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ABSTRACT 

The subject of the review paper associates with today’s renewed interest in thin shells. The wide-spread building of 

thin reinforced concrete shells ended abruptly at the end of the 1960s. Contemporary progress in numerical methods 

of analysis gives an opportunity to calculate the shells of non-canonical forms. It allows the engineer to closely ap-

proach the actual behavior of thin concrete shells by performing geometrically and physically nonlinear analyses. 

But well-educated engineer and architect must know the history of thin shells for better analyzing, designing, and 

constructing of them at present time. The paper presents well-known examples on early reinforced concrete shells 

and gives materials not containing in other publications. The paper contains 31 figures.  
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1.    INTRODUCTION 

A ferrocement boat, made by French advocate Joseph-Louis Lambot in Southern France and shown at the Paris 

World’s Fair in 1848 was the first of a thin-walled reinforced concrete making. This boat served almost 50 years. 

But reinforced concrete as a new material was patented by J. Monier, a French gardener, from Versailles. In 1867, 

he received his patent for a cement tub for palms reinforced by a still net. This year is considered the official birth 

year of reinforced concrete. 
 

2.    THE HISTORY OF DESIGN AND BUILDING REINFORCED CONCRETE SHELLS 

Before the appearance of the first reinforced concrete shells, new material working jointly with the steel and resist-

ing to compressive stresses should be invented. Long steel bars taking up the tensile stresses were already known at 

that time. And such material, the main component of concrete, was discovered in England. In 1824, English inven-

tor, J. Aspdin invented Portland cement, which has remained the dominant cement used in concrete production. In 

1850, French firms Dupont и Demarle opened their own production of Portland cement having cleared up that dif-

ferent clayey limestones did for its production but a main secret consisted in special baking. 

 

In Russia, they began to make this material later. The first works of Portland cement began to operate in a village 

Grodzetsi of the Petrakovskaya province, Poland, in 1857. The works which produced another type of cement stable 

against water appeared in Russia in 1851. This cement is called Roman cement. A Riga employer K.H. Schmidt was 

the main initiator of creation of the works. He used the scientific works of B.P. Liven, doctor of Chemistry of the 

Yuriev University, who studied composition of cement materials. Doctor Liven built the first factory for making of 

Portland cement near Riga (Latvia) in Podera in 1867. The next factory was designed by Liven in Port-Kund (Esto-

nia) in 1870; and in 1882, he erected a factory in Novorossiisk (Russia). The first works in St. Petersburg (Russia) 

for making of Portland cement is the Gluhooserskiy plant and it was built by Prof. A.R. Shulyachenko in 1884. 

 

When the manufacture of Portland cement was put right, the modern era of thin reinforced concrete shells was com-

ing into being. These structures were made at first in the forms of walls, columns, and plane plates; then they began 

to make reinforced concrete arches and later in 1920, thin-walled shells with meridian stiffening ribs of strengthen-

ing began to appear, and, at last, thin-walled shells with only contour supporting ribs began to be used. 

 

E. Freyssinet (1879-1962) was a French engineer and pioneer in the use of reinforced concrete constructions. He 

designed and built a cylindrical parabolic-arched shell for cover of a 30 m span factory in Montlucon (France) in 

1905. In 1916, he designed a series of eight hangars formed by a thin vault concrete shell and reinforced by stiffen-

ing beams on the upper side of the vault. In 1917, many hangars made with different shapes were built in this way 
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(Fig. 1). Later, E. Freyssinet used parabolic structure for building of Airship hangar in Orly near Paris (Fig. 2). The 

earliest reinforced concrete shells in the form of parabolic conoids were designed also by E. Freyssinet in France 

(Fig. 3). Conoidal shells he applied more often than cylindrical shells. 

 

A helical stairs in the form of a right helicoid, made of reinforced concrete in 1909, can be considered the earliest 

reinforced concrete in the form of a non-canonical surface (Fig. 4). 

 

 
 

Fig. 1. Cylindrical hangars at Istres, France, designed by Freyssinet in 1917 [1] 

 

 
 

Fig. 2. A hangar in Orly near Paris, Eng. E. Freyssinet (1916-1924) 

 

 
 

Fig. 3. Conoidal shells of Freyssinet, 1928 

 

   
 

Fig. 4. Sarye Lipy, Poland. The reinforced concrete stairs at a next to last floor of the tower, 1909 
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August Perret, the outstanding French architect, made a decisive step in learning of reinforced concrete structures 

carrying aesthetic properties. Before him, aesthetic opportunities of reinforced concrete were disclaimed and it was 

thoroughly decorated with stone or wood [2]. 

