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FOLDED SURFACES IN ARCHITECTURE

Abstract. There is now a growing interest in the design and construction of shells whose
median surfaces cannot be defined by analytic formulas, i.e. it is difficult to apply geometric modeling,
and shell structures of the folded type formed by the intersection of flat or curvilinear elements. These
structures are executed in the style of digital architecture or experimental methods. Based on the
research of descriptive and analytical geometry, architects in the 20th and early 21st century created
many memorable folded structures of various purposes. This is illustrated in the article on the example
of many flat-sided structures. The illustrations found on the Internet and the author's personal photos
were used. Based on the carried-out research it is concluded that flat-sided folds were used very widely
in various fields of architecture and construction. The availability of numerical methods of calculation
makes it possible to design structures of various degrees of complexity. This is confirmed by references
to numerous sources used. However, some architects disagree with this conclusion, believing that
despite many attempts on folding, it remains one of the least studied forms in architecture.

Keywords: folded squamous structures, polyhedra, folding dome, folding vault, experimental
approach in architecture, architectural trend "Origanic architecture".
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CKIIAJYATBIE TIOBEPXHOCTU B APXUTEKTYPE

Annomayusn. B nacmosiwee epemsi NOOHSUICS. UHMEPEC K NPOSKMUPOSAHUIO U CIMPOUNELbCNEY
0007104eK, CPeOUHHbLE NOBEPXHOCMU KOMOPLIX HEb35l 3A0AMb AHAIUMUYECKUMU (OPMYIAMU, MO eCHlb
MPYOHO NPUMEHUMb 2e0MEMPUYECKOe MOOCTUPOBAHUE, U 0OOIOYEUHIX CIPYKIMYP CKIA0YAmMO20 Mund,
chopmMuposanubiMy  nepeceyenuemM MIOCKUX UNU KPUGOIUHEUHBIX 9NEeMEHMOs. DMmu COOpYiHCeHUs.
BLINOAHAIOMCL 6 Cmujle OUSUMANLHOU APXUMEKMYPbl UL NPUMEHSIOMCS  IKCNePUMEHMATbHbLe
Memoovl. Onupasce Ha UCCIEO008AHUSL HAYEPTNAMENLHOU U AHATUMUYECKOU 2e0MeMPUl, apXumexmopbvl
6 XX-om u wnauane XXI-2o 6exoe co30anu MHO20 3ANOMUHAIOWUXCS CKIAOYAMBIX COOPYIHCEHUL
PA3IUUH020 HA3HaweHus. Dmo NPOUIIOCMPUPOSAHO 8 CIMAmbe HA NPUMepe MHO2UX NIAOCKOZDAHHBIX
coopyacenun. Hcnonv306amuce uiniocmpayul, 0OHAPYJiCeHHble 6 Ccemu UHMepHema, U JUYHbIe
gdomoepagpuu aemopa. Ha ocHosanuu nposedeHHbIX UcCie008aHUll COeNAH 8bl800, YMO NIOCKOSPAHHbLE
CKIAOKU NPUMEHSIUCL U NPUMEHSIOMCS OYeHb WUPOKO 6 DPA3IUYHBIX O00NACMAX apPXUMeKmypvl U
cmpoumenvcmea. Hanuuue wucnieHHvblx memoodog pacuema no3eonsem npoekmuposams CHpYKmypol
PA3MUYHOU — CMEneHu  CLOJNCHOCMU.  Dmo  NOOMEEPI’COEHO  CCOLIKAMU —HA — MHO2OHUCTEHHbLE
ucnonvzogannvle ucmounuku. Ho ¢ smum 6b16000M He CO2MACHBL HEKOMOpble aAPXUMEKMOpbI,
cuumarowue, Ymo, HeCMOMpPsL Ha MHONCECMEEHHbIEe NONbIMKU OCMbLCIICHUS. CKIAOKU, OHA NO-NPENCHEM)
ocmaémest 00HOU U3 HaAUMeHee U3YHEeHHbIX (opM 6 apxumexmype.

