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PREFACE

I would like to thank all researchers, guests, partner universities for their
participation. I appreciate the Scientific Committee, Organizing Committee
members, Editorial Board and others for their contribution in publishing
process of the above mentioned books.
Coordination of up-to-date issues in the field is one of the most important
activities in the sphere of science, which unites representatives of different
nationalities, exchange their best practices. 9lh International Conference on
Contemporary Problems of Architecture and Construction is a vivid
example of this activity.
Let me give you a brief update on the way we have overcome together and
where we are today. In 2008 National University of Architecture and
Construction of Armenia initiated and organized the international
conference entitled “Contemporary Problems of Architecture and
Construction” in Jermuk, Armenia from October 15 to 18 with participants
from Russia, Georgia, Syria. In 2010 the 2nd conference was organized in
Jermuk, Armenia from September 30 to October 3 with the participation of
representatives from China, Russia and Georgia. The 3rd conference was
organized in Beijing, China in collaboration with the Beijing University of
Civil Engineering and Construction from November 20 to 24, 2011, with
the participation of representatives from China, Armenia, Poland, USA,
Russia, France, Italy, UK, Georgia, Moldova and Thailand. The 4th

conference was held in the Polish city of Czestokhowa from September 24
to 27, 2012, as a joint effort of the Czestochowa University of Technology,
National University of Architecture and Construction of Armenia, the
Beijing University of Civil Engineering and Construction with the
participation of representatives from Poland, Armenia, China, USA, Russia,
Italy, Georgia, Czech Republic, Germany, Slovakia, Belarus, Ukraine and
Hungary. The 5lh conference was organized in Saint Petersburg, Russia by
the Saint Petersburg University of Architecture and Construction, National
University of Architecture and Construction of Armenia, the Beijing
University of Civil Engineering and Construction and Czestochowa
University of Technology, which took place from June 25 to 28, 2013. The
6th conference was organized at the University of Ostrava in Ostrava, Czech
Republic from June 24 to 27, 2014 with efforts of the VSB - Technical
University of Ostrava, National University of Architecture and
Construction of Armenia, the Beijing University of Civil Engineering and



Construction, Czestochowa University of Technology, Saint Petersburg
University of Architecture and Construction. The 7th'in Florence, Italy at
the University of Florence, November 19 to 21, 2015, with joint efforts of
the University of Florence, National University of Architecture and
Construction of Armenia, the Beijing University of Civil Engineering and
Construction, Czestochowa University of Technology, Saint Petersburg
University of Architecture and Construction, VSB - Technical University of
Ostrava, with the participation of representatives from Italy, Armenia,
China, Poland,Russia, Czech Republic, Kazakhstan, Iran, Georgia, Ukraine,
Portugal, USA, Lithuania, Netherlands, Mexico, Philippines, Columbia.
The 8th in Yerevan (Armenia) at the National University of Architecture and
Construction of Armenia from October 26 to 28, 2016 in cooperation with
the partner universities: National University of Architecture and
Construction of Armenia; Beijing University of Civil Engineering and
Architecture; Czestochowa University of Technology; Saint Petersburg
State University of Architecture and Civil Engineering; VSB - Technical
University of Ostrava; The University of Florence.
Hence we are proud to guest in Batumi (Georgia) the “9th International
Conference on Contemporary Problems of Architecture and Construction”,
held from September 13 to 18, 2017 in cooperation with the partner
universities:

• Batumi Shota Rustaveli State University
• National University of Architecture and Construction of Armenia
• Beijing University of Civil Engineering and Architecture
• Czestochowa University of Technology
• Saint Petersburg State University of Architecture and Civil Engineering
• VSB - Technical University of Ostrava
• The University of Florence
• NGO "Progress in Education and Science" Georgia

This conference reflects the values and missions of our universities in the
best way. This is a platform where close, friendly traditions and relations
between countries are getting stronger. It gives an opportunity to numerous
scientists from Armenia, China, Poland, Russia, Italy, USA, Georgia, UAE,
Australia, Canada, Belorussia, Ukraine, Slovakia etc. submit their
contributions and open the space for discussions, scientific exchanges.
Hereby I’m sure that each of us would stay engaged, keep proactive,
continue to meet the challenges of our fields and help us shape the future of
International Conference on Contemporary Problems of Architecture and
Construction more comprehensive and ongoing.



In addition I am very thankful for support of conference to Vice-Prime
Minister & Minister of Energy of GeorgiaMr. Kakha Kaladze as well as for
Chairman of Management Board of JSC Georgian State Electrosystem
(GSE) Mr. Sulkhan Zumburidze

Gela Kipiani,
Guarantor of the Conference

Doctor of Technical Sciences, Professor
Georgian State Prize Winner in Science and Technology
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Abstract: Foundation of Enguri HPP dam (height
of 271.5 m) has complex geological structure. The
bedrock consists of carbonate rock strata of Lower
Cretaceous stage, represented by non-uniform,
strongly fissured limestone and dolomite. The
rock massif is layered with clayey marl at every
40-50 m of depth, with the thickness of the layers
ranging from 3-10 cm to 50 cm. This rock actually
screens the seepage flow and strengthens the
anisotropy of the foundation.  There is a 120m-
deep grout curtain and drainage arranged on the
entire perimeter of the gorge, which play a role in
the seepage regime in the dam foundation.

In the dam operation period, the seepage
pressure significantly increased behind the grout
curtain in the central section, and the pressure
dynamics can be tracked back as follows: the first
peak occurred in 1989, followed by a certain drop,
and then a rise again. Therefore the area was
assessed as an anomalous one. Since 1999 to date,
when the cracks started to fill with mud, the
seepage pressure behind the grout curtain has
restored to normal regime parameters.

According to general evaluation, processes
ongoing behind the grout curtain are linked to the
existence of tensile stresses in the tectonic
foundation of the dam, potentially followed by
opening of the cracks, damaging of the curtain,
and then mud filling of the cracks.

In 2006-2007, grout curtain and drainage
rehabilitation works were conducted in the frame
of a rehabilitation program, which resulted in
reduction of seepage discharge in the dam
galleries.

This study aimed to evaluate the anomalous
seepage and its causes in the central part of the

dam foundation. For this purpose, the study
consisted of:

- Analysis of foundation’s static stress state and
current seepage processes, taking into
account the grout curtain behavior, both
independently, and together with the
drainage, during reservoir filling/emptying
(as part of unsteady regime);

- Evaluation of crack formation in view of
decreased pressures and friction resulting
from the crack mud filling process).

1. Introduction and  Background
Foundation of Enguri HPP dam (height of

271.5 m) has complex geological structure. The
bedrock consists of carbonate rock strata of Lower
Cretaceous stage, represented by non-uniform,
strongly fissured limestone and dolomite. The
rock massif is layered with clayey marl at every
40-50 m of depth, with the thickness of the layers
ranging from 3-10 cm to 50 cm. This rock actually
screens the seepage flow and strengthens the
anisotropy of the foundation.  There is a 120m-
deep grout curtain and drainage arranged on the
entire perimeter of the gorge, which play a role in
the seepage regime in the dam foundation.

In the dam operation period, the seepage pressure
significantly increased behind the grout curtain in
the central section, and the pressure dynamics can
be tracked back as follows: the first peak occurred
in 1989, followed by a certain drop, and then a
rise again. Therefore the area was assessed as an
anomalous one. Since 1999 to date, when the
cracks started to fill with mud, the seepage
pressure behind the grout curtain has restored to
normal regime parameters.
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According to general evaluation, processes
ongoing behind the grout curtain are linked to the
existence of tensile stresses in the tectonic
foundation of the dam, potentially followed by
opening of the cracks, damaging of the curtain,
and then mud filling of the cracks.
In 2006-2007, grout curtain and drainage
rehabilitation works were conducted in the frame
of a rehabilitation program, which resulted in
reduction of seepage discharge in the dam
galleries.

This study aimed to evaluate the anomalous
seepage and its causes in the central part of the
dam foundation. For this purpose, the study
consisted of:
- Analysis of foundation’s static stress state and

current seepage processes, taking into account
the grout curtain behavior, both
independently, and together with the drainage,
during reservoir filling/emptying (as part of
unsteady regime);

- Evaluation of crack development in view of
decreased pressures and friction resulting
from the crack mud filling process).

The static and seepage analyses have been
conducted using a 3D Finite Element Model
(FEM) of the dam-foundation, whereas crack
development was evaluated using 2D models
based on fracture mechanics approaches. This
report presents some results of the study.

2. Geological Structure and Seepage
Characteristics of the Dam Foundation

The dam foundation has rather complex
geological structure (fig.2.1). There are anticline
strata in the central part of the foundation that
consist of least permeable soils. A low-
permeability breccia stratum located 150m
upstream from the dam continues along the
existing layers in the foundation, and spreads for
200 meters from the dam base. Thus, the seepage
flow sharply narrows at the lower border of the
grout curtain, resulting in additional flooding of
the rock massif located in front of the curtain,
which causes increased readings in piezometers
located there. There are tectonic faults in the base
that are filled with clayey material and screen
back the seepage flow, which explains the
difference in readings between piezometers
located at some distance from each other.
A comparatively comprehensive analysis of the
seepage regime in the dam foundation is possible

using measured heads (pressures) in piezometers
and seepage discharge measured in grouting adits
and galleries. Most of the piezometers are situated
in grouting adits, and are mainly located in pairs:
in front of and behind the grout curtain.
Monitoring in the foundation after reservoir filling
showed progressing chemical and mechanical
suffosion (piping). The overall background
mineralization of the seepage flow dropped from
1.28 to 0.18 g/l over the monitoring period (1989-
1991). Chemical composition of the seepage
water is getting similar to that of surface water,
which confirms that filling material of seepage
paths and cracks existing in the foundation rock is
washed out. In the same time, pH increased from
8 to 9.5-11, which generally indicates that
concrete leaching is going on [1].
In the period of first reservoir filling (since 1986)
when the water level in the reservoir reached 460
meters, there were spasmodic rises of pressures
(heads) behind the grout curtain, a trend occurring
with increasing frequency compared to previous
years (fig. 2). In 1989-1990 (NOL=510 m),
monitored pressures in piezometers located in that
zone constituted about 80-90 per cent of pressures
at the dam, which indicated that the grout curtain
was damaged.

Fig. 2.1 Dam central  section.
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Figure 2.2   Piezometer pressure distribution:
p1, p4 - behind the grout curtain; p12 - before the

grout curtain.

3. Dam Foundation Analysis Models

This study reflects only processes going on in
foundation in the dam centerline section. The crack
development and current seepage analysis was
conducted using a 2D model taking into
consideration results of 3D stressed state model of
the dam-foundation based on static-seepage diagram.

With respect to crack development in the
foundation, there is a suggestion that when the
reservoir is being emptied, the cracks filled with
water under the dam pressure face behave under
compressive stress and therefore close. At that
moment the pressure in the cracks increases
compared to that in the surrounding rock, which
causes the crack to widen and develop. It is rather
difficult to confirm this suggestion using an
empirical model. This study demonstrates a crack
development model that shows that in the operation
period edges of tensile cracks under the pressure dam
face are filled and then covered by clayey mud. This
increases hydrostatic pressure on the crack surface
and decreases friction. When the reservoir is full, the
increased pressured inside the crack fosters further
cracking, and when the water is at the lowest level,
cracks that are subject to compressive stresses
(because of low friction on the surface) may also
develop further. The fact that the cracks get filled
with mud is also reflected in the
piezometer readings (figure 2.2).

The crack analysis was conducted using fracture
mechanics approaches. The crack depth was
conditioned by the fact that under the influence of
operational loads the value of the normal stress
intensity at the end of the crack equaled zero.

The foundation seepage analysis for reservoir
drawdown/filling was conducted for nonstationary
regime. The foundation FEM reflected main defined
seepage factors, including existing non-uniform
structure of rock in the depth of the massif, the grout
curtain, the screening tectonic faults, and the
drainage.

The calculations were made under operation loads
(dead load, hydrostatic seepage pressures), in the
range between the highest and lowest water levels in
the reservoir (510-410 meters).

4. Crack Development Analysis in the Dam
Foundation
4.1 Crack Development during First Reservoir
Filling
Generally, seepage causes loading of the
foundation and crack edges, which is reflected in
formula: hp γα )1( 2 (where 2α is coefficient
of effective backpressure area; γ -is water density,
h- is water head pressure). Analysis of sediment
close to the dam shows that the sediment mainly
consists of mud and clayey particles (with high
cohesive capacity). It should be noted that the
seepage flow transits the sediment particles and
causes covering of crack surface, thus decreasing
permeability of the cracks 2α and respectively
increasing hydrostatic pressure on crack edges.
Piezometer readings confirm that mud filling of
cracks is really going on.

Crack analysis was conducted in view of the
foundation geology (blocks and tectonic faults).

Calculation outcomes are as follows:
According to the 3D dam-foundation
model, there is a wide range of main
stresses in the central cantilever section
(Figure 4.1.1). Tensile stresses penetrate
deep into the foundation (figure 4.1.2);
At the water level of 450 m in the
reservoir, opening of the dam-foundation
contact zone was registered under the
pressure face. In the same time the grout
curtain was still strong enough (according
to pizometer readings, figure 2.2).
The depth of crack (0-1) reached 7.5 m
and its orientation almost followed the dip
of strata.
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Figure 4.1.1 Main stress distribution in foundation
of dam central cantilever (according to 3D

model).

Figure 4.1.2 Main stress distribution in dam-
foundation contact.

4.2 Crack Development during Reservoir
Drawdown Low level.

The inclined crack located under the pressure face
of the dam (0-1) is subject to high compressive
stress during reservoir drawdown, so that the
crack shear resistance needs to be investigated.
According to Griffith criteria modified by
McClintock and Walsh, the critical stress
(figure.4.2.1),  is defined as follows [2,3]:

μμ

μμσ
σ

)1(

))1((4

2

2
2

,1

T
cr

where T - is ultimate tensile strength;

2σ - is the minimum compressive stress;
μ - is cohesion factor in the shear zone.

Cracks can be evaluated using safety factor:

c

cr

,1

,1

σ
σ

η

Where c,1σ is the calculated value of the

maximum compressive stress. If 1η , the shear
crack retains its stability, but at 1η it starts
developing.

Sources [2] and [5] show that the friction factor
for concrete and rock ranges within 9.06.0μ .
During the mud-filling process the friction
decreases on the 0-1 crack surface compared to
normal friction conditions. Because of lack of
clarity in this respect, the calculations have been
made for the range of 9.02.0μ .

Figure 4.2.1 shear crack development scheme.

The calculations show that in the interval of
8.02.0μ the safety factor  crack  developed in

foundation up to   4 meters (Fig.4.2.2).

Figure 4.2.2 Crack development dynamics in the
dam foundation (under compressive stress)

during reservoir low level.
4.3 Crack Development in the Foundation
during Subsequent Reservoir Filling
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During subsequent reservoir filling, the crack
became longer compared to the previous time (0-
1-2), and the surfaces were partly covered with
mud (as confirmed by peizometer data), which
respectively caused decrease of 2α (figure 4.3.1).
According to standards, the recommended value
of 2α for rock massif is 5.02α . Because of

unclear 2α related to the mud-filling process, a

range of 5.00 2α was considered for the crack
analysis. In the same time, the hydrostatic
pressure on the crack edges may double.

The calculations show that crack started to
develop at 2.01.02α . The crack actually
damaged the grout curtain. The overall length of
the 0-1-2-3-4 crack was 12 meters (figure 4.3.2).

Figure 4.3.1 Crack modeling during mud filling.

Figure 4.3 2 Crack development dynamics in the
dam foundation during Subsequent Reservoir

Filling.
0-1 – tensile developed during first filling of the

reservoir (NOL=510m);
1-2 – shear crack developed during drawdown

(MinOL=410m);
2-3-4 – tensile crack developed during re-filling

(NOL=510m).
5. Seepage Regime in the Dam Foundation
5.1 Pressures in cases of Normal and Damaged
Curtain

In view of the foundation geology, also behavior
of the grout curtain and drainage, the obtained
pressure distribution (Figure 5.1.1) well

corresponds to measurements made in
piezometers. Dam foundation non-uniformity, in
particular, screening tectonic faults, have a
significant impact of the seepage regime. Under
the influence of drainage, pressure in the area in
front of it decreased by up to 20 per cent (figure
5.1.2). After the contract crack of 0-1-2-3-4 in the
foundation damaged the grout curtain, the seepage
regime sharply changed (figure 5.1.3), which also
corresponds to results of piezometer
measurements.

Figure 5.1.1. Pressure distribution in the dam
foundation with the intact grout curtain and

drainage in place.

Figure 5.1.2. Pressure distribution in the dam
foundation with the damaged grout curtain and

drainage.

Figure 5.1.3. Pressure (head) distribution in the
dam-foundation contact.

5.2. Seepage Processes during Reservoir
Drawdown/Filling

During refilling of reservoir after drawdown
(under nonstationary regime), seepage pressure

0

50

100

150

200

250

300

350

400

450

500

0 20 40 60 80 100 120

Distance (m)

He
ad

 p
re

ss
ur

e

with shut down
drainage

with  drainage

p

p

Foundation

Arch Dam



9th INTERNATIONAL CONFERENCE ON CONTEMPORARY PROBLEMS
OF ARCHITECTURE AND CONSTRUCTION Batumi, Georgia (September, 2017)

Arch Dam

510.0
495.0

gradient = 2.4
velocity=0

Seepage direction

Rapid drawdown of the reservoir

inverse filtering layer

140 150 160 170 180 190 200 210 220 230 240 250 260
218
220
222
224
226
228
230
232
234
236
238
240
242
244
246
248
250
252
254
256
258

gradients increase on the foundation surface [6].
Thus the process prevents opening of the dam-
foundation contact under the pressure face, which
has been taken into account during static
calculations.

During reservoir drawdown (in the area where
the thickness is about 6m), back-seepage takes
place: the flow moves bottom up (Figure 5.2.1).
Pressure gradients at the foundation surface reach
2.4, which may cause washing of the open contact
under the pressure face and the cracks.

There should be noted  that in operating
period, due to energy crisis in Georgia (1990 -
1998)  and poor functioning of the dam bottom
outlet, reservoir filling-drawdown rate was
increased. The mentioned could have negative
influence on upon distribution process in
foundation.

Figure 5.2.1 Seepage flow speed trajectory during
drawdown.

Conclusions
The damage of the dam-foundation contact and
the grout curtain of the Enguri HPP dam
(detected in 1987) was caused by joint dam-
foundation behavior under static influence of
operational loads. Development of cracks and
associated damage of the curtain is indentified on
different dams, so the issue is pressing indeed.
The presented analysis model could be used as a
general methodology for different dams.
Mud-filling of cracks results in increased
hydrostatic pressure and decreased friction on the
crack surface. Thus until the mud-filling process
was completed, high compressive and tensile
stresses occurred at high and low water levels in
the reservoir, which fostered further crack
development. Crack modeling in the mud-filling
process was based on fracture mechanics. The
model was used to understand the dynamics of
crack development and current seepage processes
in the Enguri dam foundation during reservoir
filling and emptying. The model was used to

analyze opening of the dam-foundation contact
and damaging of the grout curtain.

The foundation anisotropy, especially the
geological cracks (filled with clay), has a
significant impact on seepage processes and
crack development:

- Cracks screen back the seepage flow,
respectively distributing pressures, and thus
increasing the pressures – a fact that has been
taken into consideration when analyzing
piezometer data.

- Structural orthotropy of rock mass has
increased tensile and shear crack development
during reservoir filling/emptying.
During rapid filling (under the influence of
non-stationary seepage regime), there is an
additional load on the foundation surface,
which fosters contact opening under the
pressure face of the dam.

During drawdown, the flow in the upper layer of
the foundation (about 6m) moves backwards:
from the foundation to the reservoir, which
creates conditions for contact and crack
washing.
In 1997, the cracks started to fill with mud,
which then became irrevocable. Rehabilitation
(2006-2007) of the grout curtain minimized
seepage in the foundation. At present the
seepage regime in the foundation is stabilized.
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Abstract
The article compares the total energy balance of the
windows that differ from each other by design
solutions (frameless system, wooden and aluminium
frame, facade system), the type of glazing chosen
(double-glazed, triple-glazed, quadruple-glazed
window) and area size (3 variants). The calculation of
the total energy balance of compared types of window
systems using three different calculation methods
according to valid standards is evaluated in the paper.

1 Introduction
Windows are one of the important elements affecting
the total energy balance of buildings. The use of
passive solar gains in buildings belongs to the major
factors influencing the low energy performance of
buildings, especially in passive and zero standards.
Appropriate choice of structural and material solution
of windows can fundamentally affect the total energy
balance of buildings[1].
The subject of the article is the calculation and
comparison of the total energy balance of the windows,
which differ from each other by the surface, material,
constructional solution and the type of glazing. A
comparison of the energy balance for four variants of
the design of the windows (frameless system, wooden
and aluminium frame, facade system), for three types
of glazing (double-glazed, triple-glazed, quadruple-
glazed window) and three variants of dimensions (1200
x 1200 mm, 3000 x 3000 mm, 3000 x 6000 mm) is
carried out in the article. Altogether 11 types of
windows are compared.
The overall energy balance is evaluated for heating and
summer periods. Three computational methods are
selected to compare the total energy balances of each
window type.
The first method of calculation according to ČSN EN
ISO 14438 [2] includes only the effect of the glazing in
the assessment of the total energy balance and does not
take into account the influence of the window frames.
The energy balance value is based on 1 m2 of glazing
area, so it also does not take into account the influence
of the size of the surfaces of the windows being
compared.
The second method of calculation is based on the same
methodology according to ČSN EN ISO 14438 [2], but
adapted according to the literature [5]. The calculation
of the total energy balance of the windows is
determined from the sum of the heat losses and usable

thermal solar gains. The calculation includes the
influence of the area of the entire window, the effect of
the window frame is included in the calculation by the
correction factor.
The third method of calculation according to ČSN
730548 [4] solves in detail only the thermal gains of
the windows on the set day in the summer period.

2 Properties of calculated windows
The basic technical properties of the glazing and
windows frames are compared in Table 1.
Table 1 Properties of calculated windows

Parameters of thewindows are considered in
accordance with the technical documentation of
individual manufacturers and suppliers. Other
parameters and constants entering into the calculation
are determined in accordance with the relevant
standards and they are described in the following
sections.
3 Calculation of the total energy balance
of glazing during a specified period
according to ČSN EN ISO 14438 [2]
The calculation is carried out in accordance with the
methodology set out in ČSN EN ISO 14438 [2]. This
method is designed to evaluate the heat loss balance
and recoverable heat gains from solar radiation
entering into the building for a specified period using

Numb. Windows

Area

Sw

[m2]

Area
of

glazing

Ag

[m2]

U-value
of

glazing

Ug

[W/m2K]

Area
of

frame

Af

[m2]

U-value
of

frame

Uf

[W/m2K]

U-value
of

window

UW

[W/m2K]

Frame
correction

factor

[-]

Solar
gain

factor

g
[-]

Dimensions 1200 x 1200 mm

1
Frameless
quadruple-
glazed window

1,44 1,44 0,30 0 0 0,57 1,00 0,49

2 Wooden double-
glazed window 1,44 0,91 1,00 0,53 1,4 1,26 0,63 0,52

3 Wooden triple-
glazed window 1,44 0,91 0,60 0,53 0,9 0,85 0,63 0,54

4
Aluminium
double-glazed
window

1,44 1,03 1,10 0,41 1,92 1,64 0,72 0,59

5
Aluminium
triple-glazed
window

1,44 1,03 0,60 0,41 1,88 1,27 0,72 0,51

Dimensions 3000 x 3000 mm

6
Frameless
quadruple-
glazed window

9,00 9,00 0,30 0 0 0,41 1,00 0,47

7
Facade system
with double
glazing

9,00 8,41 1,10 0,59 1,75 1,28 0,93 0,58

8
Facade system
with triple
glazing

9,00 8,41 0,60 0,59 1,68 0,81 0,93 0,52

Dimensions 3000 x 6000 mm

9
Frameless
quadruple-
glazed window

18,00 18,00 0,30 0 0 0,38 1,00 0,47

10
Facade system
with double
glazing

18,00 17,11 1,10 0,89 1,67 1,24 0,95 0,57

11
Facade system
with triple
glazing

18,00 17,11 0,60 0,89 1,67 0,76 0,95 0,51
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the average rate of heat losses (or gains), so-called
energy balance values.
The energy balance E [W/m2K] is determined for the
given period according to the following equation:

(1)
where:
Ug… is the heat transfer coefficient of the glazing

[W/m2K];

η … heat gain factor [-], (used η= 0,6);
f   … glazing maintenance factor and shading

effects [-], (usedf = 0,8);
g  … solar gain factor[-];
Hp… unshielded incident solar radiation during a

given period [kWh / m2], (values taken for
southern window orientation from TNI 73
0331 [3];

Dp… sum of day degrees for the given period, (the
values were taken for the southern orientation
of the windows from TNI 73 0331 [3]).

The total energy balance of the glazing E [W/m2.K]
was calculated for the heating period (September to
May) and the summer period (June to August). The
results of the calculation of the energy balance of the
glazing for the individual types of evaluated windows
are shown in Table 2 and Table 3. Figure 1 shows the
results of the calculation of the energy balance of
glazing for the heating period. The results for
individual types of rated windows are sorted in
descending order according to the most favorable
result.

Table 2  The total energy balance of the glazing
for the heating season

Table 3  Total energy balance of the glazing for
the summer season

Positive energy balance means thermal loss through
glazing, negative energy balance means heat gain for
the whole evaluated period. It is clear from the results
that the most favorable energy balance for the heating
season is given by the glazing with four glasses (1, 6,
9), followed by windows with triple glazing (3, 8, 5,

11) and double glass (4, 7, 10, 2). On the other hand,
the energy balance of glass glazing in summer is better
compared to other types of glazing - heat gains are the
lowest.

Fig. 1 The total energy balance of the glazing for the
heating season
The decisive criterion for achieving the optimal energy
balance of the glazing is a suitable combination of the
heat transfer coefficient of the glazing and the solar
factor. Figure 2 shows the course of the energy balance
of the glazing in dependence on the combination of the
value of the heat transfer coefficient of the glazing Ug

and the solar factor of the glazing g for the heating
period.

Fig. 2Effect of heat transmission coefficient Ugand
solar factor g on the energy balance of glazing
4 Calculation of total energy balance of
widows for a specified period according to
the modified methodology ČSN EN ISO
14438 [2]
To take into account the influence of the size of the
window area and the frame type in the calculation of
the heat losses Ql in W, the thermal solar gains Qg in W
and the total energy balance Qbil in W, a methodology
derived from ČSN EN ISO 14438 [2] was used, which
was further adjusted according to the literature [5].
A relationship was used to calculate the total heat loss
through window Ql in W for a specified period

(2)
where:
Uw… is the coefficient of heat transfer through the

window [W/m2K];
Sw… window area including frame [m2];

Δt   … difference between average indoor and
outdoor temperatures [K].
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To calculate the solar thermal gains through window
Qg in W for a specified period there is used the
following relationship [4]:

(3)
where:
Sw… is window area including frame [m2];
kr… frame correction factor [-];
g… solar gain factor [-];
Qs… total intensity of incident solar radiation over
a given period [W/m2].
The total energy balance of windows in W is
determined as the difference between heat losses and
usable solar gains:

(4)
where:
k   … is solar recovery rate [-], (used k = 0,6 [2]).
Qbalenergy balance values in W are calculated for each
size of evaluated windows for heating and summer
periods, results are shown  in Table 4. Fig. 3 shows a
comparison of the total energy balances of individual
windows of the size 1,2 x 1,2 m.
Table 4  Total energy balance of windows for heating
and summer season

The calculation does not take into account the
correction factor of the frames in the total window area,
but only the sunny surface of the window Sos [m2],
which is reduced by the length of the shadows from the
edges of the sunshades (including the window lining).
The same window depths are considered for the side
and top lining in the calculation.
The results of the total heat gainscalculationof the
evaluated windows facing south for the time 12:00 on

21 July are shown in Table 5.

Fig. 3 The total energy balance of windows with
dimensions of 1,2 x 1,2 m

In the heating period, the influence of the low heat
transfer coefficient, the window glazing area size and
the window frame correction factor are favorably
reflected on the energy balance. It is clear from the
above results that the best energy balance for the
heating period is based on the area of the glazing:
glazing with four glasses (1, 6, 9), windows with three
glasses (3, 5, 8, 11) and double glazing (4, 2, 7, 10). On
the contrary, the size of the glazing area is a
disadvantage in summer, but it is also necessary to take
into account the solar factor, which also plays a
significant role in the energy balance.For the summer
season can be written the following conclusions:

For the windows 1,2 x 1,2 m, the energy
balance for the windows with insulating
double glazing and triple glazing in the
wooden frame (2, 3) is the most favorable,
followed by windows with insulating double
glazing and triple glazing in a metal frame (5,
4) and frameless windows with insulating
quadrilateral (1);
For the windows 3,0 x 3,0 m, the situation is
the opposite. The most advantageous energy
balance is based on a frameless frame with
insulating quadrilateral (6), followed by a
window with insulating triple glazing (8) and
insulating double glazing (7).
For the windows 3,0 x 6,0 m, the energy
balance results are similar. The most
advantageous energy balance is based on a
frameless frame with insulating quadruple-
glazed window (9), followed by a window
with insulating triple glazing (11) and
insulating double glazing (10).

4 Calculation of the heat gains of the
windows during the specified day in
summer according to ČSN 730548 [4]
In ČSN 730548 [4] a detailed procedure for calculating
the heat load and heat gains of the windows in the
summer season is described. Calculation of heat gains
from the external environment is done in most cases for
a sunny day on July 21, when the greatest heat gains
can be expected. In this article rated windows are
considered oriented to the south and as the worst
situation was chosen time at 12:00, when the intensity
of solar radiation is greatest.
The heat flow of the window has two components in
terms of calculation: convection heat transfer and heat
transmission through solar radiation. The total heat
gains of the windows Qz in W are determined as the
sum of the thermal gains through the heat transferQok

and the thermal gains through the window radiation
Qor.
Table 5  Total thermal gains of evaluated windows on
21.7. at 12:00
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It is clear from the above results, thatthe total heat
gains are most affected by the sunlit window area and
the solar factor value at calculations of the heat load by
solar radiation (and the heat transfer). The influence of
the frame (window design) in the calculations does not
play a role.
5 Conclusions
Three calculation methodologies have been chosen to
compare the total energy balances of each window
type, differing in the approach to calculate the heat
gains of the windows. The conclusions of the energy
balance of the windows can be summarized as follows:
A) Rating of the total energy balance of glazing
according to ČSN EN ISO 14438 [2].
Within the methodology, only the effect of glazing is
included in the calculation of the energy balance and
the effect of window frames is not taken into account.
The energy balance value is based on 1 m2 of glazing
area, so the impact of the windows is not taken into
account. The energy balance of the glazing of the 11
types of windows for the heating period is best for
insulating quadruple-glazed windows, than the
insulating triple-glazed windows and the double-glazed
windows. The decisive criterion for achieving the
positive (negative) energy balance of the glazing for
the heating season is a suitable combination of a low
value of the heat transfer coefficient of the glazing and
the solar factor.
B) Evaluation of the total energy balance of the
windows according to ČSN EN ISO 14438 [2], adapted
according to the literature [5].
Under the modified methodology, the calculation of the
total energy balance of the windows is determined
from the sum of the heat losses and usable thermal
solar gains. The calculation includes the influence of
the area of the entire window, the effect of the window
frame is included in the calculation by the correction
factor. The energy balance of the glazing for the
heating period of the 11 evaluated types of windows is
best for the frame without glazing with the insulating
quadruple (the largest area), the insulating triple
glazing and the double glazing. On the other hand, the
impact of larger areas will affect the energy balance of
the windows (1200 x 1200 mm) unfavourably in
summer. The lowest heat gains occur in windows with
a wooden frame, with a metal frame and frameless
windows with an insulating quadruple is the least
favourably. Another situation is at the windows of the
facade system, here and in the summer period
frameless quadruple-glazed windows show the lowest
thermal gains due to the low solar factor.

C) Evaluation of the heat gains of the windows during
the specified day in the summer season according to
ČSN 730548 [4].
The calculation does not take into account the
correction factor of the frames in the total window area,
but only the sunny surface of the window Sos[m

2],
which is reduced by the length of the shadows from the
edges of sunshades(including window lining). The
thermal gains of the 11 types of windowsare most
favourable (for July 21 at 12:00 with the windows
facing south) for insulated quadruple windows, with
insulating triple glazing and double glazing. Low heat
gain values are positively influenced by the low solar
factor value and consequently the value of the
shielding factor.
The evaluation results in this article have been applied
only to the 11 types of windows with given technical
parameters. In the case of other window technical
parameters, the results of the energy balances can be
different.
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Abstract
The goal of the study is to determine the role and

importance of providing transport accessibility of social
infrastructure facilities for emergency response services in
the transportation security system and justifying (on the
basis of obtained results) the need to take legal and other
measures in the transport sector.

To achieve the specified goal, the following tasks were
formulated:

-to reveal the essence, specificity and content of the
concept "transportation security system";

-to determine the content and give a description of the
concept of "emergency response services";

-to reveal the content and give a description of the
concept of "social infrastructure facilities";

-to determine the role and significance of providing
transport accessibility of social infrastructure facilities for
emergency response services in the transportation security
system;

-to justify the need to take legal and other measures in
the transport sector, aimed at ensuring transportation
security;

-to determine main directions of international
cooperation in the considered field.

Scientific novelty and originality of the study consist
in the detection of destructive factors, processes and
patterns that conditioned the importance of transport
accessibility of social infrastructure facilities for
emergency response services to ensure transportation
security.

Relevance of the study is conditioned by the need to
ensure transport accessibility of the specified facilities in
order to ensure transportation security.

A distinctive feature of this work is use of the security
theory methodology in the study of legal problems of
ensuring transport accessibility, that allows taking into
account the threats to transportation security, as well as
the need to assess the vulnerability of transport
infrastructure facilities and vehicles.
1 Introduction

In the modern world, under conditions of transport
development and the need to improve the transport
infrastructure, the problem of ensuring transportation
security becomes particularly acute. The main reason of
this, in particular, is the growth of megacities, increase in
the total number of transport vehicles, the need of
counteraction to terrorist threats, etc.To the utmost,
problems of ensuring transportation security show

themselves in activities of emergency response services,
as well as in cases of the occurrence of the corresponding
threats in crowded places.

In this regard, the possibility of using legal tools to
solve the problem of providing transport accessibility of
social infrastructure facilities is of scientific and practical
interest.

2. Results
Scientific publications contain various opinions

concerning the security as a phenomenon, as well as
numerous approaches to the definition of the basic
"security" concept. This circumstance is to some extent a
cause of existence of various interpretations of the
transportation security concept.

Considering the problem of ensuring transportation
security from the perspective of legal regulation, legal
definitions should be used as initial concepts. In this
connection, the present study comprises statutes of the
Russian legislation regulating legal relations in the
considered field.

Legal definition of the transportation security concept
is represented in Clause 10 of Article 1 of Federal Law
No. 16-FZ dd. 09.02.2007 "On Transportation Security"
[4], according to which it is a state of protection of
transport infrastructure facilities and transport vehicles
from unlawful interference acts.

In our opinion, this definition has the narrow industry-
specific and pragmatic character, which makes it
convenient in law enforcement. From the point of view of
the axiological approach to the transportation security
theory, main valuables here are the transport infrastructure
and transport vehicles. At the same time, interests of
transportation security subjects (interests of individuals,
the society and the state in the field of the transportation
industry) are determined as the objectives of ensuring
transportation security (Clause 1 of Article 2 of the
Federal Law "On Transportation Security"), and
safeguarding of interests of individuals, the society and
the state is one of the basic principles of ensuring
transportation security (Article 3 of the Federal Law "On
Transportation Security").

The Russian legislation proceeds from the need of
integration in international security systems. However, the
legislator (in particular, in the Federal Law "On
Transportation Security”) does not reveal the content of
the concept of the transportation security system, without
which such integration is impossible, since it cannot be
implemented in modern conditions beyond the legal field.

In our opinion, the transportation security system
should be considered as a functional system, in the
framework of which the interaction of interests and threats
is carried out. It should be noted that this system differs
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significantly from the system of ensuring transportation
security. The latter is an organizational system, which
represents a set of forces and means, as well as measures
of legal, organizational, economic, social, technical and
other character aimed at implementing the state policy in
the field of transportation security.

The transportation security system shall be formed
around the transportation security objects, i.e. vital
interests of individuals, the society and the state. At the
same time, the individual, the society and the state are
transportation security subjects. They have to confront
various threats arising in the considered area.
Emergency response services play the important role in
ensuring transportation security and security in general.
They are intended to receive calls and messages about
accidents and emergency situations from the population
and organize the emergency response of appropriate
forces and means, if necessary. The main task of the
mentioned services can be formulated as saving people
and property, providing first aid in emergency situations.
In virtue of Clause 1 of Article 52 of Federal Law No.
126-FZ dd. 07.07.2003 "On Communications" [2],
emergency response services include, among others, fire
response, police, emergency medical service, emergency
gas service. Taking into account provisions of Decree No.
894 of the Government of the Russian Federation dd.
31.12.2004 "On Approval of the List of Round-the-clock
and Free Emergency Response Services, Communication
Operators of Which are Obliged to Response to Calls of
Users of Communication Services, and on the Assignment
of a Single Emergency Response Phone Number" [3], the
list of Russian emergency response services should be
supplemented by the emergency responding agency and
the "Antiterror" service.

In accordance with the Federal Target Program
"Establishment of a System for Provision of Emergency
Calls Via Single Phone Number "112" in the Russian
Federation for the Period of 2013–2017" (approved by
Decree of the Government of the Russian Federation No.
223 dd. 16.03.2013" [6]), one of the most important
factors in ensuring the national security of the Russian
Federation under conditions of the high level of risks of
anthropogenic and natural disasters, negative
consequences of emergency situations for sustainable
social and economic development of the country is
increase of the protection of the population, territories and
potentially dangerous facilities.

