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INTRODUCTION

The war in Ukraine takes hundreds of human lives every day. In addition to
destinies, railway stations, airports, apartment buildings and other infrastructure are
being destroyed. The building that I received on assignment is located in the city of
Izyum, Kharkiv region. The city was one of the first to experience the horrors and
fears of the Russian invasion. Almost the entire city was destroyed during fierce
fighting. Therefore, the relevance of my thesis should not be in question.

The apartment building that we will consider during my presentation was de-
signed using such programs as: Archicad, AutoCAD and MONOMAKH-SAPR. The
pile foundation was taken as a basis, concrete grade C25 30, reinforcement A400C,
loads corresponding to DBN V.1.2-2: 2006 "Loads and influences". This 10-story,
16-apartment building will house 108 people. The house will be located in a residen-

tial area and belong to the class of responsibility SS2.



CHAPTER 1. ANALYTICAL REVIEW

1.1. Types of multi-storey residential buildings and design solutions

A multi-storey building is a building that has multiple storeys, and typically
contains vertical circulation in the form of ramps, stairs and lifts.

The number of storeys is determined according to the diagram (Fig. 1.1).

To count the number of storeys in a building,

or in a separated part of a building, count only at
the position which gives the greatest number and
exclude any basement storeys,

Building three storeys
N
2
Height of
building 1
G
-
I Basement I

N w————

Separated part three storeys

™ Separated part two storeys
2
Compartment
Height of wall Height of
part 1 part
G
.
: Basement :
Notes: S s

In assembly buildings, a gallery is included as a storey,
but not if it is a loading gallery, fly gallery, stage grid,
lighting bridge, or any gallery provided for similar purposes,
or for maintenance and repair.

In other purpose group buildings, galleries are not counted
as a storey.

Figure 1.1 — Diagram for number of storeys determining

Depending on their height, multi-storey buildings may have particular consid-

erations and requirements (Table 1.1) [1].



Table 1.1

Requirements for multi-storey buildings

Access and circulation

In terms of the built environment, the term ‘access’ refers to the
means or ability to approach and/or enter a place, site, etc. For ex-
ample, a door provides access to a building or room,

a staircase provides access to an upper or lower floor. In the built
environment, this generally relates to the movement of people, typi-
cally within a building. Within buildings, circulation spac-

es are spaces that are predominately used for circulation, such

as entrances, foyers and lobbies, corridors, stairs, lifts, landings and

SO on.

Fire safety and evacuation

Buildings need to be designed to offer an acceptable level of fire
safety and minimise the risks from heat and smoke. The prima-

ry objective is to reduce to within acceptable limits the potential for
death or injury to the occupants of a building and others who may
become involved, such as the fire and rescue service, as well as to
protect contents and ensure that as much as possible of

a building can continue to function after a fire and that it can be re-
paired. The risk to adjoining properties also needs to be considered,

as well as possible environmental pollution.

Structural design

The structure of a building (or other built asset) — whether framed or
non-framed — concerns those parts that are fundamental to

its strength, stability and rigidity and which transfer the various
loadings (including their self-weight) down to the foundations. This
comprises loadbearingor structural primary elements. Structural de-
sign is therefore the process of creating a safe, efficient structure in
which loads are conveyed safely and efficiently to

the foundations and which can withstand prevailing natural forces.

Ventilation

Ventilation is necessary in buildings to remove 'stale’ air and replace

it with 'fresh’ air.

External air movement

Shading, views and right to
light

Rights to light generally become an issue when a new development,

or proposed development affects the access to light of an adjoin-




ing property. Rights to light also apply to obstructions caused
by trees, hedges and so on, but there are no rights to light for

open ground.

Construction methods

Access for maintenance and | Maintenance is the process of ensuring that buildings and oth-
cleaning er assets retain a good appearance and operate at opti-

mum efficiency. Inadequate maintenance can result

in decay, degradation and reduced performance and can affect heath

and threaten the safety of users, occupants and others in the vicinity.

Classifications of multi-storeybuildings include many features (Fig. 1.2-1.3).

Low-rise: a building which is
not tall enough to
be classified as high-rise.

Mid-rise: buildings of five to High-rise: more than 7 to
ten storeys, equipped with lifts. 10 storeys.

Skyscraper: 40 storeys or more. Supertall: exceeding 300 m. Megatall: exceeding 600 m.

Figure 1.2. Types of multi-storeybuildings

1.2. Design solutions for modern multi-storey residential buildings

The vertical repetition of elements in multi-storey residential buildings re-
quires a certain design discipline, which assumes, of course, with some exceptions,
that all residential floors are identical (typical) and that the set of apartments on a
typical floor reflects the overall ratio of apartments in the design program [1].

Due to the multiple repetition of a typical floor, its planning solution has a

great impact on the value of the building. Exterior walls are expensive, and each




new break in the floor plan increases its perimeter, which increases in importance as
the number of floors increases. In this regard, the benefits that can be obtained from
the complexity of the configuration of the floor plan must be considered in light of
the increase in construction costs that they cause [31].

Not only the shape of the standard floor plan, but also its area has a great in-
fluence on the economic performance of a building. This is especially true for build-
ings with a reinforced concrete frame - the most common structural solution in the
modern multi-storey apartment buildings [31].

In addition to these factors, one should also mention the coefficient of effi-
ciency of using the floor area, which is a very important indicator for all multi-storey
residential buildings, with the exception of gallery ones. The area of non-apartment
communications usually occupies from 10 to 15% of the floor area of the floor. The
lower this percentage, the more effectively the plan is solved. If the total area of
non-apartment communications (common corridor, stairs, elevators, garbage chute,
ventilation shafts, pipelines, etc.) is more than 15% of the entire floor area excluding
balconies and loggias, the layout should be seriously revised [31].

The set of structural spatial planning and non-sowing and enclosing elements,
which functions as a single system and is characterized by both architectural,
structural and technological aspects of the relationship of elements, methods of their
production and methods of construction, considered as an architectural and
constructive technological system (ACTS). Because modern buildings are usually
erected industrialized methods, from prefabricated building structures of factory
production or with the use of products (formwork, etc.) or materials (concrete, etc.)
of industrial production, ACTS are in fact industrialized building systems (IBS)
[31].

According to the level of applied construction equipment, methods of
construction of buildings, used structures and materials, there are different levels of
industrial production and mechanized construction, namely: small, prefabricated,

monolithic, combined and others (pneumatic, bulk, etc.) [1].
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* Network of columns and
connecting beams form the structural 'skeleton’ of
the building and carry loads to the foundations.

e Propped structure

« Uses a cantilever slab or platform as the seating for columns. It
utilises an internal core and external propped columns.

=1 Suspended structure

« Has an internal core and horizontal floors which are supported
by high-strength steel cables hung from cross beams at the top.

=1 Cantilever structure

« Has an internal core from which beams and floors cantilever.
This removes the necessity for columns.

md  Braced structure

« Bracing is used to give stability so that columns can be
designed as pure compression members.
The beams and columns that form the frame carry
vertical loads, and the bracing system carries the lateral
loads. Braced frames reduce lateral displacement, as well as
the bending moment in columns, they are economical, easily
erected and have the design flexibility to create
the strength and stiffness required.

ma  Shear wall structure

« Composed of stiff braced (or shear) panels which counter the
effects of lateral and wind pressures. The pressures are
transmitted to the shear walls by the floors.

el CoOre structure

« Utilises a stiff structural core which houses lifts, stairs, and so
on. Wind and lateral pressures are transmitted to the core by
the floors.

