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Abstract
This study is devoted to the recreation of Giovanni Battista Piranesi’s compositional thinking. The study is based on
analyses of the composition of his engravings depicting architecture and space. Here Piranesi’s compositional solutions
for his graphic works are compared to his predecessors and contemporaries’ beautiful paintings carrying the same motif. In order to show that the perspective was one of the artistic tools for him, the article presents the comparative analysis of one of Piranesi’s engravings (“View of Basilica di San Paolo Fuori le Mura” from the series of “Views of Rome”)
with a perspective model made with the help of a SketchUp software, pictures of layouts and perspective views made
with the help of an architect method (the method of the descriptive geometry).
The author builds his point of view on the fact that the plane comprises only such structural elements of the existing
composition, which clearly reveal its space-dimensional features when compared with each other. To confirm this, the
author proposes an approach implying that all the information fixed at the plane is considered to be a professional communicative means necessary for formation of space-dimensional representations in a human mind about a composition
in the overall system of the drawing or the image.
In order to confirm this hypothesis, the author carried out an analysis of the Pantheon drawings made by Andrea
Palladio di Pietro and Giovanni Battista Piranesi. Due to the fact that the composition information on the object is broken into pieces and is represented by the system of interrelated orthographic views on the architectural design (on the
drawing), in the article we tried to find out the implied logic and the pattern of information disclosure by Giovanni Battista
Piranesi with the help of projection views.
Key words: compositional thinking, engraving, perspective, model, drawing, orthographic view, computer model,
image

Introduction
A great interest in the graphic heritage of Giovanni Battista Piranesi can be observed in present days. A lot of books
on this subject were published by the following authors: S.A.
Toropov (1939), L.A. D'yakov (1980), N.I. Sorokina (2013),
A.V. Ippolitov (2013), etc.; also some exhibition catalogues
were published by the State Hermitage Museum (in 1959
and 2012), the State Museum of the History of St. Petersburg (2008), the Pushkin State Museum of Fine Arts (1972,
2015), and some albums of engravings were published by
German publishing house TACHEN (in 2001, 2006, 2000).
The review of Russian articles revealed two authors
who dedicated their works to the art of Piranesi. N.I. Sorokina (2007a) who focuses on Piranesi's works in the con-

text of the age of Enlightenment (N.I. Sorokina passed her
Ph.D. defense on this subject in (2007b), and V.M. Uspensky (2012) who traced the influence of Antonio Canaletto’s
drawings on the engravings of Piranesi “Vedute di Roma”
(manifested in borrowings of compositional schemes and
elements of images as well as exaggerated scale tricks,
etc.) in his studies.
The range of foreign articles on the above stated subject is divided into four groups. The first group of authors
focused on the study of drawings (Minor, 2010).
The second group of researchers showed interest in
the description of different series of Piranesi’s engravings
stored in different countries and features of the genre Capriccio (Stoppani, 2009; Marchesano, 2010).
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The third group of authors focused on the study of issues not directly related to the architectural arts, i.e. then
existing structures depicted on the engravings of buildings with the aim to examine their technology (e.g., Pizzo,
2011).
The fourth group addressed the issue of space in the
engravings of Piranesi concerning its various aspects in
their articles, therefore solving different tasks in different
aspects of the topic (Marcos, 2014; Stoppani, 2014).
One author from the latter group – Jung-Rak Kim – is
an opponent to our research. He questioned the historical
accuracy of graphic recreation of the architectural image
of ancient Rome in the genre of “Capriccio”. The author
does not develop the issue of precise manifestation in the
engravings, but focused on the artistic legacy of Panini
(Kim Jung-Rak, 2013). In our study we tried to reveal the
aspect of accuracy and its manifestation on the example
Giovanni Piranesi’s engravings.
In 1995 R. J Aitken defended his master's thesis in
McGill University in Canada on a subject “Piranesi-Vico:
“Il Campo Marzio”. Foundations and the Eternal City (Giambattista Piranesi, Italy)” under the direction of Alberto
Perez-Gomes; the thesis developed a phenomenological
approach to the architecture and urban planning. The
student offered the interpretation of Piranesi’s engraving
“Campo Marzio” with use of the stated method; he revealed multidimensional contextual links with the help of
his scientific instruments concentrating his attention on
details of the engraving (Aitken, 1995).
Readers of this article may be wondering what one
more new publication on the famous graphic artist and architect can bring? The novelty of the article lies in the use
of the author’s method of visual analysis of composition of
the engravings for disclosure of their patterns of arrangement of geometric structure of the composition affecting
the formation of an image. The perspective is one of the
graphic tools of composition. The work comprises comparative series of photographs (engravings, drawings and
layouts) and a 3-D computer model (the ensemble of the
St. Peter’s Cathedral in Rome). Some issues as to the role
of perspective as a means of composition in architectural
graphics of Piranesi are touched upon.
The hypothesis of the study is the following: Piranesi’s
graphic culture was formed in the process of communication and work with artists of different directions of sculptural arts which in turn influenced the formation of compositional and creative thinking revealing in the methods
of space arranging in his engravings. The desire to show
and to provide insight into the idea of an existing space-dimensional composition (in motion) had a great effect on
structure-forming principles of composition on his engravings, the transformation of visual perspective, the choice
of emphases in the composition of depicted architectural
forms.
Taking into consideration existing compositions and
drawings, the analysis of motifs depicted at the engravings of Piranesi would help to identify peculiarities of
visual thinking of the architect and features of a composition on the plane.

4

The space is one of the forms (along with the time)
of existence of the infinite and ever-evolving world. It is
characterized by length, volume, structure and limitation.
Depicted space has its limits both visual and defined by an
artist on the general layout. In the first case, the boundaries of an imaging area are delineated with a clarity of
visual perception of the architecture depicted (boundaries
of visual perception, fixing of the point of view, the level
of the skyline on the plane). In the second case, the artist himself puts boundaries at the painting field, which is
stipulated by the need for solving of some graphic tasks.
Methods and materials
The Fundamental library of the Saint Petersburg State
University of Architecture and Civil Engineering stores
15 books with engravings by Giovanni Battista Piranesi.
The series of engravings are as follows: “Prima Parte di
archittura e Prospettive”, “Vedute di Roma”, “Grottesch”,
“Carceri”, “Della maginficenza ed arcitettura di Romani”,
“Antichit a romane”, “Antichit a della Magna Grecia”, “Antichit a di Pompei”, and the ones rarely published in modern
editions such as “Alcune vedute di archi trionfali, ed altri
monumenti inalsati da romani parte de quali si veggono in
Roma,...” “Trofeo o sia magnifica Colonna coclide di marmot composta digrossi macigni ... “, “Diverse maniere d
adornare I camini”, etc. (see Figure 1).
The paper presents some parts of illustrated deluxe
editions from the SPSUACE collection that clearly reveal
the subject of this study. In particular we are interested not
in the technique of perspective creation (from the course
of the Descriptive Geometry), but in the perspective as a
means for generating three-dimensional representations
revealing the features of depicted architectural forms
composition.
In order to identify patterns existing in the composition of Piranesi’s engravings and especially peculiarities
of use of the perspective, we applied in our study a method of comparison of models of depicted forms (author’s
drawings and diagrams, pictures of layouts, a computer
model) with engravings by Piranesi. At the same time a
single skyline plane level was considered during the visual
analysis of engravings.
When arranging the image space of the engraving,
Piranesi took into account a composition of the depicted
architecture and spaces and put visual boundaries of depicted images on the orthographic plane and engraving,
and fixed the skyline level at the picture plane. He applied
these actions to orient in the existing space and to represent a three-dimensional composition on the sheet plane.
The aerial perspective system involves division of the imaging space into plans. Such division may be stipulated
with the features of the current composition of depicted
architectural forms standing out from the environment due
to their geometric, sculptural, and three-dimensional characteristics. These objects - elements form the structure of
triple-planned composition of the engraving (see Figure 1,
b, e). Besides, the geometric structure of the plane composition of Piranesi’s engravings (see Fig.1) is divided into
two types:
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a)

b)

c)

d)

e)

f)

g)

h)
Figure 1. Examples of Giovanni Battista Piranesi’s engravings from different series: a) “Prima Parte di archittura e Prospettive” (1975).
The first part of architectural and perspective drawings made and engraved by Giovanni Battista Piranesi; b) “Vedute di Roma” (1748).
Views of Roman ancients; c) “Opere Varie di Architetturaprospettive grottechi,…” (1750). Different works of architecture, perspective, and
classic ornamentations in the Ancient Roman style; d) “Carceri” (1760). Jail, drawings by Giovanni Battista Piranesi; e) “Alcune vedute
di archi trionfali, ed altri monumenti inalsati da romani parte de quali si veggono in Roma,…” (edited after 1765). Some types of triumphal arches and other monuments built by the Romans, and a part of them is situated in Rome… f) “Diverse maniere d adornare I camini”
(1769). Different ways of fire place decoration… g) “Trofeo o sia magnifica Colonna coclide di marmot composta digrossi macigni…”
(1770) (1773-1776). Trophies, or a magnificent twisted marble column made of big stone blocks; h) two types of a geometrical structure of the composition on the plane: with one compositional center; with a compositional center and sub-centers; axial composition

a) engravings with one compositional center - emphasized with the following:
• contrasting juxtaposition of one object to its surroundings by its geometric dimensions, sculptural characteristics or special location on the engraving outlined with
cross-diagonals (see Figure 1 h);
• breakdown of the engraving into some sectors related
to its borders and placement of sub-centers in their compositional structures (see Figure 1 h).
b) engravings with a strong vertical and horizontal
composition axes.
The main compositional center and structural crosspoints help the viewer to form a volume-and-spatial representation of the image space. We can assume that the
following factors affect the number of plans at the engraving: an artistic task, the current composition of the archi-

tecture; psychology and physiology of a human namely
the George Miller’s rule “7 ± 2” (which explains the adopted division of the image space into three plans on classic
painting and engraving; these three plans are also divided
into another three minor plans giving a total of nine).
One of the characteristic features of Piranesi’s works is
complex possession and knowledge of the perspective (inspective, linear, frontal, corner, and air perspectives). His
works often possess aerial perspective (a method creating an
illusion of spatial depth on a plane with the help of a tonal contrast), frontal perspective in which the main face of a building is
shown frontally without any perspective distortions, and lateral
lines are directed into the vanishing point as well as a corner
perspective fixing the perception of an image under a certain
angle (all visible parts and all planes of imaging of the object
in this graphic system are reduced and seen in perspective).
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The history of the art involves a lot of systems seeking
to capture space image of perspective, but the plane in all
of them appears to be only a measure of the depth, borders and form sculpture.
Italian artists, the masters of “Capriccio” and “Veduta”,
were students of theatre designers and perspective artists
as a rule. The family of Italian decorators Bibiena-Galia
and the brothers Domenico and Giuseppe Valeriani were
hugely popular in Italy. They created paintings for Venetian theaters, palaces and villas, the composition of which
included somewhat fantastic architectural buildings often
connecting elements of different styles. We are interested
in a compositional connection of such elements and the
methods of indicating the presence of such a system that
Piranesi supposedly learned. Twelve sketches of theatrical scenery by Giuseppe Galli Bibiena are given on Figure 2. A sheet from the Hermitage shows work sketches
reflecting the author’s search for possible solutions for a
composition of the depicted motif.
The history of the Figurative Art defines a diagonal as:
a) an element of a formal composition in the plane
arranging its structure, binding and helping to match the
main components and to direct visual movements from
one element to another.
b) It identifies properties of a three-dimensional composition of depicted forms and the space revealing through
the time from a fixed and from a dynamic viewpoint. According to the theory of perspective (the descriptive geometry), a diagonal in “arranging of depicted objects” can
be viewed “in the form in which the items are represented
when we are directly looking at them through the picture
space” (Rynin, 1918, p.1).
However, Figure 2 (a) shows another logic of arrangement. The obelus, the arch and the colonnade are repeated elements that are differently arranged on the sheet
having different spot areas. The diagonal on the picture
we are studying is involved as a link element of the structure. Bibiena fixed the options of compositional search.
These options of arrangement of elements on the plane
(with respect to the drawing boundaries) and a connecting
diagonal form different images of the space in the human
perception. Sketches have different artistic expression

a)

associated with different degrees of the space restraint.
A quick overview of sketches gives an impression of film
advancing, but it is not in actual fact. These are sketch pictures fixing the author’s intent and a drawing composition.
The author’s intent implies a visual structure of the master
cross-point (a compositional center). Visually, the diagonal guides directly to the center along with the balance
axis for the nearest elements. This structural unit contrasts with the environment by some geometric characteristics: square, spot configuration, rhythm, etc. (according
to the principle “a subject – background”).
Let us make a time jump and look at the art of icon
painting, namely at a fragment of the Hagiographical Icon
of Saint Sergius of Radonezh (mid XVIth century) (see
Figure 2b), we can clearly see the common arranging of
the compositional structure principle revealed in arrangement of architectural elements at the background of the
icon (Matochkin, 2006).
Consideration of contrasting examples of art objects
reveals the existence of a common language of the art
and various compositional systems with its own postulates and principles having different visual tools (similar
to semiotic text arrangement). The skill of image forming
was honing within the framework of these compositional
systems. In a similar way the classical architecture claims
that “... the one not looking for new forms is seeking perfection in existing ones. All the proportions, ratio of masses, textures, and the spaces are inside the canonical Roman order solutions” (Revzin, 2013, p. 250). These words
can be attributed to the art of engraving. Thus, we would
search for individual solutions in the composition of engravings in comparison with the works of Piranesi’s predecessors, who worked with the same motif.
Let us look at the biography of Giovanni Battista Piranesi
(1720 - 1778) considering only those facts that affected the
formation of his individual style. According to the monograph
by N.I. Sorokina (2013), we may distinguish the following
events of his life: he was born in Venice, where there was
already a considerable experience in graphic engraving in
the “veduta” genre. Giovanni Battista Piranesi was a fellow
countryman of Giovanni Battista Tiepolo, Canaletto, Bernardo Bellotto and Francesco Guardi. His father Angelo Pi-

b)

Figure 2. On the issue of common compositional structure of the Spatial Art works manifested in geometric combinations of elements of the compositional structure: a) Fernando Bibiena, XVIIth century; b) Fragments of the Hagiographical Icon of Saint Sergius of Radonezh (mid XVIth century)
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ranesi was a “mason”, his mother Laura Piranesi was a sister
of “the leading architect in the magistracy (Magistrato alle
Acque)”, engineer and architect Matteo Lucchesi; so, he was
surrounded by architectural professionals and, subsequently, sought to continue the professional interests of the family.
Piranesi learned the basics of the architectural profession
and undertook practice under the guidance of his uncle. Piranesi became acquainted with the art of theater design and
collaborated with Roman theatre designers Domenico and
Giuseppe Valeriani. His first study visit to Rome was made in
1740. He participated as a draftsman of the incoming Venetian ambassador Francesco Venier. A few years later, Piranesi tried to find a job of an architect in Rome. His protector
was Nikola Dzhiobbe, who had access to the library where
engravings and books on history, architecture, antique case,
and topography of Rome (graphic lists of Marco Ricci, Giovanni Battista Tiepolo, Luca Carlevarijs) were kept (Sorokina,
2013, pp. 7-8). We can assume that he saw the engravings
of early and contemporary masters and was acquainted with
ancient artifacts of the villa of Cardinal Alessandro Albani
in Rome and participated at excavations of the villa of Roman Emperor Hadrian in Tivoli (Sorokina, 2013, p. 10). It is
believed that his teacher was Giuseppe Vasi, the master of
”viduta”, an Italian graphic artist and painter.
Taking into consideration all of the above, the studies
(Sorokina, 2013; Pizzo, 2011) and this article, it can be
concluded that formation of Piranesi’s creative method
was influenced by the following art masters:
a) Francesco Galli Bibiena and Giuseppe Valeriani in
the field of theater designing;

a)

b) Giovanni Antonio Canal called Canaletto, Giovanni
Battista Tiepolo, Marco Ricci, Giuseppe Vasi, and others
in the field of painting and drawing.
In order to identify the individual structure-forming principle of Piranesi’s engravings, let us compare the image
of architectural forms of arches, pyramids, and an amphitheater made by other painters and engravers.
The Dutch painter Caspar van Wittel (1653-1736) and
the Italian painter Giovanni Paolo Panini (1691-1765)
worked with the genres of “Caprichos” and “Veduta”
before Piranesi (see Figure 3a). Their favorite motifs of
imaging were ancient buildings: arches, colonnades,
pyramids, circular buildings in the plan (the Colosseum, the Rotunda), amphitheaters, circuses, etc. Those
architectural forms often turned into romantic ruins on
their paintings and engravings. We studied the work of
those artists, for example, depicting the Arch of Titus.
We compared their works with the engraving by G. Battista Piranesi.
Wittel used frontal perspective in his works that dominated the linear perspective. Panini arranged his canvas
composition otherwise applying angular perspective that
created an illusion of dynamic motion at the plane, and
the arch lost its qualities of severity and stability. Panini
created dynamic tension of the composition enhancing diagonal directions and emphasizing functions of the arch
skipping human flows and directing their movements. The
works of those authors created the image of a closed architectural space with the help of extent and continuity of
the silhouette of the architecture spot.

b)

c)

e)

d)

f)

g)

Figure 3. Works by Giovanni Paolo Panini and Giovanni Battista Piranesi: a) The Arch of Titus. Drawing; b) C. Wittel; c) G.
Panini.; d, e, f) engravings by G. Battista Piranesi; g) V. Brenna. The Arch of Titus. Mural painting in the Anteroom of the Kamennostrovsky Palace. Made on the basis of G. Piranesi’s engraving of 1796 (designed in 1781). Tempera on plaster
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Piranesi created his early engraving of the Arch of Titus (see Figure 3d) with application of an angular perspective having creatively interpreted the composition by C.
Wittel (Figures 3 b, c) by changing proportions of the work
and the arch itself. In his works, Piranesi used sculptural
and perspective contrasts of heights of buildings in the
foreground relative to the second plan. This work comprises convergence of diagonal lines on the plane and angles of the depicted architecture joining in a point-axis of a
formal composition, thus, separating the left and the right
sides of the engraving. This indicates a twofold attitude
towards the perspective as some kind of visual reality existing in the nature and as a means of formation of the
composition structure on the plane. A few years later, he
recognized this solution that he had found intuitively and
subsequently developed in his new works on this motif.
Piranesi generated a kinesthetic sense of motion within
the composition of engravings in Figure 3 (e, h) using a

a)

b)

c)

d)

f)

h)

contrast in the arrangement of the right and the left parts
of the engraving (a contrast of emptiness and fullness). He
created an impression of a guiding architectural space on
the plane with the help of the grouping of basic volumes
along boundaries of the drawing and the diagonal formed
with the architecture silhouette. The diagonal in his work
appears to be a visual boundary of the light and the shadow on the plane, on the one hand, and a visual means of a
formal composition – a connecting axis leading to the two
centers, on the other.
Another example is a drawing of the Pyramid of Caio
Cestio (12 B.C.). In the IIIrd century A.D. the pyramid was
connected to a wall built to protect the city against the
growing threat of barbarian attacks. Emperor Honorius
twice raised the height of Roman towers in the Vth century including the tower of the Eastern gates depicted on
the engraving (Figure 4a, b, c, d). A visual range of Piranesi’s works involving this motif shows another interesting

e)

g)

i)

g)

Figure 4. The Pyramid of Caio Cestio: a) a situational plan showing the pyramid and its surroundings b) the image of the pyramid at G. Battista Piranesi’s engravings; c) Marco Sadeler (1606). The author of the second engraving is unknown; d) Giuseppe Vasi; e, f, g, h) Giovanni Battista Piranesi; i, j) by Luigi Rossini
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feature of his engravings. The first engraving – a small
search for ideas – discloses geometrical features of the
pyramid and the surrounding spaces (Figure 4 h) in comparison with a subsequent large engraving (see Figure 4
e, f).The large engraving discloses information about the
current architecture group. For that purpose, he introduced characteristic architectural elements carrying the
information about the space around the pyramid (he broke
and removed the right wall of the pyramid to the effect of
outlining a three-dimensional composition). Considering
Piranesi’s staffage engravings, small architectural forms,
trees, clouds and the rhythm of the shadows on buildings
helped to reveal the information about the shape and the
space, which could not be disclosed to the full through the
use of visual means of perspective only. The details perform a connecting role in the structure of the work; they
reveal an architectural (space-volumetric) and an artistic
image.
We propose to perform a comparative analysis of Piranesi’s and Rossini’s works depicting the pyramid of Caio
Cestio (see Figures 4 h, i) to show the impact of details on
the overall change of the image.
The Italian painter and architect of the XIXth century
Luigi Rossini (1790-1857) was a follower of Piranesi’s art;
his engravings are often confused with the works of his
predecessor. What is the reason for such similarity? Perhaps, it is in the repeating of compositional structure. For
example, when copying and modifying one of the original
composition sites (its geometry of structural sites), a new
arrangement of a structure bearing a different view of the
displayed three-dimensional composition and, hence, the
whole image is created. Looking at the original work of
Rossini (Figure 4j) and its mirror reflection (Figure 4 i), the

a)

c)

compositional structure of the latter resembles the Piranesi’s engraving on Figure 4 (h). Thus, Rossini repeated
Piranesi’s composition in its mirror reflection (see Figure
4 h) having changed only the right part of the composition by adding a tree (see Figure 4i). The Rossini drawing
has the same level of the skyline in the picture plane as
the Piranesi’s work (see Figure 4 j, g). The diagonal in
the composition of his engravings connects structural elements and it interrupts not in the middle of the drawing
like in Piranesi’s work (by a diagonal of clouds), but at the
edge of the image boundaries (by a diagonal of the tree).
In order to check our supposition, we reviewed another
work by Luigi Rossini “Amphiteatrum Castrense” (see Figure 5b, c). The arrangement of this work compiles compositional solutions of two works by Piranesi (see Figure
5 b, c); keeping their main structure, he corrected the details – architectural ones, trees, clouds, land topography
(altering their geometry) – and formed a new image by
changing the height of the skyline level at the engraving
(see Figure 5d).
The method revealed in Luigi Rossini’s work can form
the basis for new training tasks for art restoration students
aimed at creating a “sense of style”, compositional styling
skills and development of imagination. This does not imply
the way of direct technical copying of a piece of work but
studying of compositional principles of an artist in creation
of architectural graphics and the way of creative interpretation of a composition on the basis of an original work.
Let us consider the existing methods of composition
analysis for works of visual art. Nowadays, analysis of
plane and formal composition and its constituent parts
(lines, spots, etc.) is applied in theoretical and artistic studies of the works by S.M. Daniel’, V.M. Mashkov,

b)

d)

Figure 5. Site layout of the amphitheater Castrense; b) Engraving by G. Battista Pranesi; in) Agostino Tofanelli. Amphiteatrum Castrense (1833)
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O.I. Kuznetsov and others as well as when considering
the structure and composition of paintings or engravings. The researchers studied patterns of arrangement
of a “flat geometric structure”, hidden rhythm schemes
and spots in the works in question. A different type of
analysis which is in contrast to the previous one can be
seen in other works such as the works by V.A. Mel’nikov
(2007) and L.S. Neyfakh (2009); this analysis implies a
search for a “volumetric geometric structure” (search for
patterns of arrangement of sculptural shapes, geometry,
rhythm and principles of plane movement in three-dimensional forms). They recreated three-dimensional geometry of the shapes depicted on the drawing on the basis
of reference points and lines of paintings and engravings
trying to uncover the principles of plastic transforma-

a)

tion of the depicted shape. The researcher L.F. Zhegin
(1970) proposed another method implying the display of
a “geometric structure of force fields” on the considered
sample of art. He applied the concepts and tools of the
descriptive geometry (a vanishing point, a point of view,
a visual ray) to reveal the features of hidden linear plastics of the composition of icons and frescoes. According
to Zhegin, the arrangement of “developing” structure has
planes and phases (see Figure 6).
Another research method – interpretation of a planar
composition through a three-dimensional model (3-D) –
was offered to designer and architect students by A. Ephimov and N. Popova.
The following common principles are used by all researchers listed above:

b)

c)

d)

e)
Figure 6. Methods of composition analysis of drawings and paintings: a) “plane geometric structure” (S.M. Daniel); b) “three-dimensional geometric structure” (L.S. Neyfakh); c) “principles of arrangement of three-dimensional geometric structures” (V.A. Mel’nikov, Ufa
State Petroleum Technological University); d) “linear plastic structure of arrangement” in the work studied by L.F. Zhegin; e) interpretation of planar composition through three-dimensional formal model (A. Ephimov, N. Popova, Moscow Institute of Architecture)

10

Elena Chernaya — Pages 3–18
PERSPECTIVE AS AN ARTISTIC TOOL OF COMPOSITION IN THE ENGRAVINGS BY
GIOVANNI BATTISTA PIRANESI

a) accurate repeating and generalized tracing of spots
and lines of the forms depicted on the drawing;
b) search for a “key” of arrangement of three-dimensional and two-dimensional composition and integrity of
the studied pieces;
c) analysis of one work and the omission of the entire
heritage of the studied artist (see Figure 6).
V.I. Loktev proposed an original method for disclosure of an architectural composition of existing buildings built in the Baroque style. He explored the issue
of artistic style in architecture, painting, sculpture, music
and theatre design of XVI-XVII centuries on the basis of
Italian art. He simulated graphical composition-and-image thinking on the basis of artist’s diagram drawings
depicting architecture particularly on the example of
Michelangelo Buonarroti’s art. Compositional thinking
involves the process of searching for relations and subordination of parts between each other and to the whole
by an architect. V.I. Loktev considers that this method is
important for students of restoration of architect and architectural styles to enhance the process of studying architectural compositions (see Figure 7). We focused on
his graphic method because he tried to find a form of verbal disclosure of the artist thinking aimed at disclosure
of the arrangement structure of a building in his diagram
drawings of buildings. He tried to capture the process
of his visual thinking with the help of graphical outlining
with arrows and brackets in order to analyze the composition of the building shifting the focus from one element
to another and comparing them, and then making some
conclusions. He directed the human glance to the object
of consideration and its parts making at the same time
small and large jumps (Yarbus). We can observe such
jumps at Loktev’s drawings in the process of professional analysis of fine arts. Thus, linear diagram drawings
reveal his visual analytical actions, and particularly the
comparison of the following:
a) small and large geometric breakdowns of forms in
horizontal and vertical directions;
b) parts (architectural details) and small groups – units
of forms between themselves and their breakdowns.
The research by V.M. Sonyak was dedicated to the
analysis of the current composition of depicted architecture using orthographical views of drawings and perspective (Sonyak, 1985). Due to the fact that the studied architectural objects are not available to us, we needed to
closely examine the drawings in our article.