The life and health care of citizens, the protection of
property, the provision of personal and public security, as
well as the need to confront threats of anthropogenic and
natural character, and to counteract acts of terrorism
dictate the need to increase the response efficiency of
emergency response services.
Against the background of fundamental changes in social
and economic conditions of the population life-sustaining
activity: the expansion of cargo and passenger traffic, the
growth of population density in cities, increase of the
number of crowded places, increase in the number of
terrorist threats constantly enhance requirements for the
promptness and efficiency of responding to incoming calls
from the population (messages about accidents).

It is the common practice to refer the following objects
to the social infrastructure: residential, public, sports and
industrial buildings and structures, places of rest, etc. In
our opinion, a number of distinctive features is
characteristic for such facilities. First of all, they have a
specific purpose — to meet various public needs in vital
goods, works and services. Secondly, all of them are
crowded places. Besides, social infrastructure facilities
often directly adjoin transport infrastructure facilities. And
in some cases, social infrastructure facilities can be
considered as objects of the transport infrastructure (for
example, railway stations or automobile stations).

According to the Federal Target Program
"Establishment of a System for Provision of Emergency
Calls Via Single Phone Number "112" in the Russian
Federation for the Period of 2013–2017" the problem of
prompt and effective response to incoming calls to
emergency services has become particularly acute in the
recent time due to non-compliance of the existing
response system to the needs of the society and the state,
as well as the inadequate effectiveness of its functioning,
the inadequate level of the staff readiness to work upon
interaction of several emergency response services, low
awareness of the public about actions during accidents and
emergency situations.

The experience of emergency response services shows
that, for the effective rendering of help in case of
accidents or emergency situations, engagement of more
than one emergency response service is needed in 10
percent of cases.

The relevance of the problem is stipulated by
maintenance of a significant number of dead and injured
people, as well as by significant direct and indirect
damages from accidents and emergency situations. For
example, according to the Federal State Statistics Service,
the number of deaths from external causes was 216,867
people in 2010.

It should be noted that accidents and emergency
situations that require a comprehensive response have the
most serious consequences.

The most important effectiveness indicator for actions
of emergency response services is time of their response
to them. Its reduction directly affects severity of
consequences of an accident or emergency situation
(reduction of the number of dead and injured, as well as
reduction of overall material damage).

Insufficient level of interaction organization starting
from the time of the call receipt (message about an
accident) to rendering help to victims with the
involvement of several emergency response services is
one of the main causes of high mortality in accidents and
emergency situations.
Solving problems of increase of the promptness and
effectiveness of responding to calls from the population
(messages about accidents) largely depends on the speed
of emergency response, especially with regard to social
infrastructure facilities, since they are considered crowded
as it was noted above. Therefore, it is especially important
to ensure transport accessibility of these facilities for
emergency response services. It is, in our opinion, directly
related to ensuring of transportation security.
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Apparently, ensuring of transport accessibility should be
considered as one of the most important parameters
determining the level of ensuring of transport security.
Obviously, the lack of transport accessibility to social
infrastructure facilities has a negative impact on
transportation security, since it increases vulnerability of
transport infrastructure facilities and vehicles.
The assessment of vulnerability of transport infrastructure
facilities and vehicles is carried out in accordance with
Decree of the Ministry of Transport of the Russian
Federation No. 87 dd. 12.04.2010 "On the Procedure for
Assessment of Vulnerability of Transport Infrastructure
Facilities and Vehicles" [1]. The vulnerability assessment
includes, among others, the following:
- study of technical and engineering characteristics of the
transport infrastructure facility or vehicle (including
geological, hydrological and geographic features of
location of the transport infrastructure facility), and
organization of their operation (functioning);
- study of the system of measures approved at the
transport infrastructure facility or vehicle to protect
against acts of unlawful interference;
- study of methods of potential threats and acts of
unlawful interference into the operation of the transport
infrastructure facility or vehicle using aggregate data on
the number, equipment, availability, awareness, and
actions of potential violators, objectives pursued during
commission of an act of unlawful interference into the
operation of the transport infrastructure facility or vehicle
(hereinafter referred to as the violator’s model);
- making recommendations for the subject of the transport
infrastructure with regard to measures which need to be
additionally included in the system of measures to ensure
transportation security of the transport infrastructure
facility and/or the transport vehicle.
However, order No. 87 of the Ministry of Transport of the
Russian Federation dd. 12.04.2010 does not envisage the
study of transport accessibility ensuring. The necessary
level of transport accessibility of social infrastructure
facilities is not legislatively established.

The Federal Target Program “Establishment of a
System for Provision of Emergency Calls Via Single
Phone Number "112" in the Russian Federation for the
Period of 2013–2017” states that organizational and
technical measures are required, including organization of
an integrated response system, designing and arrangement
of information and telecommunications infrastructures,
subsystems of call receiving from the population and their
processing (accident reports), storage and updating of
databases, decision-making support, advisory services for
the population, monitoring of potentially dangerous
stationary and moving objects, a geo-information
subsystem in order to reduce the average time for a
prompt response of emergency response services and
effective organization of the assistance to victims.

Achievement of transport accessibility goals involves,
as a rule, solving of problems of the development of
transport corridors, the transport and engineering
infrastructure, the renewal of vehicle fleets, etc. Often this
implies the need to attract significant financial, labor and

other resources. However, solving of these tasks does not
guarantee the achievement of the stated goal.

For example, when solving problems of increasing of
transport accessibility to the social infrastructure facility
located in the so-called "historical center" of a megacity
(with characteristic narrow streets and, as a consequence,
frequent congestion of vehicles, significantly reducing the
capacity of roads), the use of just technical and
engineering methods can be insufficient. In such situation,
it would be probably necessary to use legal, procedural
and institutional methods (including, adoption of legal
decisions about temporary restrictions or cessation of the
traffic).

It should be noted that attempts with regard to certain
types of social infrastructure facilities are made to provide
legal groundworks for transport accessibility (for example,
ensuring of transport accessibility to medical
organizations for all groups of the population, including
disabled people and other groups of people with the
limited mobility is established in Clause 7 of Article 10 of
Federal Law No. 323-FZ of 21.11.2011 "On Basics of the
Health Care of People in the Russian Federation" [5]).
However, it is clearly not enough, since the lack of
transport accessibility to social infrastructure facilities
creates weaknesses in the transportation security system.

Thus, the significant attention should be paid to the
legal provision of transportation security. In this respect, it
is required to carry out work for the improvement of the
legislation in the considered field. This refers not only to
legal and regulatory securing of the need to determine
transport accessibility during assessment of vulnerability
of transport infrastructure facilities and transport vehicles.
It is necessary to monitor the considered areas on the
regular basis, having preliminarily set indices of the level
of transport accessibility.

3 Conclusions
Ensuring of transport accessibility should be

considered as the strategic priority in the activity for
transportation security provision. In particular, the high
level of transport accessibility is a prerequisite for prompt
and effective response of emergency response services.

Tasks of ensuring transport accessibility shall be
solved using legal, procedural and organizational methods
as well.

In this connection, the international experience
exchange is of great interest, including the legal
experience in solving the problem under consideration, as
it can have a general favorable effect on ensuring
transportation security.
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Abstract: The new waterjet cutting technology is a
technology created in the USA. The beginnings date back
to the 50s of the 20th century. Cutting involves the use of
a stream of water or water with a mixture of abrasive so
called. "Garnet". The water-cutting agent accumulates up
to 4000 bar with the pump so that it can be processed to a
thickness of 30 cm. The advantage of the method is that
there is no unevenness at the edges of the workpiece,
which can be seen with the naked eye. The material
treated with water is not subjected to high temperature,
mechanical or chemical interaction in the cutting zone.
Thanks to today's widely used software and CNC
capabilities, this technology allows the shaping of any
geometric form. Water cutting is currently used for the
processing of metals, stone, ceramics, glass, wood and
plastics. Waterjet (the so-called commonly used
processing device), enhances the interior design details by
combining architecture stories with contemporary
development

1. Introduction
Cutting using water is based on a necessity to compress it

to 4'000 bar using a pump that speeds up the abrasive
grain and then directs it to the working head, which's
movement is controlled by a computer. In the working
head, responsible for the so-called, blast cleaning, there is
the second most important element of the tool design
located outside the pump, the so-called, orifice, which is
built into the working head and is made of a precious
stone with a diameter of less than 1 mm. At this point a
transformation of potential energy into kinetic energy
occurs. The treatment results in a velocity of 1000 m / s,
which is 3 times the speed of sound (speed of sound υ =
(331,5 + 0,6 · Θ) m / s, where Θ, temperature in ° C.). The
stream of water is directed to the working table on which
the material is processed in the cutting technology. The
high water pressure and its low temperature allow precise
cutting of various shapes with edges after machining
without unevenness in the macroscopic evaluation. In
addition, cutting with water does not require a processing
opening. There are two types of cutting with water; clean
water and abrasive cutting. Clean water cutting is used for
the processing of soft materials: sponges, rubber, wood,
paper; abrasive cutting involves the addition of a special

garnet that increases the efficiency of the process. Garnet
is a powdered abrasive material that is added to the water
at the end of the process when the water is at the required
speed and enters the mixing chamber where the abrasive
blends are mixed and directed.

2. Advantages of waterjet cutting
This technology gives us the ability to cut any shape
precisely in any 300mm material. Waterjet replaces
cutting and material processing with diamond cutters,
laser cutters and milling cutters, which not only have
limited machining capabilities, but also have lower cutting
efficiency. During laser and plasma processing, harmful
gases are emitted and hazardous dusts are generated.
Waterjet technology does not emit toxic dust and
minimizes waste. Cutting waste in the form of worn
abrasive and fine particles of cut material is collected at
the bottom of the water tank - after treatment is considered
as ecological waste. Water can operate in closed circuit,
with the amount of water used is small and is about 3L /
min and usually goes to the sewer. Waterjet technology
does not heat up the material because its temperature is
around 40 ° C, which is important for the processing of
components for different mechanisms. Waterjet
technology is characterized by a short machining process
which, combined with CNC software, enables the
execution of unit orders in a short time with use of
complex technological operations.

3. Advantages and disadvantages of water cutting
technology
Water cutting can only be used for flat surfaces as a result
of machine construction. The cost of cutting with water is
becoming more affordable, for the selected tasks such as
cutting of non-profiled building stone, traditional methods
of processing are still profitable. However, in the case of
custom-made or short-form production in the plane,
combining different materials such as marble, granite,
glass with other non-standard materials, productivity and
finesse are losing importance and quality and versatility
become the most important. Through cutting technology,
we can cut all materials of thickness from 1mm to
300mm, of course, each variant of hardness and thickness
of the material requires the appropriate parameters of the
fluid velocity. The paper [2] has described it as possible to
determine the efficiency of the Tt cutting process, which
is determined by the following relation:
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( )Gt Vf=T , (1)

where, VG - head speed [cm / min]; this speed depends on
the parameters specified accordingly:

)THBH
K
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S
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where, VS - the speed of the outgoing water from the head
nozzle [m / s];
KS - garnet concentration stream [%];
Hm - workpiece thickness [mm];
HBm - hardness of the workpiece
TS - garnet grain size
These parameters ensure optimum cutting conditions.
Moreover, it is important to adjust the inclination of the
head to the progressive speed of the cutting process.
Selection of the angle αV1 which affects the quality and
degree of smoothness of the workpiece edge. This issue is
the subject of research and results from the experience of
working on a particular type of cutting material design.
The basis of the machine model is determined by the
computer software that ensures the quality and efficiency
of the process. Cutting through water with a simple and
intelligent cutting preparation software absorbs very little
time needed for the machine operator. The important
feature that has already been mentioned is that water
cutting does not cause the material to heat up and thus to
change its local qualities. Especially on the machined
edges, which is its primary advantage in terms of post-
machined properties. In the case of laser treatment, the
edges of the workpiece are cured, preventing subsequent
tapping of the hole. The biggest advantage of waterjet is
the price, which is several times lower than laser
machine's. The advantage of waterjet technology is the
high precision of cutting itself, while processing any
resulting stress is minimal so that even when cutting small
parts, this problem does not occur. This technology
advantage is that one should not prepare a processing hole
earlier. Technology-adapted software allows one to design
the entire process in a few minutes, with the arrangement
of cut out shapes, whereas the losses in the workpiece are
minimal. Cutting surface quality after machining and
machine software allows one to cut any shape in any
material without the need for additional machining.
Cutting costs are steadily decreasing and the cost of
purchasing the machine starts to pay back after a short
use. Compatible software allows for quick project
evaluation and cutting design to create as little waste as
possible in the processing of materials.

4. Waterjet in service for architecture
The efficiency and precision of cutting with water has
made it possible to create the most elaborate designs on
materials in manner inaccessible so far. This trend has
been reflected in the design of fine finishes.

Creating ornamental floors has been known for millennia,
most often by designing mosaics of gold, precious stones
and marble. These materials require precise treatment
combined with proper care. The waterjet technology
allows them to be re-used for beautiful designs, such as
mosaics or floor trusses. The tradition of rosettes dates
back to the Middle Ages - they were created as
components of gothic architecture and ornamental
windows placed over the main entrance to the church. By
combining contemporary art with elements of ancient art
one can achieve an unusual effect, eg in the form of a
floor rosetta as shown in Fig. 1.
These projects can be made of various materials in
harmony with the projection of the room under the
watchful eye of designer - architect. Precise cutting in
waterjet technology allows one to cut any shape in stone
or ceramic tiles. This makes the water cut used in the
stone industry especially when making a mosaic using a
waterjet machine, so that the technology has reacted to the
art and evolved it. So far, the composition of such systems
was limited due to the use of manual machining methods,
which were manifested in geometrically simple shapes -
the water cut eliminates these obstacles. The only
restriction becomes the human imagination. The world of
design and advertising also sees the possibilities of
waterjet and is increasingly willing to follow it.

Fig. 1. Decorative effects obtained using water jet cutting
[4]

5. Parts of water cutting devices
Water jet cutting technology was already used since the
70s of the twentieth century. It depended on raising its
pressure to very high values so that it could be pushed
through a very small opening in so called, water nozzle
(orfice or jewel). The high-pressure water jet from such a
nozzle is able to cut soft materials, and with the addition
of garnet, also steel and building stone. The general view
of the waterjet design of the 2000mm x 3000mm table
made by Kimla in Częstochowa is presented in Fig. 2 [3].

Fig. 2. Waterjet structure [3]
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The principle of the water stream generated in the nozzle,
as illustrated in Fig. 3;
In order to obtain an efficient water jet, its pressure should
be raised to 1'300 - 1'400 bar. The water pressure will
force the flow through the water nozzle with its diamond-
tipped hole of 0,18-0,4mm (0.007 "-0,015") to create a
very high flow of water and energy. The next stage of
development was the abrasive waterjet. The principle of
the formation of such a stream is based on use of water to
accelerate the abrasive grains of most common garmont.
Abrasive blend, after mixing with water in the mixing
chamber, so-called, mixing tube, creates an abrasive water
stream capable of cutting the most durable materials in
AWJ technology.
Typical parameters for AWJ technology:
Pressure 350 - 600 MPa
Water consumption 3 - 6 l / min
The consumption of abrasive material 300 - 500 g / min
Water nozzle diameter 0.3 - 0.4 mm
Shaping nozzle diameter 0.8 - 1 mm
a) b)

Fig. 3. Waterjet nozzle structure; a) water nozzle, b)
water-abrasive nozzle
A variable head type is used for the particular type of
treatment as illustrated in the following table:

Tab. 1 Recommended type of head for the type of
workpiece

Water head Water-abrasive head

Rubber
Foil
Soft wood
Food
Other soft materials

Steel
Aluminum
MDF
Glass, Ceramics
Granite, marble,
Plastics

Many machines allow for rapid adaptation to
different types of heads or can be installed simultaneously.
The cost of the water-cutting head is between $ 500 and $
1,000, while the water-abrasive one is $ 800- $ 2,000 to $
800. Water-abrasive heads require additional equipment in
the form of abrasive material feeding systems. These
systems cost 1'000 - 5'000 $ depending on the design.

6. Conclusions

- The most common problem in cutting technology is the
water nozzle - the orifice. Nozzles - orifices are usually
made of sapphire, rarely diamond. These are very fragile
materials and therefore very sensitive to any contaminants
present in high-pressure water flowing. The flow
velocities are very high, so the impurities in the water can
cause the nozzle to crack. It is important to take care of
the water quality, control the condition of the filters and
the installation of the water treatment. If a nozzle breaks,
the replacement operation takes 2 to 20 minutes;
- In case of the water-abrasive head tools, the short life of
the mixing nozzle may be a problem. Shortening the
operating time of the trigger is often caused by the lack of
concentricity between the water nozzle opening and the
mixing nozzle opening. During operation, the nozzle must
work up to 140 hours;
- Extremely fast implementation - from the drawing board
directly to the cutting table;
- Short setting time - low tangential forces in most cases
cause complex clamping of the device unnecessary;
- High degree of precision - expensive cutting becomes
unnecessary;
- High cutting speed;
- No need to sharpen the tool;
- Greater safety for the user and the environment - no
fumes or dust from the material are produced; No coolant
is needed;
- Cold cutting - does not change the structure of the
material;
- Clean final product - eliminate the need for post-
processing;
- Edges without burrs - for most applications, no further
edge machining is necessary;
- Small cutting hole width;
- Ideal for rapid prototyping, flexible production
- Proven in large series;
- Optimal use of material with CAD / CAM software;
- System solutions tailored to the needs of the customer.
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Abstract
The paper presents the idea of sustainable building and
priorities for the development and areas of actions for
implementation of sustainable building. Furthermore, the
energy condition of the construction sector in Poland was
discussed with the emphasis on various types of buildings,
their character, purpose and time of use. The increasing
requirements of the European Union and the obligations
adopted by Poland set new objectives for activities aimed
at the improvement of energy efficiency of buildings. The
most important legal acts which promote climate policy in
Europe and world were discussed.
Introduction
One of the basic challenges of the contemporary world is
to limit energy consumption. This results from the
economic and ecological reasons. The higher energy
consumption, the higher emission of pollutants to the
atmosphere. Reduced energy consumption also improves
energy safety of the world. This thesis can be supported
by the repeated conflicts in different world regions which
may lead to problems with gas and petroleum supplies to
the EU countries, with particular focus on Poland, and the
subsequent rises of prices of energy carriers.
Therefore, the energy demand should be reduced through
rationalization of the consumption. An important element
of this programme should be limitation of energy
consumption in buildings. According to the forecast
presented in the Green Paper „Towards a European
Strategy for the security of energy supply” [7], while
maintaining the energy efficiency at the current level, i.e.
without implementation of the savings program, ca. 70%
of energy and energy resources would have to be imported
from outside the EU.
Minimization of energy consumption is also one of the
elements of implementation of the concept of sustainable
development in the construction sector, which consists in
the economical use of energy resources and environmental
protection in order to maintain these resources for the
generations to come.
Sustainable building
The basis for the concept of sustainable development is
several documents, of which the most important are the
Brundtland Report, Agenda 21 materials, documents of
the earth summits and the Kyoto protocol. The first
definitions concerning the sustainable development were
used during the works of the UN Commission on

Environment and Development established in 1987. Based
on the conclusions from the commission, the president of
the commission Gro Harlem Brundtland, presented the
report Our Common Future, also known as the Brundtland
Report. The report emphasized leaving a part of natural
resources to the generations to come. The report led to the
Rio de Janeiro Earth Summit held in 1992. The Agenda 21
developed during the summit contained a series of
significant elements, among which the provisions
concerned the role of science, industry, technology and
business in initiatives towards sustainable development. A
very negative effect on the environment is from energy
waste excessive energy consumption in the economy,
which was emphasized by the Kyoto Protocol (1997).
Other world summits in Johannesburg (2002) and
Copenhagen (2009) became the foundations for the
actions in the European Union in various areas, including
the construction sector. Sustainable building and common
use of renewable energy in the European Union and,
consequently, in Poland, were considered the two of six
lead markets, susceptible to innovations and with huge
developmental potential. Implementation of new
technologies and solutions in the construction sector was
found as very important since they can substantially affect
the three domains defined as priorities for sustainable
development [1,6]:

• environment: construction and use of buildings cause
35% of final energy consumption in the EU, emissions of
42% of greenhouse gases to the atmosphere and
substantial consumption of such raw materials as water or
aggregate (sand, gravel etc.). Environmental threats are
also caused by the waste after demolishing of building
structure,

• society: average citizen of a developed country spends
around 80% of their life indoors. This leads to a natural
need for creation of adequate environment and the
comfort of using the houses, flats and offices, which have
a substantial effect on the quality of human life,

• economy: the construction sector in the European
Union generates around 10% of GDP and employs 7% of
the labour force [2,3].
Mutual relations and synergy of the triads of domains
being at the core of the contemporary understanding of
sustainable development i.e. the environment, society and
economy are illustrated in Figure 1.
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Fig. 1. Illustration of mutual relations of sustainable
development

These interpretations indicate that the development of
construction, which consists in implementation of
innovative technologies and modern solutions that
combine beneficial economic effects with care for health
and comfort of the users while reducing the negative
effect of buildings on natural environment and climate, is
a necessary component to drive the economy, both
European and global, into sustainable development.
For this reason it is extremely important from the
standpoint of environmental protection to develop and
implement new and effective technologies and products
with good utility parameters that limit the demand for
renewable energy and primary resources. They should
increase the contribution of energy from renewable
sources to total consumption and allow for utilization of
recycled materials, which, apart from environmental
benefits, leads to measurable financial savings.
Sustainable development is also important for quality of
users' life. Innovative solutions in building determine the
comfort of use of flats and offices. They can, through
formation of internal environment, positively affect health
status of people staying in these spaces. Another problem
is opportunities for adjustment of buildings to the needs of
older adults or disabled people using modern,
environmentally-friendly technologies and products.
Renewable energy in civil engineering
The costs of construction are significantly determined by
energy consumption and costs of its generation. Therefore,
one of the major tasks at individual stages of construction
of buildings is reduction in consumption and searching
and utilization of the cheapest and most environmentally-
friendly sources, that is, mainly renewable energy sources
[2,3].
The energy consumed in the building is divided into:
• embodied energy i.e. energy accumulated in the building
during its construction in the form of energy consumed for
production of materials, transport, embodying processes
and energy needed for repairs and maintenance,
• operational energy, i.e. energy consumed during the use
for heating, ventilation, air conditioning, lighting and
energy consumed to prepare meals,
• processed energy, that is, energy needed for the
demolition of buildings and waste management.

Fig. 2. Structure of energy consumption in the
technological life cycle of the building [1]
Figure 2, which illustrates the structure of the energy
consumption balance in the building life cycle, reveals
that the most important type of energy is the energy
connected with using the building, representing 83.9% of
total energy. The embodied energy, which concerns
manufacturing of materials, transport, construction and
repairs accounts for 15.7%. With the level of 0.4%, the
energy balance is closed by the energy connected with
using the building at the end of building life [.1].
As mentioned before, the construction sector in the
European Union is responsible for the substantial
contribution to the total energy consumption. Therefore,
the problems of energy efficiency of buildings should be
approached as priorities. The effects obtained in this
sector in terms of energy efficiency can be the most
pronounced and have an effect on the whole energy
balance.
The energy efficiency of buildings can be evaluated
through the analysis of the indices:
EP- index which determines annual demand for renewable
primary energy per unit of surface area of rooms with
controlled air temperature expressed in kWh/(m2year);
EK- index which determines annual demand for final
primary energy per unit of surface area of rooms with
controlled air temperature expressed in kWh/(m2year);
The essential effect on the level of these indices is from
the year of construction and the presence of relevant law
or the lack of the law. Depending on the year of building,
current construction resources in Poland are very varied in
terms of the demand for renewable primary energy EP
and final energy EK, as presented in Table 1. Due to the
high number of buildings with high energy demand (over
80% of buildings in Poland are 20 years old or older),
their modernization and renovation will have a significant
effect on limitation of energy consumption from the
renewable sources in the whole building sector.
Development of a low level of primary energy demand
(EP) in current buildings is usually more expensive but
necessary. With the increasing requirements that have
limited energy consumption in the last years, the declining
tendency is being observed for the energy demand for
residential resources in Poland, which is reflected by the
content of the Table 1 [4].

10.00% 0.50%

0.80%

83.90%

4.40%
0.40%

MANUFACTURING OF MATERIALS
TRANSPORT OF MATERIALS
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Table 1. Age structure in residential resources in Poland and energy consumption index

No.

Period of resuming the
building Buildings Flats EP EK

years thousand % million % kWh/(m2year) kWh/(m2year)
1 before 1918 404.7 7.3% 1.18 9.1% >350 >300
2 1918-1944 803.9 14.5% 1.45 11.2% 300-350 260-300
3 1945-0970 1363.9 24.6% 3.11 24.0% 250-300 220-260
4 1971-1978 659.8 11.9% 2.07 16.0% 210-250 190-220
5 1979-1988 754 13.6% 2.15 16.6% 160-210 140-190
6 1989-2002 670.9 12.1% 1.52 11.7% 140-180 125-160
7 2003-2007 321.6 5.8% 0.6 4.6% 100-150 90-120
8 2008-2011 205.1 3.7% 0.41 3.2% --- ---
9 under construction 27.7 0.5% 0.04 0.3% --- ---

10 not defined 332.7 6.0% 0.43 3.3% --- ---
Total 5544.3 100.0% 12.96 100.0% --- ---

Energy performance of the building depends on many
factors. It is also closely related to the structure of the
building and the technical solutions used, location and
environment around the building and its designation and
method of using. Figure 3 presents mean values of EP and
EK indices for the buildings with various designation,
which were evaluated based on the energy performance
certificates [5]. The figure shows that the level of energy
consumption is significantly affected by the designation
and character of the building. Therefore, public utility
buildings consume several times energy more compared to
residential buildings.

Figure 3. Mean values of EP and EK indices for buildings
with various designation [5].
The activities aimed at limitation of energy consumption
should be oriented at the following aspects:

• method to supply energy to the building,
• systems of heating, cooling, hot water

preparation, in-built lighting installation, thermal
insulation of the walls,

• method of using,
• building geometry, its situation and functional

solutions.
Figure 4 presents the structure of energy consumption in
residential buildings in Poland [5]. This figure shows that
the dominant importance in the energy balance of
residential buildings is played by ensuring adequate

microclimate through heating and ventilation. Therefore,
the activities that improve energy efficiency of buildings
should be oriented especially towards energy saving. This
direction is observed by all the institutions that act for the
limitation of the energy needs in the construction sector.
The International Energy Agency developed the
recommendations concerning the structure of energy
consumption in the residential construction, which is
presented in Fig. 5. Comparison of Figs. 4 and 5 confirms
the previous notion of the need for a substantial reduction
in the contribution of energy used for heating and
ventilation, from 72 to 38. Therefore, further initiatives
should be oriented at improvement of the energy
efficiency of buildings through reduction of the demand
for energy for heating purposes.

Figure 4. Structure of energy consumption in residential
buildings in Poland [5]
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Figure 5. Structure of energy consumption in residential
buildings recommended by the International Energy
Agency [5]
Adequate development of climate and energy policy that
ensures e.g. reduction of greenhouse gas emissions and
supports the increase in the use of renewable energy and
improved energy efficiency through more energy-efficient
buildings is one of the major challenges that result from
the membership in the European Union and the recipe for
energy independence of the country and reduction in
carbon dioxide emissions.
The initiatives towards this policy should also improve
innovativeness, help implement new technologies in the
construction and installation sectors, reduce energy
intensity and generate new workplaces, consequently
leading to the increase in competitiveness of the economy
and citizen's well-being.
Legal initiatives of the EU
The major instrument of the EU's law used currently in the
area of the effective use of energy in buildings is
2010/31/UE directive replacing the previous 2002/91/EC
on energy performance of buildings.
These regulations are of framework character, which
means that no uniform required levels were specified for
all the EU countries but they were only obliged to
determine the concrete requirements and implement
adequate mechanisms with respect to energy performance
of buildings which should be used in their territory.
The provisions of the above directives concern the
problems of limitation of the demand for energy by newly
build and used buildings through implementation of
various regulatory instruments. These include in
particular:
• the requirement of determination of optimal (in
terms of costs) requirements concerning the energy
performance for newly constructed and used buildings,
• the requirement of the analysis of the available
technical, environmental and economic opportunities for
implementation of high-efficiency alternative systems,
• the requirement of determination by the member
states of the requirements that result in nearly zero energy
consumption in newly constructed buildings.
Furthermore, the two directives related to the problems of
energy consumption of buildings should be indicated: the
2012/27/EU directive and 2009/28/WE directive on
promotion of the use of energy from renewable sources
[10].
In the opinion of the European Union, key components of
new frameworks concerning the climate and energy by
2030 should concern the goals in terms of reduction of
greenhouse gas emissions at the level of the EU,
distributed equally among the member states in the form
of binding national targets. The key elements of the new
frameworks is the reform of the system of trading of
emissions; the EU's target level of the contribution of
renewable energy and new European process of
management of the policy in terms of energy and climate.
Legal initiatives of Poland
Before 9 March 2015, the problems connected with the
requirements concerning energy efficiency of buildings
and the improvement in the energy standards of buildings

according to the resolutions of the directive 2002/91/WE
were regulated by the regulations of the Building Law Act
[8] and secondary legislation to this act. In 9 March 2015,
the system of evaluation and improvement in energy
efficiency of buildings was modified and since then it has
functioned based on the regulations on energy
performance of buildings [4].
The aim of the act on energy performance of buildings is
to promote improvement in energy performance of
buildings and to improve current systems of evaluation of
energy performance of buildings while taking into
consideration the previous experience.
The act contains the following regulations:
• system for energy evaluation of buildings,
• requirements for people authorized for preparation of
energy performance certificates,
• requirements for people authorized to perform
inspections of the heating systems or air conditioning
systems,
• obligation of the inspections of the heating systems and
air conditioning systems,
• verification of the energy performance certificates and
protocols from inspections of the heating systems and air
conditioning systems by the minister responsible for
construction, land planning and management and
residential building,
• authorization for the minister responsible for building,
planning and land management and residential building
for development of the national plan aimed at increasing
the number of buildings with low energy consumption,
• obligation of preparation of the energy performance
certifications for the buildings where the institutions of
justice, prosecutor's office and public administration
institutions take surface area of more than 250 m2 and
where the services are provided for clients and placing
them in a conspicuous position,
• obligation of providing information in terms of energy
efficiency of buildings and their parts in the
advertisements concerning the rent or sales if the
certificate has been already prepared for the building.
Furthermore, with the act coming into effect, the central
register of energy performance of buildings was created
with the following lists:
1) People authorized for preparation of energy

performance certificates;
2) People authorized for performing inspections of the

heating systems or air conditioning systems;
3) Energy performance certificates;
4) Protocols from inspections of the heating systems or

air conditioning systems;
5) Buildings where the institutions of justice, prosecutor's

office and public administration institutions take
surface area of more than 250 m2 and where the
services are provided for clients.

The lists from points 1, 2 and 5 can be accessed at the
website (https://rejestrchebmib.gov.pl/), showing the
current lists of experts who prepare energy performance
certificates and perform the inspections of heating systems
and air conditioning systems.
Consequently, the modernized system for evaluation and
improvement in energy efficiency of buildings involved
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modification of current and implemented new regulations
in order to ensure the economically feasible improvement
of energy performance of buildings. This improvement
results from the reduced demand for energy used for the
purposes of heating, cooling, preparation of hot water and
lighting and ensuring adequate energy standard of
constructed buildings and the buildings under
redevelopment.
According to the amended regulations, the buildings and
its heating, ventilation, air conditioning and hot water
supply installations and also for embedded lighting in the
case of public utility buildings, collective residential
buildings, production buildings and warehouse buildings,
should be designed and constructed in a manner ensuring
meeting the minimal requirements.
The minimal requirements for the building are understood
to mean:
• ensuring the value of the EP index [kWh/(m2·year)],
which determines annual demand for non-renewable
primary energy for heating, ventilation, cooling and
preparation of hot water, and also for embedded lighting
in the case of public utility buildings, collective residential
buildings, production buildings and warehouse buildings,
calculated using the regulations concerning the
methodology of calculation of energy performance of
building, lower than the limit defined in the ordinance on
technical conditions that should be met by buildings and
their situation;
• meeting the requirements concerning thermal insulation
of walls (e.g. external walls, internal walls, windows,
doors, roofs) and technical equipment in the building.
Level of requirements in terms of energy savings and
thermal insulation will be gradually increased. These
requirements for various types of buildings are presented
in Fig. 6. The stage-based changes will allow for e.g.
smooth meeting the current legal requirements by all
participants in the construction market (investors,
designers, engineers, construction product manufacturers).

Figure 6. Changes concerning the value of EP index in the
nearest years
One of the elements of the state's strategy is promotion
and creation of respective regulations and policies
oriented towards the improvement in the energy efficiency
of buildings and environmental protection while being
consistent with further integration of the European market,
increased competition and achievement of the goals
concerning the climate and energy at the EU's level.

With respect to the above objectives, the national plan was
developed to increase the number of buildings with low
energy consumption [13] which, on 22 June 2015, was
adopted by the resolution of the Council of Ministers of
the Republic of Poland.
The national plan contains in particular: the definition of
buildings with low energy consumption and their details,
activities of governmental administration taken in order to
promote the buildings with low energy consumption,
including design, construction and redevelopment of
buildings in a manner that ensures energy efficiency and
the increase in the use of energy from renewable sources
in new and current buildings. The schedule for reaching
these goals was also taken into consideration.
Conclusion
The substantial improvement in energy efficiency of
buildings in Poland is a very ambitious initiative, which
cannot be implemented without the support of the central
administration and local governments. Furthermore, it
represents one of the few examples of activities, which
nearly immediately yield positive and measurable
economic, environmental and social benefits. The scale of
these benefits depends not only on the magnitude and rate
of public spending, but also, or first and foremost, on
well-considered strategy and consequence in
implementation of this strategy. The discussed objectives
for modernization of the building contain several solutions
that meet the expectations of the groups acting for
promotion of sustainable development. However, they
should be monitored while legal solutions should be
improved to help overcome political and economic
problems with thermomodernization by removing the
barriers that limit activities in this area.
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Abstract
The paper presents an overview of the innovative methods
of strengthening the timber construction with the use of
various materials. The article is focused on the use of the
fiber composites because of their increasing popularity
and favorable properties. Moreover, other less popular
methods in a phase of research, are also presented.
1. Introduction
The best known method of reinforcing the constructions is
the use of steel bars while reinforcing concrete, by means
of which it is possible to receive the material combining
the properties of concrete and steel. In case of timber
constructions, there are also used various methods of
reinforcement in order to obtain the element maintaining
the advantages of wood, but with better strength
parameters.
Strengthening of the hardware elements is often necessary
in order to fix, or improve the static work of the already
existing constructions. It is common that such buildings
are monuments, in which apart from the requirement to
improve the bearing capacity and stiffness, there is also
need to meet the requirement concerning aesthetical
aspect. The problem was widely discussed by  Jasieńko
[1] and Nowak [2].
The research shows, that there are various methods of
reinforcing wooden elements, analyzing them in a way
that combining two, or even greater amount of materials
could allow to receive an element with the best possible
properties. Development of the methods of reinforcing
wooden constructions is dated for the 1970s, thanks to the
progress in the area of epoxy adhesives, used for fixing
the reinforcing elements.  Steel is a very popular material
used for strengthening the wooden constructions (in a
form of bars, or plates), used both in the processes of
passive and active reinforcing.
Nowadays it may be noticed that the use of fiber
composites reaches greater popularity in case of
strengthening wooden constructions, as well as concrete,
brick walls and steel.  [3]. There are also less popular
methods of reinforcing discussed, such as compressed
wood [4], or metal screws [5].
The article presents an overview of various methods of
strengthening of timber constructions together with the
analysis of the research results, also taking into account
the latest trends in the building and construction industry.
The full overview of methods of strengthening the timber
constructions (innovative and traditional) is presented in
[6].

2. Reinforcement with the use of the
composite materials
Because of the favorable properties of the composites
(low weight, high tensile strength, resistance to chemical
and biological corrosion) a great interest in this material
may be noticed in the building and construction industry.
The most popular and the most widely used are the fiber
composites FRP (Fiber Reinforced Polymer), in which the
epoxy resin, also called continuous phase, or a matrix, is
reinforced by the fibers, i.e. fiberglass, carbon fiber, or
aramid cords. Strength and durability of the composites
reinforced by the fibers to great extent are dependent on
the way of manufacturing and compaction of the fibers.
There is analyzed the use of the natural fibers (such as
cotton [7]) in a reinforcing process, because of the more
natural character of the fibers of this type.
One of the first large-scale appliances of wooden beams
reinforced with the fiber composites is the method
invented and patented in the USA by Dan Tingley called
FIRP. This method is based on pasting the composite tape
between the last and the last but one wood slats. Such
reinforcement allows to save from 25-40% of the wood
usage. [9].
In Poland analyses of such type of the beams were
conducted by the researchers from Silesian University of
Technology in cooperation with the Austrian company
Buchacher [10]. The subject for analyses included 15
glulam beams, 6200 mm long, with spacing of the pillars
5760 mm reinforced with the glass-aramid reinforced
polymers (GARP) placed between the last and the last but
one slats and at the bottom of the beam (fig. 1).

Fig. 1. Cross-sections of the beams used for the
research by Brola  [10]
On the basis of the research it was stated that the bearing
capacity increased respectively, for 54% in case of
reinforcement attached at the bottom of the beam, and
68% for reinforcement attached between the slots. An
increase in stiffness was equal 15%.

The method described above became the basis
for further analyses concerning the subject of adhesive
bonds between the FRP and wood [11] and analyses of the
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costs of the constructions of this type, which are so far
quite high [12].

The new solution with the use of fiber
composites proposed by the author [13, 14] suggests the
use of the aramid cords between the wood slots in order to
strengthen the glulam beams (fig. 2a). The above
mentioned method of reinforcing wooden constructions is
still in a phase of experimental and numerical studies.
After the initial numerical studies it was concluded that
the influence of this type of reinforcement on the character
of static work is positive  (fig. 2b).