= Hull core structure

* Also known as ‘tube-in-tube’ and consists of a core tube inside
the structure which holds services such as utilities and lifts, as
well as a tube system on the exterior. The inner and outer tubes
interact horizontally as the shear and flexural components of a
wall-frame structure.

Figure 1.3. Structural types of multi-storey buildings



The type of skeleton are as follows [1]:

» wall (diaphragm), consisting of non-load bearing walls that work in the
building as diaphragms;

« frame with non-load bearing columns, crossbars, diaphragms;

« three-dimensional block of non-load bearing spatial hollow structures;

« trunk in the presence of non-load bearing prefabricated or monolithic hollow
trunk to the full height of the building used for the stair-lift unit and other purposes;

« shell with a single monolithic non-load bearing wall along the entire contour
of the building.

Multi-storey buildings design various compositional schemes formed from
structural spatial planning elements: single-section, multi-section, corridor, gallery,
as well as combined from the main schemes - gallery-section, corridor-section. One-
section houses have as a spatial planning element a section consisting of apartments
grouped around the stair-lift unit, has the same type of location of apartments and
bathrooms on all floors. The stair-lift unit serves th eapartments of one section. In
such houses there are 3-4 apartments on the floor. Multi-section houses, consisting
of rectangular sections, have anelongated shape in plan. They have ordinary and end
sections; angular,cross, with shift of section-insert are also possible [1].

Corridor-type buildings have middle corridors developed along the floors,
along which there are apartments with one-sided orientation of the windows. In such
buildings, the exit to the stair-lift unit can be stretched by floor corridors, which
makes it possible to place 6-8-10-12 apartments. Such houses must have two exits.
In gallery-type houses, the entrances to the apartments are arranged from the floor
open galleries, and all apartments have a two-way orientation and through
ventilation. Such houses must also have two exits [1].

Table 1.2

Number of living rooms

1 2 3 4 3)

Area of apartments, m* 30-40 |48-58 |60-70 | 74-85 |92-98




Requirements for apartments

The height of the floors of a residential building must be the same and is ac-
cepted at least 2.8 m from the floor below the floor to the floor above the floor, and
from floor to ceiling should not beless than 2.5 m. In modern apartment buildings,

the floor height is mostly 3 m or 3.3 m [31].



CHAPTER 2. ARCHITECTURAL DESIGN

2.1. Structural scheme and load-bearing structures of the building

The building consists of 10 floors.

Structural scheme of the building - monolithic reinforced concrete frame
(frame-elm with vertical reinforced concrete diaphragms). The height of the 1st floor
Is 3.3 m, the height of the typical floor is 3.3 m.

Load-bearing structures are monolithic reinforced concrete:

- pylons of rectangular cross-section with dimensions of 250x1000 mm, con-
crete class C25/30, reinforcement A400C and A240C according to DSTU
3760:2019,

- the floor slab has a thickness of 200 mm, concrete class C25/30, reinforce-
ment A400C and A240C according to DSTU 3760: 2019,

- monolithic walls have a thickness of 200 mm, concrete class C25 / 30, rein-
forcement A400C and A240C according to DSTU 3760: 2019,

- monolithic stairs, concrete class C25/30, reinforcement A400C and A240C
according to DSTU 3760: 2019,

- the foundation for the building are borehole injection reinforced concrete
piles with a diameter of 420 mm (concrete class C20/25, concrete grade for frost re-
sistance F100, concrete grade for water resistance W6, reinforcement A400C and
A240C according to DSTU 3760:2019), united by monolithic reinforced concrete
growth 1200 mm (concrete class C20/25, concrete grade for frost resistance F200,
concrete grade for water resistance W6, reinforcement A400C and A240C according
to DSTU 3760: 2019).



Figure 2.1 — Entire model of the apartment building in Archicad 25



Figure 2.2 — Core of the apartment building without finishes in Archicad 25



Figure 2.3 — Core of the apartment building in Archicad 25
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Figure 2.4 — Core of Load-Bearing, elements with piles in Archicad 25
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Figure 2.5 — Core of Load-Bearing elements only in Archicad 25



§ Y

v

L

Figure 2.6 — Structural analytical model of the building with piles in Archicad 25
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Figure 2.7 — Structural analytical model of the building in Archicad 25



2.2. Determining the class of consequences (responsibility) of a 10-storey

16-apartment residential building

We determine the estimated number of residents depending on the area of the

apartment (the norm is 21 m? per person plus 10.5 m? per family).

Table 2.1
Estimated number of inhabitans
Number of | Apartment | Number of | Totalarea | Settlement | Settlement
rooms in area, m’ apartments | of apart- per apart- at home,
the apart- per house ments per ment (esti- | persons
ment house, m* | mated coef-
ficient for
settlement)
3 132.1 14 1849.4 5.79 82
(121,6+10.5)
5 264.2 1 264.2 12.08 13
(253.7+10.5)
6 264.2 1 264.2 12.08 13
(253.7+10.5)
Total 16 2377.8 108

The number of N1 people who are permanently in the house is 108.

According to the number of persons who are permanently on the site, the resi-

dential building belongs to the class of consequences (responsibility) SS2 (DBN
B.1.2-14: 2018 Table 1).

Temporary stay of people in residential buildings is not standardized and in

any case should not exceed 50% of the people permanently staying in the house, ie

will be 54 people. According to the number of persons who periodically stay on the




site, N2 residential building belongs to the class of consequences (responsibility)
SS1 (DBN B.1.2-14: 2018 Table 1).

The number of people outside the facility (for the sleeping area) is determined
by the formula:

N3 =axN; =1,5x108 = 162 (persons).

According to the number of persons outside the facility, the residential building
belongs to the class of consequences (responsibility) SS2 (DBN B.1.2-14: 2018 Ta-
ble 1).

1. The house is not located in the protected area of cultural heritage sites and is

not a cultural heritage site.

2. We assume that the construction of the house is provided in the usual engi-
neering and geological conditions, in the absence of such complicating condi-
tions as seismic, subsidence, etc. The house is not subject to increased envi-
ronmental hazards.

3. We assume that the failure of the house does not affect the closure of trans-
port, communications, energy.

Conclusion. According to all the calculations of the characteristics of possible con-
sequences in accordance with table 1 10-storey 16-apartment apartment building be-

longs to the class of consequences (responsibility) SS2.

2.3. Thermal calculation of external enclosing structures (multilayer) and de-

termination of thermal resistance (R).

Table 2.2
Materials characteristics
Ne Material Layer Thermal
Thickness, mm Conductivity,
W/(m*K)
1 Plaster — Lime Sand 10 0.70
2 Insulation — Mineral Hard 150 0.038
3 Brick 250 0.81
4 Plaster - Gypsum 10 0.19




Determine thermal resistance of multilayer wall [11]:

1 6 & 8 & 1
+—+— = Ry min

Ry=—+—+—"+
ag Aip Aap Azp Ay a3

where Ry i — permissible minimum thermal resistance,
&— layer thickness, m
A—thermal conductivity, W/(m*K).

