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АННОТАЦИЯ 
 
Дипломдық жобаның тақырыбы: «Алматы қаласында жоғары технологиялық 

бөлімшелері бар онкологиялық госпиталь». Жұмыс төрт бөлімнен тұрады: біріншісі – 
архитектуралық-аналитикалық, екіншісі – есептеу-конструктивті, үшіншісі – 
ұйымдастырушылық технологиялық, төртіншісі – сметалық. 

Бірінші бөлімде архитектуралық модель жасалды, оның негізінде кейіннен есептеу 
үшін қолданылатын конструктивті модель жасалды. 

Екінші бөлімде ғимараттың құрылымдық моделі жүктемелердің әртүрлі 
комбинацияларына ұшыраған кезде беріктік пен тұрақтылыққа тексерілді. 

Үшінші бөлімде жер жұмыстарын жүзеге асыру тетіктері таңдалды және бүкіл 
ғимаратқа құрылыс-монтаждау жұмыстарын орындау көлемі анықталды. 

Төртінші бөлімде алынған нәтижелер сметалық бағдарламаға ауыстырылды және бүкіл 
ғимараттың құрылыс құны есептелді. 

 
 

АННОТАЦИЯ 
 
Тема дипломного проекта: «Онкологический госпиталь с высокотехнологичными 

отделениями в городе Алматы». Работа состоит из четырех разделов: первый – архитектурно-
аналитический, второй – расчетно-конструктивный, третий – организационной 
технологический, четвертый – сметный. 

В первом разделе была создана архитектурная модель, на основе которой впоследствии 
была разработана конструктивная модель, используемая для расчета. 

Во втором разделе конструктивная модель здания была проверена на прочность и 
устойчивость при воздействии различных комбинаций нагрузок. 

В третьем разделе были подобраны механизмы для осуществления земляных работ и 
определены объемы выполнения строительно-монтажных работ на все здание. 

В четвертом разделе полученные результаты были перенесены в сметную программу и 
посчитана стоимость строительства всего здания. 

 
 

ANNOTATION 
 
The topic of the graduation project is «Oncological hospital with high-tech departments in 

Almaty» The work consists of four sections: the first is architectural and analytical, the second is 
computational and constructive, the third is organizational and technological, and the fourth is 
estimated. 

In the first section, an architectural model was created, on the basis of which a constructive 
model used for calculation was subsequently developed. 

In the second section, the structural model of the building was tested for strength and stability 
when exposed to various combinations of loads. 

In the third section, the mechanisms for carrying out excavation work were selected and the 
volume of construction and installation work for the entire building was determined. 

In the fourth section, the results were transferred to the estimated program and the cost of 
building the entire building was calculated. 
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INTRODUCTION 
 
Construction is one of the most important areas of human life. Even in ancient 

times, at the early stages of human development, the presence of a «roof over your 
head» has become a fundamental factor that ensures a stable, calm and protected life. 
Over time, the importance of the house has strengthened, and the functionality has 
expanded. Today, buildings are built everywhere and are used for a wide variety of 
purposes: residential (individual houses, apartment complexes), industrial (factories, 
factories), commercial (cafes, shops, restaurants, shopping centers, train stations, 
airports), temporary structures (warehouses, retail stores, installations, gazebos). 

As the population grows, the need to build new buildings for all spheres of life 
is also growing, which means that the need for specialists is also increasing. Modern 
education allows you to cover a wide range of knowledge, as a result of which 
specialists come out of the university who are able to work in a wide variety of 
positions in construction companies, they can realize themselves both in the office, 
working with a computer, and on the construction site directly. 

This diploma project is aimed at confirming and summarizing all the materials 
and knowledge obtained during the course of the Bachelor's degree in Civil 
Engineering. The diploma project will cover such sections as architectural, structural, 
calculation, estimate and technological. Each section will demonstrate the student's 
knowledge and influence the development of the issued project and its adaptation to 
local conditions. In addition, working on a graduation project can affect the student's 
analytical and spatial thinking, allow them to cover new sources of information, master 
potentially new technologies for performing certain works, as well as develop the skill 
of documentation and writing texts according to specific requirements. 

The final result of the graduation project will be a building with a well-thought-
out and proven design calculations, considered architectural solutions, calculated scope 
of work, estimates and the technological chain of production of certain types of work. 
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1 Architectural and analytical section 
 
1.1 Construction area and climatic conditions 
 
The construction site is located in the northern part of Almaty, in the Alatau 

district, in the Gazhayip microdistrict. Here, between the Central City Mosque and 
Almaty Arena, there is a free field area, part of which will be occupied by the cancer 
hospital. 

 

 
 

Drawing 1.1 – Map of the area 
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Figure 1.2 – Situation plan 
 
The climate of Almaty is sharply continental, temperate, and has a pronounced 

daily circulation of wind currents. The city is characterized by frequent temperature 
changes in winter, which contributes to a constant cycle of freezing and thawing of ice 
and snow. 

 
Table 1.1 – Wind direction during the year, % 

 

North 
North-
East 

East 
South-
East 

South 
South-
West 

West 
North-
West 

43,0 16,5 6,5 4,7 6,2 10,2 7,1 5,8 
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Figure 1.3 – Wind rose of Almaty, % 
 
On average, about 600-650 mm of precipitation falls per year, the main part falls 

in spring, a smaller part – in autumn. The dry season falls in August. 
According to the climate zoning map (Figure A.1, Appendix A, [1]), Almaty 

belongs to district IIIB, according to the climate map for the base wind speed-to district 
II. 

 
Table 1.2 – Average monthly air temperature, °C 
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Table 1.3 – Average monthly air humidity, % 
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1.2 Architectural solutions of the building 
 
The Cancer Hospital is a unique combination of cutting-edge technology and 

architectural excellence. It uses the latest equipment, including robotic systems, 

 -

  10,0

  20,0

  30,0

  40,0

  50,0
 North

 North-East

 East

 South-East

 South

 South-West

 West

 North-West



12 
 

artificial intelligence and other innovations that provide patients with access to the most 
up-to-date methods of diagnosis and treatment. The hospital's spaces are not only high-
tech spaces, but also stylish interiors made in a modern, minimalistic design with an 
emphasis on elegant and smooth geometric shapes.  

Spacious stained glass windows fill the interior spaces with natural light, 
reducing the need for artificial lighting and allowing the saved energy to be used to 
power equipment and provide additional lighting in operating rooms. 

The architecture of the building fascinates with its complex shape, consisting of 
smooth curved trajectories that create a harmonious dynamism. In shapeand plan, the 
hospital resembles a sea stingray — with an expanded central part and narrowing at the 
edges. The interior space is thought out to the smallest detail: walls and partitions built 
in arcs provide a smooth transition between departments and create unique, non-
standard rooms, emphasizing not only the functionality, but also the aesthetic appeal 
of each detail. 

The hospital has three floors: the basement is 3 meters high, the first and second 
floors are 4 metershigh, as well as the space under the roof, created by trusses that hold 
the stained glass system on the roof. 

In the basement there is parking for official ambulances and vehicles belonging 
to the hospital staff. There are also distribution installations for heating, ventilation and 
water supply systems. 

On the ground floor, there are mainly treatment rooms, check-in and patient 
assistance areas, reference rooms, storage rooms for medicines, and rooms for 
changing staff into work clothes and patients into the hospital room. 

On the second floor there is a hospital: treatment rooms, rest rooms for patients, 
a game room for children, as well as warehouses with various types of medical 
equipment and medicines. 

The building is equipped with elevators, stairs and ramps for non-mobile patients 
to move around the floors. Since the hospital building itself has a non-standard shape, 
the stair and elevator shafts also have a shape that is closer to a trapezoid than to a 
rectangle. Due to this, the width of the staircases varies from 1.3 meters to 1.6 meters. 

The ramp leading from the basement to the first floor has a width of 2.55 
meters.The maximum slope of the ramp is 8 degrees. 

The ramp leading from the first floor to the second floor has a width of 1.345 
meters in the first part of the span (from the floor slab of the first floor to the inter-floor 
slab) and 1.22 meters in the second part of the span (from the inter-floor slab to the 
floor slab of the second floor). 

In addition, the length of the basement staircases also differs from the length of 
the marches leading from the first floor to the second, since the height of the basement 
is 1 meter less than that of the first and second floors. Thus, the height of stairs between 
the basement and the first floor is equalto the same height of floors, 3 meters, and 
between the first and second floors – 4 meters. Also, the height of the stairs differs 
depending on the purpose of the staircase and the floor on which it is located.  

The width of the flight of stairs located in the axes 7-9.1 is 1.5 meters, and the 
height and width of the tread is 158 mm and 250 mm, respectively. The non-standard 
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height of the riser is due to the lack of large space for the stairs. In addition, thestaircase 
is intended for use by medical professionals and technical personnel, that is, for a 
limited number of people, and therefore it can be made more compact than public stairs. 

The width of the flight of stairs located in axes 11-12.1 is 1.2 meters, and the 
height and width of the tread is 158 mm and 250 mm, respectively. The non-standard 
height of the riser is due to the lack of large space for the stairs. The use is similar to 
the ladder described above. 

The width of the flight of stairs located in the H.2-I.2 axesis 1.55 meters, and the 
height and width of the tread are 158 mm and 250 mm, respectively. The non-standard 
height of the riser is due to the lack of large space for the stairs. The use is similar to 
the ladder described above. 

The elevator is standard in shape – rectangular, designed and installed in 
accordance with regulatory documents. The dimensions of the elevator shaft, 1620 × 
2600 mm, allow you to install an elevator that can accommodate people on gurneys 
and escorts. An elevator with a lifting capacity of 1600 kg and dimensions of 
1400×2400×2100 mm, manufactured by Irtysh-Lift LLP, will be installed in this mine. 

 

 
 

Drawing 1.4 – Internal design of the elevator 
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1.3 Technical and economic indicators 
 
Table 1.4 – Technical and economic indicators 

 
№ Name Meas. Quantity 
1 Total hospital area m2 8 744.4 

1.1 Basement area m2 3 000.4 
1.2 First floor area m2 2 903.3 
1.3 Second floor area m2 2 840.7 
2 Construction site area m2 24 170.0 
3 Built-up area m2 2 903.3 
4 Construction site area m2 19079.59 

5 
The area of construction by temporary 
buildings and structures 

m2 956.42 

6 The length of the temporary:   
6.1 roads (6 m width) m 387 
6.2 water pipes m 441.4 
6.3 sewerage pipes m 360.3 
6.4 lightning wires m 632 
6.5 fencing m 554.684 

 
 
1.4 Geotechnical and geological characteristics of the construction area 
 
Based on the results of geotechnical investigations performed in the city of 

Almaty for each district in 2022 [2] by the company «Project ABS» LLP commissioned 
by the KSU Department of Ecology and Environment of the City of Almaty», no 
ground water was found in the Alatau district in the area of B. Momyshuly Street 
passing. The geological section looks like this: 

1. Bulk soil (pebbles, gravel, loam, sand, construction debris) with a capacity of 
0.7 m; 

2. Loam of solid consistency, light brown color, subsidence, belongs to the 1st 
type, has a thickness of 0.7-3.3 m; 

3. Sandy loam is hard, light brown in color, subsident, belongs to type 1, has a 
thickness of 1.4 m; 

4. The sand is fine, light brown, low-moisture, 0.5 m thick. 
According to the survey data, 4 engineering and geological elements (EGE) were 

identified, all data are collected in a single table. 
 
Table 1.5 – Physical and mechanical properties of soils in normal condition 

 

EGE 
number 

Soil density, kg/m3 
Specific soil adhesion, 

kPa 
Internal friction 

angle soil, degree 
Modulus of 
deformation, 

MPa norms pII pI norms cII cI norms φII φI 
EGE-1 1900 1900 1880        
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Continuation of Table 1.5  
 

EGE 
number 

Soil density, kg/m3 
Specific soil adhesion, 

kPa 
Internal friction 

angle soil, degree 
Modulus of 
deformation, 

MPa norms pII pI norms cII cI norms φII φI 
EGE-2 1790 1790 1770 45 45 30 24 24 21 6,1 
EGE-3 1770 1770 1750 20 20 13 18 18 15 7,7 
EGE-4 1600 1600 1580 2 2 1,3 32 32 21 28 

 
Table 1.6 – Physical and mechanical properties of soils in the water-saturated 

state 
 

EGE 
number 

Soil density, kg/m3 
Specific soil adhesion, 

kPa 
Internal friction 

angle soil, degree 
Modulus of 
deformation, 

MPa norms pII pI norms cII cI norms φII φI 
EGE-1 1900 1900 1880        
EGE-2 1790 1790 1770 27 27 18 18 18 15 3,9 
EGE-3 1770 1770 1750 10 10 7 11 11 9 6,8 
EGE-4 1600 1600 1580 2 2 1,3 32 32 21 28 

 
 
1.5 Heat engineering calculation 
 
The heat engineering calculation is performed according to the instructions of 

item 4 Functional requirements [3]. 
The building's heat-protective shell, in other words, the enclosing structure or 

external wall, must meet the list of requirements defined in the regulatory document: 
1. Element-by-element requirement – the calculated values of the heat transfer 

resistance given must not be less than the normalized value; 
2. Complex requirement – the specific heat protection of the building should not 

exceed the normalized value. 
3. Hygienic requirement-the temperature on the internal the levels of the 

enclosing structure’s surfaces must be no less than the permissible value. 
If the above requirements are met, it can be concluded that the design meets the 

standards and is considered effective. 
The standard value of the reduced thermal resistance for the enclosing structure 

is calculated using the formula: 
 

𝑅
 = 𝑅


∙ 𝑚 (1. 1) 

 
Where Ro

req – The reference value of the necessary thermal resistance for the 
enclosing structure, m²×°C/W, is determined based on the degree-days of the heating 
season, DDAY, °C×day/year, the construction region; 

mp is a factor that considers the specifics of the construction region and 
is assumed to be at least 0.63 for walls. 
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The degree-day of the period of heating is determined by the formula: 
 

𝐷𝐷𝐴𝑌 = (𝑡௧ − 𝑡 ) ∙ 𝑧 (1. 2) 
 
Where tint = 22°C – the calculated indoor air temperature of the building, °C, 

taken for calculating the enclosing structures of a group of buildings based on the 
minimum values of the optimal temperature of the corresponding buildings, 
determined according to [4]; 

theat = 0.8°C, zheat = 179 days – the average outside temperature, °C, and 
the duration, day/year, of the heating period, taken according to [1] for a period with 
an average daily outdoor temperature not exceeding 10°C in the design of healthcare 
facilities. 

 
𝐷𝐷𝐴𝑌 = (22 − 0.8) ∙ 179 = 3794.8 𝑑𝑎𝑦 ∙ °𝐶 

 
The Ro

req value of the basic required resistance to heat transfer in the enclosing 
structure for DDAY values other than the table values is determined by the formula: 

 
𝑅


= 𝑎 ∙ 𝐷𝐷𝐴𝑌 + 𝑏 (1. 3) 

 
Where a = 0.00035, b = 1.44 – tabular coefficients that should be used for the 

corresponding building groups. 
 

𝑅


= 0.00035 ∙ 3794.8 + 1.4 = 2.728 
𝑚ଶ ∙ °𝐶

𝑊
, 

 

𝑅
 = 2.728 ∙ 0.63 = 1.719 

𝑚ଶ ∙ °𝐶

𝑊
 

 
The actual value of the heat transfer resistivity is calculated according to [5]. 
The thermal resistance of a homogeneous multilayer enclosure with uniform 

layers must be calculated using the formula: 
 

𝑅 = 𝑅௧ + 𝑅 + 𝑅௫௧ (1. 4) 
 
Where Rint, Rext – heat transfer resistance of the inner and outer surfaces of the 

enclosing structure, respectively, m2×°C/W; 
R is the resistance to heat transfer in the enclosing structure, m2×°C/W. 

 

𝑅௧(௫௧) =
1

𝛼௧(௫௧)
(1. 5) 
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Where αint = 8.7 W/m2×°C, αext = 23 W/m2×°C is the heat transfer coefficient of 
the inner and outer parts of the enclosing structure. 