Solid wooden beams are also reinforced with the
use of the fiber composites. Nowak [2] is an author of the
extensive studies concerning this type of beams combined
with the composite material -Carbon Fiber Reinforced
Polymer CFRP. There were analyzed the beams with
reinforcement put in the cross-section, by means of which
the conditions of reinforcing historical elements were
simulated. The increase in bearing capacity of the
analyzed beams was in a scale from 21 % (series F) to 69
% (series D) [15].

a)

b)

Fig. 2. A New construction of the glued laminated
beam (glulam) reinforced by the aramid cords:
a) cross-section, b) visualization of the numerical
calculations [14]

The way of reinforcing beams with significant
damages was suggested by the researchers from the
Szczecin University of Technology [16], in which
reinforcement with the carbon tape goes through the
whole length of the beam, including the most strenuous
places (in the middle of the span and over the pillars) as
presented in fig. 3.

Fig. 3. Beam reinforced by the two carbon tapes  [16]

There are also functioning the reinforcing methods with
the use of composite bars used in a similar way like steel
bars [17], and mixed methods, using both bars as well as
composite tapes (fig. 4) for beams with significant burden.
[18].

Fig. 4. Glued laminated timber reinforced by the bars
and composite tape  [18]
An element worth considering in the following paper is
[19] an epoxy-basalt bar [20] which may be an alternative
for steel bars.
A favorable phenomenon in case of the elements
reinforced with composites is an  increase in their fire
resistance [21, 22], but the subject is not fully understood
and there is still some research conducted in this field.

3. Other methods of reinforcing timber
constructions
Among many methods of reinforcing the construction,
here may be distinguished some of them which are not
very popular, nevertheless, there are still many analyses
conducted on this subject.
One of the oldest methods of reinforcing timber

construction is combining wooden beams with concrete.
This subject is still widely analyzed, which may be
concluded on the basis of the numerous publications
concerning various aspects: work of the attachment zone
between wood and ultra durable concrete [23], connectors
for combining concrete with a wooden beam (that could
replace nails) [24] and attempts of creating hybrid beam
composed of glued-laminated beam, concrete and
reinforcement in a form of fiber composite [25]. The
scheme of the previously described beam is presented in
fig. 5.

Fig. 5. The scheme of the hybrid wooden- concrete-
composite beam [25]
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The other method, which is also the subject for
many analyses [1, 26] is reinforcing of wooden beams by
filling in the damaged places with the epoxy composition.
Reinforcement in this case may be based on the pressure
injection of the epoxy composite, or filling a removed part
of the element with it. Nevertheless, in case of wooden
beams reinforced with the epoxy composite is about 15%
worse than in case of standard, full beams. Combination
of the composite with nails lowers the bearing capacity of
the element even more. This method is worth considering
while renovating less loaded elements.

Separate group of reinforcements is the use of
compression and expansion. It is possible to compress, or
extend the elements with the use of: bars, steel ties,
composite materials and others, such as compressed wood.

Preliminary studies concerning compression of
Wood were started in the 1960s. The subject for analysis
was a glulam beam compressed with the use of steel cords
placed in the extended zone. Quite good results were
achieved in case of reinforcing the planks with low
parameters, while in terms of standard beams the increase
in bearing capacity was not significant. Research with the
use of steel ties was conducted by Cyruliński [27], in
which he analyzed compressed, extended and compressed-
extended beams.. The best results were obtained in case of
the compressed-expanded beams.  Because the subject is
wide, on account of the wide rheological properties of
wood and steel which are significant elements in a process
of compression, research in this area is steal conducted.
[28].

While reinforcing the wooden beams there is also
used the process of compressing the reinforcement in the
form of fiber composites. The first attempts of
compression were made with the use of Glass composite
tapes glued between the last and one before last wooden
slats [29], while in order to increase the effect of
compression, a beam compressed with several aramid
cords was invented, with the aramid tapes glued crosswise
in the last slat.  (fig. 7) [30].
An innovative way of compressing of wooden beams is
the use of blocks of compressed wood (expose to the high
pressure) situated in the previously prepared openings.
Wood swells and causes the compression of the beam. [4].

Fig. 7. Glued laminated timber reinforced by the
compressed aramid belts [29]

4. Conclusions
There are many various methods of strengthening the
timber structures. The most commonly used materials are:
wood, steel and fiber composites. Traditional methods are
being gradually replaced by the new ones, which are more
effective and often less laborious. Nowadays, the most
attractive method seems to be the use of fiber composites,
which may be concluded on the basis of the significant
number of publications concerning this subject. Fiber
composites are used as a passive and active reinforcement.
By using compression, the significant increase in a
bearing capacity may be obtained, nevertheless some
further research are required in this area, in order to
analyze the influence of the rheological properties of
wood and the reinforcing materials.
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Abstract: A synthesis of the appropriateness of residential
housing solutions has been presented. A new material and
construction solution for a cylindrical building has been
proposed assuming maximization of functional benefits
while minimizing material and labor inputs for the
construction of a social building for humanitarian
purposes. Construction nodes details drawings have been
added to the solution description.

1. Introduction

According to the literature [ref. 1-3],
constructions of round or dome houses can be found in
many examples of the oldest dwellings that resembled
bird nests or mammal beds with their oval shapes. Our
ancestors observed and imitated nature as a source of
inspiration, which was then then adapted for their own
purposes. A sphere is a perfect shape, which is recognized
as a friendly geometrical shape by many different
civilizations, as this is considered to be a divine shape. As
we know, the entire universe in macro and micro scales
consists of spherical forms. Seemingly, a sphere is capable
of absorbing energy coming from outside, just as the
centre of  our planet has been hot for millions of years.

Round homes with a dome cover are ideal
fullerene protections against  external factors such as:
hurricanes, earthquakes, snow fall, winds, variable
thermal loads, including fire. However, protection is
ensured with proper building materials. For social
buildings in humanitarian capacity construction, the main
direction of our search was based on the examples of
world's oldest structures.

2. General description of the construction
A circle is a shape that is used to represent

intimacy and equality where life is born, for example the
round shape in seeds, eggs and nests. Therefore, taking
inspiration from nature, we want the new quality of life to
be created with the use of this shape. We would like to
refer to and harmonize with an aspect of reality, so we use
many round, curved shapes, which not only bring, but also
protect the energy and warmth that is a symbol of a warm
home. With the description of new possibilities for the

development of the living space, we want to change the
fixed, squared thinking, to which the logic of squared
arguments has already been attached.

3. Highly imperfect examples
It is worth presenting an alternative approach for

the construction of residential space in the example in fig.
1, which goes back to the roots.  This shows the
foundations of a house with a dome dating back to 8
thousand years ago, which originates from nature and
adapts to it. Designing a round house is as simple as
making scrambled eggs; still not everybody can do it
correctly. Preferably, designing should start with the
central room, i.e. the living room. This room should face
the south or south-west and have large windows to
provide warm sunlight, which will have a positive
influence on the quality of living.

Fig. 1 - a) foundations of a domed house dating back eight
thousand years; b) concept close to the nature of the

roundhouse
Bedrooms are preferably located on the eastern side so
that sunrise can wake us up naturally. The kitchen should
be situated on the east side, if possible. Breakfast
accompanied by sunrise is a good start to every day. The
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pantry and bathroom should be rather positioned on the
north side.
4.Arguments for the construction of round
houses

According to the references [2], the operating
cost of a residential building with a usable area of 100 m2

after construction and throughout the period of use was
calculated to be 90% of the building value. The rise of
energy prices is currently the only forecast that is always
right. Therefore, we think it is very important to build
warm houses. The costs of a round house usually return
after 15 years of occupation. In comparison with a house
designed on a square plan, relative profits are obtained in
the area of the costs of heating. Today, we can insulate
houses with various foam materials to save on the energy
required to provide adequate thermal comfort and a
microclimate inside. A round house costs as much as the
thermal insulation of a house built according to advanced
residential housing technologies which are currently used
in the world. In the new approach, we incur costs equal to
the cost of thermal insulation works. According to the
information in the reference [3], thanks to the applied
insulating material, such houses can reduce the energy
needed to heat the rooms by 90 %.

Materials and structures used for the construction
of passive communal houses for humanitarian capacity
building projects

Building a round house requires the preparation
of the ground for casting a foundation of a circular shape,
selecting the optimum diameter of the building based on
the required comfort of living, physical properties of the
building, construction and material conditions, optimum
solutions for the connection of utilities and installations
with respect to the financial criteria. Make a stay-in-place
formwork that acts as thermal insulation and the form of a
retaining side wall for a cavity in which reinforcement is
placed for casting a concrete base reinforced with basalt
fiber rods. The material used to build the external and
internal walls includes polystyrene prefabricates with
reinforcement on both sides and the reinforcement is
secured with steel pins. The main construction elements
are manufactured in Poland by AKSBUD. In 2015, the
company started a production line of light core
prefabricates based on foamed insulation materials which
was supported by technology imported from the USA. The
products of this prefabricate system are elements of walls,
floors, foundation formwork profiles, stair runs used to
build frameworks for ribbed plates with a texture layer
and a constructional layer made of mineral composites
based on cement binders applied with in-situ shotcreting.
The benefit of prefabricates is the light weight.
The new technology eliminates the need to use heavy
equipment in the erection stage. During construction, a

wall prefabricate with 1.2x3 m dimensions can be carried
by one man. Construction of the building is quick
compared to traditional construction methods. When using
prefabricates, not only walls are built but the roofing is
also constructed. Construction details related to the idea of
the system are presented on fig. 2-11 [4].

Fig. 2. Detail of wall panels connection

Fig. 3. Detail of wall panel connected with slab
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Fig. 4. Detail of wall panel connected with slab

Fig. 5. Detail of balcony construction

Fig. 6. Detail of wall and roof connection

Fig. 7. Detail of reinforcement of panel with hole.
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Fig. 8. Detail of wall and foundation connection

Fig. 9. Detail of wall and roof connection

Fig. 10. Detail of reinforcement connection

Fig. 11. Detail of stair connection

New solutions of the system and materials inspired us to
develop a design for the construction of a communal
house in humanitarian capacity building projects with its
projection on a circle.
An example of the project is presented in fig. 12.
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5. Conclusions
The new material and construction solution with details of
the structure nodes in the erection technology and the plan
of the function arrangement ensures the minimum energy
outlay for the construction and many years of operation
with the benefit of obtaining a relatively large usable area
of a residential house. The measurable benefits of the new
construction and assumptions for houses are represented
by the following:

the best ratio of the usable area to the area of
retaining walls for a room height of 2.5 m, i.e.
1:1,
large usable area as related to the incurred
financial outlay for the house construction,
fast erection works without the need to use
expensive machines,
excellent thermal insulation,
excellent resistance to moisture,
good acoustic insulation properties,
possibility to obtain the parameters of a passive
house,
the most favourable way to provide people with
homes in emergency situations, including
disasters, while ensuring physical safety and
comfort that is so important in such conditions
for affected families,
the proposed material and technology solution
for humanitarian capacity residential building
ensures the lowest financial cost of a mass
project, which is repeatable with regard to
material transport and processing technologies,
usable area of 78 m2 at 230 EUR / 1 m2 with a
construction time of no longer than 30 days in the
climates of many different European countries,
meeting the requirements for environment-
friendly construction with 100% recycling when
the operational life of the building ends,

the above-mentioned features are arguments for
the offer which has been developed based on the
system by AKSBUD-Poland.
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Abstract
Gravel soils are often used as a material for hydraulic and
transport constructions, and also as foundations. Reliable
description of their mechanical behaviour is necessary for
construction safety. In this issue the results of gravel soils
triaxial tests are presented. Strength parameters are
obtained using hypothetical strength theory with such
aspects as particle roughness and grinding taken into
account. The results are compared with other strength
theories, used in soil mechanics practice. As a result, the
strength theory is verified and can be suggested for
practical use.

1 Introduction
Under the soil strength its shear resistance is usually
recognized. It is a fundamental soil parameter, and it’s
appropriate esteem is vital for rational design of
numerous constructions, especially soil dams. Shear
resistance of soil and its strength is determined by: a)
inner friction forces, depending on normal stress; b)
reversible cohesion of water-colloid nature, c) rigid
structural cohesion [1].
One of the most well-known yield criterion is a Mohr-
Coulomb criterion [2]. The Mohr-Coulomb theory
considers the sliding plane that intersects the plane of the
maximum and minimum principal stresses and is parallel
to the axis of the intermediate principal stress. Many
authors have noted that Mohr-Coulomb theory is most
suitable for solving problems of a flat stress-strain state,
slopes stability problems mostly [3, 4].
Experimental studies of different soil in a wide range of
stresses, performed by various researchers [5, 6] have
revealed, that the intermediate principal stress has an
influence on the shear resistance, hence the yield
condition needs to account for this effect.
There was an interesting yield conditionsuggested by A.I.
Botkin [7, 8], who suggested that the Mohr-Coulomb
condition is satisfied on the octahedral plane, equally
tilted to the axes of principal stresses. This theory takes
into account the intermediate principal stress, however,
also has some drawbacks. Malyshev M. V. [7] noted the
"phenomenological" character of this theory, as plane
selection is dictated by mathematical simplicity.
The results of the studies summarized by Rasskazov L.
N. [9, 10] confirm a significant influence of intermediate
principal stress on the shearing resistance; the
nonlinearity of the envelope of the Mohr circles in the
majority of cases; the effect on the strength of the loading

trajectory and Nadai-Lode. In addition, to date there is no
possibility of accounting for engagement of particles in
coarse-grained soils and the resulting increase in
strength.Especially important these phenomena are in the
calculation of foundations and earth structures composed
of coarse-grained soils with sand or clay filler.
At present, a large number of yield and strength
conditions where developed for non-cohesive soils [11,
12]. In this study the authors made an attempt to develop
the yield criterion, taking into account all the described
above regularities and phenomena.
2. Methodology
The account of all three principal stresses is possible
when considering the plane, which is determined by the
magnitude of the principal stresses at the ultimate state. It
is obvious that such a plane will have a different angle
relative to each of axes of principal stresses. The position
of the plane may be set by the guiding cosines of the
normal vector. Using the known formulas of solid
mechanics to determine the normal and shearing stresses
on any plane we can get the expressions for these
stresses.
The most difficult task is to identify the role of
engagement in the shear strength of fine-grained soils.
From physical sense of engagement, it follows that its
magnitude does not depend on the compression, as even
in the absence of compression with only shear forces
applied there is a resistance due to engagement. The
magnitude of this resistance will be constant for an
infinitely strong material, as the destruction of the
engagement irregularities will not occur. With decreasing
strength of the material the irregularities will begin to
split. In the course of the shearing theret will be gradual
bridging of the bumps. Finally in the case of extremely
fragile material, engagement will not be observed, since
the shear plane will pass through the material of the
particles.
At the same time, the magnitude of compression will
change the amount of friction, the magnitude of the
normal force to the surface of the prong is greater than
the magnitude of the force normal to the cut surface due
to the tilt of prongs. Chipping of prongs will occur when
the shear stress exceeds the shear strength of the
particles. Thus, the contribution of the engagement in
shear resistance is easier to evaluate in the form of
increased friction. Engagement is implemented before the
start of the shearing prongs, and then begins to decline to
zero with smoothing irregularities.
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In its final form, the proposed yield criterion can be
formulated in the form of three equations, allowing to
determine the stress components for the sliding plane and
the interaction between them (1).
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n (1)
whereR – axial compression resistance of particles
material,n – parameter, depending on shear resistance of
particles material.
The parameter n can be expressed, provided that we
know the shear resistance of the particles, however, it is
more convenient to define it on the basis of experimental
data.
On the figure 1 there is a graph of a limit line function
with different n values.
It is obvious that such a view explains the definition of
engagement by many authors as an additional constant
component close to cohesion. This is due to the
application of the linear form of the limit line. Drawing
such line through any three points shows initial shear
strength larger than zero. Usually, it is interpreted as
"engagement”. In fact, the cause of it is limit line
nonlinearity.

Fig. 1. Limit lines with different values of n
It should be noted that the friction angle in this criterion
is not numerically equal to the friction angle for other
yield conditions, in particular the Mohr-Coulomb and
von Mises-Schleicher-Botkin.The angle of internal
friction and cohesion should be determined according to
the initial part of a limit line, where even in the area of
stress concentration the strength of the particles is not
exceeded.
Forexperimentalcheckofthistheoryaseriesoflaboratorytest
sofgravelsoilwithhomogeneousgranulometriccomposition
(quartzgravelwithparticlesfrom 2 to 5mm). This material

was tested in a triaxial machine for large scaled samples
of 300mm in diameter, with 500kN of axial force, and
maximum cell pressure of 2MPa. Another test series was
performed for natural gravel of the Kumtordamb in
Kyrgyzstan.
All the tests used consolidated-drained scheme with
consolidation pressures of 200, 400 and 800 kPa.
Kinematicloadingratiowas 0,3mm/min (0,05%/min). The
tests were performedwith different loading trajectories -
CTC and TC to check the ability of accounting for
intermediate main stress. The test was stopped after
stable maximum vertical stress achievement.
3 Results
Allthetestresultswereprocessedaccordingtostandardproce
dures, includingcorrectionforsample area change and
membrane elasticity. From the results the maximum
values of vertical stresses where obtained and the
strength parameters were calculated according to Mohr-
Coulomb criterion, Mises-Schleicher-Botkin criterion
and suggested criterion. Theresultsareshowninthetables 1
and 2.
Table 1 Friction angle values

Soil type Quartz
gravel
CTC

Quartz
gravel TC

Kumtord
amb
gravel

Parameter φ φ φ
Mohr-Coulomb 34,6 38,5 28,1
Mises-Schleicher-
Botkin

39,0 42,2 33,3

Suggested criterion 29,1 29,8 27,9

Table 2Cohesion values

Soil type Quartz
gravel
CTC

Quartz
gravel
TC

Kumtor
damb
gravel

Parameter с с с
Mohr-Coulomb 67,9 2,0 156,2
Mises-Schleicher-
Botkin

78,0 2,3 171,9

Suggested criterion 6,9 0,2 16,1

Itcanbeseen, thattheresults for different loading
trajectories are nearly the same for the suggested
criterion, but for Mohr-Coulomb and Mises-Schleicher-
Botkin there is a significant difference. For CTC
trajectory these criteria show high cohesion, that is
unusual for non-cohesive uniform gravel.
AsfarasrealgravelsoilfromtheKumtordambisconcerned
the friction angle values seem to be close, but cohesion is
rather large for classical criteria. The reason is that it uses
all the strength points to build a straight line, when
suggested criterion is non-linear.
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4 Conclusion
On the results of the research the following conclusions
can be made:
1. The most common yield criteria have limited
application for coarse-grained soils, as engagement and
the decrease in shear resistance with increasing normal
stress is not fully taken into account.
2. A yield condition suitable for coarse-grained soils
must consider the engagement of the particles and enable
the strength of the particles as a parameter.
3. The proposed yield condition can be used to describe
the limit line, taking into account its nonlinearity and also
the intermediate mean stress influence.
4. The parameters of this yield criterion can be
determined on the basis of experimental data.
5. The parameters of this yield criterion can be
considered as invariant - independent of loading
trajectory and stress condition.
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Abstract
Established practice of designing the modern urban
environment cannot meet the needs of the population
with regard to many factors. Housing development
with high-rise many-storied buildings without public
spaces meets interests of developers only. The city
loses its individual urban matrix, the living
environment loses its comfort, and perception of the
city identity does not form in inhabitants.
The goal of the article is to reveal tendencies of the
development of historical cities taking into account
identification characteristics. Study tasks are to define
the concept of the urban environment identification and
reveal identification characteristics.
In the study, identification is understood as
establishment of the identity of one object to another
on the basis of coincidence of characteristics. Authors
conclude that identification can exist at two levels. The
first level is identification of a smaller structural unit
(block) with a larger one (with the city). The second
level is identification of the townsman with the region
of residence. Identification of the second level can be
achieved taking into account the principle of a
recurrent sign. Any visual images, details in the man’s
living environment, which practically do not occur
outside of it, can be a sign. Following such principles
as conservation of traditions of the urban environment
development, conservation of the established density
and the street development outline, as an urban
environment identification feature; modularity of the
urban development, use of traditional parameters of
residential buildings, retention of architectural
techniques associated with typological features of
residential buildings, a certain color scheme of the
street development, use of characteristic architectural
details and signs will make it possible to preserve the
familiar urban environment.
A comprehensive individual approach to the creation
of the architectural environment, which is comfortable
for living, is required. 1 Introduction
The growth in residential construction volumes in Saint
Petersburg is unfortunately accompanied with the loss
of quality of the environment of new residential
districts, which do not fit in with architecture, culture
and style of the historical part of the city. The priority

of pragmatic functional and hygienic requirements
turns into oblivion of aesthetic and other traditional
urban values, monotony and dead-level of a new
residential development. A micro-district model with
free arrangement of apartment buildings in the
extensive enough territory surrounded by trunk roads
deprived its residents of the feeling of belonging to
their own house, the "homing". They can hardly
explain where they live, since there are neither
sightseeing attractions, nor buildings with memorable
architectural features, nor special signs in their living
place.
Dense development with multi-storied high-rise
buildings without creation of public spaces, neglecting
of the characteristic scale of house construction, which
is typical for cities, do not meet interests of the
population. Only developers are interested to "squeeze"
the maximum of meters out of the given site. 16–25-
storied buildings are constructed with large areas,
intended for public activities, and given, in practice, to
kindergartens and schools. Perception of the city
identity cannot form in citizens who live in such multi-
apartment high-rise houses. Courtyard territories
increasingly become the place of psychological
discomfort and vandalism.
Looking at the buildings with turrets and "rotundas",
"cottages" and penthouses on last floors designed by
different authors of projects within one micro-district,
it is possible to note tawdriness — lack of harmony in
the combination of shapes, color and details of space.
Inefficient arrangement is present in everything from
spatial planning solutions to the transport logistics. In a
word, such micro-districts of Saint Petersburg do not
have their own "face".
As Richard Florida, an American economist and the
author of the "creative class" theory truly noted,
"Human beings crave physical beauty. We look for it in
the things that surround us, and especially in the places
we live. Economists call this the "beauty premium".
People are drawn to and pay more for something that
has aesthetic appeal." [1]
A big mistake was made when they allowed the
construction in Saint Petersburg beyond a certain city
boundary without taking into account architectural and
planning ideas.
The problem of identity loss, poor quality of the living
environment in peripheral (dormitory) districts of Saint
Petersburg is recognized by the city administration too.
Recently, the government of Saint Petersburg and the
professional community of architects, developers and
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teachers in higher education have paid significant
attention to issues of improvement of the city
residential environment quality, search for an answer to
the question what environment can be considered
comfortable, what can be called the "Saint Petersburg
style" in the building development of new residential
areas.
2 Methods
The goal of this article is to reveal tendencies of the
development of historical cities taking into account
identification characteristics of the established urban
environment, in relation to conditions of designing and
construction in Saint Petersburg.
Upon comprehension of general tendencies of
construction, it becomes obvious that the systematic
analysis is needed to understand the issues related to
identification of the urban environment for the people
who are living in it.
Following tasks were stated in the carried out study: to
define the concept of urban environment identification
and reveal identification characteristics.
In the study, identification is understood as
establishment of the identity of one object to another
on the basis of coincidence of characteristics.
To ensure identification of a smaller structural unit
(block) with a larger one (with the city), it is necessary
to ascertain which architectural and city-planning
features are the most characteristic for a historical city.
These distinctive features can be marked out in the
zone of the historical development, where they were
formed most clearly and fully.
The study allowed analyzing examples out of the
international practice and draw some conclusions about
approaches to designing in cities which have a long
tradition of evolutionary development.
We will rely on the experience of designing historical
cities in Italy, a country with the rich cultural heritage,
where great attention is paid to delicate conservation of
population lifestyle traditions.
In Italy, the major problems are practically solved: the
legislation is well proved and there exists interaction of
legislative bodies and the civil society, which does not
accept construction actions that violate the urban
environment integrity and introduce disharmony in the
city development [2]. The legislation specifies strict
requirements to the new construction in historical
cities. The system of restrictions concerns both the
planning structure of residential territories and
construction parameters of separate buildings. These
restrictions restrain legislatively the desire of
developers to squeeze the maximum profit from the
developed plots.
Solving of these problems becomes fundamental for
development of historical cities with characteristic
identification features.
3 Results
As a result of the on-site inspection, carried out
in Florence, and the analysis of city architecture
formation in order to determine main tendencies of the
creation of a harmonious architectural environment, the
following construction development principles were

revealed, which allowed keeping or changing
identification.
Maintenance of the urban environment development
traditions and the established density of a development
The experience in Florence has shown careful attitude
to the development of master plans. The new district
"Giovanni Spadolini" thoroughly fits in the historical
part of Florence and practically does not outstand the
general footprint of the city on the master plan (Figure
1).

Figure 1. Axonometric perspective geometry
of a new part of the "Giovanni Spadolini" district,

Florence
During the development of master plans for new
districts of historical Italian cities, the following
principles are retained: development density; block
development with maintenance of streetscape,
arrangement of blocks with courtyards intended for use
by only those citizens who are living there [3].
An important factor is maintenance of development
modularity, which is reflected in maintenance of
dimensions of blocks, spacing between residential
streets, their historical profile. Residents of the
historical city are used to its scale and, when observing
necessary sanitary and hygienic requirements, no
changes are welcome.
Maintenance of the street development outline as a
characteristic of urban environment identification
The street development outline is an identification
characteristic. Each city has its own "sky line". In
Florence, projections of cornices with the use of timber
rafters were applied since the Middle Ages, having
survived the Renaissance period. Such a constructive
and architectural technique persists to this day, it is
relevant as both a means of protection against the sun
in the summer, and from rains in the autumn and in the
spring; it is an important element for the city, as it
continues to effectively solve functional and aesthetic
tasks. At the same time, the technology of creation of
cornice projections has been sufficiently modernized:
modern materials and methods of construction are used
(Figure 2).
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Figure 2. Conventional outline of modern city
blocks in Florence

Modularity of the urban development, use of
traditional parameters of residential buildings
The parameter "overall dimensions of the street facade
of a residential building" is an important factor of
urban environment identification. This parameter has
been formed historically, in accordance with the rules
of sale of land plots and laws on their construction
development and use. Each historical city has its own
characteristic parameter. In Italy, which was a
fragmented country, there was no single law on the plot
development parameters for all cities, therefore, each
city has its own matrix (face). Principles of the plot
development and division of the street development
into facades of separate buildings constitute a
conservative process and are used at the present time
(Figure 3).

Figure 3. Modularity of the modern
development. Via Vincenzo Gioberti, Florence

It can be concluded that conservation of traditions of
the urban environment development, the established
density and modularity of the urban development,
outlines of streets, use of traditional parameters of
residential buildings as signs of urban environment
identification are necessary to ensure identification of a
smaller structural unit (block) with a larger one (with
the city). Let us call it identification of the first level.
Let us consider identification of the townsman with the
region of his residence to be identification of the
second level. Its essence lies in the fact that a resident
of a particular region shall and can identify
himself/herself with the very environment wherein
he/she lives. Identification of the second level can be
achieved by other means.
Retention of architectural techniques associated with
typological features of residential buildings

The typology of residential buildings is primarily
connected with the lifestyle of citizens, peculiarities of
their everyday life and traditions. A demonstrative
example is the development of streets with

conventional buildings of trade institutions, roofs of
which are used as open terraces with landscaped spaces
and gardens. Such type of the house was established
due to high density of the development and the need to
create large areas for landscaping and recreation. The
need in these functions remained, the architectural
technique proved to be successful and stable (Figures
4, 5). This architectural technique is characteristic not
only for the urban development. It is also used in the
Pitti Palace ensemble, emphasizing complete
conformity of the technique to the lifestyle of citizens
with social and climatic specific features.

Figure 4. Residential building with a terrace
above the trading space, Florence

Figure 5. Modern construction development in
Via Quintino Sella in Florence

Certain color scheme of the street development
For many centuries, Florence was a republic where

citizens had rights which could not be disputed by
authorities. Formation of a society consisting of
individuals required manifestation of the character and
preferences of a person. Upon selection of the color
scheme of buildings and their details, the individuality
was shown, therefore, even two houses, standing next
to each other, often have different color schemes.
Development of a colored streetscape became an
identification characteristic, which is used in the
modern architecture too (Figures 6, 7).

Figure 6. Color scheme of the historical urban
development, Florence
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Figure 7. Color scheme of the modern urban
development, FlorenceUse of characteristic

architectural details
Identification of the second level can be achieved by
such means, as signs, as well. To this effect, it is
sufficient to introduce the principle of a recurrent sign.
Any visual image that accompanies a person in his/her
environment and practically does not occur outside of
it can be a sign, e.g. courtyard furnishings, street
design elements peculiar only to a given district, plants
growing only in this block and nowhere else. Due to
recurrent signs of this kind, the neighborhood residents
acquire an awareness of their own distinguishing
characteristic in comparison with inhabitants of other
parts of the city, on the one hand, and a sense of
solidarity and unity with neighbors, on the other hand.
Architectural details are signs which manifest the
purpose of the building, its national and temporal
identity, reflect the culture of a particular people.
Details always emphasize the years of building
construction and cannot be mechanically transferred
from one period to another. There is a certain regularity
related to identification through the use of architectural
details. In this respect, an architectural detail is a rather
conservative element and a means of urban
environment identification (Figures 8, 9).

Figure 8. Details of the windows of a residential house
of 19th century construction, Florence

Figure 9. Details of a modern residential
building, Florence

4 Conclusions
Revealing of modern tendencies of the development of
historical cities taking into account the established
identification characteristics, based on examples of the
experience in Italy, showed the need in a
comprehensive individual approach to the creation of
the architectural environment, which is comfortable for
living.
Following the above principles such as conservation of
traditions of the urban environment development,
conservation of the established development density
and the street development outline, as an urban
environment identification feature; modularity of the
urban development, use of traditional parameters of
residential buildings, retention of architectural
techniques associated with typological features of
residential buildings, a certain color scheme of the
street development, use of characteristic architectural
details will make it possible to preserve the familiar
urban environment.
Examples of different types of reconstruction,
modernization, new construction in historical cities
show the versatility of this problem and the need to
search for individual ways for different actual cases of
construction. There are no and can be no common,
once and forever established rules. They are worked
out only as a result of constant public discussions,
determination of the city development strategies. This
process must be evolutionary. All changes that cannot
be avoided shall occur step by step, without violating
rules and principles of the city development, and give
people the possibility not to lose identification with
their "small homeland". Only this way, new modern
multi-functional high-quality districts, integrated into a
system of public spaces, can be created.
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Abstract. Many vibrating construction machines
operate in the super-resonance mode. Resonance
occurs during periods of acceleration and
deceleration of the vibrational motion and is
accompanied by a sharp increase in the vibration
speed and amplitude. Resonance oscillations have
a negative effect on the operation of machines due
to the increase in dynamic loads, which reduce the
resource and cause increased noise.
The goal of the article is theoretical substantiation
of the possibility to design mechanical devices for
controlling the oscillatory process and develop an
example of the practical implementation of such
device.
The method of controlling oscillatory processes in
vibrating construction machines lies in the use of
two-mode shock absorbers. In the operating
mode, shock absorbers create a minimum
resistance to motion. In the resonance mode,
resistance increases, therefore, the amplitude
decreases to a predetermined value.
The simulation of the oscillatory process of a
vibrating construction machine is performed in
the article in order to determine characteristics of
a damping device ensuring the suppression of
resonance oscillations and, at the same time, not
affecting the working vibratory process. A new
technical device is proposed which implements
required oscillation characteristics is proposed.
The device is made in the form of a hydro-
pneumatic shock absorber, similar in design to
automotive shock absorbers. Design features of
the new shock absorber provide low resistance to
vibration at the working amplitude and large
resistance at the resonance amplitude.

The originality of the research is presented in the
form of a new shock absorber design protected by
the utility model patent, and in the form of the
mathematical model of its operation.
Scientific novelty lies in the mathematical
description of oscillations damping by the new
shock absorber, in development of a computer
program for calculation of the oscillatory process
according to the developed mathematical model,
in results of the computer simulation of the shock
absorber's operation.

1. Introduction
Majority of vibrating construction machines
(VCM), i.e. conveyors, screens, crushers,
vibrating tables, etc., operate in the super-
resonance mode [1, 2]. Resonance occurs during
periods of acceleration and deceleration of the
vibrational motion and is accompanied by a sharp
increase in the vibration speed and amplitude.
Resonance oscillations have a negative effect on
the operation of machines due to the increase in
dynamic loads which reduce the resource and
cause increased noise [3].
Protection from the destructive effect of resonant
vibratory loads is a serious technical problem in
designing VCM. There are many technical
solutions for damping resonance vibrations in
machines. However, in our opinion, one of the
most successful and proven in practice methods
(by the example of the operation of automotive
transport) is the use of telescopic hydro-
pneumatic shock absorbers [4, 5, 6], the
damping coefficient of which varies in proportion
to the speed of oscillations.

2. Methods
The research subject is oscillatory processes in
vibrating construction machines.
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The main goal of the article is theoretical
substantiation of the possibility to design
mechanical devices, such as automobile shock
absorbers, for controlling the oscillatory process
and develop an example of the practical
implementation of such device.
The proposed method of controlling oscillatory
processes in vibrating construction machines lies
in the use of two-mode shock absorbers. In the
operating mode, shock absorbers shall create a
minimum resistance to oscillatory motion. In the
resonance mode, the shock absorber resistance
shall increase to decrease the amplitude to a
specified value.
Shock absorbers, applied in the automotive
transport, operate actually in two modes, i.e.
throttle and valve modes [5, 9, 10 and 11]. At
small amplitudes and, consequently, slow speeds,
valves are closed, and the liquid is forced through
throttle channels in the piston. This is the throttle
mode. With increasing the piston motion speed,
the hydraulic resistance to its movement
increases, and valves open, reducing the
resistance. This is the valve mode.
The damping force, created by such shock
absorber [5, 6] is as follows:

ivkPd (1)
where k is the damping coefficient of a shock
absorber; v is the speed of vertical VCM
movement; i is the exponent of a power.
Depending on the i exponent, the shock absorber
performance curve
can be linear (i = 1.0), progressive (i > 1) and
regressive
(i < 1). The performance type depends on the

design features of the shock absorber. Factors kc

(compression stage) and ke (extension stage) have
different values. Figure 1 presents a progressive
performance curve, which most corresponds to the
specified conditions. This is a schematic
representation of the performance curve, since the
real performance curve will be nonlinear (it is
shown by the dotted line).

Figure 1. Shock absorber performance curve: Pd is
the damping force; vd is the piston speed; k is the
damping coefficient; indices: c — compression; e
— extension; t — throttle mode; v — valve mode
However, as per parameters, industrial shock
absorbers (ISA) are not suitable for the use in
VCM. Namely, the working stroke (amplitude of
vibrations) in VCM, corresponding to the throttle
mode, is 1–10 mm, while in ISA it is by an order
of magnitude greater. Also, the damping value in
the throttle mode is too high, at least tens of
newtons, which leads to increased energy
consumptions per a vibration process.
Therefore, the development of a new shock
absorber design is required, which would satisfy
VCM operating conditions to the fullest extent
possible.

3. Results
Let us consider the procedure of substantiation of
shock absorber parameters on the basis of
simulation of the VCM operating process (Figure
2).

Figure 2. Design VCM model:
1 — VCM housing; 2 — vibrator of directed
oscillations; 3 — shock absorbers; 4 — springs; 5
— basement; m — VCM mass with the material;
β — tilt angle of the disturbing force
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The VCM comprises housing 1 with the material
and is driven by vibrator of directed oscillations 2.
The VCM is mounted on basement 5 by means of
four springs 3 and four shock absorbers 4.
Forces acting on the VCM are described by the
following equation [8]:

)(tFPPPG dsi (2)

where Gк is the VCM weight; Pi is the inertia
forces; Ps is the spring force; Pd is the damping
forces of shock absorbers; F(t) is the external
force.
The external force produced by the vibrator varies
in time according to the law [1]:

),cos()( 0 tFtF (3)

where F0 is the amplitude value of the vibrator
disturbing force, N; is the frequency of
oscillations in the vibrator, sec-1; t is the current
time, sec.
The restoring force of the spring [5, 8] is:

,lсPs (4)

where c is the spring force, N/m; l is the spring
travel (deformation), m.
The damping force from the direction of the shock
absorber is:

,vkPd (5)

where k is the damping coefficient of the shock
absorber, Ns/m (newton per second/meter); v is
the travel speed of the shock absorber piston, m/s.
Then, the second law of Newton can be written in
the following form [8]:

).(tFvklcam (6)

This expression for the plane design case and the
so-called small forced vibrations [3] in the form
of a differential equation of the vibrating
conveyor motion will take the following form [2,
8]:

),()(2)(2)( tFyyktyctym (7)

where y is the value of movement in the direction
of the ordinate axis.
In order to simplify the model, tilt angles of the
disturbing force, axes of the shock absorbers are
selected the same, therefore, their trigonometric
functions are reduced in the equation.

Let us represent equation (7) in the following
form:

,
)(

)()()( 2
0 m

tF
tyhtyty ω (8)

where mkh 2 is the damping coefficient

of the shock absorber (coefficient of oscillations

damping), N∙s/(kg∙m); 21
0 2 mcω is the

natural oscillation frequency of the conveyor, sec-

1.
The following equation determines the established
amplitude of oscillations [9]:

2222
0

2
0ор 4 hmFA ω . (9)

The maximum value of the amplitude Аmax

corresponds to the cyclic frequency
22

00 2 hω which is somewhat less than

the natural cyclic oscillation frequency of the

system 22
0 hω .