Kharkiv region is the first temperature region [11].
Rg minOf the external walls equals 3.3 m? K/W
ag = 8,7 Wt/(m**K)
as = 23 WH/(m**K)

1 001 015 025 001 1

= — = 4, > .
8.7 * 0.70 * 0.038 + 0.81 + 0.19 + 23 448 = Rgmin

Ry

Figure 2.8 — External non-load bearing wall structural layers



CHAPTER 3. STRUCTURAL DESIGN
3.1. Loads and Impacts

Loads and impacts for building structures are accepted according to DBN
B.1.2-2: 2006, taking into account the requirements of DBN B.1.1-2: 2016, DBN
B.1.2-14, constant loads from the own weight of load-bearing frame structures are
accepted according to the design documentation.

Table 3.1 shows the types of loads that are taken into account.

Table 3.1

Loads that are applied to a three-dimensional computer model

The magnitude Load The magnitude
Neo Name and type of load of a load reliability of a load
of load (characteristic factor (estimated value)
value)
1 2 3 4 5
Constant loads
1 Dead weight of columns, Taken into ac- 1.1
pylons, walls, monolithic floors | count when cal-
culating the
Dead weight of external wall computer model
automatically 1.1
2 Dead weight of partitions Variable to 2.05 1.0 To 2.05 kPa
kPa
3 Dead weight of the floor Variable to 1.8 1.3 To 2.34 kPa
kPa
Taken into ac-
count when cal-
4 Dead weight of a roof culating the 1.1
computer model
automatically
Temporary loads
5 Short-term on
- overlap 1,5 kPa 1.3 1.95 kPa
- lobbies, stairs 3.0 kPa 1.2 3.6 kPa
- load along the balcony of 0.8
m 4.0 kPa 1.2 4.8 kPa
Snow load, kPa 1.46 1.14 Taking into account
Wind load, kPa 0.43 114 | the height and con-
figuration




Table 3.2 shows the main and special combinations of loads, consisting of
permanent and temporary loads that caused the greatest effort and displacement in
the building structures.

The calculation took into account the responsibility class SS2 and the category
of responsibility of structures, according to DBN B.1.2-14, by applying the appro-
priate reliability coefficients (1.1 for calculation with the first group of limit states
and 0.975 for calculation for the second group of limit states). The magnitude of the
seismic is 6 points.

Typical wind load for the 2st wind district is 430 Pa. Terrain type — 2.

Typical snow load for the 5th snow district is 1460 Pa.

Table 3.2
Estimated load combinations
Loads Load combinations
Constant + + + + + + + +
Temporary + + + + + + + +
Snow +
Wind X + )
Wind Y + )
Seismic X +(-)
Seismic Y +(-)

3.2. Finite Element Modelling in MONOMAKH-SAPR

MONOMAKH-SAPR software is intended for analysis and design of mono-
lithic reinforced concrete structures and structures with brick walls. It is possible to
perform analysis of the whole structure or its separate parts and generate working

drawings and reinforcement patterns for structural elements [3, 26, 28-30].
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Figure 3.1 — Results of MCE calculations
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Figure 3.3 — Isopoly of stresses and forces of foundation on My

Desd load case




Figure 3.4 — Isopoly of stresses and forces of walls on N

Figure 3.5 — The wall with the largest value of the interior effort N, under the 1st
type of load



Figure 3.6 — The wall with the largest value of the interior effort N, under the 2nd

type of load

Figure 3.7 — The wall with the largest value of the interior effort N, under the 3rd

type of load



Figure 3.8 — The wall with the largest value of the interior effort N, under the 4th
type of load

Figure 3.9 — The wall with the largest value of the interior effort N, under the 5th

type of load



Figure 3.10 — The wall with the largest value of the interior effort N, under the 6th
type of load

Figure 3.11 — The wall with the largest value of the interior effort N, under the 7th
type of load



Figure 3.12 — The wall with the largest value of the interior effort Ny under the 8th
type of load
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Figure 3.13 — Plots of effort of Columns on N
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Figure 3.14— Column with the largest internal value efforts N under the 1st type of

load
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Figure 3.15— Column with the largest internal value efforts N under the 2nd type of

load
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Figure 3.16— Column with the largest internal value efforts N under the 3rd type of

234029

load
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Figure 3.17— Column with the largest internal value efforts N under the 4th type of

load
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Figure 3.18— Column with the largest internal value efforts N under the 5th type of
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Figure 3.19— Column with the largest internal value efforts N under the 6th type of

load
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Figure 3.22 — General view with numbers of Column and Walls.

Wall with the largest internal value efforts N is 1_12,

Column with the largest internal value efforts N is 1_2.



CHAPTER 4 TECHNOLOGY OF CONSTRUCTION

4.1.Construction of objects with the help of bored-injection piles

Bored-injection piles are used in the construction of objects located in a
densely built-up area: the historical center of the city, its residential areas, etc. They
are an effective replacement for driven piles, during which powerful dynamic im-
pacts on the ground are formed, which leads to the destruction of the integrity of
nearby buildings. The use of bored piles completely solves the problem of the de-
structive impact on buildings located in the immediate vicinity of the construction
site [8,9,14,18,23].

4.1.1. The essence of the technology of bored-injection piles

For bored piles, wells from 420 to 820 mm in diameter are drilled in the
ground. Upon reaching the required depth, they are filled with a cement-sand or wa-
ter-cement mortar, which is fed inside under strong pressure through a hollow auger.
Due to the supply of the mixture under pressure, it can be supplied both in vertically
and horizontally drilled wells. Further, a reinforced frame is immersed into the well

with a still uncured concrete solution (Figure 4.1) [23].
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Figure 4.1 — Technology of bored-injection piles



4.1.2.The procedure for driving bored injection piles

As the concrete mortar hardens, the well turns into a monolithic reinforced

concrete structure, which later becomes the basis of the future foundation of the

building or a fastening element of the walls [23].

According to the provisions of the current norms, the following requirements are

put forward for concreting and reinforcement of bored injectionpiles [23]:

for reinforcing the piles, spatial frames are used, the longitudinal belts of
which are spaced at a uniform distance from each other. The minimum num-
ber of longitudinal rods is 6 pieces, rods with diameters over 18 mm are used
(reinforcement class A400C);

the diameter of the frame used is always 14 cm smaller than the diameter of
the well developed for the pile. This prevents the risk of the framework jam-
ming in the cavity;

the maximum length of one section of the frame is 11.7 meters; if it is neces-
sary to reinforce a large well, individual frames are welded together directly at
the construction site;

increased requirements for rigidity are imposed on the reinforcement cages of
bore-injection supports. The connection of structural elements is carried out
by welding, the reinforcement is additionally reinforced with metal rings,
which are located on the outer side of the frame in increments of 2 meters.
Rings with a width of 6 to 9 cm are used. Metal thickness is from 7 to 9 mm;

it is obligatory to have a protective layer of concrete around the reinforcement
with a thickness of more than 7 cm. The uniform position of the frame in the
well is achieved by installing clamps on steel stiffening rings;

concrete grades C20/25 and higher, are used for concreting the pile. The nor-
mative content of cement in the mixture is 350 kg / cubic meter. The volume
of aggregate in the composition is from 25%, fine-grained crushed stone is

used as an aggregate, with a particle size of 10 to 20 mm;



the consistency of the concrete used to fill the well should ensure the mobility
of the mixture and its free passage through the cavity of the screw string. Spe-
cific water separation of concrete is within 2%. To obtain the plasticity of the
mixture, a plasticizing component is added to the concrete composition - LST
(lignosulfonate, concentration up to 0.2% of the total mass), which increases
the hardening time of the composition, which is especially important when in-
stalling piles in the hot season;

the overspending of the mixture, associated with the need to fill the well until
the concrete, clean from sludge, starts to flow out of the cavity, is 25% of the

planned volume of the bored-injection pile.