 

𝑅௧ =
1

8.7
= 0.115 

𝑚ଶ ∙ °𝐶

𝑊
, 

 

𝑅௫௧ =
1

23
= 0.043 

𝑚ଶ ∙ °𝐶

𝑊
, 

 

𝑅 = 
𝛿

𝜆



ୀଵ

(1. 6) 

 
Where δi is the layer thickness of the enclosing structure, m. 

λi is the calculated coefficient of thermal conductivity of the material of 
the enclosing structure layer, W/m2×°C. 

 
Table 1.7 – Layers of the enclosing structure 

 

Layer name Thickness, mm 
Coefficient of thermal 

conductivity, W/m2×°C 
Plaster 25 0.25 

Reinforced concrete 200 1.2 
Incombustible stone wool 

plate 
100 0.0404 

Polymer fiber reinforced 
concrete facade panel 

15 0.35.35 

 

𝑅 =
0.025

0.25
+

0.2

1.2
+

0.1

0.04
+

0.015

0.35
= 2.81 

𝑚ଶ ∙ °𝐶

𝑊
, 

 

𝑅 = 0.115 + 2.81 + 0.043 = 2.968 
𝑚ଶ ∙ °𝐶

𝑊
, 

 

𝑅 = 2.968 
𝑚ଶ ∙ °𝐶

𝑊
> 𝑅


= 2.728 

𝑚ଶ ∙ °𝐶

𝑊
 

 
The actual heat transfer resistance is higher than required, which means that the 

design provides the required level of heat retention in the room and can be accepted for 
execution. 
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1.6 Lighting engineering calculation 
 
Absolutely all buildings are calculated for the illumination of the premises, the 

optimal quantity, quality and location of the lamps are selected, their combined effect 
together with natural light sources. All this is done to create a comfortable stay for a 
person in a building, taking into account the need for illumination of certain surfaces, 
corners or areas. 

The illumination calculation will be based on the example in [6]. The patient 
examination and consultation room, located on the ground floor and with an explication 
number of 131, will be used for the calculation. In this room, as well as throughout the 
hospital, LED lamps will be installed, the luminous flux of one such lamp is 3600 
lumens. It is necessary to calculate the number of light sources in the room. 

The illumination of a room from one lamp is determined by the formula 
 

𝐸 =
𝐿 ∙ 𝜂

𝑆
(1. 7) 

 
Where L = 3600 lm – the luminous flux of one lamp; 

η = 0.5 – the average coefficient of light hitting the surface; 
S = 20 m2 – the area of the room. 

 

𝐸 =
3600 ∙ 0.5

20
= 90 𝑙𝑥 

 
According to [7], the illumination of a room of average accuracy should be at 

least 200 lux. So one lamp is not enough. Now it is necessary to calculate the number 
of fixtures in order to satisfy the above condition. To do this, use the formula 

 

𝐹 = 𝐿 ∙
𝐸

𝐸
(1. 8) 

 
Where F – the number of lamps that meet the lighting condition of the room; 

Enorm = 200 lx – normalized illumination value. 
 

𝐹 = 3600 ∙
200

90
= 8000 𝑙𝑚, 

 
8000

3600
= 2.22 ≈ 3 

 
Thus, for sufficient illumination of the examination room, 3 lamps must be 

installed in the room. 
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1.7 Building engineering systems 
 
Heating and water supply networks must be installed in accordance with [8]. 
The existing scheme of heating networks is two – pipe, circulating, with a joint 

heat supply for heating, ventilation, and hot water supply. The hot water connection 
system is closed. 

To connect the hospital to the city's general hot water supply network, a separate 
trench development plan must be developed to connect the branch pipes to the existing 
network. In the basement of the building, a boiler room is designed with plumbing 
equipment that controls the supply of hot water to the upper floors. From there, a branch 
line for showers and bathrooms on the floors above begins along the basement ceiling. 

Cold water supply is similar to hot water supply – pipes are connected from the 
general network through the basement distribution system to the upper floors. 

The sewer system diverts household waste from the first and second floors to the 
basement ceiling, where it then connects to the city network. 

Ventilation of the premises is provided by ventilation shafts located on each 
floor and exhaust unitsinstalled in the basement of the hospital. 

 
 
1.8 Energy efficiency 
 
The design of stained glass windows includes multi-layer double-glazed 

windows, which significantly increase the thermal insulation of window openings and 
the enclosing structure. Special coatings and gas fillers inside the double-glazed 
windows ensure minimal heat loss, which helps to retain heat in the room in winter and 
prevents it from overheating in summer. 

Key features of the system include: 
- Multi-layered glass: several layers of glass in the composition of double-glazed 

windows significantly improves thermal insulation; 
- Gas fillers: inert gases, such as argon or krypton, between the layers of glass 

increase thermal insulation and reduce heatloss; 
- Low-emissivity coatings: special coatings on the glass reflect heat back into 

the room, providing thermal insulation without reducing the light transmission 
capacity; 

- Solar control technologies: stained glass windows with photochromic or 
thermochromic coatings adapt to changes in external temperature, reducing 
overheating in summer and preserving heat in winter. 

In addition, stained glass windows play an important role in improving natural 
indoor lighting, which reduces the need for artificial lighting in the daytime. This not 
only helps to save electricity, but also improves the indoor climate. 

To ensure maximum energy efficiency, not only the correct choice of stained 
glass windows is important, but also high-quality installation, which ensures tightness 
and reliable thermal insulation. All this together helps to reduce energy consumption, 
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makesthe hospital building more comfortable and eco-friendly for both hospital 
visitors and the surrounding space. 

 
 
1.9 Spatial planning solutions 
 
The hospital building was completed according to the given task, preservingthe 

futurism concept and creating the effect of spacious rooms using a large number of 
stained glass systems. On the roof, stained glass windows are installed on top of a 
system of trussesthat are locatedейon beams in the transverse direction. 

The building has a plan size of 90×54.6 meters. According to regulatory 
documents, a building with a length of more than 80 meters should be divided into 
blocks in order to avoid an overabundance of stresses in the structure and its subsequent 
destruction. For this reason, it was decided to divide the building into blocks with 
smaller dimensions and simpler forms in the plan. In further calculations, this decision 
will be justified: this way the design calculation will be simplified, it will be much 
easier to control the movements and stresses that occur in the structure, as well as to 
edit the building parameters and change the load-bearing structure to bring it to the 
appropriate limit values. Block 5 will be used for the calculation. 

 

 
 

Figure 1.5 – Division of the hospital building into blocks 
 
In total, the hospital building has 283 rooms, where 20 are in the basement, 150 

on the first floor, 113 on the second floor. Themain part of the premises is located on 
the first floor, as it is there that small toilets, showers, changing rooms, treatment rooms 
and warehouses with medicines and sanitary equipment are located. 

Explications of the premises на on each floor and drawings can be found in the 
Appendix A to this diploma project. 
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1.10 Calculation of foundation depth 
 
One of the most important elements in the construction is the foundation, the 

task of which is to transfer the load from the entire building to the ground. In order for 
the foundation to work as designed, it is necessary to make sure that the ground 
conditions are suitable for the characteristics of the materials and construction of the 
foundation. 

The foundation should be located below the vegetation layer of the area and the 
depth of freezing of the soil. 

According to engineering and geological conditions of the construction site 
minimum depth of columnar foundation will be calculated: 

 
𝑑 = ℎଵ + (0.2 ÷ 0.4) (1. 9) 

 
Where h1 = 0.7 m – thickness of the topsoil of soil. 
 

𝑑 = 0.7 + 0.4 = 1.1 𝑚 
 
Standard depth of seasonal soil freezing is calculated according to formula 
 

𝑑 = 𝑑ඥ𝑀௧ (1. 10) 
 
Where d0 = 0.23 m – standard value for loams. 

Mt = 5.3+3.6+2.9 = 11.8 – the sum of absolute values of average monthly 
negative temperatures, taken from [1]. 

 
𝑑 = 0.23√11.8 = 0.79 𝑚 

 
Initially, only columnar foundations and retaining walls were specified in the 

project. As a result of the development of the project, ribbon foundations were added, 
as monolithic walls – stiffening diaphragms were added. 

The depth of the foundation in the project was 4.35 meters. Since, according to 
engineering and geological data, there is a non-subsident sandy loam at this depth, 
supported below by fine sand with even more powerful strength, it was decided to leave 
the specified depth of foundation and then calculate it based on this figure. 

 
 
1.11 Structural system 
 
The main scheme of the building frame will beaframe-link frame, where the 

strength of the structure in one direction will be provided by columns with beams, and 
in the transverse direction – monolithic walls. Such a framework scheme is due to the 
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complexity of the building configuration and the inability to create beams along arc-
shaped trajectories. 

Only one block will be used for the calculation, the fifth one, located in the 12.2-
17.1 and I.2-N axes. It is the closest to the correct geometric shape, and therefore it will 
be better seen and understood how the loads are applied to certain structural elements. 

In the task for the diploma design, the foundation depth was -4.350 meters, 
which is a much more favorable parameter than the minimum estimated foundation 
depth. In addition to the freezing of soil in Almaty, there is another serious reason for 
the strong deepening of foundations – seismic activity. The city is located in an area of 
10-point seismic activity, seismic seams run through the entire city and create the most 
dangerous places for construction. For this reason, most buildings have deep, massive 
foundations to withstand a certain seismic load, which is characterized by multiple 
directions of action, dynamism and unpredictability. 

Dimensions of cross-sections of structural elements: 
- floor slab 200 mm; 
- columns 400×500 mm. 
- beams 400×800 mm. 
- monolithic walls (stiffening diaphragms) 300 mm; 
- retaining walls in the basement of 800 mm. 
 

 
 

Figure 1.6 – LYRA-CAD design scheme 
 

 
 

Figure 1.7 – The list of structural element stiffnesses 
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2 Calculation and construction section 
 
2.1 Calculation in LIRA-SAPR complex 
 
2.1.1 Collecting loads 
 
Before starting to calculate the structure and check it for various types of loads, 

it is necessary to calculate all the loads acting on the building and present them in 
tabular form for convenience. The load collection table can be found in the Appendix 
B. 

This section will cover loads such as: 
- Dead weight of structural elements of the building; 
- Wind load from all 4 sides; 
- Ground pressure. 
- Snow load on the roof; 
- Load from the floor structure; 
- Load from the partition structure; 
- Time loads by category according to Eurocodes; 
- Seismic load on all three axes (X, Y, Z). 
 
2.1.1.1 Calculation of ground pressure on retaining walls 
 
The ground pressure on the retaining wall is calculated at two points: the lower 

part of the wall, that is, its base, and a point at ground level. 
The first step is to calculate the ground pressure at -4.350 using the formula: 
 

𝜎ିସ.ଷହ = 𝛾 ∙ 𝐻 ∙ 𝑡𝑔ଶ ቀ45° −
𝜑

2
ቁ (2. 1) 

 
Where γ – specific gravity of the soil, which will be calculated as the arithmetic 

mean between the layers indicated in the table with soil characteristics, kN/m3; 
H = 4.35 m – depth of foundation of the retaining wall sole (modulo 

value is used); 
φ is the angle of internal friction, calculated similarly to the specific 

gravity of the soil, degrees. 
 

𝛾 =
𝛾ଵ + 𝛾ଶ + 𝛾ଷ + 𝛾ସ

4
(2. 2) 

 
Where γ1, γ2, γ3, γ4– specific gravity of each soil layer in the well, kN/m3; 

4 – the number of geotechnical layers considered in the given 
construction region. 
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𝜑 =
𝜑ଵ + 𝜑ଶ + 𝜑ଷ + 𝜑ସ

4
(2. 3) 

 
Where φ1, φ2, φ3, φ4 – the angle of internal friction of each soil layer along the 

well, degrees. 
4 – similar to the previous formula: the number of geotechnical layers 

considered in a given construction region. 
 

𝛾 =
18.8 + 17.7 + 17.5 + 15.8

4
= 17.45 

𝑘𝑁

𝑚ଷ
, 

 

𝜑 =
21 + 21 + 15 + 21

4
= 19.5°, 

 

𝜎ିସ.ଷହ = 17.45 ∙ 4.35 ∙ 𝑡𝑔ଶ ൬45° −
19.5

2
൰ = 37.91 𝑘𝑃𝑎 

 
Next, the ground pressure on the ground surface is calculated, taking into 

account that the typical load on the ground surface is 50 kPa: 
 

𝜎. = 𝑞 ∙ 𝑡𝑔ଶ ቀ45° −
𝜑

2
ቁ (2. 4) 

 
Where q = 50 kPa – evenly distributed load on the ground. 
 

𝜎. = 50 ∙ 𝑡𝑔ଶ ൬45° −
19.5

2
൰ = 24.973 𝑘𝑃𝑎 

 
Having obtained both types of ground pressure, you can determine their total 

value and thereby determine the final ground pressure. 
 

𝜎 = 𝜎ିସ.ଷହ + 𝜎., (2. 5) 
 

𝜎 = 37.91 + 24.973 = 62.887 𝑘𝑃𝑎 
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Figure 2.1 – Ground load characteristics 
 
2.1.1.2 Snow load 
 
The characteristic values of snow load on the ground are determined according 

to the snow areas indicated on map 4 of Appendix B [9]. According to this map, the 
city of Almaty belongs to the second snow region, which means that the characteristic 
snow load on the ground for this territory is 1.2 kPa (II, sk = 1.2 kPa). 

Formula for estimated snow load on the surface: 
 

𝑠 = 𝜇 ∙ 𝐶 ∙ 𝐶௧ ∙ 𝑆 (2. 6) 
 
Where μi – coefficients of the shape of the snow load depending from angle of 

the roof, taken from the table 5.2 [9]; 
Ce = 1.0 – environmental coefficient for conventional buildings, taken 

fron table 5.1 [9]; 
Ct = 1.0 – thermal coefficient, point 5.2.7 [9]; 

The angle of inclination of the roof will be 0 degrees, respectively, the 
coefficients of the shape of the snow load will be: μ = 0.8. 

 
𝑠 = 0.8 ∙ 1 ∙ 1 ∙ 1.2 = 0.96 𝑘𝑃𝑎 
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Thus, the design model of the building will have a snow load of 0.96 kPa applied 
to the flat roof. 

 
2.1.1.3 Wind load 
 
Wind load, similar to snow load, is set based on the instructions given in [9]. 

According to this regulatory document, the wind load is applied to the building not as 
one continuous evenly distributed load, but is divided according to the height and width 
of the building into certain sections, each of which has its own correction factor. Thus, 
to apply a wind load, you need to determine the value of this load for zones A, B, C, 
D, E, F, G, H, and I.On the model, this will look like the wind pressure on the building 
from all sides: from the windward side, from the suction side, from the sides, and on 
the roof. 

The city of Almaty belongs to the second wind region (Map of zoning of the 
territory of Kazakhstan by base wind speed with a probability of exceeding 0.02), 
which means that here the base wind speed is 25 m/s, and the wind pressure is 0.39 kPa 
(II, vb = 25 m/s, qb = 0.39 kPa). 

Since the structure is located within the city limits, the type of terrain will be 
considered as the fourth (IV): areas where at least 15% of the surface is covered by 
buildings that are more than 15 m high. 

Next, the procedure for manual calculation of wind load will be specified, but 
the calculation itself will be performed through the SAPHIR software package due to 
the complexity of the building geometry. 

According to table 4.1 [9] roughness parameter z0.II = 0.05 m, z0 = 1.0 m and 
minimum height zmin = 10 m. According to Appendix Ж determine the main basic 
speed of the wind. 

The base wind speed value is: 
 

𝑣 = 𝑐ௗ ∙ 𝑐௦௦ ∙ 𝑣, (2. 7) 
 
Where cdir = 1.0 – coefficient that takes into account the wind direction. 

cseason = 1.0 – seasonal coefficient. 
Now it is needed to make calculations for two sides of the building: the short 

side and the long side. 
Since H < a, the wind pressure will be calculated relative to the height of the 

building, forming one cargo lane. 
The terrain coefficient, which depends on the roughness parameter z0, is 

determined by the formula 4.4 [9]: 
 

𝑘 = 0.19 ∙ ൬
𝑧

𝑧.ூூ
൰

.