Knruesvte cnosa: ckraduamvie NIOCKOSPAHHbIE CIPYKMYPbI, MHO2OZPAHHUKU, CKIAOYAMbILL
KYROJ, CKIAOYAmblll €600, IKCNEPUMEHMANbHLIL NOOX00 6 APXUMEKmype, aApXUmeKmypHoe meyeHue
«Origanic architecture».

Introduction
Currently, architects working with thin-walled shells have a large selection of architectural
styles [1], construction materials [2], examples of realized projects [3, 4] and geometric forms [5]
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for the implementation of their creative ideas and production requirements. A special place is
occupied by folded structures and analytically undetermined forms of objects [6], which cannot be
set by analytical formulas, and therefore it is difficult to apply methods of parametric architecture
[7] and geometric modeling. However, if analytically undefined forms of shells are already widely
introduced in the architecture of buildings of different purposes, then folds are still in the
experimental stage.

Figure 1 - Static Folding Diagrams
a) Kursk railway station (bar scheme), b) Olympic Sports Complex in Athens (arched scheme),
¢) Ice Palace ""Blue Bird'', Otradnoye, Moscow (spatial frame scheme), d) Hasan-Uddin Khan. Kuala Lumpur State

Folded structures and folds are thin-walled construction structures consisting of flat
elements (face plates) connected to each other at some dihedral angles. There are four types of static
schemes of folded structures: beam (figure 1,a), arched (figure 1,b), frame (figure 1,c) and folding
shells (figure 1,d). Hermann Ruhle in his book Spatial Coatings (1973) defines folds as follows:
"The fold-ed structure is a system of spatially connected thin (usually flat) face plates."

Now a number of new types of folded shells, which consist of fragments that do not have the
structure of the plane, are becoming actual: composite shells from sections of hyperbolic paraboloid
(figure 3) and composite shells from sections of cone and cylinder [8]. These types of compound
shells have different compositional differences from known planar folds and will not be considered
in the article (figure 2, 3).

Figure 2 - Philips Pavilion, Expo 58, Brussels Figure 3 - Danilovsky Market, Moscow
76 Ne2 (100) 2022
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Planar folded structures can also be divided by their appearance: the bodies of Plato, the
bodies of Archimedes, folded plates, folded domes, folded vaults; a combination of pyramids,
prisms or a joint combination of prisms and pyramids, folds and approximating torso surfaces; folds
formed by arbitrarily intersecting planes, such as the Origanics architecture.

Prisms, prismatoids, bodies of Plato (5 species) and bodies of Archimedes (13 species) are
often called regular convex polyhedra and semiregular polyhedra, obtained from the regular cutting
of their vertices [9]. Some geometers classify them as folds because they fall under the definition of
folding structures. Classification of folding structures is also offered in work [10], where the
structural materials for their manufacture (reinforced concrete, metal, wood, glass and plastics) are
considered.

Folded domes are built on a round plan
(figure 1,d; 3). They are usually classified as umbrella
shells. An umbrella dome is a cyclically symmetric space
structure formed from several identical elements that
intersect the median surfaces of which produce curves that
form some domed surface of rotation.

A striking example of the folded structure of the
covering in the form of a solid-walled plate-fold is the
covering of the Kursk railway station (figure 1,a). On the
cross section the folds are triangular (figure 4), rectangular
and trapezoidal (figure 1,a). For example, trapezoidal folds
are used for covering a sports school on Vasilievsky Island in St. Petersburg, triangular - for
blocking the elling of the yacht club "Trud" on Petrovsky Island in St. Petersburg or at the bus stop
on Kurortny Avenue in Sochi. Prismatic folding coatings were built in large numbers in the
monolithic way in the 1920s for production enterprises. Prefabricated "span" folds are widely used
in Italy.