 

The first reinforced concrete solid shells were built at railway station Le Bercy in Paris in 1910. Century Hall of 

Max Berg with a diameter of 65 m built in Wroclaw, Germany, in 1912-1914 are believed to the earliest buildings of 

dome type from reinforced concrete with a radial-and-circular system of the massive ribs (Fig. 5). Many architects 

consider that this dome looks very heavy [2] but examining the photo of interior space of the hall, it is difficult to 

agree with such opinion (Fig. 5). But since this moment, the erection of new large-span space thin-walled structures 

(shells on the base of reinforced concrete) began on a larger scale. The dome of Century Hall is the first structure the 

span of which exceeded the 43.3 m span of Pantheon in Rome. The dome of the 1914 Cenakel church by J.G. Wie-

benga with a diameter of 14.5 m and a thickness of 10 cm, constructed in Nijmegen in the east of the Netherlands, is 

less accessible for historical research. 

 

W. Bauersfeld (1879-1959), an engineer of the Carl Zeiss Company, wanted to build a planetarium and needed large 

hemisphere for the projection of the starry sky. F. Dishinger and U. Finsterwalter became involved in designing a 

reinforced concrete shell for the Carl Zeiss Optical Industries in Jena in the east of Germany. Before designing the 

planetarium they were experienced with the steel framework (called later geodesic dome) and constructed several 

small-scale models which led to a small thin canopy with a 16 m span and a thickness of only 3 cm on top of the 

Zeiss factory seen in Fig. 6. A triangular steel grid was assumed as stay-in-place framework and reinforcement. 
 

 

 

 
 

Fig. 5. Century Hall in Wrosław, arch. M. Berg, Eng. Trauer, 1911-13, © А. Barhin 

 

 
 

Fig. 6. The experimental canopy on the roof of the Zeiss, August 1924 

 

Later, in 1925, Bauersfeld, Dyckerhoff, and Widmann A.G. designed the shell for the planetarium in Jena, the first 

thin reinforced concrete shell structure in the world (Fig. 7). The planetarium’s hemispherical shell has a span of 

24.84 m and a thickness of 6 cm. Thermal insulation was made of cork plates, and the roofing was of ruberoid. At 

first, a triangular steel grid as a stay-in-place framework was assembled, then concreting of the shell was realized 

with the help of the so-called Torkret method in which concrete was sprayed with air pressure on a wooden form-

work. The shell was divided into the annular zones 1.5-2 m wide and these zones were torkreted in strict succession. 

Obviously, the main attention of the architect was paid to the shell, not to the whole complex, because it was the 

time of enthusiasm for thin-walled space shell structures. The general structure of the complex was performed with 

the position of classicism. The planetarium is still in use today and is scheduled to become a historic monument. By 

the way, American scientists [3] emphasize that just this shell must be considered the first shell satisfying not only 

the functional requirements but general architectural and aesthetic demands for public buildings. In the Jena dome, 

http://regionavtica.ru/userfiles/af_articles_images/big/lest_cem.jpg
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Bayersfeld has taken into account not only the tension and compression but bending moments and deformations. In 

1920, monolithic domes of planetariums were also built in Nuremberg, Hannover (Fig. 8), and Berlin (Fig. 9). 
 

 
 

Fig. 7. Planetarium in Jena, Germany, 1925, Eng. Prof. W. Bauersfeld, Dyckerhoff & A.G. Widmann 

 

 
 

Fig. 8. Planetarium in Hannover, Germany, 1927-1928, it is a cinema at present 

 

 
 

Fig. 9. Planetarium in Berlin 

 

The first planetarium in the West hemisphere was founded by M. Adler (1866–1952) in Chicago, Illinois (1930) 

with participation of American astronomer F. Fox, the first director of the planetarium (Fig. 10). In 1934, A. Te-

desko introduced the thin concrete shell with a hemisphere structure called Hayden planetarium in New York, of 

which the span to thickness ratio was approximately 330:1. The Hayden planetarium was demolished in 1997 due to 

the functional obsolescence and maintenance problems. 
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Fig. 10. Adler Planetarium & Astronomy Museum, Chicago, USA, 1930 

 

Obviously, a widened building of planetariums was of progressive importance at the beginning of the shell era 

showing that in some cases it was impossible to satisfy functional purposes of building without application of shells. 