(2. 8) 

 
Where z0 = 0.05 m – roughness parameter for the given type of terrain 

z0.II = 0.05 m – roughness parameter for the second type of terrain. 
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The coefficient cr(z) determines the variability of the average wind speed vm(z) 
at the location of the structure depending on: the height above ground level; the 
roughness parameter z0 of the terrain from the windward side of the structure for the 
considered wind direction. It is determined by the formula: 

 

𝑐(𝑧) = 𝑘 ∙ 𝑙𝑛 ൬
𝑧

𝑧
൰ (2. 9) 

 
The average wind speed vm(z) at an altitude above ground level is: 
 

𝑣(𝑧) = 𝑐(𝑧) ∙ 𝑐(𝑧) ∙ 𝑣 (2. 10) 
 
Where cr(z) – coefficient that takes into account the type of terrain. 

c0(z) = 1.0 is the orographic coefficient. 
To define lv(z), the following expression is recommended: 
 

𝑙௩(𝑧) =
𝑘

𝑐(𝑧) ∙ 𝑙𝑛 ቀ
𝑧
𝑧

ቁ
(2. 11) 

 
Where ki = 1.0 – turbulence coefficient. 
The peak value of the velocity head qp (z) at height z should be determined taking 

into account average and short-term speed fluctuations. The recommended rule for 
determining qp(z) is: 

 

𝑞(𝑧) = [1 + 7 ∙ 𝑙௩(𝑧)] ∙
1

2
∙ 𝜌 ∙ 𝑣

ଶ (𝑧) (2. 12) 

 
Where ρ – air density, which varies with altitude, temperature, and barometric 

pressure. The value should be determined in accordance with the regions of occurrence 
of the hurricane. The recommended value of p is 1.25.kg /m3. 

Wind pressure exerted on the outer surfaces of building elements is determined 
by the formula: 

 
𝑤 = 𝑐,ଵ ∙ 𝑞(𝑧) (2. 13) 

 
Where cpe is the aerodynamic coefficient of external pressure, which is equal to 

different values depending on the wind impact zone. 
Next, the wind pressure should be multiplied by the coefficient assigned to each 

wind flow zone according to Table 7.1 [9]. 
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Figure 2.2 – Division of wind zones 
 
A similar calculation is made for the second side of the building. 
Since the wind load was set automatically in the program, you can see how the 

load was set. To simplify the calculation, the program created a similar rectangular 
silhouette for calculating pressure. 

 

 
 

Figure 2.3 – Wind loading application in the SAPHIR program 
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Figure 2.4 – Wind load characteristics from different sides of the building 
 
2.1.1.4 Seismic load 
 
Since the building is located in a zone of seismic activity (according to well-

known data, the city of Almaty is located in a zone of increased activity of tectonic 
plates). The LIRA-SAPR software package is able to independently calculate the 
seismic load, if you enter data about the construction area and some characteristics in 
the model. 

List of data required for performing the calculation: 
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1. Correction factor for seismic forces 
2. Acceleration 
3. Behavior factor for horizontal acceleration 
4. Behavior factor for vertical acceleration 
5. The Region factor 
6. Lower bound factor of the spectrum 
7. Attenuation correction indicator 
The guide cosines of the resultant seismic action are alternately equal to 1 (see 

the Drawings of the seismic action task). 
 

 
 

Figure 2.5 – Seismic impact on the X-axis 
 

 
 

Figure 2.6 – Seismic impact on the Y-axis 
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Figure 2.7 – Seismic impact along the Z-axis 
 
Next, a table of dynamic loads is compiled, which indicates the combination of 

seismic impact and static load. 
 

 
 

Figure 2.8 – Load numbering 
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Figure 2.9 – Table of dynamic load combinations 
 
2.1.2 Creating a calculation scheme 
 
Building a design scheme starts with preparing a building model built in 

Autodesk Revit. For ease of further work, you need to create a separate file with a copy 
of the model, then delete unnecessary objects: architectural elements and all 
annotations (dimensions, brands of doors, stained glass windows, room numbers and 
their areas)to check the correctness of the model. Also, since the calculation of snow 
load will be carried out similarly to a flat roof, it is necessary to remove the stained 
glass windows on the roof and the trusses that support the glass system from the design 
scheme. After checking the model for defects in the structural part, the model is 
exported to SAPHIR, where analytical model is created based on the obtained load-
bearing frame diagrams. This analytical model can then be exported to the LIRA-SAPR 
calculation complex and proceed directly to the calculations. 

 
2.1.3 Creating exposure combinations 
 
As a rule, the variant of exposure to loads, in which all loads act simultaneously 

with the maximum intensity, is almost impossible. However, there are many other 
combinations that can lead to damage to the building or partial or complete destruction. 
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To account for the largest number of combinations, LIRA-SAPR uses formulas 6.10.10 
and 6.10b (Basic combination), 6.11b (Emergency combination), 6.12b (Seismic 
combination), 6.14b (Characteristic combination), 6.15b (Frequent combination), 
6.16b (Quasi-constant combination) [10]. 

Based on the listed formulas, the program creates a table of RSN (calculated 
load combinations), which can be found in the Appendix C. 

 
2.1.4 Analysis of the results obtained 
 
According to the results of the calculation (see the Appendix D in the Diploma 

Project) and their comparison with the standard values, the building can be classified 
as moderately irregular in plan and regular in height. In emergency situations, 
deformations in the structure are within the permissible limits, which means that the 
structure will withstand all the applied loads, and the selected cross-sections of the 
elements meet the conditions. 

 
 
2.2 Manual calculation of wireframe elements 
 
2.2.1 Beam 
 
2.2.1.1 Longitudinal reinforcement 
 
The beam is calculated on the basis of internal forcesobtained as a result of 

calculation in the LIRA-SAPR software package. The calculation will use a beam 
running along the 12.2 axis at the ground floor level. 

 

 
 

Figure 2.10 – Plot of bending moments in the beam 
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Figure 2.11 – Plot of transverse forces in the beam 
 

 
 

Figure 2.12 – Plot of longitudinal forces in the beam 
 
Characteristic resistance of concrete of class C20/25 to axial compression: fck = 

20 MPa. Partial safety coefficient for concrete: γc = 1.5. Calculated resistance of 
concrete to axial compression (условие 6.1.5.4 [11]): 

 

𝑓ௗ =
𝑓 ∙ 𝛼

𝛾
, (2. 14) 

 

𝑓ௗ =
20 ∙ 0.85

1.5
= 11.33 𝑀𝑃𝑎 

 
Characteristic tensile strength of working fittings of class S500: fyk = 500 MPa. 

Partial safety coefficient for reinforcement: γs = 1.15. Calculated tensile resistance of 
the working reinforcement: 

 

𝑓௬ௗ =
𝑓௬

𝛾௦
, (2. 15) 
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𝑓௬ௗ =
500

1.15
= 434.783 𝑀𝑃𝑎 

 
Working cross-section height: 
 

𝑑 = ℎ − 𝑐ଵ (2. 16) 
 
Where h is the beam cross-sectional height. 

c1 – thickness of the protective layer of concrete. 
 

𝑑 = 600 − 40 = 560 𝑚𝑚 
 
Bending moment in span: 
 

𝑀ாௗ௦ = 385 𝑘𝑁𝑚 
 
The cross-sectional areas of stretched and compressed reinforcement, if the 

calculation requires compressed reinforcement, are determined by the formulas 7.5 - 
7.6 [11]: 

 

𝛼ாௗ௦ =
𝑀ாௗ௦

𝑓ௗ ∙ 𝑏 ∙ 𝑑ଶ
, (2. 17) 

 

𝐴௦ଵ =
1

𝜎௦ௗ
∙ 𝜔 ∙ 𝑏 ∙ 𝑑 ∙ 𝑓ௗ (2. 18) 

 
Where σsd – calculated tensile strength of working fittings of class S500; 

ω is the tabular coefficient selected according to Appendix B.1 [11]. 
According to the condition, if the value of αEds is less than.0.372, then the 

calculation of compressed longitudinal reinforcement is not required, it is selected 
structurally, that is, it is possible to put reinforcement in the upper part of the beam that 
is similar in area to the one that will be installed at the bottom of the element. 

 

𝛼ாௗ௦ =
385 ∙ 10ଷ

11.33 ∙ 10 ∙ 0.4 ∙ 0.76ଶ
= 0.147, 

 
𝛼ாௗ௦ = 0.147 < 𝛼ாௗ௦, = 0.372 

 
If this condition is met, you can only perform calculations for stretched rebars. 

Compressed rebars will be selected structurally. 
Accordingto Table B.1 [11], for normal concrete ≤ C50/60 ω = 0.1688, ξ = x/d 

= 0.242, x = ξ×d=183.92 mm, ζ = z/d = 0.899, z = ζ×d = 683.24 mm. 
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Figure 2.13 – Dividing the beam cross-section into stretched and compressed 
zones 

 

𝐴௦ଵ =
1

434.783 ∙ 10
∙ 0.1688 ∙ 0.4 ∙ 0.76 ∙ 11.333 ∙ 10 = 1337.616 𝑚𝑚ଶ, 

 
𝐴௦ଶ = 𝐴௦ଵ = 1337.616 𝑚𝑚ଶ 

 
Area of stretched non-prestressed reinforcement: 3d25 S500 (As1 = 14.73 cm2). 
Area of compressed non-prestressed reinforcement: 3d25 S500 (As2 = 14.73 

cm2). 
 
2.2.1.2 Transverse reinforcement 
 
The calculation of reinforced concrete elements for the strength of transverse 

forces in the absence of vertical and (or) inclined (bent) reinforcement should be carried 
out from the condition 7.34 [11]: 

 
𝑉ாௗ ≤ 𝑉ோௗ, (2. 19) 

 
Where VEd = 117.612kN – the calculated transverse force in the section under 

consideration caused by the action of loads, taken from LIRA; 
VRd – the calculated transverse force perceived by a reinforced concrete 

element without transverse reinforcement, calculated by formula 7.35 [11]: 
 

𝑉ோௗ, = ൬
0.18

𝛾
∙ 𝑘 ∙ (100 ∙ 𝜌 ∙ 𝑓)

ଵ
ଷ൰ ∙ 𝑏௪ ∙ 𝑑 (2. 20) 

 
According to expression 7.35a [11], VRd,c must be at least VRd,c,min: 
 

𝑉ோௗ,, = 0.035 ∙ 𝑘
ଷ
ଶ ∙ 𝑓

ଵ
ଶ൨ ∙ 𝑏 ∙ 𝑑, (2. 21) 

 

𝑘 = 1 + ඨ
200

𝑑
≤ 2, (2. 22) 
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𝜌 =
𝐴௦ଵ

𝑏 ∙ 𝑑
≤ 0.02 (2. 23) 

 
The length of the segment where transverse reinforcement is required based on 

the calculation can be determined in the first approximation from the plot of the 
transverse force distribution. So, for a beam that is affected by a uniformly distributed 
load, the length of this segment can be determined by the formula 7.49 [11]: 

 

𝛼௪ =
𝑉ாௗ − 𝑉ோௗ,

𝑔 + 𝑝
(2. 24) 

 
Where g+p = 117.612 kN/m – sum of applied constant and time loads, taken 

from the LIRA model. 
 

𝑘 = 1 + ඨ
200

760
= 1.513, 

 

𝜌 =
17.43

40 ∙ 76
= 0.005 ≤ 0.02, 

 

𝑉ோௗ, = ൬
0.18

1.5
∙ 1.513 ∙ (100 ∙ 0.005 ∙ 20)

ଵ
ଷ൰ ∙ 400 ∙ 760 = 117.673 𝑘𝑁, 

 

𝑉ோௗ,, = 0.035 ∙ 1.513
ଷ
ଶ ∙ 20

ଵ
ଶ൨ ∙ 400 ∙ 760 = 88.554 𝑘𝑁, 

 
𝑉ோௗ, = 94.504 𝑘𝑁 > 𝑉ோௗ,, = 88.554 𝑘𝑁 

 
If the condition is met, you can continue with further calculations. 
Since the actual transverse force is greater than the calculated one, the 

calculation for the selection of transverse reinforcement must be made. The estimated 
length of the cross armature detection will be equal to 

 

𝛼௪ =
367 − 88.554

117.612
= 2.367 𝑚 

 
Distances at which the transverse reinforcement will be calculated: dz1 = 800 

mm, dz2 = 1600 mm, dz3 = αw = 2367.493 mm. 
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Figure 2.14 – Plot of transverse forces 
 
Assign the calculated cross-section at a distance dz1 from the support. 
Transverse force in this section: VEd = 291.1 kN. 
Set the angle of inclination of cracks to the horizontal: θ = 40°. 
The step of the transverse reinforcement is assumed: s = 100 mm. 
Then the required area of the transverse reinforcement is determined according 

to formula 7.51 [11]: 
 

𝐴௦௪ =
𝑉ாௗ ∙ 𝑠

𝑑௭ ∙ 𝑓௬௪ௗ ∙ 𝑐𝑡𝑔(𝜃)
(2. 25) 

 
Where fywd = 167 MPa - calculated yield strength of the transverse 

reinforcement. 
 

𝐴௦௪ =
291.1 ∙ 100

800 ∙ 167 ∙ 𝑐𝑡𝑔(40°)
= 3.657 𝑐𝑚ଶ 

 
Area of transverse reinforcement: 3d10 S240 (Asw = 2.36 cm2) 
The following conditions must be met (7.53-7.54 [11]): 
 

𝐴௦௪ ∙ 𝑓௬௪ௗ

𝑏 ∙ 𝑠
≤ 0.5 ∙ 𝑣 ∙ 𝑓ௗ , (2. 26) 

 

𝑉ாௗ ≤ 𝑉ோௗ,௫ =
𝑣 ∙ 𝑓ௗ ∙ 𝑏 ∙ 𝑑௭

𝑐𝑡𝑔𝜃 + 𝑡𝑔𝜃
(2. 27) 
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Where v – a coefficient accounting for the decrease in concrete’s compressive 
strength under tensile conditions, applicable to heavy concrete: 

 

𝑣 = 0.6 ൬1 −
𝑓

250
൰ ≥ 0.5, (2. 28) 

 

𝑣 = 0.6 ൬1 −
20

250
൰ = 0.552 > 0.5 

 
The condition is met. 
 

𝐴௦௪ ∙ 𝑓௦௪

𝑏 ∙ 𝑠
=

236 ∙ 167

400 ∙ 100
= 0.493 𝑀𝑃𝑎, 

 
0.5 ∙ 𝑣 ∙ 𝑓ௗ = 0.5 ∙ 0.552 ∙ 11.333 = 3.128 𝑀𝑃𝑎, 

 
0.493 ≤ 3.128, 

 

𝑉ோௗ,௫ =
0.552 ∙ 11.333 ∙ 400 ∙ 800

𝑐𝑡𝑔(40°) + 𝑡𝑔(40°)
= 985.753 𝑘𝑁, 

 
𝑉ாௗ = 291.1 𝑘𝑁 < 𝑉ோௗ,௫ = 985.753 𝑘𝑁 

 
The condition is met. 
Now it is necessary to perform similar calculations for the second section, 

located at a distance of dz2 from the edge of the support. 
Transverse force in this section: VEd = 215.12 kN. 
Set the angle of inclination of cracks to the horizontal: θ = 40°. 
The step of the transverse reinforcement is assumed: s = 150 mm. 
Then the required area of the transverse reinforcement: 
 

𝐴௦௪ =
215.12 ∙ 150

1600 ∙ 167 ∙ 𝑐𝑡𝑔(40°)
= 1.013 𝑐𝑚ଶ 

 
Area of transverse reinforcement: 3d8 S240 (Asw = 1.51 cm2) 
 

𝑣 = 0.6 ൬1 −
20

250
൰ = 0.552 > 0.5 

 
The condition is met. 
 