Figure 4 - Triangular pleats
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Figure 5 - Folding vault, Maiori, Latvia, 2008 Figure 6 - Torso approximation with circle and ellipse
on opposite ends of prism
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The folded vault can be illustrated by covering the sports complex of the primary school in
Ma-iori, Latvia (figure 5). It is particularly easy to approximate the curved torso surface of the zero
Gaussian curvature with the folded surface. It is known that the face is formed by a one-parameter
family of planes touching the torso along a straight line. By selecting some planes beyond the edge
of the folded surface, you can obtain all the necessary geometric parameters for plotting the sketch
of the resulting folded structure. Figure 6 shows a torso with an ellipse and a circle at the ends and a
folded surface based on it. The technique of construction of folds on the torso, the opening of the
torso of the fold is described in articles [11, 12].
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A large number of folding structures are built as a combination of pyramids (figure 1,d; 7), a
prism (figure 8) or a joint combination of prism and pyramids (figure 9).

It can sometimes be difficult to assign a folded structure to one type or another, or to dissect
a combination of simple shapes in a construction. At present, there are 75 uniform polyhedral
shapes, a large number of them are star formed and 9 quasipolyhedral [13].

Only very wellknown architects are involved in the design of folds formed by arbitrarily
intersecting planes (figure 10).

Figure 7 - Shah Faisal Mosque, Islamabad, Pakistan, Figure 8 - Philosophical Institute of FU, Berlin,
1986, arch. V. Dalokaj 2012, arch. N. Janberg

Figure 9 - Kirishima Cocert Hall, Kagosima, Japan, Figure 10 — Shopping Mall in Dolgoprudny,
arch. Fumihico Maki, 1994 Moscow region

History of folded structures

In the work [14] it is noted that various folded forms were present in the Byzantium,
Japanese, Tibetan, Aztec and Russian architecture. Folded structures were first developed and
applied in 1898 by Professor F.S. Yasinsky for the overlap of the Alexander workshops of the
Nikolaev railway. The first light foldable metal structures were arched and vaulted buildings.
Abroad, folded structures in the first half of the twentieth century were made of reinforced concrete
and only later switched to the use of other construction materials [10].

The first patent for foldable coating was issued in 1937. In our country the first author's
certificate for foldable structures was issued in 1945 for foldable arch of sheet metal.

The classic folded structures with inclined planes and sharp angles were designed by a
Russian architect: K. Melnikov within the architectural style "Soviet Avant-Garde". His designs had
a significant impact on subsequent generations of architects: D. Libeskind, P. Eisenman, Z. Hadid
[15].

The Origanic architecture, models of which can be made from a single sheet of paper by
bending (Japanese paper folding) and cutting it (Japanese paper cutting), was founded by the
Japanese architect Masahiro Chatani (1934 - 2008). He began creating creative folded forms out of
paper in the mid 1980s and continued to work in this direction until 2008. He is considered the
world-famous architect of folded structures made of paper. The technique of forming structures
from one sheet of paper is based on Japanese traditions.
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Examples of folded structures erected in the 20th century

Several types of folded structures are already discussed in the introduction. Let's explore this
topic by introducing the most famous folds created in the 20th century and the less well-known but
interesting structures in terms of geometry.

When considering folded structures, they are often illustrated by their architectural
expressiveness in the example of the U.S. Air Force Cadet Church, consisting of inclined triangular
prisms (figure 11), Colorado Springs, 1959-1962. This building became a classic example of
modernist architecture, architect W. Netsch, engineer-constructor R.E. McKee.

The visitors were greatly impressed by the Soviet pavilion at EXPO-70 (figure 12) in Osaka,
Japan, the covering and walls of which are folds. The pavilion was built by a Japanese company
according to the project of M.V. Posokhin and V.A. Svirsky. The maximum height of the pavilion
is 104 m.

Figure 11 - United States Air Force Academy Cadet Chapel Figure 12 — Soviet pavilion at EXPO-70

Well-known folded structures include the church of Christ Dieter Oesterlen (Dieter
Oesterlen's Christ Church) in Bochum (Bohum), West Germany, 1957-1959; Kirishima
International Concert Hall (Miyama Conseru), Airagun, Japan. Fumihiko Maki, 1994 (figure 9);
lightweight folding covering of monolithic reinforced cement folds of variable cross-section with a
span of 28 m with double-sided cantilevers over the customs hall in the village of Torfyanovka on
the Russian-Finnish border, hand. group of architects S. Speransky, 1966, etc.