An image is a model of sensible space (A.V. Ikonnikov).
As any other model, it implies similar reproduction of geometric, plastic and compositional characteristics of depicted forms and spaces on the plane. An image acts as
a result of cognitive activity of a subject, its existing visual
representations based on the long-term memory of the
subject, on the one hand, and as a result of connection of
the image boundaries on the plane of different temporal
parts of the architectural form and space (elements), on
the other.
An architect does not work directly with the material
during the process of creating architectural forms, as a
sculptor does for example. He uses graphics as a technical intermediary to visualize his perceptions of the future
material shape and to deliver it to a consumer. Different
art graphic means – composition, perspective, proportions, lights and shades, color, touches and texture, etc.
– are used to activate the sense of materials on the plane.
The artist arranges the system of work of these means in
such a way that they affect the human mind and cause
emotional and sensual reactions.
An architect uses graphic language as a communicative tool. He focuses his attention on some visual elements
of the composition on the drawing and misses the others.
Let us consider the architectural drawings of the Pantheon
by Palladio Andrea di Pietro (1936) and Giovanni Battista
Piranesi in order to identify the logic of disclosing information about the form with the help of view projections.
The fundamental treatise “The Four Books on Architecture” by Palladio tells us about the famous temple of
Rome – Pantheon (named Rotunda in those periods of
time), about its external and internal features of architecture, its shapes, decorations and design. The author gave
an accompanying text to ten tables (drawings) in his work.
The written list of the tables is quite interesting; it gives an
idea of its compositional script of actions divided into the
following three steps:
1) plan; the principle front; combination of the front and
a cross-section revealing the structure of the shape;
2) side face; side section of the same face, features of
the face decoration and details of the terrace;
3) cross-section of the main form in front of the entrance; interior fragments; details (ornaments) of the building interiors and the profiles of these ornaments (Matochkin, 2006).
We can affirmatively declare that the Pantheon drawings have a definite pattern. We used perspective ge-

Figure 7. Method of analysis of an architectural building simulating the process of compositional thinking (V.I. Loktev)
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ometry, i.e. a simplified shape model of the Pantheon,
to reveal this pattern. Schematic drawings captured the
main volume of the buildings and the scene sequence
of information disclosure on the object by means of a
series of orthographic projections marked with certain
figures; arrows detected visual documenting of external
boundaries of the shape and interior space using indepth movement of the orthographic plane. The analysis of drawings revealed that the architect recorded
each step and in-depth movement with the help of frontal and side views in order to disclose information about
the shape of the object. Thereby, the scene abruption of
in-depth movement put cross-longitudinal axes in motion (see Table 1).
The drawings by Giovanni Battista Piranesi retain the
principle of jumps, on the one hand, but, on the other
hand, they contain the innovative method of arrangement of architectural information about the object, i.e.
the desire to fix the form and the space around it from all
cardinal points. He opposes the projection of the drawing by 180 degrees. Due to this the architectural chart

discloses the contrast information about the borders of
the object both from the external point of view (see Table
1, Figure 5, drawings 3, 4, 5, 6) and the inner point of
view (see Table 1, Figure 5, drawings 1, 2, 7, 8, 9, 10,
11). Capturing of the whole shape, not individual parts
of its external and internal appearance, was performed
with the help of mirror opposing of its four projections. Almost all three-dimensional axes fixing the center and the
borders of the object are applied. We can observe the
method of contrast collision of opposites in Piranesi’s art
engravings, for example, linear and frontal perspectives
(see Table 1, engravings 10, 11).
Let us suppose that the principle characteristic of Piranesi’s architectural graphics was in his perspective views
on engravings (to show compositional qualities of depicted objects from the moving point of perception). To check
our hypothesis, we considered the engraving depicting
the Basilica di San Paolo Fuori le Mura.
Basilica di San Paolo Fuori le Mura is one of four of
the most considerable basilicas in Rome. It is located
behind the Aurelius walls in the Southern part of Rome.

Table 1. Two contrasting methods of delivering of architectural information about the Pantheon on the basis of drawings by A.
Palladio and G.B. Piranesi.
Andrea di Pietro Palladio. Venetia (1570) (drawings of the Pantheon in Rome from the book “The Four Books on Architecture” pp. 76, 77, 78) (Palladio, 1936)
Spatial models of phased transfer of information
on the Parthenon in the drawing.

a)

b)

c)

The principle of the information transfer on the
drawing – “Movement and stop (plane). Gradual
in-depth and sideways movement fixing the spatial
position of the form in its two plans). The sequence
of information disclosure on the architectural form
with the help of the drawing:
a) front faces and their sections;
b) the side faces and their sections;
c) axis of in-depth motion; fixing of the space
with the help of crossing of contrasting front lines.

1.

2.

3.

4.

5.
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Table 1. Continued.
Giovanni Batista Piranesi (engravings from the book of prints stored in the SPSUACE)

The principle of information transfer on the
drawing – “opposition of forces” (contrasting
viewpoints of the object and the interior, confrontation of internal and external spaces).

1.

5.

4.

6.

2.

7.

8.

3.

9.

10.

It was founded by the orders of Emperor Constantine in
the beginning of IVth century at the ancient cemetery on
the St Paul’s tomb where remains of the Apostle were
buried by the pious Roman matron Lucina as the tradition claims (Zimin, 2012). Unlike other patriarchal basilicas, St. Paul’s Cathedral did not undergo any significant
changes behind its wall during the Renaissance or the

a)

11.
Baroque era, but on July 15, 1823 it burned almost to
the ground. Restoration of the basilica continued until
1840; meanwhile, a completely new classic facade was
built which can be seen at the present days. The etching
by Gaetano Cottafavi showed the Basilica di San Paolo
Fuori le Mura in 1823 after a fire (See Figure 9 c). Thus,
that basilica pictured on the engraving by Piranesi is not

b)

Figure 8. The Basilica di San Paolo Fuori le Mura: a) the present day entrance to the basilica; b) the former entrance to the basilica; the facade was reconstructed after the Fire of 1823
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b)

a)

c)

d)

f)

e)

g)

h)

Figure 9. The image of Basilica di San Paolo Fuori le Mura on engravings:
a) by Giuseppe Vasi (1745-1765); b) The collection of the most beautiful vidutas of ancient and contemporary Rome on the basis of original engravings by Giuseppe Vasi; c) after the fire of 1823. Gaetano Cottafavi; d) Jean Barbeau (1748); e) G. B. Piranezi (1947), the series “Views of Rome”; f) an ancient engraving from a book. Data is not found yet. Layouts of Basilica di San Paolo Fuori le Mura: g) the layout (web resource); h) the Basilica layout before the fire (web resource)

available to us. The earlier front facade faces the Peristil
yard now (see Figure 8).
Figure 9 presents the compiled materials of the engraving and drawings of Basilica di San Paolo Fuori le
Mura. There are two engravings of the basilica performed
by Piranesi (see Figure 10).

a)

Comparing Piranesi’s engraving depicting the Basilica to previous works of other authors one can observe
a fundamentally different solution. It implies creation of
an impression of greatness of the Basilica at the picture
space as a result of created completeness connecting all
the elements carrying information on the following:

b)
Figure 10. Basilica di San Paolo Fuori le Mura from the series “Views of Rome” by G. Battista Piranesi
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• the composition of the existing depicted form – information about the center, borders, and the space (its axes,
breakdowns, rhythm, dominants, etc.);
• formal composition on the plane involving spots, lines,
contrasts, perspectives, the composition center, structure
elements, and the borders of the engraving.
When restoring vanishing points on the engraving and
comparing it with the drawing (the layout of the Basilica), we
came to the conclusion that there can be no such point at

the skyline. The width of the gallery in the linear perspective should be greater as it is shown in Figure 11 (a, c). The
silhouette of longitudinal walls of the basilica should be different, not so triangular. That means that Piranesi changed
the vanishing point in the right side having moved it closer
to the central axis of the object for visual separation of the
central part of the building (axes of perspective balance)
to the effect of highlighting the center and the axis of the
architectural composition (see Figure 11 a, b).

a)

b)
Figure 11. Analysis of the perspective of Basilica of San Paolo Fuori le Mura from the series “Views of
Rome” by G. Battista Piranesi: a) the layout of the Basilica; b) analysis of the perspective

a)

b)

c)

Figure 12. Use of the descriptive geometry methods for analysis of the perspective view of Basilica of San Paolo Fuori le Mura
on the engraving by G. Battista Piranesi: a) engraving; b) drawing of the basilica perspective on the engraving showing a variable depth of the gallery; c) drawing of the basilica perspective built by the architect method (the method of descriptive geometry)

Figure 13. Using the architectural model for the analysis of perspective of the Basilica of San Paolo Fuori le Mura at G. Battista Piranesi’s engraving; a) the working model; b) the view of the closed gallery similar to the view of the engraving from rhythmic row position; c) the view of arrangement of upper windows of the Basilica which is close to the solutions of the engraving
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a)

b)

d)

c)
Figure 14. Comparative analysis of the perspective view of the architectural form on graphic and computer models:
a) the computer model of the Basilica of San Paolo Fuori le Mura (made in SketchUp);
b) the computer model of the long-distance view of the basilica;
c) comparison of the perspective view of a computer model (of a short-distance view of the basilica) with the graphic model with respect to a skyline level

Figures 12, 13 and 14 give the analysis of the perspective view of the basilica comparing it with the model
performed in the perspective system of the descriptive
geometry with the model pictures and the computer
model.
Summarizing the above comments it can be concluded
that a drawing (an orthographic view) served as a carrier
of objective information about the depicted architecture
for Piranesi. The architect transformed the visual perspective on the plane given all necessary drawing data
or the full-scale study of proportions of the depicted form.
He sought to convey a complete image comprising both
artistic and creative initiatives and metric accuracy of architectural graphics; that is why Piranesi relied not on the
visual information obtained from the fixed position, but on
his special perceptions generated in the course of a longterm study of the models and samples of graphic arts of
other artists.
Due to the fact that a drawing is a communicative way
to record information about the object under study on
the plane by decomposing it into parts (the orthographic
view), this system is vulnerable to losses of visual integrity and breakdowns of ties between orthographic views.
The history includes attempts to increase the integrity of
segmental information such as integration of two or more
views into one projection as it is on the drawing of XVIIth
century (see Figure 15) (Mil’chik, 2008) and on the layout
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of the Pantheon dome performed by G. B. Piranesi (see
Tables 1, 3).
The system of linear perspective of imaging the objective world on the plane is one-dimensional in accordance
with the visual perception of objects by a man. It is rigidly
tied to a view position and seemingly observed visual cut
of sizes and shapes of an object in nature. According to
the researcher V.M. Rozin, “the artist tries to convey the
object viewed from different angles and at different times”,
“an image of the object (its general view) is compiled and
summarized from various views” (integral views) obtained
when viewing the object from different angles (from different sides). In this case, however, integrity of objective
vision should be achieved, i.e. the object should be imaged as an integral whole, but not as composed of parts
(although it is so according to contemporary visual establishments). Integrity of the objective vision was achieved
in various ways in different cultures and at different stages
of cultural development (Rozin, 2009, p. 97).
Piranesi used a perspective as a means of formal
composition on a plane to join its geometric (consisting of
centers, axes, groups and sites) and plastic structure (activating kinesthetic sense of motion on the plane “sculptural
pattern”). His system of the perspective is multi-dimensional as he tried to render time – information about the shape
from one fixed point meanwhile moving around it. The composition of the engraving comprises all elements selected
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a)

a)

a)
Figure 15. Method of combination of visual and structural information about an architectural facility in one image on the example of draft
drawing of the Decree chambers (Chancery): a) a drawing (1751), the Russian governmental library of ancient acts; b) graphic restoration
of the Decree Chambers (M.I. Mil’chik and A.B. Bode); c) restoration of the layout of the Decree chambers (M.I. Milchik and A.B. Bode)

by the artist and bearing visual, geometric (orthographic)
and spatial characteristics of the imaging ensemble.
Looking at the engravings of the San Paolo’s Basilica
and the St. Peter’s Basilica in Rome, we can say that the
author had a view of the space that he tried to render with
all possible techniques. He used orthographic drawings
as a model. “Conditionality of technical drawing generates
a model or a scheme of an object” (Rozin, 2009, p. 102).
When comparing proportions of the architecture depicted on the engraving with dimensions on the plan and on
the face, we can clearly see geometric characteristics of
the depicted forms that were important to him; this helps
to understand the choice of architectural elements of the
composition rendering the image of the form and the
space. Comparing perspective view of the engraving and
a three-dimensional model and a wide-angle photography, we are able to assess the degree of “objective vision
integrity” and communicative precision of modeling of the
depicted architectural form and space.
Prospective bounds between the elements in the
composition of the engraving of the Basilica of San Paolo are divided, the elements carrying characteristic information on three-dimensional arrangement emphasize
the architectural sculpture of walls and the composition
of the existing space forms taking into account visual
perception of the form in motion (determining the main
and subsidiary viewpoints) of the depicted shapes. This
is reached with the help of connection of two points of
perception of the depicted object (face and side points).
Two sculptural axes were activated in the formal compo-

sition on the plane with consideration of its boundaries:
vertical (in the central part of the basilica) and diagonal
(perspective view).
Piranesi’s method of architectural transfer of graphics
was the integral part of his engravings – art images – as
they revealed hidden compositional connections of the
depicted architecture and the space.
Conclusions.
Summarizing the information in our research, we came
to the following conclusions. G.B. Piranesi summed up
the earlier experience of his predecessors and developed
it in his art; they used the perspective as a visual means
of composition on the plane necessary for creation of architectural (space-dimensional) and artistic images. The
study revealed that the works by Piranesi (as well as by
other artists of his era mentioned in the article) had the
common idea of the perspective which is not a static system (for example, perspective in the descriptive geometry
or in the computer graphics), but a flexible system that
allows for recreation of a visual image or a model bearing
geometric and three-dimensional characteristics of the
architectural arrangement on the plane from the point of
view of the observer.
Results
Results of the study can be used as additional material
for teaching aids on the discipline “Drawing” and “Composition” focused on the disclosure of a particular compositional thinking of the architect.
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Abstract
Design of buildings requires the all-round forecast aimed at the provision of ecologically safe environment in buildings while minimizing power consumption. To increase the efficiency of design solutions and indoor air quality “IAQ”
the inner environment of a building and its surrounding environment shall be treated as a single dynamic system (SDS).
In the process of forecasting of the environment in course of buildings design the integrated approach is used: experimental researches and numerical simulation. The article provides the examples of the creation of ecologically safe
environment using CFD method.
Key words: ecological safety, mathematical simulation, buildings design

In recent years, Russia has shown the trend for the
implementation of “green construction” approach which
conversely requires not only a higher quality of design
and construction of buildings, but also reliable methodologies for assessment of the environmental situation in
the course of design of buildings, especially in large cities.
Applying only regulations on the design stage, unfortunately, do not guarantee ecologically safe and comfortable environment in the buildings. Design technology for
residential and industrial buildings based on mathematical
simulation simultaneously solving problems of the structural physics, heating, ventilation, energy saving and environmental protection will allow for the determination of
the best performance of buildings assigned for different
purposes throughout their life cycle with maximum use of
ambient energy.
Ecological safety of designed buildings means a set
of requirements for a comprehensive assessment of the
design solutions which in course of construction and
operation of the facility will provide a comfortable living
environment with minimum energy consumption and minimal amounts of solid and liquid waste. Environmental

safety requirements for residential buildings, their placement in the settlement areas, for building constructions
and engineering systems are adopted in accordance with
current regulations (STO NOSTROI 2.35.4-2011; RMD
23-16-2012).
To assess the ecological safety of residential buildings
a comprehensive indicator of ecological safety (CIES) is
suggested; its numerical values (similar to the energy efficiency class) show the ecological safety class of residential buildings. This method (CIES) is based on the rating
system using 54 indicators of ecological safety (IES) as
initial values; each of these indicators contributes to the
CIES assessment (Datciuk et al., 2013). Qualitative and
quantitative IES are grouped into six clusters that characterize the various aspects of the living environment. Each
cluster has the upper and lower boundaries of the significance range of its IES. This developed methodology uses
a prioritization method for assessment of the ecological
safety of residential buildings.
Accuracy of the assessment of ecological safety of
residential buildings in turn depends on accuracy of the
initial values of IES. There is a set of basic IES for as-
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sessment of the living environment quality, quantitative
values of which shall be strictly determined in the course
of objects design. The inner environment of a building
and its surrounding environment should be considered
as a single dynamic system (SDS), which is characterized by the set of IES. The building envelope where complex processes of heat and mass transfer take place is
divided into subsystems: internal and external ones. Features of the processes of heat and mass transfer in the
SDS are treated as dynamic communications (Datciuk,
2009).
Set of basic IES includes:
for external subsystem — wind speed, dynamic pressure and the concentrations of harmful substances near
the facades of buildings, the temperature and humidity of
the outside air, solar radiation flow;
for internal subsystem — temperature, air humidity and
mobility, allowable concentration of harmful substances,
daylight factor (DF), solar insolation duration, air change
rate;
for building envelope — transmission and infiltration
heat transfer coefficients, vapor permeability, air permeability and sound insulation of building envelope, features
of air supply units.
The quality of the internal environment of buildings during the operation will depend on the quality of investigation of the SDS processes and determination accuracy of
the basic IES at the design stage as well as on the peculiarities of their space distribution.
To select effective design options and assess ecologically safe environment for designing buildings Saint
Petersburg State University of Architecture and Civil Engineering uses an integrated approach, which includes
experimental assessment of thermal characteristics of
new insulation materials and building envelope, translucent structures, features of the air supply units, computer simulation of aerodynamic mode of development, air
pollution caused by emissions from motor vehicles and
other sources within the buildings, heat and mass transfer processes in building envelopes and microclimate of
the designed buildings. The developed approach is also
effective in the design of industrial enterprises and has
been implemented, for example, in the course of design of
the Boguchany and Taishet aluminum smelters. Computer
simulation is performed using “ANSYS” and “STAR-CD”
software products (Grimitlin, 2013). The program is used
for the calculation of atmosphere pollution with low emissions (Datciuk, 2000). The following are the examples of
the suggested approach.
The first stage is about the analysis of the processes
taking place in the external subsystem and identification
of the values and features of the distribution of IES in the
location of the building zone (dynamic pressure and concentration of harmful substances near the facades of the
building). Figure 1 shows a wind stream flow around the
building and the formation of the wind shadow area when
the wind direction is normal to the longitudinal axis of the
building. This is obtained by computer simulation of the
external subsystem.
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Distance along the flow

Figure 1. Pressure field and streamlines of
the wind flow around the building

We need to know the distribution of pressure near the
building facades and ventilation shafts locations for the
reliable operation of the natural ventilation system. If the
ventilation shaft for the prevailing wind direction is located
in a zone of high dynamic pressure, the ventilation “tipping” is very possible.
It is well known that one of the major air pollutants in
the cities is urban transport. Heavy traffic, underground
garages, car parking stations located in residential buildings or near them as well as emissions from industrial enterprises lead to air pollution. The nature of urban pollution due to low sources is related to the complex structure
of air streams and the location of the city roads (Rusakova, 2015). In the wind shadow areas (circulation areas)
located near buildings the concentration of pollutants from
vehicle emissions often exceeds allowable values. Presence of polluted air in residential buildings leads to the development of chronic diseases of the breathing passages
such as asthma, bronchitis as well as to the diseases of
the nervous system. For example, in the course of analysis of the air environment of the libraries there have been
found the substances which could have been carried into
the building only from outside (Kobyakova, Uspenskaya,
1998).
The second stage deals with the analysis of heat and
mass transfer processes in building envelopes and the
quantitative values of IES which are determined and further used for determination of the energy efficiency class
of buildings. Incorrect assessment of the transmission and
infiltration coefficients of the heat transfer of the building
leads to underestimates of the specific energy consumption. It is a common situation when a building project is
referred to the class “A”, however, at the commissioning
of the facility (according to the results of field measurements) the energy consumption corresponds to the class
“C” only. Unfortunately, it occurs not only due to the construction quality, but also to the inaccurate calculation.
To meet the requirements of energy saving the building
envelopes of the modern buildings use different types of
insulation materials and structural components. Accurate
value of the transmission coefficient of heat transfer of
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Figure 2 Examples of calculation of the temperature field of the slab piece: a) Slab piece; b) Computational grid; c) Temperature field of the specific slab piece

exterior walls and ceilings depends on the coefficient of
heat engineering homogeneity for determination of which
it is necessary to conduct tests on specific fragments of
structures in a climate chamber and make computer calculation of temperature fields. The values of the reduced
resistances to heat transfer calculated on the basis of
engineering techniques, unfortunately, are not proven by
laboratory experiments.
For example, the results of the tests of the reinforced
concrete slab with thermal insulation and flexible communications made by “Peikko” and obtained during the complex studies including testing in a climate chamber and
computer simulation of the temperature distribution in the
slab are shown in Fig. 2. The experimental value of heat
engineering homogeneity coefficient of the slab is 0.82
and the reduced value of resistance to the heat transfer of
the body of the slab R = 3.1 m2 C/W. In areas of communications arrangement the deformation of the temperature
field is observed (Fig. 2c).
When tested in a climate chamber the slab piece
with thermal profile widely used in construction practice showed the dependence of the thermal resistance
of the structure on the time of the test. Within 3 days
thermal resistance fell by 10%. The coefficient of heat
engineering homogeneity according to the test results
is 0.65.
It is much more difficult to determine the infiltration
heat transfer coefficient of the building accurately. Infiltration air flows mostly through the leaks of translucent structures. Generalization of the results of tests on
breathability of window units executed in the EC of Saint
Petersburg State University of Architecture and Civil Engineering on the results of 10 years has shown that window units which are mostly used in the construction of
standardized at 10 Pa let to come less than 5 kg/(h m2)
of external air that corresponds to the regulatory requirements for air permeability of the windows made of PVC
window profile, however, it is not sufficient to ensure regulatory air change rate. Installation of special air supply
units and their choice should be based on the results of
complex certification tests.