.2 00max mhFA (10)

An increase in the damping coefficient h leads
to smoothing of the resonance curves A (Ω)
and decrease in Amax, i.e. to significant
weakening of the resonance phenomenon.
Resonance completely disappears, when

20ωh

Figure 3 shows the result of the Mathcad
calculation of the resonance amplitude in
dependence on the shock absorber damping
coefficient. Values of damping coefficients h of
the shock absorber resistance k are obtained based
on the calculation of the resonance amplitude. An
example of the Mathcad calculation for the test
bench showed that the damping coefficient should
be not less than 2,000 N∙c/m to limit the
maximum amplitude in the value of 0.01 m. This
is the maximum damping value which the shock
absorber shall develop.
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a
b

Figure 3. Dependence of the resonance oscillation amplitude of VCM Аmax on the damping coefficient
(a) and the shock absorber damping coefficient (b)

rod; l — distance from the sleeve to the piston; α — angle of shock absorber installation
The next task is to select a shock absorber with
the found oscillation damping characteristics. The
authors have developed several shock absorber
designs which meet this condition. The most
interesting is a design (Figure 4) obtained through
the modernization of the industrial prototype. The
shock absorber damping characteristics are
determined by the ratio of the amplitude to the
stroke of pistons l. When the oscillation amplitude
is below l, the liquid overflows through the gap

2rssr ddδ between the sleeve and the rod,

and when it is above l, the liquid overflows

through the gap 2s рsп ddδ between the

sleeve and the piston, which is significantly
smaller than the gap in the first case. Therefore,
the resistance to the liquid overflow  will be
greater in the second case, and the shock absorber
damping coefficient will also be greater.

Figure 4. Shock absorber of resonance
oscillations:
1 — cylinder; 2 — rod; 3, 5 — piston; 4 —
sleeve; 6 — alignment sleeve; 7 — gas piston; A
— gas zone; B — liquid zone; Gr— gravity force
of the rod with the piston; dp — piston diameter;

dr — rod diameter; ds — sleeve diameter; δ — gap
between the sleeve and the

The shock absorber operation is as follows.
The shock absorber is installed between the
vibrating and the base parts of the machine. In the
operating mode of the vibrating machine,
oscillatory motion of pistons 3 and 5 takes place
beyond hydraulic sleeve 4, i.e. the established
value of the amplitude Aop is less than the gap
value l. In this mode, the resistance to rod 2
motion is conditioned by the following forces: rod
friction at the contact spot with cylinder 1;
hydraulic friction of moving parts inside the
cylinder; the inertia of moving parts. The damping
coefficient of the shock absorber is minimum in
this mode.
But at the time when resonance occurs, when the
amplitude exceeds the value of l, pistons 3 and 5
will enter inwards hydraulic sleeve 4, which will
cause the liquid pushing through small gaps
between sleeve 4 and pistons 3 and 5,
accompanied by a sharp increase in the hydraulic
resistance. The shock absorber damping
coefficient will increase proportionally too. The
amplitude of resonance oscillations will be
decreased.

The required shock absorber damping
coefficient is set by the difference between the
internal diameter of hydraulic sleeve 4 and the
diameter of piston parts 3 and 5. The value of the
amplitude limit is set by the difference between
the width of sleeve 4 and the distance between
piston parts 3 and 5.
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Alignment sleeve 6 serves for guiding rod 2
movement strictly along the cylinder 1 axis. Large
gap between the central hole of sleeve 6 and rod 2
substantially eliminates the friction between them.
Perforations (holes) in sleeve 6 make the liquid
flow unobstructed in the adjacent inner space of
cylinder 1.

Pneumatic piston 7 compensates the change in
the internal volume of hydraulic space B during
the rod 2 movement.
Let us compose a mathematical model of shock
absorber operation. During shock absorber
operation, processes of compression and
expansion alternate. During shock absorber
compression, the energy of external forces is
expended for gas compression Pg, pushing liquid
Pl through the annular space between the sleeve
and the rod with the piston, overcoming friction
forces Pf in seals, inertia forces Pi and gravity
forces Gg of the moving rod with the piston:

αcosgGРРРРР iflgС . (11)

During rebound travel, the force in the shock
absorber is described with the following equation:

αcosgGРРРРР iflgЕ (12)

The main difference from automotive shock
absorbers lies in the process of forming the
resistance Pl to pushing the liquid through sleeve-
rod gaps with a low resistance and sleeve-piston
gaps with a high resistance. This resistance is the
greatest of all and has a major effect on the
formation of shock absorber performance. From
hydraulic calculations [7] it is known that the
value of resistance to the piston movement in the
sleeve is determined by the hydraulic resistance of
the liquid overflow through the annular gap:
a) at the oscillation amplitude, which is less than
the distance l, the liquid flows through the sleeve-
rod gap

,
2 22

22

1
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ррl
l Sg

Fvρ
P

μ
(13)

b) at the oscillation amplitude, which is more than
the distance l, the liquid flows through the sleeve-
piston gap

,
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P
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(14)

where lρ is the liquid density; vр is the piston

movement speed; Fp is the effective area of the
piston; Srs and Sps are areas of the annular gap
between the rod and the sleeve and between the
sleeve and the piston, respectively; μ is the flow
coefficient, depending on the shape of holes and
the liquid viscosity (0.65÷0.75).
The effective area of the piston and annular gap
during movement:
a) movement downwards

;42
рdF р π (15)

4
)( 22
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рs

dd
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b) movement upwards
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Figure 5 shows shock absorber performance
simulated in the Mathcad.

Figure 5. Shock absorber performance:
vw is the rod working in the operation mode of the
vibrating machine (in the moment of oscillation
axis crossing); vres is the rod working in the mode
of entering resonance It can be seen from the
diagram that it is the resonance velocity which is
limited by the damping force of the shock
absorber, and PE performance gives the most
explicit visual representation. The moment of the
force jump corresponds to the piston entry into the
sleeve space. The shock absorber begins to damp
sharply the oscillatory process, i.e. limit the
oscillation amplitude.
Superposition of the vibrating machine
performances (see Figure 3) and the shock
absorber allows selecting the required values of
the shock absorber damping coefficient in the
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operating and resonance modes (Figure 6), and
thus selecting the required values of the shock
absorber design parameters, namely: sizes of the
sleeve, pistons and the rod, and pressure in the gas
chamber.

Figure 6. Dependence of the shock absorber
damping coefficient on the vibrating machine
oscillation amplitude: Аw is the working
oscillation amplitude; Ares is the resonance
amplitude

4. Conclusions
The mathematical simulation of the oscillatory
process of the vibrating construction machine with
the installed damping device was carried out in
the article. The mathematical expression of the
damping coefficient value was obtained; this
coefficient ensures damping resonance
oscillations.
A new design of the hydraulic shock absorber for
the vibrating construction machine is described,
this design allows obtaining the minimum
resistance in the machine operating mode and
required resistance upon occurrence of resonance
oscillations.
A mathematical model of the joint operation of
the vibrating machine and the shock absorber was
compiled and implemented in the Mathcad
environment. Superposition of the vibrating
machine performances and the shock absorber
allows selecting the required values of the shock
absorber damping coefficient in the operating and
resonance modes, and thus selecting the required
values of the shock absorber design parameters.
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Abstract
Analysis of the technical condition of facades' external

wall structures in frameless large-panel residential
buildings of 137 series, located in residential areas of
Saint Petersburg, analysis of design concepts of wall
panels by material, types of vertical and horizontal
inter-panel joints were carried out.
Visual inspections of facade walls of 137 series large-
panel buildings were performed. Confirmatory
thermal-technical calculations for external walls were
carried out. Results of the technical condition
inspections of facade wall panels and their joints made
it possible to draw a conclusion about the need for
carrying out major repair of facades.
According to the results of the carried out analysis of
the present state of facade walls of large-panel
residential buildings, the study goal is the following:
development of scientifically substantiated options of
design considerations for major repair of facades'
external walls of 137 series frameless large-panel
residential buildings in Saint Petersburg for increase of
thermal-physical properties of external facade walls,
decrease in heat losses of the building as a whole and
improvement of the architectural expression of facades,
as a result of their major repairs.
To implement the set goal, the following two problems
were solved:
- a technology of thermal and hydraulic insulation of
inter-panel seams of external wall panels during their
repair with the use of modern materials of seam filling
was developed;
- options of facade insulation were developed on the
basis of the analysis of modern facade systems, taking
into account import substitution of materials and
structural details;
- a technological sequence of facade thermal insulation
arrangement in a large-panel building was developed
for various facade systems.
On the basis of the technical and economic comparison
of options of facade systems, an economically feasible
facade system for large-panel residential buildings of
137 series was chosen. The proposed option of the

facade system was submitted for consideration to the
Housing Committee of the Saint Petersburg
Government.
1. Introduction
Ensuring adequate living conditions and the housing
stock integrity is the priority tendency of the social and
economic development of the modern Russia.
Year by year the housing stock of Russia becomes
notably dilapidated, the service life and wear degree of
residential houses increases. According to the Russian
Federal State Statistics Service, more than 1.5 million
residential buildings in Russia today, wherein 45
million people live, need major repair. The area of
dilapidated residential space and hazardous dwellings
is 93.3 million m2 [1].
The problem of the housing stock reproduction is
relevant for Saint Petersburg too. The housing stock of
the city is characterized by a large number of buildings
built in different periods, which need major repair and
reconstruction. At the present time, 90.2 million m2 of
housing in Saint Petersburg have the dilapidation of up
to 30%, 29.2 million m2 of housing have the
dilapidation of 31–65%, 0.15 million m2 have the
dilapidation of 66%–70% and 0.03 million m2 of
housing have the dilapidation of more than 70% [1].
According to the Saint Petersburg Statistics Service,
992 houses have emergency structural elements,
including 353 houses in the Tsentralny District, 158
houses in Admiralteysky District, 147 houses in
Nevsky District, 138 houses in Vasileostrovsky
District, 116 houses in Petrogradsky District, 80 houses
in Kalininsky District of Saint Petersburg as of
01.01.2016 [2].
One of the most relevant tasks in the reproduction
process of the housing stock in Saint Petersburg is the
reproduction of the residential development of the
industrial house building period, as a result of major
repair.
According to [3], major repair of capital facilities
represent the replacement and/or the renovation of
building structures of capital facilities or elements of
such structures, except for load-bearing construction
structures, as well as the replacement of separate
elements of load-bearing construction structures with
similar or other elements, improving performances of
such structures, and/or the renovation of the specified
elements.
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Gradual transition from subjective selection of
residential houses for major repair to responsible
assignment in dependence on a building service life
represents a serious qualitative change in the approach
to major repair. One of the most important issues in the
organizational system for major repair of residential
buildings is determination of the time of the repair
beginning and its intervals. The analysis of the building
state in time shows a complex interconnection of a
“building – elements – time” system.
Non-fulfillment of the timely repair of structures leads
to the increased wear and a sharp increase of repair
cost. For example, rescheduling of major repair of a
standard panel five-storied building for 3–4 years after
expiry of the set time limits increases its cost by 18–
20%.
The most important part of the major repair
organization is the development of its strategy.
Theoretically, there are two repair options: according to
the technical condition, when the repair begins after
appearance of a fault; preventive repair, when the
repair begins before a fault occurs (in order to prevent
it). Studies showed economic and social advantages of
the second option.
The combination of two strategies is applied in
practical use of buildings in Saint Petersburg: major
repair is scheduled according to the useful life of a
building, and the volume of repair works is determined
according to the technical condition. According to [4],
the duration of the effective operation of large-panel
buildings is 15–20 years before their scheduling for
major repair. Such a combined strategy should be
considered as the transition stage to the system of
preventive repairs.
The goal of the state policy in the field of major repair
of common property in multi-apartment buildings is to
create and provide sustainable functioning of regional
systems for major repair of common property in multi-
apartment buildings which ensure its timely
implementation, the required quality and reasonable
costs of works (services) with a gradual transition from
prevalence of the system of the state organization of
major repair through the system of regional operators
to prevalence and distribution of the model of major
repair organization through a system of special
accounts.
In 2014, regional major repair systems were launched
in the Russian Federation. These systems are based on
the major repair funding at the expense of property
owners in multi-apartment buildings [5, 6].

2. Methods
Considering issues related to solving tasks of major

repair of residential buildings, the authors of this
article, who are members of an expert group of the
Government of Saint Petersburg on issues related to the
implementation of the regional program for major
repair of common property in multi-apartment
buildings of our city, consider the development of
design decisions for major repair of facades of panel
multi-apartment buildings, constructed in the period of

the 1970–1980, to be one of the topic issues. It is
known that numerous defects and damages, which take
place during the long-term operation of frameless
large-panel buildings, include, first of all, defects and
damages in external wall panels and inter-panel joints.
Special attention should be paid to the condition of
sealing and strengthening of horizontal and vertical
expansion joints, availability and nature of cracks in
the main layer of wall panels and their texture layer
with regard to walls of large-panel buildings.
Approximately 30–35% of leakages, frost penetrations,
breaking-down of the internal finishing of rooms,
peeling and breaking-down of the external finishing of
large-panel building walls is due to unreliable sealing
of joints of wall structure elements. This is due to the
incompleteness of design solutions, poor-quality joint
sealing, etc. In order to reveal non-compliance with
regulatory requirements, it is necessary to know these
requirements very well. The most important of all
existing operating requirements are considered below.

Joints of panels shall meet the following
requirements: water intrusion protection by means of
sealing mastics, subject to the technology of their
application, and qualitative preparation of the surface;
air protection by means of sealing gaskets made of
porous elastic insulation, porous rubber gasket, sealing
cord, oakum and other materials with compulsory
squeezing of not less than 30–50%; thermal protection
by means of the installation of thermal insulation
blocks. Standardized opening of joints as a result of
temperature deformations is 2–3 mm for vertical joints
and 0.6–0.7 mm for horizontal joints.

Water intrusion protection in sealed joints is
achieved with the help of a sealant, i.e. an air sealing
material with compulsory squeezing of 30–50%;
thermal insulation — with thermal insulation blocks or
arrangement of haunches with a width of at leats 300
mm. Leaking end joints shall be sealed from the
outside with effective sealing materials (elastic gaskets
and mastics).

Maintenance of walls should be carried out during
the entire period of operational service. Minimum
effective service time for walls is 50 years for large-
panel buildings with mineral wool insulation, and for
large-panel single-layer lightweight concrete structures
— also 50 years. Minimum service time for sealed
joints is 80 years for panels of external walls with non-
hardening mastics; for panels of external walls with
hardening mastics — also 80 years, and 60 years for
joints of windows and door blocks connected to faces
of openings.

3. Results
To ensure the leak proof of joints, it is necessary to

carry out preventive activities for sealing of joints and
repair of wall panels within the time frame preventing
the loss of their operating ability. Planning the
development of design solutions of the facade major
repair, the expert group selected standard 137 series
frameless large-panel residential buildings in Saint
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Petersburg, built in the 1970s, as the object of the
study.

A brief specification of this series is as follows: the
building structural scheme is frameless with
longitudinal and transverse bearing walls; foundations
are piled.

External walls are suspended and self-supported
(projection walls), 1,000  = .kg/m³ ץ  The bond of
external walls is single-row. Structural concepts of
external longitudinal walls are single-layer claydite
concrete panels, 300 mm thick. External face of wall
panels is finished with a layer of ceramic tiles on 30
mm thick cement mortar; internal face — on 15 mm
thick cement mortar.

Basement panels are claydite concrete, 300 mm
thick under the suspended walls, and 450 mm thick
under the bearing end walls. Floor structures are
reinforced concrete flat panels, 160 mm thick.
Projecting and recessed balconies and bay windows are
made of heavy reinforced concrete. Panel joints of
external walls: for series 137 — vertical with labyrinth
joint and with self-fixing elements in the form of
inserted locks. The pit is infilled with claydite concrete.
Horizontal joints are with a protective “tooth”, the
panel is installed on the cement mortar in the area of
the floor slab support, with caulker’s oakum in the end
of the floor slab. Sealing mastic is applied along
sealing gaskets, followed by a protective layer.

In 137.11, 137.12 and 137.13 series with a labyrinth
joint and welded joints, self-fixing is absent. In
137.13.2 and 137.12.2 series with a symmetrical joint
on welded joints, self-fixing is absent. Stairs:
reinforced flights and landings. The roof is made of
prefabricated reinforced-concrete thermal insulation
slabs. The roof has a warm through attic and roofing
from the rolled material. Downpipe: internal. In Saint
Petersburg, panels are manufactured at DSK-2 factories
(Obukhovsky, Polyustrovsky, and Parnassky).

According to the developed technique of major
repair of frameless large-panel building facades, visual
or visual-tool inspection is needed for detection of
defects, causes of their occurrence and their further
elimination. During he study, the authors proposed the
technological sequence of works aimed at visual
inspection of panels and joints of external wall panels
of frameless large-panel buildings:

1. Exterior check of wall panels of the building is
performed. Maps of panel defects and damages,
including basement and parapet panels, are drawn up.
Panels, which have signs of joint damages, are marked
out. Photo fixation of the most dangerous defects and
panel damages is carried out.

2. Thorough selective inspection of joints of external
wall panels is carried out. All joints of external walls in
the places of location of kitchens, balconies (recessed
balconies), including staircase galleries, are inspected.
If any types of joint damages are detected, they are
opened and cleared from the inside of the building
premises. Special attention is paid to corner assemblies
of panel joints (when 4 panels are connected). This

assembly is opened for inspection of inserts and their
mounting studs.

3. Inserts and studs are cleaned of residual concrete
and dust. Then they are inspected to assess actual
percentage of corrosion damages of inserts and studs
made of reinforcing bars.

4. If corrosion of metal elements is detected,
technical solutions for restoring the needed
serviceability of joints are developed.

5. Duplicate studs made of reinforcing bars are
welded to the inserts of panels. After welding of rods,
the opened assembly is foamed with frothing mastics.

An important stage in the process of major repair of
inter-panel joints of frameless large-panel building
external wall panels is their thermal and hydraulic
insulation.

The technology of thermal and hydraulic insulation
of inter-panel joints of external wall panels upon major
repair of residential buildings, developed by the
authors, provides for repair operations in the following
sequence:

1. Removal of old external insulation and thermal
insulation inside the joint.

2. Cleaning of the panel edge from dirt and
stratifications.

3. Leveling of the panel edge with cement repair
composition.

4. Stripping the masking tape on both edges of the
joint.

5. Putting the foamed polyethylene cord “Vilaterm”
into the joint.

6. Laying mineral wool into the joint (according to
GOST 31913-2011).

7. Putting the second layer of “Vilaterm” into the
joint.

8. Application of the “Sika Primer 3N” primer in the
area of glue pasting.

9. Application of the EUROLASTIK TK 51 glue
paste with the help of a spray gun onto the surface
prepared with the primer.

10. Application of the “EUROTEK TK Fugenband”
polysulfide tape.

11. Smoothing of the edge with a spatula.
12. Removal of the masking tape.
13. Smoothing of the bevel with a spatula.
14. Butt splice of the tape with strengthening from

the back side.
In the process of visual inspections, on the basis of

confirmatory thermal-technical calculations for
external wall panels of the standard 137 series, it was
established that the external panels of this series met
thermal-technical requirements only in 40%, according
to the requirements of energy saving. Additional
thermal insulation of external walls is required.

The authors developed an option of facade
insulation of series 137 large-panel buildings with
thermal insulation plaster, i.e. a non-ventilated facade
system. For the proposed plastering system for repair
and thermal insulation of facades of large-panel
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buildings, the following materials, including materials
of import substitution, are recommended:

1. Materials for repair and leveling of the concrete
surface (thixotropic fast-hardening dry repair materials,
ultimate compressive strength — 30–40 MPa, adhesion
to concrete — not less than 1.7 MPa, maximum
aggregate fineness — 0.63–1.25 mm):

- RUNIT, finishing repair fast-hardening
composition (Russia, Saint Petersburg);

- Hydrocem R3 T300 FINISH (Russia, Saint
Petersburg);

- BIRSS RSM-350-2M (Russia, Moscow);
- MasterEmaco N 5100 (Germany, there is also a

plant in the Moscow Region);
- Planitop 400 (Italy);
- Sika® MonoTop®-620 (Switzerland, there are also

plants in the Tver Region and Moscow Region).
2. Profiled drainage membrane (profile height — 8

mm).
3. Thermal insulation plaster (thermal conductivity

factor — not more than 0.1 W/m K, ultimate
compressive strength — not less than 2.0 MPa).

4. Welded galvanized mesh, 20×20 1 mm.
5. Anchor system for wet facades.
6. Decorative plaster (rough coating).
7. Structures for expansion joints.
8. Facade paint.
The authors developed the following technological

sequence for thermal insulation of large-panel building
facades:

1. Mechanical cleaning of the surface from peeling
elements of surfacing and destructed concrete is
performed. The surface of areas to be repaired is
cleaned from dust with compressed air and primed with
a polymer primer. A repair composition is applied on
the areas where concrete or decorative elements are lost
to level flush with the surface of panels.

2. A profiled drainage membrane is installed to
serve as an element forming a ventilated air gap
between the external surface of a panel and a layer of
thermal insulation plaster.

3. Spacers for thermal insulation plaster are installed
and fixation of a galvanized welded mesh is carried out
(these spacers can serve as additional fixing for the
drainage membrane). The number of spacers is
determined at the rate of 6–7 units per one square meter
of the wall surface.

4. Thermal insulation plaster with the total thickness
of up to 40 mm is applied.

5. Expansion joints are arranged. It is recommended
to arrange them with the method of cutting along the
plaster layer with the subsequent treatment of cut edges
with strengthening polymer primer and further
installation of an overlaid structure.

6. Mineral decorative plaster is applied. The plaster
is applied with the thickness equal to the size of the
aggregate grain (1.5–3 mm).

7. Facades are painted with acrylic paints.
The estimated cost of works performed during the

repair of facades is around 6,800 RUB/m2 for sealing

of joints and thermal insulation of external walls with
plaster.

The authors also developed an option of 137 series
large-panel building facade thermal insulation in the
form of a suspended facade system, which has the
following advantages:

- Ventilated facades have excellent thermal and
sound insulation properties, and perform decorative
and protective functions. Various surfacing materials
allow creating a wide range of design solutions for
building appearance. Ventilated facades protect walls
from weather, temperature and other impacts.

- Facades can be installed both on old buildings and
on buildings under construction. Preparation of walls
for installation of facades is not required. In this case,
the prime cost of installation works is significantly
reduced.

- Due to generality and multi-functionality,
ventilated facades have no restrictions with regard to
installation; they can be installed on buildings with
wooden, brick, stone or concrete walls. Structures are
mounted both on multi-storied modern houses and on
outdoor concession stands.

A suspended ventilated facade is a technology of
facade implementation, a system, which consists of
surfacing materials that are attached on a galvanized
steel frame, a stainless steel frame or an aluminum
frame to the load-bearing wall layer or floor structures.
Air circulates freely through the gap between the
surfacing and the wall, removing condensate and
moisture from structures.

An effective heat insulator is attached to the wall by
means of disk-shape dowels or flexible connections for
additional insulation of building walls. Extruded
polystyrene foam PENOPLEX is often recommended
to be applied on the basement part of the building. It is
not pervious and does not absorb the moisture. The
space between the insulation and the facade of the
building should not be less than 40 mm (from 20 to 50
mm according to different sources; the greater values
of the gap are accepted in Russia than in the USA and
Europe).

We suggest a wide range of finishing materials for
surfacing of suspended ventilated facade systems of
frameless large-panel buildings: fiber-cement panels,
metal siding, aluminum composite panels, ceramic
granite, vinyl siding, glass panels, and fiber cement
siding.
Various design solutions of the ventilated system of
thermal insulation and finishing of external walls of
frameless large-panel residential buildings are
developed and recommended.

4. Conclusions
As a result of the carried out studies, upon execution of
the set tasks, the authors developed:
- the technology of thermal and hydraulic insulation of
inter-panel joints of external walls of standard series
137 large-panel buildings during their repair with the
use of modern materials of joint filling;
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- options of facade insulation on the basis of the
analysis of modern facade systems, taking into account
import substitution of materials and structural details;
- a technological sequence of facade thermal insulation
arrangement in a large-panel building for various
facade systems.
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1 Introduction
Implementation of the Russia's development strategy
requires searching new approaches to the regulation of
economy leading sectors' activities. Construction is the
priority area of the economy, which directly affects the
quality of life of the population. The dynamics of
construction is one of the key indicators, by which it is
possible to judge the economic and social development
of the country. Along with this, reforms carried out in
recent decades in Russia have revealed problems in all
areas of the economy, including construction. First of
all, they include the low specific weight of qualified
blue-collar personnel; non-development of the
competitive environment, due to the relatively low
proportion of small and medium-sized enterprises in
the structure of the construction sector; unformed
legislative base governing the construction sector; low
effectiveness of investments; non-compliance of
construction norms and rules with modern
requirements for construction facilities; lack of a well-
developed mechanism for coordinating inter-firm
cooperation. The latter circumstance has a dominant
character, since it directly affects the occurrence of
other problems facing the construction sector.
Problems of the organization of various systems of
inter-firm cooperation in Russia are not new and
underwent a number of fundamental changes, the
essence of which reduces to the evolution of industry
management forms. However, realities of the market
economy require a fundamentally different
involvement of the state in the regulation of industry
sectors and nature of interaction between commercial
entities. The role of other institutions that affect
functioning of the investment-construction sector
significantly increases: firstly, of research and
educational institutions as sources of the knowledge
production; secondly, of professional organizations as
institutions for cooperation and coordination of
activities as well as promotion of cluster initiatives. All
these circumstances bring to the fore the cluster policy
that can significantly influence both the
competitiveness of the sectors themselves and the
competitiveness of the national economy.
2 Methods
The goal of this work lies in scientific justification of
the directions to improve the effectiveness of the
construction sector on the basis of integrating of its
participants.
The goal is achieved by solving the following tasks:

to reveal peculiarities of the formation and
functioning of industrial sectors in the Russian
economy;
to identify the role of the cluster policy in the
development of the construction sector under
conditions of the market economy;
to determine institutional characteristics of the
regional construction clusters' functioning;
to propose tools for cluster policy implementation
in the development of the construction sector.

Scientific novelty lies in the development of a cluster
model of "state–construction sector–higher educational
institution" interaction, wherein the institutional (state
(regional, municipal) bodies, public and professional
communities, research and educational centers, small,
medium and large organizations of the industry,
infrastructure of the cluster) and organizational
(regulatory support, methodological support,
organizational support, technical support, informational
support) subsystems of the investment-construction
cluster' functioning are revealed. Introduction of this
model contributes to the growth of employment and
entrepreneurial initiative, raising of living standards of
the population, integrated use of domestic resources,
development of domestic markets, infrastructure,
competitiveness of construction companies,
development of associated industries and territories.

The work is based on the study of features of
integration processes in the planned, market and
transformation economies described in the works of
Russian and foreign scientists. The nature, reasons and
consequences of the integration of market participants
are investigated in the works of Andersson T. [1],
Laffer A. [2], Porter M. [3, 4, 5], Oliver E. Williamson
[6], Enright A. [7] and Arrow K. J. [8] from the
standpoint of various schools and trends. In the Russian
science, the works of Asaul A. N. [9, 10], Dubrovskiy
V. Zh. [11], Markov L. S. [12], Tokunova G. F. [13,
14] and others are dedicated to this issue.
Besides, certain aspects of the organization and
functioning of clusters in the construction sector are
considered in the works of Volkova N. N. [15],
Lisichkin V. A. [16], Loydesdorff L. and Etzkowitz H.
[17, 18], Matkin G. [19], Savelieva I. P. [20], Suvorova
A. P. [21] and others.
3 Results
The construction sector as a concept in the Russian
science was formed only in the 1980s and comprised
specific conditions of its functioning not within the
framework of a narrow industry-specific approach, but
as a sphere with a high multiplicative effect due to the
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inter-industry nature of the interaction of construction
sector members in the territory of a certain region.
Transition to market relations required direct
interaction of construction and investment activities in
the form of capital investments. Stepped-up
construction of real estate for production and non-
production purposes was a result of this interaction.
Besides, the concept of "investment-construction
sector" appeared in this regard.
Organizational changes in the economy (increasing
competition, increasing role of small and medium-sized
enterprises determining flexibility of production
communications, increasing role of innovations,
convergence of interests of large corporations, greater
value of information as a factor in production,
development of new management methods and many
others) required a review of the organization of
conventional structures of interaction of business
entities, which acquired more flexible and dynamic
nature in modern conditions. As a result, sectors are
replaced by inter-industry clusters. The production
structure of a cluster is characterized by tighter
engineering communications than the traditional
sectoral structure, which determines its
competitiveness.
The main subjects of the construction cluster are the
following: small, medium and large construction
companies, contracting agencies and supplying
organizations, market infrastructure companies (credit,
insurance, leasing, logistics companies, commercial
agents, real estate organizations), research and
educational organizations, professional and public
organizations (unions, associations, self-regulating
organizations), business associations, chambers of
commerce and industry, cluster infrastructure (cluster
council, small and medium enterprise support funds,
technology parks, business incubators, etc.).
The complex inter-industry nature of interaction within
the construction cluster requires a review of approaches
to the development regulation of both the cluster and
the construction sector as a whole. This is also driven
by a changing role of the state, which becomes an
equal participant in economic transformations within
the cluster, when advantages of private enterprises are
combined with the capabilities of the public sector.
Considering the construction cluster as a system, we
can point out the following main characteristics: first of
all, it has a complex structure and includes a number of
subsystems interacting in a certain way; secondly,
being open from one side, it is detached from the
external environment on the other side, constantly
interacting with it; thirdly, it is partially controlled, i.e.
it combines elements of centralization and elements of
self-organization and self-regulation under
independence of business structures; fourthly, it is
spatially localized, therefore, its development is
inseparably connected with the development of the
surrounding space.

The following properties are characteristic for the
regional investment-construction cluster as a system:
1) properties related to the system structure:

emergence: it occurs when elements and links are
combined, when system quality and properties are not
reduced to its separate elements (non-additivity);

hierarchy: it is a way of arrangement and
organization of complex systems, that ensures its
stability in relation to external influences;

divisibility: it is a possibility to divide into
subsystems that are in a certain interaction with each
other;

integrity: it is a cohesion of its main elements;
probability: the number of elements and links

between them cannot be fixed accurately in advance
and for a long time;

multicriteriality: it implies multiple goals of
functioning;
2) properties related to the system functioning:

integratedness: it is incorporation of elements,
deepening of their interaction and development of
connections between them;

adaptability: it is an ability of the system and its
separate elements to adapt to the changing conditions
of the external environment;

equilibrium: it is a state of the system,
characterized by presence of balance and stability;

dynamism: it is a capacity of the system for
continuous changing and development;

feedback: it is information about the state of a
control object and its response to the control action;

management: it implies an impact on the system in
order to obtain the desired result.
While functioning, clusters are guided by a number of
principles that can be divided into general management
principles, special principles for managing sectoral
clusters, and principles governing members that make
up the cluster (Table 1).
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Table 1. Principles of functioning of the regional investment-construction cluster
No. Principle Description

1. General principles

1.1
Scientific approach Control of the cluster activities should be based on the system

analysis and other scientifically sound methods

1.2
Combination of sectoral and territorial
interests

Serving the interests of investment-construction entities with
simultaneous consideration of interests of the region inhabitants

1.3
Consistency and integrity Application of principles of the theory of systems in combination

with comprehensive coverage of both regulated and regulating
subsystems

1.4
Accounting for historical, geographical,
economic, sociocultural and other
parameters of the region development

Use of all control methods is inseparable from characteristics of
the region

1.5
Effective combination of positive synergy
in activities of organizations located in
the region, and competition between them

Increase in the efficiency of activities as a result of joining,
integrating and merging of separate parts into a single system due
to emergence and simultaneous contest between its elements

2. Special principles

2.1
Large-scale implementation of
innovations into production

Use of innovations in engineering, technology, work organization
and management, based on application of scientific achievements
and best practices

2.2

Free distribution of information within
the cluster

Conditioning for free distribution of information, as well as
provision of management systems with means for search,
accumulation, storage, processing and transmission of information
using computer and other equipment

2.3

Access of all participants to tangible and
intangible resources of the cluster, as well
as to the results of the cluster activity
(equal rights of all cluster members)

Ensuring equal rights and obligations of all cluster members, as
well as state guarantees and guarantees of local self-government
bodies

2.4
Maximum use of local resources for the
needs of the cluster

The principle is based on the idea of local development of the
region

2.5
Development of various integration types
of interaction within the cluster

Coexistence of soft and strong forms of integration of cluster
members

2.6
Development of inter-industry, inter-
regional and international connections

A cluster as an open system can exist only in conjunction with the
external environment

2.7
Development of small and medium
enterprises

Implementation of the cluster policy implies multiplicity of
investment-construction entities

3. Principles of activity control for cluster members

3.1
Economic, social, ecological efficiency of
activities within the cluster

When calculating efficiency, it is necessary to follow the overall
efficiency of activities of cluster members, including economic,
social and environmental efficiency

3.2

High performance as a result of
interaction with other cluster members

Interaction of cluster members in the value chain leads to the
concentration of efforts that reduce the threats of the external
environment impact and increase the efficiency of their activities
(synergy)

3.3

Maintaining a high quality of products
(works, services) while reducing their
cost price

The interaction effect leads to emergence of embeddedness,
displacing motivation from the immediate economic gain towards
enriching ties with trust relationships; besides, sustainable links
lead to savings in the number of costs, primarily transaction costs

3.4
Maximum satisfaction of effective
demand

The cluster structure allows flexible responding to changes in
effective demand

3.5
Flexible strategy of behavior within the
cluster

The flexibility of the organizational structure generates a flexible
strategy for behavior of cluster members in the economic area
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General principles come from the theory of
management and define general requirements for
economic systems; special principles and principles for
regulating activities of the constituent members of the
cluster determine the nature of links within the cluster,
requirements for the cluster management structure, the
nature of management decision-making regarding the
functioning and development of the cluster.
Effective functioning of the construction cluster is
possible under a balanced development of its main
subsystems, including the following:
1. Institutional subsystem: state (regional, municipal)
bodies, public and professional communities, research
and educational centers, small, medium and large
organizations of the industry, infrastructure of the
cluster.
2. Organizational subsystem: regulatory support,
methodological support, organizational support,
technical support, informational support.
State, regional and municipal authorities. A regulating
subsystem defining the framework conditions for the
functioning of the cluster includes various departments,
committees and bodies that represent interests of both
the state and regional municipal authorities. They are
represented by the following bodies:
1. Departments of the Ministry of Regional
Development of the Russian Federation.
2. Branch executive bodies of the state.
3. Branch structures of federal authorities.
The principal mission implemented by the system of
the state regulation of the construction cluster is
solving of issues of the reproduction of economic,
social and natural resources in the region.
Besides, the functioning of the construction cluster
depends on activity of various engineering
departments, institutions and organizations that
determine conditions for the operation of construction
objects.
University academic organizations act as the main
member which is a carrier of knowledge and
innovations in the cluster.
This is due to the fact that universities, besides their
basic function of the training of specialists for the
needs of the construction sector, become business
entities within the framework of entrepreneurial
structures, such as resource centers, small innovative
enterprises, and technological platforms.
The cluster council is the main coordinating member in
the cluster. The head of the cluster council is a
manager, whose duties include coordinating activities
in the following areas:

determination of the feasibility of the cluster
in the region;
determination of industry affiliation and
cluster type, initial analysis of the cluster
environment;
cluster team building;
determination of desired results and drawing
up of a schedule plan;

drawing up of a plan of priority actions and its
implementation;
defining of the cluster development, updating
of the cluster development plan;
monitoring of the cluster development;
alignment of technological chains between all
clusters of the region.

Information support. Such a number of regulatory
bodies and entities carrying out scientific and technical
activities requires the coordination of their actions,
which is impossible without an effective system of the
technical and information support of the
communication process in decision-making. The
information base should include the following sources:

databases of studies conducted (analytical,
expert) and forecasts for the development of
the investment-construction sector, national
and world economies;
regulatory sources, concepts of the national
economy development and long-term
development plans of the country;
analytical studies, forecasts and plans of
industry and professional associations and
self-regulatory organizations.

Information sources are represented by statistical data,
analysis of patent information, results of expert panels,
data obtained in the result of application of
scientometric and bibliometric methods in solving
information retrieval problems, i.e. quantitative
analysis of documentary flows (statistical method,
counting of publications, quotation indices).
Cluster infrastructure. Effective functioning of the
cluster implies an integrated infrastructure consisting
of the following:

market infrastructure companies (credit,
insurance, leasing, logistics companies,
commercial agents, real estate organizations);
cluster infrastructure (small and medium
enterprise support funds, technology parks,
business incubators, credit promotion funds,
investment funds, etc.).

A number of approaches to cluster model engineering
have been developed; they are as follows:
The first one is "top-down", which implies initial
formation of bodies of advisory coordination and
monitoring, defining of strategies for the cluster as a
whole and its resource support.
The second one is "bottom-up", providing for the
development of programs integrating the cluster
members.
The third one is mixed and characterized by
simultaneous development of the first two indicated
approaches.
In our opinion, only the latter approach meets the
requirements of creating a viable construction cluster to
the full.
The efficiency of the functioning of the construction
sector can be assessed on the basis of integration of its
participants at the following levels: cluster control
system, development of the construction sector,
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development of inter-industry (inter-regional,
international) connections, social and economic
development of territories.
Assessment should be carried out in several successive
stages:
Stage 1 — preparation: defining targets and tasks of the
assessment of the cluster state; statement of the
problem that would be revealed during the assessment;
formulation of a hypothesis that would find
confirmation during the assessment, selection of
criteria, quantitative and qualitative assessment
parameters, development of the assessment
methodology.
Stage 2 — assessment: gathering information on the
socio-economic status of cluster members and the level
of the regional development in dynamics; analysis of
internal and external factors of the social and economic
development of cluster members and the level of the
region development; interpretation of the data obtained
during the assessment.
Stage 3 — drawing conclusions and presentation of the
assessment results: summarizing of the results obtained
during the assessment; drawing conclusions and
recommendations for the improvement of the
efficiency of the cluster policies; preparation of a final
report.
The result of the assessment is drawing conclusions
and presentation of recommendations for the further
socio-economic development of clusters.
4 Conclusions
Implementation of the cluster policy would benefit all
the following cluster members:
regional authorities, acting as participants in the cluster
policy would receive access to reliable information on
activity of economic entities and the state of the
regional market, which is a prerequisite for the
development of sound strategic plans and development
programs for territories, increase in domestic regional
product, raising of the reputation of the territory at the
national and international levels;
construction and related organizations: comfortable
conditions for business; additional opportunities for the
development of small and medium enterprises; sources
for minimizing costs, including transaction costs;
opportunities for improving the quality of construction
products; access to necessary resources, including
qualified personnel;
educational institutions would be more actively
involved in the training and development of personnel,
which would increase their competitiveness in the
market of educational services;
research and development institutions would fulfill
their capabilities in the field of development and
implementation of results of their activity, which, in its
turn, would promote the development of innovations in
construction;
population: raising of standards of living through
additional employment opportunities, increase in
housing affordability, obtaining of quality goods and
services, etc.
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Abstract
The mixed boundary problem for elastic layer,

shear modulus of which varies exponentially in depth,
is considered  in this paper in the formulation of the
mathematical theory of elasticity. Lower face of layer
is rigidly clamped.  Component of the elastic
displacements is given on its upper face, on systems of
intervals. On the rest of upper face of layer tangential
stresses are zero. It is assumed that the layer is at anti-
plane  deformation  of  lateral  displacement in the
direction of one of the coordinate axes. We discuss two
formulations of the problem, when on the system of co-
linear intervals of the upper bound component of
displacement is given directly and there is need to find
a law of distribution of tangential stresses providing
preassigned displacement mode. In the second
formulation considered problem of   transmission of
tangential strains from the co-linear system of stringers
to the elastic layer. The known model of Melan for the
stringers is applied at the same time. Solutions of the
assigned tasks are reduced to the solution of singular
integral equations in both of formulations, which are
solved by known numerical analytical method. The
explicit formulas for contact stresses and coefficients
of their intensities are obtained and the numerical
analysis in particular cases is presented.