Wood was used for the construction of folded domes. In work [16] examples of wooden
domes are given. Their merits are illustrated by the example of a wooden folding dome above the
pavilion "Hartwald Clinic Pavilion, Bad Zwesten Germany", arch. A. Frank (figure 13). Wooden
folded structures (cross-laminated timber) in external and internal spatial forms of buildings is
considered in the article [17]. It has been shown that buildings of this type become the most rational
for some climatic conditions.

Figure 13 - Wooden folding dome, Germany, 1977
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In the article [18] the authors assert that the best material for folded large-sized structures is
reinforced concrete. To prove this statement they give many examples of erected structures of
reinforced concrete and metal.

Examples of folded structures erected at the beginning of the 21st century

In recent decades, the folded set of planes has become widespread. Considering the fact that
they can be assigned to non-convex polyhedra, such famous landmark structures are have reached
quite a number to be mentioned. These include the Centre for Sustainable Energy Technology in
Ningbo, China. M. Cucinella Archtects, 2008; Nestle Chocolate Museum (Toluca), 2007.
M. Rojking, A. Pereyra, etc.; undulating walls and plating, outlined on linear surfaces, railway
station in Reg-gio Emilia, 2013, S. Calatrava, etc.

The above discussed folded structures are, mainly, coatings of structures. But there are
examples of folded structures that make up the walls of structures. For example, the oval sports and
concert complex "Baku Crystal Hall" has walls in the form of rhythmically repeating identical
polyhedra (figure 14). The complex was opened in 2012 in Baku, Arh. Alpine Bau Deutschland
AG.

An interesting architectural solution of the building of the Centre de la Francophonie a
Cotonou, Cotonou, Benin (figure 15).

Figure 14 - Baku Crystal Hall, Baku, Azerbaijan 2012 Figure 15 - Centre de la Francophonie, Cotonou, Benin

Let's illustrate the use of architectural techniques "Origanics" on concrete examples. The
most famous building in this style is the Health Department in Bilbao (Bilbao Health Department),
Spain, 2004. (figure 16) with a broken (folded) facade (arch). Coll-Barreu Architectos). Tel Aviv
Museum of Fine Arts was founded in 1932. In 2011, a new grey concrete wing of the museum was
opened (figure 17), designed in the style of "Origanics".

Figure 16 - The facade of the Health Department Figure 17 - Tel Aviv Museum of Fine Arts, 2011
in Bilbao, Spain, 2004

In addition, the following folded structures are made in the style of "Origanics": reinforced
concrete chapel in Valleaceron (arch. Sol Madridejos, Juan Carlos Sancho, 2001), Spain; Church of
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Santa Monica of plasterboard and corten steel (Vicent + Ramos Architectos, 2006), Spain; "Chap-el
for the Deaconness, St. "Switzerland, 2008".

Currently, interest in the design of folding structures in Russia and abroad does not subside,
as evidenced by the project of a new international terminal of the Muravyov-Amursky airport in
Blagoveshchensk or the project of an open gallery (figure 18).

Figure 18 - Gallery of Open-Sided Shelter (arh. Ron Shenkin Studio-1)

Numerical methods for calculating folded structures

In the first half of the XX century, analytical methods of calculation of building structures
[19, 20] were mainly used, which caused great difficulties in the design of folded structures, except
for solid slabs-folds on the "span". Since the second half of the last century, numerical methods of
calculation have been introduced. This greatly simplified the process of designing folded structures.
Numerical calculation methods seem to have influenced the wider adoption of folded shells.
Currently, architects and design engineers have a wide range of numerical methods for calculating
folds on stability [21], on strength [22, 23], on dynamic effects [24].

Conclusion

Studies of available materials suggest that folded structures were in most cases used in
construction in the 1980s. But in the 21st century they are used on a large scale. A large number of
scientific and technical articles have been published on the subject of the article, some of which are
listed in the list of used literature. In these sources and on various Internet sites, very many real flat-
sided folded structures and structure projects are described for implementation. To give illustrations
of all these folded structures of different purposes in one article or book is unrealistic. Only a very
small part of realized folded structures is given in this article. On the basis of the above, it can be
concluded that the folds were used and used very widely in various areas of architecture and
construction. The availability of numerical methods of calculation allows to design structures of
various degrees of complexity.