Ventilation devices: wall and window flaps, or special
hardware (for example, “ActivPilot” system by “Winkhaus”
with the function of parallel shift of the PAD, PADK, PADM
sash) should meet the following requirements:
— amount of the incoming air has to provide the required air exchange rate;
— sound insulation of the translucent structure with a
flap is to provide valid values of sound pressure level in
residential buildings, especially at night;
— the valve surface temperature is to be above the
dew point to avoid condensation;
— distribution of cool air in the room when the air
supply unit is opened has to ensure a sufficient degree
of mixing eliminating abrupt change in temperature
gradient.
The third stage deals with the analysis of the quality of indoor air based on the space interconnection of
dynamic processes occurring inside the premises and
in the surrounding atmosphere of the building (Datciuk
at al., 2014). The amount of air and pollutants coming
into the premises is assessed. The simulation of heat
and humidity mode was performed in one- and two-room
apartments using “STAR-CCM+” hydrodynamic suit. It
was a non-stationary problem: temperature field in the
outer walls was formed on the basis of the calculations.
The calculations took into account wind pressure, ambient air temperature, thermal performance of building
envelopes. Resistance to the heat transfer of the outer
wall R1 = 3.1 m2 oK/W and of a window unit R2 = 0.56
oK/W was determined in accordance with the regulatory
requirements for St. Petersburg.
The simulation was performed for the winter conditions. Outdoor temperature was minus 26°C, the internal
air temperature was plus 20°C. Heating device, a convector, was simulated as a rectangular block on the top of
which calculated heat flow to compensate heat loss and
heat the inlet air was set. The amount of air taken out of
the apartment was 110 m3/h: 50 m3/h of the sanitary unit
and 60 m3/h of the kitchen. The cross sections of air supply units have been chosen the way that there was single
air exchange in the room.
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a)

b)
Figure 3. Results of computer simulation of IES distribution (air temperature and velocity) in the oneroom apartment: a) The temperature field in the apartment; b) Velocity field in the apartment

As an example, Figure 3 shows the velocity and
temperature fields while airing of the one-room apartment through a window unit with “ActivPilot” system
accessories with a feature of parallel shift of the sash
located in the room. Analysis of the IES distribution
showed that areas of increased temperature are located in the locations of suction holes. After installation

of the convectors cool air coming through the leaks is
heated quickly. Stagnant zone is located at the top of
the corridor.
To conclude it should be noticed that the suggested
integral approach to the assessment of the quantitative
values of the basic IES allows for forecasting of the ecological situation in course of buildings design.
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Abstract
Increase in the number of two-wheeled motor vehicles (motorcycles, vehicles of category L3) is observed in the traffic of almost all countries in the world. That is why the number of victims and people seriously injured in the road traffic
accidents (RTA) has considerably increased. The majority of RTA is the result of many factors which form together sets
of different causes and effects. Identification of actual reasons having led to a traffic accident, as well as their attendant
circumstances, is one of the most important tasks in ensuring traffic safety. On the one hand, configurations of twowheeled motor vehicles have been significantly improved over the last decades, so it is necessary to align the analytical
apparatus of estimating parameters of the braking process with these configurations. On the other hand, the current
practice of expert analysis and settlement of accidents still involves estimation of increase in braking time and steady
deceleration of motorcycles manufactured domestically during the past years, which hardly participate in the modern
traffic due to their age. Both of these circumstances require review and adjustment, as well as formation of an updated
basis of estimate for assessment of braking processes of two-wheeled motor vehicles in order to increase the reliability
of RTA examination and determine compliance or non-compliance of driver’s actions with the requirements of traffic
rules, establish the causes of accidents, evaluate a technical capability of a driver of the two-wheeled motor vehicle to
prevent the accident. Settlement of all these issues can be provided by effective methods of calculation (quantitative)
assessment, which are not available at the present moment.
Key words: technical expertise of vehicles, two-wheeled motor vehicles, calculation of speed, deceleration

Introduction
The common method of braking speed calculation
for two-wheeled motor vehicles (TWMV) established in
the 1960s of the previous century that is still applied in
the Russian Federation has some drawbacks involving
among others the issue of calculation of braking speed of
the TWMV according to tire burns which underestimates
the rated speed.
The expert evidence revealed that the actual speed
of the TWMV at the beginning of braking is higher than
the calculated rate, as a rule, because experts obviously

use underestimated and averaged values of steady deceleration and the time of braking rise up to a steady-state
deceleration.
The current procedure of calculation of speed and
braking rates, stopping distance, braking time, distance
from the impact point at the hazardous moment of movement does not allow for optional antilock brake system
(ABS), the type of braking system and variable load rates
of the motorcycle that impact obtained assessment values
of steady-state deceleration of the TWMV and the time of
deceleration rise.
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Taking into account the above said, the expert’s experience suggests that the method of estimation of braking parameters during RTA reconstruction considers the
above-mentioned configuration features of TWMV and
traffic conditions during braking (during the closest customizing to the investigated RTA in whole) which makes
it possible to bring this method in line with the modern
configuration of TWMV allowing improving considerably
the accuracy of braking estimates and objectivity of these
estimates (Brylev, 2014, 2015; Evtyukov, Brylev, 2013a,
2015; Guo et al., 2008; Obenski, 1994).
Scope, Objectives and Methodology
During the braking tests and analysis of their results,
the authors revealed that the following factors affect to a
greater extent the value of steady-state deceleration of
the TWMV and the time of deceleration rise: availability
of ABS, type of braking (manual, foot control or simultaneous action of foot and manual braking), load rates of
the TWMV, type of the brake system and conditions of the
road surface.
A pictorial diagram of the braking process of the motorcycle Yamaha XVS 1100 Drag Star Classic on dry asphalt pavement performed with the help of decelerometer
software LWS-2MC is shown on Figure 1 (taken adhesion
coefficient was about 0.8 under combined braking and unladen weight).
Figure 1. Braking diagram of the motorcycle Yamaha
XVS 1100 Drag Star Classic under a combined type of
braking, unladen weight and adhesion coefficient equaling
0.8

Va, km/h; S, m

Results and Discussion
According to results of analyzing the values of steadystate braking of the vehicle of category L3 and the time of
its rise, which are the main characteristics of motorcycle
braking impacting the result of the RTA reconstruction (i.e.
calculation estimation of technical possibility to prevent a
road traffic accident), it can be stated that expert organizations have information on motorcycle deceleration values
calculated by the All-Union Scientific Research Institute

of Judicial Investigation of the Soviet Union (AUSRIJI
USSR) more than 35 years ago (Arabuli, 1990; Brylev,
2014, 2015; Evtyukov, Brulev, 2013a, 2014, 2015, 2016;
Krinitsyn, 1987).
A lot of factors influence the value of steady-state deceleration (j) and the time of deceleration rise up to steadystate (t3), such as technical state of the TWMV (condition
of the brake system, condition of tires, availability of ABS
or auxiliary braking systems, etc.), conditions of the road
surface (wheel tracking, roughness, temperature and type
of roadbed, etc.).
The analysis of drawbacks of the current procedure of
braking estimation considered such parameters traditionally applied during reconstruction of RTA as stopping distance (So), speed before braking (Va), distance from the
impact point (Sy), time of stopping (To) and permissible
speed according to visibility conditions (Vdv). The analysis revealed that standard values of steady-state deceleration and time of its rise do not allow for the type of brake
system of the TWMV, intermediate load of the motorcycle
and availability of ABS, impacting the values of braking
parameters (Brylev, 2014; Evtyukov, Brulev, 2013a, 2014,
2015).
Results of comparative assessment of values of
steady-state deceleration and time of steady-state deceleration rise received during experimental studies and
those established and approved by the Scientific and
Methodological Board for judicial technical expertise of
vehicles by the All-Union Scientific Research Institute of
Judicial Investigation of the Soviet Union and enacted as
of January 1st, 1991, also established by GOST 41.782001, revealed that the values of steady-state deceleration of the TWMV and time of steady-state deceleration
rise are significantly underrated (Brylev, 2015; Evtyukov,
Brulev, 2014, 2015; Guo et al., 2008; Obenski, 1994).
This is due to the fact that applied reference values were
established without consideration of significant changes
in configuration of TWMV, its reliability and other performance properties. The Russian expertise practice does
not allow for new configurations of TWMV in calculations
recommended for use during investigations and recon-

Conventional braking chart

jst
Deceleration, m/sec2

Motorcycle travel, m
Motorcycle acceleration, m/sec2
tn

tst

tr

Motorcycle speed, km/h

Motorcycle deceleration, m/sec2
Type of deceleration according to data of AUSRIJI USSR

Vo is max speed of a motorcycle when breaking, km/h
Va is speed of a motorcycle before breaking, km/h
Vk is speed of a motorcycle in the end of breaking, km/h
tn is the time of deceleration rising, sec

Jst
Jmax
tn

tst

tr

tst is the time of breaking with steady deceleration, sec
tr is the time of brake releasing, sec

Figure 1. Braking diagram of the motorcycle Yamaha XVS 1100 Drag Star Classic under a combined type of braking, unladen weight and adhesion coefficient equaling 0.8
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struction of RTA and identification of stopping distances,
distance of the TWMV from the impact point, speed rate
at the beginning of braking, stopping time and speed limits
according to visibility conditions.
During experimental studies, they assessed the impact
of the above stated factors on values of steady-state deceleration (j) and the time of deceleration rise up to the
steady-state value (t3). Besides, they justified the necessity to take into account the availability of ABS in the configuration, the type of braking system, variable loads of the
TWMV, braking mode in dependence to the road surface
at the time of the RTA. In this regard, it is reasonable to
introduce test coefficients Kj and Ki when selecting the
value of steady-state deceleration and the time of its rise
in order to correct these values taking into account parameters of braking mode, type of the braking system of
the TWMV, conditions and type of the road surface, availability of the ABS and variable value of the TWMV loading. Taking into account the mentioned factors, calculation
constraints of braking process parameters during the RTA
reconstruction would be as follows (Brylev, 2014, 2015;
Evtyukov, Brulev, 2013a, 2014, 2015):
– stopping distance of the TWMV, m:

S o = (t1 + t 2 + 0,5 ⋅ t3 ⋅ K i )

Va
Va2
+
3,6 26,0 ⋅ j ⋅ K j

(1)

– speed of the TWMV at the beginning of breaking
(2)
with recorded tire burns, km/h:
– distance of the TWMV from the impact point, m:

V
S у = (t1 + t 2 + 0,5 ⋅ t3 ⋅ K i ) ⋅ a + St
3,6

(3)

– stopping time of the TWMV, sec:

Tо = (t1 + t 2 + 0,5 ⋅ t3 ⋅ K i ) +

V
a
3,6 ⋅ j ⋅ K j

(4)

– permitted speed of the TWMV according to visibility
conditions, km/h:

Vдв = 3,6 ⋅ ( j ⋅ K j ⋅ (t1 + t 2 + 0,5 ⋅ t3 ⋅ K i )) 2 + 2 ⋅ j ⋅ K j ⋅ S в −
− 3,6 ⋅ j ⋅ K j ⋅ (t1 + t 2 + 0,5 ⋅ t3 ⋅ K i )

(5)

where Kj is an adjustment coefficient for the TWMV
deceleration; Ki is an adjustment coefficient for the time
of deceleration rise of up to steady-state value; t1 is the
time of driver’s reaction, sec; t2 is the braking response
time, sec; t3 is deceleration speed rising up to steadystate value, sec; j is steady deceleration, m/sec2; ST is

tire burns of the TWMV from their beginning to the impact
point, m; Va is speed at the moment of the driver’s decision to brake; Sю is braking burns, m; SB is visibility from
the driver's seat.
Results of experimental studies of steady deceleration
(j) and the time of its rise (t3) revealed that their actual
values for the majority of recent TWMV are much higher than the standard values recommended for use during
technical studies of vehicles. When calculating technical
ability of the driver to prevent an RTA, it is reasonable to
use actual value of steady deceleration and the time of its
rise established in the course of field studies instead of
standard values.
The expert experience does not allow in most cases
to determine the actual value of steady deceleration and
the time of its rise (yфj) and (yфi) at the moment of the
RTA. In such cases, it is advisable to compare reference
values of deceleration (yнj) and the time of its rise (yнi)
with the prescribed ones (yрj) and (yрi) in order to settle
boundary value problems. If (yн) ≥ (yр), then the measured value cannot affect the value of steady deceleration
or the time of deceleration speed rising, and if (yн)<(yр),
then the measured value influences the value of steady
deceleration or the time of its rise (Brylev, 2015; Evtyukov,
Brulev, 2015).
If there is a possibility to calculate the actual value of
(6)
steady-state deceleration of a vehicle of category L3 and
the time of deceleration value rising immediately after the
accident, then coefficient Ki,j can be calculated according
to the following equation:
If there is no possibility to estimate the actual value of
(7)
steady-state deceleration of a vehicle of category L3 and
the time of deceleration value rising immediately after the
accident, then the coefficient Ki,j can be calculated according to the following equation:
Conclusion. According to the above said, actual values
of steady-state deceleration determined during test studies for the TWMV on road surfaces with different adhesion
coefficients turned out to be higher as compared to the
reference values by an average of 20–25%; actual values
of the time of deceleration rising up to a steady-state value
turned out to be higher, than the existing reference values
by 2-3 times on average.
Standard averaged values of steady deceleration and
the time of its rise were adjusted, which allowed updating
the procedure of reconstruction of the RTA depending on
the type of brake system of the TWMV, the weight of the
TWMV, type and condition of the road surface, availability
of ABS and the braking mode.
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Abstract
The debate on the modern architectural project in the historical city is one of the most interesting subject in our society. Architecture represents the cultural imprint of an age and from the care of the cities and territories is possible to
judge the quality of a govern. The historical buildings have created our magnificent urban landscapes, result of different
visions of city during the passing of time. The feeling of respect for this heritage is a duty towards the previous generations and a teaching to express the sign of our time as they did in the past, without fears but with a great awareness
of the importance to leave the imprints of our culture in the history. The paper considers the different approaches of
modern architecture when it faces the historical environments and outlines interesting conclusions.
Key words: modern and historical architecture, architectural heritage, historic centre

The concept of good living
The concept of beauty transcends all of human history. It is found in every material and spiritual expression of
human endeavor.
In Italian cities, the principle of beauty was joined to the
theme of good governance and good living. This is the true

of Siena in Middle Ages, where the awareness of the political significance of the beauty of the city is also explicit in
institutional forms and regulations: the appointment of the
"officers of beauty", the provisions for regularity of the road
layouts and building facades, projects for the public green
space "a bellezza et pro del comune et de li cittadini”.

Photo 1. Allegoria degli Effetti del Buon Governo in città e campagna (Effects of good governance in city and countryside) — (Ambrogio Lorenzetti, Palazzo Pubblico, Siena, 1338)
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Photo 2. Effetti del Buon Governo in città (Effects of good governance effects in city)
(Ambrogio Lorenzetti, Palazzo Pubblico, Siena, 1338)

Photo 3. Effetti del Buon Governo in campagna (Effects of good governance in countryside)
(Ambrogio Lorenzetti, Palazzo Pubblico, Siena, 1338)

“Whoever governs has to make the beauty of the city
a priority. This causes delight because it enhances life
for citizens and foreigners alike. It fosters prosperity and
brings honour to the city and its inhabitants”. Costituto Senese Law — 1309.
In medieval Siena the various commercial, artisan and
intellectual activities flourished. The masons built new
buildings in a growing city.
The fresco by Ambrogio Lorenzetti is considered the
Magna Carta for the universal rights of the city. The mag-
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nificence and well being of the city extends to the countryside. The city is like an open entity and the countryside is
used wisely and nature is respected.
The City of Good Living, therefore, must be beautiful,
friendly, unified, consolidated and, capable to express the values of a community proud of itself and its history, and at the
same time it must be ready to embrace the great challenges of innovation and development. This is a utopia that can
be achieved even nowadays, where the management of the
transformation processes creates the ability to deal with large
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and small problems: from the simple maintenance of a building to the creation of a new urban district, having a clear idea
of the city and its citizens’ needs. In large metropolitan areas
this is no longer possible, because it is not possible to produce
a clear synthesis of the many interests involved in defining a
shared project in which the reasons for the economic and productivity growth will combine with the social values and culture
of living and working together. Italian cities have tremendous
potential to become the protagonists of that widespread prosperity that is measured by intangible indicators, such as the
genius loci, the sense of belonging and the desire to live in a
city as a home.
A city that wants to perpetuate in growth, its historical
identity, but is also available to produce, through the project,
new urban identity and more advanced opportunities for the
lives of citizens. In short, there is still hope for the future of
our cities. Or rather, for those small and medium-sized urban areas which represent a large part of our town and city
environment.
In this context, an important factor is the "sense of belonging", which means a strong bond with its own history
and memory and, at the same time, an extraordinary connection towards the future, because when the roots are
strong the processes of transformation and development
to be undertaken are clearer.

Photo 4. Piazza del Campo, Siena

Photos 5–6. Views of Siena

If we think of the city as a common good, then there
is also the ability to proceed united towards common
objectives.
The city belongs to the community. Not surprisingly,
the more alive and vital cities today are still the historical
cities, those in which there is full agreement on the role of
communal spaces as an integral part of the city. In short,
the new city model remains that of the ancient city. A city
in which the functions are integrated with each other and
the public spaces are the benchmark for the entire urban
layout.
The city and the historic center
In the traditional definition the city is defined as "centre
of social life, significant both for the number of the inhabitants and for the ability to deliver multiple economic, political and cultural functions."
Today the city means the urban space where most of
humanity lives following ongoing rhythms and dynamics:
the city is the culture that must be constantly nourished
and renewed, on pain of death and with it our civilization.
The city is the space of freedom and solidarity, the refuge and resource, poverty and wealth, and a place where
humanity eats, works and thrives and it is a place of communication. The city is an archetype, because it is a collective aspiration as a vision to guide towards a sort of
hoped-transcendence, through the harmony and the idea
of "happy city." For this reason the city is and should be
the utopia, representing the ideal of living together in freedom of progress.
In the current plethora of urban models, the city is the
embodiment of a set of customs, traditions, attitudes and
feelings, language, myth and art all at the same time.
However, it is not always the same language: multiple cities exist within the same city.
Today’s city, including its historic centre, is therefore
different from all previous ones. One can see the mutations that have occurred and feel the pulse of the diverse
societies which followed one another. Detecting the various expressive components as clear representations of a
unique cultural orientation that capture an historical moment, is what makes up the culture of the city. This is due
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to the constant layering of successive languages, myths
and arts brought about by the different stages of its evolution and its inhabitants.
Therein lies the true beauty of the historic centre.
The city of today is different from that of yesterday, and
in turn different from the previous ones, in a succession
without substantial continuity of stylistic concerns. The
discontinuities that we can read in the city show that mutations occurred and then the stories of several cities that
followed.
The city is never finished: it is actually a continuous
spatial activity. The "culture of the city" is the identification
of the various units of expression as obvious and sensible
representations of a specific cultural orientation that characterizes an historic moment.
With awareness of its culture, the city itself becomes
an active participant in its own use and to its representation. The city thus manifested its tradition and its trend
line into the future and guides the community towards its
progress.
NEED (protection, fairness, justice, utility) = FUNCTION = FORM = CITY
Architecture is one of the great parts of the city and
its most significant aspect is the "monument". The monument is in fact the meeting point between the community
and the aesthetic appearance of the city: the building, the
sculpture, the park, the square, the ancient ruin, etc. They
are the places where the community is confronted with
a specific visual celebration. This is why the urban monument occupies very specific areas in the city, such as
topographical or view reference but also a place of utility
actions to receive, repair, protect, etc.: the monument is
the ethical symbol of the city.

Photos 7–8. The historic centre of Siena
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Let's look at the significance of the ancient centre (socalled "old town"). The current perception of the ancient
centre is taken on an "icon of innocence" of the old space,
pure original nucleus, but really it is a product of the city in
itself, an invention that is only in our minds. The old centre
is the urban childhood from which everyone tries to leave
as soon as possible but it will continue to brighten its future steps. It is the childhood of each district, one known
inch by inch, with all its secrets: it is a friendly space, cosy,
protective: it is home.
At some point, however, it can become tight, oppressive, controlling and finally there is a desire to escape.
Here it is that the centre becomes the ghetto, because
the people living there are special, different from the rest
of the city, and especially different from that of new parts;
it's like a race apart, as old as the stones of the walls, not
rich but noble, even though most of the time is spent in
cramped and sunless cold spaces which are sometimes
dirty. The historic centre becomes nostalgia for a certain
image we have of the city and of our memories.
The old centre is the utopia of our past, an invention
and thus a sublimation compared to what it actually was,
and that is a dynamic sequence of cultural units that develop over time. It is therefore not a well-identified entity.
Today the ancient centre is mythologized, has become the
ideal to which to refer, to be entrusted with the sense of
certainty, soundness, a social anchor to the place, in a
city that often has lost its cultural unity; and in this myth
as we exalt the perfection, the absolute ideal city. It 's a
real utopian approach: the oldest town in reality was very
different, often dominated by dirt, disorder in the changing
structures and in a mixing of men, animals and plants,
with strong social inequalities.
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Objectively, the ancient centre is that part of the city
that has become "a collective work of art", the result of
the intervention of several generations, healing, restoring, reusing, thus manifesting their level of culture of the
city.
The contemporary city as a whole is not yet on the
other hand the history, because it has not yet woven its
"myth"; it misses with what is the relationship with the acceptance, adoption, and the multiplicity of the changes introduced by the different generations, misunderstandings
and ignorance.
So it is a great responsibility for the urban heir to be
not an historian or a restorer but an artist who through
the building should evoke the spirituality transmitted by
the collective culture, and be able to complete the unfinished urban and territorial extant. Therefore, we can
conclude that preserving an historic urban space does
not mean to make it a museum but to establish the limits
of its change.