1. Introduction
We consider the problem of contact transmission of

tangential forces from the system of any finite number
of collinear stringers to the elastic inhomogeneous
layer at anti-plane deformation in two formulations.
The problems of described type are concerning to the
class of mixed boundary problems of the mathematical
theory of elasticity and classical contact problems of
the theory of elasticity. They are connected with
important problems of engineering practice about
transmission of external loads from thin –walled
elements in the form of stringers to massive
deformable bodies. The need for research of this class
of problems is dictated by growing demands of
structural mechanics, mechanical engineering, aircraft
building, measuring mechanics, mechanics of

composite materials and other fields of applied
mechanics. In view of its relevance, they became the
subject of research by many authors and many works
have been devoted to them. In this article, summarizing
the results of the paper [4,5], within the framework of
the physical model of Melan for the stringer at the anti-
plane deformation [6] solution of the considered
problem in two statements is reduced to the two
singular integral equations with very close analytical
structures. These SIE are solved by known numerical-
analytical method of solution of SIE [7-9], based on
quadrature formulas of Gauss for Chebishev nudes.
Main characteristics of the problem, i.e. tangential
contact stresses under the stringers, coefficients of their
concentrations at the endpoints of the stringers are
presented by explicit formulas, particular cases are
considered.

2. The formulation of the problem and
derivation of the basic equations

Let an elastic layer , ;x z

0H y referred to the right-hand rectangular

coordinate system Oxyz has a height H and  a shear

modulus G , which is varying  in depth according to
exponential low

0 , 0yG G e const H yα α .
Further, let the lower face y H of the layer be

rigidly pinched, but on the upper face 0y along the

system of segments
1

n

k k k k
k

L L L a x b be

strengthened by the collinear system of stringers in the
form of elastic bands

;k k ka x bω 0 ; (k 1,n)ky h z ,

which have kG shear modules and kh heights (fig. 1).

Fig. 1 Contact of the finite stringers with an elastic
exponentially inhomogeneous layer

Assume that on the upper face ky h of  the strip

kω , in the direction of the axis Oz , are acting



9th INTERNATIONAL CONFERENCE ON CONTEMPORARY PROBLEMS
OF ARCHITECTURE AND CONSTRUCTION Batumi, Georgia (September, 2017)

( )kT x

( ) ( ; k 1,n),
k

yz k k ky h
T x a x bτ

yzτ tangential stresses.

Furthermore, assume that on the boundary sections

kx a and kx b of the strip ( 1, )k k nω in the

direction of the axis Oz uniformly distributed along

the axis Oz tangential concentrated forces (1)
kS and

(2) ( 1, )kS k n are acting, respectively.

Under the action of those power factors the system
of stringers-layer is at the anti-plane deformation in the
direction of axis Oz by the baseband

0 ; 0x H y

In the first formulation of the problem it is required
to determine tangential contact stresses ( )xτ under

the stringers, when the stringers are at the action of the
given strain, i.e. the functions

0
( ) ( ; k 1,n),yz k k ky
x a x bτ τ

and the coefficients of concentration of those stresses
at the end-points of the stringers.

We will introduce equations of considered problem.
For this purpose, we use expressions for the movement
of the boundary points of the strip 0 , at 0y .

According to the results obtained in paper [4], in this
case we have

10

2
( ,0) ( ) ( ) ( )

k

k

bH n

k
k a

e
w x L x s s ds x

G

α

τ
π

(1)

2 2

0

( 2) cos( )
( ) ; 4

( 2)

th H x
L x d

th H

μ λ λ μ α λ
μ α μ

,

where ( , 0)w x are displacements of the boundary

points of the strip 0 (y 0) in the direction of the

axis Oz .
From the formula (1), after the differentiation with

respect to x , we obtain

10

( ,0) 2
( ) ( ) ( )

k

k

bH n

k
k a

dw x e
M s x s ds x

dx G

α

τ
π

(2)

0

( 2) sin( )
( ) .

( 2)

th H x
M x d

th H

μ λ λ λ
μ α μ

Next, we will write differential equation of
deformation of the k-th stringer by the model of Melan
at the anti-plane deformation [6]

2

2
; 1, ,k

k k k k k k

d w
h G x T x a x b k n

dx
τ (3)

where ( )k kw w x is the component of displacements

of the points of the k-th stringer in the direction of  the

axis Oz . The condition of equilibrium of the stringer
has the form

(2) (1) ( 1, ).
k k

k

k k

b b

k k k

a a

x dx S S T x dx k nτ (4)

Integration of (3), gives us

(1) (2)1 1
sign

2 2

; 1,

k

k

b

k
k k k k

a

k k k k

dw
h G S S x s

dx

s T s ds a x b k nτ

5)

Let us substitute expressions for
dw

dx
and kdw

dx
,

from (2) and (5) respectively, into the following

condition of contact of the elastic strip 0 and the k-th

stringer

,0 kw x w x or

,0
; 1,k

k k

dw x dw x
a x b k n

dx dx

After the simple transformations relative to the

unknown tangential contact stresses ( )k xτ , we will

come to the following SIE:
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where the

first integral at s x is understood in the sense of the
Cauchy principal value. Solution of the SIE (6) should
satisfy the condition (4).

In the second formulation of the problem we will
assume, that in advance the mode of  transmissions of
stringers is given, that means in differential equations
(3)  are given the functions

( ) ( ) ( ; 1, ).k k k k kw w x f x a x b k n

That is required to find lows of distributions of

tangential contact stresses ( ) ( 1, )k x k nτ . After that

from equation (3) to determine functions

( ) ( 1, )kT x k n , which are the lows of loading of

stringers by the tangential distributed forces.
The second staging of the broblem leads to the mixed

boundary problem for the elastic strip 0 , when its

lower face y H is rigidly pinched, and on the upper

face 0y on complex of segments L is given

component of transmissions
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( ,0) ( ) ( ) ( ; 1, ),k k kw x f x f x a x b k n (7)

and on the rest of the upper face of the strip 0

tangential forces are equal to 0. For completeness of

the problem, on each of the segments kL of the system

L must be given resultant kT of the of the unknown

tangential stresses ( )k xτ :

( ) ( 1, ).
k

k

b

k k

a

s ds T k nτ (8)

In the second staging of the problem we will derive
basic equations of the considered problem. For this
purpose we will again use condition of contact

( ,0) ( ) ( ) ( ) ( ; 1, ).k k k kw x w x f x f x a x b k n

After that, by the help of (1) relative to the

unknown contact stresses ( )k xτ , we will come to the

following integral equation of Fredholm of the first
kind

0

1

1
( ) ( ) ( ) ( ; 1, ).

2
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α

τ
π

After differentiation of both of sides of that
equation by x and highlighting singular part of the
core, it will come to the following determining SIE of
the problem from the second formulation

0
1

1 1
( ) ( ) ( )

( ; 1, ).

k
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ατ
π (9)

Solution of the  SIE (9) should satisfy the

conditions (8). We note, that from the core ( )R s x

that is possible to isolate discontinuous core

sign( )s x , after that SIE (6) and (8) actually will have

the same analytical structures. Therefore, further we
can confine oneself to one of them, for example SIE
(9).

3. The solution of the SIE (9)-(8) by the

numerical analytical method

At first in SIE (9) we will go to dimensionless
quantities

0 0(0)
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where a -some characteristic linear parameter, for

example, 1a a ,  if 1 0a . As a result SIE is coming

to the folloing form
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In this dimensionless quantities conditions (8) will
be transformed to the following conditions
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0( ) ( ; 1, ).

k
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After this integrand of the nuclear function 0( )N ξ
we will represent in the form
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That is easy to show that 0
0 ( )

2
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αω
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, when ω .

So, we can write
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where the second integral is discontinuous integral of
Dirichley. Attending to its value, we get

0
0
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The following asymptotic formulas  hold
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2
0
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8
G
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which provides rather fast convergenceof the integral
(12).

Taking into account representation (12), SIE (10)
we can represent in the form

(0)0
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Now, each of the intervals ( , )k kα β we will

transform into ( 1,1) , believing

,
2 2 2 2
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As a result, SIE (13) will transform into following
SIE
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Conditions (8) will transform into conditions
1

(0) (0) (0)

1

( ) 1, ; 2 ( ) .k k k k k ku du S k n S Tτ β α

(15)
Further following to the procedure of the

numerical-analytical method of solution of SIE
mentioned above, we put

2( ) ( ) 1 ( 1,1),k kt t tτ

where ( )k t are functions of the Holder class on the

segment 1,1 . As a result, solution of the SIE (14)-

(15) is reducing to the solution of the following system
of system of linear algebraic equations (SLAE).
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Here N is any fixed natural number, pu and rt are

Chebyshev  nodes, i.e. roots of  Chebyshev

polynomials of the first kind MT u and of the second

kind 1MU t , respectively.

Particular cases are considered, when 1)

1 11, ;n a a b b и 2)

1 1 2 22, , ; ,n a a b b a b b a , ( )b a . In this

cases the system of  SIE (14)-(15) and the system of
SLAE (16) are simplified

Coefficients of concentrations of tangential contact
stresses (KS) are calculated by the formulas

0 0
lim , lim ( (1, ).

k k
k k

a k k b k k
x a x b

K x a x K b x x k nτ τ

In this formulas at first, as above, we should go to

variable ξ and to the parameters ,k kα β , than to the

variable ( ( 1,1))t t . As a final result, (KS) can be

expressed by the solutions of the system SLAE (16).
In the particular cases there were done numerical

analysis of the problem and depending on
characteristic physical and geometrical parameters
regularities of tangential contact stresses and (KS)
were studied.

4. Results
In the article the following main results are

obtained:
a) In two closely related formulations of the problem
of contact-interaction of a system of collinear stringers
with an exponentially inhomogeneous elastic layer the
determining singular integral equation is derived.
b) An exploration of the cores of the singular integral
equations is carried out, their singular parts are
highlighted.
c) Within the framework of the known numerical-
analytical method an effective method of solution of
the determining SIE is offered.

5. Conclusion
In article
a) In two closely related formulations, which have
theoretical and practical interest, there was examined
problem of contact interaction of the system of any
finite number of collinear stringers with
nonhomogeneous elastic layer at anti-plane
deformation, shear module of which is varying  in
depth according to exponential low;
b) The patterns of changes of main characteristics of
the problem, i.e. tangential contact stresses and their
KS, are  identified.
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Abstract
The purpose of this study is to show prospects of

production of energy-saving materials using the
volcanogenic silicate and aluminosilicate rocks in
Armenia. Benefits of the developed cellular glass
produced through nanotechnology and designed for
different applications has been shown. Considering the
wide scope of energy-saving materials possible
application  organization of their production has
become an issue of  vital importance.

1. Introduction
One of the main natural resources of Armenia is

rich and varied base of volcanogenic perlite, pumice-
stone, tufa, slag and other silicate and aluminosilicate
rocks, widely used in construction and various areas of
technology [1-3]

In the currently existed  economic situation it
is especially important for the Republic of Armenia to
identify the most profitable prospective industries and
by maximizing the potential of specific natural
properties of this natural raw material to provide
valuable and much needed products at a relatively low
cost price..

In this regard, for Armenia,  manufacturing of
cellular glass as a highly effective thermal insulating
inorganic valuable material based on recent
advancements of  nanotechnologies undoubtedly  can
be considered as  one of more important  and
prospective branch of national economy [4].

The cellular glass is characterized by high
physical and mechanical, thermophysical, and
operational properties. As a thermal insulation it is
widely used in all spheres of construction, in high-
temperature and low-temperature technique, in the
chemical industry and power engineering, as a
decorative and acoustic material, filler artificial
conglomerates (light concretes, cryogenic materials),
shipbuilding, telecommunications, etc.

The use of relatively cheap foam plastics in
construction as thermal insulating material causes
serious problems with fire risk, ecological insecurity,
adhesive incompatibility with concrete and stone
structures. In addition to these shortcomings foam
plastics with time (7 to10 years) are subjected to

oxidative degradation and destruction [5.6]. Based on
identified deficiencies, we can conclude that the use of
foam plastics in construction should be prohibited.

In industrialized countries glass wool is
considered the most best insulating material for use in
construction and various branches of industry. The
Corning Firm has more than 70 years produces
Foarnglas in United States, and today also at four
plants. Such enterprises are successfully working in
Japan, China, Belarus, and Ukraine. Products of
Foarnglas are supplied to different countries, including
Russia, and Kazakhstan. Eurotherm product line
development in Russia produces 650x450mm plates of
40 ... 180 mm thickness at the price of 848 to 1086
Euro/m3. In Ukraine they are sold at the price of
$672/m3, and blocks of its home-made units – at
$243/m3. Russian "NEOPORM" blocks cost 30500 to
35000 Rub/m3.

The high cost of foam glass compared with
cheap, short-lived and environmentally hazardous foam
plastics, in the main, defines large  intake of  these
materials to construction as heat insulators. In the
current situation, necessity of cost reduction of cellular
glass is unquestionable.

2. Methodology
Traditionally, in the production of cellular glass

specially boiled glass is used, which is associated with
significant energy costs, capital investments in
construction of glass-melting furnaces and labor costs.
In this regard, the exclusion process,
replacement of artificial glass in the given works by a
cheaper alternative material-glass wool rock, is one of
the rational ways of reducing material and energy costs
in production of cellular glass,  therefore, material
prime cost.

For the Republic of Armenia, having no own
efficient energy resources, and at the same time
possessing  large potential reserves of high-quality
natural raw materials in the form of glass-wool and
glass-crystalline rocks, the development of energy-
saving technology of new types of cellular materials
based on volcanic silicate and aluminosilicate rocks -
perlites, pumice, tuffs, slag, etc is of great interest.

Developed by the authors the energy-saving
technology of cellular glass on the basis of silicate and
aluminosilicate glass wools in a single technological
process combines the synthesis of a given glass
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composition and the formation of its cellular structure,
due to the introduction of a nanodispersed modifier and
the mechanical activation of the charge, which make it
possible to influence on the system at the molecular
level.

In the structure of acidic volcanic glasses, in
particular, perlites, there are aluminosilicate and
siliceous framework "patterns", of which an alkaline
modification during sintering synthesizes a new
composition of aluminosilicate glass - more fusible, but
possessing rather high structural strength and
relaxation ability - important properties necessary for
the formation of thin walls of cells.

In accordance with the methods of building
materials science, the charges of cellular glass are
obtained by both dispersing the glass with the gas
former, as well by the method of condensation in the
system of a volcanic glass-alkaline solution with the
formation of a contact-condensation structure, the
subsequent synthesis of a new glass composition
during sintering and expansion of the pyroplastic mass.

Experimental identification of qualitative and
quantitative regularities of the change of properties
depending on the kinetic parameters: the number of
components, the contact surface of the reacting phases
(the grain size and the degree of their convergence), the
temperature and rate of its growth, the thermal past of
the sintered samples, allowed to establish the optimum
values of these parameters and develop technology of
materials with given properties.

The most effective alkaline compound,
introduction of which into the composition of the
masses provides not only a lower density of cellular
glass, but also significantly lower temperatures of
foaminging, is sodium hydroxide, the amount of which
varies within the range of 5 to12 percent depending on
the purpose of the cellular glass.

Sodium hydroxide is introduced into the
composition of the charge as an water solution. Water
is a necessary component and homogenizer of the
mixture. In its presence diffusion and mass transfer of
reacting substances and reaction products are
facilitated; it forms a part of hydrate neoplasms, the
dehydration of which, upon reaching the pyroplastic
state foaming the mass.

The largest gasifying effect of hydrated new
formations, as the main source of the gas phase, which
foaming the glass, is provided by that part of the water
that forms hydrogen bridged compounds with a
relatively weakly hydroxyl-bound center of the first
kind.

3. Results
The introduction of an additional gasifier

agent made it possible to obtain cellular glasses with a
low average density of 100-500 kg / m3 and a
coefficient of thermal conductivity of 0.04 -0.14 W
/(mK), a significant compressive strength of 0.6-10
MPa with operating temperature -1640 to + 6500С. The

reduced indicators characterize the produced cellular
glass as cold-and-heat insulating.

The energy-saving technology of the
developed cellular material, which excludes the glass
manufacturing process, in combination with the
properties indicators, enables to consider the produced
cellular glass as one of the best modern and promising
material.

From briquetted perlite-based blend
containing as an additional gasifier of  0.015 to 0.09
percent of the carbon mass, cellular glasses  of 250-490
kg/m3 density, compressive strength of 4.3-10.1 MPa,
and water absorption of 0,2 to 1.9 percent.  Such
cellular glass of a uniform fine porous and closed
microstructure is designed for  manufacturing of
structures that must have high strength and thermal
insulating ability, low water absorption, for example,
granular cellular glass with a bulk density of 150-300
kg/m3 for lightweight concrete.

The structure formation of spongy cellular glass
is studied and their acoustic properties are determined.
The coefficient of sound absorption of decorative
blocks of cellular glass in the frequency range 125 to
4000Hz is 0.43-0.88, and the reverberation coefficient
of sound absorption of bulk sound absorbers of finely
crushed glass fractions of 5-10 and 10-20 mm in the
frequency range 500-8000 Hz, respectively 0.31-0.78
and 0.32-0.66.

In developing a chemically resistant cellular
glass using low-temperature alkaline treatment of the
volcanic glass a low-alkali region (less than 6 percent
NaOH) was studied. Standardized for chemically
resistant materials of water absorption of less than 4%
are characterized  cellular glasses with an average
density of more than 400 kg/m3, and cellular glasses
with an average density of more than 500 kg/m3

possess water absorption of less than 2%. The most
optimal mode of foaming temperature is  9000C,
exposure 30 - 60 min. Material parameters: density -
400 kg/m3, compressive strength 10 MPa, acid
resistance - 99.9 percent.

By means of ultra-thin dispersion of perlite
glass with a gasifier, i.e. developed using
nanotechnology,  cellular glass with a wider
temperature range of use - up to 10000C has been
produced. The main indicators are the average density
of 200-500 kg/m; compressive strength 3 to 7 MPa;
coefficient of thermal conductivity at temperatures:
250C - 0,081 to 0,132, 3000C - 0,135 to 0,187, 6000C -
0,196 to 0,247 W/(m · K); water absorption by mass 1-
3%. The nature of porosity is closed, inaccessible to the
penetration of liquid and gases; the structure is
uniform, finely porous.

Areas of application: chemical, metallurgical,
construction industry, etc.

The field of application of cellular glasses in
the form of products and granules is further expanded
by involving in the sphere of their production other
silicate and aluminosilicate rocks. As such, we have
conducted thorough tests for diatomites, flasks, trefoils,
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vitrophyres, zeolite-containing tuffs, clays, quartz sand
and industrial wastes of silicate composition [7,8].

On the basis of granular cellular glass, heat-
insulating concretes and aerated concrete, structural-
heat-insulating and structural concrete (see the below
Table) have been fabricated.
Table Indicators of Foamglass Granular Concrete

Type of
concrete

Average
density,
kg/m3

Compressive
strength,

MPa

Coefficient
of thermal

conductivity,
W/(m · k)

Thermal
insulation

300 ...
550

1,1 ... 2,5 0,07 ... 0,12

Structural
and

thermal
insulation

600 ...
1000

3,5...10,0 0,14...0,24

Structural 1300 ...
1400

16.4 ... 18.6 0.36-0.40

Compared with full-strength concrete on natural
lightweight aggregates, foam glass granulate concrete
is advantageously distinguished by the main
parameters. When replacing expanded-slag concrete
(ρ=1400kg/m3, Rcomp = 7.5MPa, λ = 0.41 W/(m · K) to
foam glass granular concrete, it becomes possible to
reduce the thickness of concrete fence by 4 times,
while the mass of a square meter is reduced by 3 – 4
times depending on the density of foam glass granular
concrete. The achieved reduction of materials’ specific
consumption is especially significant for cement
economy, for example, with a 2.2 to 3.0 m2·deg/W heat
transfer resistance, the cement savings is 228 to 315
kg/m2 for fences without cladding and 207 to 310
kg/m2 for fencing with 2 cm tuff facing [9].

It is also important to note that the developed
technology of foam glass from local raw materials does
not lead to predatory practices in consumption of
natural resources. The consumption of lithium pumice
as a concrete aggregate  is 4 times higher than the
consumption of this raw material for the production of
foam glass-granular concrete [10].

4. Conclusion
The organization of cellular glass production

according to the developed energy-saving
nanotechnology on the basis of silicate and
aluminosilicate glass-wool rocks, in which Armenia is
very rich, is undoubtedly an urgent task capable to
introduce high technology into an industry, and to
organize the production of high-quality and to meet the
growing need in such materials both at home and
abroad.
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Abstract
The aim of the article is to review the organization of
expeditious reconstruction (restoration) of drainage
systems damaged during combat operations due to
bombing and artillery shelling. These works result in
the restoration of the stability of headwalls, which
provide the gradation of various slopes (areas of
difficult terrain) of military camps, and prevent said
slopes from shifting.
As of today, drainage systems are of great importance
in the international construction industry.
In several countries (France, Germany, Denmark, and
Russia), geotextile posters and plastic (PVC) tubes are
widely implemented in the construction and
reconstruction of drainage systems.

1. Introduction
In the Republic of Armenia (especially in areas of
combat operations), urgency and scarcity of time
incentivize the use of simplified drainage systems in
the reconstruction (restoration) of headwalls.
Following the examination of military camps, buildings
and structures damaged during the April 2016 combat
operations, it has become apparent that headwalls,
which provide the gradation of areas with difficult
slopes (of multifunctional significance) were damaged
in some military camps. Some headwalls were
damaged during artillery shelling, as a result of direct
exposure to the explosion of shells, as well as soil
shifts on slopes as a result of the shelling.
The rapid reconstruction (restoration) and
reinforcement of headwalls and drainage systems is of
vital importance to the rapid restoration of buildings
and structures, which were built on slopes that are
gradated using headwalls, and were damaged during
combat operations.

The impact of atmospheric and ground water on
headwalls
Areas surrounding headwalls may retain excessive
moisture or leak as a result of both natural and
artifical factors.

Natural factors are: hydrogeological factors, soil and
physical landscape factors.
Artificial factors are: bombardment and shelling of
headwalls and surrounding areas by the adversary
during combat operations. (A practical example is the
bombardment by the adversary of the Madaghis
military camp during the April 2016 combat
operations, as a result of which seepage and drainage
systems were damaged and disabled). Another artificial
factor is misuse of seepage (and drainage) systems,
which result in various (different) disruptions.
As a result of torrential rains and snow water (as well
as artificial factors), the water accumulated in the rear
of the headwalls applies hydrostatic pressure to the
structure of the headwall, which reduces its stability
and strength, and can result in its collapse. The most
effective method to counter the effects of underground
waters is the construction of drainange systems.

The roles of drainage systems and particulars of
their construction.
Drainage systems are implemented in areas where it is
impossible to organize the removal of water via natural
means. Drainage systems are necessary in headwalls, in
order to prevent their collapse as a result of contact
with grounds saturated with water. Drainage systems
allow the reduction of water levels in the ground.

The drainage system is composed of a tube (with
separate components) and a filtering layer (sand,
pebbles, gravel, boulder, hard rocks, etc). The
abovementioned system removes ground, snow, and
rain water from the headwalls and surrounding areas,
and pours it in dams, potholes and gorges.
The drain can be, transverse, longitudinal and
balanced (both transverse and longitudinal).
Transverse drains are capable of removing water
from the rear of the headwall using the body of the
headwall. This is the least costly method. Openings
with 10 cm diameters are left in the body of the
headwall, or tubes with diameters of 5cm to 7cm are
inserted in the lower part of the body at a height of
approximately 15 to 20cm, with steps of between 1.5
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and 2 meters. If the layout of the headwall is composed
of rocks with straight cuts, it is possible to leave a
transverse, horizontal, non-cemented seam, with a 2 to
2.5m step.
In unpredictable situations characterized by lack of
time, the rapid restoration of collapsed (damaged)
headwalls using drainage systems becomes an issue. In
such situations, it is recommended that the restoration
of the headwalls take place using simplified drainage
systems, which utilize different rock fragments, hard
rocks, sand rubble, etc. found in the surrounding
vicinity. The headwalls can be built (rebuilt) using
reinforced concrete, irregularly cut rough stones,
cement-sandplaster, and rock fragments with plaster
(Fig. 1.2).
a b

b

Fig. 1 Headwalls: simplified drainage systems
a Reinforced concreteb. Layout of irregularly cut rough
stones1. Body 2. Base (concrete, unrefined rock)3.
Cornice 4. Water-removal tube 50-70mm 5. Hard
irregular rock 15-25cm 6. Macadam 20-40mm 7.
Vegetation layer 8. Natural soil 9. Pressed clay 10.
Waterproofing layer b

Fig.2 Headwalls with a cyclopean layout, with
simplified drainage systems
a With the use of geotextile posterb. Simplified 1. Rock
fragment (width 0.6-0.8m, length 0.8-1m, height 0.5-

1m) 2. Geotextile arrangement 3. Irregular hard rock
15-25cm4. Macadam 40-80mm 5. Gravel 6. Vegetation
layer 7. Natural soil
The construction of the abovementioned headwalls
using simplified drainage systems has several
advantages. They are:

short construction times

use of the naturally existing foundation (rock
fragments of varying sizes, hard rocks,
macadam, gravel)

the flow of ground water is directed in
transverse, as well as longitudinal directions.

Several headwalls and drainage systems in Nagorno
Karabakh, damaged as a result of war, have been
restored using similar techniques.
Headwalls with cyclopean layouts and simplified
drainage systems have been implemented in military
base N of the Armed Forces of the Republic of
Armenia.
Longitudinal drainage provides the opportunity to
direct the flow of groundwater towards the surface

inside the of the headwall. The construction of

such systems requires the implementation of various
substances and materials, which theoretically, decide
the value the structure (Fig. 3).

a

b

Fig. 3 Reinforced concrete headwalls with
longitudinal drainage systems
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1. Reinforced concrete body 2. Rill 3. Concrete
foundation 4. Tube 5. Macadam 40-60mm 6.
Geotextile arrangement 7. Sand 8. Gravel 9. Vegetation
level 10. Natural soil 11. Waterproofing layer
The following is the procedure for building a
longitudinal drainage systen

A canal is dug along the entire length of the
inner side of the headwall, at the level of the
base

The canal is filled with small-grain sand and a
cushion is my made by ramming

A geotextile poster

A 20cm wide basalt stone is poured in

A wavy drainage tube with a PVCexternal
surface is inserted at a length of 1 linear meter
with a 1-2cm bend  (the inside of the tube is
smooth, in order to reduce resistance to the
flow of water).

A 40cm wide macadam cover is poured over
the tube and is covered by a geotextile poster,
which was inserted beforehand

Backfill is carried out.

Water is absorbed from the

and is pour into the tubes through the holes, and
removed from the terrace.

[2] Artemova Z. H., Elizarov B.A., Lukashenk P.K.,
Organization and technologies of drainage works
[organizaciya i texnologiya drenazhniyx rabot] (in
Russian) // Agricultural industry publishing, Leningrad
branch, 1988- p.239

[3] Bexbudov A.K., Ayvazov A.M., Mysayev Z.S. -
Horizontal tubular drainage with filters consisting of
fabricated materials [gorizontalnyj trubchatyj drenazh s
filtrami iz iskustvennyx materialov] (in Russian)//
Hydrotechnology and refinement 1977-N7 p. 89-94
[4] Netreba N. N., Technology of drainage works

[texnologiya drenazhnyx rabot. m kolos] (in Russian).
M Kolos. Leningrad branch, 1982 – p.192
[5] Ellesman P. Management of closed drainage

[rukovodstvo po zakrytomu drenazhu] (rus). M Kolos.
1978 – p.255.



9th INTERNATIONAL CONFERENCE ON CONTEMPORARY PROBLEMS
OF ARCHITECTURE AND CONSTRUCTION Batumi, Georgia (September, 2017)

UNIFORM STATIONARY LAMINAR FLOW OF VISCOUS

FLUID IN OPEN CHANNELS OF PARABOLIC CROSS-

SECTION
Arestak A. Sarukhanyan*

National University of Architecture and Construction of Armenia, Yerevan, Armenia

Keywords: Cannel, viscous flow, parabolic cross-section,
flow regularities, hydrodynamic parameters.

Abstract
Studies of regularities of viscous fluid flow in channels of
parabolic cross-section, except theoretical interest also
have important application significance, for they are
widely used in irrigation, water disposal and other fields.
The paper presents a simplified model of flow, when in
the water layers only viscous forces are developed. In
such cases the slotion of the problem is reduced to
integration of Laplace equation. As a result  of integration
formulae for calculation of hydrodynamic parameters of
flow has been obtained. These formulae  enable to assess
running phenomena and to get quantitative indices  on
friction stresses developing on the channel stationary
walls. On the basis of the study the grounding of rational,
in terms of hydraulics, cross-section dimensions becomes
possible.

1. Introduction
In open channels of parabolic cross-section laminar flow
of viscous fluid is possible under low velocity  or flow of
fluid of high viscosity [2,3,4]. Under these conditions in
open channels  fluid particles execute only longitudinal
displacements [1,2]. When the fluid flow direction

coincides with z axis, then ,0yx UU

[1,2,4]. Therefore, under these

conditions the differential equation of the fluid flow will
have the folloing form

ν ,                               (1)

where Fz is the component of a unit spatial force directed
along z axis.

In open channels spatial forces are projection of the
gravity force in floe direction, hence

α , (2)

where α is the channel’s slope with the horizon.

Taking into consideration Eq.(2) the differential equation
of the viscous fluid flow in open channels can be written
as [1]

αν .  (3)

To integrate the above equation the problem’s boundary
conditions are set, which depend on the shape of cross-
section of the channel.
Let us study most commonly occuring relationships of
viscous fluid flow in cylindrical channels of parobolic
cross-section.
The outline of cylindrical channels of parabolic cross-
section shown in Fig.1, in xoy plane of the xyz

coordinate system is determined by yhax2

equation. Study of laminar flow of viscous fluid in such
channels is reduced to integration of Eq.(3) under the
following boundary conditions

2

0

, 0, ,

,
0, 0.

z

z y

U x y when x h y

U x y
when x

x

(4)

Solution of Eq.(3) satisfying the above boundary
conditions, according to which on the outline of the
channel it becomes zero, will be

, (5)

where A is an arbitrary constant the vaue of which
is determined by substitution of Eq.(5) into Eq.(3), as a
result we get

αν ,

from which we have

ν
α

. (6)

Having found the value of A constant, we can get
velocity distribution relationships in free cross-sectional
area of parabolic cross-sectional channels
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ν
α

. (7)

It follows from the derived formula of velocity
distribution that velocity vectors form a paraboloid of
revolution passing through the given point of the full
cross-section. The maximum velocity is developed at the

centre of the free surface, and when , we have

ν
α

. (8)

After that Eq.(7) of velocity distribution in the full cross-
section will have the following form

. (9)

In the free surface, where , the regularity of

velocity distribution will be

,

(10)
therefore, in the free surface velocities are distributed
according to quadratic parabola (Fig.1). In the vertical

plane, where , velocities are distributed occurred

linearly  (Fig.2),

.

(11)

Fig.1 Velocity diagrams in

planes

Fig.2 Velocity diagrams in

planes

According to Eqs.(10) and (11) in the fluid layers friction
stresses are developed, which are determined by a known
Newton formula [3,4]

μτ .

(12)

In plane velocith changes occur along axis,

therefore, in this plane τ friction stresses will appear,

we have

μτ . (13)

It follows from the obtained formula that in plane

friction stresses are distributed linearly (Fig.3), in which
maximum stresses of friction  are developed near fixed

walls, where ,

we have

μτ .                                            (14)

In plane velocity changes occur along axis,

therefore, in this plane τ fricton stresses will be

developed, we get

μτ .

(15)

It follows from Eq.(15) that in plane friction stress

depth  along th remain constant (Fig.4).

Fig.3 Diagrams of friction
stresses

in bYoY , plane
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Fig.4 Diagrams of friction stresses
in dXoX , plane

In planes parallel to the free surface velocity distribution
regularities are obtained by Eq.(9) by substituting

, where b is the distant of the given plane

from the free surface, we get

.                         (16)

According to this regularity of velocity distribution

friction stresses developed in by horizontal plane

are determined by Eq.(13), at that near fixed walls their
value will be (see Fig.3)

μτ .

(17)

In a vertical plane where distribution of

velocities occurs linearly as shown in Fig.4

,

(18)
and to which respective friction stresses will be
determined by Eq.(15).
To obtain curves of constant velocities in the full cross-
section Eq.(7) is used

α
,

from which we will have

. (19)

It follows from Eq.(19) that curves of constant velocities
are parabols of which verticies are located at different
heights as seen in Fig.5.

Fig.5 Curves of constant velocities
The volumetric flow passing through the full cross-section
is [1,5]

:
Substituting the surface integral by a double

integral,
we have

2

2

0 2

max

0
2 2

max

2 4
2

max

max

1

2

2 2

2
.

3

h
a

z

h ax h
a

h
a

z

h ax h
a

h
a

z

h
a

z

ax y
Q U dx dy

h

ax y
U dx y y

h h

a x h
U ax dx

h

h
h U

a

(20)

Substituting the value of velocity maxzU into Eq.(20), we

get

a

h

a

gh
Q

3

sin2 α
. (21)

The average velocity of the full cross-section will be

A

Q
V , (22)

were A is the area of the full cross-section and is

determined by
A

dxdyA .

Replacing the last surface integral by a double
integral, we have

a

h
hdxhaxdydxA

a
h

hax

a
h

3

4
22

0

2
0

0 2

.

(23)
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Substituting values of Q and A we will have the

average velocity of the full cross-section

2

3
4

3
2

max
max

z
z U

a

h
h

U
a

h
h

V . (24)

5. Conclusion
Findings of the study of regularities of the viscous  fluid
flow in cylindrical channels of parabolic cross-section
enable to evaluate hydrodynamic parameters of the flow
and friction stresses developed on the fixed wall. As a
result of the careflly made analysis and on the basis of the
condition of hydraulically reasonable cross-section, it is
possible to chose geometrical dimensions of the cross-
section.
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Abstract
Two problems of mathematical theory of elasticity on

contact interaction of thin-walled elements in form of
round washers with an infinite elastic layer under torsion
are considered. These kinds of problems are closely
related to important in terms of engineering practice issues
of load transmission from thin-walled elements to massive
deformable bodies. They are encountered in calculations
of durability of elements of engineering constructions in
construction mechanics, in measuring equipment,
mechanical engineering, and other spheres of practice. In
the first problem, the infinite elastic layer is rigidly
fastened on its lower surface, whereas the upper one is
enhanced with a round thin washer. On the washer,
tangential twisting forces are acting which are transmitted
to the elastic layer-foundation through the contact area. In
the second problem, the elastic layer is twisted by two
round washers of different radii fastened with the layer on
its upper and lower surfaces. Meanwhile, twisting
tangential forces are acting on the washers. The layer is
investigated in the framework of precise equations of
elasticity theory. For the round washers simplified
physical model of Melan’s type for stringers is applied.
1. Introduction

Results of studies of problems on torsion of elastic
bodies are broadly used in calculations of durability and
longevity of many engineering constructions and their
components. The main results of this field of elasticity
theory are, enough completely, reflected in the well-
known monographs [1-3], as well as in the collective
monograph [4]. A similar problem is as well considered in
the paper [5].

