a
metal mesh, and the second is from transverse ribs, thereby providing wind
protection inside the bridge and sufficient shade for comfortable walks.

Figd Fig 6
bridlge-
sall ru/Foto/Spain/drgan-
suelaymost_argansuehla jpz

Fig.7 Fig 8
arhinovosti ruwp-con-
fent/uploads 201 2/01/41-
ternative-Car-Park-1 jpg

A cylindrical helical strip with a constant width and variable pitch
(Fig. 7) is located on the surface of a straight circular cylinder with a constant
radius a [7]. The angle of inclination o between the tangent to the guide and
the XOY plane is in the range from 0 to 7/2. The surface is set parametrically:
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x = x(u) = acosmmu, (11)
y =y(u) = asinmnu, (12)
z=z(wv)=byl—(1A—-u)?+v, (13)

where m/2 is the number of turns when 0<u<I, where z varies from 0 to b. In
this case, the line guide coincides with v = 0.

Studio “Mozhao” presented the project of the parking tower “Alterna-
tive Car Park” in Hong Kong, China (Fig. 8) at an international architectural
competition and won due to the original idea of the building surface, where the
cylindrical helical strip is divided into two and completed with a direct heli-
coid [8].

The cylindrical-conical screw strip (Figure 9) is formed in the same way as
a cylindrical screw strip. The difference lies in the generatrix, which moves along a
conical helix, with the rectilinear generatrix parallel to the axis of the helix in all
positions [9]. Parametric equations for specifying the surface are:

x = x(@) =1ysinAcos @ ek?, (14)
y = vy(p) = rysinAsing - ek, (15)
z=z(p,u) =rycosA-e*? +u, (16)

where 4 is the angle between the axis OZ and the generator of the cone, longi-
tude ¢ is the angle between the XOZ plane and the moving plane of the axial
section, k is a number, rois a constant value.

“Malvia”, a minaret of a large mosque in Samarra, Iraq, has a similar
structure (Fig. 10). Its name is literally from Arabic means "a spiral shell". The
height of the sandstone minaret reaches 52 meters; the width of the square base
is 33 meters. Built in 852 to remind of the presence of Islam, the Malviya min-
aret has been the largest in the world for some time. The unusual form of Ca-
liph Jawara al-Mutawakkil was pushed by the Babylonian concept of a multi-
stage religious building - the ziggurat.

The screw movement of a straight line that intersects the axis of rota-
tion at a certain angle © forms a spiral surface with straight lines forming in
the planes of the beam, while moving at one end along a conical spiral. Slope
lines are conical spirals, which are described by direct generators. Parametric
equations are:

x =x(u,v) = (ae™ + vsinbd)cos u, (17)
y =y, v) = (ae™ + vsinb)sin u, (18)
z =z(u,v) = ale™ + vcoso, (19)
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x=xW,YP) =(a+rsiny)cosv, (20)
y =y, ¥) = (a+rsiny)sinv, (21)
z=2zv,¢Y) =rcosy + pv. (22)

Fig 9 Fig 10
bigenc. rumedia’ 201671
W2TA1235184735/1343
8.jpg

Fig 11 Frell
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In the case of a museum project in Taipei, under the name “Spiral
Garden Museum” (Fig. 12), we take © = ¢, therefore, we obtain a spiral coni-
cal strip of a zero Gaussian curvature with straight lines in the beam regions
(Fig. 11).
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A circular helical surface with forming circles (Fig. 13) can be used as
a basis for designing water slides, such as the Bodislide slide at the Rodeo
Drive water park in St. Petersburg, Russia (Fig. 14) [2]. It is formed by a screw
movement of a circle of constant radius. The plane passes through the helical
axis, with the helical axis located inside the surface. Parametric equations for
specifying the surface are:

Fig 13 Fig .14
akvaparki-miraru'wp-
content'uploads [pg

The surface of the helical column can be included both in the class of
helical surfaces and in cyclic ones, being a special case of a straight circular
helical surface, when a <r [4]. The parametric equations of the surface are de-
fined as:

x =x(,v) =acosv +rcos(®d +v), (23)
y =y®,v) =asinv + rsin(d +v), (24)
z=2z(v) = pv. (25)

In Fig. 15 depicts the surface of a helical column with @ = r. This sur-
face can also have two generating circles. This opportunity was used by the
architectural company CDI Gulf International, which developed the Cobra
Tower project in Kuwait (Fig. 16).

Conclusion. As a result of the study, it was concluded that the creation
of spiral-shaped and screw-shaped buildings and structures, which shape coin-
cide with complex analytical surfaces, has been successfully implemented in
practice [8-10]. Consequently, this trend in architecture and construction has
great potential in the future [11], due to the fact that this type of construction is
not only pleasing to the eye, but also quite economical and variable in terms of
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application, it is perfectly combined with the surrounding nature and meets
modern development trends. architecture and construction.

Figli Figla
budport.com. uarasseis up-
load'userfiles/Olga’]l 24 jpg
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MNPUMEHEHUE CITUPAJIBHBIX 1 CKPYYEHHBIX
TMOBEPXHOCTEI B COBPEMEHHOMN APXUTEKTYPE

C.JI llam6una’, ¥O.C. Kpacnonoanckas', B.A. JleGenes!, M. [Iparopu4’

'Poccuiickuil ynusepcumem 0pyaicovl Hapooos
2benepadckuil yHusepcumem

B coBpeMeHHON apXUTEKType TMPOCICKUBACTCS OYEBUJIHASI TCHICH-
IUS: OT KCIOJB30BAHUS MPOCTHIX T'COMETPUYCCKUX CTPYKTYP K Pa3TUUHBIM
MPOCTPAHCTBEHHBIM (hOpMaM, UMCIOIIUM YHUKAIBHBIA BUI M CUMBOJIM3UPY-
FOIIUM TUHAMUKY, Pa3BUTHE U MyTh BIepel. [IpOCKTUpOBAHUE 31aHNU, XapaK-
TEePU3YIOIIMXCS pa3HooOpasueM (GopM, MPUBOIUT K HEOOXOIUMOCTH KJIaCCH-
(urnupoBath 3TH GOPMBI U, IO BO3MOXKHOCTH, BBIOMPATH IJIT HUX IOIXOIS-
IIYI0 aHATUTHYCCKYIO MOBCPXHOCTh. B cTaThe paccMaTpHBAIOTCS HCKOTOPHIC
CIHpaJIbHBIC, CKPYYCHHBIC M BHHTOBBIC MOBCPXHOCTH, a TAKKE CIIOCOOBI HX
co3maHus. M3ydaroTcs BO3MOXKHOCTH ApXUTEKTYPHOTO HPOCKTHPOBAHUS Ha
OCHOBE JTHX IOBEPXHOCTEH, YTO WILIIOCTPHPYETCS PSIOM BIECUATIISIOUINX
NIPUMEPOB 3[1aHUI U COOPYKEHUH.

KiloueBble c10Ba: aHaTUTUYECKHE MTOBEPXHOCTH, COBPEMEHHAs ap-
XUTEKTYpa, CIIUPAJIBHBIE U CKPYUYEHHbIE IIOBEPXHOCTH, MEJIMKOU], JTUHEeHuaTas
IOBEPXHOCTh, CIIMpAJIbHAA I110J10Ca, CHUpAJICBUIHAA IOBCPXHOCTH, IIOBEPX-
HOCTb BUHTOBOTO CTOJI0A.
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