𝐴௦௪ ∙ 𝑓௦௪

𝑏 ∙ 𝑠
=

151 ∙ 167

400 ∙ 150
= 0.42 𝑀𝑃𝑎, 
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0.5 ∙ 𝑣 ∙ 𝑓ௗ = 0.5 ∙ 0.552 ∙ 11.333 = 3.128 𝑀𝑃𝑎, 

 
0.42 ≤ 3.128, 

 

𝑉ோௗ,௫ =
0.552 ∙ 11.333 ∙ 400 ∙ 1600

𝑐𝑡𝑔(40°) + 𝑡𝑔(40°)
= 985.753 𝑘𝑁, 

 
𝑉ாௗ = 215.12 𝑘𝑁 < 𝑉ோௗ,௫ = 1971.506 𝑘𝑁 

 
The condition is met. 
Now it is necessary to perform similar calculations for the second section, 

located at a distance of dz3 from the edge of the support. 
Transverse force in this section: VEd = 142.31 kN. 
Set the angle of inclination of cracks to the horizontal: θ = 40°. 
The step of the transverse reinforcement is assumed: s = 200 mm. 
Then the required area of the transverse reinforcement: 
 

𝐴௦௪ =
142.31 ∙ 200

2367.493 ∙ 167 ∙ 𝑐𝑡𝑔(40°)
= 0.604 𝑐𝑚ଶ 

 
Area of transverse reinforcement: 3d8 S240 (Asw = 1.51 cm2) 
 

𝑣 = 0.6 ൬1 −
20

250
൰ = 0.552 > 0.5 

 
The condition is met. 
 

𝐴௦௪ ∙ 𝑓௦௪

𝑏 ∙ 𝑠
=

151 ∙ 167

400 ∙ 200
= 0.315 𝑀𝑃𝑎, 

 
0.5 ∙ 𝑣 ∙ 𝑓ௗ = 0.5 ∙ 0.552 ∙ 11.333 = 3.128 𝑀𝑃𝑎, 

 
0.315 ≤ 3.128, 

 

𝑉ோௗ,௫ =
0.552 ∙ 11.333 ∙ 400 ∙ 2367.493

𝑐𝑡𝑔(40°) + 𝑡𝑔(40°)
= 2917.204 𝑘𝑁, 

 
𝑉ாௗ = 142.31 𝑘𝑁 < 𝑉ோௗ,௫ = 2917.204 𝑘𝑁 

 
The condition is met. 
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2.2.1.3 Crossbar construction 
 
The crossbar is reinforced using welded frames, with a portion of the 

longitudinal bars interrupted based on the variation in the bending moment envelope 
and the reinforcement layout. 

Using the accepted area of longitudinal reinforcement, determine the 
corresponding bending moment. Find the value of μ: 

 

𝜇 =
𝐴௦ଵ

𝑑 ∙ 𝑏
, (2. 29) 

 

𝜇 =
14.73 + 11.4

76 ∙ 40
= 0.009, 

 

𝜉 = 𝜇
𝑓௬ௗ

𝑓ௗ
, (2. 30) 

 

𝜉 = 0.009 ∙
434.783

11.333
= 0.33, 

 
𝜁 = 1 − 0.34 ∙ 𝜉, (2. 31) 

 
𝜁 = 1 − 0.34 ∙ 0.33 = 0.888, 

 
𝑀ଷ∅ଶହାଷ∅ଶଶ = 𝑓௬ௗ ∙ 𝐴௦ଵ ∙ 𝜁 ∙ 𝑑, (2. 32) 

 
𝑀ଷ∅ଶହାଷ∅ଶଶ = 434783 ∙ 2613 ∙ 0.888 ∙ 760 = 766.624 𝑘𝑁𝑚, 

 

𝜇 =
11.4

76 ∙ 40
= 0.004, 

 

𝜉 = 0.004 ∙
434.783

11.333
= 0.144, 

 
𝜁 = 1 − 0.34 ∙ 0.144 = 0.951, 

 
𝑀ଷ∅ଶଶ = 𝑓௬ௗ ∙ 𝐴௦,ଷ∅ଶଶ ∙ 𝜁 ∙ 𝑑, (2. 33) 

 
𝑀ଷ∅ଶଶ = 434783 ∙ 1140 ∙ 0.951 ∙ 760 = 358.27 𝑘𝑁𝑚 

 
The anchor length for the 1-st section (dz1) is determined as follows: 
 

𝑞௪ =
𝑓௦௪ ∙ ∅ ∙ 𝐴௦௪ଶ

𝑠
(2. 34) 
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Where Ø = 16 mm – diameter of the reinforcement. 
 

𝑞௪ =
167 ∙ 16 ∙ 236

250
= 2.522 

𝑘𝑁

𝑚
, 

 

𝑊 =
𝑄

2 ∙ 𝑞௪
+ 5𝑑 (2. 35) 

 
Where Qi = VEd – the transverse force at the point of theoretical discontinuity. 
 

𝑊 =
367

2 ∙ 2.522
+ 5 ∙ 1.6 = 80.749 𝑐𝑚 > 10 𝑐𝑚 

 
Assume W = 81 cm. 
The anchor length for the 1-st section (dz2) is determined as follows: 
 

𝑞௪ =
167 ∙ 16 ∙ 151

250
= 1.614 

𝑘𝑁

𝑚
, 

 

𝑊 =
291.1

2 ∙ 1.614
+ 5 ∙ 1.6 = 98.186 𝑐𝑚 > 10 𝑐𝑚 

 
Assume W = 98 cm. 
The anchor length for the 1-st section (dz3) is determined as follows: 
 

𝑞௪ =
167 ∙ 16 ∙ 151

250
= 1.614 

𝑘𝑁

𝑚
, 

 

𝑊 =
142.31

2 ∙ 1.614
+ 5 ∙ 1.6 = 52.089 𝑐𝑚 > 10 𝑐𝑚 

 
Assume W = 52 cm. 
 
2.2.2 Column 
 
Determine by the formula from Figure B.2 [11]: 
 

𝑐ଵ

𝑏
=

𝑐ଶ

𝑏
=

30

500
= 0.06 

 
Where c1, c2 – protective layer of the column reinforcement. 
 

𝑉ாௗ =
−𝑁ாௗ

𝑎 ∙ 𝑏 ∙ 𝑓ௗ

(2. 36) 
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Where NEd = -660 kN-the longitudinal force acting on the column is taken from 

the LIRA model. 
 

𝑉ாௗ =
−660

0.4 ∙ 0.5 ∙ 11.333
= 0.291, 

 

𝛼ாௗ௦ =
𝑀ாௗ

𝑏 ∙ ℎ
ଶ ∙ 𝑓ௗ

(2. 37) 

 
Where MEd = 102 kNm – the bending moment acting on the column is taken 

from the LIRA model. 
 

𝛼ாௗ௦ =
102

0.4 ∙ 0.5ଶ ∙ 11.333
= 0.09 

 
Using Figure B.2 [11], determine the coefficient ωtot = 1.0. 
 

𝐴௦,௧௧ =
𝜔௧௧ ∙ 𝑎 ∙ 𝑏

𝑓௬ௗ

𝑓ௗ

, (2. 38)
 

 

𝐴௦,௧௧ =
1.0 ∙ 0.4 ∙ 0.5

434.783
11.333

= 52.133 𝑐𝑚ଶ, 

 

𝐴ଵ = 𝐴ଶ =
𝐴௦,௧௧

2
=

52.133

2
= 26.067 𝑐𝑚ଶ 

 
Area of compressed non-prestressed reinforcement: 8d32 S500 (As,tot = 64.34 

cm2). 
Cross reinforcement is accepted structurally based on the following condition 

that the diameter must be at least 6 mm and no more than 1/4dmax: d8 S240. 
The step is taken based on the following conditions: 
- no more than 400 mm. 
- no more than the minimum side of the cross-section: 400 mm; 
- no more than 20dmax: 640 mm 
The pitch is assumed to be 200 mm. 
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3 Organizational and technological section 
 
3.1 Technology subsection 
 
3.1.1 Determination of the volumes of work 
 
3.1.1.1 Temporary fencing arrangement 
 
Before starting construction work, the construction site must be fenced off. To 

do this, from the extreme axes of the pit in each direction, you need to add 20 m for 
free movement of equipment on the construction site and ground movement. The 
perimeter of the resulting section, i.e. the length of the fence, is calculated using the 
formula 

 
𝑃 = (20𝑚 + 𝑙ଵ) ∙ 2 + (20𝑚 + 𝑙ଶ) ∙ 2 (3. 1) 

 
Here 20 m is the sum of 10 meters on each side from the edge of the pit; 

l1 = 90 m is the length of the building; 
l2 = 54.6 m is the width of the building. 

 
𝑃 = (20 + 90) ∙ 2 + (20 + 54.6) ∙ 2 = 369.2 𝑚 

 
3.1.1.2 Cutting the vegetation layer 
 
During pit excavation, the topsoil must be removed with an additional 10-meter 

margin on each side beyond the pit's edge: 
 

𝑆 = ൫10𝑚 + 𝑙ଵ.௨ + 10𝑚൯ ∙ ൫10𝑚 + 𝑙ଶ.௨ + 10𝑚൯ (3. 2) 
 
Where l1.up – length of the pit at the top, m. 

l2.up – width of the pit at the top, m. 
 

𝑙ଵ.௨ = 𝑙ଵ.௪ + 2𝑚ℎ௧ , (3. 3) 
 

𝑙ଶ.௨ = 𝑙ଶ.௪ + 2𝑚ℎ௧ (3. 4) 
 
Where l1.low – the length of the pit at the bottom, m. 

l2.low – width of the pit at the bottom, m. 
m = 0.75 – slope steepness coefficient, according to Appendix 1 (Table 

2, [12]); 
hpit = 4.35 m – pit depth, m. 

 
𝑙ଵ.௪ = 𝑙ଵ + 1.3𝑚 ∙ 2, 
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𝑙ଶ.௪ = 𝑙ଶ + 1.3𝑚 ∙ 2 

 
Where l1 = 90 m, l2 = 54.6 m – the length and width of the building in plan, 

respectively. 
 

𝑙ଵ.௪ = 90 + 1.3 ∙ 2 = 92.6 𝑚, 
 

𝑙ଶ.௪ = 54.6 + 1.3 ∙ 2 = 57.2 𝑚, 
 

𝑙ଵ.௨ = 92.6 + 2 ∙ 0.75 ∙ 4.35 = 99.125 𝑚, 
 

𝑙ଶ.௨ = 57.2 + 2 ∙ 0.75 ∙ 4.35 = 63.725 𝑚, 
 

𝑆 = (10 + 99.125 + 10) ∙ (10 + 63.725 + 10) = 9973.741 𝑚ଶ 
 
The vegetation layer is cut to a depth of 0.15 meters, so the volume will be equal 

to: 
 

𝑉 = 𝑆 ∙ 0.15𝑚 (3. 5) 
 
Where 0.15 m – cutting depth of the plant layer. 
 

𝑉 = 9973.741 ∙ 0.15 = 1496.061 𝑚ଶ 
 
3.1.1.3 Excavation in pit 
 
Since Revit belongs to the field моделирования of BIM (Building Information 

Modeling) modeling, the concrete volumes for all elements will be taken from there. 
Thus, we get 

 
𝑉௧ = 7603.924 𝑚ଷ 

 
In addition to the pit itself, it is also necessary to equip a ramp (trench) for 

moving equipment from the pit and vice versa. The volume of the trench for the exit to 
the pit will be calculated using the formula 

 

𝑉௧ = 𝛽 ቆ
𝑏 ∙ ℎ௧

ଶ

2
+

ℎ௧
ଷ ∙ 𝑚

2
ቇ (3. 6) 

 
Where β = 10 – coefficient of laying the bottom of the entrance trench. 

b = 6 m – width of the exit trench along the bottom in two-way traffic. 
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𝑉௧ = 10 ቆ
6 ∙ 4.35ଶ

2
+

4.35ଷ ∙ 0.75

2
ቇ = 773.457 𝑚ଷ 

 
Now you need to calculate the total amount of soil required for development: 
 

𝑉 = 𝑉௧ + 𝑉௧ , (3. 7) 
 

𝑉 = 7603.924 + 773.457 = 8377.381 𝑚ଷ 
 
3.1.1.4 Development of soil shortage 
 
In the course project, manual soil refinement was chosen. The volume of soil 

shortage is determined by the formula 
 

𝑉௨ = 𝑆 ∙ 𝛥ℎ௨ (3. 8) 
 
Here S = 1437.886 m2 – the total area of pit at the bottom; 

Δhmanual = 0.1m is the depth of soil shortage, which will be finalized 
manually. 

 
𝑉௨ = 1437.886 ∙ 0.1 = 143.7886 𝑚ଷ 

 
3.1.1.5 Concrete preparation device 
 
Now the amount of concrete preparation required for the foundation is 

determined. As a rule, concrete preparation is carried out by means of either 
geomembrane or lean concrete of the same brand as the foundations, on a fine 
aggregate. On the scale of the course work, the name fine-grained concrete will be 
used. The volume of concrete will be divided into two simple calculations: 

The area of concrete covering required for a single columnar foundation will be 
determined by the formula 

 
𝐹ଵ = 1.2 ∙ 1.2 = 1.44 𝑚ଶ 

 
Where 1.2 m – length and width of the columnar foundation along the lower 

face. 
The area of concrete coverage required for all strip foundations:  
 

𝐹ଶ = 41 𝑚ଶ 
 
Total volume of concrete preparation: 
 

𝑉௧ = (𝐹ଵ ∙ 𝑛 + 𝐹ଶ) ∙ 0.1𝑚 (3. 9) 
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Where n = 124+8 = 132 pcs – number of columnar foundations. 

0.1 m is the height of the concrete preparation. 
 

𝑉௧ = (1.44 ∙ 132 + 41) ∙ 0.1 = 23.108 𝑚ଷ 
 
3.1.1.6 Fitting reinforcement 
 
Rebar consumption per columnar foundation is determined by the formula 
 

𝐺ଵ = 𝑔ଵ + 𝑔ଶ + 𝑔ଷ (3. 10) 
 
Where g1 = 78.8 kg – the weight of the grid C-1; 

g2 = 7.992 kg – the weight of the grid C-2; 
g3 = 11.6 kg – the weight of the reinforcement A-III of 14 diameters with 

a length of 1200 mm. 
This data is taken from Table 1 [12]. 
 

𝐺ଵ = 78.8 + 7.992 + 11.6 = 98.392 𝑘𝑔 
 
The weight of rebar for a strip foundation is determined in a similar way. 
 

𝐺ଶ = 𝑔ଶ ∙ 𝑉 (3. 11) 
 
Where g2 = 150 kg/m3 – consumption of reinforcement frames per 1m3 of 

concrete. 
Vf = 11.98 m3 – volume of all strip foundations. 

 
𝐺ଶ = 150 ∙ 11.98 = 1797 𝑘𝑔 

 
The total weight of the reinforcement will be equal to the sum of the volumes 

required for each individual foundation: 
 

𝐺 = 𝐺ଵ + 𝐺ଶ, (3. 12) 
 

𝐺 = 98.392 ∙ 132 + 1797 = 14784.744 𝑘𝑔 
 
3.1.1.7 Concreting foundations 
 
The volume of concrete for foundations will be taken from the Revit model. This 

results in the values describedbelow. 
Volume of concreterequired for all strip foundations: 
 

𝑉 = 11.98 𝑚ଷ 
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Volume of concrete required for a single columnar foundation: 
 

𝑉௨ = 0.637 𝑚ଷ 
 
Total volume of concrete: 
 

𝑉 = 11.98 + 0.637 ∙ 132 = 96.064 𝑚ଷ 
 
3.1.1.8 Waterproofing the foundation 
 
In the course project, the following type of waterproofing was adopted – coating 

waterproofing. Painting is done by applying bitumen mastics to the painted surface. 
The number of applied layers is 2 layers. 