In the present paper with the help of mathematical
apparatus of Hankel integral transforms, the solutions of
the formulated contact problems are reduced to the
solution of Fredholm’s integral equation of the first kind
and to the solution of a system of two such integral
equations. The solutions of the latter equations are
obtained through their reduction to infinite systems of

linear algebraic equations or by the numerical and
analytical method of collocations with the application of
Gauss’s quadrature formulae.
2. Discussion
Problem formulation and derivation of the basic
equations. To solve the formulated problems, let us first
determine stress-strain state of the elastic layer in the first
problem. Let in the cylindrical system of coordinates

, , zr an elastic layer of thickness 0h and shear

modulus 0G occupies the domain

0 0{0 , 0 2 , 0 }.r z hϕ π
Further, let on the upper plane 0z h of the layer

twisting forces of intensity 0(r) are acting, and the

lower plane is rigidly fastened. Then determination of the
stress-strain state can be reduced to the solution of the
following boundary-value problem

0
0

2 2
0 0 0 0

02 2 2

0
0 0

0 0

2 2 2 2

1
0 0 , 0

0

0

z z h
z h

z

z r

V V V V
r z h

z r r r r
V

G r
z

V

when r z

(1)

Here 0 0 ,V V r z – is the component of the

displacement of points of the layer in circular direction

under torsion whereas z and r are the twisting

tangential contact strains.
For the second problem, when on the boundary

surfaces 0z h and 0z h of the layer tangential

forces of intensities 0 ( )r and 1( )r , respectively, are

acting, the described problem is mathematically
formulated similarly, as described above

0 0

2 2
0 0 0 0

0 02 2 2

0 0
0 0 0 1

1
0 0 ,

z h z h

V V V V
r h z h

z r r r r
V V

G r G r
z z

(2)

The solution of the boundary-value problem (1) is
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constructed by the method of Hankel integral transforms
assuming

0 0 1 0 0 1 1

0

, , , , , ,V z V r z r r rJ r dr

Here 1J r is Bessel function of the first kind of index 1

and is spectral parameter with 0 . Using the

well-known relation [5]
2

2
12 2

0

1
,

d f df f
r J r dr f

dr r dr r

we eventually arrive at the boundary-value problem for
ordinary differential equation:

2
0 2

02

0 0
0

0
0

0 0

0 0 .
k

k

z
z h

d V
V z h

dz

dV
V r

dz G

(3)

The solution of the problem (3) has the form

0 ( , ) ( ) ( )V z Ach z Bsh z ,

(4)

where А and B are determined from the boundary
conditions as follows:

0

0 0

1
0,

ch
A B

G h

Substituting these expressions for A and B into (4), we
obtain

0
0

0 0

sh
,

ch 2

z
V z

G h
(5)

Applying the inverse transform to this equality, we find
the displacements of points of the upper surface of the
layer

0 0 0 0 0 0 0

0

, ( , ) ( ) (0 )V r h W r r r r dr r (6)

where

0 0 1 1 0 0
0 0

1
( , )W r r J r J r th h d

G

Similarly, we find the solution of the boundary-value
problem (2), i.e. the displacements of points of the upper
and the lower surface of the layer respectively

1 1 0 0 0 0 0 2 0 1 0 0 0

0 0

2 2 0 0 0 0 0 1 0 1 0 0 0

0 0

( , ) ( ) ( , ) ( )

( , ) ( ) ( , ) ( )

(0 )

V r W r r r r dr W r r r r dr

V r W r r r r dr W r r r r dr

r

(7)

where

1 0 1 1 0 0
0 0

2 0 1 1 0
0 00

1
( , ) 2

1 1
( , )

2

W r r J r J r cth h d
G

W r r J r J r d
G sh h

(8).

Now let us turn to the solution of the formulated
contact problems. In the first problem, a round washer of

radius a and constant thickness 1 1( )h h a is fully

fastened with its foundation on the upper surface of the
layer whereas the lower surface of the layer is rigidly
fastened (Fig. 1). It is required to determine the rule of

distribution of contact stresses 0 r on the contact area

of junction of the washer with the layer as well as the
angle of rigid torsion of the washer when a tangential

force of intensity 0q r is applied to the washer.

Fig.1 The Elastic layer twisted by one washer

With analogy to the well-known results from [6, 7],

the equation of equilibrium of the washer in the
investigated problem is reduced to the Melan's model for
torsion of a thin round washer

2
1 1 1

1 1 0 02 2

1

(0 ).

d V dV V
G h q

dr r dr r

r a

τ
(9)

Here 1( )V r is the displacement of points of the washer

and 1G is its shear modulus.

The solution of the equation (9) can be represented in
the form of

2 2
1 0 0 0 0 0 0 1

1 1 0

1
( ) ( ) ( ) .

2

r

V r r r r q r dr C r
rG h

τ

(10)

Here 1C is the angle of washer rotation.
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Now taking into account the contact condition on the

plane 0z h

1 0 0V ( r ) V ( r ) ( r a) (11)

and introducing the following immeasurable variables

0 0 0 1

0 0 1 1 0 0 0 0

0 0 0 0

, , , , ,

4 , ( , ) ( , )

, ,

r a r a h h a a s c c a

G a G h K aW a a

a G q q a G

ρ ρ λ
μ ρ ρ ρ ρ

τ ρ τ ρ ρ ρ
after performing several elementary transformations, we
obtain the following determining integral equation
1

0 0 0 0 0

0

1
2 2

0 0 0 0 0

0

1
2 2

0 0 0 0 0

0

, ( )

1
1 ( )

1
1 ( )

К d

sign d

sign q d c

ρ ρ τ ρ ρ ρ

μ ρ ρ ρ ρ τ ρ ρ
ρ

μ ρ ρ ρ ρ ρ ρ ρ
ρ

(12)

where

0 0 1 1 0

0

( , ) ( )K J s J s th sh dsρ ρ ρ ρ

The equilibrium condition of the washer

1
2

0 0 0 0

0

( ) ( ) 0q dτ ρ ρ ρ ρ (13)

should be added to the equation (11).
In the second problem, an elastic layer of thickness

02h is twisted by two round washers of different radii a

and b fastened with the layer on its upper and lower

surfaces, respectively. In that, twisting tangential forces of

intensities 0q r and 1q r are acting on the washers

(Fig. 2).

Fig. 2 The elastic layer twisted by two washers

Let us put down the contact conditions of the elastic

layer 0 with the round washers fastened on its upper and

lower surfaces

11 0

22 0

2 2
2 0 1 0 1 0 0 2

1 1 0

0

0

1

2

r

V ( r ) V ( r ) z h ( r a);

V ( r ) V ( r ) z h ( r b);

V ( r ) r r ( r ) q ( r ) dr C r,
rG h

τ

(14)

where 2V ( r ) is the displacement of points of the lower

washer and 2C is its rotation angle.

Substituting the expressions for 11V ( r ), V ( r ) and

22V ( r ), V ( r ) from (7) and (10) into (14), we obtain a

system of two Fredholm-Volterra integral equations of
mixed type with respect to the sought contact tangential

stresses 0 r and 1 r :

1 0 0 0 0 0 2 0 1 0 0 0

0 0

2 2
0 0 0 0 0 0 1

1 1 0

2 0 0 0 0 0 1 0 1 0 0 0

0 0

2 2
0 1 0 1 0 0 2

1 1 0

( , ) ( ) ( , ) ( )

1
( ) ( ) (0 )

2

( , ) ( ) ( , ) ( )

1
( ) ( ) (0 )

2

a b

r

a b

r

W r r r r dr W r r r r dr

r r r q r dr C r r a
rG h

W r r r r dr W r r r r dr

r r r q r dr C r r b
rG h

τ τ

τ

τ τ

τ

(15)

In particular, when of a b , the system (15) has the

following form

1 0 0 0 2 0 1 0 0 0

0

2 2
0 0 0 0 0 0 1

1 1 0

2 0 0 0 1 0 1 0 0 0

0

2 2
0 1 0 1 0 0 2

1 1 0

( , ) ( ) ( , ) ( )

1
( ) ( )

2

( , ) ( ) ( , ) ( )

1
( ) ( ) , (0 )

2

a

r

a

r

W r r r W r r r r dr

r r r q r dr C r
rG h

W r r r W r r r r dr

r r r q r dr C r r a
rG h

τ τ

τ

τ τ

τ

(16)

This system is equivalent to the following system of
Fredholm integral equations of the first kind:

1

1 0 0 2 0 0 0 0

0

1
2 20

0 0 0 0 1

0

1

2 0 0 1 0 0 0 0

0

1
2 20

0 0 0 0 2

0

( , ) ( ) ( , ) ( )

1 ( ) ( )

( , ) ( ) ( , ) ( )

1 ( ) ( ) (0 1)

K K d

sign d f

K K d

sign d f

ρ ρ τ ρ ρ ρ τ ρ ρ ρ

μ ρ ρ ρ ρ τ ρ ρ ρ
ρ

ρ ρ τ ρ ρ ρ τ ρ ρ ρ

μ ρ ρ ρ ρ τ ρ ρ ρ ρ
ρ

(17)

where the following denotations are used:
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11 0 1 0 1

22 0 2 0 2

1 0 1 0

1
2 2

11 0 0 0 0 0

0

1
2 2

22 0 0 0 0 0

0

( , ) ( , ),

( , ) ( , ), ,

, ,

1
( ) 1 ( )

1
( ) 1 ( )

K aW a a c c a

K aW a a c c a

a G q q a G

f sign q d c

f sign q d c

ρ ρ ρ ρ

ρ ρ ρ ρ

τ ρ τ ρ ρ ρ

ρ μ ρ ρ ρ ρ ρ ρ ρ
ρ

ρ μ ρ ρ ρ ρ ρ ρ ρ
ρ

Meanwhile, the equilibrium conditions hold for the
washers:
1

2
0 0 0 0

0

1
2

0 0 0 0

0

( ) ( ) 0

( ) ( ) 0.

q d

q d

τ ρ ρ ρ ρ

τ ρ ρ ρ ρ
(18)

3. Methodology. On the solution of determining
integral equations

With the help of spectral relations from [9, 10] the
equation (12) as well as the system of equations (17) can
be reduced to an infinite regular system of linear algebraic
equations.

Now let us turn to the solution of integral equation
(12) and rewrite it in the form

1 1

0 0 0 0 0 0 0 0

0 0

2 2
0 0 0 0 0

0

( , ) ( ) ( , ) ( )

1
2 ( ) ( ) ( )

K d R d

d f
ρ

ρ ρ τ ρ ρ ρ ρ ρ τ ρ ρ ρ

μ ρ ρ τ ρ ρ ρ
ρ

(19)

where

0 1 1 0

0

0 1 1 0

0

2 2
0 0 0 0 0

0

( , )

( , ) 1 ( )

1
( ) 2 ( ) .

K J s J s ds

R J s J s th sh ds

f q d c
ρ

ρ ρ ρ ρ

ρ ρ ρ ρ

ρ μ ρ ρ ρ ρ ρ
ρ

Let us represented the solution of (19) in form of series

1 2 2
0 2 1 0 0

0

( ) 1 1n n
n

X Pτ ρ ρ ρ (20)

where 1( )nP x are associated the Legendre functions

orthogonal on the interval 0,1 with the weight

1
21 x and

0n n
X are the unknown coefficients

to be determined. Substituting the expression for 0( )τ ρ
from (20) into (19) and using the spectral relations [9, 10]

1 2
1

2 1 0

0 0 02
0 0

1 2
2 1

1
( , )

1

1

n

n n

P
K d

h P

ρ
ρ ρ ρ ρ

ρ

ρ

(21)

where
2 2(2 1) ( 1 2) (4 !) ( 1)n nh n n n n h ,

we arrive at the equality

1 2
2 1

0

1 21
2 1 0

0 0 02
0 0 0

1 2
2 1 02 2

0 0 0 02
0 0 0

1

1
( , )

1

11
2 ( ).

1

n n n
n

n
n

n

n
n

n

h X P

P
X R d

P
X d f

ρ

ρ

ρ
ρ ρ ρ ρ

ρ

ρ
μ ρ ρ ρ ρ

ρ ρ

(22)

Now we multiply both sides of the latter equation by

1 2
2 1

2

1

1
kP ρρ

ρ
and integrate it from 0 to 1. We also

take into consideration the orthogonality of the associated
Legendre functions [10]:

1 1 2 1 2
2 1 2 1

2
0

0,
1 1

(2 2)(2 1)
,1

4 3

n m

m n
P P

d m m
m n

m

ρ ρ ρ ρ
ρ

After elementary transformations, we get an infinite
system of algebraic equations with respect to the unknown

coefficients nX

,
0

0,1,2,...m m n n m
n

X R X F m (23)

where
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ρρ ρ ρ
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Thus, the solution of the first problem is reduced to the
solution of the infinite system of algebraic equations (23).

It can be shown, in a similar way, as in the first
problem, that the solution of the second problem is also
reduced to the solution of a system of infinite systems of
algebraic equations.

Numerical and analytical method of collocations, in
combination with the application of Gauss quadrature
formulae with Chebyshev knots or with knots coinciding
with zeroes of the Legendre generalized polynomials, is
also applicable to the above mentioned equation (12) and
the system (17).

4. Results
The following results are obtained in the paper:

a) Contact problems of new type on torsion of an
elastic layer with one or two round washers are
formulated;

b) The solutions of the formulated problems are
reduced to the solution of a single Fredholm
integral equation of the first kind or to the system
of such equations that allow an effective solution.

5. Conclusion
The paper offers an effective method of solution of the
determining integral equations of the formulated problems
based on the application of spectral integral relations that
contain the associated Legendre polynomials, as well as
on the application of Gauss quadrature formulae. The
solutions of these equations, the tangential contact
stresses, are expressed by explicit formulae with
distinctive character peculiarities.
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Abstract
The article presents data on diversity of the flora of
Armenia where useful plants are of great importance
and are used by the people as food, vegetables, herbs,
honey stuff, spice, dye-stuff, etc. The article argues that
population of Armenia uses different quantity of greens
and raw materials in different regions of Armenia.
According to this data the first place is occupied by
Lori region and as a result of it the research was mainly
carried out in Lori and wild greens were examined for
the study.
Through annual monitoring it is based that as a result
of global warming and unsparing use of herbal
resources by humanity and other human factors,
vegetables and many other useful wild plants are
threatened with extinction. Though there are known
ways of their conservation and rational use of reserves,
protected areas and measures to regulate their gathering
from nature, they are not carried out for wild greens.
So far, safety problems of wild greens raw materials
are not solved as well. The article highlighted some
species of wild greens putting into cultivation.

1. Introduction
As a result of favorable geographical position, from

the point of view of complex geological structure,
climate, soil diversity, vertical zoning of relief as well
as flora-genetic viewpoint, Armenia is distinguished
with rich vegetation, plant diversity and variety.
Today there are over 3650 vascular plants in Armenia.
Together with the floristic composition of plants and
diversity of plant forms there are a great number of
plants useful for food and for human economic activity,
these are especially greens. Many interesting facts on
flora of Armenia are found in records of ancient
historians and travelers of different nationalities
(Greek, Italian, Russian, etc.). Here it is worth
mentioning French botanist Tournefort, who visited
Araksvalley in 1700-1712, explored the diversity of the
soils, then climbed up the Mount of Ararat and
substantiated the essence of vertical zoning. An
interesting investigation was carried out by German
botanist S. Koch in 1843. Wagner M. described Ararat
and Aragats vegetation and Buhse F.A. (1889) studied
flora and plants of Yerevan-Nakhichevan-Tabriz route
in 1847-1849. Zeidlitz N.K. (1883) collected 2000
types of greens to explore flora and plants of Armenia.
Amirdovlat and Shahrimanyan (1818) described in
details and grouped many types of wild vegetables and
spice plants that have been used by the Armenian

people for centuries. Mkhitar Heratsi (1184) and
Amirdovlat (1478,1482) mention that Transcaucasia
peoples, especially Armenians, as well as many foreign
nations  still use many wild plants as food, as well as a
way to spice the food with a new taste [1,5]. Along
with them, many Armenian researchers referred to the
subject of diversity of Armenian plants [5,6,7]. Role of
Vavilov N.I., Zhukovski M.F., Pryanishnikov D.N.,
Maltsev A.Kh., Grossgeym A.S., Troitski A.G. and
others is invaluable for study of flora of Armenia.
Vavilov N.I. once advised Armenian scientists to found
a reservation of corn plants in Armenia which was
implemented in 1981 [2].
The mankind has always been interested in wild plants
that are classified to national wealth as vegetable
resources. Here their usage for genetic breeding
purposes is interesting. There is comparatively small
number of scientific researches concerning many useful
wild plants, including problems of biological,
economic, environmental and sustainable development,
conservation and rational use, of quantity and quality
of raw materials derived from them [3]. Up to now no
importance is given to problems of their usage for
mankind, particularly to their efficiency. In conditions
of the global warming of the Earth, intensive use and
desertification of lands, degradation of landscapes,
their structure violations, construction of settlements
and roads, new industrial technologies, new enterprises
and  due to other anthropogenic factors, the  area and
quantity of wild greens, very important for mankind,
decrease [2, 3].
Natural vegetable raw materials as an area for receiving
crop production, is the most appropriate and effective
with countries having scarce land unfit for agriculture,
such as Armenia. It should be noted that Armenia is
among unique countries in the world with many kinds
of wild greens and diverse flora, these plants varied
flora storage, selection of raw materials and a unique
source of vegetable raw materials [3].
Many researchers believe that although the abundance
of agricultural crops improved heterogeneous
technology development, production of high-yielding
varieties are invested in relatively, which made high
and sustainable agricultural raw materials, however
some people always feel the need to pick up crop
material from nature. In fact, in conditions regulated by
nature, without human intervention and additional
expenses people take raw materials from nature.
Moreover, some of the greens are used for food, some
for sale at the markets (Fig.).
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Fig. Sale of wild greens in Vanadzor market
Moreover, our research showed that certain families
consider money received from the sale of greens as
their only source of income.

Though Armenia is a country where the population
uses great quantity of wild greens, but scientific data
are not fully presented in this area, especially in terms
of the number of plants and the use of wild greens raw
materials in the regions. The above circumstances
justify the relevance and purpose of the article.
2. The study material and method
Studies have mainly been conducted in the region of

Lori, northern part of Armenia (2010-16), where most
of the population uses wild greens. The types of plants
most commonly and widely used by the population
were chosen for studies on wild greens. Their
taxonomic data are presented in Table 1.

Ways of usage of the described greens are of
significant interest (Table 2).

Table 1 Studied Herbs and their Taxonomy

Table 2 Ways of usage of wild greens raw materials
In the current work we have studied the market and
current problems of vegetable market with regard to
sales and profitability. As a research method we choose
social survey, annual monitoring and field
observations. In cooperation with sociologists a
questionnaire consisting of 30 questions has been
formed which was distributed to 1,500 families, we
also used services of part-time students. To determine
the quantitative changes of the wild vegetable plants in
the nature and for annual monitoring we have chosen
four communities: natural landscapes adjacent to the
city of Vanadzor, villages of Dsegh, Pambak, Arjut
separated by 5 stations with about 1000 square meters
surface each. Observations and statistics were prepared
for the territory closest to the community (2016) where
herbs exist today. Quantitative calculation of the greens
was made once in a year, in September-October.
Surveys with the population were held in communities
and researches for finding out quantitative problems of
usage of the greens were carried out in all over
republic.
3.Results of the research

Studies showed that the region of Lori occupies the
first place (about 20 types of greens) with the indexes
of both the number of types of wild greens and the
usage of herbs’ raw materials by the population.
Moreover, there are greens which are popular in the
whole republic, are used in fresh and raw state but in

small quantity. Those are tragopogon
(Tragopogondubius) and Capsélla búrsa-pastóris. In the
city of Yerevan, regions of Armavir, Ararat,
Aragatsotn the population mainly uses spinach
(Falcaria), ramson (Chaerophýllum) and portulaca
(Portulacea) which are sold at markets in spring.
Fennel (Cachrys microcarpa) is mostly used in the
region of Tavush. In the Republic of Armenia
population of the regions of Syunik and Vayk uses
comparatively small quantity of vegetable greens and
raw materials. This is conditioned with the
populations’ traditions and customs and absence of
natural greens in the area.

We have found out that greens differs with the
usefulness of the raw material which conditions the
duration of their usage by the population and with
quantitative indexes. Here the quantity of the raw
materials gathered by one person is also of importance
(Table 3).

We can see from Table 3 data that greens in nature
differ with the qualitative indexes of usage of the raw
materials and with data of gathered raw materials by
one person. This is explained by the biological
peculiarities of greens and local meteorological
components, the number of not cold days, heat,
moisture, etc.
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The mentioned data are important as they have direct
impact on the annual profitability of the greens. We
have tried to find out how much every family of the

Lori region spends for purchase of greens. According
to average data (results of the survey) this

index is from 15000 (the city of Vandazor) up to 30000 (village of Meghrut) drams (approximately 30-60 $).
Table 3 Time and quantity of usage of greens’ raw materials

We have found out with the help of the same survey that the population attaches importance to the profit gained from
wild greens. A part of the people who has passed the survey it also considered to be a part of livelihood that is a result
of absence of vacancies and poverty. Surveys concerning reservation and usage of wild greens showed that the risk of
elimination of certain greens is a fact (Table 4).

Table 4 Quantity of greens according to research area and date
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As we can see in the presented data the diversity of
vegetable greens in the flora of the research area is
different. Year by year the number of greens reduces in all
the research areas and especially Polygonátum is most
vulnerable, and this is also proved by the study of the
quantity of greens in the areas next to communities. The
study was carried out taking into consideration of the
distance of the greens from the inhabited areas.
For reservation of wild greens the regulations on their
gathering are important, Problems on reservation of wild
greens and the quantity of their gathering from nature are
not regulated by both legislative and executive republic
and local bodies. These problems are ignored and this fact
is very dangerous. Their number reduces in the nature also
due to their careless usage by the population. Nothing is
done for the safety of raw materials either.
4. Conclusion
As a result of national traditions and customs, variety of
greens, diverse structure of natural landscapes and flora,
in different regions of Armenia the population gathers
from nature different quantity of types of greens, different
quantity of raw materials of herbs. The region of Lori is
the first with the number of types of wild greens and the
quantity of raw materials. The date of their usage is
different for different greens.
No work is done for reservation, careful usage, stable
development of wild greens though for separate families
the money earned from their sale reduces poverty. It is
purposeful to invest some vegetable plants in agriculture
as crops. Problems of safety of raw materials usage are
also ignored.
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Abstract
In different sections of  gravity pipelines non-pressure
and pressure mixed modes of fluid flow may occur.
Transition from pressure mode to non-pressure one
occurs when the curve of fluid surface is smoothly
changed, while transition from non-pressure mode to
pressure one is accompanied by rupture of the surface
curve which from physical point of view is similar to
the phenomena of hydraulic jump developing in open
canals.
This paper intends to consider conditions under which
a hydraulic jump develops, types of jumps and places
where they occur, theoretical method of finding the
relation between conjugate depths and to reveal its
peculiarities, as well as its impact on the hydraulic
regime of the pipeline operation.
1. Introduction
In the professional literature, the hydraulic jump has
been little studied theoretically and, in particular,
experimentally [1-3]. Possible cases of hydraulic jump
formation  depending on a flow change developed from
the head unit and the magnitude of the buckup pressure
at the lower end of the pipeline have not been studied.
There are not studies on air entrainment by fluid stream
depending on the jump type. Prof. Dikarevski
suggested the initial depth of the jump to take equal to
normal depth of the non-pressure section, which is
obvious omission [4].
The present paper intends to built a simple theory of
hydraulic jump occurrence in a closed canal. To define
types of hydraulic jumps, ideas on depths of a
boundary jump and conjugate jumps have been
introduced.
2.Results and discussion
The gravitational water conduit belongs to the class of
long pipelines of which hydraulic calculation making
values of power local losses and kinetic energy losses
are negligible small compared with power losses on
transportation. On the entire length of a pipe of gentle
slope (Fig.1) the flow will be pressure one, if the flow
feeding its headworks is not smaller than  gravitation
flow of the conduit

(1)

where S is the hydraulic resistance of the pipe.
If and there is a overpressure at the lower
point of the pipeline, then a mixed mode of the fluid
flow is developed in the pipe, at that on the

length of the upper part of the pipe a non-pressure
flow is developed, and on the length of the lower
part a pressure flow is developed. If the pipe’s own
islope is greater than critical slope corresponding the

flow, then at the pressure flow section b2 type curve
sets up known in professional literature, therefore, at
the pipe’s entrance section a critical depth sets up
and on the surface – atmosphere pressure. The depth
along the flow direction decreasing tends to the depth
of uniform flow. Thus, at the non-pressure section flow
the fluid stream is rough, and at the initial pressure
section – smooth. Therefore, the fluid flow passage
from non-pressure mode to pressure one, actually is a
passage from rough flow to smooth one, due to which
transition phenomenon is a classic hydraulic jump.

Fig.1 Mixed hydraulic mode
(hydraulic free jump)

Conjugate depths of hydraulic jump developed in open-
channel flow depending on the change of the
downstream reach, always are conjugate, that is the
increase of one of them is accompanied by a decrease
of the other one, for functions of these depths jumps
are equal.
It is obvious that the greater of the conjugate depths of
the jump developed in the closed channel is determined
by the diameter of the pipe and is

independent of  the flow intensity. On the
other hand at the lower point of the pipe pipe the
change of retaining pressure is accompanied by
displacement of the place where the jump occurs,
during which the flow remains unchanged. Thus, if
increases, the jump place  travels upward  along the
length of the pipe, therefore, the smaller of conjugate
depths of the jump grows, and the larger one remains
unchanged. Therefore, in the general case of a
hydraulic jump developed in a closed channel we arrive
at a very important conclusion – conjugate depths can
also be non conjugate, that is their jump functions can
be unequal. This is an important peculiarity of the
closed-channel hydraulic jump.
Another peculiarity of the closed channel hydraulic
jump is its occurring place relatively large
displacement depending on the flow release condition

retaining pressure change and
retaining pressure condition flow change.
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Let us note that in this case the flow increase is
accompanied with jump place upward travel and v.v.
and the smaller of the jump conjugate depths can be
changed in the range between critical and
normal depths. It is evident that in this interval there is
a boundary depth which will be conjugation of the
conjugated large depth . We now determine

h depth by equality of its and conjugate jump

functions.
The function of the jump function can be written as [5].

α
(2)

where  A is the area of the effective cross-section, y is
the distance from the gravity centre of the effective
cross-section area to the free surface (Fig.2).

Fig.2 Cross section of the pipe
For the circular cross section, we have [6,7].

; ;

(3)
Jump functions will have the following views

α

α
π

(4)

Equalizing jump functions, we get
α π π π

π
(5)

It follows from the obtained equation that to each value
of flow running by water conduit corresponds

a certain β angle and therefore a certain h value of a

boundary depth. That is, from Equation by the
value is determined  angle

(6)

The distance from the point where the jump occurs
to the lower basin is determined geometrically by
finding power loss of the pressure floe section.
It is not difficult to determine the above distance

= (7)

where K is the pipe capacity.

It follows from (7) that increase of flow is
accompanied by the jump point displacement to the
head basin.
As far as the jump point depends on and moves
along non-pressure section, then the boundary jump
initiation probability is very small. Consequently, to
determine the initial depth of the jump is reasonable to
use the technique proposed in this paper which consists
in finding the distance of the jump development
place, then determining depth form free surface
type curve equation.
Let us now differentiate to types of a jump which is
developed in a closed channel. With this end in view
we compare boundary and conjugate small
depths corresponding to to the given flow. If
then call the jump approached or suppressed, and if

- remote, as in case of open channel.
It should be noted that dividing jumps into types is not
an informal action. First, let us note that kinetic energy
of a rough stream in a drowned section where jumps
occur is smaller than  that of the removed jump section
and its dissipation caused by a quiet stream is more
perfect. Continuous exchange of air and fluid particles
takes place in the section of jump. In the place of the
drowned jump feebly marked aeration is observed.
Small air bubbles are developed in the lower part of the
effective cross-section, then they moved to its top and
with high velocity escape the fluid stream without
being entrained by the stream, and dynamic
equilibrium of air and fluid particles is established.
At the site of the remote jump relatively tiny particles
of air in the form of  bubbles are entrained by the fluid
stream through the lower part of the live section, and in
the upper part of the section the existing large bubbles
move, gradually accelerating, in the opposite direction
to the surface of the jump section. As a result removed
jump possesses entrainment property.

Fig.3 Siphon section of the experimental setup

Experimental study of the above described phenomena
was carried out in the hydraulic research laboratory of
the Institute of Water Problems and Hydro-engineering
after Academician I.V. Eghiazarov, using an
experimental setup made of glass pipes of 50mm
diameter.
The hydraulic jump occurred in a closed canal is a
dangerous phenomenon especially for open pipelines.

y
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It causes jerks of the pipe which lead to destruction of
free supports. Therefore, if a hydraulic jump is detected
it is necessary to take special emergency measures to
stop it. To provide smooth operation of a pipeline we
suggest to equip the lower end of a pipeline by a valve
which will gradually close the pipe by throttling and
without changing the flow, establishing pressure flow
along the entire length of the pipeline.
3.Conclusion
Conjugate depths of the closed canal hydraulic jump
are conjugate only in case of boundary jump.
Depending on the value of existing overpressure at the
lower end of the canal the point where a jump occurs
undergoes an essential displacement along the canal.
In case of removed jump the fluid stream possesses
entrainment property.
Jump elimination without the flow change is possible
by throttling of the valve.
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Abstract
In this article, the possibilities and a choice of

ways of increase in accuracy of the linear measurement
and reduction of the modulation power and their
implementation in case of creation of a new high-
precision laser range finder are considered.  It is shown
that for increase in accuracy of the linear
measurements, for essential reduction of the
modulation power and non-linear distortions it is
necessary to realize transition to a new ways of the
modulation method connected to transfer of operation
point of the light modem on the average line section of
the modulation characteristic of light. Dependence of
amplitude-modulated light on distance is transferred
from a Bessel function of the zero order J0 (x) to a
Bessel function of first order J1(x). Such transition
leads not only to reduction of power of modulation, but
also non-linear distortions and dispersions of the
modulation phase. At the same time, the accuracy of
linear measurements increases by almost 10 times. The
phase error of the linear measurements m at the same
time is evaluated by the 100-th shares of millimeter-
0,015-0,02 mm.

Also schematic diagram of the heterodyne laser
range finder allowing to realize work of a light range
finder at circular polarization of light by use of the
auxiliary generator – a heterodyne is provided in the
offered article.

1. Introduction
In the development of high-precision optical

meters and refractometers, the authors hoped to achieve
too much in a very short time. Only at this stage, the
technical achievements in the field of linear
measurements on the modulation method are gradually
approaching the required requirements for special
engineering and geodetic work. In this regard, the main
research should be aimed at reducing the modulation
power on the linear electro-optical effect, which is
potentially the only basis for the construction of
modems (modulator-demodulator) of light on KDP
crystals (potassium dihydrogen phosphate) for
microwave range finders.

The increase in the requirements for the
accuracy of linear measurements realized by high-
precision light range finders, initially refers to the error
in determining the residual part of the phase cycle with
an error m = 0.01-0.02 mm, which is possible by
reducing the nonlinear distortions and phase variations
of the modulation by 10 times.

The well-known high-precision light-measuring
devices Geomensor 204 [1] and ДВСД-1200 [2] were

provided the error in determining the residual part of
the phase cycle, respectively, equal to 0.2 and 0.1 mm,
but under real conditions, 0.35 and 0.25 mm were
provided. Now the introduction of new solutions in the
basis of the construction of microwave light range
finders it is possible to construct the light range finders
that provide an error in determining m = 0.01-0.02 mm
[3].

2. Methodology
At the first stage, the formation of two antiphase

synchronously incoming optical signals in electro
optical crystals of the light modem as a more accurate
method for determining m in the light range finder
ДВСД-1200M at two photodetectors reached the value
m = 0.05 mm [4]. Periodic arrival of two antiphase
signals to one photodetector in the light range finder
CD-1200 was made possible to obtain m = 0.03-0.035
mm [5].

Subsequent decrease in the value of m is
possible with a decrease in the modulation power,
which at a frequency of 1200 MHz for the optimal
modem on the compensation method is 160-180 W.
This value is much more than the average permissible
power for KDP crystals installed in the microwave
modulators of the light range finders. Although the
average value of the microwave power supplied to the
modem of light does not exceed the permissible value
of the power on the crystals, the applied microwave
power of 150-160 W is a decisive factor, since during a
pulse duration of 40 microseconds, it breaks the crystal
structure, which is manifested by the presence of phase
variations On the front of the modulated wave. At
different areas of the light wave area, the modulation
phase is different, and significantly. At a distance of
10-15 mm from the axis of the light flux, the phase
difference leads to a spread in the linear value of 0.15-
0.2 mm [6].

In this connection, a decrease in the microwave
power on the crystals while maintaining the modulation
efficiency to reduce the error m = 0.01-0.02 mm
becomes the main task. In this paper, we consider the
possibilities of identifying and choosing ways to reduce
the modulation power and their implementation in the
construction of a new light range finder.
At microwave frequencies, a significant reduction in
modulation power and nonlinear distortion is possible
by switching to new manifestations of the modulation
method associated with the transfer of the modem
operating point from the onset of the modulation
characteristic of light to the mid-line section. In this
case, the dependence of the amplitude of the modulated
light on
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the distance is transferred from the Bessel
function J0 (x) to J1 (x). Such a transition, in addition to
reducing the modulation power, also reduces the
nonlinear distortions and the spread of the modulation
phase by a factor of 10.

For the function J1 (x), the relative intensity of
light is represented as the expression [7]

tCos
D2

Cos
U

U
2J21

2

1
II

~
10

Where – power mode of the light modem;

PPUU , m – wavelength of the light

modulation, D – Measured distance, – frequency
modulation, – the phase depending on D.

According to expression (1), the ratio cannot
have a value greater than one, i.e. at the maximum
value of the function J1(x) = 0.58 take place a over
modulation. In this mode, the ratio U / U = 0.3 and
most of the power consumed in the quadratic section

depending 0 on the .

In mode = 0.3, the modulation power
reduction compared with the diphase mode, when

= 0.54 is the 2,33,054,0 2 time. In practice,

by a certain decrease in the ratio from one, which does
not effect on the value of m , it is possible to obtain a
significant decrease in the modulation power. In mode

= 0.18 providing a ratio of 0
~

= 0.98, when J1

(x) = 0.48, the microwave power reduction is

9180540 2 times

To estimate the possible decrease in power from
an increase in the light intensity or modulation
wavelength, we consider the differential of expression
(1)
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Values I0, and m equally affect on the

magnitude m . By replacing the ratio by

, it is obtained that an increase in the light

intensity on n time is possible to reduce the power of
Pm on n2 time. This is an effective way to reduce PM

and a small receiving optics increases the intensity of
the receiving light by 2 or more times. As a result, a
total power reduction of about 36 times is possible.

From the effective ways of reducing the
modulation power, it is also necessary to stop the
possibility of a buffer resonator providing a decrease in
the power Pm by at least two times. Thus, taking into
account the overall reduction, the total power is equal

4,436160P W. If we also take into account the

losses in the microwave circuits, we can take Pm = 5
W. With such powers, it is possible to combine the

modem of light with an auto generator, since the
frequency of the auto generator during the supply of
the modulation pulse power to the modem crystals will
not have appreciable departures and the accuracy of
determining the modulation frequency will increase.
Under such conditions, it makes sense to reduce the
modulation frequency to 600 MHz, since the need for
Optical delay line (ODL) is eliminated and the
operation of the photomultiplier in the frequency
conversion mode is facilitated. From the reduction in
the frequency from 1200 to 600 MHz, the modulation
power will be further reduced 2 times and becomes
equal to Pm = 2.5 W.

However, for the operation of a light range
finder in a continuous mode, such a reduction does not
solve anything, because continuous mode of the
modem is not yet possible, and heating the crystals at
powers below 5 Watts no longer leads to noticeable
errors.

Now let us consider the possibility of realizing
an effective version of the receiving part of a
heterodyne light range finder.

Since the modulation power is reduced, the
departure of the resonant frequency of the modem is
insignificant, i.e. it is possible to combine the modem
with an auto generator with a smooth change in the
modulation frequency, which allows us to exclude the
strain-optical ODL.

With a smooth change in the modulation
frequency, a heterodyne frequency must be
synchronously changed so that the difference
frequency remains in the low-frequency band. The
difficulties of such a solution in matching the
photocathode photomultiplier, as a complex resistance
with the microwave field of the heterodyne resonator.

The second version of the application of the
ODL at fixed frequencies of 1200 MHz at modulation
powers of 5 W using electro optical frequency

conversion without a phase plate by /2. For this
variant, the second light modulator should operate in a
nonlinear mode, so that the optical frequency
conversion takes place, i. e. it requires high power for
the heterodyne.

It is also possible to use the ODL at a frequency

of 600 MHz with the use of a phase plate of /2 only to
reduce the length of the ODL 2 times, using a
microwave field on the photocathode of a
photomultiplier for the photo heterodyning mode [8].
Two or three variants of matching the photocathode of
a photomultiplier with the output of a heterodyne
resonator are known.

With small diameters of the photocathode, the
photomultiplier is installed inside the inner conductor
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of the coaxial resonator. On the photocathode, the
microwave field E of the resonator passes through the
hole at the end of the inner conductor along the path of
the receiving light. The efficiency of such control of
the photocurrent is small, because a small part of the
electric field E of the capacitive gap of the resonator is
used.

At large diameters of the photocathode, the
photomultiplier is mounted against the end of the inner
conductor of the resonator and the matching is carried
out by the photomultiplier, in which the constant
component of the photomultiplier current decreases
about 2 times.

It is more effective when the photocathode
behind the resonator end, and the microwave field E of

the resonator on the photocathode is fed through a
capacitive connection.

With all the indicated variants of application of
the field E of the heterodyne resonator to the
photomultiplier photocathode, the areas of action of the
field E and the light flux on the photocathode are
almost not combined, and therefore the heterodyning
efficiency is inadequate. In order to achieve this
alignment, it is necessary to act on the photocathode of
the photomultiplier in the magnetic field H of the
heterodyne resonator.

The essence of this variant is given in the
principle of the operation of the heterodyne light range
finder, the functional diagram of which is shown in
Fig.1.

The radiation of a linearly polarized laser 1
ЛГН-207A through mirrors 2 is directed to the light

modem  4 at the output of which a phase plate 3 on /4
is mounted to convert linearly polarized light into
circular light [9]. The use of a circularly polarized light
source is not desirable, because after mirrors 2, the

circular polarization becomes elliptically polarized,
which causes the modem operating point to shift to the
modulation characteristic of light.

The modulated light from the output of the
modulation channel 5 of the light modem 4 is applied
to a small transmission optics 6 reducing the opening
of the laser beam approximately 2 times. After the
mirror-lens reflector, the receiving light by the optics 7
is assembled into a parallel beam of 1.5 mm diameter

and through the phase plate on /2 8 it is directed to the
light demodulation channel 9. The demodulated light
after the analyzer 10 by mirrors 11 is directed to the
photo electronic multiplier (PEM) 14. The degree of
demodulation is determined by the position of the
modem in the path of light. By moving the modem

within 130 mm, the position of the full demodulation
of the light is found which corresponds to the point M
indicated in Fig. 2, where the oscillation component of
the modulation frequency is absent at half the intensity.