 

In Russia, long and short cylindrical monolithic shells began to be used in industrial building since 1929. For exam-

ple, the first reinforced concrete cylindrical shell over a reservoir for water was erected under leadership of Prof. 

M.A. Novogorodskiy in Baku in 1925. Later, cylindrical shells were used for covering of the building of the Khar-

kov head post-office in 1928, the Moscow motor depot in 1929, and the Rostov works of agricultural machines in 

1931. 

 

The Moscow Planetarium dome in the form of a paraboloid of the revolution with a diameter of 27 m and a 7 cm 

thickness was the earliest dome reinforced concrete shell for civil purposes (Fig. 11). Later on, domes over the halls 

of a Palace of Science and Culture in Novosibirsk (1934, Fig. 12; it is Novosibirsk Opera Theater at present) and 

Moscow Theater of Satire (1939, Fig. 13) were built. In 1939, a building of Smolensk Regional Theater was covered 

by a shallow elliptical shell with a span of 37 m and a thickness of 11 cm. It was designed by architect S.A. Iliins-

kaya and an engineer B.V. Shepetov. Incidentally, the smooth dome with a diameter of 55.5 m and a thickness of 8 

cm over the Novosibirsk Opera Theater was the largest thin shell dome in the World at the time of erection. Here, 

Eng. B.F. Materi used an idea of P.L. Pasternak. At present time, this shell structure can be called the outstanding 

shell because the thickness-diameter ratio is 1/700 but an eggshell has the ratio of 1/250. Till present time, engineers 

didn’t create such unique monolithic reinforced concrete shell. In 1937, “The Instruction on Analysis and Design of 

Thin-Walled Space Coverings and Roofs” was published in Russia. The theoretical and experimental investigations 

were conducted under the leadership of A.A. Gvozdev. 
 

   
 

Fig. 11. A parabolic reinforced concrete dome of Moscow Planetarium, arch. M.O. Bary, M.I. Sinyavskiy 

(a) before reconstruction (1927–1929); (b) after reconstruction (2011) 

 

(a) (b) 
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Fig. 12. A Palace of Science and Culture, Novosibirsk, 1934 

 

 
 

Fig. 13. A dome over hall of Theater of Satire, 1939 

 

In the United States, shells were extensively studied by the aircraft industry in the 1930s [3]. 

 

In the second half of 1920s, new methods of forming volume structure of dome constructions began to appear. At 

the beginning of 1930, E. Torroja (1900-1961) built a ribless dome with a diameter of 47.6 m and a thickness of 9 

cm for a covered market in Algeciras (Spain). It was the first ribless dome surpassing a span of the Pantheon dome. 

Later, they built a series of eight-sided domes. Two reinforced concrete domes of the Leipzig Market (Fig. 14) 

erected from a design of F. Dishinger (1887-1953) and Ritter in 1928 were ones of the first shells of this series. The 

diameter of these domes is 65.8 cm; the height is 29.9 m; the wall thickness is 9.2 cm and the diameter of a light 

opening at the top is 28 m. Later in 1929 the same eight-sided dome was erected for a covered market in Basel (Fig. 

15). A span of the dome is 60 m; a thickness of its wall is 8.5 cm. The eight-sided dome rested on the corner col-

umns in the angles of the dome. Some architects note that domes of Leipzig Market (Fig. 14) and Basel Market (Fig. 

15) give rise to a cheerful sensation of space. 
 

 
 

Fig. 14.  Leipzig Market Hall, Franz Dischinger, 1927–1929 (current use: Multipurpose hall), http://en.structurae.de 

 

http://en.structurae.de/structures/ftype/index.cfm?ID=2086
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Fig. 15. Basel Market, Switzerland, 1929, arch. H.-E. Ryhiner, Eng. A.A. Goenner [photo of B. Fritz] 

 

Firstly, reinforced concrete cylindrical vaults were built. Later they began to erect shells in the form of domes on a 

round plan and then composite shells on multiangular plans began to appear, called polygonal domes by F. Dishin-

ger. The middle surfaces of polygonal domes were formed by the intersection of several cylindrical surfaces (Fig. 

14). Later, they began to use more complex forms of conoid, ellipsoid, and one-sheet hyperboloid of revolution. 