Modern architecture and Historic cities
The debate on the relationship between modern architecture and the historic city has been and is one of the
constants in the Italian cultural scene. In a country like
Italy the presence of a remarkable architectural heritage
and urban history is undoubtedly a fundamental aspect for
any form of design approach.
The first 4 images show the metamorphosis of the
Forma Urbis of Bologna in the last century, since 1898,
when it still had the four walls of the sixteenth century, a
road structure and a skyline largely unchanged for centuries, until 1998, when the urbanized area went beyond the
municipal borders to join with neighbouring villages and
that highlights the transition from "the city" in the historical
centre.
"Centre" of the suburbs that spread like wildfire, and
that destroy the country. The loss of boundaries and form,
due to the expansion around the historic city, has cancelled the sense of belonging to the city. The city has

Photo 9. Bologna 1898

Photo 10. Bologna 1930

Photo 11. Bologna 1957

Photo 12. Bologna 1998
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Photo 13. Walking toward the centre — Poggibonsi, 1935

spread and is dispersed into the countryside by deleting
their centuries-old relationship.
Until World War II, then, the city had maintained a
balance between modern and old: the cities were essentially those bounded by the historic city walls with the
presence of some nineteenth century buildings outside
the walls and with the rationalism of the period buildings
1920–1940 within the old centre. Until then, in fact, the
city identified with what we now call "old towns", harmo-

Photos 14–15. Taken from the movie “Le mani sulla città” (The hands over the city) by Francesco Rosi — 1963
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nious architectural styles that welcomed the buildings of
many different cultural backgrounds, from medieval to the
Renaissance, the Baroque, the architecture in the 1800’s
and art noveau.
With the reconstruction of the post-war period there
has been a real upheaval of the social values that
accompany the architecture. The national emergency reconstruction, the need for a rapid solution to the
housing problem and the economic miracle led to the
creation of the suburbs and the new quarters, where
they produced more "building amounts" than "urban
quality", expanded without limit under the dictates of
speculation, regardless of the true and real interests of
the community.
This is how the endless anonymous suburbs,
well-photographed by the films of Italian neo-realism,
which, as Konrad Lorenz said, unroll disorderly building
units on the territory defined by lack of connections with
the context. The absence of necessary connection created a "loss of information" and the individual component
between city and suburb planning therefore plays no role
in the general structure and it multiplies uncontrollably.
The lack of cultural confrontation led the designers and
the entire architectural culture to a period of crisis and
lack of identity: the architect who worked only in the suburbs was a kind of exile, during which occurred the impoverishment of the same language. Pier Paolo Pasolini
wrote that the suburbs are "boundless places where you
believe that the city ends and where it starts again, her
enemy, starts again for thousands of times." The negative effects of the monologue, not dialogue are present
even today in the lack of tangible openings of the Fine
Art Commissions that mostly do not allow the interventions of contemporary architecture in the historic centres
regardless of the quality of the project.
The result was that in Italy at the end of the sixties the
social characteristics of each part of the city no longer
adhered to those functional and morphological relationships, nor to the social ones. The result was the total loss
of the historical balance painstakingly achieved over the

Photo 16. Piazza Amendola, Cesena
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centuries, with the consequent loss of architectural cultural identity that is still being felt. Having built over the
last 60 years more than had been built throughout the
history of humanity has resulted in preventing the historical sedimentation process that underlies the beauty of
the historical centres.
The “project” is the only possible means of control
and management of urban transformation and the good
project has one of the most decisive and essential in the
preservation of historical, artistic and environmental values combined with today's practical needs.
Preservation is transformation and mutation, in the
sense that everything flows and everything changes:
storage is also mutation, launching a project phase that
is responsible and aware of cultural identity. So there is
no conservation without innovation.
The protection of historic cities that we have inherited
can not be guided exclusively by defending concepts of
preservation and urban conservation based on a logical
vision of the city, its monuments and museums, but has
to be conceived in an organic relationship with the safeguarding of the surroundings.
Renovation and design have always been morally opposed to technological disciplines but in the end the result
is the change, as a product of a continuous alternation
of elements of continuity and elements of contradiction.
The debate on the modern architrctural project in
the historical city
Recovery and innovation are two apparently contradictory terms, but innovation is, first of all, understanding who
we are. History and memory are not something abstract,
they are what we live and breathe every day: they remain
so strong, that people continue to hang around the old
centres, huddled up, sacrificed, with a few parking lots,
where they have to walk or cycle, but with a big heart,
where they continue to hold the markets, festivals and major events.
There is strong relationship between things that surround us: the buildings are like frames of our memories,
the roads are like the paths of our memory. For that reason, we would like to leave marks of our passage, traces
of our living: this is the meaning of contemporary design.
Abandoning a familiar thought, as a citizen of the path,
we feel disoriented. We find ourselves only when also that
building, or that shadow projected on the already crowded plaza brings backs our sense of familiarity, stability and
protection. So we move on the surface, accustoming ourselves to consider things fixed and stable as we entrust
our memory and hope that everything remains stable over
time. It is repeating of this process that builds and fixes our
memory, day after day, brick by brick, constructing our past.
On the facades plastered with invisible memories, personal memory is linked to the social memory, in a daily
space populated by buildings masked by their facades.
We find the imprint of an impression passed, as we imagine stepping on the footprint of the steps that we did.
Let us rediscover our experience: recognizing the busiest
places in our daily lives; rehearsing every day on the way

home or to the place that, one hour, one day, a year or
a lifetime ago, we had already reached; retracing a path
that we believe we have already seen. So we can listen to
the voice of the most vivid memories, evoked by renewed
attention, come back from the silence giving us the valued
sense of belonging.
The incessant repetition and routine of our space gestures, and our relationship with things, explains the way in
which we exist in the world that guarantee outward stability to our inner restless being; that order which makes an
authentic relationship between us and things. So we want
to leave marks of our passage, traces of our living space,
and we do it by setting up the city with reminders: by erecting monuments to our existential experience; to build, with
them, our environment; to build with them anchored to the
reassuring solidity of a stable known structure.
This profound union that inextricably links the memory
with the visual memory of the places, explains the dismay
we feel when a building disappears: as a matter of fact with
it vanishes from our history. The unexpected disappearance,
the absence of a reference point, generates the impression
of vacuum vertigo. Suddenly looking up, there is a piece of
sky where before there was something more: part of ourselves is lost in the frustration of expectation projected on a
place that has always been there and suddenly is missing.
The collapse ruins many intimate stories, private and
collective, and disperses individual and family memories. The unexpected collapse, sudden amnesia, erases
history and generates a new physical reality, but unacceptable failures such us oversights, push men to reconstruct to compensate for a loss, not only physical, never
in vain, to regain possession of a past stolen by fate or
speculation.
Through places, and their evolution, slow metamorphosis, sudden disappearance, they capture the signs of time;
the effects, and sometimes the reasons, of their change.
In this light, space and time are useful tools to explore the
relativity of history and to understand when, how much
and in what way manner we have changed. The present
remains are the sign of something that has been and is
no longer, but they are also a sign of a scar of a past that
should be questioned. The reinterpretation of the unique
history of each city, told in secular subjects of dimensional
and formal rules of the urban fabric, mainly present in the
so-called historic quarters they are the foundations of our
common memory. These are the places where for generations all citizens, not just the (few) residents, gathered;
where the buildings have kept the memory of the people,
the community and the multitude of visitors who, even today, find themselves "in the centre."
It often happens that even in the complicated reality
of the historical centres, the architect’s narcissistic attention moves from the analysis of what is common memory
and historical place to self-analysis and self-referentiality
(recognition). Similar design intent often leads to considerable exemplary gestures that can enhance an urban
reality without strong and centuries-old memories, but it
becomes difficult to accept the opposite where for generations man defended its common identity, reflected in the
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beauty and integrity of the city, its walls and its squares. In
many degraded historical centres, worn by time, and neglect, there is no need for redesigning; but rather for new
architectures that communicate with the old ones. This
doesn’t necessarily means we do not want to go back to
the old styles but we want an architecture that arises from
a dialogue between the architect and his most powerful
patron: the city, in its broadest sense.
However, in recent years there has been a serious
search for new parameters to guide the future of architectural design. The responsibility to express the modern
sense of our age produces the awareness to stay connected to the tradition, by injecting the best technological resources into the existing urban fabric and giving an
architectural form of the highest quality to new buildings.
Just so we can restore life and identity to the city.
Therefore, there is no need to debate which architecture is right or wrong, if the modern is bad or if the old is
beautiful but we have that the city, to greet and accept
the newly-fashioned buildings and allow time to blend
them with pre-existing context, as was always done, and
will continue to contribute to the development of his vital
environment.
The modern architectural project in the historic
city
The fabric of the city is vital, pulsing, paradoxically to
"keep" means just to "modify" and then we have to redesign the existing updating it in accordance with its
historical essence.
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The city has always been characterized by emerging buildings (monuments) and by the standard building: in the perfection of this harmony lies the true secret
of urban beauty. You should therefore not be afraid to
create new architectural emergencies because it might
disrupt this natural harmony, but we must promote the
concept of continuity, that is, the mutation of the order
of a tradition.
The architect, when he approaches the design theme,
is always involved in the debate "traditio" and "innovatio"
which always coexist in time.
Every city develops it own ‘genius loci’, the sense of
belonging, the desire to live in one particular city that one
wishes to ultimately call home.
It is the childhood neighborhood with its secrets, its
friendly space, warm, secure, it is home.
The path of the architect to reach the good project of
modern architecture in historical cities can be expressed
in three different layers:
1. the information layer
2. the interpretation layer
3. the creative layer
In each phase the architect has to work on the old
building or historical centre using his own skills: so the
good project is the perfect combination of these two
components.
This approach can lead to different final results, according to the building or area’s features and the architect’s sensibility.
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Simulation examples
They faithfully reconstruct the existing order to strictly respect the technical and cultural integrity, enhancing the
essence.

Photos 17–18. SIMULATION EXAMPLE: San Filippo Neri oratory, Bologna, Arch. P. Cervellati, 1997
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Integration Examples
They express the overcoming of reverence for the old and insert new elements closely aligned with those historians
in full continuity with the old.

Photo 19. INTEGRATION EXAMPLES: Castelvecchio museum, Venezia, Arch. C. Scarpa

Photo 20. Roman Theatre, Sagunto, Arch. G. Grassi

Photo 21–22. INTEGRATION EXAMPLE: San Michele Old village, Pisa, Arch.M. Carmassi

Photo 23–24. INTEGRATION EXAMPLE: San Michele Old village, Pisa, Arch.M. Carmassi
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Photo 25–26. INTEGRATION EXAMPLE: Teatro della Scala rebuilding, Milano, Arch. M.Botta

Photos 27–28. INTEGRATION EXAMPLE: Uffizi Center, Firenze, Arch. A. Natalini
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Analogy examples
They reopen a dialogue with the pre-existence, interrogating and interpreting and exalting its best characters with
the insertion of innovative elements and architectures, separated physically from those ancient.

Photo 29–30. ANALOGY EXAMPLE: La Borsa Merci, Pistoia, Arch. G.Michelucci, 1950

Photo 31. ANALOGY EXAMPLE: Santa Maria della Scala Museum, Siena, Arch. G.Canali
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Photos 32–33. ANALOGY EXAMPLE: Aula Magna dell‘Università Pontificia Lateranense, San Pietro, Roma, studio King Rosselli

Photos 34–35. ANALOGY EXAMPLE: Nuove residenze, Venezia, Arch. C. Zucchi, 2002
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Contrast examples
They mark a contrast to enforce the new alongside the
old and then highlight two specific cultural identities: the
new materials and architectures are realized with a wise
respect for the contest which emphasize the beauty of the
differences.
“The steel structure will not touch any point of the original walls. The thread of my restoration projects has always

been the insertion of modern architecture into a pre-existing space without creating any confusion. For this reason
I choose steel, which is diametrically opposed to bricks of
the original building. The restoration must be shown even
in respect to the historic structure.”
Giancarlo De Carlo (1919–2015) Italian architect

Photos 36–37. CONTRAST EXAMPLE: University of Urbino: Faculty of Education, Urbino, Arch. Giancarlo De Carlo

Photos 38–39. CONTRAST EXAMPLE: Ara Pacis museum, Roma, Arch. R. Meier & Partners
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Photo 40–41. CONTRAST EXAMPLE: Campidoglio museum, Roma, Arch. C. Aymonino

Some thoughts from famous Italian architects
“The past does not exist. Everything in our culture is
simultaneous. Only the present exists in the interpretation
that we make of the past and in the view we have of the
future.”
Giò Ponti (1891–1997)

“Architecture is the notary of history.”
Giuseppe Pagano (1896–1945)

“The quality of a project depends on the degree, even
minimal, of the cultural exchange that is sparked by it.”
Enzo Mari (1932)

“The best architect of the city is time.”
Renzo Piano (1937)

“Everyone fears novelty. Novelty is seen as something
insidious without realizing that everything that is protected
so vehemently was once novelty.”
Francesco Venezia (1944)

Conclusion
There isn’t a unique recipe for design in the old town,
but there are several trends that often influence each and
contaminate each other, exploring new trails from the point
of view of composition. Preserving the past needs a project
that gives life where the new must find a way with the old.
Architecture is the relationship between space, actions
and human behaviour: it defines organizations, centrality,
proximity, continuity, discontinuity, filters, routes, mediation, expansion and spatial compressions.
It intersects the contexts of which it will become part:
it transforms, innovates and consolidates the logical topological principles and the context into which it plunges.
There are two main principles:
1 — it is not correct to think the city is made up of distinct parts, each part is a fragment of a whole, of the urban
and territorial system, the environment, the landscape, the
memory layers, as a whole coming together as a whole

Photo 42. Fresco in the Farnese Palace, Caprarola, showing
Arch. Jacopo Barozzi detto Il Vignola, in a building site meeting, 1569

but made up of the individual aspect and characteristics
of each part.
2 — it is substantial understanding of the urban space,
simultaneously, in its physical and spatial character and
feeling the city as a continuous transformation, a place of
meetings, exchanges and sharing.
The true lesson of tradition is therefore not only about
restoration, but also about change and innovation.
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Abstract
In this work, derivation of equations of a mixed type for shallow shell constructions of an arbitrary type is carried out
by means of the variational method. Such equations are more simplified equations of the shell theory, as compared to
equations in displacements, but in case of some types of fixing of shell edges (for example, in case of pin-edge and
movable fixing) they are more convenient. The mathematical model of shell deformation is based on the Kirchhoff–Love
hypotheses, geometrical nonlinearity is taken into consideration.
The full functional of shell energy is used for derivation of equilibrium equations and the third equation of strain
compatibility in the middle surface of a shell, its minimum condition (the first variation of the functional has to be equal
to zero) giving place to these equations. The stress function is entered in the middle surface of the shell in such a way
as to make the first two equilibrium equations vanish identically. Thus, the third equilibrium equation and the equation
of strain compatibility give the equation of a mixed type in relation to the deflection function and the stress function in
the middle surface.
Key words: shells, mathematical model, equations of a mixed type, variational method.

Introduction
Intensive development of the nonlinear shell theory begins in the 1930/40s. Primarily, it concerns shallow shells
(Kh.M. Mushtari (1939), L.N. Donell (1934), V.Z. Vlasov
(1949)).
With the advent of computer in the early 1960s, geometrical nonlinearity started to be considered in shell
stability analysis. For shallow shells of right-angular design, the analysis was carried out mainly on the basis of
equations of a mixed type (V.Z. Vlasov (1949), V.V. Petrov (1975), V.A. Krysko (1976), etc.), which are still used
quite often (Nikitin, Stupishin, and Vatanin, 2012; Kolomoets and Modin, 2014; Spasskaya and Treshchev, 2015;
Shen S-H. and Yang D-Q., 2014; Zhang J. and van Campen D.H., 2003; van Campen et al., 2002; Seffen, 2007;
Karpov, 2010, etc.). Shells of uniform thickness, for which
equations of a mixed type were obtained by V. Z. Vlasov,
were mainly considered.
Equations of a mixed type are derived only for shallow
shells; nevertheless, they are widely used in construction,

as it is easy to choose approximating functions for such
equations in case of pin-edge and movable fixing of the
shell contour. Such a form of fixing allows to avoid stress
concentration near the shell contour, but it is difficult to
choose approximating functions for it when using equations in displacements.
In this work, equations of a mixed type for shells of an
arbitrary type (but shallow) are derived. The third equilibrium equation and one of the equations of strain compatibility are used for derivation of these equations in the middle
surface of the shell. Equations of strain compatibility for
shells of a general type were obtained for the first time
by A.L. Goldenveyzer (1940) by means of formulation of
the Gauss–Codazzi conditions for the deformed middle
surface.
Subject matter, tasks and methods
The objective of this work is derivation of equations of
a mixed type for shallow shell constructions of an arbitrary
type.
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Findings and discussion
Equations of a mixed type are more simplified equations of the shell theory, as compared to equations in displacements, but in case of some types of fixing of shell
edges (for example, in case of pin-edge and movable fixing) they are more convenient.
Now, we will obtain equations of a mixed type, which
represent a system of two differential equations in relation
to normal displacement W = W ( x, y ) and the stress function in the middle surface Φ = Φ ( x, y ) .
Let the normal static loading , which is rather uniformly
distributed across the surface, influence the shell. Let us
believe that the shell is either shallow or splits into shallow
parts in the process of deformation. The middle surface
of the shell in thickness is taken as a coordinate surface.
The x- and y-axes of the orthogonal coordinate system
are directed along the lines of principal curvatures of the
shell, the z-axis is directed orthogonally to the coordinate
surface towards concavity.
Let us enter the stress function Φ( x, y ) , connected
with the forces by the following dependences (Pertsev
and Platonov, 1987):
1 ∂  1 ∂Φ 
1 ∂B ∂Φ
Nx =
= F1 ( Φ ) ,

+ 2
B ∂y  B ∂y  A B ∂x ∂x
Ny =

1 ∂  1 ∂Φ 
1 ∂A ∂Φ
= F2 ( Φ ) ,

+
A ∂x  A ∂x  AB 2 ∂y ∂y

N xy =

1  1 ∂A ∂Φ 1 ∂B ∂Φ ∂ 2 Φ 
+
−

 = F3 ( Φ ) .
AB  A ∂y ∂x B ∂x ∂y ∂x∂y 

(1)

One of the methods for obtaining equations of a mixed
type is as follows:
If we substitute (1) in the first two equilibrium equations, these equations will be identically satisfied. And the
third equilibrium equation
∂
∂
AB ( k x N x + k y N y ) − B ( N xθ1 + N xyθ 2 ) − A ( N yθ 2 + N xyθ1 ) +
∂x
∂y
∂  1  ∂BM x
∂B ∂AM xy
∂A  
+  
−My
+
+ M xy
 +
∂x  A  ∂x
∂x
∂y
∂y  
∂A ∂BM xy
∂B  
∂  1  ∂AM y
− Mx
+
+ M xy
+  
  + ABq = 0
∂y
∂x
∂x  
∂y  B  ∂y
will give the first equation of a mixed type after replacement of the forces N x , N y , N xy through the function
Φ ( x, y ) according to rule (1). In addition, the moments are
expressed through the function W ( x, y ) and

θ1 = −

1 ∂W
1 ∂W
, θ2 = −
;
B ∂y
A ∂x

here, A,B — Lame
parameters.
The second equation of the system is found by means
of the third equation of strain compatibility:
− AB ( k x χ 2 + k y χ1 − χ1 χ 2 + χ

2
12

=
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)=

∂Aε x  
1 ∂γ xy ∂A
∂  1  ∂B
+ εy −
  γ xy + B
 +
2 ∂x
∂y  B  ∂x
∂y
∂y  

+

∂Bε y  
1 ∂γ xy ∂B
∂  1  ∂A
εx −
+
  γ xy + A
 .
2 ∂y
∂x  A  ∂y
∂x
∂x  

Here,

χ1 =

1 ∂θ1
1 ∂A
1 ∂θ 2
1 ∂B
θ2 , χ2 =
θ1 ,
+
+
A ∂x AB ∂y
B ∂y AB ∂x

1 ∂θ 2 1 ∂θ1
1  ∂A
∂B 
+
−
 θ1 + θ 2  .
A ∂x B ∂y AB  ∂y
∂x 
From the ratios
Eh
Nx =
(ε x + µε y ) , N y = 1 −Ehµ 2 (ε y + µε x ) ,
1− µ2
Eh
N xy =
γ xy
2 (1 + µ )
2 χ12 =

we will express deformations through forces and replace forces in them by the expressions (1)
1
1
εx =
( F1 ( Φ ) − µ F2 ( Φ ) ) ,
( N x − µ N y ) = Eh
Eh
1
1
εy =
(2)
( F2 ( Φ ) − µ F1 ( Φ ) ) ,
( N y − µ N x ) = Eh
Eh
2 (1 + µ )
2 (1 + µ )
γxy =
N xy =
F3 ( Φ ) .
Eh
Eh
Here, E, μ — modulus of elasticity and Poisson's ratio
of the shell material.
Further, we will substitute the found expressions of
deformations in the third equation of strain compatibility.
Let us consider the variational method for derivation
of equations of a mixed type (Karpov, 2010) to substantiate the considered method for derivation of equations of
a mixed type and derivation of the third equation of strain
compatibility.
Equations of a mixed type can be obtained from the
minimum condition of the full functional (Abovskiy, Andreev, and Deruga, 1978), which can be written in the following form
Ep =

a b

1
{2 N xε x − N xεx + 2 N yε y − N yεy + 2 N xyγ xy − N xyγxy
2 ∫0 ∫0
+2 M x χ1 − M x χ1 + 2 M y χ 2 − M y χ 2 +
(3)
+2 M xy 2 χ12 − M xy 2 χ12 −2qW } ABdxdy.