The waterproofing area of a foundation is defined as the sum of the areas of all 
foundation surfaces. According to the foundation drawing, values of all dimensions are 
taken and all required areas are calculated: 

 
𝑆௬ௗ௦. = 43.206 ∙ 2 ∙ 4.35 + 1238 = 1613.892 𝑚ଶ, 

 

𝑆௬ௗ௦.௨ = 4 ∙ 0.3 ∙ 1.2 + 2 ∙
0.5 + 1.2

2
∙ 0.5 + 

+2 ∙
0.4 + 1.2

2
∙ 0.5 = 3.09 𝑚ଶ, 

 
𝑆௬ௗ௦. = 𝑆௬ௗ௦. + 𝑆௬ௗ௦.௨ ∙ 𝑛, (3. 13) 

 
𝑆௬ௗ௦. = 1613.892 + 3.09 ∙ 132 = 2021.772 𝑚ଶ 

 
3.1.1.9 Backfilling 
 
The volume of soil to be backfilled for a pit in buildings without a basement is 

determined by the formula 
 

𝑉 =
𝑉௧ − 𝑉௨ௗ௧

1 + 𝐾௦.ଶ

(3. 14) 

 
Where Kloose.2 = 1.06 – the coefficient of residual loosening, determined from 

Table 1 (Appendix 1, [12]). 
 

𝑉 =
8377.381 − 96.064

1 + 1.06
= 4020.057 𝑚ଷ 
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3.1.1.10 Compaction of the ground 
 
The seal volume is mainly measured by the sealing area. By establishing the 

mean thickness of the compacted layer, it can be calculated. 
 

𝐹௧ =
𝑉

ℎ௧

(3. 15) 

 
Where hcompaction = 0.3 m – the thickness of the compacted layer. 
 

𝐹௧ =
4020.057

0.3
= 13400.19 𝑚ଶ 

 
3.1.1.11 Conclusive planning of construction site 
 
The final layout is made after all earthworks and communications are completed. 

This parameter is defined as the area of the territory that will be developed after the 
construction process is completed. 

 
𝑆 = 𝑆 − 𝑆௨ௗ (3. 16) 

 
Where Sbuilding = 2853.012 m2 – the area of the building calculated before. 
 

𝑆 = 9973.741 − 2853.012 = 7120.729 𝑚ଶ 
 
3.1.1.12 Dismantling the temporary fence 
 
Upon completion of construction activities, the construction site fencing must 

be dismantled. The perimeter of the fence was calculated in previous point. You do not 
need to repeat the calculation. Upon completion of construction, the fence of the above 
length will be removed from the site. 

 
3.1.2 Selection of complex elaborated methods of excavation work 
 
In integrated mechanization, operations are carried out by coordinated machine 

sets that are interconnected by key parameters and spatial arrangement within the 
process chain. 

When choosing the methods of production of works, it is necessary to take into 
account: the type of soil, the size of the earth structure, the water table, the range of 
soil movement and the season of work. 

Soil excavation and relocation for pit and trench construction can be performed 
using bulldozers and excavators working in conjunction with dump trucks. The 
selection of a complex mechanized earthmoving method is based on a techno-



50 
 

economic evaluation of various machinery combinations. The project will analyze and 
compare 2–3 machines of the same or different categories to determine the optimal 
option. 

In the course project, a comparison of options should be made for the leading 
earthmoving machine. 

 
3.1.2.1 Selection of a bulldozer 
 
Cutting the vegetation layer is carried out by bulldozers or scrapers. When 

choosing the types of machines, it should be borne in mind that the technological 
process of cutting plant soil includes cutting itself, as well as moving the soil. It is 
advisable to use bulldozers to move soil up to a distance of 50-150 m (depending on 
the capacity of the bulldozer). 

When designing the cutting of the vegetation layer by earthmoving and transport 
machines, you should set the distance of movement of the plant soil and, in accordance 
with this distance, choose the brand of the bulldozer or scraper, using the 
recommendations shown in Table 5 according to [12], and the technical characteristics 
of the machines described in Appendix 1, Table 7-8, [12]. 

Since the length of the building is 144 m, it is advisable to use a bulldozer that 
can move and transport soil for a distance of up to 150 m. To do this, the power of the 
machine should be 108-130 kW. 

In this case, 4 bulldozers with a capacity of 118KW are suitable for this 
condition. Their characteristics are shown in Appendix E. 

Out of 4, will be chosen the three most productive ones for comparison, i.e. we 
will discard the DZ-27S. Of the remaining three, consider the dimensions and 
performance. DZ-109HL is the most productive with the smallest dimensions. The 
height of the bulldozer does not greatly affect the construction site, so the DZ-110 can 
be considered large in size. With smaller dimensions, the DZ-109HL has a large blade, 
which provides productivity equal to the DZ-110. From all the above, we can conclude 
that the DZ-109HL is the most suitable for carrying out work. 

Now you need to determine the replacement capacity of the bulldozer: 
 

𝑊௨. =
60 ∙ 𝑇 ∙ 𝑞 ∙ 𝛼 ∙ 𝐾௧

𝑇௧ + 𝑇௦ௗ +
𝑙௨

𝑣௨
+

𝑙௧௬

𝑣௧௬

= 

=
60 ∙ 8 ∙ 4 ∙ 1.5 ∙ 0.8

0.24 + 0.14 +
100
3.6

+
100
6.6

= 5846𝑚ଷ 

 
Where T = 8 h – the duration of operation of the bulldozer per shift, 8h; 

q = 4 m3 – the volume of soil moved by the dump; 
α – the coefficient that takes into account the loss of soil during 

movement; 
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Ktime=0.8 ( for non-rocky soil) – the coefficient of use of the machine in 
time; 

Ttake = 0.24 min – time on a set of soil by category; 
Tspeed = 0.14 min – the time spent on switching speeds; 
lfull = 100 m, lempty = 100 m – the estimated distance of movement with a 

load and empty; 
Vfull = 3.6 km/h, Vempty = 6.6 km/h – respectively, the speed of the 

bulldozer when moving soil (loaded) and forward, m/min. 
 

𝛼 = 1 + 0.005 ∙ 𝑙௨ = 1 + 0.005 ∙ 100 = 1.5 
 
3.1.2.2 Selecting an excavator 
 
The choice of an excavator depends on the volume of soil in the pit. The required 

volume of the excavator bucket is determined according to Table 6 of Appendix 1, 
[12]. 

According to the condition, 3 models of an excavator with a bucket volume of 1 
m3 were suitable. Now you need to compare them by different parameters to choose 
the most effective option. 

The cost of 1 m3 of soil in a pit is determined by the formula 
 

𝐶 =
1.08 ∙ 𝐶ି௦௧

𝑉௦௧

(3. 17) 

 
Where Cmachine-shift – the cost of one machine-shift of the excavator; 

Vshift – the shift work of the excavator, which takes into account the 
development of soil with loading into the vehicle, determined by the formula 

 

𝑉௦௧ =
𝑉

𝑁ି௦

(3. 18) 

 
Where Nmachine-shift – the total number of machine shifts of the excavator, 

determined by the formula 
 

𝑁ି௦௧ =
𝑉௧

100
∙ 𝑁௧ (3. 19) 

 
Where Ntime = 36.6 – the standard duration of the excavation cycle. 
 

𝑁ି௦ =
8377.381

100
∙ 36.6 = 3066.122 𝑚ଷ, 
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𝑉௦௧ =
8377.381

3066.122
= 2.732 

 
It is also necessary to calculate the specific investment for the development of 1 

m3 of soil in the pit for this model of excavator. Capital investments are determined by 
the formula 

 

𝑀௦ =
1.07 ∙ 𝐶

𝑉௦௧.௬

(3. 20) 

 
Here Cmachine – inventory and estimated cost of the excavator 

Vshift.year = 300 – normalized number of excavator work shifts per year. 
The selection of the excavator is finalized based on an analysis of unit reduced 

costs per cubic meter of soil development. 
 

𝐶ℎ௦ = 𝐶 + ൫𝐸 ∙ 𝑀௦൯ (3. 21) 
 
Where En = 0.15 is the standard efficiency coefficient of capital investments. 
Now let's calculate all the data and compare the excavators. 
 

𝐶ଵ =
1.08 ∙ 35.9

2.732
= 14.191, 

 

𝐶ଶ =
1.08 ∙ 36.39

2.732
= 14.384, 

 

𝐶ଷ =
1.08 ∙ 33.4

2.732
= 13.202, 

 

𝑀௦.ଵ =
1.07 ∙ 21.96

300
= 0.078, 

 

𝑀௦.ଶ =
1.07 ∙ 25.14

300
= 0.09, 

 

𝑀௦.ଷ =
1.07 ∙ 25.04

300
= 0.089, 

 
𝐶ℎ௦.ଵ = 14.191 + (0.15 ∙ 0.078) = 14.202, 

 
𝐶ℎ௦.ଶ = 14.384 + (0.15 ∙ 0.09) = 14.398, 

 
𝐶ℎ௦.ଷ = 13.202 + (0.15 ∙ 0.089) = 13.216 
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The E-1251B excavator has the lowest performance by almost all calculations, 
so it will be used in the future. 

The operational performance of an excavator is determined by the formula 
 

𝑊௫௩ = 60 ∙ 𝑇 ∙ 𝑔 ∙ 𝑛 ∙ 𝐾 ∙ 𝐾 (3. 22) 
 
Where g = 1 m3 – the excavator bucket volume, 

n – the number of cycles per minute 
Kl – bucket volume utilization factor, determined by Table 23 from 

Appendix 1, [12]; 
Kb = 0.85 is the shift time utilization factor. 

 

𝑛 =
60

𝑡௬
=

60

36.6
= 1.639 

 
Where tcycle is the time of one excavator cycle, determined from Table 22 from 

Appendix 1, [12]. 
 

𝑊௫௩ = 60 ∙ 8 ∙ 1 ∙ 1.639 ∙ 0.7 ∙ 0.85 = 468.197 𝑚ଷ 
 
3.1.2.3 Selection of soil compaction mechanisms 
 
Work on compaction of the soil in the pits is carried out in twoпfloors: 
1. compaction of the soil between the foundations of columns; 
2. above the column foundations. 
Depending on the degree of tightness of the working conditions, the following 

can be used: 
 self-propelled rollers with smooth rollers - for cohesive soils. 
 vibratory rollers – for loose soils. 
 hydro-mechanical vibration dampers-for all soils. 
 electric self-moving rammers-for loose and poorly connected soils; 
 electricаtreadmills – for connected and disconnected soils. 
The replaceable operating capacity of ice rinks is determined by the formula: 
 

𝑊 =
(𝐵 − 𝑏) ⋅ 𝑣 ⋅ 1000 ⋅ ℎ ⋅ 𝑇

𝑚
∙ 0.85 (3. 23) 

 
Here B – the width of the compaction strip; 

b = 0.2 m – the overlap width of adjacent lanes; 
v = 5 km/h – the average speed of movement; 
h – the thickness of the effective compaction layer; 
m – the required number of penetrations. 
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All of the above data is taken from Table 4 in Appendix 1, [12]. For a more 
accurate calculation, you should also take 2-3 car models and consider their resulting 
parameters. According to the conditions, two ramming machines were suitable, the 
characteristics of which are described in table in Appendix E. 

Since the characteristics of the cars are the same, you can take one car and 
continue the calculation with it. Let's take the DU-126 for calculation. 

It is necessary to determine the productivity of this bulldozer by the formula 
 

𝑊 =
(𝐵ଵ − 𝑏ଵ) ⋅ 𝑣ଵ ⋅ 1000 ⋅ ℎଵ ⋅ 𝑇

𝑚ଵ
∙ 0.85 (3. 24) 

 
Where B1 = 2.5 m – width of the seal strip. 

b1 = 0.2 m – width of overlapping adjacent lanes. 
v1 = 5 km/h – average driving speed. 
h1 = 1.2 m – thickness of the effective compaction layer; 
m1 = 10 – required number of passes 

 

𝑊 =
(2.5 − 0.2) ⋅ 5 ⋅ 1000 ⋅ 1.2 ⋅ 8

10
∙ 0.85 = 9384000 𝑚ଷ 

 
3.1.2.4 Design of a technological workflow with calculated operational 

parameters of machinery 
 
When developing a technological scheme for the production of works, it is 

necessary to pay special attention to the organization of the workplace of earthmoving 
machines, i.e. the workplace of the machine is depicted for all characteristic sections 
of the pit (pit). 

Depending on the size of the pit and the parameters of the excavator, the 
development of the pit is carried out in one or several penetrations in width and in one 
or several tiers in depth. 

When excavating ditches, the first sinking should be carried out with a frontal 
face, the rest – with a side face, and the development of pits – with a frontal face. 

When developing the parameters of the face of the excavation of an excavator 
equipped with a straight shovel, first determine the largest width of the first (frontal) 
excavation at the level of the excavator parking lot BH.. 

 
𝐵ு = 2 ∙ 𝑏ଵ = 2 ∙ 0.9 ∙ 𝑅௦௧ (3. 25) 

 
Where Rst = 6 is the digging radius at the parking level. 
 

𝐵ு = 2 ∙ 0.9 ∙ 6.3 = 11.34 𝑚 
 
The maximum width of the frontal tunnel at the top is determined by the formula 
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𝐵௨ = 2 ∙ ට(0.9 ∙ 𝑅௫)ଶ − 𝑙
ଶ (3. 26) 

 
Where Rmax – is the largest digging radius; 

ln – the length of the working movement, determined from Table 10 from 
Appendix 1 to [12]. 

 

𝐵௨ = 2 ∙ ඥ(0.9 ∙ 9.9)ଶ − 1.75ଶ = 17.473 𝑚 
 
The maximum width of the second (side) excavation of the excavator is 

determined by the formula 
 

𝐵 = 𝑏ଵ + 𝑏ଶ (3. 27) 
 
Where b1, b2 is the greatest distance from the axis of movement of the excavator 

to the bottom of the frontal face, determined by the formulas. 
 

𝑏ଵ = 0.9 × 𝑅௦௧ = 0.9 × 6.3 = 5.67 𝑚, 
 

𝑏ଶ = 0.7 × 𝑅௦௧ = 0.7 × 6.3 = 4.41 𝑚, 
 

𝐵 = 5.67 + 4.41 = 10.08 𝑚 
 
Development of a separate excavation pit is possible from one or more excavator 

parking areas. The initial parking lot has the greatest distance from the upper edge, 
determined by the formula 

 

𝐿 = ඨ𝑅௦௧
ଶ − ቀ

𝑎

2
ቁ

ଶ

(3. 28) 

 
Where a – the size at the top of the pit across the axis of movement of the 

excavator, determined by the formula 
 

𝑎 = 1.25 ∙ 𝑅௦௧ = 1.25 ∙ 6.3 = 7.875 𝑚, 
 

𝐿 = ඨ6.3ଶି − ൬
7.875

2
൰

ଶ

= 4.918 𝑚 

 
The pit is developed from a single parking lot, if the entire width is included in 

the radius of the working area of the excavator. 
The first parking lot is assigned by the formula 
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𝑏 = 𝐵 − 2 ∙ 𝑚 ∙ ℎ௧, (3. 29) 

 
𝑏 = 10.08 − 2 ∙ 0.5 ∙ 3 = 7.08 𝑚 

 
3.1.2.5 Selection of vehicles for pit development 
 
Dump trucks are chosen as components for removing excess soil from the pit 

(trench) and ensuring joint work with the excavator. Dump trucks are selected 
according to two parameters: by body capacity and load capacity. The load capacity 
and brand of the dump truck are shown in Table 12 from Appendix 1 to [12]. 

Since the amount of excavation is very large and the excavator was chosen with 
a large bucket capacity, the dump truck should be chosen with a large load capacity 
and capacity. Next, GAZ-53A will be used for the calculation. 

The volume of soil in a dense body in the excavator bucket is determined by the 
formula 

 

𝑉௦ =
𝑉௨௧ ∙ 𝐾

𝐾௦.ଵ

(3. 30) 

 
Where Vbucket is the excavator bucket volume; 

Kfill = 0.9 is the bucket filling coefficient 
Kloose.1 = 1.25 is the initial loosening coefficient. 

 

𝑉௦ =
1 ∙ 0.9

1.25
= 0.72 𝑚ଷ 

 
The mass of soil in the excavator bucket is: 
 

𝑄 = 𝑉௦ ∙ 𝜌௦ (3. 31) 
 
Where psoil = 2300kg/m3 is the average soil density. 
 