Burst of interest in shell structures, made in the form of a hypar or put together from fragments of a hypar, took 

place since beginning of 1950s (Fig. 16). Just models of shell structures containing several fragments of a hypar 

attracted the most interest and became popular among architects. Eng. L.A. Makarova [2] was the first who pre-

sented an idea of covering in the form of a hypar on a rectangular plan. But Mexican architect F. Candela (1910-

1997) made an inestimable contribution in the forming of shells on the basis of fragments of hyperbolic paraboloid 

and in their extended reproduction. 
 

 
 

Fig. 16. A Pavilion of “Fillips” firm at the Brussels World’s Fair Expo 58, arch. I. Xenakis 

 

The pioneers of the era of architecture, designing, and building thin-walled reinforced concrete shells gave a power-

ful impulse to the development of building innovative shells to the middle of 1970s. The shell structures, created by 

E. Torroja, declared about himself after erection of Algeciras Market Hall (1933, Fig. 17; 1957, Fig. 18) [1], by P.L. 

Nervi (1891–1979), who began to work in the sphere of civil building after 1923 and since 1940s (Fig. 19) and 

created ideal aesthetic of reinforced concrete space erections, by F. Candela, a Mexican architect, who took part in 

900 designs and created umbrella shells (Fig. 20), by O. Niemeyer, the founder of modern brazil architecture (Fig. 

21), by A. Tedesco (1903-1994), the founder of American idea of reinforced concrete thin-walled shell structures 

(Fig. 22), are used and repeated by modern architects all over the World till present time and studied in many archi-

tectural and civil engineering universities. Although shell construction in Europe was disturbed during the Second 

World War, the building of shell structures in the USA continued and started in South America. By the way, A. Te-

desko considered, that low cost of shells was the main criteria which must be laid to shells in the USA and that is 

why “American shells are different from their foreign counterparts, with the designs emphasizing labor savings at 

the expense of additional materials” [4]. 

 

http://ais.badische-zeitung.de/piece/00/95/d4/aa/9819306.jpg
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Fig. 17. Algeciras Market Hall, 1933, Eng. E. Torroja 

 

 
 

Fig. 18. Fedala water tank: concrete silo for the storage of water in Morocco, 1957, Eng. E. Torroja. 

 

 
 

Fig. 19. Palazetto Dello Sport, Rome, 1956-1957, arch. A. Vitellozzi, Eng. P.L. Nervi [darriuss.livejournal.com] 

 

 
 

Fig. 20. The ferrocement 16-mm thick hyperbolic paraboloid shell of Cosmic Ray Pavilion, Mexico City, 1953-1954, F. Candela 

[WikiArquitectura. Buildings of the World] 
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Fig. 21. Catholic Cathedral in Brasilia, 1962, О. Niemeyer 

 

 
 

Fig. 22. Water Filter Plant in Hibbing, 1939, A. Tedesko [4] 

 

In the 1950s-1960s, they began to design and build public shell buildings in the form of analytical surfaces of non-

canonical shapes with arbitrary form of plan. It is difficult to define these surfaces by analytical equations. 

 

The oldest precast dome roofs for covering a Sport Palace with a diameter of 76 m (Fig. 23) and a sport hall were 

built in Tbilisi (Georgia) in 1960. The shell was assembled without scaffolding and falsework and has 11 type sizes. 

An analogous dome was also built over a bathroom building in Tskhaltubo (Georgia). These shell structures have 

been assembled from precast trapeziform panels. 
 

 
 

Fig. 23. Sport Palace in Tbilisi, Georgia, 1960 

 

The first precast shells of negative Gaussian curvature in the form of four hypars with dimensions of 18×6 m on a 

plan were erected in Chernogorsk of Krasnoyarsk krai (Russia) in 1961. They were built for covering a shop of rein-

forced concrete products from a design of Leningradskiy Promstroyproekt. 

 

Thin-walled large-span shells were erected and are erected now mainly in monolithic variant. Only in the USSR, 

thin precast shells were under construction more often. This method answered the principles of industrialization of 
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building assumed in the USSR. But in Russia, the cost of building from monolithic reinforced concrete is more ex-

pensive than from precast concrete in contrast to the rest of the World. 

 

A widespread application of reinforced concrete shells demanded not only new forms of their middle surfaces but 

elaboration of new methods of erection of shells. A method of erection of a reinforced concrete monolithic shell on 

an earthen falsework applied in the time of building of a spherical covering of Universal Hall in Albuquerque (USA, 

1955, Fig. 24) with a span of 66 m and a thickness of 12.5 cm was of interest with this point of view. The shell 

thickness increases to 31 cm near the supporting ring. The inflated membrane method was appreciated by many en-

gineers. Inflated membrane forms, also known as air-inflated forms, originated in 1942 when W. Neff received a 

patent on a system where the form was inflated to the shape of the structure, and after that, the steel and shot con-

crete were placed on the exterior of the structure. Particularly noteworthy was the system invented by D. Bini. 
 