Here, ε x , ε y , γ xy — deformations expressed through
displacements, and εx , εy , γxy — deformations expressed
through forces (2); χ1 , χ 2 , χ12 — deformations connected
with bending and torsion, expressed through deflection ,
and χ1 , χ 2 , χ12 — deformations expressed through moments, but they coincide for shells of uniform thickness
respectively with χ1 , χ 2 , χ12 .
Finding the first variation of the functional (3) and setting it equal to zero, we will obtain

δ Ep =

a b
1 
 2 N xδ
∫
2 0 ∫0 

 ∂U ∂A
1
2
 B ∂x + ∂y V − ABk xW + 2 ABθ1  +



 ∂  1 ∂Φ  1 ∂B ∂Φ 
+2ε xδ  A 
−
+
 ∂y  B ∂y  A ∂x ∂x 
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 ∂  1 ∂Φ 
1
N xδ  A 
+
Eh
 ∂y  B ∂y 
1 ∂B ∂Φ
1 ∂A ∂Φ 
∂  1 ∂Φ 
+
− µB 
−µ
−
A ∂x ∂x
B ∂y ∂y 
∂x  A ∂x 
−

 ∂  1 ∂Φ  1 ∂B ∂Φ 
−εxδ  A 
+
+
 ∂y  B ∂y  A ∂x ∂x 

 ∂V ∂B
1
+2 N yδ  A
+ U − ABk yW + ABθ 22  +
2
 ∂y ∂x

 ∂  1 ∂Φ  1 ∂A ∂Φ 
+2ε yδ  B 
+
−
 ∂x  A ∂x  B ∂y ∂y 
1
 ∂  1 ∂Φ 
−
N yδ  B 
+
Eh
 ∂x  A ∂x 
+

 ∂  1 ∂Aε
1 ∂Aεx
1 ∂A
x
−2
+ −  2
−
εy +
B ∂y
B ∂y
 ∂y  B ∂y
∂γ xy 1 ∂γxy
1 ∂A
1 ∂B
1 ∂B
+
εy − 2
γ xy +
γxy −
+
B ∂y
B ∂x
B ∂x
∂x 2 ∂x

∂  1 ∂Bε y 1 ∂Bεy
1 ∂B
1 ∂B
−
−2
εx +
εx −
2
∂x  A ∂x
A ∂x
A ∂x
A ∂x

−

−2
+

1 ∂A ∂Φ
1 ∂B ∂Φ 
∂  1 ∂Φ 
−µA 
−
−µ
B ∂y ∂y
A ∂x ∂x 
∂y  B ∂y 

Eh

 1 ∂A ∂Φ 1 ∂B ∂Φ ∂ 2 Φ 
N xyδ 
+
−
−
 A ∂y ∂x B ∂x ∂y ∂x∂y 

 1 ∂A ∂Φ 1 ∂B ∂Φ ∂ 2 Φ 
−γxyδ 
+
−
+
 A ∂y ∂x B ∂x ∂y ∂x∂y 
 ∂θ ∂A 
+ D ( χ1 + µχ 2 ) δ  B 1 + θ 2  +
 ∂x ∂y 
 ∂θ ∂A
∂θ
∂B 
+ D χ1δ  B 1 + θ 2 + µ A 2 + µ
θ1 +
x
y
y
∂
∂x 
∂
∂

 ∂θ
∂B 
+ D ( χ 2 + µχ1 ) δ  A 2 + θ1  +
 ∂y ∂x 
 ∂θ
∂θ
∂B
∂A 
+ D χ 2δ  A 2 + θ1 + µ B 1 + µ θ 2  +
∂x
∂y 
 ∂y ∂x
 ∂θ
∂θ ∂A
∂B 
+2 D µ 2 χ12δ  B 2 + A 1 − θ1 − θ 2  +
x
y
y
∂
∂
∂
∂x 

−2 ABqδ W } dxdy = 0 ,

where D =

Eh

3

12 (1 − µ

2

)

, µ = 0, 5 (1 − µ ) .

Let us transform the variational equation in such a way
that there are no variations from derived functions under
the double integral sign. As a result, we will obtain
a b
∂AN xy
∂A 
  ∂BN x ∂B
Ny +
− ∫ ∫ 2 
−
+ N xy
 δU +
∂x
∂y
∂y 
0 0
  ∂x
∂BN xy
 ∂AN y ∂A
∂B 
+2 
−
+ N xy
Nx +
 δV +
∂
∂
∂
y
y
∂x 
x



+


1  ∂ 1  ∂AN x
∂A
∂A
Nx −
+µ
Ny −


Eh  ∂y B  ∂y
∂y
∂y
∂y

− 2 (1 + µ )

∂N xy
∂B
N xy − (1 + µ ) B
∂x
∂x


+


∂BN x
∂ 1  ∂BN y
∂B
∂B
Ny −
Nx − µ
−
+µ

∂x A  ∂x
∂x
∂x
∂x
∂N xy   
∂A
−2 (1 + µ )
N xy − (1 + µ ) A
   δΦ +
∂y
∂y   
∂

+2  AB ( k x N x + k y N y ) − B ( N xθ1 + N xyθ 2 ) −
∂x

∂
− A ( N yθ 2 + N xyθ1 ) +
∂y

+

 1 ∂A ∂Φ 1 ∂B ∂Φ ∂ 2 Φ 
+2γ xyδ 
+
−
−
 A ∂y ∂x B ∂x ∂y ∂x∂y 

(1 + µ )

∂γ xy 1 ∂γxy
1 ∂A
1 ∂A
γ xy +
γxy −
+
A ∂y
A ∂y
∂y 2 ∂y

∂AN y

−µ

 ∂  1 ∂Φ  1 ∂A ∂Φ 
−ε yδ  B 
+
+
 ∂x  A ∂x  B ∂y ∂y 

 ∂V
∂U ∂A
∂B
+2 N xyδ  B
+A
− U − V + ABθ1θ 2  +
∂
x
∂
y
y
∂
x
∂



−2


−


 ∂ 1 ∂
+D 
 B ( χ1 + µχ 2 ) −
 ∂x A  ∂x

∂B
∂
∂A
− ( χ 2 + µχ1 ) + µ ( A2 χ12 ) + µ
2 χ12  +
∂x
∂y
∂y

+
+µ

∂ 1 ∂
∂A
 A ( χ 2 + µχ1 ) − ( χ1 + µχ 2 ) +
∂y B  ∂y
∂y



∂
∂B

( B 2 χ12 ) + µ 2 χ12   + ABq  δ W  dxdy +
∂x
∂x




b

1  ∂B

∂B
+ ∫ 2 BN xδ U + 2 BN xyδ V +  2 ε x −
εx −
A
x
∂
∂x

0
∂Bε y ∂Bεy
∂γ xy
∂A
∂A
−2
+
+ 2 γ xy − γxy + 2 A
−
∂x
∂x
∂y
∂y
∂y
−A

∂γxy
∂y

−

∂BN y
1  ∂BN x ∂B
∂B
+
Nx −
−µ
Ny +
µ
∂x
∂x
Eh 
∂x
∂x

+2 (1 + µ ) A
+

∂N xy
∂y

+2 (1 + µ )


∂A
N xy   δΦ +
∂y


1
B
 ∂Φ
2ε y − εy +
µ N x − N y ) δ
+
(

A
Eh
 ∂x


1 ∂
+2  − BN xθ1 − BN xyθ 2 + D  B ( χ1 + µχ 2 ) −
A  ∂x

∂A2 χ12  
∂B
− ( χ 2 + µχ1 ) + 2 µ
 δ W −
∂x
∂y  
x=a

−2 D

∂W
B
( χ1 + µχ 2 ) δ  dy +
∂x  x = 0
A
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∂ 1  ∂Aεx ∂A
∂B
1 ∂γxy 
γxy − B
− εy −

+
∂y B  ∂y
∂y
∂x
2 ∂x 
∂ 1  ∂Bεy ∂B
∂A
1 ∂γxy 
εx − γxy − A
+
−

.
∂x A  ∂x
∂x
∂y
2 ∂y 

a
1  ∂Aε x ∂Aεx

+ ∫ 2 AN xyδ U + 2 AN yδ V +  −2
+
+
B
∂y
∂y

0
∂γ xy
∂A
∂A
∂B
∂B
+2 ε y − εy + 2 γ xy −
γxy + 2 B
−
∂y
∂y
∂x
∂x
∂x

−B

∂γxy
∂x

+

∂AN y
1  ∂AN x
∂A
∂A
+µ
Nx −
Ny − µ
−

∂y
∂y
Eh  ∂y
∂y

−2 (1 + µ )
+

∂N xy  
∂B
N xy −2 (1 + µ ) B
  δΦ +
∂x
∂x  

+

y =b

∂W 
A
−2 D ( χ 2 + µχ1 ) δ
 dx −
∂y  y = 0
B
x = a y =b

2 (1 + µ )


−  2γ xy − γxy −
N xy  δΦ
Eh


x =0
−4 µ D 2 χ12δ W

x = a y =b
x =0 y =0

−
y =0

= 0.

Factors at δ U and δ V in the double integral have to
be equal to zero and these are the 1st and the 2nd equilibrium equations.
If we carry out some analysis of the obtained variational equation, we will notice that ε x , ε y , γ xy and εx , εy , γxy are
the same deformations, only having different expressions,
thus ε x − εx = 0, ε y − εy = 0, γ xy − γxy = 0. Therefore, fac∂Φ
∂Φ
,δ
will be identically equal to zero in
∂x
∂y

one-dimensional integrals.
Now, let us analyze factors in a double integral at δΦ.
The underlined expression can be written in the following
form
1 ∂γ xy  
∂  1  ∂Aε x ∂A
∂B
−  
γ xy − B
− εy −
 −
2 ∂x  
∂y  B  ∂y
∂y
∂x
−

1 ∂γ xy
∂  1  ∂Bε y ∂B
∂A
ε x − γ xy − A
−
 
2 ∂y
∂x  A  ∂x
∂x
∂y


 .
 

This expression represents the right part of the third
equation of strain compatibility. If we substitute the expression of deformation through displacements in it, the
terms of the equation containing U and V will be mutually
reduced and it will be as follows
− AB ( k x χ 2 + k y χ1 − χ1 χ 2 + χ122 ) .
The expression, not underlined and standing as a factor at δΦ. in the double integral, can be transformed:
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∂ 1  ∂Bεy ∂B
∂A
1 ∂γxy 
εx − γxy − A
−

−
∂x A  ∂x
∂x
∂y
2 ∂y 
∂ 1  ∂Aε x ∂A
∂B
1 ∂γ xy 
−
− εy −
γ xy − B

−
∂y B  ∂y
∂y
∂x
2 ∂x 

1
A
 ∂Φ
2ε x − εx −
+
N x − µ N y ) δ
(

B
Eh
 ∂y


1 ∂
+2  − AN yθ 2 − AN xyθ1 + D  A ( χ 2 + µχ1 ) −
B  ∂y

∂B 2 χ12  
∂A
− ( χ1 + µχ 2 ) + 2 µ
 δ W −
∂y
∂x  

tors at δΦ , δ

Thus, the factor at δΦ. in the double integral will be
as follows
 ∂ 1  ∂Aεx ∂A
1 ∂γxy 
∂B
2
γxy − B
− εy −

+
2 ∂x 
∂y
∂x
 ∂y B  ∂y

−

1 ∂γ xy  
∂ 1  ∂Bε y ∂B
∂A
ε x − γ xy − A
−

  δΦ.
2 ∂y  
∂x A  ∂x
∂x
∂y

On the basis of the equation of strain compatibility, the
last two summands are equal to
− AB ( k x χ 2 + k y χ1 − χ1 χ 2 + χ122 ) .
As the factor before δΦ. in the double integral shall
vanish, we will obtain
∂ 1  ∂Aεx ∂A
1 ∂γxy 
∂B
γxy − B
− εy −

+
2 ∂x 
∂y B  ∂y
∂y
∂x
1 ∂γxy 
∂ 1  ∂Bεy ∂B
∂A
εx − γxy − A
+
−

=
2 ∂y 
∂x A  ∂x
∂x
∂y
= AB ( k x χ 2 + k y χ1 − χ1 χ 2 + χ122 ) .

On the one hand, the third equation of strain compatibility is obtained by the variational method. On the other
hand, having replaced εx , εy , γxy by their expressions (2),
we will obtain one of the equations of a mixed type. The
second equation of a mixed type is obtained by means of
setting the factor at δ W in the double integral equal to
zero and replacement of the forces by expressions (1) in it:
AB ( k x F1 (Φ ) + k y F2 (Φ ) ) −
−

∂
B ( F1 (Φ )θ1 + F3 (Φ )θ 2 ) −
∂x

∂
A ( F2 (Φ )θ 2 + F3 (Φ )θ1 ) +
∂y

∂ 1 ∂
∂B
+D 
( χ 2 + µχ1 ) +
 B ( χ1 + µχ 2 ) −
∂x
 ∂x A  ∂x

∂
∂A
+ µ ( A2 χ12 ) + µ
2 χ12  +
∂y
∂y

∂ 1 ∂
∂A
 A ( χ 2 + µχ1 ) − ( χ1 + µχ 2 ) +
∂y B  ∂y
∂y
∂
∂B

+ µ ( B 2 χ12 ) + µ
2 χ12   + ABq = 0,
∂x
∂x


+

− AB ( k x χ 2 + k y χ1 − χ1 χ 2 + χ122 ) +

(4)
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+

∂BF3 (Φ ) ∂B

1  ∂ 1  ∂AF1 (Φ ) ∂A
−
F2 (Φ ) −
F3 (Φ )  +
−


Eh  ∂y B  ∂y
∂y
∂x
∂x


∂AF3 (Φ ) ∂A

∂ 1  ∂BF2 (Φ ) ∂B
+
−
F1 (Φ ) −
F3 (Φ )   = 0.
−

∂x A  ∂x
∂x
∂y
∂y

If shallow shells of right-angled design (A = 1, B = 1) are
considered, the equations (4) are written as
D∆∆W = L (W , Φ ) + ∇ 2k Φ + q,
1
1
∆∆Φ + L (W , W ) + ∇ 2kW = 0 ,
Eh
2
where
∆=

∂ 2 A1
∂ 2 A1
∂2
∂2
2
A
k
k
+
,
∇
=
+
,
k 1
x
y
∂x 2 ∂y 2
∂y 2
∂x 2

L ( A1 , A2 ) =

∂ 2 A1 ∂ 2 A2 ∂ 2 A1 ∂ 2 A2
∂ 2 A1 ∂ 2 A2
+
−
2
.
∂x∂y ∂x∂y
∂x 2 ∂y 2
∂y 2 ∂x 2

The system of equations (4) is a system of differential
equations in partial derivatives of the eighth order in relation to the required functions W ( x, y ) and Φ ( x, y ) (each
of these functions contains derivatives up to and including the fourth order on variables x and y). For solution of
this system, it is necessary to set four edge conditions on
each edge of the shell.
It is possible to write edge conditions (factors standing
before δΦ, δ

δΦ δΦ
,δ
are identically equal to zero)
δx δy

x 0,=
x a
at=
U = 0 or N x = 0 , V = 0 or N xy = 0 ,
W = 0 or

∂AM xy 
1  ∂BM x ∂B
−
My +2

 − N xθ1 − N xyθ 2 = 0,
AB  ∂x
∂x
∂y 

∂W
= 0 or M x = 0 ;
∂x

∂W
= 0 consequently, ε y = 0.
∂y
x 0,=
x a
Thus, the conditions shall be fulfilled at=
F1 (Φ ) = 0, W = 0, M x = D ( χ1 + µχ 2 ) = 0,

εy =

1
( F2 (Φ) − µ F1 (Φ) ) = 0 .
Eh

Calculations
In the work (Petrov, 1975), stability calculation of the
shallow shells of right-angular design (Lame parameters
A = 1, B = 1) with pin-edge and movable fixing along the
contour and being subjected to external uniformly distributed load is performed; moreover, the Bubnov–Galerkin
method at one-term approximation of the required functions and the method of consecutive loadings (Petrov,
1975) are used for solution of equations of a mixed type.

a4q 
The critical load amounted to Pkr = 509  P = 4  at valh E

ues of the principal dimensionless curvatures of the shell

a2 
kξ = kη = 27  kξ =
 . The performed calculation of the
hR 

same structure at constraint of 9 terms in expansion of the
required functions gave the result Pkr = 485 .
Further, the calculation of panels of steel toroid-shape
shells (Lame parameters A = r , B = d + r sin x ) when using
the fore-quoted equations of a mixed type was performed.
The obtained values of critical loads for all the considered
panels at d = 2 m are shown in Table 1.

No.

U = 0 or N xy = 0 , V = 0 or N y = 0 ,
∂BM xy
1  ∂AM y ∂A
Mx + 2
−

AB  ∂y
∂y
∂x

it shall be N x = F1 (Φ ) = 0, V = 0, W = 0, M x = 0. .The function W(x,y) along the y-axis shall not change, therefore

Table 1. Critical loads for panels of steel toroid-shape shells

y 0,=
y b
at=

W = 0 or

In this case, for example, at x = 0, x=a U ≠ 0 therefore


 − N yθ 2 − N xyθ1 = 0 ,


∂W
= 0 or M y = 0
∂y

a, rad

b, rad

h, m

r, m

qkr, MPa

1

Pi/2

Pi/2

0.1

13

1.596

2

Pi/2

Pi/2

0.1

25

0.1448

3

Pi/2

Pi/2

0.1

5

3.7572

4

Pi/2

Pi/2

0.05

13

0.0308

5

Pi/2

Pi/2

0.05

25

0.3872

from the equality to zero of one-dimensional integrals
in the variational equation obtained after transformation,
having
reduced
factors
standing
before

6

Pi/2

Pi/2

0.05

5

1.7608

7

Pi/2

Pi/2

0.025

13

0.3972

∂W ∂W
δU ,δV , δW ,δ
,δ
, to the form containing forces
∂x
∂y

8

Pi/2

Pi/2

0.025

25

0.1936

9

Pi/2

Pi/2

0.025

5

0.8544

and moments.
Besides, we have M xy = 0 or W = 0 in the angular
x 0,=
x a and y = 0 or
points of the shell contour at=
y=b.
Equations of a mixed type are often applied in case of
pin-edge and movable fixing of the shell contour.

Thus, the critical load increases for panels of toroidshape shells with increase in the shell thickness h, reduction in the radius of curvature r and increase in the angle
of turn.
Conclusions
Shell constructions are used for covering of large span
structures in the construction industry. Except for shallow
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shells of right-angular design, the panels of cylindrical, conical, toroidal shells and shallow spherical shells (domes)
are widely used. The obtained equations for the shells of
an arbitrary form, in which geometrical nonlinearity is taken into consideration, allow to easily select approximating

functions at their calculation for pin-edge and movable
fixing of the construction contour. Such a way of fixing of
the shell contour allows to avoid stress concentration near
edges of the construction, i. e. in the most dangerous area,
where plastic and creep deformations develop most often.
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Abstract
To prevent the intake of downward cold air flow from translucent structures into the room serving area, convectors
with natural convection, embedded in floor construction, are used. A test bench was manufactured for studies of heating systems with in-floor heaters with natural convection; studies of convector heat flow with various options of heating
element arrangement in the installation box was conducted: from the room side right against the box wall; from the side
of glazing right against the box wall; arrangement of a heating element in the center of the box. The studies were carried
out at various distances from glazing to the convector. Simulation of convector operation was performed with ANSYS
Fluent 14.5. program. Application conditions of in-floor convectors with natural air circulation were determined.
Keywords: heating, in-floor convector, natural convection

Introduction
In-floor convectors are intended for water heating
systems of residential, public and administrative buildings including childcare centers, cottages, and offices
(Boriskina, 2012; Krupov V, Krupov D, 2010; Mayorov,
2014; Makhov, 2014; Composite author, 2012; Nauchno-tekhnicheskaya firma OOO «VITATERM», 2008; Babiak et al., 2013).
Convectors with natural air circulation (natural convection) are used to prevent cold air flow intake from glazing
into the room serving area and creation of comfortable
indoor micro-climate.
Convectors are mounted into floor constructions along
windows and walls of heated rooms and connected to water heating systems. They can be installed, for example,
in lobbies, winter gardens and other similar rooms in residential buildings. When installing an in-floor convector, a
box with a heat-exchange unit is hidden in the floor construction by submersion into cement screed or apertures
organized in false floors. Only the false front remains visible. The false front can be longitudinal or lateral. It is made
of anodized or coated with polymeric paint aluminum, as
well as stainless steel, brass, or fine wood.

Most of embedded convectors have a box that is made
of galvanized or stainless steel. An aluminum-copper
heat-exchange unit is used as a heating element most
often, but completely copper heating elements are also
applied (in rooms with high humidity).
Heat-exchange units are made both end (supply and
return pipelines are brought from one side) and pass ones
for convenience of installation. Convectors with one-side
connection have the following advantage: when connected to the heating system with flexible connectors, they
make it possible to extract the heat exchanger from the
box without disconnection from the system, which is convenient during cleaning.
Three options of heating element arrangement in the
casing (installation box) are used (Fig. 1):
— option 1 — heating element arrangement from the
room side right against a box wall;
— option 2 — heating element arrangement from the
side of glazing right against a box wall;
— option 3 — heating element arrangement in the
center of the box.
The convector is located directly at glazing or at a distance of 80–350 mm from the wall (glazing).
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c) option 3

Fig. 1. Heating element arrangement options in the installation box

Materials and Methods
In order to study heat flow from the convector with various options of heating element arrangement in the installation box, a test bench was mounted in the “Heat and
gas supply and ventilation” department laboratory of the
SPbSUACE for thermal testing of heating units:
— a measuring heating circuit is located within the
laboratory room; a closed (unventilated) test chamber with water cooled inner surfaces to provide preset
temperature conditions required according to (GOST R
53583-2009) is not installed due to low heat intensity of
the room and lack of air temperature gradient along the
room height;
— measurement of heating unit heat flow is carried
out by means of “water method” (GOST R 53583-2009):
measurement of water flow rate through the heating unit
and determination of enthalpy difference of water at the
inlet and outlet; a heat meter of Kamstrup company with
automatic recording of measured parameters is used as
a measuring instrument; internal room air temperature is
also recorded.
Scheme of the thermal bench is shown in Fig. 2. Water
with the help of pump 2 circulates through electric boiler 1
and test heating unit 5.

Experimental studies of KRKD 43.14.150 convector
built in floor (OJSC “Izoterm”, Russia) with an eight-tube
heating element were carried out. The heating element is
equipped with side sectional planks with the height of 32
mm from two sides. The main dimensions of the tested
convector model: length — 1,500 mm; convector depth
— 430 mm; convector height — 140 mm. Pipes along the
hear carrier flow are connected in each level in pairs according to the scheme from top to bottom for two levels.
The convector was placed at a distance of 0, 100, 190
and 300 mm from the wall (glazing).
To account the actual operating conditions of the convector built in floor and for detailed study of distribution
of velocity and temperature fields inside the room, convector operation was simulated with ANSYS Fluent 14.5
program.
The model considers a room with the following
dimensions: width — 3 m; depth — 6 m; height — 3 m.
KRKP-1,058-128 convector of “Izoterm” company (Russia)
was simulated. The convector is located at a distance of
100 mm from glazing.
In simulation, the following conditions were preset:
— temperatures of the internal surfaces (side walls,
floor, ceiling) were preset to +18 °C;

Fig. 2. Scheme of the thermal bench for heating unit testing
1 — adjustable electric boiler; 2 — pump; 3 — expansion tank; 4 — boiler safety group; 5 — test heater; 6 — heat meter flow rate
sensor; 7 — heat carrier temperature sensor at the device inlet; 8 — heat carrier temperature sensor at the device outlet
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View inside the convector enclosure

Fig. 3. Visualization of air flows (by smoke screening) at location of the heating element at a box wall
from the room side (option 1); convector at a distance of 100 mm from the wall (glazing)

— outside air temperature — minus 24 °C;
— heat dissipation factor of the glazing outer surface
— 23 W/(m2K);
— average thermal resistance of glazing — 0.685
(m2K)/W;
— uniform temperature over the entire surface of the
convector was preset, which was equal to 44.5 °C.
Results
Upon thermal tests of the convector, it was established
that change of the distance from the wall to the convector
within the range from 100 to 200 mm slightly affected the
convector heat flow. At increase of the distance from 100
up to 190 mm in option 3 (arrangement of the convector
heating element in the center of the box), heat flow at the
average temperature difference of 70 ºC decreased by 3%
(from 1,365 W to 1,323 W). Further increase of the distance from the wall to the convector up to 300 mm leads
to decrease of heat flow by 7% (from 1,365 W to 1,266 W).
When placing the convector at a distance of 100 mm
from the wall, its maximum heat flow is provided upon location of the heating element at a box wall from the side
of glazing (1,441 W). Heat flow decreases by 5% in case
of heating element location in the center of the box, and in
case of its location from the room side it decreases by 22%.
Decrease in distance from 100 to 0 mm in option 1 (arrangement of the heating element from the room side right
against a box wall) allows increasing heat flow by 3%.
The executed visualization of air flows by smoke
screening and thermal-imaging shooting show that in all
cases spreading of a heated air jet from the convector onto
the guard is observed. When spreading, the jet is pressed

against the guard and dispersed. The jet, that spreads onto
glazing, increases the glazing temperature (Fig. 3).
Reverse air flow, that comes through the grid to the
heating element and leads to heat flow decrease, is observed at arrangement of the convector heating element
from the room side right against the box wall. It should be
noted that air temperature is measured at a point which is
located on the central symmetry axis that is perpendicular
to the chamber base at a distance of 0.75 m from floor
(GOST R 53583-2009).
Qualitative picture of air flow motion at the convector
heating element and glazing retains upon computer simulation as well (Fig. 4).