But some architects believe that despite many attempts to understand the fold, it still remains
one of the least studied forms in architecture [14], that is, the artistic and aesthetic potential of
folded forms is not fully disclosed and deserves more attention of experts in this direction.

A.V. Korotich [25] believes that the planar folds are well studied and proposes to expand the
range of folding systems by means of tent tensioning shells, convertible quickerectable structures
and shells of fractal structure. He believes that research into shells that do not have a planar
structure is particularly relevant today and that of all possible ways to model folding systems, the
most productive is the experimental approach.

Acknowledgments
This paper has been supported by the RUDN University Strategic Academic Leadership
Program.

Ne 2 (100) 2022 81



CTpouTeNbCTBO U PEKOHCTPYKIUSI

REFERENCES

1. Krivoshapko S.N., Alborova L.A., Mamieva [.A. Shell structures: genesis, materials, and subtypes. Part
1. Subtypes and directions. Academia. Architecture and Construction. 2021. Ne 3. Pp. 125-134 [DOI: 10.22337/2077-
9038-2021-3-125-134].

2. Rudnov V.S., Vladimirova E.V., Domanskaya [.K., Gerasimova E.S. Building Materials and Structures.
Edited by [.K. Domanskaya. Ekaterinburg: 1zd-vo Ural. Un-ta, 2018. 203 p. [ISBN 978-5-7996-2352-4]

3. Mamieva I.A., Razin A.D. Prominent space structures in the form of conical surfaces. Promishlennoe i
Grazhdanskoe Stroitelstvo. 2017. Ne 10. Pp. 5-11.

4. Hyeng Christian A. Bock, Yamb Emmanuel B. Application of cyclic shells in architecture, machine
design, and bionics// Int. J. of Modern Engineering Research. 2012. Vol. 2. Iss. 3. Pp. 799-806.

5. Kirivoshapko S.N., Ivanov V.N. Encyclopedia of Analytical Surfaces. — Springer International Publishing
Switzerland, 2015. 752 p. [DOI: 10.1007/978-3-319-11773-7].

6. Krivoshapko S.N. Shells and rod structures in the form of analytically nongiven surfaces in modern
architecture. Building and Reconstruction. 2020. Ne 3. Pp. 20-30 [DOI: 10.33979/2073-7416-2020-89-3-20-30].

7. Mamieva [.A. Analytical surfaces for parametrical architecture in contemporary buildings and structures.
Academia. Architecture and Construction. 2020. No 1. Pp. 150-165 (in Russian).

8. Yarmosh T.S., Hrabatina N.V., Miroshnichenko V.V. The folded structure prospects for the de-velopment
of new forms. Vestnik BGTU im. V.G. Shukhova. 2016, Ne 12. Pp. 71-75 [DOI: 10.12737/22829].

9. Krivoshapko S.N. Polyhedra and quasi- polyhedra in architecture of civil and industrial erection //
Building and Reconstruction. 2020. Ne 4 (90). Pp. 48-64 [DOI: 10.33979/2073-7416-2020-90-4-48-64] (in Russian).

10. Nenad Sekularac, Jelena Ivanovi¢ Sekularac, Jasna Ciki¢ Tovarovié. Folded structures in modern
architecture// Facta Universitatis. Series: Architecture and Civil Engineering. 2012. Vol. 10. No 1. Pp. 1-16
[DOLI: 10.2298/FUACE1201001S].

11. Krivoshapko S.N., Shtikov A.G., Shabanov V.P. Changing torse shells by plane elements // Voenno-
Stroitelniy Byulleten. 1982. No 2. Pp. 16-18.

12. Krivoshapko S.N. Construction of developments of torses and folds // Izvestiya Vuzov. Stroitelstvo i
Architectyre. 1987. Ne 11. Pp. 114-116.

13. Wenninger M. Polyhedron Models. Cambridge: Cambridge University Press, 1971. 238 p.

14. Kirichkov LI.V. Precondition of origin of folded forming in architecture // Architecture and Design. 2018.
Ne 1. Pp 7-18 [DOI: 10.7256/2585-7789.2018.1.27423].