𝑄 = 0.72 ∙ 2300 = 1656 𝑘𝑔 
 
The number of buckets of soil loaded into the dump truck, body is determined 

by the following formula. The value is rounded up to an integer. 
 

𝑛 =
𝑃

𝑄
(3. 32) 

 
Where P=27 tons is the load capacity of a dumptruck, determined from tables 12 

and 14 from the Appendix 2 [12]. 
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𝑛 =
4000

1656
= 2.191 = 3 

 
Assess the volume of solid (in-situ) soil transported in the dump truck body: 
 

𝑉 = 𝑉௦ ∙ 𝑛, (3. 33) 
 

𝑉 = 0.72 ∙ 3 = 2.16 𝑚ଷ 
 
We calculate the duration of one dump truck operation cycle: 
 

𝑇௬ = 𝑡 +
60 ∙ 𝐿

𝑉
+ 𝑡 +

60𝐿

𝑉
+ 𝑡ௗௗ = 

= 0.791ℎ𝑜𝑢𝑟 +
60 ∙ 1𝑘𝑚

30
𝑘𝑚

ℎ𝑜𝑢𝑟

+ 1𝑚𝑖𝑛 + 

+
60 ∙ 1𝑘𝑚

35
𝑘𝑚

ℎ𝑜𝑢𝑟

+ 2.2𝑚𝑖𝑛 = 4.558 ℎ𝑜𝑢𝑟 

 
Where tn – the time of loading the soil; 

L – the distance of soil transportation (given by the task for the course 
work); 

Vr – the average speed of the dump truck in the loaded state, taken 
according to Table 16 from the Appendix 7 [12]; 

tp – the time of unloading the dump truck, taken according to the table 16 
from the Appendix 7 [12]; 

Vn – the average speed of the dump truck in the empty state (without 
soil), taken according to table 16 from the Appendix 7 [12]; 

tadd – the time of auxiliary operations (installation time for loading and 
unloading, waiting at the excavator, passing an oncoming dump truck, taken according 
to table 16 from software applications [12]. 

 

𝑡 =
𝑉 ∙ 𝑁௧ ∙ 60

100
(3. 34) 

 
Where Ntime – the ENiR machine time norm (Table 22, Appendix 1, [12]). 
 

𝑡 =
2.16 ∙ 36.6 ∙ 60

100
= 0.791 ℎ𝑜𝑢𝑟, 

 

𝑇௬ = 0.791 +
60 ∙ 1

30
+ 1 +

60 ∙ 1

35
+ 2.2 = 4.558 ℎ𝑜𝑢𝑟 
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The required number of dump trucks is determined by the formula and rounded 
up to an integer. 

 

𝑁 =
𝑇௬

𝑡
, (3. 35) 

 

𝑁 =
4.558

0.791
= 5.766 = 6 

 
3.1.2.6 Selection of mounting cranes 
 
The initial data for selecting cranes are the dimensions of the foundation pit and 

basement parts of the building, the dimensions and weights of the structures to be 
installed. When selecting cranes, self-propelled jib cranes should be used for the 
installation of free-standing columnar foundations of buildings. 

Cranes should be selected according to their technical parameters: by load 
capacity, by hook lifting height, by boom reach, and by the value of the load moment. 

When taking into account the main parameters of cranes (load capacity, boom 
reach, lifting height), modifications of basic models of cranes with replaceable 
equipment are also subject to consideration: boom and tower–boom, various tracks, 
platforms, etc. 

The crane hook reach is determined by the formula 
 

𝐿 = 𝑙ଵ + 𝑙ଶ + 𝑙ଷ (3. 36) 
 
Here l1 – the distance from the axis of rotation to the boom attachment hinge; 
l2 – the smallest permissible distance from the base of the slope to the sleeper 

structure, taken according to Table 17 from Appendix 1 to [12]; 
l3 – the distance from the outer surface of the structure or its protruding part to 

the axis of the crane hook, taken equal to half the distance between extreme axes. 
 

𝑙ଷ =
54.6

2
= 27.3 𝑚, 

 
𝐿 = 3 + 2 + 27.3 = 23 𝑚 

 
The required load capacity G is determined in the same way as for tower and rail 

jib cranes, using the formula 
 

𝐺 = (𝑞ଵ + 𝑞ଶ) ∙ 𝐾 (3. 37) 
 
Where q1 – the maximum mass of the mounted element; 

q2 = 13.4 kg – the mass of the load-holding device, a detailed calculation 
of which will be discussed in the next paragraph; 
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K=1.1 – the coefficient that takes into account the deviation of the mass 
of the load – holding devices. 

 
𝑞ଵ = 𝑚ଵ + 𝜌ଶ ∙ 𝑉ଵ (3. 38) 

 
Where m1 – the mass of the bucket in which the concrete will be transported, 

determined according to Table 18 from Appendix 1 to [12]; 
ρ2 – the density of the concrete used; 
V1 – the volume of the bucket for concrete, equal to the volume of 

concrete required for pouring one foundation. 
 

𝑞ଵ = 435 + 2500 ∙ 1.1 = 2929.758 𝑘𝑔, 
 

𝐺 = (2929.758 + 13.4) ∙ 1.1 = 3237.474 𝑘𝑔 
 
The required arrow reach is found graphically. For cranes without a jib, the boom 

axis is drawn through two points: A1-located at a height of Np+1.5 m (where 1.5 m is 
the minimum height from the hook to the boom head), and B, which provides a safe 
gap between the boom and the point D of the part of the structure that is as close as 
possible to the boom (taken from 0.5 to 1.5 m depending on depends on the length of 
the boom). The boom axis is drawn along the N – N line located at the level of the 
hinge of its attachment (for boom cranes, you can first take 1.5 m from the level of the 
crane parking-USK - with subsequent adjustment). At the same time, in an effort to 
ensure the minimum reach and length of the boom, make a construction through point 
B and the vertical axis of the load. 

The position of the boom A1M1 corresponds to the required one. Then, setting 
aside the left sharpening M1 distance 𝑙1, get the position of the axis of rotation of the 
crane. 

For cranes that use a jib, the construction is similar. 
The location of jib cranes on the edge of the slope of a pit or pit is determined 

taking into account the type of soil and the depth of the pit (trench). In this case, you 
should take into account the features of the crane support part. 

As a result of the calculations, the XCMG QY25K5 crane was selected. 
 
3.1.2.7 Choice and analysis of load-lifting equipment 
 
The selection of slings and other load-grabbing devices is made for each 

structural element of the building. One type of sling should be used for structures of 
different types, but similar in size and weight characteristics. 

The calculation of the length of the selected slings and the selection of the cable 
diameter should be carried out for the largest weight and dimensions of the structural 
element of the group of structures for lifting which the sling will be used. 

The calculation of slings is made by breaking force, and the selection of the cable 
diameter is made according to the current state standards. 
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It is necessary to determine the force that occurs in one sling. 
 

𝑆 =
𝑞ଵ

𝑐𝑜𝑠𝛼
∙ 𝐾, (3. 39) 

 
Where q1 – the value of the maximum weight of the load; 

α – the angle of deviation of the sling from the vertical, the value can be 
taken up to 45; 

K – the coefficient of uneven loading of the sling, for a sling with 4 
branches it is assumed to be 1.33. 

 

𝑆 =
2929.758

𝑐𝑜𝑠30°
∙ 1.33 = 4499.381𝑘𝑔 

 
The breaking force in the sling branch is determined by the formula 
 

𝑃 = 𝑆 ∙ 𝐾௦ (3. 40) 
 
Where Ks – the safety margin coefficient, which is assumed to be 6 for slings 

with inventory grabs. 
 

𝑃 = 4499.381 ∙ 6 = 26996.286 𝑘𝑔  
 
3.1.2.8 Transportation and delivery of concrete mix to concreting units 
 
Delivery of the concrete mix to the construction site is carried out in specialized 

vehicles-concrete mixers. 
The methods of feeding the concrete mixture to concrete blocks (in this case, to 

the formwork of columnar foundations) are different: 
 crane in bunkers (buckets); 
 concrete pump (based on a car or stationary); 
 belt conveyor, belt concrete paver; 
 directly with a concrete mixer truck into the formwork along an inclined 

tray or vibrating chute. 
It is allowed to choose any of the listed methods for feeding concrete mix, but, 

in general, it is recommended to choose the most common methods – by crane in 
bunkers or by concrete pump truck. 

It is advisable to apply concrete mix feeding by means of cranes at an average 
intensity of concrete works up to 20 m3 per shift. The crane is also used simultaneously 
in the production of reinforcement and formwork works. 

When there are no time limits for concreting the foundation. In this case, the 
intensity of laying the concrete mixture or we assume, for example, for a concrete pump 
20-40 м3/h. 
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KAMAZ 65201 with a load capacity of 32.57 tons will be used to fill the 
foundation. 

 
3.1.2.9 Selection of machinery and tools for performing concrete 

construction operations 
 
The number of machines and vehicles included in the set must provide the 

required intensity of concrete work. 
The hourly or shift intensity of concrete mix laying can be set by the course 

project manager. If neither the intensity nor the duration of concrete work is specified, 
the performance of the leading concrete-laying machine should be taken as the 
concreting intensity. The operational capacity of the crane for feeding concrete mix in 
bunkers is determined from the condition that the crane performs 8-10 cycles per hour. 

Self – propelled jib cranes are used for the installation of formwork and rebar, 
as well as for the delivery of concrete mix in buckets-automobile, on special stages of 
automobile type, on pneumowheel and crawler tracks. When choosing a brand of crane, 
it is necessary to set the required cargo characteristics of the crane – load capacity, 
reach and lifting height of the hook. 

The required lifting capacity of the crane is the mass of the heaviest load to be 
lifted (a block form of formwork, a reinforcing mesh or frame, a hopper with a concrete 
mixture). 

The mass of the concrete mix bin was determined in the previous paragraph (q1 
= 2929.785 kg = 2.9 tons). 

The required reach and lifting height of the crane hook are determined 
graphically according to the scale diagrams of work performed. 

The choice of the crane brand is made by comparing the required parameters of 
the crane with the cargo characteristics of self-propelled jib cranes. As a rule, one crane 
is used to perform formwork and reinforcement works, as well as to supply concrete 
mix. 

When choosing a concrete pump as a concrete laying machine, you should take 
into account the mutual placement of the concrete pump and the concrete foundations 
– the required range of action. The characteristics of concrete pumps are given in Table 
19 from Appendix 1 to [12]. 

For transporting the concrete mix, select the brand of concrete mixers in Table 
20 from Appendix 1 to [12]. The amount of concrete mix transported by the concrete 
mixer, truck must correspond to the concreting intensity. 

With a relatively low concreting intensity, a 4-5m concrete mixer truck is used 
by a crane, while concreting with a concrete pump is 5-7-m. 

 
3.1.2.10 Technological schemes of concrete works production 
 
As technological schemes, a general scheme of concrete works production and 

a detailed scheme of the concrete laying machine workplace are performed. 
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The general scheme of production of concrete works is a plan of foundations in 
a finished excavation, which shows the sequence of concreting foundations (the 
breakdown of foundations into grippers and the numbering of grippers is given), the 
parking lots of concrete-laying machines (cranes, concrete pumps) and the axis of their 
movement are plotted. 

Separately, on a larger scale, a scheme is made for concreting one foundation, 
or a group of foundations that are concreted from one crane or concrete pump parking 
lot. The diagram is made in the plan and section. It shows the position of concreted 
foundations, concrete-laying machines, and concrete mixer trucks during unloading. 
Specify all required dimensions and the radius of action of the crane or concrete pump. 

When concreting foundations with a concrete pump and using a crane for the 
installation of formwork or reinforcement, you should also draw a scheme for the 
production of reinforcement and formwork works on the same foundation. 

 
3.1.3 Determination of labor intensity and calculation of labor costs 
 
Labor intensity is determined based on the applicable ENiR standards for the 

relevant types of work (such as ENiR E–2, E–4, E–11, E–22, etc.), whether performed 
mechanically or manually. For operations carried out manually, a dash is placed in the 
«Machine Operator» column. The overall labor input and corresponding wages are 
calculated by multiplying the work volume by the respective time standards and unit 
rates. These calculations are presented in a table as part of the labor cost estimate. At 
the bottom of the table, columns 10, 11, 12, and 13 are totaled, and the resulting values 
are further used for calculating technical and economic indicators. 

Data in columns 10 and 11 must be calculated. 
The labor costs of processes in human-hours are determined by the formula 
 

𝑄௨ି௨ = 𝑉 ∙ 𝑁௧ (3. 41) 
 
Where V – the amount of work performed; 

Ntime – the norm of time to complete a unit of volume. 
To determine the same value, only in man-days, use the formula 
 

𝑄௨ିௗ௬ =
𝑄௨ି௨

8.2
(3. 42) 

 
Labor cost table is presented in Appendix E. 
 
3.1.3.1 Drawing up a work schedule 
 
The calendar plan for the production of works indicates the sequence of 

processes, their duration and mutual coordination. 
The duration of mechanized processes is determined by the formula 
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𝐷 =
𝑁ି௦

𝑛 ∙ 𝐴
(3. 43) 

 
Where Nmachine-shift – the required number of machine shifts; 

n – the number of working machines; 
A – the number of shifts per day. 

The duration of manual processes is determined by the formula 
 

𝐷௨ =
𝑄

𝑛 ∙ 𝐴
(3. 44) 

 
Where Q – the labor costs. 
The number of shifts is taken depending on the type of work performed. When 

they are mechanized with the help of machines and mechanisms, the number of shifts 
is taken at least two, and processes performed without the use of machines are usually 
carried out in one shift. 

The work schedule is designed in the form of a linear chart. Each process on the 
graph is represented by a line above which indicates the number of workers employed 
during the execution of this process. Calendar dates for the execution of certain types 
of processes on the schedule are not set arbitrarily, they устанавливают are set based 
on the condition that a strict technological sequence is observed. All processes should 
be linked by their start and end dates. 

For a general assessment of the correctness of building a calendar plan, linking 
and combining processes, as well as for calculating the required area of temporary 
buildings and structures on a construction site, in addition to checking for compliance 
with the total duration of regulatory or directive deadlines, it is also checked for 
compliance with the continuity and uniformity of the needs of workers. For this 
purpose, by summing up the number of workers (by profession) who must work daily 
in different shifts, along the entire schedule in the vertical direction at different time 
intervals in the lower part of the calendar plan, a schedule of labor movement is 
constructed, which is used to judge the optimality of the compiled calendar plan. 

Next, the correctness of drawing up the schedule is checked by the coefficient 
of uneven movement of workers. 

 

𝐾௨௩ =
𝑛௫

𝑛௩

(3. 45) 

 
Where nmax – the maximum number of workers on the site; 

naverage – the average number of workers determined by the formula 
 

𝑛௩ =
𝛴𝑄

𝐷

(3. 46) 

 
Where Σq – the total labor intensity, total labor costs; 
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Dgeneral – the total duration of work determined by the schedule. 
 

𝑛௩ =
5337.011

267
= 19.992, 

 

𝐾௨௩ =
20

19.992
= 1 

 
The Kuneven should not exceed 1.5, and if it is larger, the graph should be adjusted 

for a more uniform distribution of individual processes. Sometimes it is possible to 
extend the time frame for labor-intensive work by reducing the number of workers, and 
also move the time frame for these works without changing the number of workers. 

Work schedule is presented in Technological map and Appendix E. 
 
 
3.2 Organization section 
 
The construction master plan provides for a comprehensive solution of tasks 

related to the organization of temporary water, electricity and heat supply, as well as 
sewerage of the construction site, with mandatory consideration of existing and 
projected engineering networks. Within its framework, planning is carried out for the 
placement of both temporary and permanent transport routes, determining the location 
zones of administrative and business facilities and dispatching communications, 
selecting installation cranes and calculating the necessary areas for storage areas, 
inventory buildings, structures and auxiliary devices designed to support the 
construction process. Special attention in the development of the master plan is paid to 
compliance with the requirements of occupational health, safety and industrial 
sanitation. All these aspects are subject to detailed study at the stage of expanded 
construction. 