 
 

Fig. 24. Universal Hall in Albuquerque, USA, 1955, arch. Ferquson, Stevens 

(removal of the soil from under the finished dome) 

 

B.V. Gorenshtein [5] notes that a bearing capacity of compressed reinforced concrete shell is used more under large 

loads but a shell thickness is often taken due to constructive consideration if a shell is subjected to small loads. The 

history of civil engineering has repeatedly shown that new types of structures have been built before their behavior 

was fully understood. The early practitioners had to rely on intuition and courage rather than on written knowledge 

[3]. 

 

The authors presented and analyzed reinforced concrete shells built in the main before 1960. Those who want addi-

tional information about an early period of shell history can find it in a paper [6], where the information is given in 

table form on 30 reinforced concrete shells erected in the Europe and the USA in a period from 1912 to 1958. 

 

In 1960, dozens of unique reinforced concrete shells a year have been built. No one will likely enumerate all of 

them. The information on some erected shells was documented in many reference books and textbooks; others re-

mained practically unknown until the present time as they discharged their functional destination. Let us observe 

some reinforced concrete erections of 1960s, world-wide known or known only to national specialists. 

 

The National Center of Industry and Technics, with a span of 218 m along one side and a 48.8 m high, designed and 

built in Paris in 1958, is one of the greatest erections in the world (Fig. 25). Having inscribed the triangular dome 

into a circular plan, one will receive a diameter of the circle equaled to 251 m. The thickness of every layer of this 

two-layered shell is 60 mm at the top and 120 mm along the lines of intersections. Both of the layers are divided 

between themselves by longitudinal and transversal ribs with the height varying from 1.8 m to 3 m. It is necessary to 

remember that computers were absent at that time. 
 



IJRRAS 18 (2) ● February 2014 Krivoshapko & al. ● Earliest Reinforced Concrete Shells 

 

 
 

105 

 

 
 

Fig. 25. National Center of Industry and Technics, Paris, France, 1958, arch. B. Zehrfuss, R. Camelo, J. de Maille 

[www.help-rus-student.ru] 

 

The University of Illinois Assembly Hall was opened on March 2, 1963 (Fig. 26). Its diameter is 400 feet. The larg-

est dome in the world (Fig. 27) was built from precast pre-stressed reinforced concrete with a diameter of 109 m and 

the 30.78 m high in Belgrade (Serbia) in 1957. 

 

A dome shell of circus in Kiev (Ukraine) with a span of 41.8 m was made in the form of a precast reinforced con-

crete many-sided shell inscribed into spherical surfaces (Fig. 28). The shell was assembled out of 160 plane ribbed 

panels of trapezoidal form and it consists of five horizontal rings. So, the quantity of type sizes is equal to 5. 
 

 
 

Fig. 26. University of Illinois Assembly Hall – Urbana, arch. Max Abramovitz, Eng. E. Cohen, 1963. 

 

 
 

Fig. 27. Belgrade Fair – Hall, Serbia, 1957, arch. Branko Ţeţelj and Milord Pantović [en.wikipendia.org] 
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Fig. 28. Circus in Kiev, Ukraine, 1959, arch. V. Zhukov, G. Ratushinskiy 

 

A shallow reinforced concrete cover of Nekrasov (Maltzev) Market in St. Petersburg is also of interest because the 

middle surface of this shell is a velaroidal surface, that is, a surface of translation of a curve with variable curvature. 

The shell is rested on the square plan with the dimensions of 54×54 m (Fig. 29) by architect Evdokimov with col-

leagues. The market was opened in 1960. The form of the Old Georgian domes on rectangular plan was assumed as 

a basis of this design. The old domes (darbazi) were built from bricks or plane stones. But a cover of Nekrasov 

Market cannot be seen from the outside. 
 