If within the movement of the modem the
position of the point M does not occur, then by turning

the phase plate /2 by 45º and the analyzer by 90º, the
position of the point M is again sought for the
minimum of the output signal of the PEM 14, the graph
of which is shown in Fig.3.

To operate the photomultiplier in the photo
heterodyning mode, an auto generator 13 is installed at
a frequency of 601 MHz on a pulse microwave triode
GI-22.

At the output of the resonator of the auto
generator, through a capacitive transition in the form of
a coil, a magnetic field loop 12 is established directly
on the photocathode. The magnetic lines are focused
on the axis of the loop in the form of a circular ring and
penetrate the photocathode at the point where the light
energy enters. The work of the exit of electrons from
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the photocathode is the sum of the energy of the
magnetic lines of force and the amplitudes of the
oscillations of the light intensity. For the exit of
electrons from the photocathode, the energy of the
magnetic lines of force and the amplitudes of the
oscillations of the light intensity are summed. Since the
release of electrons on their movement, the frequencies
of 600 and 601 MHz influence. At the output of the
PEM anode, a difference frequency of 1 MHz is
generated, whose amplitude depends on both the light
intensity and the current through the loop 12. By
choosing the distance between the photocathode of the
photomultiplier and the loop, the maximum photo-
heterodyne efficiency is established. The output signal
of the photomultiplier is amplified in the resonant
amplifier 15 and in the form of oscillations with a
frequency of 1 MHz in a pulse with a duration of 40
microseconds is fed to the screen of the indicator 16.
The repetition rate of pulses is increased to 1 kHz and
this allows to estimate the operation of the MF
generator and the scintillation in the reception light.
The repetitions frequency of pulses is increased to 1
kHz and this allows us to estimate the operation of the
microwave generator and the scintillation in the
reception light.

If there are harmonics in the oscillator,
amplitude emissions are observed at the vertices of
pulses with a duration of 40 microseconds, and when
the light is scintillated in the reception light for a
period of 1 kHz, the amplitude of the signals changes.

Moving the modem as the SLS determines the
number of pulses that are formed at the outputs of the
photo-light diodes (PLD) 23 and are set by the slotted
disk 22 directly connected to the screw of the modem
movement 20. The rotation of the analyzer 10 is
connected with the rotation of the phase transition by

/2 through the axis 24, whose motion through the
reducer 25 is realized by the motor 17.

The modem of light 4 is connected to the
microwave generator 21 through a flexible coaxial
cable. The position of the resonance of the modem is
determined through the detector circuit 26. In the

region where there is no modulation frequency, point
M in Fig. 2, the sensitivity of the indicator device rises
sharply in the form of the curve in Fig. 3 in the region
of point M.

3. Results
On the heterodyne method, the calculated

sensitivity is 2 times higher than on the diphase
method. However, in the graphical comparison of the
steepness of the heterodyne method with the diphase
method, an increase in sensitivity is not noticeable. In
Fig. 3, near the point M, the curve is more sensitive
due to the amplitude of the heterodyne signal, the
increase in the signal-to-noise ratio and for the large
amplification after the photomultiplier in the resonant
amplifier, which are not available on the diphase
method.

In addition, the presence of phase spreads and
nonlinear distortions do not allow on the diphase
method to obtain the ultimate measurement accuracy of
the modulation method.

For this period, the main nodes of the new light
range finder are implemented - the microwave
oscillator of scale oscillations, the light modem,
heterodyne, ODL and certain electronic units. Work on
the completion of a new optical range meter at the
stage of the formation of a receiving path of a light
range finder based on the process of photo heterodyne.

4. Conclusion
Figure 3 also shows the operation of the light-

range finder, when the minimum of light is determined
by fixing the receiving points M and N at the threshold
level Uth., which corresponds to the operation of the
light-range finder at the compensation extremum
method. Comparison of these curves indicates that
results that are more accurate can be obtained in the
photo heterodyning mode.

Although the calculated accuracy of phase
fixation during the operation of the light-range finder
in the photo heterodyning mode is significantly
increased, in practice it is possible to provide an
accuracy increase of 5-6 times, which leads to an
accuracy of the phase measurement 0.015-0.02 mm.
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Abstract
Method of rectangular finite elements with quadratic

law of variation of components' displacements along the
circuit for solving plane problems of moment theory of
elasticity is given. The first version of the cosserat theory
of elasticity is used, wherein the elastic behavior of the
new isotropic model is characterized by four elastic
constants. Conditions for determining rotation and
displacement of an element as an abstract rigid body,
which do not act on the stress state of the element are
derived.

1. Introduction
The method of rectangular finite elements with a quadratic
law of variation of components’ displacements along the
circuit is considered to solve the plane problems of the
moment theory of elasticity. The first version of the
moment theory of elasticity is used, wherein the elastic
behavior of the new isotropic model is characterized by

four elastic constants [1,2]: E , ν , l and η , of which E

is Young's modulus, ν - Poisson's coefficient, l and η -

new constants of the material ( l has the length dimension,

η - dimensionless constant of Poisson's ratio type).

Conditions for determining the rotation and displacement
of an element as an abstract rigid body are derived, which
do not act on the state of stress of the element.

2. Methodology

Let’s designate the symmetrical component of the
tangential component through, 2)(

yxxyc
τττ and

the antisymmetric component through.

2)(
yxxya

τττ .

The plane problem of the moment theory of elasticity in
the absence of volume forces and moments reduces to the

integration of a system of equations in stresses xσ , yσ ,

cτ , ατ , moment stresses xμ , yμ [1, 2].
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at the appropriate boundary conditions.

In [2] to determine the moment stresses xμ и yμ , it is

proposed to use the following formulas:
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Using Cauchy relations
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and the curvature expressions (5), as well as the values for
the moment stresses (3), we find
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Using the generalized Hooke's law
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Assuming that within the final element the normal stresses
s

xσ and
s

yσ vary linearly, and the symmetrical

component of the shear stress s
cτ is constant, the general

expressions for the stress components are given in the
form

ys

x 21 αασ , xs

y 43 αασ , 5ατ s
c (10)

which contain five arbitrary parameters

}5,...,2,1{, iiα .

Substituting expressions (10) into differential equations of
equilibrium (1), we obtain the remainder terms containing
the antisymmetric component of the tangential stress,
which determines the rotation of the element as an
perfectly rigid body [2] and does not affect the state of
stress of the element.
Taking

0aτ ,                               (11)

from the equilibrium equation (1), according to the ratio
(10), the first two equations are identically satisfied, and
from the third equilibrium equation (1) with regard to (7)
we obtain:
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Integrating equations (14), we obtain
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176521 ccccc .                              (17)

Conditions (16) determine the displacements of an
element as an abstract rigid body and do not act on the
state of stress of an element.
As the equilibrium equation is obtained from a unit
element, and respectively the sides of the element in the
direction x are equal a , and in the direction y are equal

b , so denoting by
a

xξ , and by
b

yη , from

equalities (15) we obtain
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u
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3. Conclusion

Substituting the values (18) into expressions (9) and (3),

we find the values of the normal stresses xσ and yσ , the

symmetric part of the tangential stress cτ and the

moments of the tension xμ and yμ .
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Abstract
The paper presents the results of studies of external and
internal plaster samples taken from the surfaces  of stone
constructions of the auxiliary buildings of Tatev
monastery complex , as well as the Iranian Govhar Agha
mosque  in Shushi.
Some of the basic physical and mechanical characteristics,
including water absorption and solubility of plasters  have
been studied. Electron microscopic, X-ray and
petrographic studies, as well as chemical analysis of
ancient plasters were carried out.
The compositions of the investigated mortars  are
revealed. The dependences of the main qualitative
indicators on structural features and mineralogical
compositions of plasters are determined and some of the
main causes of their damage are formulated.

1. Introduction
For the preservation of the cultural and historical values of
ancient structures, modern rules of restoration do not
allow  an active interference with the appearance of the
monuments. The restoration process supposes
performances of the most necessary volume of
strengthening and conservation activities using the most
modern protective facilities and materials [1].
The life of architectural monuments, except the
constructive solutions, largely depends upon the materials
used. Since ancient times, thoroughly developed rules had
strictly regulated the technology of preparation and use of
building materials, including raw materials and
formulation of compounding solutions, as well as their
technologies. Despite this, extensive experience in the
survey of ancient temple stone structures, including
Armenian ones, showed that the most vulnerable part is
the mortar component of the masonry [2].
For optimal selection of materials and formulations of
new restoration solutions, it is necessary to take into
account the conditions of their service in various structural
components of the ancient structure. At the same time,
they should be in reasonable combination with other used
new materials, and also must correspond to the "old"
mortars for the raw materials and basic quality
characteristics. During the survey of the state of
monuments and for the establishment of initial parameters

of the used mortars, according to modern requirements a
comprehensive study of mortars is also carried out.

2. Methodology
The surveys were carried out by means of
preliminary visual inspection of the structure
materials with a choice of places for taking samples
and their subsequent detailed experimental study. The
actual qualitative and quantitative characteristics of
the "ancient" mortars were detected using a research
technique based on an analysis of the results of
determining certain basic properties - chemical
composition, petrography, as well as micrography and
X-ray.

3. Results
The ancient external and internal wall plasters were
studied, samples of which were taken from two
different monuments – from the auxiliary structure  of
Tatev monastery complex, as well as Govhar Agha
mosque in Shushi (Fig. 1 and Fig. 2). The
researches were carried out in the laboratories of the
construction organization ,,Horizont 95’’, in the
Institutes of  Chemical Physics  and Geological
Sciences of the Academy of Sciences of the Republic
of Armenia. Some of the basic properties of plasters
(Table 1), their chemical composition (Table 2) and
petrography (Table 3) have been studied.
Micrographs and X-ray photographs of the external
and internal wall plasters of the auxiliary buildings of
Tatev monastery complex are presented respectively
in Fig. 3, and in Fig. 4 - the internal and external
plasters of the Govhar Agha mosque.
Air-setting lime and local natural sands were used in
the plasters of the auxiliary of  Tatev
monastery complex, which were formed as a result of
natural weathering of slag rocks. Mortars have the
following compositions: 1 part of lime and 2 parts of
a mixture of mid size- and fine-grained sand for
internal plaster and 1 part of lime and 1 part of fine-
grained sand mixture for external plaster. Carbonate
content of calcareous solutions is 33 and 45 percent,
respectively. Free calcium hydroxide in the
composition is missing. Carbonized calcium silicates
and silicon oxide, recorded by X-ray photographs,
indicate that the hydrate of calcium oxide from the
calcareous solutions had interacted with siliceous
components of the applied natural sands for a very
long time. The main factor of longevity and air
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resistance of lime that do not contain
pozzolanic additives appears to be an increased
content of lime.

Fig. 1 Auxiliary buildings of Tatev monastery complex
(External and internal plaster)

Fig. 2 The Iranian mosque Govhar Agha in Shushi
(Interior and exterior plaster)

Table 1 Some physical and mechanical characteristics
of plaster
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Table 2 Results of chemical analysis of plasters
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а – Т

b – Тint
Fig. 3 Micrographs and X-ray patterns of external (a)
and internal (b) plasters of auxiliary buildings of
Tatev monastery complex

a-Sh

b-Shint

Fig.4 Micrographs and X-ray patterns of external (a)
and internal (b) plasters of Iranian Govhar Agha
mosque in Shushi.

Table 3 Results of petrographic analysis of plasters

Minerals

The quantitative content of
minerals,% (numbers and

designations of sample solutions
according to Table 1)

N1
(Тext)

N2
(Тint)

N3
(Shext)

N4
(Shint)

Heavy fraction

Magnetite 25.0 25.0 50.0 50.0

Hematite 25.0 25.0 - -

Hypersthene - - - 1.0

Diopside 0.5 - 4.0 2.0

Augite 17.0 14.0 10.5 10.0

Hornblende 10.0 12.0 12.0 12.0

Basaltic hornblende 20 0 20.0 20.0 18.0

Iron hydroxides 1.0 1.5 1.0 1.0

Actinolite 1.0 2.5 - 1.5

Epidote
Single
grains

Single
grains

1.0 2.0

Zircon - - 1.0 0.5

Biotite
Single
grains

Single
grains

0.5 1.5

Tremolite 0.5 - - 0.5

Light fraction

Weathered grains 65.0 45.0 54.0 30.0

Volcanic glass 25.0 40.0 35.0
Single
grains

Quartz - - 1.0 -

Plagioclase 10.0 15.0 10.0 1.0

Muscovite -
Single
grains

- 1.0

chrysotile - - - 68.0

The formation of calcium silicate is a primary process of
long hardening of lime mortar in air:
Ca (OH) 2 + SiO2 • aq → CaO · SiO2 • aq.. During the
further existence of  the mortar, the residual free calcium
hydroxide and the new formations under the influence  of
carbon dioxide in the air (CO2)  were carbonized
according to the following equations:
Са(ОН)2+СO2→СаСO3+H2O;
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CaO·SiO2 aq.+СO2→СаСO3+SiO2 aq.
Calcium carbonate (CaCO3), as it  is known,   strengthens
the mortar, and the silicic acid gel (SiO2aq.)  weakens it
and can even lead  to a complete loss of cohesion and
strength. With an excessive amount of bindings from the
latter, under the impact of carbon dioxide (CO2), the opal
gel of silica (SiO2aq.) can be gradually dehydrated,
crystallized and converted to chalcedony (SiO2), i.e. return
to crystalline anhydrous state. However,  judging from the
solubility of the studied plasters (35 and 20 per cent,
respectively),  this unfortunately did not happen.
The reason for the destruction of the plastering of the
auxiliary structures of Tatev monastery complex is the
lack of water resistance of the lime mortars . In mortars
not containing hydraulic additives in case of abundant,
permanent and long-lasting moistening, (annealed clay,
natural pozzolans, etc.), the solubility of the materials
increases, as water in combination with carbon dioxide
has a destructive effect on calcium.
Wherein, calcium carbonate СаСO3 is converted into
acidic calcium bicarbonate Ca (HCO3)2, which, as it is
well known, has a solubility of 100 times higher than
calcium carbonate. In addition, dispersed straw-
reinforcment, used in external plaster, during the
accumulation of moisture on the surface becomes an
additional cause of cracking and subsequent destruction of
the plaster.
Plaster, taken from the internal surface of the mosque
Govhar Agha  in Shushi, was prepared with the use of
three parts of gypsum binder (SO3- 45%, CaO-30.4%)
with the addition of one part of clay, slate and gneissic
mixtures. The content of anhydrite can easily be seen on a
micrograph in the form of twin crystals of  a parallel-
fibrous structure.
The material of the internal plaster is qualitatively similar

to alabaster (clay gypsum), in which one-quarter of the
quantitative composition are fine, very fine and powdery
particles, mainly from chrysotile, which is a part of the
serpentine group. The X-ray photographs of the solution
showed the peaks of crystalline anhydrous oxides of silica
(SiO2) and magnesium (MgO). Layered magnesium
silicates that make up the serpentine group Mg3

(Si2O5)(OH)4 are the main minerals of clay shales and
gneisses [3].
Additional components of gypsum plaster could get into
the composition during their conscious introduction, as it
is accepble  in lime mortars, or with their initial content in
the original rock in the form of natural contaminants.
Precisely, this kind of slightly burnt gypsum with variable
contents of natural impurities  were found in plasters,
widely used for paintings in the palaces, temple structures
and tombs in ancient Egypt.
And there are many such examples in other cultures of
different historical periods. Starting from the second half
of the 15th century, the so-called "kundal" raised pattern
was a very popular ornamental decoration of mosques'
interiors. It was a relief pattern of red clay with an
admixture of vegetable glue and gypsum, which bulges
were covered with gildings, and the background was filled
with small floral patterns, painted blue. It is known that
plaster for such finishing was applied with gypsum with a

natural admixture of clay, as well as a certain amount of
silica and carbonates. This natural material (ganch) was
heated up to 130 ° C, crushed and sieved. Coarse-grained
light gray ganch (tez-ganch) was used by old masters in
clay mortars, and cleaned white fine-grinded ganch (gul-
ganch) - in plasters for frescoes and carved knocking [4].

Conclusion
For plasters of Tatev monastery auxiliary structures,
which do not contain pozzolonic additives, such as
annealed clay, natural pozzolans, etc., the main factor of
longevity and air resistance could be the increased content
of lime . It is known that the formation of calcium
hydrosilicate is the primary process of hardening of the
lime in air - Ca(OH)2+SiO2·aq.→CaO·SiO2·aq. In
case of further life of the , the residual free calcium
hydroxide and the new formations are carbonized under
the influence of carbon dioxide (CO2), which is present in
the air. At the same time, calcium carbonate (CaCO3) is
formed, which strengthened the mortar, and silica gel
(SiO2aq.) is formed , which weakens it and can
even lead to a complete loss of connectivity and strength.
With an excessive amount of bindings from the latter,
under the impact of carbon dioxide (CO2), the opal gel of
silica (SiO2aq.) can be gradually dehydrated, crystallized
and converted to chalcedony (SiO2), i.e. return to
crystalline anhydrous state. However,  judging from the
solubility of the studied plasters, this unfortunately did not
happen. Calcium carbonate (CaCO3), as it  is known,
strengthens  the mortar, and the silicic acid gel (SiO2aq.)
weakens it and can even lead to a complete loss of
cohesion and strength. With an excessive amount of
bindings from the latter, under the impact of carbon
dioxide (CO2), the opal gel of silica (SiO2aq.) can be
gradually dehydrated, crystallized and converted to
chalcedony (SiO2), i.e. return to crystalline anhydrous
state. However,  judging from the solubility of the studied
plasters, this unfortunately did not happen. In case of
abundant, permanent and long-lasting moistening, the
solubility of the materials increases, as water in
combination with carbon dioxide has a destructive effect
on calcium. Wherein, calcium carbonate СаСO3 is
converted into acidic calcium bicarbonate Ca (HCO3)2,
which, as it is well known, has a solubility of 100 times
higher than calcium carbonate.
In addition, dispersed straw-reinforcment, used in external
plaster, during the accumulation of moisture on the
surface becomes an additional cause of cracking and
subsequent destruction of the plaster.
For the external plastering of  Govhar Agha mosque in

Shushi, the magnesian binder provided a more solid
surface of the layer. Used as fillers of the same
of dolomitized limestones, from which a calcareous binder
was obtained, caused the regeneration of calcite grains of
the binder, that is, a gradual transition from the aggregate
to the binder took place. This is due to the high density
and uniformity of the structure, the good adhesion of the
components and, as a consequence, the relatively low
water absorption of the plaster.
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In case of absolute absence of solubility, partial
destruction of the exterior plastering of the mosque
Govhar Agha takes place. The mechanism of destruction
is associated with the difference in temperature
deformations, both for individual components of the
mortar and masonry as a whole, and influence of periodic
freezing, thawing, moistening, drying, and other
aggressive chemical, physical and biological factors.

Under complete
absence of solubility - gypsum plaster has a significant
water absorption (20%), which is due to layered minerals,
which are present in its composition and during
absorption of  water molecules swells due to the
expansion of inter-packet spaceing, but during their
removal, they decrease in volume. Multiple repetitions of
this process could lead to the appearance of surface
cracks.
The hardening of the gypsum plaster is based on
dissolution in water, hydration and subsequent
crystallization into a strong splice of  gypsum, containing
two molecules of water (CaSO4 • 2H2O). Separate
particles of gypsum solution, adhering  to each other and
being smeared on the surface of the brickwork, do not
possess a penetrating ability (diffusion The destruction
of gypsum plaster is associated with the mechanism of
condensate formation on the surface of the brickwork,
where moisture penetrates through the surface cracks of
the plaster. Multiple freezing, defrosting, moisturizing and
drying lead to the detachment and destruction of plaster.
In addition, the process of destruction is also associated
with the moisture of the brickwork due to the damage to
the roof flashing, as evidenced by the absence of separate
fragments of brickwork. Water, percolating through the
interlayer of wedging lime mortar, accumulates on the
interface of gypsum mortar and clay bricks, detaching
from each other easily. Over time, moisture leads to the
erosion of the lime solution, to fall of individual bricks, to
loosening of the masonry and to acceleration of gypsum
plaster further destruction process.
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Abstract

This paper considers a class of mixed boundary-
value problems of continuum mechanics, which closely
related to each other ideological and the methodological
aspects. Such problems rise in the mathematical theory of
elasticity at antiplane deformation of an elastic medium,
geomechanics in study of soil landslides, in the theory of
steady fluid filtration in porous soils in calculation of
hydraulic structures such as dams, structural mechanics,
theory of stationary thermal conductivity and in other
spheres. These problems as applied to the elasticity theory
are formulated as follows:

1) on the half-infinite interval of the elastic layer
upper face under antiplane deformation in direction of one
of the coordinate axes, the constant displacement is given
in the direction of the same axis; the tangential stresses are
given at the subsequent finite interval and in the rest of the
half-infinite interval the layer is rigidly fixed and the
lower of the face layer is also rigidly fixed;

2) the same problem when in a half-infinite interval
the constant displacement in the opposite direction of the
coordinate axis is given instead of fixing;

3) the mixed problems presented in cases 1) and 2)
are considered when the lower edge of the layer 1) free of
external forces or 2) is rigidly fixed.

Using the Fourier integral transformations, solutions
to the stated mixed boundary-value problem are reduced
to solutions of Fredholm integral equations of the first
kind. These equations admit closed, i.e. the exact solutions
which are obtained by M.G. Krein method, as well as by
the method of singular integral equations (SIE) or the
Chebyshev of orthogonal polynomials method. In the
solutions with their inherent singularities are explicit
emphasized.
1. Introduction

This paper considers a class of mixed boundary-value
problems of continuum mechanics, combined by a general
mathematical method of research and commonality of
physical ideas of their products. These problems are
formulated by the mathematical theory of elasticity and
the theory of steady-state filtration in the porous soils. But
such and similar problems are often found in the structural
mechanics, in the geomechanics, in the mechanics of
composites, in the thermal conductivity and in the other
areas. On the part of the theory of elasticity are considered
mixed boundary-value problems for an elastic layer under

the conditions of an antiplane deformation. Such problems
are modeled many practical questions in geomechanics in
the calculations of the stress-strain state of mountain
massifs, subject to shear deformations, which in landslides
of soils or earthquakes, greatly exceed other types of
deformations. These problems are mathematically
formulated as a mixed boundary value problems in the
theory of harmonic functions and by the method of the
integral Fourier transform are reduced to Fredholm
integral equations of the first kind that admit exact
solutions.
These solutions are constructed by the method of M.G.
Krein or by the method of SIE or by the method of
orthogonal polynomials and they are clearly identified the
inherent characteristics of them. Thus, the class of mixed
problems under discussion is directly connected with
contact and mixed problems of the theory of elasticity, in
which many results are summarized in [1-6].

On the part of the theory of filtration, the mixed
boundary value problems under consideration arise in the
calculation of hydraulic structures such as dams with a
porous ground foundation [7-9].
2. Formulation of mixed boundary value problems.

Let the layer , ; 0x z H y of the

modulus of elasticity G and height H , referred to the
right-handed coordinate system Oxyz , is in the direction

Oz axis under antiplane deformation (longitudinal shear)
(a basic plane Oxy ).  The following mixed boundary

value problem for a layer is considered.
I. Suppose on the upper edge of the layer on the

site ; 0;x a y zω constant

displacement 0w along positive axis Oz are given; the

region ; 0;a x y zω is rigidly

fixed, on the central region

0 ; 0;a x а y zω tangential forces of

f x intensity are acting along negative direction Oz

axis and the lower edge of the layer is free from external
forces (Fig.1).
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Fig.1 Elastic equilibrium of the layer at antiplane
deformation for mixed boundary conditions

The governing equations of the theory of elasticity with a
basic plane Oxy at an antiplane deformation consist of a

single equilibrium equation and Hooke's law. They have
the following view, respectively

0; ; ,yzxz z z
xz yz

u u
G G

x y x y

ττ τ τ

where xzτ and yzτ are components of tangential stresses,

,z zu u x y is a single nonzero component of the

displacement  along axis Oz . Introducing the function

, , ,zx y Gu x yϕ we find that this function, as well as

the function ,zu x y in the base layer

; 0x H yω are harmonic functions.

Further, using the Cauchy-Riemann conditions, we get

, , .x y
x y y x

ϕ ψ ϕ ψ ω (1)

Introduce harmonic function ,x yψ conjugate with

,x yϕ . Then,

, .xz yzy x

ψ ψτ τ

Obviously, the lines ,x y constϕ represent lines of

equal displacement. The lines ,x y constψ represent

the tangential stress trajectories. Indeed, we can write

, 0

0 .yz xz
xz yz

x y const dx dy
x y

dx dy
dx dy

ψ ψψ

τ τ
τ τ

The function ,x yψ in hydrodynamics is analog of the

current function.
Now, the first mixed boundary value problem for the

elastic layer can be mathematically formulated as the
following boundary value problem for a harmonic

function 1
1 , ,zx y G u x yϕ in the base strip ω :

2 2
1 1

2 2

1 00

1
1 0

0

1

0 ,

, ;

, 0 ; ;

0 . 2

y

y
y

y H

x y
x y

x y w G x a

x y a x f x a x a
y

x
y

ϕ ϕ ω

ϕ
ϕϕ

ϕ

The boundary value problem (2) is equivalent to the
following mixed boundary value problem for the function

1 ,x yϕ conjugate to 1 ,x yψ .

2 2
1 1

2 2

1

0

1

1 10

0 , ;

0 ;

, 0 ;

, ,

y

y H
x

y
a

x y
x y

x a
y

x y x

x y f s ds c a x a

ψ ψ ω

ψ

ψ

ψ

(3)
where 1c is a constant to be determined.

II. In the second mixed problem for the elastic layer
, the previous conditions on the sections ω and 0ω

will remain unchanged, and on the section ω constant

displacements 0w are given along negative axis Oz and

the edge of the layer y H is rigidly fixed. This

problem is formulated mathematically in the form of the
following mixed boundary value problem for the function

2
2 , , :zx y G u x yϕ

2 2
2 2

2 2

2 00

2

0

2

0 , ;

, ;

;

, 0 .

y

y

y H

x y
x y

x y G w signx x a

f x x a
y

x y x

ϕ ϕ ω

ϕ
ϕ

ϕ

(4)

The boundary value problem (4) using conditions (1) is
transformed into the following mixed boundary value

problem for the conjugate function 2 , :x yψ
2 2

2 2
2 2

2

0

2 20

2

0 ,

0 ;

, ; ;

0 ,

y
x

y
a

y H

x y
x y

x a
y

x y f s ds c x a

x
y

ψ ψ ω

ψ

ψ

ψ

(5)

where 2c is a constant to be determined.

III. The mixed problem I is considered when the
lower edge of the layer is rigidly fixed and the similarly
mixed problem II is considered when the lower edge of
the layer is free of external forces. These problems are
formulated mathematically as completely analogous
boundary value problems (2)-(4).

Let us proceed to the mixed problem theory of
filtration. First, we give the basic equations of the plane
theory of steady-state fluid filtration into a porous
anisotropic soil mass, with referred to a rectangular
coordinate system Oxy , and the vertical axis Oy is

directed down. In this model, when the forces of
resistance of the skeleton of the ground are accounted by
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Darcy's law and taking into account anisotropy [7,8], we
have

1 2v , v ; , .x y

h h p
k k h y x y S

x y γ
(6)
Here v , vx y are components of the velocity vector of

filtration; 1 2,k k are coefficients of fluid filtration in the

ground, respectively, in the horizontal and vertical

directions 1 2k k ; ,p p x y is a pressure; γ is the

specific gravity of the fluid; ,h h x y is a piezometric

push; S is a filtering area. Substituting the expressions for
the velocity components (6) in the continuity equation
[7,8], will come to the generalized Laplace equation for

the function ,h x y
2 2

2
1 22 2

0 , ; .
h h

k x y S k k k
x y

(7)

Further, passing to the new variables ; ,x k yξ η
equation (7) is transformed into the ordinary Laplace
equation

2 2
0 0

0 02 2
0; , , .

h h
h h h h kξ η ξ η

ξ η
(8)

Now consider the mixed boundary problem of the
plane theory of steady-state fluid filtration in to a porous
an isotropic soil mass in the form

0 ; 0x y T of a power T , which

associated with the calculation of hydraulic structures
such as dams (Fig. 2).

Fig.2 Fluid filtration under a hydrodynamic structure
of dams type

Let the height of fluid at the upstream reach be 1H ,

and at the downstream reach 2H 2 1H H and the

flute-underground base of the dam, together with the
water proofing y T is watertight. Using (8), the

described problem in the case of a flat base flute
0;y b x bω is mathematically formulated as

the following mixed boundary value problem for a

harmonic function 0h in the layer :

2 2
0 0

2 2

0 00 0
0 0

0 0

0 0

0

0 ; 0

1 ; 0 ; (9)

0 ( ); 0 ( ).
Т

h h
T

h b h b

h h
b b

η η

η η

ξ η
ξ η

ξ ξ

ξ ξ
η η

Here, as in [9], dimensionless piezometric pressures are
introduced

0 0 0 2 1 2 0, , , , .h h h H H H H H b b kξ η ξ η

It is required to determine the law of distribution of
piezometric pressure h along the underground contour of
the apron, the output velocity component v v yη along

the line of the downstream reach lower creek, and the total
filtration rate.
Further, in the context of applying the integral Fourier
transform with the aim of constructing the solution of the
boundary value problem (9), conveniently, as above, this

problem should be reformulated for the function 0 ,ψ ξ η

conjugate to function 0 ,h ξ η to is analog of the current

function, satisfying the Cauchy-Riemann conditions

0 00 0; .
h hψ ψ
ξ η η ξ

As a result, the problem (9) is transformed into the
following boundary value problem for the function

0 ,ψ ξ η :
2 2

0 0
2 2

0
0

0

0 0 0 0

0

0 ( ; 0 )

0 ;

;

0 ( ).T

T

b

c b b

η

η

η

ψ ψ ξ η
ξ η
ψ ξ
η

ψ ξ

ψ ξ
(10)

Here c is till unknown constant.

3. Reduction of boundary value problems to integral
equations
The solutions of problems (2)-(5) can be constructed

by an integral Fourier transform. But it is convenient first
to construct solutions of the boundary value problems (3)
and (5) and then to find the conjugate harmonic functions

, 1,2k x y kϕ from the conditions (1).

Let us now proceed to the solution of the boundary
value problem (3), reducing its solution to the solution of
the integral equation. For this purpose, for function

1 ,x yψ , previously, the following auxiliary boundary

value problem is considered:
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2 2
1 1

2 2

1
1

0

1

0 ,

; 0 ;

0 ;
,

y H
y

x y
x y

g x x
y

x a
g x

x x a

ψ ψ ω

ψ ψ

χ
(11)

where 1 xχ is the desired calculation function. Now

applying the Fourier integral transform to the boundary
value problem (11), we arrive at the following one-
dimensional boundary value problem:

2
21

12

1
1

0

0 0

; 0;
y H

y

d
H y

dy
d

g
dy

ψ λ ψ

ψ λ ψ
(12)

1 1, ; , ; .i xy g x y g x e dxλψ λ λ ψ

The solution of the boundary value problem (12) has the
form

1 , 0 ,y sh y H g ch H H yψ λ λ λ λ λ

from which by the inverse Fourier transform formula we
find

1

1 1 1

1

1
, , , ,x y K x s y s ds x yψ ω

π
χ (13)

1

0

, cos

2 sin 21
ln .

2 2 sin 2

K x y sh y H x d ch H

ch x H y H H

ch x H y H H

λ λ λ λ λ

π π
π π

Hence,

1 1

1
,0 ln ,

4

a

a

x s
x cth s ds

H

π
ψ

π
χ (14)

where the expression for the well-known Fourier cosine
integral [10] (p. 530, formula 4.116.2) was used. Now
using (14), realizing the third condition of the problem (3),

relative to the function 1 xχ we arrive at the next

defining integral equation (IE) of Fredholm of the first
kind:

1 1 1ln ;
4

.

a

a
x

a

x s
cth s ds h x h x c

H

h x f s ds

π
π πχ

(15)
Now, the solution of IE (15) for the right-hand side of

h x we denote by 1 ,xω and for the right-hand side of

the 1-th by 1 ,q x a . Then, we have

1 1 1 1 ,x x c q x a a x aπω πχ
and consequently, (13) can be written in the form

1 1 1 1

0

, ,

cos , .

а

а

x y s c q s a ds

sh y H
x s d x y

ch H

ψ ω

λ
λ λ ω

λ λ

(16)

Now, by the first formula of the Cauchy-Riemann
conditions (1), we obtain

1 1
1 1 1

0

,

cos , .

а

а

s c q s a ds
x y

ch y H
x s d x y

ch H

ϕ ψ ω

λ
λ λ ω

λ
After integrating this equality with respect to x , we have

1 1 1 1

1

0

, ,

sin , ,

а

а

x y s c q s a ds

ch y H
x s d p y x y

ch H

ϕ ω

λ
λ λ ω

λ λ
(17)

where 1p y as yet is while an arbitrary function. From

here

1 1 1 1

1

0

,0 ,

sin 0 .

а

а

x s c q s a ds

d
x s p x

ϕ ω

λλ
λ

(18)

Taking into account the value of the second integral (the
discontinuous Dirichle integral), we discuss the following
cases: 1) .x a In this case 0x s and the basis of
the first condition of the boundary value problem (2) from
(18), we get

1 1 1 0 1

1 1 1 1

0 2 2 ;

, , .
a a

a a

p Q c Gw

Q q s a ds s ds

π π

ω (19)

2) .a x Then 0x s and by the second
condition of the boundary value problem (2) from (18) we
obtain

1 1 1 10 2 2 .p Q cπ π (20)

From (19) and (20) we find

1 0 1 1 0 10 2, .p Gw c w G Qπ π (21)

It should be noted, that if the second boundary
condition of the problem (2) is replaced by condition

1 0, 0 ,x w G a xϕ then instead of (21) we

have 1 1 1 0 10 0, 2 .p c w G Qπ π
Continuing the problem of defining the function

1 , ,x yϕ we turn to the second Cauchy-Riemann

condition (1). Then by (16) and (17) we can write
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1
1 1 1

1
1
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1 1 1

0

,

sin

,

sin , .
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а
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а

s c q s a ds
y
sh y H

x s d p y
ch H x

s c q s a ds

sh y H
x s d x y

ch H

ϕ ω

λ ψλ λ
λ

ω

λ
λ λ ω

λ
It follows that

1 10p y p y const 1 1 00 2.p y p Gw

Consequently, we finally have

1 1 1 1

0

0

, ,

sin , .
2

а

а

x y s c q s a ds

ch y H Gw
x s d x y

ch H

ϕ ω

λ
λ λ ω

λ λ
Turning to the boundary value problems (4) and (5),

we arrive at the following defining IE in the same
analogously way:

2

2 2 2

ln 1 2
2

, , .

a

a
x

a

x s
sh s ds

H

h x h x c q x a h x f s ds

π

π π

χ
(22)

We denote as above the solution of IE (22) for the right-

hand side h x by 2 ,xω and for the right-hand side of

1 through 2 ,q x a . Then we have

2 2 2 2 ,x x c q x a a x aπω πχ
2 2 2 2

0

2 2 2 2

0

2 2 2

, ,

cos ; , ;

, ,

sin

2 2

, ;

а

а

а

а

а

а

x y s c q s a ds

ch y H
x s d x y

sh H

x y s c q s a ds

sh y H
x s d

sh H

arctg tg y H H th x H

s c q s a ds

ψ ω

λ
λ λ ω

λ λ

ϕ ω

λ
λ λ

λ λ

π π

ω

2 2 2 0 2

2 2 2 2

0 0, 2 ;

; , ,
a a

a a

p c Gw Q

s ds Q q s a ds

π π

ω

where notation, corresponding to the first boundary-value
problem is taken.

We note that the solution of the boundary value
problem (10) also reduces to solution of the IE (15).
4. Solution of determining IE

Starting the solution of the IE (15) and (22), first we
put in them

0 0
, ; ;

; 1,2 .k k k k

x H s H a H
H H h h H k

ξ π η π α π
ξ π ξ π ξ ξ πχ χ

As a result, they will take, respectively, the form

0 0
1 1ln ;

4
cth d h

α

α

ξ η
η η ξχ (23)

0 0
2 2ln 1 2 ; ;

2
sh d h

α

α

ξ η
η η ξ α ξ αχ

(24)
0 0 0 0

0
; , ;

1,2 .
k k k k k k

k k

h h H c c q
H k

ξ π ξ π π ξ πω ξ π ξ α
ω ξ ω ξ π

χ

Here 0
1 ,q ξ α and 0

2 ,q ξ α are solutions of the IE

0
1

0
2

ln , 1;
4

ln 1 2 , 1.
2

cth q d

sh q d

α

α
α

α

ξ η
η α η

ξ η
η α η

These functions are given by the formulas [11] (p.245)
1

0
1 1 2

1 20 1
2 0

1

0

, 2 ;

, 2 2 ;

ln 1 2 ,

q Q ch ch ch

q M ch ch ch

M sh

ξ α π α α ξ

ξ α π α ξ α ξ
α α

(25)

where 1 2Q x is the function of the Legendre of the

second kind. In the previous variables we have
1

1 1 2, 2 ;q x HQ ch a H ch a H ch x Hα π π π

2
1 2

1

, 2

2 ;

ln 2 .

q x M a H ch x H

ch a H ch x H

M a sh a H

α π
π π

π
(26)

Now, using (26), we can calculate the quantities 1Q and

2Q

1 1 2 1 2
1

2

;

ln 1 2 ,

Q P ch a H Q ch a H

Q M a sh a H

π π
π

where 1 2P x is the function of the Legendre of the first

kind.
We can construct the solution of IE (23) and (24) by

applying various methods. Based on (25), their solutions
can be obtained using formulas of M.G. Kerin [11] (Ch.
IV, §8). Further, by differentiating both sides of (23) and
(24) with respect to ξ , we come to the SIE:

0 0
1 1

0 0
2 2

2 2 ;

2 2 .

d sh h

cth d h

α

α
α

α

η η η ξ ξ

η ξ η η ξ

χ
χ

The solutions of these equations are given in [12].
Solutions of these IE can also be found using the

method of orthogonal polynomials. Specifically, the
solution of the IE (23) by this method can be obtained
using the spectral relationships established in [13].In order
to solve the IE (24) we apply the same method using
known spectral relationships established in [14].