4.1.3. The process of installation of a reinforcement cage in a well

Also, certain requirements are put forward for the process of installation of piles

[23]:

with continuous operation, it is allowed to drill adjacent wells at a distance
exceeding 3 diameters of an already formed support. If the distance is less
than required, it is possible to develop a well only after 24 hours after concret-
ing the previous pile;

it is imperative to maintain a constant pressure of concrete supply when filling
the well, with a decrease in pressure, it is necessary to reduce the speed of ex-
traction of the screw string;

the concreting process occurs with continuous reciprocating movements of the
auger;

the filling of the well stops at the moment when the concrete mixture, clean
from sludge and contaminants, begins to come out of the cavity. After that,
the territory is cleaned from contaminated concrete, a conductor is mounted at

the wellhead and the ground part of the support is concreted;



- upon completion of concreting, the MBU drives away from the well and the
soil developed during the development of the cavity is removed from the site
by an excavator;

- reinforcement of the support occurs immediately upon completion of filling
the well with concrete and cleaning the mouth of the cavity. The maximum

pause between concreting and reinforcement should not exceed 20 minutes.
4.1.4. The use of bored piles

This technology is used [23]:
- During construction in conditions of dense building of large cities;
- To strengthen the walls of the pit in conditions of high flowability of the soil;
- To give stability and prevent accidental deformation of the load-bearing struc-
tures of old reconstructed buildings;
- To add additional structures to the building. In this case, bored piles are used

to give additional stability to the retaining walls.

Figure 4.2 - Drilling wells for bored injection piles

Reconstruction of the foundation with bored injection piles begins with drill-
ing of the concrete body of the foundation. A hole with a diameter similar to the size
of a pile is created in it, after which a tubular inventory conductor made of steel is

installed in the cavity, and a well is developed in the soil to the required depth. Im-



portant.the rotation of the drill string occurs inside the conductor, which prevents
possible damage to the auger when it comes into contact with concrete. After drill-
ing the well, the drill string is removed from it and the cavity is concreted using an
injector connected to a concrete pump. Filling is carried out until the solution clean
from the sludge starts to come out of the well [23].

Upon completion of concreting, a reinforcing cage is immersed in the cavity,
consisting of sections 3-4 meters long, interconnected by welding. In the process of
hardening, concrete seizes with the body of the reconstructed foundation and forms a
monolithic structure with it, which, due to bored piles, transfers the load from the
building to the deep layers of the soil [8,9,23].

Mobile drilling rigs (MBU) are involved in the creation of bored injection
piles. This is a self-propelled vehicle equipped on a wheeled or tracked transport
base. In foundation construction, wheeled MCUs are most common, due to their
greater mobility and ability to get to target objects on their own. The MBU drilling
equipment is located on a working platform mounted on a transport chassis with the
help of articulated joints. Depending on the type of platform, the machines are clas-
sified into fixed and rotary. For the development of each subsequent well, an MDR
with a fixed platform needs to change its position on the site, while the presence of a
rotary platform allows the machine to drill several wells at once along the perimeter

of the current location [23].

4.2. Technology and organization of work on the construction of walls

The peculiarity of concreting the walls depends on the architectural and plan-
ning and design solutions, a set of machines and mechanisms used to perform tech-
nological processes, as well as the type of formwork [23].

Design of formwork works is carried out in accordance with the requirements
JCTY b B.2.8-41:2011"Formwork for the construction of monolithic concrete and

reinforced concrete structures. As elements for the formation of slots in the form-



work for the construction of load-bearing walls and elevator shaft can be used chan-
nel [8,9,14,18,23].

Installed in the design position, such elements are fixed with struts in the lon-
gitudinal and transverse directions to give them rigidity and prevent them from dis-
torting the shape when laying the concrete mixture [23].

When using collapsible formwork, the walls are concreted in sections. If the
length of the wall is more than 20 mp, it is divided into separate sections of 7... 10
m, and on the boundaries of the sections install distribution formwork.The formwork
of the walls is installed in a sequence determined by its design. In the course of per-
formance of works it is necessary to provide stability of separate elements and a
timbering as a whole [23].

When erecting walls, formwork boards are installed in two stages. First,
mount the reinforcing frame, then the formwork on one side to the full height of the
floor, and at the last stage - the formwork on the other side. In the top part fix a
working flooring with a protective protection.At acceptance of a timbering control
the geometrical sizes, convergence of axes, verticality and horizontality of the cor-
responding elements of a timbering, correctness of arrangement of mortgage details,
density of joints and seams. For perception of pressure of concrete mix the timbering
is equipped with special inventory screeds, and sometimes additional inserts
[8,9,23].

Dismantling of wall formwork is performed sequentially: dismantling (from
top to bottom) struts and beacon risers, working fasteners and contractions, form-
work boards.When the height of the walls is up to 3 m, the concrete mixture is fed
directly into the formwork at several points along the length of the site by buckets or
concrete pumps. For concreting, use a concrete mixture with a mobility of 6... 8 cm.
Concrete is laid in horizontal layers 0.3 - 0.4 m thick with mandatory compaction of
the mixture with deep vibrators. Vibrators must not touch either the reinforcement or
the formwork during the compaction of the concrete mix. Transmission through

these elements of vibrations can cause the destruction of previously laid layers of



concrete. At height of walls over 3 m for giving of concrete mix in a timbering use
link "trunks" [23].

In the process of concreting, the condition of the reinforcement is monitored
and its displacement from the design condition is prevented. Renewal of concreting
on the next highest height is allowed only after the installation of the working seam

and gaining strength of concrete not less than 1.5 Mpa [23].

4.3. Technology and organization of work on the construction of columns

The most massive structures erected from monolithic reinforced concrete are
columns with a cross section of 0.4x0.4 m... 0.8x0.8 m. For columns with dense
reinforcement use a concrete mixture with a cone draft (OK) 6... 8 cm and aggre-
gate size up to 20 mm , with weak reinforcement is concreted with a mixture of
OK =4... 6 cm and aggregate size up to 40 mm [8,9,14,18,23].