15. Ermolenko E.V. Forms and constructions on the architecture of the soviet avant-garde and their
interpretation in modern foreign practice // Academia. Architecture and Construction. 2020. Ne 1. Pp. 39-48
[DOI 10.22337/2077-2020-1-39-48].

16. Nenad Sekularac, Jelena Ivanovi¢ Sekularac, Jasna Ciki¢ Tovarovié. Formation of folded constructions
by using contemporary wooden trusses // Journal of Applied Engineering Science. 9(2011)2. 195. Pp. 297-304.

17. Andreas Falk, Peter von Buelow, Poul Henning Kirkegaard. Folded plate structures as building envelopes
// World Conference on Timber Engineering (WCTE). Auckland. New Zealand. 15 - 19 July 2012. Session 50, Future
trends 4. Pp. 155-164.

18. Albertus Sidharta Muljadinata and A. M. Subakti Darmawan. Redefining folded plate structure as a form-
resistant structure // ARPN Journal of Engineering and Applied Sciences. April 2016., Vol. 11. No. 7. Pp. 4782-4792.
[ISSN 1819-6608].

19. Vlasov V.Z. Izbrannie Trudy. Vols. I-III. Moscow: Nauka, 1964. .

20. Goldberg J.E., and Leve H.L. Theory of Prismatic Folded Plate Structures. IABSE, 1957. V. 17.

21. Song Myung-Kwan, Kim Kyeong-Ho, Kim Sun-Hoon. Adaptive finite element buckling analysis of
folded plate structures// Structural Engineering and Mechanics. September 2006. V. 24. N. 2. Pp. 269-273
[https://doi.org/10.12989/sem.2006.24.2.269].

22. Ohga M., Shigematsu T., Kohigashi S. Analysis of folded plate structures by a combined boundary
element-transfer matrix method/ Computers & Structures. January 1991. V. 41. N. 4. Pp. 739-744.
[https://doi.org/10.1016/0045-7949(91)90183-m)].

23. Ivanov S.P. Analysis of a non-linear plate system by a variational energy method of V.Z. Vlasov.
Izvestiya Vuzov. Stroitelstvo. 2002. Ne 6. Pp. 23-29.

24. Danial A.N., Doyle J.F., Rizzi S.A. Dynamic analysis of folded plate structures// J. Vib. Acoust. Oct
1996, 118(4): 591-598 [https://doi.org/10.1115/1.2888339]

25. Korotich A.V. Prospects of development of architecture of folded covers. Akademicheskiy Vestnik
URALNIIPROEKT RAASN. 2010/ 2. Pp. 47-49.

82 Ne2 (100) 2022



ApPXHTEKTYPA H IPAJOCTPOUTEILCTBO

CIIMCOK JIMTEPATYPbI

1. Kpusomanko C.H., Anboposa JI.A., MamueBa 1.A. O0ono4eyHbIE CTPYKTYpPBI: T€HE3UC, MaTEepUalbl U
noasuapl. Yacts 1: [lonsunel u Hanpasnenus// Academia. Apxurektypa u crpourensctBo. 2021. Ne 3. C. 125-134
[DOI: 10.22337/2077-9038-2021-3-125-134].

2. Pynmuos B.C., Bnagumuposa E.B., lomanckas U.K., I'epacumosa E.C. CtpoutenbHble MaTe-pHanbsl U
n3penus: yueb. nocodue. [lox obwi. pen. o, kauy. TexH. Hayk M.K. Jlomanckoii. ExarepunOypr: M3n-Bo Ypan. yH-Ta,
2018. 203 c. [ISBN 978-5-7996-2352-4]

3. Mammea WN.A., Pasur A./l. 3HakoBBIE IPOCTPAHCTBEHHBIE COOpPYXEHHS B (opMe KOHHUECKUX
moBepxHocteit// [IpoMeinuieHHOE U Tpaskaanckoe cTpoutenbeTBo. 2017. Ne 10. C. 5-11.