9th INTERNATIONAL CONFERENCE ON CONTEMPORARY PROBLEMS
OF ARCHITECTURE AND CONSTRUCTION Batumi, Georgia (September, 2017)

1

2
1

1
1, 2,... ;1 1

ln 1 1
1 ln 2 0 ,

nn T x nT s ds
n x

x s s n
π

(27)

where nT x are Chebyshev polynomials of the first kind.

These polynomials are transformed into the corresponding
relationships for the kernel of the IE (24). For this purpose

in (27) with 2 0,1,2,...n m m we put

2 2 , 2 2 , ,x sh sh s sh shξ α η α α ξ η α

and when 2 1 0,1,2,...n m m -

2 2 , 2 2 , .x th th s th thξ α η α α ξ η α

After simple transformations, the following spectral
relationships are obtained:

2

2
2

21
ln 1 2

2 2

m

sh
T ch d

sh
sh

ch ch

α

α

η
η η

αξ η
π α η

2

2 1

2 1

21
1,2,... ;

2 2 (28)
1

ln 0 ;
2

2

21
ln 1 2

2 2 2
2

2
0,1,2,... . (29)

2 1 2

m

m

m

sh
T m

m sh

m
sh

th
T d

th
sh

ch ch ch

th
T

th
m

m ch

α

α

ξ
α

α
η

η
αξ η

π η α η
ξ
α

α

Under these conditions, the orthogonal polynomials
Chebyshev of the first kind with the indicated modified
arguments have the form

2 2

2 2 2

2 2 2
0 ;

0 ;
2
0 ;

m n

sh sh ch d
T T

sh sh ch ch
m n

m n

m n

α

α

η η η η
α α α η

π
π

(30)

2 1 2 1

2 2

2 2 2 2

2 ; (31)2
0 .

m n

th th d
T T

th th ch ch ch

ch m n

m n

α

α

η η η
α α η α η

π α

Then, we expand the solution of the IE (24) into
symmetric and skew-symmetric parts:

0 0
2 2, ;

; .

h h h

h h

ξ ξ ξ ξ ξ ξ

ξ ξ ξ ξ

χ χ χ
χ χ

As a result, we come to the following IE:

ln 1 2 .
2

sh d h
α

α

ξ η
η η ξ α ξ αχ

(32)
Now, the solutions of IE (32) can be represented in the

form of infinite series α ξ α

2
0

2 2
;

22
m m

m

ch sh
X T

shch ch

ξ ξ
ξ

αα ξ
χ (33)

2 1
0

21

22 2
m m

m

th
X T

thch ch ch

ξ
ξ

αξ α ξ
χ

(34)

with unknown coefficients 0,1,2,...mX m .

Substituting (33) into the IE (32) with the sign “+”, and
(34)— into the IE (32) with the sign “-” and using the
spectral relationships (28) and (29), as well as the
orthogonality conditions (30) and (31), after simple
transformations we have

2 2
0 0

2
ln 2 ; 4 1,2,... ;

2 2 1 2 0,1,2,... ;
m m

m m

X h sh X mh m
X m ch h m

π α π
π α

(35)

2

2 1

2 2 2

2
2 2

0,1, 2,... .
2 2

m

m

m

m

T sh sh ch d
h h

ch ch
T th th d

h h m
ch ch ch

α

α
α

α

ξ α ξ ξ
ξ

α ξ
ξ α ξ

ξ
ξ α ξ

Accordingly, the exact solution of IE (24) has been
obtained in the form of infinite series (33) and (34) with
coefficients (35).The coefficients (35) can easily be
computed by Gaussian quadrature formulae.
5. Results

The following primary results have been obtained in the
paper:

a) exact solutions of a class of mixed boundary-
value problems of the theory of elasticity for a layer and
the theory of fluid filtration into a porous soil massif in the
form of a layer are obtained by a general method of IE
solving;

b) the solutions of IE are represented by explicit
analytical formulae, convenient for numerical analysis.

6. Conclusion
Used in the present paper method of solving IE for
characteristic problems enables to get explicit analytical
expressions that have theoretical and practical interest.
This method can be successfully used for effective
solution of other boundary value problems of continuum
mechanics.
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ABSTRACT
The paper presents an approximate method designed to
study stability of thin-wall annular slab of constant thickness
when it’s under arbitrary axial symmetry external
influences. Unlike our proposed for another approximate
method based on the hypothesis  of  rigid section, in this
case the restrictions are eliminated plowed kinematic
conditions. As a result, the basic equation of stability has
been derived, at the same time using was applied Bubnov-
Galerkin method,the relations of critical values
determination of external influences.

1. Introduction
The design process of building stractures, mechanical

systems and machines is carried out according to
calculations of the strength and stability of rods, plates and
membranes. Moreover, for the production of semiconductor
devices and integrated circuits, the initial material,
semiconductor platforms in the technological process are
subjected to mechanical, chemical and thermal processing.
As a result, there occur residual tenions which cause a loss
of stability of the form of flat platforms.

In the work [1] observed by us, being based on the
hypothesis of rigid cross sections [2], we got the intensive
critical values of the equally distributed volumetric forces
for marginal limited kinematic conditions. The obtained
results, in terms of assessment, can be applied in the process
of installation of semiconductor equipment and creation of
concentration of optimal technological methods and devices.

2. Method
The approximate method proposed by our recently

published work [3] on the stability of large round plates needs

to be generalized for circular plates, by excluding the

restrictions that still exist in the research done [1,2]. The Fig.1

shows the cranked shape of the circular plate of average plain

in the hour-circle plain. Let us present the function describing it

by the help of normalized coordinate system

of Hermite functions (Fig. 2) as it was done in [3] work,

w(η) = + ]· (1)

where = – are generalized

displacements of base points

[ ]= [ (η), (η)]- are Hermite functions

corresponding to base points.

Fig.1 Bent plate

Fig.2 Base points generalized displacements
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Note that the choice of the base points is

optional. To simplify the calculations, it is convenient

that they include not only the points corresponding to

the plate outline, but also the points where kinematic

conditions are given. On the other hand you have to

take into consideration the consequence that the

construction of Hermite relevant functions depends on

the suitable choice of the base points.

In the normalized coordinates, the functions

describing the shape of the circular cranked plate illustrated

in Fig. 2 (-1≤η≤1) will be the following [3]

= ( +1)(3+ ) (2)

= lη( -1) , (k= i,j) (3)

= (4)

where such assignments are made

= ·η , η= , (k = i,j) (5)

In addition, it should be noted that if c point is not

included in the list of base points illustrated in Fig. 2, then

according to Hermite the functions will be

= ( +1)(2+ ), (6)

= ℓη( -1) , (k= i,j) (7)

= (8)

The following relations of determination of internal

force factors are known from the theory of bending thin-

walled solid plates [4]

= - D( ), (9)

= - D( + μ ), (10)

= D , (11)

where D-is the rigidness of the plate, μ-is Puasson

coefficient.

Considering (1) – (8) relations, (9)-(11) internal force

factors η immeasurable parameters depending will be

presented in the following form

=- · +

+ ), ( + )]{ } (12)

=- · +

+ ), ( + )]{ } (13)

=- · +

),

( )]{ } (14)

where it is assigned β =
η

, m= (Fig. 1)

derivatives are marked with strokes.
Suppose a annular round plate in an average plane is

loaded with optional redial q(η) distributed load, and the

contours – with equally distributed radial forces

. by observing (Fig. 3)

the balance of the half plate, we will get the basic

equations describing stability.

= 0 (15)

(r) ds + dL+ = 0 (16)

2 dr + + = 0 (17)

Fig.3 Half of the plate in stability loss state

where F is the surface of the plate meridian section,

F=4lh, S= 2π l - is the average plane surface of the

plate, = π (k = i,j) –is the length of the contour of

the half plate.

Static equivalents of external forces and

communication counteractions ( ) and М, -

communication counteraction, - are the

components of the relevant external force after the loss

of stability (when the forces are tracking). In case of

dead forces (16) will satisfy similarly, (15) also satisfies

similarly, which is immediately derived from a smooth

resolution of the problem. Consequently, in case of dead

force impact, the primary equation of the stability will
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be presented in (17) finite form. Inserting (1) and (13)

relations in (17) and doing corresponding mathematical

calculations, as a result we will have the system of linear

homogeneous equations towards generalized transfers of

base points.

where x = · – 1)·[эК
′ ]·{ } +

·[эК
′′ ]·{ } + ·[эК

′′′]·{ }}

– is the radial tension, which is determined by a

smooth solution of the problem. The critical value of

external influences is determined (18) by the condition of

the main determinate of the equation system being zero.

Finally, note that each problem can be solved with the

proposed two methods to verify the accuracy of the solution.

3. Conclusion

By introducing base points and Hermite functions the

calculations procedure becomes essentialy simple.

By adding the number of base points the accuracy of

solution considerably increases.

In the formula of critical pressure of a plate fixed by

its edges in calculation of m coefficient.

Poisson ratio does not take part.
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Abstract
Considering a strong earthquake as an instantaneous rupture
of the earth's crust (ripping), the task is to determine the
maximum value of the initial velocity of transverse seismic
vibrations of soil particles on the earth surface near the
rupture and at a certain distance from it, depending on the
magnitude of the earthquake. In the case of short-term
mechanical discontinuities of the medium (earthquakes), the
main parameter of the effect on the earth's surface is the
values of the initial velocities that the ruptured parts of the
medium acquire after the rupture. The paper considers the
problem of determining the values of these velocities in
strong earthquakes, depending on the magnitude of the
earthquake. Using theoretical research of J. N. Brune set the
maximum values of accelerations and ground velocities in
the vicinity of a point source (hearth), and based on the
works of G. Reed C. Lomnitz, S. Singh, K. Kasahara,
T. Rikitake, D. Wells, K. Copperschmidt, E. Khachiyan, an
empirical relationship was obtained between the maximum
velocity of  soil particles  near the rupture and at a certain
distance from it and the magnitude of the predictable
earthquake. The effect of the duration of the rupture, in
comparison with its instantaneous case, on the values of the
initial rates of soil vibration is estimated. The limiting
values of displacements, velocities and accelerations are
calculated for elastic vibrations of rocky soils. The values of
rates and intensities of earthquakes, established by the
developed method, are compared with the intensities
established on the basis of the MSK-64 seismic scale,
showing a sufficient correlation for earthquakes with
intensity V-X intensity and magnitudes 6.0≤М≤8.0. Based
on the results obtained, a method for determining synthetic
accelerograms of soils of predicted strong earthquakes with
a magnitude M≥6.0 for different seismic building sites was
developed. The method was applied for solid and loose
basements.

1. Introduction
One of the main tasks of seismology and the theory of
seismic stability of structures is the identification of the
characteristic regularities of soil variations (building sites),
their amplitude-frequency characteristics, and the
establishment of standard values for the movement of
velocities and the acceleration of various soils in strong
earthquakes.
Given the lack of a sufficient number of real strong
earthquake records for most seismically active territories of
the earth, allowing them to conduct a full statistical analysis
of them for specific construction sites, the task of finding
ways to artificially construct seismograms and
accelerograms of strong ground motions that adequately
reflect the properties of events actually recorded provides a
certain theoretical and practical interest.
According to modern concepts, the earthquake is a
consequence of a mechanical rupture - the ripping of the
environment due to the contact of two geological blocks
(plates) with rough edges with their long slow movement in
opposite directions. Before the earthquake in some area of
the earth's crust, there are continuously increasing
mechanical shearing stresses and deformations with the
accumulation of a huge amount of potential deformation
energy. When the strain reaches its limit values, a break
occurs (earthquake), the accumulated potential energy
quickly turns into the kinetic energy of seismic waves
propagating throughout the earth. On the surface of read
mechanical oscillations of soil particles whose recording in
the form of seismograms and accelerograms allows you to
estimate the magnitude and intensity of the earthquake.

2. Initial Parameters
According to studies of J.N. Brune [1] in strong rocks near
the zone at instantaneous break (earthquake) can accelerate
soil exceeding 1g and velocities exceeding 100 cm/s. The

upper limit of the initial velocity of soil particles, according
to him, for most of strong earthquakes reach 150cm/s.

Proceeding from these conclusions, from the point of view
of practical application, the problem arises: how to

determine the values of the initial velocity of oscillation of
the fracture soil particles and at a certain distance Δ for

earthquakes with a given magnitude M. If it is assumed that
the initial velocity of the soil particles is equal to vmax = vrup
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= 100 cm/s, as indicated by J.N. Brune, corresponds to the
Table 2. The values of the velocities (cm/s) of soil particles’

oscillation depending on the earthquake intensity on the
scale MSK-64

Intensity V VI VII VIII IX X
Velocity 1÷2 2.1÷4 4.1÷8 8.1÷16 16.1÷32 32.1÷64

Figure 1 shows the v(Δ) dependences for some magnitudes
M and earthquake intensity on the MSK-64 scale.

3. Influence of non-instantaneous rupture
In case of non-instantaneous destruction fracture, the initial
value of soil particles’ velocity, according to J. Brune [1]
can be represented as:

Δtt
instе vv ,                          (6)

where: vinst is the above obtained value of the initial velocity
at instantaneous destruction of the medium, t is the time of
complete break, including the time of rupture, it can be
written as:

 v

2LΔt
s

, (7)

where: L is the length of the future rupture, vs is the speed
of the transverse wave. The duration of destruction can last
up to tens seconds. The ripping begins in the last stage of
complete destruction, when a small part (within tens to
hundreds meters) of the rupture line remains unbroken. Until
this point, the dynamic effect of the earthquake - the
generation of inertial forces in the ground has not yet
manifested itself. The last stage of destruction (the
beginning of the earthquake) -wrecking, according to
experts [1,2], occurs with supersonic speed and lasts a
fraction of a second, within the range t = 0.1 to 0.3 seconds
(depending on the strength of rocks). Therefore, by formula
(6), for example, we have:

at M = 7.0, L = 30 km, vs = 4000 m/s,

3.75
4000

100015Δt s,

at M = 8.0, L = 80 km, vs = 4000 m/s, 01
4000

100004Δt

s.
Assuming the ripping of the rupture, respectively, t = 0.1 sec
and t = 0.3 s, according to the formula (6), we obtain:

v975.0vv
instinst

75.3

1.0

e in case  M=7.0,

v970.0vv
instinst

10

3.0

e in case  M=8.0.

As we see, it is not the instantaneous discontinuity that leads
to an insignificant decrease in the initial velocity of
oscillation of soil particles and, consequently, to the same
mitigation of the earthquake effect on the earth's surface.

4. Synthetic Seismograms and Accelerograms
of the Soil

case of a strong earthquake with a magnitude of M = 8.5, to
take into account that according to A. Esteva [2] the
recorded values of the maximum velocity of soil particles
are proportional to eM, where M is an earthquake magnitude,
the value vmax = vrup in other magnitudes can be represented

as follows: 8.5M
max e100v cm /s, (1)

The earth, seismic waves cause widesp according (1) to
which at M = 8.5 - vmax = 100 cm/sec. Since, according to
“The static displacement field, which determines the double
dipole, without moment decreases with a distance
proportionally to Δ–2 ” [2], the dependence of the maximum
value of vmax on the distance to the discontinuity Δ, by
analogy with the studies of [4], can be represented as:

2

2

max
R

Δ
1vΔv . (2)

In formula (2), R is the extent of the region in the direction
of the earthquake deformed during the preparation process,
perpendicular to the rupture. The deformation of the
medium after Δ>R is assumed to be neglected in comparison
with the deformation at the rupture. The values of R (in
meters) are taken from the formula [4]:

3103u5R (3)

where u (in meters) is the value of the average (mean) slip
[5] on the surface of the earth with an earthquake with a
magnitude M≥6.0. The value u is determined by the formula
[6]:

3.710.55Mulg (4)

Thus, for the initial velocity of the soil particles vibration
near the rupture at a distance Δ from the rupture, for quakes
of M≥6.0, we get (sm/s):

2

2
8.5M

R

Δ
1e100Δv .                   (5)

In Table 1 the values of u (m), R (km), vmax and v(Δ) (cm/s)
calculated by  formulas (1) to (5) for different Δ<R
epicentral distances, depending on the magnitude of
earthquakes.
In Table 2 are listed the values of the ground vibration
velocities (cm/s), depending on the earthquake intensity on
the MSK-64 scale. Comparison of Table 1 and Table 2
shows that the values of the ground particle velocities
calculated by the formula (5) are comparable with their
MSK-64 values for VII-X-point intensities  in the epicentral
zone, and in areas outside the zone with V-X-point intensity
and6.0 ≤ M ≤ 8.0 magnitudes earthquakes.
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Table 1. The values of the velocities of soil particles vibration in cm/sec, depending on the magnitude  M and the distance
from the rupture Δ in km.

E
ar

th
qu

ak
e

m
ag

ni
tu

de
  M Mean

slip u,

m V
al

ue
 o

f 
R

fr
om

 (
3)

, k
m Value

velocities for

rupture
maxv ,

cm/s

Value velocities v(Δ) in cm/s, depending on the magnitude M and distance from the rupture

Δ                in             km

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

6.0 0.39 16.90 8.2 7.5 5.3 1.7

6.25 0.54 17.70 10.5 9.7 7.1 3.0

6.50 0.73 18.60 13.5 12.5 9.6 4.7

6.75 1.00 20.00 17.4 16.3 13.1 7.6

7.0 1.38 21.90 22.3 21.1 17.7 11.8 3.7

7.25 1.90 24.50 28.6 27.4 23.8 17.9 9.5

7.50 2.60 28.00 36.8 35.6 32.1 26.2 18.0 7.5

7.75 3.57 32.80 47.2 46.1 42.8 37.3 29.7 19.8 7.7

8.0 4.90 39.50 60.6 59.6 56.7 51.9 45.1 36.3 25.6 13.0

8.25 6.73 48.60 77.9 77.1 74.6 70.5 64.7 57.3 48.2 37.5 25.1 11.1

8.50 9.23 61.10 100 99.3 97.3 94.0 89.3 83.3 75.9 67.2 57.1 45.8 33.0 19.0 3.6

8.75 12.68 78.40 128.4 127.9 126.3 123.7 120.0 115.3 109.6 102.8 95.0 86.1 76.2 65.2 53.2 40.1 26.0 10.9

9.0 17.38 102.00 164.9 164.5 163.3 161.3 158.6 155.0 150.6 145.5 139.5 132.8 125.3 117.0 107.8 97.9 87.2 75.7 63.5 50.4 36.5 21.9 6.4

On the basis of the above results, for the arbitrary vertical
section (lithological column) in Fig. 2a [8] the
displacement function of the layers Uk (z, t), (k = 1 ... n),
satisfying the wave equations are plotted [7]:

1,2...nk

0
tz

Uη
t

Uρ
z

U
G

2
k

3

k2
k

2

k2
k

2

k .             (8)

Initial conditions of the problem:

1,2...nk
t

z,0U
0at t

0z,0U0at t

Δvk

k

.                   (9)

Boundary and 2n-2 conditions for the continuity of
displacements and shear stresses at the levels of
separation of layers:

0,tH,UHzat

0,
z

t0,U
0zat

n

1

(10)

11,2,3...nk
z

t,hU
G

z

t,hU
G

t,hUt,hU

k1k
1k

kk
k

k1kkk

. (11)

In the work [7], the following expressions for the
displacements (seismograms) and accelerations
(accelerograms) of oscillations of soil particles on the
earth surface have been obtained by solving the system

of equations (8), taking into account conditions (9) to

t0,Ut0,U
1

(11):

t
T

2π
sineδ

T

2π
R

Δ
1100et0,U
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sineδ
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Δ
1100et0,U
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0i

i
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i

,            (12)

where: 0iT is the period of free oscillations in the i-th

form of the oscillation, [8],
i

θ is the energy absorption

coefficient for the i-th form of the oscillation of the

earth's thickness, and by iδ and kh the following is

denoted:

Hh,Hh0,h,Hh
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dzzUρ

dzzUρ
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n110
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2
kik
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h

h

kik

i
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1k

k

1k

(13)
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Fig. 1. Dependences of the rates of velocity of soil particles from the epicentral distance Δ and intensity on the scale MSK-
64, for different magnitudes.

a.-for magnitudes 6.0≤M≤9.0,  b.- for magnitudes of 6.0≤M≤8.25.
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The method for determining functions zUki and T01 is given in [8]. As an example in Fig. 3. the calculated according to

formula (12) for single-layer (Fig.2.b) solid (T01=0.25 s) and loose (T01=0.8 s)  bases, taking into account the three forms of
oscillations: at M = 7.0, = 5 km, Vmax=22.3cm/s, 1 = 2 = 3 = 0.3, for solid soils, 1 = 2 = 3 = 0.2, for loose soils, and
T0i=T01/(2i-1), i=2.3… Using the same formula (12) and taking into account tree forms of vibrations at T01=0.45 s we have
Umax=2.0 cm, U"max=0.88 g, and at T01=1.2 s.- Umax=5.5 cm, U"max=0.36 g.

Fig. 2. Schematic representation of the deformed medium after the formation of a break - earthquake.
H is the total thickness of the subsurface thickness, v (Δ) - is the initial velocity of blocks motion at distance Δ from the
rupture, Uk (z, t) is the horizontal displacement function in the direction perpendicular to the rupture, ρk, Gk, Hk is the

density, the shear modulus and the power of the k-th layer, respectively; a. In the form of a heterogeneous multi-sided base,
b. In the form of a homogeneous single-sided base.

Fig.3. Seismograms and accelerograms for solid and loose soils calculated using formula (12), taking into account
three forms of oscillations for M = 7.0, = 5 km, vmax = 22.3 cm/s, 1 = 2 = 3 = 0.3 for solid soils,

1 = 2 = 3 = 0.2 for loose
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soils.
5. Conclusion

1. A technique was developed for determining the initial
velocities of transverse seismic vibrations of soil particles
near a rupture and at a certain distance from it, depending on
the magnitude, when considering an earthquake as an
instantaneous rupture of the earth's crust.
2. The influence of the rupture duration on the values of the
ground vibration velocities was estimated in comparison
with the case of instantaneous rupture.
3. The values of the ground velocities established by the
developed method are compared with their values on the
MSK-64 seismic scale, which showed a sufficient
correlation for earthquakes with an intensity of V-X scores
and magnitudes 6.0 ≤ M ≤ 8.0.

4. The ways of using the obtained values of ground
motion velocities for obtaining synthetic seismograms and
accelerograms are shown taking into account the local soil
conditions of the construction site and depending on the
earthquake magnitude and epicentral distance.
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Abstract
This article is an overview of the ways of introduction
and operation of Building Information Modeling (BIM)
in Industrial countries with big heritage of old multi-
apartment residential buildings needing systematic and
capital maintenance. Particular attention is being paid
to the experience of the former Soviet States that has
similar background, but different paths of development
followed by the collapse of the Soviet Union. The issue
is particularly critical for the Republic of Armenia that
has big heritage of residential buildings necessitating
management and enhancement of seismic resilience.
Six main components of the issue were introduced that
are critical for development of institute of residential
building management and may be sustained and
developed by the means of information technologies
and introduction of BIM.

1. Introduction
Many industrial countries in the world have huge
inventory of the buildings built in mid decades of 20th

century. There is a common problem for these
countries to maintain safe operations of these buildings
and infrastructure [1] and at the same time save public
funds. This article focuses on the use of Information
Technologies and management mechanisms for
resolving maintenance issues of the old residential
buildings. This problem is particularly important for
the Republic of Armenia (RA), where earthquake
resilience is critical requirement. This concern is
significant for RA and from the urban development
point of view, and from the national security.
After independence the Government of RA has
privatized significant part of state owned residential
building. However, it was not clarified whether the
State or the private owners should carry out the current
and capital repairs of the buildings (basement, roofs,
commonly used spaces and technologies). In
accordance with current urban development standards
(which were set up after the 1988 Spitak earthquake)
the old residential buildings have to be reinforced to
comply the requirements of the new standards; the
repair regularity and priority have to be set up based on
the life cycle (LC) studies; responsibility for the

reinforcement should be clarified; etc. Of course this
list could go on expanding, covering all the aspects of
the old building Facility Management (FM).
We see introduction of BIM-Building Information
Modeling as a necessary component for facilitating
process of FM for storing and communicating easily
big amount of data about constructions in general and
old residential buildings in particular. Digitalization
and applications of information and communication
technologies (ICT) are now in almost every aspects of
our life.  ICT as mean for assisting the FM processes,
enhancing efficiency in communication between
stakeholders and reducing costs is in the core of the
multi-direction measures forming the field. We propose
following six components (fig.1) as the above
mentioned vital measures that constitute aspects of the
old residential building issue.

Fig. 1 Six constituents of Residential Building
Management

2. Methodology
As mentioned the problem is common for many
countries and some countries have found very
educational, smart and interesting solutions. As a first
step we present the overview of the international
experience of old residential building management in
former three soviet states (Latvia, Lithuania and
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Russia) for: (a) adapting the best solution in RA, and /
or (b) developing new ways and solutions.
Second part will be developed introduction of BIM as
an application to construction business in general.

3. Overview Of International Experience
The issues connected with the management of the old
multi-apartment residential buildings as: (1) planning
and implementation of capital and periodic repairs, (2)
data collection and registration of technical condition
of the buildings, (3) management of the residential
buildings, and other issues are common for the former
Soviet republics as inheritors of the former practice and
understanding of FM. Here we present the experience
of three former soviet states: Latvia, Lithuania and
Russia, their approaches and solutions to the
Residential Building Management (RBM).
3.1 Latvia -Sandra Geypelen in her research paper
devotes to the Republic of Latvia has accurately
presented that the understanding of ownership is not
being perceived only by the transfer of the certificate
verifying ownership, but by the understanding of the
great responsibility, which in realty the real estate
ownership includes. [2] “Taking into account the fact
that during the Soviet times, there was no ownership of
the apartment, and then quickly offering apartments to
a planned privatization, in the society there did not
develop an understanding and responsibility for the
property, especially for the property in multi-storey
apartment buildings. Similarly, the understanding of
the property ownership did not facilitate the transfer of
the ownership rights of residential property using
privatization certificates, without explaining the
potential owner the burden of responsibility of having
the property in the ownership.”  This statement is true
and for the case of the RA as the adoption of the
ownership doesn’t assume acceptance and perception
of the entire spectrum of its responsibilities arising
from the ownership. The authors of the article highlight
the importance of the institute of management for the
residential buildings under the laws and regulations of
the State. This institute in Latvia has considerable
influence in initiating the repair and reconstruction
work [3], but it is still a matter of discussion the
method of assessment and evaluation of the repair
works and sustainable development of the emerging
residential buildings’ managers market [4].  Iveta
Pukiten and card Geypelen articles [5] point out that
the problem of residential buildings has a major impact
on the whole society. Latvia has developed chaotic
management of these building process [3] and had a
great impact on the economic and social spheres, and
thus clarify that the issue should take into account not
only the interests of the private owners, but entire
society to ensure healthy and safe accommodation
requirement.
3.2 Lithuania-In Republic of Lithuania the issues of
management, maintenance, repair and reconstruction
residential buildings are included into the program of

energy efficiency improvement for the buildings,
which [6] was implemented in three phases. The first
phase (1996-2004) [7], the World Bank and the donor
community conducted $ 28.6 million US dollars
investment for energy efficiency improvement pilot
project. In addition, technical assistance was provided
for forming and development of energy audit markets,
establishment of owners unions, for bank officials
training and formation of the so-called development
housing agency officials, the goal of the latest was
planned to be promotion of energy efficiency
investments in housing. Thus, the elements of
infrastructure were created for management of
residential building in Lithuania.
The second phase [7] (2005-2010) began by adoption
of the State strategic plan on repairs of multi-apartment
buildings in 2004 after the adoption of the Lithuanian
Housing Strategy Project. The project includes
commercial banks for investments in the sector in
engagement and in support with subsidies provided by
the State. The subsidies rose from 15 percent to 30
percent and then reached the 50% threshold.
Dramatical increase of the State subsidies was
conditioned by the outbreak of the financial crisis. At
this stage, banks were reluctant to invest own resourced
taking and risks for providing credit facility.
The third stage [7] (2010-2013), Joint European
Support for Sustainable Investment in City Area-
JESSICA program was introduced, which provided €
227 million of EU structural funds and the state budget.
Initially, the project was developing slowly.
Implementation of the new program EnerVizija model
accelerated introduction of launching a large-scale
repairs (a) by the municipalities and (ii)
managers/administrators of residential buildings who
initiated repairs and became borrowers of loans,
instead of apartment owners. The project was
supported by state subsidies of up to 15 percent.
Further accelerating the process of promotion new
tools were introduced, including an additional 25
percent subsidized by the Climate Change Fund and
3% fixed interest rate of JESSICA funds. These
changes accelerated the process of modernizing
buildings in Lithuania. Prior to the third phase gains
momentum 70 building were renovated annually in
Lithuania. The taken measures increased up to 490
renovated buildings annually. In May 2013, the subsidy
procedure for low-income homeowners was revised.
All this simplifies the process of decision making for
repairs, especially low-income homeowners.
Summarizing the experience of the Republic of
Lithuania should be noted that mechanisms and
institutions have been developed with the combination
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of public, private and business resources. 97 percent of
Lithuanian residential buildings are privatized and only
3% is of the municipal property. [7] Only 4 percent of
the 35,000 residential buildings built before 1993, were
repaired within the framework of this reform
3.3 Russia-The European Bank for Reconstruction and
Development and the International Finance
Corporation conducted a study on capital repairs of the
residential buildings of Russian Federation (RF) [8]
titled Financing Capital Repairs and Energy Efficiency
Improvements in Russia (1), where is stated that the
capital repairs are urgent priority for residential
buildings in Russia. About 60 percent of residential
buildings of RF need urgent repairs according to the
regulations of the country on urban planning.
International experience shows that the sustainable
housing renovation and modernization policy of the
government depends on the precise definition of goals
and objectives, long-term strategic plan. And
concluded that "the problems of maintenance and
repairs of apartment buildings should be settled based
on the principles of private property and the rule of
law" [8].
This brief review allowed us to conclude that in
financial support can be serious measure for solving
residential building issues along with innovative
management methods.

4. Introduction of BIM
The modern urban development has the trend of
transition from industrial development of the cities,
which is recognized as non-sustainable development
phase, to the smart and green cities as sustainable
development stage [9]. This assumes modernization of
the urban development functions, restructuring and
reorganization of the complete cycle:  design,
construction, operations, maintenance and demolition,
with the applications of ICT.
This development trend of the industry has been
adopted in some extent by 60-70 countries and was
titled BIM (Building Information Management/
Modeling). BIM is the innovation in the urban
development concepts by introducing new
technologies, polices and regulations, which changes
the results of the work, the relationships in the industry
and beyond. Building Information Modeling (BIM) is
the process that creates and manages buildings’
physical and functional characteristics by ICT. BIM are
files, which can be exchanged in the network, putted
into circulation, as support for decision-making. It
involves the dissemination of information at different
levels and sectors. There are many definitions of BIM.
Here are a number of them:

“Building Information Modeling (BIM) is a digital
representation of physical and functional characteristics
of a facility. A BIM is a shared knowledge resource for
information about a facility forming a reliable basis for
decisions during its life-cycle; defined as existing from
earliest conception to demolition”. National BIM
Standard- United States [10]

“BIM describes the means by which everyone can
understand a building through the use of a digital
model which draws on a range of data assembled
collaboratively, before during and after construction.
Creating a digital Building Information Model enables
those who interact with the building to optimize their
actions, resulting in a greater whole life value for the
asset.” National Building Specifications, UK [11]
Besides these two [10, 11] official definitions, there are
many other definitions of BIM. Some definitions pay
great attention to the environmental impact of the
buildings or the buildings’ owners or inhabitants needs
in information during the whole life cycle. BIM is
defined as a way of ensuring a smooth process
throughout the LC of the building with the use of
information technology. As a result the residents will
have more safe and more effective management with
less environmental impact [12]. In other words BIM is
the informational infrastructure for the buildings,
which may be available to interested parties linked to
the structure. BIM is a methodology which integrates a
digital description of the building components and their
relationships (fig.2). Accurate and complete
information about the buildings will help the users to
execute queries, electronic experimental simulations,
calculations and other activities, examining the effects
on the facility during life cycle. Consequently, BIM
can provide, building owners and residents with
valuable information for decision making, for
increasing LC and operational stability.

BIM can be seen from a narrow and a broader
perspective. BIM in a narrow sense comprises solely
the digital building model itself in the sense of a central
information management hub or repository and its
model creation issues [14]. From the broader
perspective organizational and legal issues, functional
and LC issues, informational issues are included in the
BIM. Commercial BIM platforms offer integrated data
management, component libraries and general
functionalities [15]. Widespread differentiations of
BIM are 3D (spatial model with quantity takeoff), 4D
(plus construction scheduling) and 5D (plus cost
calculation) BIM [15].
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Fig. 2 Communication, collaboration and
visualization with BIM model (NIBS, 2008) [13]

5. Conclusion
BIM adoption in the Construction Industry is seen as
an important step and facilitating tool for resolving the
particular, but vital and huge issue existing in Armenia
on residential building management. Due to the big
number of buildings that were built before the
modernization of the seismic standards, and based on
the recent programs developed by the Urban
Development Committee on passporting the residential
buildings we see BIM implementation as an important
and inevitable constituent of the industry
developments. The BIM usage and implementation in
new structures (without even titling it as BIM) is still
limited, but exist is some extent. However, the
structured BIM implementation in the new buildings is
still missing, as after construction stakeholders access
to information is limited yet. Owners, facility managers
and related consultants are hardly involved in BIM
functionality development [16] worldwide.
Although on the one hand, implementation of BIM
both in new and existing buildings induces profound
changes of processes and information flows, on the
other hand it accrues considerable advantages [14].
Potential BIM functionalities and benefits in existing
buildings are numerous. Calculation of alternatives and
optimizations seem promising to enhance project
management and risk mitigation or to limit costs and
duration of FM or deconstruction measures, e.g. in
complex buildings or infrastructures [14].
It has to be mentioned that to our knowledge there isn’t
research on comprehensive cost-benefit analysis of
BIM implementation for existing buildings.
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Abstract
A plane problem of the mathematical theory of elasticity
for the study of stress concentration in an infinite elastic
plate containing a crack of finite length and an absolutely
rigid thin inclusion, indented into the lower edge of the
crack, is considered. We assume that the inclusion has the
form of a strongly oblate along its length ellipse or a thin
rectangle with height much shorter than its length. We
consider that the inclusion is indented into the central part
of the crack’s lower edge without reaching the crack’s
tips; adhesion forces in the contact zone are taken into
account.
Under these assumptions, using the Fourier integral
transform, solution of the stated problem is reduced to the
solution of a singular integral equation (SIE). The kernel
of this equation is represented as a sum of the Cauchy
kernel and regular kernel. The governing SIE is solved by
a well-known method based on Gauss quadrature
formulas.
We investigated effects of interactions of crack type stress
concentrators and the thin inclusion, when inclusion
endpoints are approaching the crack’s tips. In this case,
stress intensity factors significantly increase.
The problem main physical characteristics: contact
stresses under inclusion, the crack opening and stress
intensity factors at the crack tips are represented by
explicit formulas of simple structure.

Introduction
The need to study the interaction of various types of stress
concentrators, especially cracks and thin inclusions, with
massive deformable bodies is dictated by their theoretical
and practical significance.

Around these concentrators in the bodies, local stress
concentration fields are formed with large and intensively
changing gradients. Theoretically, their modeling leads to
new classes of mixed boundary-value problems of the
mathematical theory of elasticity, representing the
development and generalization of classical boundary-
value problems. Practically, stress concentration problems
are often encountered in calculating the strength

characteristics of various engineering structures in
construction mechanics, in mechanical engineering,
especially in aircraft building, and in calculating
composite materials in composite mechanics. Stress
concentrations often arise because many construction
materials contain, by their technological and constructive
manufacturing standards, foreign inclusions, which during
the operation of structures can come off from the elastic
matrix, forming a crack. Similar stress concentration
problems also arise in geomechanics in the study of rock
displacements, when landslides of soils occur.

Because of its topicality, the problems of stress
concentration in deformable bodies caused by different
types of stress concentrators have become the subject of
research by many authors. In this connection, we indicate
the works of Selvadurai and Singh [1], Hwu, Liang, and
Yen [2]. In the papers of Berezhnitsky and Staschuk [3,
4], the problem on the crack growth in the vicinity of the
rigid inclusion vertex was investigated and SIFs near the
crack on the continuation of the linear rigid inclusion were
determined. Various cases of a combination of cracks and
rigid inclusions in a homogeneous and piecewise-
homogeneous elastic matrix were considered in
monograph by Hakobyan [5].  Many results on this
research area are summarized in Cherepanov's
monographs [6, 7], as well as in the handbooks edited by
Murakami [8], and of Savruk [9].

In monograph by Muskhelishvili [10], as well as earlier in
Sherman's paper [11], an exact solution of a mixed
boundary-value problem for an elastic plane with an
arbitrary finite number of collinear cracks (gaps) is
constructed based on complex potentials when on the
upper edges of the cracks the components of external
stresses are given and on the lower edges – the
displacement components. A special case of one crack is
considered when the crack upper edge is free from
external stresses, and an absolutely rigid strip-inclusion is
indented into the crack lower edge along its entire length
under the action of a centrally vertical force [10]. In the
present paper, we consider this problem for the case of a
crack of finite length and normal discontinuity from the
point of view of fracture mechanics. It is assumed that a
thin absolutely rigid inclusion is indented into the central
part of the crack lower edge along the symmetric segment,
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