Columns up to 5 m high are concreted continuously at full height in layers
0.3... 0.4 m thick. The concrete mixture is loaded from above with a bucket or a
flexible "trunk™ of the concrete pipe manipulator and compacted with deep vibrators.
To reduce the complexity of work and improve the quality of the formwork arrange
special windows, through which the supply of concrete mixture and its compac-
tion.In some cases (for supply of concrete mix) the second tier of a timbering of col-
umns is carried out with removable boards which establish only after completion of
concreting of the first tier [8,9,14,18,23].

4.4. Technology and organization of work on the construction of floor slabs

Monolithic flooring is arranged after the construction of walls, columns below
the floor and gaining the necessary initial strength.Depending on the design solu-
tions for the floor of the house, appoint the technology of their construction. When

designing a complex process, it is advisable to use the flow method of work, which



Is based on the uniform continuous operation of all parts of the process and is ac-
companied by uniform participation of labor and the use of building materials [23].
To organize the flow of work, the house in the plan is conditionally divided

into grips in compliance with the requirements as shown in Figure 4.3.

grippers should be approximately equal
in complexity, with the provision of
continuous laying of concrete;

the smallest size of the gripper should
ensure productive work optimal
composition of the team and a set of
machines during the shift;

limits of grips are appointed in places
with the smallest values of cutting force
and the moment, with the organization
of working seams.

Figure 4.3 — Grips

In beamless floor slabs, the working seam is assigned within 0.25L, where L
Is the run between the main vertical structures (with the diaphragm of the walls and
columns) [23].

In beam slabs, when concreting in the direction of the main beams or girders,
the working seams are arranged with in two middle quarters of the girders and slabs.
When concreting parallel to secondar beams — with in one third of the beams and
slabs. The surface of the working seam must be perpendicular to the surface of the
floor slab [8,9,14,18,23].

Between specialized processes of laying concrete mix and dismantling of a
timbering organize a technological break (ttp) during which care of concrete is



carried out. During this period, the concrete must reach a certain stripping strength
(Table 4.1) [8,9,14,18,23].
Table 4.1

Stripping strength of concrete

Ne Constructions Minimum strength of concrete in percent

from design to actual loads

Less than 70% of More than 70% of
the estimated the estimated

1. | Horizontal and inclined and runs up to 6m 70 100

2. | The same over 6m 80 100

To prevent the harmful effects of loads on the concrete, the movement of
people, or the installation of scaffolding is allowed only after it reaches a strength of
not less than 1.5 MPa.The system consisting of wooden beams, fork heads, telescop-
ic racks and coatings in the form of boards or sheets of waterproof plywood has be-
come widespread at the present stage of construction of monolithic floors [23].

In order to reduce the number of formwork boards for the construction of
floor slabs during the dismantling of the formwork, the supporting struts are re-
placed by support ones, which support the concrete structure through wooden
spacers [23].

The step between the racks is assigned depending on the strength of the con-
crete [8,9,14,18,23]:

1.2 -1.5 m with a concrete strength of 35-40% of R28;

1.6 - 2.0 m at a strength of 45 -50% of R28;

2.1 - 2.5 m at a strength of 55 - 60% of R28;

2.6 - 3.0 m at a strength of 65 - 80% of R28.

In the process of erecting a building as the strength of concrete is increased,

the pitch between the racks is increased to 3000 mm. The final dismantling of the




struts is allowed to be performed only when the concrete reaches the design strip-

ping strength [23].

Arrange the racks in the sequence as shown in Figure 4.4.

after recruitment of concrete
not less than 35% of the
design (48 hours after
concreting at an average

daily temperature of not less
than 200 C) under

the board is installed with
additional metal racks;

Neighboring main struts are
dismantled together with the
corresponding formwork
boards;

after dismantling of boards
telescopic racks establish on
the previous place with
leaning directly in a plate of
overlapping through
wooden linings (a wooden
board 40-50 mm thick, 150-
200 mm wide and long 800-
1000 mm).

Figure 4.4. — Racks

To dismantle the side elements of the formwork, which do not carry the load

from the mass of structures, the required strength should be 0.2... 0.4 Mpa [23].



Conclusions

1. In this bachelor thesis, we examined what types of the apartment buildings
are, what engineering solutions were created for them.

2. The second and third sections of the thesis gave us an understanding of
how the house is, what decisions are made in it and how it will be created.
In the end, we refreshed and maybe someone got new knowledge on the
topic of bored piles.

3. Finite element modelling of apartment building is performed by using
MONOMAKH-SAPR. Reinforced concrete pylon, mat foundation and slab
are designed. Construction procedure of monolithic reinforced elements is

developed.
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APPENDENCIES
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l68.82 -2.82 ©.982 -8.583 4.29 4] 12.2
Kp. BpemeHHan 38.41  4.86 B.887 B.434 1.62 (5 12.1
38.41 -1.29 -@.544 @8.434 1.62 @ 12.2
Betpoeaa 1 g.652 -1.82 -8.25%8 -8.1322 -8.339 @ 12.1
@.652 @.182 @8.183 -8.133 -8.339 @ 12.2
BeTtpoeaa 2 @.657 -8.861 -0.883 -0.844 -8.298 @ 12.1
@.657 ©@.897 @©.8e61 -8.844 -8.298 © 12.2
Cedcmmy4eckan 1 1.79 -1.82 -9.848 -8.435 -8.572 © 12.1
1.79 B.186 B8.587 -B8.435 -8.572 @ 12.2
CeAcmu4eckan 2 3.87 -3.42 -g.331 -8.175 -1.15 (5 12.1
3.87 B.388 ©8.247 -B8.175 -1.15 @ 12.2
ka1 2 (2.2) N Mx My Ox Qv T Cevenue
MocToAHHAA 145.66 -1.77 -1.29 -8.7%2 -@.501 @ 2.2.1
143.59 -8.114 1.19 -B.752 -8.581 @ 2 2.2
Kp. epemenHan34.86 ©.339 8.233 @8.161 8.359 @ 2 2.1
34.86 -8.844 -8.297 8.161 8.359 @ 2.2.2
Betpoeaa 1 @.621 -8.845 -@8.178 -8.187 -8.829 @ 2.2.1
@.621 @.851 @.174 -8.187 -8.829 @ 2 2.2
Betpopaa 2 @.595 -@.828 -@.836 -0.822 -0.829 © 2 2.1
@8.595 @.e67 ©8.838 -0.822 -0.029 @ 2.2.2
Ceiicmu4eckan 1 1.78@ -8.272 -B.684 -0.486 -8.198 @ 2.2.1
1.78@ B.425 ©@.654 -B.486 -8.198 @ 2. 2.2
CeficMuyeckaa 2 3.53 -@.183 -8.145 -8.891 -8.125 @ 2 2.1
3.53 B.265 8.155 -8.891 -8.12% @ 2.2.2
Km 12 (3.2) N Mx My Qx Qv T CevyeHune
MocToAHHAA 128.93 -@8.1e@8 -1.17 -8.754 -0.0888 © 3 2.1
126.86 ©.129 1.32 -B.754 -8.8338 @ 3 2.2
Kp. BpemeHHan 29.84 B.775 B.361 B.221 B.486 B 3 2.1
29.84 -B.829 -8.367 ©.221 ©.486 @ 3 2.2
Betpomaa 1 @.588 -8.897 -8.286 -8.123 -0.849 @ 3 2.1
g.588 @.8e6 ©.199 -8.123 -0.049 @ 3 2.2
Betpoeaa 2 @.535 -8.851 -8.846 -8.827 -0.829 @ 3 2.1
@.535 @.845 @.845 -8.827 -8.829 @ 3 2.2
CeficMuyeckan 1 1.59 -8.333 -8.764 -8.454 -8.146 @ 3. 2.1
1.59 -8.498 B8.736 -8.454 -8.146 @ 3 2.2
CeficMuyeckan 2 3.19 -8.237 -8.185 -8.111 -8.122 @ 3.2.1
3.19 g.185 ©.181 -8.111 -8.122 @ 3 2.2