 
 

Fig. 29. A shallow reinforced concrete covering of Nekrasov (Maltzev) Market in St. Petersburg 1960 

 

A building of a shopping center in Cheliabinsk, covered by a precast square shell of circular translation with a span 

of 102 m and a shell rise of 20.4 m (Fig. 30) was erected from a design of GPI № 1. The plates were put on the lath-

ing from reinforced concrete beams. After concreting of the joints, temporary supports were lowered. This method 

was considered unique. Hard mineral wadding was used for warmth-keeping. Analogous shell structures were de-

signed for covering of buildings in the Leningrad commercial port with the dimensions of 120 m by 120 m, for shell 

covering of a garage in Novosibirsk with the dimensions of 150 m by 150 m, and others. 
 

 
 

Fig. 30. Covering of Cheliabinsk Market, a project of 1962, the authors A.V. Shapiro, G.N. Kubarev, N.Ya. Lurie, arch. F. Se-

letskiy and others (it was put into operation in 1975) 
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3.    THE HISTORY OF DESIGN AND BUILDING OF REINFORCED CONCRETE COOLING TOWERS 

Studying the history of building of reinforced concrete shells, they forget for some reason about a very interesting 

and important class of thin-walled reinforced concrete structures such as cooling towers (Fig. 31). But the dimen-

sions of these structures often surpass dimensions of shells of civil purpose. The history of design, building, and 

analysis of reinforced concrete cooling towers is of great interest because due to it, one can retrace the stages of 

emergence of original constructive solutions and can show creative work of architects. Designing strictly functional 

structure with given form, dimensions, and material, architects created interesting structures. 
 

 
 

Fig. 31. Cooling tower of the Zuev State region power plant 2, the Ukraine 

 

In the last 60 years, the initial cylindrical form of the cooling tower was replaced by the only technologically expe-

dient form of a one-sheet hyperboloid of revolution. A former general director of Trest Tsentrospetsstroy S.A. Niki-

tin said that his organization alone has built 580 cooling towers from 1923 to 1997. 

 

Western Europe began to build hyperboloidal cooling towers for water-supply systems of thermoelectric and nuclear 

power stations considerably earlier than Russia. In 1915, the Dutch engineers Iterson and Kuyper built a hyperbo-

loidal cooling tower 35 m high from poured-in-place concrete. 

 

During 1950–1960, hyperbolic reinforced concrete cooling towers erected from a design type of the Institute Teploe-

lektroproekt found widespread use in Russia. A typical cooling tower has a total height of 55.3 m above earth level. 

The diameter of the lower shell contour is 47.4 m, the diameter of the upper edge is 26.16 m, and the throat diameter 

is 25.5 m. A strut reinforced concrete support grating consists of 36 support elements of eight-sided cross section 

made from precast concrete. The upper edge has a stiffened ring. 

 

The first precast reinforced concrete cooling tower in Russia was built at the Darnitskaya heat and power plant in 

1961. Cooling towers erected for the needs of nuclear power engineering reached a height of 180 m. They have a 

base from 140 m to 160 m and a variable thickness of 18 cm to 50 cm. At present, a maximum height of cooling 

towers, equal to 200 m, was reached. Even a series of crashes and catastrophes did not stop the increase of overall 

dimensions of cooling towers. Not many public buildings reach such dimensions. 

 

The authors limited themselves to this information. More detailed information is given in [7]. 
 

4.    CONCLUSIONS 

The authors studied the history of the rise of thin-walled space reinforced concrete structures and gave examples of 

shells of an early period. Examining this problem, the authors limited themselves by a period of the first wave of the 

era of thin shells (1922-1965). Between the 1920s and 1960s, considered the “golden age of thin shell structures,” 

these constructions were developed as an engineering solution in order to achieve large spans for industrial, com-

mercial, or public structures. After the 30 years interval, a new period of renascence of interest to shells begins. But 

this will be materials for new investigations and reviews. Monographs [8, 9], a paper [10], and a Master’s thesis [11] 

can be assumed as a basis of these researches. In the 2000s, new materials, shapes of shells, and methods of their 

building were created. A new generation of architects appeared and they imagined the future of shells in another 

light than the pioneers of designing and building of thin shells in the middle of the twentieth century. But all bearing 
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a relation to architecture, design, and analysis of thin shells must know stages of formation of architectures of space 

reinforced concrete structures and leaning against the experience of the previous generations they have to create new 

architectural masterpieces but with the help of computer graphics, computer programs of analysis, and new building 

materials. Some architects will aspire to design something like structures already built but with larger dimensions, 

with lesser thickness or with smaller expenditures. But it is necessary to remember the opinion of I.G. Gohar-

Harmandaryan [12] who considered that “servile imitation to the past or conscious attempt of premeditated return to 

the past lead to unfortunate results.” 
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