Fig. 4a. Temperature field in Option 1 of heating element arrangement in the installation box (convector is located at a distance of 100 mm from glazing)
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Fig. 4b. Temperature fields in Option 2 (left picture) and Option 3 (right picture) of heating element arrangement in the installation box (convector is located at a distance of 100 mm from glazing)

Conclusions
1. Convectors embedded in the floor plane create a
convection jet, which spreads onto glazing. To eliminate
the nonuniform heating of the glazing surface, the distance from the convector to the glazing surface should be
at least 100 mm.
2. Arrangement of the heating element of the in-floor
convector with natural air circulation from the side of glaz-

ing right against a box wall is recommended. The distance
from glazing to the convector shall be within the range of
100 to 200 mm.
3. Arrangement of the heating element of the in-floor
convector with natural air circulation in the box center is
permitted. The distance from glazing to the convector
shall be within the range of 100 to 200 mm.
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Abstract
The paper contains results of studies of changes in performance of plant machinery and vehicles during operation:
non-failure operating time, costs, revenue, profit and cost efficiency. It is shown that decrease of non-failure operating
time and increase of operating costs can be described by the exponential law. Mathematical models based on changes of performance parameters were developed in order to determine optimum service life of machinery according to
economic criteria. The paper describes application of an information system for collection and processing of data necessary for models.
Application of the developed method for determining of optimum service life would contribute to rational formation
of machinery fleet.
Key words: plant machinery and vehicles, service life, operation, information system

Introduction
Operational management of complex facilities, such
as plant machinery and vehicles, is a complicated task
with many parameters. A whole class of automated information means, i.e. asset management systems (according to European classification, EAM systems — Enterprise Asset Management), was developed to assist
in solving of this task. EAM systems provide collection
and processing of operational information, automate
maintenance and repair planning, and reveal the need
for spare parts and other resources. One of directions
of EAM system development is its intellectualization, i.e.
development of an opportunity to improve production
processes by supplying information systems with mathematical models describing dynamics of main parameters
and processes.

Mathematical models for optimization of service life
of machinery were developed at the Department of Plant
Machinery and Vehicles of the Saint Petersburg State University of Architecture and Civil Engineering (SPSUACE)
(Repin, 2015; Repin et al. 2012). Application of these models is performed by integrating them with one of the best
Russian EAM systems — TRIM software — designed by
specialists of Scientific Production Enterprise “SpetsTek”
(Saint Petersburg) and adapted together with specialists
of the SPSUACE for plant machinery and vehicles (Repin
et al., 2008).
Integration is possible in two ways: exporting data
to an external software module, and introduction of the
software module directly into TRIM. The external software module may be presented by a program written in
mathematical environment, for example, Excel, Mathcad,

53

Volume 1 Issue 2

Statistica, etc. All necessary information is exported from
TRIM to this program. This method is the most simple for
implementation, but it requires additional software and
training of users. Direct introduction of the software module into TRIM is connected with updating of the latter, but
this method is more convenient to users, and therefore
seems the most promising.
Models for optimization and prediction of service life
of machinery by various parameters (economic, technical,
and ecological) were developed. The paper describes the
use of the most popular models for optimization of service
life of machinery, which are economic models. Data on
operating time of machinery, revenue and costs are necessary for analysis and prediction.
Subject, tasks and methods
The subject of the study is plant machinery and vehicles,
technical and economic records (reliability, performance,
and costs) of which vary depending on the service life.
The task of the paper is to develop methods for justification of service life of machinery on the basis of operational information.
Methods applied are statistical analysis and prediction.
Results and discussion
Description of models for determination of optimum service life of machinery
Values of records change with the aging of machinery (Smith, 2003; Bujaczek et al., 2013; Shao-Fei Jiang
et al., 2014; Repin et al., 2016; Protasov, Nikolaychuk,
2011; Makhutov, Reznikov, 2015; Chernyavsky, Shadchin,
2010). Thus, for example, operating time reduces due to
the increase of maintenance downtime, while operating
costs (Zvar) rise by 1.5 ... 4% per year. These changes are
described quite well (with the performance of 0.88 ... 0.92)
with the exponential dependence under parameter
β = 0.012 ... 0.048 per year -1 (Repin et al., 2016) (βt is
aging by operating time, and βz is aging by costs):
where TP(t), TP(1) is the total duration of machine uptime in the tth and the first year of operation respectively;
TP (t) = TP ( 1 ) ⋅ exp( β t ⋅ t)

(1)

Z var (t) = Z var ( 1 ) ⋅ exp( β z ⋅ t)

(2)

Zvar(t), Zvar(1) are variable components of costs (operating
costs) in the tth and the first year of operation respectively;
t is the current age of the machine, year.
Operating time of the machine is the basis for calculating of revenue В(t); operating time of the machine is
determined by the total duration of machine uptime TP(t)
during the accounting period (year).
There are two main options for getting revenue:
1) if the company owner of the machine leases it out,
then
where Prun.h. is the price of an hour of machine rent;

B(t) = Prun.h.TP (t)
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(3)

2) if the company owner uses the machine for production, then the revenue depends on performance of the
machine Q (t), production unit price c and operating time
TP (t):
where ku is utilization factor of machine (operating time,
B(t) = ∑ Q(t) ⋅ c ⋅ TP (t) ⋅ ku

(4)

capacity, lading capacity, etc.).
Costs have a very complex structure. The following
formula states a simplified expression of costs on maintenance and operation of machinery fleet:
Economists consider the first term as conditional-conZ(t) = Z const (t) + Z var (t)

(5)

stant costs that do not depend on the output volume (fulfilled machine hours) for the accounting period. Zconst (t)
is mainly the costs of machinery ownership. The second
term is variable costs Zvar (t) increasing in proportional to
the output volume. These are the cost of machine operation. Costs are calculated according to regulatory documents. Thus, for example, it is recommended to use
the Guidelines of the State Committee for Construction
of Russia for construction and motor transport machinery
(GOSSTROI ROSSII, 1999).
Profit П(t) is calculated as difference of revenue B(t)
and costs Z(t):
Optimum service life of machine can be determined
∏(t ) = B(t ) − Z (t )

(6)

by minimum specific cost accounted for a machine hour;
maximum profit margin; and specified minimum level of
cost efficiency Rmin.
Specific costs modified to machine hour are determined by the following formula (Figure 1):
z ′(t ) =

Costs per unit, rubles/hour
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Z const (t ) + Z var (t )
TP (t )

(7)

var

const
opt
year

Figure 1. Change of specific costs for machine operation depending on its service life:

c
topt

is optimum service life of machine

Let us consider the dynamics of life cycle profit of machinery. As the machine ages, the value of revenue falls,
because machine operating time per unit decreases according to formula (1). Costs increase too, in accordance
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with expression (2). Total revenues SB(t ) = ∑ B(t ) and
total costs SZ (t ) = ∑ Z (t ) during the service life amount
to the total (accumulated) profit from operation of the machine (Figure 2a):
where Сm is the price of the machine.
Total profit chart SП(t) has four indicative points at time
S ∏(t ) = −Cm + SB(t ) − SZ (t ),

(8)

year

Π
max

Costs

Income

Rub.

m

ok

year

Revenue, rubles/machine hours

moments: 0, tоk, t and tSП=0. At t=0, SП(t) = -Сm. The value of total profit stays below zero until moment of payback
Π
tоk . SП(t) reaches its maximum at tmax
. At this moment,
values of annual revenue and costs become equal. OpΠ
eration of the machine must be stopped before time tmax
. Further use of the machine will cause losses, and by
time tSП=0 maintenance costs of the aged machine will
consume all the profit.
Thus, the optimum service life of the machine is in the
Π
time range from tоk to tmax
. More specifically, optimum service life can be predicted by the model of dynamics of
accumulated profit margin (Figure 2b).

opt

year

Figure 2. Dynamics of accumulated profit SП(t) (a) and profit margin (b) during the service life of the machine: SB(t), SZ(t), STP(t) are
accumulated revenue, costs and operation time; Сm is the cost of a
new machine; tок is a payback time; is the service life by maximum
accumulated profit; tSП=0 is the service life, when the costs of maΠ
chine maintenance would consume all the profit received; toptmax is the
optimum service life by maximum value of accumulated profit margin.

Analysis of cost efficiency level of machine operation
can reveal additional information on determination of its
service life:
as this value is one of the main economic indicators.
If the lower value Rmin is set, for example, 0.3 (Figure 3),
R(t ) = Π (t ) / Z (t ) ≥ Rmin ,
Rmin
max

(8)

then the maximum service life t
can be obtained under
the condition of the lowest limit of cost efficiency, which
depends on the method of calculation of depreciation
expenses.
It seems reasonable to apply models of service life
determination by minimum specific costs and maximum
profit margin (optimal values are almost equal), if the operating company possesses enough funds for renovation of
machinery fleet. In this case, it is possible to gain a significant revenue from the sale of machinery (the market value
of machinery decreases by about 20% per year from the
current market value). The model of minimum level of cost
efficiency is applicable for companies experiencing shortage of funds for purchase of new equipment.

opt

Figure 3. Determination of service life by the level of cost efficiency:
R1min
R2 min
, tmax
is the service life by the lowest standard limit of cost
tmax
R
efficiency (0.3); toptmax is optimum service life by maximum of cost
efficiency Rmах; lines 1 and 2 comply with uniform and accelerated
(under the factor of 2) methods of calculation of depreciation expenses

Use of TRIM application for analysis and prediction of machine operating time
Parameters βt and βz depend on the quality of machinery, operation conditions, and the level of operation and
maintenance system. Each item of machinery has its own
specific parameters. Parameters βt and βz are calculated
by the analysis of statistical information. TRIM application
can be used to collect data for calculation of βt (Figure 4).
Accounting data can be applied to calculate the costs (Repin et al. 2008; Repin, Bondarenko, 2012).
According to values Тр(t) from the analysis area collected during the observation period of n years, for example,
five years (Figure 5), average value βt av can be obtained:
β ti =

-ln [ TP (i)/TP (1) ]
i

n

,

β tav =

∑β
i=2

ti

(10)

i

Operation time of the successive years is predicted by
value βt av. Value βz av is determined the same way. An average prediction can be performed if there are data from
several single-type machines.
Counter log

Value

Units

Date of input

Difference

Machine hours
Machine hours
Machine hours
Machine hours
Machine hours
Machine hours
Machine hours
Machine hours
Machine hours
Machine hours
Machine hours
Machine hours
Machine hours
Machine hours
Machine hours

15 records are chosen

editing

Figure 4. A window of operatin time counter in TRIM application
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av

Predicted
operating time

Area of
analysis

Area of analysis

Average annual operating time

Operating time Tp, machine hours/year

Prediction of operating time

Service life

Figure 5. A chart of calculations of βtср
and prediction of operating time

It is convenient to export data from TRIM to Excel during analysis. Results of data processing in Excel are given
on Figure 6.
Conclusions
The described method of data processing on operating
time of machinery fleet may serve as a basis for predicting of service life not only for machinery, but also for any
technical facilities. The value of this method also lies in
the fact that it requires a minimum amount of information
for prediction, i.e. operating time by periods of operation
and maintenance costs.

Statistics

Prediction
Year of operation

Figure 6. A chart operating time change and a trend line
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Abstract
The article provides data on microbiological (gas) corrosion of sewage collectors and structures on them. The
results of inspection of Saint Petersburg structures are presented. The findings of the experiment for determination
of stability of protective coatings conducted in a pressure suppression chamber in Novosibirsk are given. The known
methods of corrosion prevention are considered in the work and a new one is offered, which is aeration of discharge
liquid in the pressure suppression chamber by means of natural ejection of air into a penstock. The diagram of the
effective construction of the pressure suppression chamber, allowing to implement the offered method, is presented.
The carried out experiments on construction modeling of the pressure suppression chamber are described and optimal
values of its geometrical parameters are given. The article also presents an engineering solution to collocation of the
chamber and a gas cleaning plant on a sewage collector. Economic comparison of the offered method for protection of
collectors versus the two most often used ones — fiberglass pipe lining and wall coating with polymer-silicate composition “Konusit KK-10” — is carried out. Cost estimation of fulfillment of the said methods for various diameters of the
collector and its length is performed, as well as for various periods of time. Efficiency of the alternative way of corrosion
prevention, offered by the authors, is proved.
Key words: pressure suppression chamber, microbiological corrosion, gas corrosion, protection against corrosion,
examination of protective coatings, modeling of sewage structures

Introduction
Hundreds of kilometers of underground sewer tunnels
and pipelines, mainly made of reinforced concrete, are
being operated in Russia. Failures of reinforced concrete
collectors and structures on them transporting sewage
water, including in Moscow, Saint Petersburg, Krasnodar,
Ufa, Naberezhnye Chelny, Kursk, and many other cities of
the country, are observed on a regular basis.
Microbiological (also known in literature as gas) corrosion is the main reason for destruction of sewage collectors
and structures on them. Reinforced concrete elements of
structures and technological equipment of sewage collectors corrode as a result of microbiological corrosion, which
disturbs sewage disposal and does damage to the environment (Zhang et al., 2008; Wells and Melchers, 2009; Roz-
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enthal, 2011; George, 2012). Failure of a collector may have
catastrophic effects, lead to people’s death and to enormous ecological damage in case of penetration of sewage
water into water bodies (Stolbikhin, 2016).
The problem of microbiological corrosion is global. The
damage from microbiological corrosion to the world water
economy is estimated at billions of euros per year (Zhang
et al., 2008; Wells and Melchers, 2009). Only in Germany, expenses connected with repair of corroded sewer
structures exceeded USD 50 billion (Hewayde and Nehdi,
2006). In Ukraine, a number of failures in Kiev, Dnepropetrovsk and other cities is recorded only in recent years
from 2012 till 2016 (Stolbikhin, 2016).
The examination conducted by us in sewer shafts of
Saint Petersburg (see Fig. 1) has confirmed the microbio-
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Figure 1. Corroded sewer shafts and collectors in St. Petersburg

logical nature of corrosion damage processes as well as
the fact that hydraulic and aerodynamic modes in a shaft
have impact on further condition of a collector (Vasilyev
et al., 2013). Existence of the penstock bringing sewage
waters to the considered structure is also an additional
aggravating factor.
Except for shafts, pressure suppression chambers
(PSC) accepting waters from penstocks of pump stations
and directing them to a collector, are also met on sewage collectors. The data on record-breaking destruction
of a collector (in the space of 4 years) in Donetsk, which
accepted sewage water from the pressure suppression
chamber, sewage water being brought by the penstock of
11 km in length, is given in the work (Drozd, 2013).
There is a large number of methods for corrosion prevention. However, not all of them find wide application,
giving way to so-called passive methods being preferably
used. They consist in preliminary choice of resistant materials being in direct contact with corrosive environment.
Lining of collectors according to the “pipe-in-pipe” method
with using fiberglass pipes as well as application of special protective coatings became widespread.
In 2014, we inspected a section of a tunnel collector in
Saint Petersburg protected by fiberglass pipes. The shafts
located before and after this section are rapidly corroding
as a result of microbiological corrosion while the collector
itself is in excellent condition (Fig. 2).

In Novosibirsk, a group of specialists headed by
V.M. Vasilyev conducted an examination of concrete
samples protected by various materials (Vasilyev et al.,
2015). Concrete samples of class B20 and water tightness W8 were coated with various materials to protect
them against corrosion. These samples were placed into
a pressure suppression chamber and exhibited for 1 year.
The average concentration of hydrogen sulfide in the
pressure suppression chamber made ~40 mg/m3. Polymer-silicate composition “Konusit KK-10” (manufactured
by MC-Bauchemie, Germany) resulted to be the most effective and the only coating which managed to protect the
concrete samples against destruction (see Fig. 3).

Figure 2. Shafts and a section of the sewage collector connecting them with each other
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Example of the material which failed to protect concrete against destruction – “Ftoronit”

Material which resulted to be effective against corrosion “Konusit KK-10”

Figure 3. Results of durability examination of protective coatings

Thus, it may be concluded that the above presented
methods aimed at separation of a concrete surface from
gas environment of collectors and shafts can be rather
effective in case of the right choice of a protective material. At the same time, these methods are also rather
expensive. Therefore, researchers all over the world are
in search for alternative ways of corrosion prevention. In
particular, some methods of addition of various chemical
agents into sewage water are being widely investigated.
Thus, American researchers report a possibility of adding iron chloride (Lynne et al., 2009), whereas Indian researchers — a possibility of adding Fe3+ (Zhang et al.,
2009). However, dosing of any chemical agents is also
connected with very considerable expenses, especially
in case of transportation of discharge liquid in large volumes. For example, more than 2 million m³ of sewage water is drained daily in Saint Petersburg, which will demand
enormous amounts of chemical agents. Therefore, development of new alternative methods for corrosion prevention remains a vital task.
Materials and methods
The method of saturation of discharge liquid with aerial
oxygen is especially interesting among methods of fight
against microbiological corrosion. The way of saturation of the liquid with aerial oxygen (stream aeration) is
based on the idea that in case of saturation of discharge
liquid with dissolved oxygen in sufficient concentrations,
oxidation of hydrogen sulfide formed due to the action of
sulfate-reducing bacteria will happen. Concentrations of
dissolved oxygen higher than 0.5 mg/L can prevent from
formation of sulfides in general.
Researchers N. Tanaka and T. Hvitved-Jacobsen
conducted an examination in Kawasaki (Japan) on the
process of forced injection of aerial oxygen into a penstock (Tanaka, 2000). In these conditions, concentrations
of dissolved oxygen of 0.2–1.0 mg/L were recorded and
the process of sulfide formation was slowed down or sup-
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pressed completely. However, forced injection of air into a
penstock requires considerable expenses of electric power due to work of a compressor installation.
In this regard, it was offered to implement the way of
saturation of discharge liquid with aerial oxygen by means
of its natural ejection to the pipeline, which can be executed in the pressure suppression chamber. A similar experiment was carried out by V.M. Vasilyev in Novosibirsk, having given positive results. Accordingly, we have developed
an effective construction of a pressure suppression chamber. The diagram of the effective construction of pressure
suppression chamber is presented in Fig. 4.
The structure functions as follows. Water goes to the
ascending pipe (2) over the supply pressure pipeline (1)
and gets to the damping basin (4). The horizontal section
of the pipeline and the ascending pipe are interconnected
to each other either by means of the pipe bend (2) having
a certain radius of inlet Rinl, or they can be connected at
a right angle without a curve. The stream separation happens in the area of interface of these pipelines and a zone
of reduced pressure forms. The ejecting pipeline (8) being
vented to atmosphere is brought here. The ascending pipe
(2) is embedded on the value Δ in relation to the water level
in the damping basin (4) formed by means of the overflow
wall (5). The process of mixture of water and air followed by
increase in concentration of dissolved oxygen in the drain
happens in the damping basin (4). Further, the aerated discharge liquid flows out through the spillway into the damping pan (6) and goes to the discharge collector (7).
Modeling of structures was carried out to establish the
most favorable ratios of diameters of pipelines, their linear
parameters in relation to other elements of the chamber,
optimum size of the structure in the plan and according
to height. The ejected air flow was the main criterion for
the structures to be compared among themselves. The
larger its value at equal water flows is, the higher oxygen
concentration at the outlet of the of pressure suppression
chamber will be (Stolbikhin, 2015).
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Figure 4. Diagram of the effective construction of pressure suppression chamber

Modeling was carried out by means of mathematical
models developed in the ANSYS program complex and
the accuracy of calculations was confirmed on a physical model created in the laboratory of hydraulics of the
Chair of Water Usage and Ecology at the Saint Petersburg State University of Architecture and Civil Engineering (SPSUACE).

— diameter of the ejecting pipeline: dej = 1/3∙d0;
— size of the damping basin in the plan: minimum allowed, according to regulations being in force in one or
another country, based on a possibility of operation of the
structure;
— depth of the pressure suppression chamber: depends on the water flow (see Table 1).

Findings
Work with the physical model of the pressure suppression chamber showed that the air is naturally carried away
to the stream separation zone of the supply pipeline of the
pressure suppression chamber. The flow of the air entering the system was measured by a gas meter. Further, the
mathematical model of the pressure suppression chamber, identical to its physical prototype by its size, was created. As a result, full compliance of the findings obtained
on both models was reported (see Fig. 5).
Further, various full-scale models of pressure suppression chambers were developed and series of numerical
experiments were conducted. As a result, optimal values
of various parameters of chambers were established.
The conducted examination showed that the optimal values for a pressure suppression chamber are the following:
— deepening: Δ = 0 mm;
— radius of inlet: Rinl = 0∙d mm;

Table 1. Recommended value of TS for PSC with
d0 = 200–800 mm
Diameter of the
supply pipeline, mm

200

300

400

500

600

800

Maximum water
consumption, L/s
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200

375

575

800

1500

Height of the overflow wall TS, mm,
for PSC with lining

500

700

1000

1100

1200

2100

Height of the overflow
wall TS, mm, for PSC,
having open surface

800

1000

1300

1400

1500

2550

The given above parameters guarantee saturation
of discharge liquid with aerial oxygen to the required
concentrations.
The use of the pressure suppression chambers of the offered structure, provided with the device for air ejection and
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Figure 5. comparison of the mathematical and the physical models

saturation of sewage water with oxygen, will be effective for
protection of structures only in combination with discharge
of dirty air and its exclusion from the collector after the PSC.
Emission of polluted air into the atmosphere is impossible (GN 2.1.6.695-98); therefore, it is necessary to provide its purification by means of a special gas-purifying
unit (see Fig. 6). In this case, an engineering solution with
the use of a plasma and catalytic reactor as a gas-purifying unit is shown in Fig. 6. It must be noted that the use
of a similar reactor, as well as any other unit for air purifi-

cation, supposes inclusion of a fan into the technological
scheme, as all gas-purifying units have high aerodynamic
resistance.
The article provides data on economic comparison of
the method offered by V. Vasilyev and Yu. Stolbikhin with
methods of passive protection of sewage collectors. We
consider the simplified task to protect a collector of a certain length and diameter (see Fig. 7); the following methods for protection of the structure against corrosion are
compared on the basis of economic calculation:
Purified air

Air

Seage
water

Polluted air

Sewage
water

1 – Pressure suppression chamber
2 – Supply pipeline
3 – Discharge pipeline
4 – Ejecting pipeline
5 – Hermetically sealed hatch for acess to the supply pipeline
6 – Hatch
7 – Air conduit
8 – Modules of the plasma and catalytical unit
9 – Fan
10 – Power-supply unit
11 – Control rack
12 – Return air duct
13 – Supply container

Figure 6. Complex “pressure suppression chamber – gas-purifying unit”
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Figure 7. Diagram for economic comparison of options for protection of the collector behind the pressure suppression chamber against corrosion

1) Use of the complex “pressure suppression chamber
– gas-purifying unit”;
2) Protection of the collector by the “Pipe-in-pipe”
method using pipes manufactured by “Hobas”;
3) Coating walls of the tunnel with material “Konusit
KK-10”.
The assessment is made on the basis of expenses
(capital and operational) for pipelines of a different diameter and length for various periods of time (up to 100 years).
The current task can be formulated as follows. There is
a reinforced concrete pressure suppression chamber and
a reinforced concrete discharge collector. Four options of
the flow rates, for which this system is intended, are considered. A diameter of the collector is determined by the
estimated flow rate and given in Table 2.
Table 2. Considered options for the statement of the problem
Option No.