HapexHOCTH No OTEETCTEEHHOCTH 1.1

DaCHETHLIX COYETaHWH
Hams. ONKT. npog. 1-e 2-e 3-e
NocToAHHaA 1 1 1 1 1 8.9
Kp. epemenHan 1.3 8.35 1 1 8.9 8.5
BeTpoean 1.14 8 @ 1 8.9 8
Ceilcmu4eckan 1 8 @ 8 8 1
CHUxawWMd ONA Kp. BpemM. Harpyzkw
Km 1.2 (1.2) Km 1.2 (2_2) K1 2 (3_2)
1 1 1

YuyuTHESTE B pac4yeTe:
aBTomaTu4eckn chopmupoeaHHuie PCH
PCH, cdopmupoeaHHuegnAa cnyyaee a, O
Y4uToiEaTE NpM aBTOMaTu4eckom gopmupoBaduM PCH:
ZHAKONEpPEMEHHOCTE EETPOBOA M CEACMMHECKOR HarpyskKM
Pac4eTHble COMETaHMA Harpyz3o0K
CokpaweHHEIA CNHUCoK

Km 12 (1.2) N Mx My Qx Qy T CeqeHue
Nepeana rpynna npeg. coctoAHuid. Cnyvaid 6 (Bce Harpysku)
M. 1 1 234 19.1 8.522 ©6.8664 7.083 5] 12.1
198 15.4 -g.382 -8.337 5.53 8 ONMT. 4HacTk
SHc, Snc, Nc | 1.1M0+1.43KP
2 18@ 12.1 -1.87 -8.721 4.29 5] 12.1
179 13.3 -8.747 -8.55%4 4.71 a8 OAWT. YacTb
Tx | 1.1M0+1.254B1
3 228 19.7 @.687 @.155 7.18 5] 12.1
196 15.2 -8.347 -8.358 G5.44 a OAUT. YacThk
Ty, Sunc | 1.1M0+1.287KP-1.1286B1
Mp. 2 1 184 18.7 @8.327 ©.88439 6.66 8 12.1
171 13 -g.45 -B.39 4.65 B ONMT. HacTk
SHc, Ty | @.99N0+@.715KP-1.1C2
2 189 -2.81 1.23 -B.666 4.77 5] 12.2
169 -2.32 8.836 -8.39 4.65 8 ONMT. 4HacTk
Snc | ©.99M0+@.715KP+1.1C1
3 193 11.1 -9.482 -8.381 4.14 8 12.1
171 13 -8.45 -B.39 4.65 a8 OAWT. YacTb
Nec | ©.99N0+8.715KP+1.1C2
4 163 9.99 -1.6 -9.976 3.8l 5] 12.1
161 12 -B8.672 -8.498 4.24 a OAWT. YacThk
Tx | 8.99M0+1.1C1
5 187 16.9 @8.895 8.29 6.83 8 12.1
171 13 -p.45 -B.39 4.65 B ONMT. HacTk

Sunc | 8.99M0+@.715KP-1.1C1



Mepeanm rpynna npeg. cocToAHui. Cny4ail a (MpomonmsMT. )

p. 3 1 234 19.1 B.522 0.0664 7.83 8 12.1
198 15.4 -8.382 -8.337 5.53 a ONMT. HacTk
Suc, Snc, Nc, Ty, Sunc | 1.1M0+1.43KP
2 179 13.3 -8.747 -8.554 4.71 8 1.2.1
179 13.3 -8.747 -8.554 4.71 8 LNMMT. HacTe
Tx | 1.1M0
Km 12 (2.2) N Mx My Qx Qv T Ceyenne
MNepeas rpynna npen. cocToAHWA. Cnydail 6 (Bce Harpyszkw)
M. 1 1 289 -1.46 -1.89 -8.598 -8.8379 @ 221
177 -1.77 -1.3 -8.747 -8.371 @ ANMMT. 4YacTkb
Suc, Nec | 1.1M0+1.43KP
2 285 -1.56 -1.32 -8.741 -8.122 @ 2 2.1
176 -1.79 -1.32 -8.755 -8.389 @ ONMT. HacTk
Snc, Sunc | 1.1M0+1.287KP+1.1286B1
3 161 -2 -1.64 -B.961 -8.587 @ 221
168 -1.94 -1.42 -8.827 -8.551 @ LNMMT. 4YacTb
Tx, Ty | 1.1M0+1.254B1
p. 2 1 172 -1.71 -1.27 -8.73 -8.377 8 221
153 -1.66 -1.22 -8.784 -8.486 @ ANMMT. 4YacTkb
SHc, Nc | ©@.99M0+8.715KP+1.1C2
2 176 -1.8 -1.86 -1.88 -6.457 8 221
153 -1.66 -1.22 -g.784 -8.486 @ ONMT. HacTk
Snc, Sunc | ©.99N0+@.715KP+1.1C1
3 146 -2.85 -2.83 -1.19 -8.713 @ 221
144 -1.75 -1.28 -8.745 -8.496 @ OLNMT. 4HacTb

Tx, Ty | ©.99M0+1.1C1
Mepeas rpynna npeg. cocToAHui. Caydail a (npogonxurt. )

. 3 1 289 -1.46 -1.89 -8.598 -8.8379 0 2 2.1
177 -1.77 -1.3 -8.747 -8.371 @ ONMT. HacTk
Suc, Snc, Nc, Sunc | 1.1M00+1.43KP
2 160 -1.94 -1.42 -8.827 -8.551 @ 2 2.1
168 -1.94 -1.42 -8.827 -8.551 @ OMKMT. 4HacTb
Tx, Ty | 1.1M0
Km 12 (3.2) N Mx My Qx Qy T Cevenue
Mepeas rpynna npen. CocToAHWA. Cnydail 6 (Bce Harpyzkw)
. 1 1 184 8.932 -8.765 -8.514 8.599 @ 3 2.1
157 @.212 -1.1 -8.719 8.147 a ONMT. HacTk
Suc, N, Ty | 1.1M0+1.43KP
2 179 -8.85 1.21 -8.684 B8.473 @ 3 2.2
153 -8.231 1.29 -8.73 B.122 8 LNMMT. HacTe
Snc, Sunc | 1.1M0+1.287KP+1.1286B1
3 143 -8.298 -1.54 -8.983 -8.159 @ 3 2.1
142 -8.176 -1.28 -8.829 -8.0965 @ OMMT. 4YacTb

Tx | 1.1M0+1.2548B1



p. 2 1 149 -1.81  1.86 -1.89 8.1
133 -8.8795 1.22 -8.691 @©.8348
2 152 8.135 -1.1 -8.71  8.127
135 8.8353 -1.86 -8.691 08.9348
3 129 -8.525 -1.99 -1.25 -8.247
128 -8.159 -1.15 -8.747 -0.8869
4 147 8.762 -8.855 -0.8889 0.421
135 8.8353 -1.86 -8.691 8.8348

Mepeas rpynna npef. COCTOAHWIA.
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Tx | 1.100+1.254B1

3 2.2

ANUT. HacTb

SHc, Snc, Sunc | ©.99M0+@.715KP+1.1C1
321

ANUT. 4acTb

Nec | 8.99N0+8.715KP+1.1C2
321

ANUT. HacTb

Tx | 8.99N0+1.1C1

321

ONUT. HacTb

Ty | ©.99N0+8.715KP-1.1C1

Cay4ait a (npogonxmT.)