4. Hyeng Christian A. Bock, Yamb Emmanuel B. Application of cyclic shells in architecture, machine
design, and bionics// Int. J. of Modern Engineering Research. 2012. Vol. 2.Iss. 3. Pp. 799-806.

5. Kirivoshapko S.N., Ivanov V.N. Encyclopedia of Analytical Surfaces. — Springer Internation-al Publishing
Switzerland, 2015. 752 p. [DOI: 10.1007/978-3-319-11773-7].

6. Kpuomanko C.H. O0Goyiouku W cTepKHEBBIE CTPYKTYPHI B ()OpME aHAIMTHUYECKH He3aJaBa-eMbIX
MOBEPXHOCTEH B coBpeMeHHOW apxutektype // CrpourensctBo M pekoHcTpykius. 2020. Ne 3. C. 20-30.
[DOLI: 10.33979/2073-7416-2020-89-3-20-30].

7. MamueBa M.A. AnanuTtudeckue HMOBEPXHOCTH JUIs MapaMeTpUYecKOH apXUTEKTYphl B COBPEMEHHBIX
3MaHUIX U COOpykeHMsX // Academia. Apxutektypa u ctpoutenbetBo. 2020. Ne 1. C. 150-165.

8. SApmomr T.C., Xpabarmna H.B, Mupommnmuenko B.B. Ckimamguatbie KOHCTpYKIHH. IlepCreKTHBEI
pasButust HOBBIX (hopm // BectHuk BI'TY um. B.I. lllyxosa. 2016. Nel12. C. 71-75. [DOI: 10.12737/22829].

9. Kpuomanko C.H. MHoOrorpaHHMKM ¥ KBa3UMHOTOTPDAaHHHUKH B AapXWUTEKType TpPaKAaHCKHX U
MIPOMBIIICHHBIX coopyxeHHi // CtponTtenbcTBO U pekoHCTpyknus. 2020. Ne 4 (90). C. 48-64. [DOI: 10.33979/2073-
7416-2020-90-4-48-64].

10. Nenad Sekularac, Jelena Ivanovi¢ Sekularac, Jasna Ciki¢ Tovarovi¢. Folded structures in modern
architecture// Facta Universitatis. Series: Architecture and Civil Engineering. 2012. Vol. 10. No 1. Pp. 1-16
[DOLI: 10.2298/FUACE1201001S].

11. Kpupormranko C.H., llIteikos A.I"., Illabanos B.I1. 3amMeHa TOPCOBBIX 0000YEK MIIOCKUMH IeMEHTaMu //
BoenHo-cTpoutenbHblii 6romnerens. 1982, Ne2. C. 16-18.

12. KpuBomanko C.H. IToctpoenue pa3BepTok TopcoB W ckianok // V3Bectusi By3oB. CTPOUTENBCTBO U
apxutektypa. 1987. Ne 11. C. 114-116.

13. Bennunmxep M. Monenu MHororpanHukoB. Ilep. ¢ anr. M.: «Mup», 1974. 238 c.

14. KupmukoB W.B. Ilpeamocsuiki BO3HHKHOBEHHS CKJIAA4aToro (opMooOpa3oBaHHS B apXHUTEKType//
Apxurektypa u auzais. 2018. Ne 1. C. 7-18. [DOI: 10.7256/2585-7789.2018.1.27423].

15. Epmonenko E.B. ®opMbl U MOCTpOEHHS B apXUTEKTYype COBETCKOI'O aBaHrapja M MX MHTEpIpETauus B
COBpeMeHHOW 3apyOexxHoi mnpakTtuke // Academia. Apxurektypa u crpourensctBo. 2020. Ne 1. C. 39-48.
[DOLI: 10.22337/2077-2020-1-39-48].

16. Nenad Sekularac, Jelena Ivanovi¢ Sekularac, Jasna Ciki¢ Tovarovié. Formation of folded constructions
by using contemporary wooden trusses // Journal of Applied Engineering Science. 9(2011)2. 195. Pp. 297-304.