The construction master plan of an oncological hospital with high-tech facilities 
should be developed taking into account not only the standard requirements regulated 
by regulatory documents, but also the specifics of a healthcare facility that includes 
sensitive and complex medical equipment that requires an increased level of accuracy 
during installation, as well as strict compliance with sanitary and hygienic standards. 

The following elements should be included in the construction plan: 
1. Orientation of the object to the cardinal directions, which is especially 

important for compliance with the standards for natural lighting of wards and medical 
facilities, as well as for the correct organization of sanitary gaps between buildings. 

2. Layout of buildings and structures, including the main medical building, 
radiological units, auxiliary and engineering buildings. At the same time, objects 
adjacent to the installation area that influence the choice of methods and means of 
installation work should be taken into account. 

3. The road network, including existing access roads and temporary roads 
planned for the construction period. Special attention should be paid to the movement 



65 
 

routes of specialized installation equipment and vehicles that deliver large-sized 
medical equipment (for example, MRI machines, PET/CT machines, linear 
accelerators, etc.). 

4. Sites for storage of materials and large-scale assembly of structures, with 
mandatory zoning for storage of technologically sensitive equipment in conditions that 
meet the requirements for microclimate and protection from dust and moisture. 

5. Placement of temporary buildings and structures, including industrial, 
administrative, and sanitary facilities. It is necessary to provide facilities for medical 
and sanitary services for workers in accordance with the increased requirements of 
labor protection at medical facilities. 

6. Engineering and technical support networks (temporary and permanent), 
including power supply, water supply, heat supply, sewerage, compressed air and 
steam supply lines, as well as medical gas systems, where it is necessary to provide for 
laying to the points of consumption, taking into account the specifics of the future 
operation of the hospital. 

7. Layout of lighting devices and welding posts, with mandatory consideration 
of the requirements for illumination of work areas and fire safety in areas with a high 
concentration of electrical and gas welding operations. 

8. Zones of operation and trajectories of movement of installation mechanisms, 
including tower and crawler cranes, with an analysis of their impact on the safety and 
continuity of the construction and installation process. 

9. Breakdown of the facility into construction stages, which is especially relevant 
for the phased commissioning of the hospital's technological units (for example, first 
the diagnostic unit, then the operating unit and the hospital), in order to optimize the 
time frame and ensure uninterrupted installation of engineering systems. 

Thus, the construction master plan of an oncological hospital should take into 
account not only standard construction parameters, but also requirements due to the 
specific medical function of the facility, the availability of sensitive equipment, as well 
as a high degree of responsibility for compliance with sanitary and technical standards. 

Since a site that is not restricted to dense buildings has been selected for 
construction, there is no need to work in cramped conditions. 

 
3.2.1 Organization of road transport traffic 
 
The costs associated with loading and unloading operations, transportation and 

unloading of building structures and materials, on average, amount to about one-third 
of the total cost of building an object. At the same time, the share of labor costs 
associated with performing these operations reaches about two-thirds of the total labor 
intensity of the construction process. The rational design of logistics schemes for 
transportation of construction cargo, as well as competent organization of loading and 
unloading operations, can significantly reduce the total cost of temporary construction 
activities. In addition, it ensures the sustainability and uninterrupted supply of the 
construction site with the necessary materials and elements, which is a critical factor 
for compliance with construction schedules and the technological sequence of work, 
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especially when constructing objects with a high degree of engineering saturation, such 
as medical institutions. 

In order to ensure year-round and uninterrupted delivery of building structures 
and materials to the construction site, the design of transport infrastructure should 
provide for the construction of roads with types of coatings that have the necessary 
strength characteristics and provide the required durability during operation in various 
climatic conditions. In addition, in the immediate vicinity of the loading and unloading 
fronts, it is necessary to provide equipped parking lots and U-turn areas for vehicles, 
which helps optimize logistics, increase safety and reduce equipment downtime during 
active construction and installation work. 

Using Figure 44 and Table 17 [13], we selected a parking type perpendicular to 
the road axis, with dimensions designed for one vehicle: 12 meters wide and 20 meters 
long. 

 
 
 

 
 

Figure 3.1 – Diagram for parking perpendicular to the road axis 
 
The minimum width of the platform for the MAZ-205 roundabout is determined 

by the formula: 
 

𝐵 = 2𝑅 + 8 (3. 47) 
 
Where R = 9 m is the smallest turning radius of the car, which is determined 

from Table 18 [13]. 
 

𝐵 = 2 ∙ 9 + 8 = 26 𝑚 
 

 
 

Figure 3.2 – Diagrams of minimal dimensions of dead-end U-turns sites 
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3.2.2 Identification of installation and expansion sites 
 
Two types of warehouse zones — central and on-site-are most widely used in 

the practice of modern construction. Central warehouses are usually used for storing 
building structures intended for several objects at the same time, which provides 
centralized logistics management. In turn, on-site warehouses are intended for 
temporary storage of structures and materials supplied exclusively to one construction 
site, while the storage volumes are usually limited. 

Efficient storage management on the construction site has a significant impact 
on improving the efficiency of installation processes, reducing downtime and speeding 
up the production cycle. Storage areas should be equipped with the necessary lifting 
and transport mechanisms, installation stands, access roads and operational 
communication facilities, which is especially important for objects with a high density 
of technological operations. 

When designing a general construction master plan, the required area of storage 
areas is determined based on calculations that take into account the volume of delivery 
of structures during the most intensive period of construction work. This approach 
makes it possible to ensure uninterrupted supply of materials and structures to 
installation sites, minimizing the risks associated with disruption of the construction 
schedule. 

The necessary stocks of materials and products to be stored in the warehouses 
of the construction site are determined by calculation based on the schedule of delivery 
and consumption of basic building materials, semi-finished products and structures. 

The area of warehouses is calculated by the number of materials using the 
formula 3.1 [14]: 

 

𝑄௦௩ =
𝑄௧௧

𝑇
𝛼𝑛𝑘 (3. 48) 

 
Where Qreserve – stock of materials in the warehouse. 

Qtotal – total number of materials required for construction. 
T – duration of the billing period. 
α = 1.1 – coefficient of uneven supply of materials to warehouses; 
n = 3 day – the rate of inventory of materials. 
k = 1.3 – coefficient of uneven consumption of materials. 

The useful area of the warehouse (without aisles) is determined by the formula 
3.2 [14]: 

 

𝐹 =
𝑄௦௩

𝑞
(3. 49) 

 
Where q – the amount of material laid per 1 m2 of warehousearea, selected 

according to Table 3.1 [14]. 
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The total area of the warehouse, including aisles, is determined by formula 3.3 
[14]: 

 

𝑆 =
𝐹

𝛽
(3. 50) 

 
Where β – warehouse utilization factor, which characterizes the ratio of the 

useful area of the warehouse to the total 
Calculation of open storage areas for steel reinforcement at q = 2.4 t/m2: 
 

𝑄௦௩ =
14.78

2.66
∙ 1.1 ∙ 3 ∙ 1.3 = 23.84 𝑡, 

 

𝐹 =
23.84

2.4
= 9.93 𝑚ଶ 

 
β = 0.5 for open metal warehouses: 
 

𝑆 =
9.93

0.5
= 19.86 𝑚ଶ 

 
Calculation of open storage areas for sand, gravel and crushed stone for concrete 

at q = 1.55 t/m2: 
First, you need to determine the amount of sand and crushed stone for the 

production of concrete. To do this, in the future, it will be assumed that aggregates will 
occupy 70% of the concrete volume, i.e. 

 
𝑉 = 𝑉௧ ∙ 0.7 (3. 51) 

 
Where Vconcrete – the calculated amount of concrete required for the construction 

of a building is taken from the calendar plan or table of labor costs. 
 

𝑉 = 96.06 ∙ 0.7 = 67.242 𝑚ଷ 
 
The average aggregate density is ρfiller = 1.5 t/m3. Then the mass of all 

placeholders will be determined by the formula 
 

𝑚 = 𝑉 ∙ 𝜌 , (3. 52) 
 

𝑚 = 67.242 ∙ 1.5 = 100.863 𝑡, 
 

𝑄௦௩ =
100.863

9
∙ 1.1 ∙ 3 ∙ 1.3 = 48.07 𝑡, 
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𝐹 =
48.07

1.5
= 32.05 𝑚ଶ 

 
β = 0.66 for open warehouses of nonmetallic construction materials: 
 

𝑆 =
32.05

0.6
= 53.42 𝑚ଶ 

 
Calculation of closed storage areas for cement in concrete bags at q = 1.33 t/m2 

is determined similarly to sand, crushed stone and gravel: 
First, you need to determine the amount of cement for making concrete. To do 

this, in the future, it will be assumed that cement will occupy 30% of the volume of 
concrete, i.e. 

 
𝑉௧ = 𝑉௧ ∙ 0.3, (3. 53) 

 
𝑉௧ = 96.06 ∙ 0.3 = 28.818 𝑚ଷ 

 
The average cement density is ρcement = 1.45 t/m3. Then the mass of cement will 

be determined by the formula 
 

𝑚௧ = 𝑉௧ ∙ 𝜌௧ , (3. 54) 
 

𝑚௧ = 28.818 ∙ 1.45 = 41.79 𝑡, 
 

𝑄௦௩ =
41.79

9
∙ 1.1 ∙ 3 ∙ 1.3 = 19.92 𝑡, 

 

𝐹 =
19.92

1.3
= 15.32 𝑚ଶ 

 
β = 0.55 for closed unheated warehouses: 
 

𝑆 =
15.32

0.5
= 30.64 𝑚ଶ 

 
Calculation of storage rooms with awnings for wooden boards for formwork at 

q = 10.5 m2: 
 

𝑄௦௩ =
783.77

8
∙ 1.1 ∙ 3 ∙ 1.3 = 420.3 𝑚ଶ, 
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𝐹 =
420.3

10.5
= 40.02 𝑚ଶ 

 
β = 0.55 for canopies: 
 

𝑆 =
40.02

0.5
= 80.04 𝑚ଶ 

 
3.2.3 Placement of temporary premises 
 
In order to provide the construction process with the necessary administrative, 

sanitary, industrial premises, as well as on-site storage sites, the project documentation 
should provide for the placement of a complex of temporary buildings and structures. 

Calculation of the required areas of these temporary objects is carried out on the 
basis of established regulatory indicators. 

 
3.2.3.1 Administrative buildings 
 
The total area of office premises STP for linear construction personnel (site 

managers, foremen, foremen) is determined by the formula 3.5 [13]: 
 

𝑆் = 𝑆ு ∙ 𝑁 (3. 55) 
 
Where SH = 4 m2 – standard area indicator per employee. 

N = 4 – the number of people working in the most numerous shift (IT 
staff, employees), will be considered as 1 engineer for 5 workers. 

 
𝑆் = 4 ∙ 4 = 16 𝑚ଶ 

 
The area of the control room is calculated in the same way, provided that SH = 

7 m2, N = 2 (1 dispatcher for 10 workers): 
 

𝑆் = 7 ∙ 2 = 14 𝑚ଶ 
 
3.2.3.2 Buildings for sanitary purposes 
 
Calculation of the required area of inventory buildings of various nomenclature 

is also carried out according to the formula 3.5 [13], where SH is the standard indicator 
of various nomenclature is taken according to Table 20 [13]. 

Area of dressing rooms: SH = 6 m2, N = 20. 
 

𝑆் = 6 ∙ 20 = 120 𝑚ଶ 
 
Shower area: SH = 8.2 m2, N = 20. 
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𝑆் = 8.2 ∙ 20 = 164 𝑚ଶ 
 
Washroom area: SH = 0.65 m2, N = 20. 
 

𝑆் = 0.65 ∙ 20 = 13 𝑚ଶ 
 
Drying area: SH = 2 m2, N = 20. 
 

𝑆் = 2 ∙ 20 = 40 𝑚ଶ 
 
Area of meal rooms: SH = 4.55 m2, N = 20. 
 

𝑆் = 4.55 ∙ 20 = 91 𝑚ଶ 
 
The area of latrines is determined by the formula 3.6 [13]: 
 

𝑆் = (0.7 ∙ 𝑁 ∙ 0.1) ∙ 0.7 + (1.4 ∙ 𝑁 ∙ 0.1) ∙ 0.3 = 
= 0.049 ∙ 𝑁 + 0.042 ∙ 𝑁 = 0.091 ∙ 𝑁 (3. 56) 

 
Where 0.7 and 1.4 – standard area indicators for men and women, respectively 

(per 10 people). 
0.7 and 0.3 – coefficients that take into account the ratio of the number 

of men and women, respectively. 
N = 20 – the number of people working in the most numerous shift. 

 
𝑆் = 0.091 ∙ 20 = 1.82 𝑚ଶ 

 
3.2.4 Connection of communications for construction needs 
 
Water on the construction site is used for industrial and household drinking 

needs and for fire fighting. 
The maximum hourly water consumption for production needs is determined by 

the formula 3.7 [13]: 
 

𝑄ଵ = 𝑆 ∙ 𝐴 ∙
𝐾

𝑛
∙ 1000 𝑚ଷ (3. 57) 

 
Where S – the number of transport units, installations, or the amount of work per 

maximum shift. 
A – specific water consumption for production needs in liters according 

to Table 21 [13]; 
Kh – coefficient of hourly unevenness of water consumption according 

to Table 22 [13]; 
n = 8 – number of hours per shift 
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Maximum hourly water consumption for production needs for concrete 
preparation in a concrete mixer: S = 96.06 m3, A = 300 l/m3, Kh = 2. 

 

𝑄ଵ = 96.06 ∙ 300 ∙
2

8
∙ 1000𝑚ଷ = 7204.5 

𝑙

ℎ
 

 
The maximum hourly consumption of water for household and drinking needs 

is determined by the formula 3.88 [13]: 
 

𝑄ଶ = 𝑁ଵ ∙ 𝐴ଵ ∙
𝐾

𝑛
∙ 1000 (3. 58) 

 
Where N1 = 20 – the number of people working in the maximum shift. 

A1 – water consumption per employee per liter for household and 
drinking needs. 

Maximum hourly water consumption for household and drinking needs for 
showers: A1 = 25 l/p. 

 

𝑄ଶ = 20 ∙ 25 ∙
3

8
∙ 1000 = 187.5 

𝑙

ℎ
 

 
Maximum hourly consumption of water for household and drinking needs for 

canteens: A1 = 15 l/p. 
 

𝑄ଶ = 20 ∙ 15 ∙
3

8
∙ 1000 = 112.5 

𝑙

ℎ
 

 
The hourly water consumption for cooling internal combustion engines is 

determined by the formula 3.9 [13]: 
 

𝑄ଷ = 𝑊௧ ∙ 𝑁 ∙ 1.2𝑚ଷ (3. 59) 
 
Where Wt = 1 l is the specific water consumption in liters for cooling the internal 

combustion engine. 
N – internal combustion engine power. 

Hourly water consumption for cooling internal combustion engines for 
excavators: 

 

𝑄ଷ = 1 ∙ 130 ∙ 1.2 = 156 
𝑙

ℎ
 

 
Hourly water consumption for cooling internal combustion engines for a 

bulldozer: 
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𝑄ଷ = 1 ∙ 112 ∙ 1.2 = 134.4 
𝑙

ℎ
 

 
Hourly water consumption for cooling internal combustion engines for concrete 

pump: 
 

𝑄ଷ = 1 ∙ 115 ∙ 1.2 = 138 
𝑙

ℎ
 

 
The estimated second water consumption for household and drinking needs is 

determined by the formula 4.0 [13]: 
 

𝑔 =  𝑄 ∙
1000

3600
(3. 60) 

 
Where ΣQ is the total maximum hourly water flow rate in m3/h, equal to: 
 

 𝑄 = 𝑄ଵ + 𝑄ଶ + 𝑄ଷ, (3. 61) 

 

 𝑄 = 7204.5 + 187.5 + 112.5 + 156 + 134.4 + 138 = 76.683 
𝑚ଷ

ℎ
, 

 

𝑔 = 76.683 ∙
1000

3600
= 21.3 𝑙 

 
The estimated second water consumption per shower is determined by formula 

4.11 [13]: 
 

𝑔௪ = 𝑎 ∙
𝑁ଷ

ℎ
∙ 60 (3. 62) 

 
Where a = 25 l/p is the rate of water consumption for taking a shower, 

determined from Table 23 [13]. 
N3 = 20 – the number of workers using the shower. 
h = 10 – number of minutes of shower operation 

 

𝑔௪ = 25 ∙
20

10
∙ 60 = 3000 𝑙 

 
The estimated second water consumption for construction needs is determined 

by the formula 4.2 [13]: 
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𝑞௧ = 𝑆 ∙ 𝑁 ∙
𝐾

𝑁
∙ 3600 (3. 63) 

 
Where S = 300 l – specific consumption for construction needs. 