32.1
ANMT. 4acTb

SHc, Nc, Ty | 1.1N0+1.43KP
32.2

ANMT. HacTb

Snc, Sunc | 1.1M0+1.43KP
32.1

ANMT. 4acThb

Tx | 1.1M0

8.8253436

p. 3 1 184 @8.932 -8.765 -8.514 ©.599
157 a.212 -1.1 -8.719 8.147
2 182 -1.e4  9.931 -8.514 @.599
154 -8.273 1.27 -8.719 0.147
3 142 -8.176 -1.28 -8.829 -0.8965
142 -8.176 -1.28 -8.829 -0.8965
Homepa konodH, onpepenuewmx PCH:
1.2
Pac4eTHoe apMMpoBaHWe
Km 1 2 (1.2) Km1 2 (2.2)
NpogoneHana apmatypa
nonHan 12.568 12.568 12.568
no NPoOYHOCTH 12.568 12.568 12.568
% apmupoBaHuA ©.58272 0.58272 8.58272
NonepeyHana apmatypa
Ha 1 M anuHb @.169935 B.8231318
lupwHa packpelTUA TpEWMH
HEMPOAOIKUT . 8 % 8
NPOACAXKT . e 0 8

ApMupoBaHMe CMMMETPUYHOE. BbiNYyCKWM B BEpPXHION KONOHHY

Km 1.2 (1_2) Km 1.2 (2_2)
K-BO aMam. K-BO auam.
YT OB 4 16 4 16
GOKOBLIE 4 16 4 16
Beero 8d16 8d16 8d16
nnoWaib apMm. 16.885 16.885 16.885
% apmupoBaHuA B.643393 8.643398

Km 12 (3.2)
K-BO anam.
4 16
a 16

8.643398



16 398

478

anam.

anam.
3

Km 1.2 (1_2) km 1.2 (2_2) Km 1 2
JoHa aHKepoBKM
K-BO auam K-BO auam. K-BO
4 6 it 6 4
war 158 158 15@
npweAszka l-ro 5@ 56 58
20Ha packnagkw 458 458 458
npMeAzka nocn. 588 5ea 588
OcHoBHaA 30Ha
K-BO auam. K-BO auam. K-BO
12 B 12 B 12
war 288 208 2p8
npuweAska 1l-ro 788 788 788
20Ha packnagkw 2200 2208 2208
npMeAZKa nocn. 2988 29808 2980
NoGopHoii
K-BO auam. K-BO auam. K-BO
1 B 1 B 1
war 158 15@ 15@
NpMBA3KA 3858 3858 3850
paccT. Oo eepxa 5@ 58 58
Mnowaae apmaTypbl Ha 1 M OnKHG
2.82743 2.82743 2.82743
PexuMbl YCTAHOBKM WNMNEK
HeT
Jame4aHmnA
HeT
Konryp Ilnuru( Topumuaniantu 20.00 cm )
Touka X(cm) Y(cm) Touxa X(cm) Y(cm) Touka X(cm) Y(cm)
1 0.00 160.73 2 116 760.73 3 0.00 1660.73
4 0.00 1673.23 5 120 1693.08 6 2.99 1703.91
7 6.87 1718.31 8 16.15 1741.19 9 29.79 1763.24
10 44.60 1780.10 11 58.48 1792.16 12 73.24 1802.14




Kontyp Ilnutu( Topumuanantu 20.00 cm )

Touxa X(cm) Y(cm) Touxa X(cm) Y(cm) Touka X(cm) Y(cm)
13 87.85 1809.78 14 104.47 1816.16 15 118.68 1819.93
16 128.97 1821.72 17 140.70 1822.96 18 1122.50 1823.23
19 2095.00 1823.23 20 2107.77 1822.69 21 2119.67 1821.19
22 2130.77 1818.89 23 2141.02 1815.99 24 2151.22 1812.29
25 2162.82 1806.99 26 2173.17 1801.24 27 2183.92 1794.04
28 2196.52 1783.64 29 2210.92 1768.44 30 2221.77 1753.49
31 2230.72 1737.34 32 2236.97 1721.64 33 2241.02 1707.49
34 2244.02 1690.29 35 2245.00 1673.23 36 2245.00 760.73
37 2245.00 160.73 38 1795.50 160.73 39 1793.73 121.20
40 1787.80 103.83 41 1780.57 88.41 42 1757.59 55.80
43 1741.84 40.45 44 1727.47 29.35 45 1711.69 19.80
46 1700.99 14.58 47 1680.32 7.16 48 1665.96 3.55
49 1648.26 0.76 50 1632.50 0.00 51 1609.03 1.75
52 1590.94 5.29 53 1577.04 9.48 54 1564.01 14.58
55 1548.86 22.48 56 1536.82 30.09 57 1526.47 38.05
58 1507.56 55.94 59 1488.86 81.13 60 1481.24 95.08
61 1475.25 109.24 62 1471.27 121.20 63 1462.93 160.57
64 1332.50 160.73 65 1322.50 160.73 66 1320.89 141.12
67 1313.28 109.23 68 1300.23 81.62 69 1283.96 59.99
70 1259.67 39.36 71 1248.31 30.62 72 1224.21 19.73
73 1205.94 14.36 74 1190.25 11.82 75 1178.50 10.67
76 1072.50 10.73 77 1056.99 11.35 78 1040.43 14.24
79 1025.31 18.28 80 1009.13 24.54 81 996.33 31.27
82 977.16 4491 83 962.35 58.82 84 947.67 77.55
85 936.61 97.01 86 931.90 108.30 87 927.65 121.60
88 923.29 144.52 89 922.50 160.73 90 912.50 160.73
91 772.50 160.73 92 773.73 121.20 93 767.26 102.64
94 757.25 82.61 95 749.92 71.39 96 737.59 55.80
97 726.60 44.83 98 704.92 27.82 99 693.29 20.79
100 680.99 14.58 101 659.38 6.76 102 640.55 2.59
103 625.22 0.56 104 612.50 0.00 105 594.01 1.05
106 582.76 2.74 107 570.27 5.54 108 552.85 11.13




Kontyp Ilnutu( Topumuanantu 20.00 cm )