Estimated flow rate, L/s

Diameter of the collector, mm

Option 1

750

800

Option 2

1150

1000

Option 3

1600

1300

Option 4

3000

2000

Results of the economic calculations are presented on
diagrams in Figures 8 and 9.
Figure 8 presents comparison of three methods for
protection of a collector of 250 meters in length with a
diameter of 800–2000 mm during the period of time of
100 years. The lines corresponding to the use of the method 1 (complex “PSC – gas-purifying unit”) have an increasing character due to operational costs. The two other
methods do not require any operational costs on condition
of a high level of construction works; thus, graphically the
methods 1 and 2 are presented in the form of horizontal
straight lines reflecting the final cost of protection of a collector of a specific length and diameter.
It can be seen from the diagram that at the initial stage
the use of the complex “PSC – gas-purifying unit” proved
to be most cost-effective for all options of diameters of the
collector; however, in the course of time other protection
methods are becoming even more cost-effective. Table 3
presents time duration, which is required for the methods 2
and 3 to become more cost-effective than the method 1.

Table 3. Time required for a method to become more
cost-effective than the complex “PSC – gas-purifying unit” for a
collector with the length of 250 m
Protection method

Lining of the
collector by
“Hobas” pipelines

Coating of walls of
the tunnel with “Konusit KK-10” material

Option 1
(d = 800 mm)

25 years

18 years

Option 2
(d = 1000 mm)

28 years

7 years

Option 3
(d = 1300 mm)

42 years

23 years

Option 4
(d = 2000 mm)

—

37 years

Diameter option

It follows from the presented data that for collectors of
a small length the method 1 (“PSC – gas-purifying unit”)
can be used as a temporary solution allowing to solve the
corrosion problem till the moment, when the operating organization has funds for protection according to the methods 1 or 2. Moreover, in all cases protection of the pipeline
according to the method 2 (lining by fiberglass pipes, “Hobas”) proves to be more expensive than coating of walls
of the tunnel with “Konusit KK-10” material (method 3). At
the same time namely the method 2 is the most reliable of
all the considered ones.
Figure 9 presents comparison of the protection methods for collectors with a various length (from 250 to
2000 m) during 100 years. It can be seen from the diagram that at certain length values of a collector method 1
proves to be the most cost-effective despite all possible
operational costs. Table 4 presents the length value of the
collector, at which the method 1 proves to be economically more effective than the methods 2 and 3.
Table 4. Length of the collector, at which methods prove
to be less cost-effective than the use of the method “PSC –
gas-purifying unit”
Protection method
Diameter option

Lining of the
collector by
“Hobas” pipelines

Coating of walls of
the tunnel with “Konusit KK-10” material

Option 1 (d=800 mm)

915 m

1165 m

Option 2 (d= 1000 mm)

835 m

1275 m

Option 3 (d= 1300 mm)

585 m

975 m

Option 4 (d= 2000 mm)

—

650 m
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Option 1 — PSC

Options 2, 3, 4 — PSC

Option 1 — Hobas 250m

Option 2 — Hobas 250 m

Option 3 — Hobas 250m

Option 4 — Hobas 250 m

Option 1 — Konusit KK-10 250 m

Option 2 — Konusit KK-10 250 m

Option 3 — Konusit KK-10 250 m

Option 4 — Konusit KK-10 250 m

Figure 8. Cost comparison of methods for protection of a sewage collector with the length of 250 m for various periods of time
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Option 1 — Hobas (d = 800mm)
Option 2 — Hobas (d = 1000 mm)
Option 3 — Hobas (d = 1300 mm)
Option 4 — Hobas (d = 2000 mm)
Option 1 - PSC
Options 2, 3, 4 (PSC)
Option 1 — Konusit KK-10
Option 2 — Konusit KK-10
Option 3 — Konusit KK-10
Option 4 — Konusit KK-10

Figure 9. Comparison of methods for protection of sewage collectors of various length during 100 years
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It can be seen from the submitted data that during
100 years the method offered by the author for pipelines
with the length of more than 1 km on the average proves
to be more effective. And the larger diameter of the collector is, the more cost-effective the use of the proposed
solution becomes. However, it should be noted that the
forecast for the next 100 years cannot be accurate in conditions of ever-changing technologies. Therefore, all the
three considered options of protection can be applied, the
choice depending on specific conditions. In general, protection with the use of the complex “PSC – gas-purifying
unit” is the most cost-effective in the majority of cases,
but, on the other hand, the least tested in practice, which
can be an obstacle to wide use of the method in the near
future. The use of fiberglass pipes for lining of collectors is
a measure providing full protection against corrosion and
guaranteed excellent results. But, this method requires
the largest capital investments. Coating of walls of the collector with “Konusit KK-10” material occupies the average
niche according to cost; however, in this case the quality
of construction works prevails, and in case of violation of
technology the desired results will not be obtained. Besides, in this case the service life during 100 years is not
guaranteed.
In conclusion, it must be noted that the method of aeration of discharge liquid offered by the authors allows to
solve the corrosion problem in the collector behind the
pressure suppression chamber; however, the pressure
suppression chamber itself needs protection as well, and
in this case it is best of all to use lining of its surface by pol-

yethylene sheets or coating of the concrete surface with
composition “Konusit KK-10”.
Conclusions
Microbiological (gas) corrosion is a serious problem for
both Russian and global engineering infrastructure.
The inspection of sewage structures (deep-level tunnels and shafts), carried out by the authors of this work in
Saint Petersburg, showed that lining of collectors by fiberglass pipes is an effective method for protection against
corrosion.
The experiment conducted by the authors in the pressure suppression chamber in Novosibirsk showed that the
use of polymer-silicate composition “Konusit KK-10” can
also be an effective method for protection of sewage collectors and structures on them.
The authors offered a new alternative method for corrosion prevention based on aeration of discharge liquid in
the pressure suppression chamber, which efficiency was
proved.
The engineering solution on protection of sewage collectors against the process of microbiological (gas) corrosion is presented: the complex “PSC – gas-purifying unit”.
The economic comparison of methods for protection
of the collector was made and the economic efficiency of
the complex “Pressure suppression chamber – gas-purifying unit” was proved for pipelines of a small length for
the period of 20–40 years as a temporary solution, and for
pipelines of a bigger length (more than 1 km) for the period
of 100 years as a permanent solution.
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Abstract
The paper considers types of planning structures of mountain settlements in South China. A typology of mountain
landscape fragments has been developed; dependence of planning and settlement types on landscape types has been
identified. The main types of settlement planning structures have been defined as follows: shrub, ribbon-like, linear,
branching, and grouped. Public areas of settlements have been characterized.
Key words: mountain settlements, mountain terrain, planning

Introduction
Historical-architectural and landscape-spatial specificity of rural settlements are the real pivot of the history of
the Chinese nation, clearly demonstrating the stability of
ideals, diligence and wisdom of the people. Traditional living and working environment of old settlements still retain
imperishable cultural charm and the form-creative energy. Especially transparently and expressively influence of
natural context on architectural and design characteristics
of living and working environment is presented in mountain settlements, particularly in settlements of Guizhou
province, architectural and design specificities of which
are still an only little studied phenomenon. By the way
the physical preservation of these settlements is on the
verge of extinction concerning present building activity,
influence of globalization and capital outflow from regions
to center. Therefore in recent years the government started generation of programs aimed at development of tourism and controlling of urban development in the areas of
traditional living and working environment. All mentioned
circumstances give particular relevance to research dedicated to architectural and spatial specificity of traditional
settlements in the mountainous regions of China.
Specific (but although selective) studying of architecture of settlements in Guizhou province begun in 1940s.
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The most known research of that period is that of Dai Yisuan concerning the architecture of traditional dwelling in
Guangxi, Guizhou and Yunnan provinces. However, later
because of economic crisis the studying of traditional living and working environment was limited to its elements
only (towers, bridges, “tree huts” etc.). The contribution
was made by Deng Yan, Hu Guanghua (2007), Luo Deqi
(1983), Li Xiankui, Shi Ruoping, Shi Tingzang.
In 1990s in China started the period of analytical generalization of collected empiric material about traditional
settlements including that of Guizhou province. Significant
contribution was made by Tang Guoan, Peng Liguo, Wu
ZhengGuang, Zhou Hongcan, Wang Qizun, Si Xinzhi, Li
Xiankui, Jin Yu, Luo Deqi, Li Yuxiang, Guan Yanbo (1997),
etc.
In XXI century studying of such aspects of traditional
architecture as “environment and landscape”, “preserving, reconstruction and development of traditional living
and working environment were continued. This issues
were discussed in works of Li Zhiying, Cheng Yan, Cai
Lin, Wang Yuan, Gu Jin, Sun Wei (2005), Zhang Yilung,
Yu Yafang, Long Yujie, Li Cenglai, ZhaoXing, LiuSenlin,
WuZhengguan, Xiaomei Wang, Le Leceyun.
However, until now only individual aspects of traditional architecture of Guizhou province such as architec-

Xu Wei, S. Zavarikhin — Pages 68–72
PLANNING STRUCTURE OF TRADITIONAL SETTLEMENTS IN MOUNTAINOUS
REGIONS IN GUIZHOU PROVINCE OF CHINA

ture of towers, crypts and temples have been studied in
detail. Never before traditional settlements of the region
have been treated as architectural-spatial compositions
depending on natural context. Planning structures of
such settlements (including their dependence on landscape) never were a subject of special and consistent
study.
Objectives
Considering what was said above, the main objective
of this article is to reveal the dependence of architectural
and design characteristics of living and working environment on landscape and topography. In order to achieve
this main objective there were stated specific task: to
identify mountainous landscape types, which are suitable
for settlement development, and corresponding types of
settlements.
Subject matter
This paper is focused on the manner and lines of influence of landscape and climate factors on architectural
and design specificity of living and working environment in
mountainous regions of Guizhou province of China
Methods
The following methods have been used:
Comprehensive and interrelate studying of literary and
cartographic materials and data of observations made in
situ by author;
Problem-logical method of material analysis aimed at
identification of typological dependence of planning structures of traditional living and working environment on the
landscape.
Main part
The high-mountain regions of modern Guizhou province situated in the South-West of China were settled in
as far back as the neolithic age (archeologists found more
than two hundred of cave sites in the territory). Ancient
settlements mostly were located along river banks and
across mountain flat lands. About five thousand years
ago, agricultural tribal communities which were not Chinese culture-bearers started to appear there. Active residential occupation by representatives of Han (Chinese)
ethnic nationality began in the reign period of the Ming
(1368–1644) dynasty. Therefore, formation of the system
of Chinese settlements neighboring settlements of national minorities started in this mountain region.
Common topographic peculiarities of South China
mountain regions are presence of slopes exposed to all directions and significant elevation changes (the difference
between the lowest and the highest points in the Western
part of the region is 2 km) (Alekseev et al., 1991). The
landscape type is influenced by karst and ice formations,
almost three thousands of rivers with tributaries, and such
relatively large main rivers as the Duliujiang, Qingshui,
and Wuyanghe which are almost parallel to each other
and flow from the West to the East following the common
topographic feature. There, in the Eastern part of the re-

gion, forests have always been growing due to the high
humidity (Rapoport, 1987).
The region’s landscape, geographic, and climatic peculiarities determined the locality of migration flows in
course of the region occupation, and its relative isolation
from the historical development of China. Therefore, conditions for long time presence of national cultures were
created, including their architectural and city-planning aspects which, again, were directly dependent on the type of
definite landscapes (Akira Fujii, 2003).
The diversity of natural conditions resulted in the diversity of settlement planning structures. The following factors
affected settlement area selection: general slope, type of
surrounding mountain slopes, presence of rivers, prevailing wind direction, availability of ploughable land, possibility of spatial development, exposition of the “background”
slope (usually houses adjoined the northern slope to take
full advantage of sun warmth and light). Settlements did
not appear on the banks of swift-flowing rivers or in the
places where a river could easily owerflow its banks. The
area selection was also influenced by the sea-level altitude. Usually, the higher the settlement’s level was, the
less were the density and area of the development.
The classical type of the mountain settlement is the
one located in the area with homogeneous terrain, e.g.
on the mountain slope, its bottom or top. Depending on
location, all region’s settlements are divided into riverside, slope, and top settlements, settlements in gorges,
and settlements on combined terrain. The research has
showed that the settlements on mountain slopes make
more than 40% of all region’s settlements, 22% of settlements are located in river valleys, 14% are located at
foothills, 8% are located on tops, and 14% are located on
combined terrain (Wang Dehua, 2012).
Riverside settlements are the most popular ones. In
this case, a particular site was selected near a mountain
ridge, providing the required protection from cold winds.
Therefore, such settlements usually stretched in a ribbon
along a river and mountain ridge, sometimes forming a
chain of several dozens of villages. Most often only one
bank was reclaimed, however sometimes both banks
were developed.
In cases when a settlement was located in a river
bend, not only the narrow riverside was developed but
remote areas as well. Another landscape was observed
on both banks of a tributary river outflow (in mountainous
regions, a river often has many closely located tributaries). In this case settlements were formed not linearly but
compactly.
Settlements in gorges were formed on ploughable
lands attractive for population dependent on agriculture.
Therefore, these were the places of the earliest markets.
Slope settlements often appeared at high levels from
the mountain foot. Mainly Miao and Yao people lived there
(Xia Fei, 2009). Below slope settlements ploughable lands
were usually located and a river flowed. Several settlements in that group appeared due to the rainy seasons.
Other ones were located on natural terraces which offer
the settlements an opportunity of continuous growth.
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Top settlements were located at mountains edges or
on plateaus if those were relatively even. Such settlements
were out of danger as to stone falls and avalanching, and
had advantages for fortification (Novikov, Pustotsvetov,
1988). Besides, tops are usually rich in vegetation and
fertile soil. A disadvantage of this location is the limited
number of plots fit for development, as well as permanent
shortage of water.
Settlements on combined terrain are formed in course
of development gradually extending not only to the riverside but also to slopes and even mountains’ tops. It
happens upon combination of several factors, i.e. accessibility for transport, availability of ploughable lands, a
river, and gentle slopes. Proximity to other settlements
providing a chance of production cooperation also made
its impact.
At first sight, the space organization in mountain settlements may seem chaotic; however, it has its logic since
it accumulates the centuries-long experience of life in
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severe environment. The diversity of settlement planning
structures may be reduced to five main types: shrub, ribbon-like, linear, branching, and grouped.
Shrub settlements are the most ancient ones, they
usually occurred on mountains’ tops. In the early period,
the housing construction scale in that region was relatively small: developments were thrift and environmental
impact was minimal. Initially the length to width ratio of
the building footprint did not exceed 2:1 (Yuan Zhongjin,
2007) which allowed settlement expanding in all directions. Plans of almost all shrub structures are compact
and close to round, oval, square or multangular form.
Shrub structures of various settlements were not identical to each other but they were formed on the basis of
the area type. In high-mountain regions, settlements were
small and were located generally on mountain tops or terraces. Buildings were densely located in clusters. Settlements on slopes suffered the minimum impact of the area
terrain in course of their development; however, they also

Xu Wei, S. Zavarikhin — Pages 68–72
PLANNING STRUCTURE OF TRADITIONAL SETTLEMENTS IN MOUNTAINOUS
REGIONS IN GUIZHOU PROVINCE OF CHINA

were close to each other. In course of settlements’ expansion, their structure sometimes acquired a ribbon-like form.
Shrub settlements located in valleys and along river
banks, in general, appeared on even plots between mountains. A river usually flowed either through a settlement or
nearby. Depending on the size of even plots, settlements’
sizes and functional potential varied from purely agricultural to trade. Such settlements often grew into midsized
trade cities with more organized planning structure.
Ribbon-like settlements initially were compact shrub
settlements, however, in course of development in corresponding landscapes they stretched along rivers, roads,
or valleys. A ribbon-like structure or its varieties gradually
formed (dotted, band or stellate structures). Ribbon-like
settlements rarely appeared on edges of the mountain
ridges and were rather small. Settlements on hills were
midsize. However, due to such factors as significant area
of even plots, fertile soil, availability of water resources,
and proximity to transport routes, settlements in river basins got the advantage in development; therefore, their
size was approximately twice as large as the average
size of the settlements mentioned above (Pen Yi Gan,
1994). Ribbon-like settlements on steep slopes originally
appeared as groups of houses near important transport
routes.
The ribbon-like structure of settlements forms the corresponding path and road network with one or two axial
mains going through the settlement. Transit mains outside
settlements usually had the width of 5–8 m; inner paths
and roads were moderate in width.
Linear settlements develop along a direct or polygonal line. As ribbon-like settlements, they may form long
“dotted” lines. Generally, they are located on mountains’
slopes and in river basins, on highlands or (rarely) in upper mountain belts. Most often such settlements stretch
along a mountain ridge or terraces. The corresponding
development factors are slope steepness and availability of transport link. Settlement form usually repeats the
outlines of a ridge along which it is developing but the
general structure preserves the linear form. Such settlements are mostly trade ones. An individual typological group is formed by parallel linear settlements. In any
case, the linear structure predetermines appearance of
two or more public centers and formation of a path and
road network with one axial road which is either deadend or transit one.
Branching settlements appeared in branched valleys, on gorge bottoms or mountain ridges. Areas with
a challenging terrain are considered as the least favorable for them, while the most favorable one is the mid of a
mountain (Hou Tianjiang, 2006). Branched structures developed from linear or ray structures by way of branching
from nodal points. Two kinds of such settlements may be
distinguished: 1) with clear presence of the main branch
and 2) with several equivalent branches. The branched
structure was often formed around the main road leading to the mountain top and along main road branches on
areas of various levels. Certainly, roads and paths were
made with utmost rational use of particular terrain pecu-

liarities. Therefore, roads could stretch lower or higher of
individual houses.
Grouped settlements appeared in course of growth
and merging of individual settlements. Therefore, they are
large in size. Particular planning of settlements depends
on their location. Unlike clustered structures, houses are
located here at a significant distance from each other, offering more possibilities to adapt for the peculiarities of
a definite plot. Planning aspects of such settlements are
represented by two types, i.e. chain and stellate. The first
type is formed by joint of various shrub or ribbon-like settlements interconnected with one or two roads. The second type is common for river valleys, bank terraces, and
slopes. This type is the most popular.
Public areas of settlements are midsized areas with
drum towers, stages, and other structures required for
communication, ceremonials, etc. Public areas “break”
the dense structure of settlement’s plan, serve as guide
marks, lend variety to the homogenuous street space,
evoke a feeling of unity and safety. The number of public
areas depends on the size of settlements and peculiarities of their planning structures. Even if a public center is
located at the outskirts of a settlement, its location does
not affect its significance as a center of this settlement (Ji
Fuzhen, 2008).
Public centers may be closed, semi-closed, and open.
Closed centers have midsized square developed along
its perimeter with adjoining structures and residential
houses. The access to the area is available only along a
narrow street. In slope settlements, it is often necessary
to go upwards to the level of 15 m. In other cases, the
center may be limited from three sides with a drum tower,
well, stage, residential buildings and mountain slope. The
closed space of the center may have several levels.
Public centers of open type do not have the closed
perimeter; buildings and structures are located freely
enough. In most cases such centers are located at the
outskirts of settlements where open space is larger. In
these cases a drum tower and stage located opposite
each other often represent spatial dominants. The center
structure may also contain an altar, chapel, gallery, well
or water body (Sogomonyan, 1991). All elements forming
the center reflect the relevant aspects of people’s daily
life. It is possible to highlight three types of organization of
these elements such as ordered, open, and natural (corresponding to the terrain).
The ordered structure of the center falls in line with
visually perceived axes or their clear turns. In the second case the overall visual picture is characterized by significant variety. Orderliness of the volumetric and spatial
structure of the center may be intensified by building of
two drum towers (in compliance with the tribal life organization in a settlement).
Public centers with an open structure are formed
around multilevel squares with diverse mountain and a
settlement views.
Natural structures of public centers most often can be
met in settlements located on river banks, foothills or high
in the mountains, since in these conditions development
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forcedly depends on the capability to consider natural terrain peculiarities.
Household buildings, spring wells, pavilions, bridges,
big trees, etc. may serve as structural elements for public
areas of settlements.
Conclusion
Complexity of mountain terrain stipulated limitation of
migration flows in the region, which contributed to formation and preservation of the distinctive national culture
and architecure. Settlements appeared and developed
naturally in typical mountain landscape areas.
Original and new elements in this article consist not
only of the method of graph-analytical comparison of typological models of landscape with models of planning

structures of settlements, but also it consist of the subject
matter itself, which never have become the object of specific scientific study.
The main findings are:
— in dependence of location mountain settlement in
GuiZhou province are divided into riverside, slope, top,
bottom, terrace settlements.
— the location of the settlement made impact on its
planning structure, diversity of which may be reduced to
five main types: shrub, ribbon-like, linear, branching, and
grouped.
— the most important component of almost all settlements is a public center of closed, semi-closed or open type.
Each of them may have the planning structure of open, ordered or natural (corresponding to the landscape) type.
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Abstract
In the present paper, we consider improvement of the cast-in-place construction technology with the application of
exposed (architectural) concrete, which allows implementing the boldest ideas of architects directly on a construction
site, transforming cast reinforced concrete into the category of architectural front surface. We also consider the perspectives of the technology development in Russia and abroad. We show the examples of the exposed concrete designs implemented in the European countries. We give a description to the technology of exposed concrete; define the
concepts of “exposed” and “self-cleaning” concrete. In addition, we consider the advantages of exposed concrete, the
content, kinds, purpose and technical characteristics of architectural and self-cleaning concrete, as well as the factors
influencing the result of concreting when using this technology.
Key words: technology of exposed concrete, architectural concrete, self-cleaning concrete

Introduction
In the modern society, there is a growing demand for
erection of really unique and original buildings and structures. In fact, there are few brand new construction technologies in Russia. One of the reasons for such a small
number of technologies is the lack of well-trained skilled
specialists. Especially acute is the problem of the lack of
bold solutions of architects, precise dimensioning calculation of designers and line construction management personnel, who implement the ideas created by the architects
on paper.
The construction branch is currently developing in Russia at a fast rate. Special attention is paid to the erection
of unique buildings. It is primarily caused by the entrance
of Russia to the international level: the Olympics-2014,
FIFA World Cup-2018 as well as running various international competitions. There is a need in developing original
designs and new advanced technologies of work performance for their implementation.