17. Andreas Falk, Peter von Buelow, Poul Henning Kirkegaard. Folded plate structures as building
envelopes// World Conference on Timber Engineering (WCTE). Auckland. New Zealand. 15 - 19 July 2012. Session
50, Future trends 4. Pp. 155-164.

18. Albertus Sidharta Muljadinata and A. M. Subakti Darmawan. Redefining folded plate structure as a form-
resistant structure// ARPN Journal of Engineering and Applied Sciences. APRIL 2016. Vol. 11. N. 7. Pp. 4782-4792.
[ISSN 1819-6608].

19. Bmacos B.3. U36pannsie tpynsl. T. I-III. M.: Hayxka, 1964.

20. Goldberg J.E., and Leve H.L. Theory of Prismatic Folded Plate Structures. IABSE, 1957. V. 17.

21. Song Myung-Kwan, Kim Kyeong-Ho, Kim Sun-Hoon. Adaptive finite element buckling analysis of
folded plate structures// Structural Engineering and Mechanics. September 2006. V. 24, N. 2. Pp. 269-273.
[https://doi.org/10.12989/sem.2006.24.2.269].

22. Ohga M., Shigematsu T., Kohigashi S. Analysis of folded plate structures by a combined boundary
element-transfer matrix method/ Computers & Structures. January 1991. V. 41, N. 4. Pp. 739-744.
[https://doi.org/10.1016/0045-7949(91)90183-m)].

23. HBanoB C.II. Pacuer HenMHEHHBIX MIACTUHYATBHIX CHCTEM BapHalMOHHBIM MeToioM B.3. Bmacosa //
W3zsectus By30B. Ctpoutensctso. 2002. Ne 6. C. 23-29.

24. Danial AN., Doyle J.F., Rizzi S.A. Dynamic analysis of folded plate structures // J. Vib. Acoust. Oct
1996, 118(4): 591-598 [https://doi.org/10.1115/1.2888339]

25. Kopotnu A.B. [lepcrieKTUBBI pa3BUTHS apXUTEKTYPBI CKIIAAYaThIX 0005104eK // AKaJJeMUYeCKHi BECTHUK
YPAJIHUUIIPOEKT PAACH. 2010. 2. C. 47-49.

Ne 2 (100) 2022 83



CTpouTeNbCTBO U PEKOHCTPYKIUSI

HNndopmanus 006 aBTopax:

CrpamHoB CtaHuciaas Bukroposuu
®I'AOY BO «Poccuiickuii yHUBEpCUTET JIpy>KObI Hapo0B», I. Mocksa, Poccus,

KaHIUJIAT TSXHUYCCKUX HAYK, 3aBEAYIOMINN Kadeapoi 00meo0pa3oBaTeIbHbBIX UCIUILIHH.

E-mail: shtrafnoy @ gmail.com

Mab6ena Cukanbucuse Mepcu

OTI'AOY BO «Poccuiickuii yHuBepCcHTET OpyKOBI HApoIoBY», T. MockBa, Poccus,
MAarucTpaHT AeNapTaMeHTa CTPOUTEIbCTBA.

E-mail: mabhenasikha@ gmail.com

Auooposa Jlana AHaToJIbeBHA
®I'AOY BO «Poccuiickuii yHUBEpCUTET OpyKObI HAPOAOBY», I'. MockBa, Poccus,
MarucTpaHT JenapTaMEeHTa apXUTCKTYPHI.

E-mail: dikko@yandex.ru

Information about authors:

Strashnov Stanislav V.

Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia,
candidate of Technical Sciences, Head of the General Education Courses Department.
E-mail: shtrafnoy @ gmail.com

Mabhena Sikhanyisiwe Mercy

Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia,
master's degree student of the Department of Civil Engineering.

E-mail: mabhenasikha@ gmail.com

Alborova Lana An.
Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia,
master's degree student of the Department of Architecture.

E-mail: dikko@yandex.ru

84

Ne2 (100) 2022


mailto:shtrafnoy@gmail.com
mailto:mabhenasikha@gmail.com
mailto:dikko@yandex.ru
mailto:shtrafnoy@gmail.com
mailto:mabhenasikha@gmail.com
mailto:dikko@yandex.ru