Touxa X(cm) Y(cm) Touxa X(cm) Y(cm) Touka X(cm) Y(cm)
109 532.35 20.51 110 521.25 27.02 111 504.29 39.62
112 487.41 55.80 113 473.52 73.79 114 463.14 91.12
115 458.22 101.73 116 452.50 116.50 117 452.50 160.73

OTBOPHU
Ne otBopy | Ne Touku X(cm) Y(cm) Ne Toukun X(cm) Y(cm)
1 1 965.00 1030.73 2 1142.50 1030.73
3 1152.50 1014.73 4 1152.50 908.06
5 1142.50 865.73 6 965.00 865.73
2 1 965.00 1030.73 2 1142.50 1030.73
3 1152.50 1014.73 4 1152.50 908.06
5 1142.50 865.73 6 965.00 865.73
3 1 965.00 1030.73 2 1142.50 1030.73
3 1152.50 1014.73 4 1152.50 908.06
5 1142.50 865.73 6 965.00 865.73
Kosonun
Ne koi1. X ,cm Y ,cm Tun nepepizy | b(d) ,cm |h(dl) ,cm| bl ,em | hl,em | b2,em | h2,em | b3 ,em | h3 ,em

1 1382.50 1810.73 | npSAMOKYTHHK 100.0 25.0

2 1782.50 1623.23 | NpSIMOKYTHHK 25.0 100.0

3 2082.50 1623.23 | nNpSAMOKYTHHK 25.0 100.0

4 1782.50 1173.23 | npsSAMOKYTHHK 25.0 100.0

5 2082.50 1173.23 | npsSAMOKYTHHK 25.0 100.0

6 1782.50 760.73 TIPSIMOKYTHUK 25.0 100.0




Kosonn

Ne ko X ,cM Y ,cm Tum nepepizy | b(d) ,em |h(dl) ,cm| bl ,em | hl,em | b2,em | h2 ,em | b3 ,cm | h3 ,cm

7 1782.50 210.73 NIPSIMOKYTHUK 25.0 100.0

8 2232.50 210.73 MPSIMOKYTHUK 25.0 100.0

9 462.50 210.73 MPSIMOKYTHUK 25.0 100.0

10 12.50 210.73 MPSIMOKYTHUK 25.0 100.0

11 462.50 760.73 MPSIMOKYTHUK 25.0 100.0

12 162.50 1173.23 | OpSIMOKYTHHUK 25.0 100.0

13 462.50 1173.23 | HpSIMOKYTHHUK 25.0 100.0

14 162.50 1623.23 | HpSIMOKYTHHUK 25.0 100.0

15 462.50 1623.23 | npsAMOKYTHHK 25.0 100.0

16 862.50 1810.73 HPSAMOKY THUK 100.0 25.0

Crinn

No Tosurina (cM) X1 (em) Y1 (em) X2 (cm) Y2 (cm)
1 20.0 1332.50 160.73 1332.50 1211.23
2 20.0 1332.50 1211.23 912.50 1210.77
3 20.0 912.50 160.73 912.50 1210.77
4 20.0 1152.50 160.73 1152.50 908.06
5 20.0 912.50 855.73 1152.50 855.73
6 20.0 955.00 1040.73 955.00 855.73
7 20.0 1332.50 1040.73 912.50 1040.73
8 20.0 1152.50 1014.73 1152.50 1040.73
9 20.0 1152.50 315.73 1332.50 315.73
10 25.0 1122.50 1211.00 1122.50 1823.23
11 20.0 1.16 760.73 175.00 760.73
12 20.0 2070.00 760.73 2245.00 760.73

XapaKTepuCTHKHU MaTepiaiiB




XapaKTepuCTHKH MaTepianiB

Kiac 6erony C25/30
Bux 6eTony - BaXKKHI
[Po3zpaxyHKoBHifoIip 6ETOHY Ha CTUCK 1170
Moxyb Ipy>KHOCTI OETOHY 2.75e+006
IKiacrio3ioBxxHboiapMaTypH (B310BX X) IA400C
IPo3paxyHKOBHIIOII PII03J0BXKHBOIapMaTypU Ha PO3TST 37500
Moty Jib IpyXKHOCTiapMaTypl 2e+007
IKitacrio3ioBxHboiapMaTypu (B310BX Y) IA400C
IPo3paxyHKOBHIIOITI PII03JOBXKHBOIapMAaTypU Ha PO3TST 37500
Moty b IPY»HOCTiapMaTypl 2e+007
IKnacronepeunoiapmatypu IA240C
P03paxyHKOBHHOMIpHONEpeYHOiapMaTypy Ha PO3TST 18000
Moy npyxHOCTIapMaTypH 2.1e+007
(O6'emHna Bara 2.5
DKopcTKicThIPYKHOIOCHOBUTPYHTY Ha CTHCK: 0
DKopcTKicThIIpy:KHbOTOCHOBUIPYHTY Ha 3CYB: 0
BiZcTaHbIOLEHTPIB Bark apMaTypu:
BIAHIDKHBOITpaHi 3
BiZBEPXHBOITpaHi 3
HapanraxeHHs
Tun Buna Bennunna X1 Y1 X2 Y2 X3 Y3 X4 Y4
Iocr. P-posm. 0.44
Kopotk. | P-posm. 0.15
Kopotxk. |P-posm.IL. 0.30 115250 | 315.73 | 133250 | 315.73 | 133250 | 1040.73 | 1152.50 | 1040.73
Kopotxk. |P-posm.IL. 0.30 91250 | 1040.73 | 1332.50 | 1040.73 | 133250 | 1211.23 | 91250 | 1210.77
Kopotk. | P-posm.Il. 0.30 912.50 160.73 | 115250 | 160.73 | 1142.50 | 425.73 922.50 425.73
Kopotk. | P-posm.Il. 0.40 0.00 788.73 134.51 788.73 13450 | 1685.23 | 803.00 | 1686.00
802.94 | 1823.05 | 140.70 | 1822.96 87.85 1809.78 58.48 1792.16
44.60 1780.10 16.15 1741.19 6.87 1718.31 1.20 1693.08




HaBanTakeHHst

Tun Bun Bemnunna X1 Y1 X2 Y2 X3 Y3 X4 Y4
Kopotk. | P-posm.Il. 0.40 2245.00 | 788.73 | 2110.49 | 788.73 | 2110.50 | 1685.23 | 1442.00 | 1686.00
1442.06 | 1823.05 | 2104.30 | 1822.96 | 2157.15 | 1809.78 | 2186.52 | 1792.16
2200.40 | 1780.10 | 2228.85 | 1741.19 | 2238.13 | 1718.31 | 2243.80 | 1693.08
KoedinienTucnony4yenns
Iocriiine JloBrorpusaie Koporkouac. CelicMika Bitep
Hanifinocri 1.00 1.20 1.30 1.00 1.14
Tpusanocri 1.00 1.00 0.35 0.00 0.00
[ ocH. criomy4eHHs 1.00 1.00 1.00 0.00 1.00
II ocH. ciony4eHHs 1.00 0.95 0.90 0.00 0.90
111 oco6.cromydeHHs 0.90 0.80 0.50 1.00 0.00




APPENDEX B. DRAWINGS