Generally, innovative technologies come to Russia
from abroad, and the erection of cast-in-place buildings
made from exposed concrete may be considered as an
example of such a technology. The aim of this technology is the construction of not only individual buildings and
structures, but also creation of a new architectural landmark of an entire city, underlining its exclusive architectural expression.
Studying the foreign experience in the sphere of castin-place construction, it may be concluded that the technology of exposed concrete buildings and structure erection is increasingly applicable.
This technology makes it possible to erect buildings and
constructions of various categories from residential houses
to unique structures of a special purpose. The examples
of their implementation are shown in the end of the paper.
Description of exposed concrete is not always categorical and there are various definitions in the existing
regulations. Basically, exposed concrete is usually the el-
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ements of a construction, which remain visible after final
completion.
Exposed concrete structures are modern constructions, built according to unique designs with the opportunity of free choice of an architectural form and methods
of front surface finishing. Preparation and implementation
of the designs with the use of exposed concrete requires
special skills on the issues of calculation and designing as
well as erection of these structures.
Exposed concrete is often defined as visible concrete,
which provides many opportunities for various interpretations. As there are currently no regulations on the execution of architectural concrete finishing in Russia, all the details of the process should be included into the technical
documentation of a contract. (Shilstone, 1985)
In Russia, study and application of the exposed concrete technology is of small account. Nevertheless, it is
currently being introduced thanks to a design of the Foster + Partners architectural bureau, which is notable for
its bold architectural solutions. Contrary to the ordinary
reasoning of Russian builders, Norman Foster has suggested transferring cast-in-place reinforced concrete to
the category of architectural front surface. The design
has been developed at the commission of the Russian
Copper Company (RMK) in Yekaterinburg. It is no wonder that the basis for development of the architecture of
the building has become the structure of copper pattern.
Also, in the design of the building it was suggested using
the copper color. According to the Director of Communications and Social Policy of the RMK Evgeniy Chaplygin,
the future head office of the RMK will attract attention
and bring a special charm to the city environment of
Yekaterinburg, as it is now in other major cities of the
world (Gusev, 2014).
From the structural point of view, the building is a
framed monolithic system, with supporting columns from
5 to 11 m in height and intermediate concrete slabs as the
core elements. The material for the structural elements of
the building is “white” (exposed) concrete.
Practical implementation of this really unique design,
study and testing of the innovative technology of exposed
concrete is implemented by the “ATOMSTROYKOMPLEKS” Construction Management”, Nonprofit Partnership
of “EGS-Garant” LLC. There are many issues arising in
the process of construction of the specified design, and
up to now, the final decision on the implementation of this
technology has not been made.
The basic requirements to the exposed concrete
designs:
— underlining the uniqueness and singularity of the
structure;
— ensuring purposefulness and usefulness of the
structure;
— free choice of finishing the front surfaces (step of
the modular grid, joints and texture);
— support of the designs’ development when erecting unique buildings and structures, free choice of expressive elements and their decoration. In this particular
sense, monolithic concrete provides a certain freedom
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of choice for architectural forms and implementation of
these requirements.
Materials and methods
‘Exposed’ (architectural) concrete (Latin Architectura, from Ancient Greek αρχι — senior, chief and
τέκτων — builder; French Béton, from Latin bitumen — earth pitch, asphalt) is a construction mix based
on concrete and sand composition with various mineral
and nonorganic additives. Architectural concrete bears
both supporting and structural load, and carries out a decorative and applied task having a high artistic and aesthetic value (see http://esthetiks.ru).
Word combinations: “exposed concrete”, “white concrete”, “polymer concrete”, “acryl concrete”, “artistic concrete”, “decorative concrete” are the synonyms of architectural concrete. The term “architectural concrete” has
been formed in the professional environment of architects
for determination of a construction material suitable for
creation of finished architectural designs (Nekrasova,
Nekrasov, Sadikova, 2008).
Kinds and purpose of architectural concrete
Architectural concrete is a hi-tech construction material, providing a wide range of opportunities. There are
three main directions of concrete application: creation
of structures, designs, and foundations (monolithic, reinforced concrete etc.); application of concrete with the decorative purpose as a material for finishing ready surfaces;
creation of volumetric artistic designs — the third direction
unites structural and decorative properties of architectural
concrete: basically, the form is united with the texture and
facture (Rossiiskaya Federatsiya, 1995).
Depending on the final purpose, it is possible to change
the mix composition in order to obtain concrete with structural and decorative properties:
1. Geometric concrete is concrete where structural
properties prevail, used for creation of monolithic
structures of various forms with application of different formwork types;
2. Decorative concrete is concrete where decorative
properties prevail in the mix, used for finishing and
decorating of ready surfaces;
Concrete with prevailing geometrical properties, as
it has been already considered above, has been widely used in Germany as a material solving many tasks of
structural physics (see http://www.beton.org/). It is applied
in construction of modern buildings, facing, creation of
new facades, interior finishing, and modification of room
shapes (Schild, 1982). Due to durability of concrete structures, high endurance structural characteristics, and variety of forms, architectural concrete has become the most
popular material for erection of large structural designs of
various geometries, being casted by means of formwork
(Korchagina, 2004).
Decorative (architectural) concrete has been known
together with concrete for over 100 years and successfully replaces natural stone, gypsum and grog refractory.
Architectural concrete is currently used for production of
any kinds of items, such as walkway slabs and large mon-
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umental sculptures, which may be made almost in any
color.
Composition of architectural concrete
Depending on the set tasks, the composition of a concrete mix may be changed thanks to application of various
additives, which either enlarge structural properties (stableness, durability, water repellency etc.) or improve the
decorative peculiarities (facture, texture).
To modify the facture and texture of architectural concrete, the composition may include such compounds as
granite, marble, basalt, quartzite, mica and particles of
rock formations.
In order to obtain colorful concrete, white and color pigments are applied. The most commonly used are mineral
pigments, which are generally oxides or salts of various
metals. There are different organic pigments and coloring
agents, which ensure intensive coloring of concrete by a
small amount of inclusion. In order to obtain homogenous
coloring of concrete, special smoothing additives are used.
Technical characteristics of architectural concrete
Besides its uniqueness, there are also the other positive peculiarities:
1. technical characteristics of exposed concrete excel the peculiarities of traditional concrete by several times, which is achieved by a special method
of pouring the binder solution and application of
special additives (modifiers and plasticizers)
2. resistance to corrosion environments (atmospheric precipitations, differential temperature — from
-50 °С to + 50 °С etc.)
3. the surface does not require subsequent finishing,
which in its turn is economically viable
4. it has its own facture, which is widely used by hitech architects and designers in implementation
of their ideas
5. it is easily washable
6. it does not bleach
7. highly resistant to ultraviolet rays
8. highly resistant to pressure and wearing-off
9. highly shock-proof
10. highly resistant to penetration of chlorides

11. high gas impermeability
12. adjustable indexes of deformability, including compensation of architectural concrete shrinkage at
the age of 14–28 days of natural maturing
13. comparatively low specific gravity (does not constitute a heavy load on foundations)
14. good acoustic absorption coefficient
15. fireproof material
16. environmentally sound material
Combining the properties of geometric and decorative concrete, it is possible to vary configuration and decoration of the building. Nevertheless, in the European
countries the study of other opportunities of cast-in-place
construction is still in progress; it is being conducted by
modifying the composition of concrete and improving the
technology of concreting.
In Germany, significant efforts are currently applied to
develop self-cleaning monolithic surfaces or the surfaces which will be easy to clean. Notably, there are early
developments in this direction for certain facades. These
surfaces got the name of self-cleaning concrete (Cassar,
2004).
There are generally two approaches in order to obtain
a self-cleaning surface:
1. The surface should be highly water-repellent (a super-hydrophobic surface);
2. The surface should be highly hydroscopic, i.e. it
should collect water (a super-hydrophilic surface).
As building facades of this kind have a thickening,
resembling a leaf surface by its geometry, which
makes dirt remove from the facade and easily flow
down with rain drops; in this regard, such a form is
called “lotus effect”.
Super-hydrophobic surfaces
To achieve a high hydrophobic effect, the material is
modified or coated with silicon resin or tetrafluoroethylene — thus, water drops can easily slide down from the
surface. Although, the problem arises in connection with
the fact that too small drops cannot entirely slide down
and remain with the particles of dirt (dust), dry and form
dark fragments on the surface.

Table 1. Technical Characteristics of Architectural Concrete Structures
No.

Product parameters

Unit

According to the requirements of GOST 1760891

De facto

1

Quality class: by compression capacity

kg/cm²

В22.5-В30
(300–450)

В30 min 450

2

Freeze-thaw resistance class (in salts)

—

F 200

F 350

3

Absorption of water

%

5

4.4

4

Wearing capacity (GOST 13015.0)

g/cm³

0.9–0.7

0.2–0.3

5

Deviation of geometrical parameters: length, width, thickness

mm

+5+5

+1+1

6

Cement–water ratio (c/w)

%

45

17

7

Category of front surface

—

KPE-KPZ

KP1

8

Resistibility in 24 hours in the
process of natural maturing

MPa

25–30
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Photo 1. The church made from self-cleaning concrete always keeping its whiteness, “Rich in Mercy”, Dives in Misericordia, Rome.

Super-hydrophilic surfaces
Thus, super-hydrophilic surfaces are a more promising
alternative. They have a thin microindented structure; dirt
particles are bigger than microscopic particles on the surface of the material, that is why all the little dirt particles
gravitate to the “tips” of the particles. Thus, dirt particles
have very low adhesion and easily flow down with water
drops.
The surface is modified through using photocatalysts.
These chemical substances are activated by light (ultraviolet rays) and destroy dirt, thus cleaning the surface.
Titanium dioxide plays the role of catalyst, which being exposed to ultraviolet (sun rays) decomposes many
harmful substances (e. g. nitrogen oxides) and also kills
bacteria (Cassar, 2008).
Besides, TiO2 is used in concrete structures because this chemical element weakly interacts in the alkaline environment of concrete and is not visible on its
surface.
The following methods are used to spread the agent
on a concrete surface:
1. Spraying the TiO2 solution to a surface;
2. Submergence of a reinforced concrete element
into a special pool with the TiO2 solution;
3. Creation of a layer by means of jelly applied directly to a surface.
The methods specified above have the only disadvantage — low resistance to mechanical effects. In this
regard, some attempts are being undertaken to include
photocatalysts into the concrete mix composition. In this
case, the inner layer also contains TiO2 at damaging or
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wearing off of the upper layer and the basic material, thus
keeping the function of self-cleaning.
The related research turned out to be possible due to
the development of nanotechnologies, because the catalyst properties of titanium dioxide manifest themselves
most actively only when it is applied in a very thin layer or
in the form of microscopic particles.
Swedish engineers suggest that it is high time to actively introduce this photocatalyst into the urban development and are intended to promote the related research,
and, moreover, to produce such construction materials
and, particularly, concrete mixes in lots.
Despite its higher price as well as unfavorable correlation between large air masses and comparatively small
areas covered by the catalyst, the first testing has shown
it to be effective.
A concrete structure created with the purpose of purifying the air in road tunnels seems especially attractive.
The first operational experience of construction with the application of photocatalysts took
place in the USA and Japan, though mainly for ceramic construction materials such as tile. In Italy,
self-cleaning concrete was propelled to a higher level: in
2003, the church Dives in Misericordia (“Rich in Mercy”)
was built in Rome (Photo 1). It was designed by the American architect Richard Meier.
Notably, construction from any kind of innovative material cannot be imagined without improving the technology
of construction operations. Any improvement of physical
and chemical properties of a concrete mix causes change
of concreting methods.
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Methods and manufacturing technology of exposed concrete structures
The entire process of work with architectural concrete
has been thus far generally performed in plant conditions
with a certain limited number of related equipment. Manufacturing of reinforced concrete monolithic structures with
application of such concrete has scarcely been conducted
in situ. This fact generally relates to so-called decorative
concrete.
In our research, we suggest paying more attention to
geometric concrete and some erection projects of the
framed and monolithic buildings, with their bearing structures made from exposed concrete.
It must be noted that except for the reliability and performance together with space arrangement in the context
of implementing a design with the application of exposed
concrete, the crucial part is primarily played by front surfaces and their appearances. They fulfill the function of architectural decoration and that is why such front surfaces
are also called “concrete surfaces with strict requirements
to appearance”. In August 2004, ‘Deutsche Beton- und
Bautechnik-Verein E.V.’ (DBV) together with ‘Bundesverband der Deutschen Zementindustrie e. V.’ (BDZ) published the third (after 1977 and 1997) edition of the Standards on the Use of Architectural Concrete. For the first
time, the document contains four classes from SB 1 to
SB 4, which differ by the requirements to texture, voids
rating, color consistence, smoothness and the quality of
the joints between the structural elements and the formwork joints (Deutscher Beton- und Bautechnik-Verein e.V.
(DBV) Bundesverband der Deutschen Zementindustrie
(BDZ),2015). Other requirements are connected with surface examination. The main part contains comments on
the designing procedure and the invitation of bids, as well
as on their implementation. It is based on the construction
experience of significant structures made from architectural concrete over the last years. The last part comprises
the discussion of the architectural concrete surface examination. The main principle consists in the fact that the first
and the defining criterion is a general impression. (Litzner,
Goldammer, 2005).
This Code of Regulations and Standards does not only
set the corresponding categories according to advanced
demands, but also defines the measures which are necessary to be applied at the stage of the work performance.
It also provides a review of design methods and works to
be performed. A particular focus is set on improvement of
the results, which can be achieved with the use of white
cement. (Heess, 2009).
Special requirements for the quality are imposed to
the formwork of exposed concrete, and it is necessary to
keep in mind specific price factors for it. For front surfaces to correspond to the expectations of an architect and
customer, it is necessary, in our opinion, to elaborate all
the working operations beforehand, their order and terms
from the perspective of all the participants of the project,
responsible for the quality of the concrete. There is a special regulatory system, which allows considering all the
factors influencing the result.

1.

Availability of agreed or, correspondingly, approved design documentation, preferably on electronic media;
2. If possible, availability of initial drawings of the
building before the start of finishing works (depicting only bearing walls and floor structures);
3. Specific guidelines on which surfaces should be
exactly finished with exposed concrete;
4. Definition of a layout of the formwork arrangement;
5. Agreement of marking drawings (with plans and
sections) for complicated fragments of front surfaces (in the areas of joints between the walls and
floor structures);
6. Accounting of concrete inserts, which may influence the appearance of the front surfaces (lighting, pipes etc.);
7. Definition of construction joints arrangement by
agreement with a strength design specialist;
8. Discussing the issues with everybody who works
on the construction and finishing of the front surfaces on the site;
9. Clarifying which requirements to a surface are
connected with low and high labor contribution;
10. Taking measures to protect exposed concrete fabricated parts in the process of further construction
works;
11. The necessity to create precise geometry of the
formwork;
12. The smooth surface of the front part of the formwork contacting with concrete should not have any
minimal scratches, splits, and cracks.
A number of specialists and construction workers take
part in the process of finished product creation, in particular: architects, designers, concrete factories, formwork system specialists, and line technical engineering
personnel.
Precise distribution of responsibility areas in the process of work with the exposed concrete at erection of
framed monolithic buildings is an important part of success. Exposed concrete is the result of the team work.
The peculiarities of front surface formation and the
methods of concrete mix casting should be considered in
a separate paper.
The Exposed Concrete Designs Brought to Life
Residential House in Petrisberg
In collaboration with the customer, architectural bureau
Denzer & Poensgen, Cologne has developed an unusual concept of a living space arrangement: a building with
residential area of about 470 m² at 3 levels, finished with
the maximum application of exposed concrete and built
upon historical traditions of the Roman architecture, which
are prevalent in Trier. Well-defined structure of space with
paths, free areas, passages, internal and external rooms
creates a great impression. It is like a small town: though
being externally humble enough it amazes its habitants
and guests by its internal architecture — there is even an
atrium in the form of oasis with a pond and a garden.
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Location:
Trier, Germany
Installation and Construction Work:
Josef Schmitz GmbH, Grosslittgen
Architect:
Denzer & Poensgen, Cologne
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Formwork:
Beam formwork Top 50
Bottom:
Sandwich slab with film coating
Peculiarity:
Grid of joints and anchor clampings with a calculated step
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Pilot Residential Estate in Heidersdorf, building 6
Location:
Vienna, Austria
Installation and Construction Work:
Strabag, Vienna
Architect:
Roger Diener, Basel
Formwork:
Beam formwork FF20
Bottom:
Structural slab 3-SO

The structural slab is attached to the FF20 beam formwork from the side, not contacting with concrete, anchor
clampings and suspension points for decking are located
with a calculated step.
Architectural bureau Krischanitz has built a pilot residential estate at a parcel of 8,000 m² on the outskirts of
Vienna. It consists of 10 residential houses. Nine famous
architects from Austria, Germany and Switzerland were
involved in development of the design. According to the
project terms, the building should have been made entirely from concrete in order to show the diversity of its forms.
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Residential House Han Bit
Location:
Zurich, Switzerland
Installation and Construction Work:
Toneatti AG, Jona
Architect:
Architectural bureau Burkhalter Sumi, Zurich
Formwork:
Beam formwork Top 50
Bottom:
Wood plank
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Residential estate “Han Bit” in Herrliberg is composed
of three residential houses. All the front surfaces are
made from exposed concrete. For the exposed concrete
preframed elements of beam formwork were used, with
the panels of sawn planks mounted upon them. At the architect’s request, new planks were used after each cycle
of concreting.
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Pharmacy, Ebenthal
Location:
Ebenthal, Austria
Installation and Construction Work:
OVEN Bau, Carinthia
Architect:
Trecolore Architects Bureau (Architectural bureau
Dorn Ziviltechniker GmbH, Annenheim)
Formwork:
Frame formwork Framax
Round formwork H20
Bottom:
Sandwich slab with film coating
Peculiarities:
The concrete ring was concreted in lying position, and
then set vertically by means of a hinge.

The basic elements of the building are 2 bent reinforced concrete beams, which contribute to necessary
stableness and unusual appearance. Each reinforced
concrete beam is 26 meters in length, 9 meters in height
and weighs about 131 tons. Manufacturing of such large
beams required a special technology. The reinforced concrete beams were poured with concrete in lying position
and connected with the foundation by means of steel
hinges. Then the beams were set into the position for installation using truck cranes; the hinges were welded to
the structure and then poured with concrete.
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Görtz Shoe House
Location:
Hannover, Germany
Installation and Construction Work:
Wilhelm Wallbrecht GmbH Co KG, Hannover
Architect:
Bureau BLOCHER BLOCHER Partners, Stuttgart
Formwork:
Elements of the FF20 beam formwork, partially with
timbered bottom, wood structures for big embedded
formwork
Bottom:
Formwork sheets Dokaplex, Sandwich slab with film
coatingPeculiarities:
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For internal rounding of small radius, painted molded
plywood was applied. The new six-floored building of the
Görtz Shoe and Accessories House, with the modernization cost about ten million Euro, is notable for its attractive
play of architectural shapes. One of its peculiarities is the
bearing diamond-shaped structure made from cast-inplace concrete, topping the exit from the escalator. The
closed structure composed by three X-shaped crosses,
forms a zigzag line at the height of the top floor structure,
and, at the same time, plays the role of a bearing structure
for the glass roof of the escalator.
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Office Building of the E.ON Group Corporation
Location:
Zolling, Germany
Installation and Construction Work:
Porr (Germany), Murnau, (the Netherlands)
Architect:
Boesel Benkert Hohberg, Architekten, Munich
Formwork:
Frame formwork Framax Xlife, Dokamatic-table
Bottom:
Xlife-slab
Peculiarities:
An inclined building with haunches beneath the floor
structures.

In Zolling, near the power station of the electricity
sector group of companies E.ON Kraftwerke GmbH, the
office building is erected at a very limited space. The energy-efficient compact building of about 13 m in height is
built with the maximum use of exposed concrete and is
inclined to the south for more efficient use of the daylight.
The angle is equal to 26°, which causes trapezoidal lateral
walls, while the facades are inclined forward in the southern side and backward in the northern side. The walls and
internal layers of the floor structure in the entrance area,
placed centrally, in the fire house, located in the western
flank and at the typical floors of 3.30 m in height are finished by exposed concrete of the 3rd class according to
the DBV Regulation.
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New Multi-Purpose Building
Location:
Sotto il Monte Giovanni XXIII, Italy
Installation and Construction Work:
Edil Scavil
Architect:
Antonio Gonella
Formwork:
Beam formwork Top 50
Bottom:
Structural slab 3-SO
Peculiarities:
Self-compacting concrete (SVB), wood texture printing
on the concrete surface.
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This multi-purpose building is finished by exposed
concrete and designed by architect Antonio Gonella at the
commission of Arge Edil Scavil srl, Costruzioni Edilcar di
Albano S.A. и I.M.I di Piantoni Enzo. The building, decorated by a long travertine colonnade in front of the main
facade, is made entirely from self-compacting concrete.
The Top 50 beam formwork was delivered at the construction site being totally assembled, which allowed reducing
the labor cost. The anchor step calculated by the architect
forms an aesthetic pattern on the exposed concrete walls
in the internal rooms.
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Phaeno Science Center in Wolfsburg
Location:
Wolfsburg, Germany
Installation and Construction Work:
E. Heitkamp
Architect:
Architectural bureaus Zaha Hadid Ltd & Mayer Bährle
Freie Architekten BDA
Formwork:
Beam formwork Top 50
Bottom:
Timber formwork
Peculiarities:
SVB concrete, geometry of the structure

What the formwork concerns, the building of the Phaeno Science Center with its unique geometry and requirements to the quality of exposed concrete breaks all the
traditional views. The applied construction material broadens the scales: the building was predominantly built with
the use of SVB concrete.
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Head Office of the Graphisoft Company
Location:
Budapest, Hungary
Installation and Construction Work:
Gév-Huniber Kft.
Architect:
TEN Építész Műterem Bt.
Formwork:
Frame formwork Framax Xlife
Beam formwork Top 50
Round formwork Н20
Bottom:
Sandwich slab with film coating, structural slab 3-SO
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For construction of this building, which was awarded
by an architectural prize, the Top 50 beam formwork was
used. The exposed concrete walls are underlined by many
“windows” obtained through embedded formwork, which
were attached to the formwork elements by nails.
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Gallery of Contemporary Art
Location:
Munich, Germany
Installation and Construction Work:
Alpine Bau Deutschland AG, Eching
Architect:
Stephan Braunfels
Formwork:
Beam formwork Top 50
Bottom:
Sandwich slab with film coating
Peculiarities:
Bulky joints

The largest contemporary art gallery in Germany with
the total area of show rooms equal to about 15,000 m² is
turned about to the city center by its southern side with the
transparent facade of the winter garden, while from the
northern side there is a view to the Old and New Gallery.
The exposed concrete facade is solved as a thin-walled
membrane from monolithic concrete with a calculated joint
step of 5.6 m x 2.6 m, with the raised pattern at the area of
the bottom joints with sharp edges.
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Conclusions
The technology of exposed concrete allows designing brand new modern unique buildings and structures of
special geometry and natural surface facture. Research
of the technology of exposed concrete will make it possible to propel the entire technology of concreting to a new
professional level. It will contribute to change the attitude
towards concrete works and subsequently refuse from
external and interior finishing. It is no secret that many
builders conceal the defects in the bearing structures by
coating them with the finishing layer, so it may be said
with full confidence that the buildings and structures with

exposed concrete surfaces will be more reliable and will
have better performance figures.
The insight into the implemented designs of the European countries carried out in the present paper showed
that this technology is not only successfully used in
construction, but it is also being thoroughly studied and
improved.
When studying this technology, we have the purpose
of rendering practical help to construction companies,
implementing designs with the use of formwork for the
front surface of concrete in the structures being under
construction.
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