N = 40 l – productivity of the industrial installation consuming water; 
Kh = 2 – coefficient of hourly unevenness of water consumption. 

 

𝑞௧ = 300 ∙ 40 ∙
2

40
∙ 3600 = 2160 𝑙 

 
The total estimated water consumption for construction is determined by the 

formula 4.33 [13]: 
 

𝑞 = 𝑔 + 𝑔௪ + 𝑞௧ + 𝑞 (3. 64) 
 
Where qfire = 10 l/s – estimated second water consumption for fire needs 
 

𝑞 = 21.3 + 3000 + 2160 + 10 = 5383 𝑙 
 
The calculation of water supply networks is reduced to determining the diameter 

of the pipe for passing the estimated water flow through it. 
The diameters of pipes in m operating with a full cross-section can be determined 

by the formula 4.4 [13]: 
 

𝐷 = ඨ
4𝑄

𝑁
∙ 𝑉 (3. 65) 

 
Where V = 1.2 m/s is the speed of water movement. 
 

𝐷 = ඨ
4 ∙ 5.383

40
∙ 1.2 = 0.8 𝑚 = 80 𝑐𝑚 

 
To provide the construction site with water, it is necessary to install 4 pipes of 

20 diameters. 
 
3.2.5 Providing electricity to the construction site 
 
The basic principles of designing power supply systems include the following 

provisions: 
- providing consumers with electricity in the required volume and with specified 

quality indicators (voltage, current frequency); 
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- ensuring the flexibility of the electrical circuit that allows connecting 
consumers at various stages of construction work (including powering electric motors 
of installation equipment, performing electric welding, supplying electricity to the 
construction site, electric heating of concrete structures and thawing of frozen ground); 

- high reliability of power supply; optimization of costs for temporary power 
grid structures and reduction of electricity losses in the network. 

The calculation of electrical loads in such systems is carried out on the basis of 
the installed capacity of electric receivers that are consumers of electricity. 

Calculation of loads in kVA with simultaneous power consumption by all groups 
of consumers is determined by the formula 4.5 [13]: 

 

𝑃 = 𝛼 ∙ ൬
𝑘ଵ𝑃

𝑐𝑜𝑠𝜑
+ 

𝑘ଶ𝑃்

𝑐𝑜𝑠𝜑
+  𝑘ଷ𝑃ை +  𝑃ைு൰ (3. 66) 

 
Where PC – standard capacity of power consumers. 

PT – required capacity for technological needs. 
POH and POB – power consumption for outdoor and indoor lighting. 
kc1, kc2, kc3 – demand coefficients depending on the number of consumers 

are used from reference books, these coefficients are assigned to a group of consumers, 
and the average value for each of the consumer groups is calculated in the calculations, 
Table 5.2 [14]. 

cosφ – power factor, which depends on the number and load of power 
consumers, is defined as the average value for each group of consumers Table 5.2 [14]; 

α = 1.1 is a coefficient that determines the power loss in the network 
depending on its characteristics. 

 
Table 3.1 – Calculation of temporary power supply needs 

 

Name of 
consumer 

Measurement Quantity 

Specific 
power per 

unit of 
measurement, 

kW 

Demand 
factor kC 

Power 
factor 
cosφ 

Transformer 
power Pp, 

kVA 

Power electricity 

XCMG 
QY25K5 Car 

crane 
pcs 3 206 0.2 0.4 113,300 

KAMAZ 
concrete pump 

pcs 1 294 0.6 0.75 258.720 

Excavator E-
1251B 

pcs 20 90 0.4 0.5 79.200 

Bulldozer DZ-
190XL 

pcs 1 176 0,5 0,6 161,333 
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Continuation of Table 3.1 
 

Name of 
consumer 

Measurement Quantity 

Specific 
power per 

unit of 
measurement, 

kW 

Demand 
factor kC 

Power 
factor 
cosφ 

Transformer 
power Pp, 

kVA 

161,333 
Rammer unit 

DU-126 
pcs 10 250 0,5 0,6 229,167 

Total: 841,720 
Interior lighting 

Administrative 
premises 

m2 281 0,015 0,8 1 0,013 

Showers and 
toilets 

m2 178,82 0,003 0,8 1 0,003 

Total: 0.016 

Open storage 
areas 

100 m2 73.28 0.05 0.35 1 0.019 

Closed storage 
areas 

100 m2 30.64 0.05 0.35 1 0.019 

Sheds 100 m2 80.04 0.05 0.35 1 0.019 
Total: 0.058 

TOTAL: 841.794 

 
For the needs of construction with the calculated required capacity, one SCTP–

750 with a capacity of 1000 kW will be used. The capacity of this transformer 
installation will cover the reserve designed for additional lighting of roads, entrances 
and unplanned electricity consumers. 

 
3.2.6 Construction site lighting 
 
Determination of the required number of floodlights for lighting construction 

sites, as a rule, is carried out using nomograms. Within the framework of this course 
work, the calculation of the number of floodlights is carried out using a simplified 
method based on the use of specific power, according to the following formula 4.7 
[14]: 

 

𝑛 =
𝑝 ∙ 𝐸 ∙ 𝑆

𝑃

(3. 67) 

 
Where p = 0.3 W/m2×lx – specific power. 

E = 20 lx – illumination. 
S = 24170 m2 – size of the area to be illuminated. 
Pl = 1000 W – power of the searchlight lamp. 
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𝑛 =
0.3 ∙ 20 ∙ 24170

1000
= 145 𝑝𝑐𝑠 

 
Since this number of floodlights is calculated taking into account the area of the 

pit, inside which floodlights are not placed, the best option is to put floodlights every 
10 meters. Then the number of lamps will be reduced to 60 pieces. And if you also take 
into account the location of roads and temporary structures, you can reduce the number 
of lamps to 50 (see stroygenplan). 

To ensure efficiency, it is necessary to install lighting according to specific rules. 
Thus, for sites with a plan size of less than 150 meters, it is necessary to install 
floodlights with incandescent lamps with a power of up to 1.5 kW. 
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4 Economic section 
 
Cost automation is the process of using software to speed up and improve the 

quality and accuracy of budget documentation. Currently, there are many software 
packages that allow you to automate this process and significantly simplify the work 
of cost estimators. In this course work, we will look at the basic principles and benefits 
of automating estimates 

Automation of estimates has many advantages. It allows you to increase the 
processing speed of the model and increase the accuracy of calculating the amount of 
work.  

In Kazakhstan, there are many software packages for automating the preparation 
of budget documentation, including «Estimate of the Republic of Kazakhstan», 
«ABC4» and «Unified Estimate Regulatory Bank», although each of them has its own 
unique characteristics and advantages, all of them can speed up the process of drawing 
up estimates and improve the accuracy and quality of accounting. 

BUDGET of the Republic of Kazakhstan 2020 is a program for calculating 
estimates using the resource method in accordance with regulatory documents for 
determining the estimated cost of construction in the Republic of Kazakhstan. It allows 
you to calculate quickly and efficiently estimates and provides control over the 
progress of construction from the preparation and approval of estimate documentation 
to the «closing» of acceptance certificates for completed works. The BUDGET of the 
Republic of Kazakhstan 2020 also offers the possibility of organizing remote work of 
cost estimators online and providing access to construction sites and estimate 
documents to colleagues. 

Estimated documentation for the construction of an object is compiled based on 
design data and the estimated regulatory framework. 

When developing design (design and estimate documentation), the choice of 
materials, products, structures, and equipment of a domestic commodity producer is a 
priority. 

When developing design (design and estimate documentation), a mandatory 
condition is the use of construction materials — products, structures, equipment, 
furniture, inventory of Kazakhstan production, included in the database of goods, 
works, services and their suppliers, formed in accordance with the Rules for forming 
and maintaining the database of goods, works, services and their suppliers. 

In the absence of budget standards in the current budget and regulatory 
framework of the Republic of Kazakhstan, individual budget standards are developed. 
Individual-estimated-standards are developed, approved, and agreed upon in 
accordance with the procedure established by law in accordance with SN RK 1.02-03-
2011. 

Individual cost estimates are developed considering the specific conditions of 
work with all complicating factors. 

When applying individual estimated norms, no accrual of increasing coefficients 
is made on them. 
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Estimated standards are accepted for the conditions of a specific construction 
site and the area in which construction is planned, considering the requirements, 
conditions and restrictions contained in regulatory technical documents on the 
application of elementary estimated standards in the technical parts of the 
corresponding collections approved in accordance with the established procedure.  

Estimated standards are developed on the basis of technological (technical-and 
normalizing) maps by type of work, results of time-keeping works, standard (unified, 
inter-industry, industry-specific) labor standards, adaptation of progressive norms of 
foreign countries, calculation and analytical methods, поwhich determine the needs for 
construction resources at the level of elementary estimated standards, and norms of 
limited costs as a percentage of the accepted base of their accrual. 

The estimated standards consider the achieved industry-average level of 
accepted equipment and technology. 

The estimated standards consider the full range of operations required to perform 
a certain type of work under normal (standard, average) conditions. When performing 
work in special conditions (tightness, gas contamination, near the operating 
equipment), the coefficients given in the normative technical documents on the 
application of estimated standards and technical parts to collections of elementary 
estimated resource consumption standards are applied to the estimated standards. 

When making estimates, the estimated prices for material resources are accepted 
for the nearest city to the construction site, from the nearest quarries or manufacturing 
enterprises, regardless of their administrative and territorial affiliation, based on 
rational logistics. Material resource delivery schemes (transport schemes) are approved 
by the customer. 

The names of material resources are given with an indication of the brand, main 
parameters, technical characteristics, and standard designations that allow 
unambiguously identifying the material included in the project. The estimated 
construction cost at the current price level is determined based on current estimated 
standards and resource prices, as well as aggregated indicators of the estimated cost of 
structures and types of work. 

Object estimates are compiled for objects by summing up data from local 
resource estimates with grouping of works and costs according to the corresponding 
estimated cost columns «construction and installation works», «equipment», «other 
costs», etc. Object estimates combine data from local estimates for the object as a 
whole and are estimated documents нbased on which the estimated cost of individual 
construction projects is formed.  

Kazakhstan has regulatory documents on pricing in construction, which are 
approved by the Committee for Construction and Housing and Communal Services of 
the Ministry of Industry and Infrastructure Development of the Republic of 
Kazakhstan. These documents define the rules and methods for calculating the 
estimated cost of construction, том including object estimates. 

If local estimates are drawn up for certain types of work and costs based on the 
volumes of work that were determined according to the project documentation and 
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working drawings, then object estimates (OE) combine data from several local 
estimates for one separate object. 

 If the cost of an item can be determined based on a single local estimate, then 
the item estimate is not compiled. In this case, the role of the object estimate is 
performed by a local estimate, at the end of which funds for covering limited costs are 
included in the same order as for object estimates. 

Local estimates are drawn up in accordance with the design decisions пmade for 
the developed design and estimate documentation separately by types of work, 
buildings and structures by sections in accordance with the structural elements of the 
building (structure), types of work and devices, taking into account the provisions set 
out in the Regulatory Document on Structural and Technological Grouping data in the 
estimate documentation. 

At the stage of drawing up a local estimate, resources are allocated (selected) 
according to the estimated norms and the project. The resources provided in нthese 
guidelines are analyzed and synchronized in comparison with the project resourcesе, 
and material resources are adjusted by replacing resources нthat do not correspond to 
the design decisions. 

A local estimate is a primary estimate document drawn up for certain types of 
work (costs) based on the volumes that were determined during the development of 
working documentation. They are the basis for drawing up more general budget 
documents, such as object or summary estimates. The need for local estimates arises 
when the final costs and scope of work have not yet been determined and need to be 
clarified, or when they cannot be determined accurately enough during the design 
process, which implies clarifying the scope, methods, and nature of work already 
during construction. 

 
Table 4.1 – Technical economical indicators of the project 

 
General duration of the construction 267 days 
Labor cost 5337.01 human-days 
Average number of workers 20 
Total area of the building 8744.4 m2 
Cost of the construction 1 609 380 171 tenge 
Cost of 1 m2 of the building 184 047 tenge 
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CONCLUSION 
 
In the course of completing the thesis, the main skills required for a graduate of 

the «Construction Engineering» direction were consolidated, namely, the ability to 
draw up ergonomic, readable drawings, convey information to the listener, present the 
work to the public, design the work according to established standards, search for the 
necessary information in official sources and develop a project based on the conditions 
obtained. 

During the development of the architectural and analytical section, the skills of 
using the Autodesk Revit program were improved Revit, as well as a large amount of 
information about the structure of a building with a non-standard shape was obtained. 
In this section, an architectural model was created that reveals the main topic of the 
thesis and demonstrates information about the scope of work and its difficulties. 

In the second section, which is called design and construction, the created 
architectural model was calculated for the strength and stability of the structure to 
external factors and loads. The work was carried out in accordance with the building 
codes and regulations of the Republic of Kazakhstan, which increased awareness of 
the relevance of modern codes and regulatory documents. 

In the third section, the issue of carrying out work on the site was worked out, 
the design schedule was determined and the mechanisms for performing earthworks 
were selected. Thanks to the calculations made, the knowledge in the field of operation 
of heavy machines and mechanisms was increased and improved. In addition, a 
construction master plan was developed, which showed the scale of construction and 
the ability to place resources in a limited space. 

In the fourth section, the architectural project passed an estimated construction 
assessment, and all work volumes were calculated and labor costs estimated. Here the 
skills of using the program ESTIMATE of the Republic of Kazakhstan and 
understanding the mechanics of making estimates were strengthened. 

As a conclusion to this work, it should be noted that the work as a whole has 
advanced the author in many skills and knowledge, which confirms the student's 
readiness to graduate from a higher educational institution and work as a young 
specialist in the field of construction. 
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APPENDIX A 
 
Table A.1 – Explication of premises of the basement 
 

Number Name Area, m2 Notice 
1 Equipment maintenance room 40  

2 Deposit 8  

3 Women's dressing room 39  

4 Men's dressing room 36  

5 Stairway 16  

6 Oxygen tank 25  

7 Oxygen central 27  

8 Ramp 153  

9 Cabin modulator 24  

10 Stairway 22  

11 Electric room 82  

12 Installation control 22  

13 Fire water tank 23  

14 Liquified gas distribution room 77  

15 Staff dressing room 23  

16 Stairway 18  

17 Pump room 25  

18 Pump room 9  

19 Pump room 72  

20 Parking 2049  

 
Table A.2 – Explication of premises of the 1-st floor 
 

Number Name Area, m2 Notice 
1 Individual cubicle 5  

2 Individual cubicle 8  

3 Drug supply room 125  

4 Wheelchair storage 14  

5 Disabled bathroom 7  

6 Personal bathroom 4  

7 Men's bathroom 5  

8 Women's bathroom 5  

9 Shower 3  

10 Toilet enclosure 5  

11 Storage 6  

12 Garbage storage 6  

13 Storage and delivery of medicines 24  

14 Hall 37  

15 Storage 16  

16 Personal bathroom 3  

17 Personal bathroom 3  

18 Garbage storage 13  
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Continuation of Table A.2 
 

Number Name Area, m2 Notice 
19 Morgue hall 27  

20 Toilet enclosure 3  

21 Shower 4  

22 Equipment maintenance room 20  

23 Pain relief and palliative care 21  

24 Hall 14  

25 Men's dressing room 9  

26 Women's bathroom 12  

27 Medical dressing room 26  

28 Archives 6  

29 Hall 11  

30 Men's bathroom 12  

31 Deposit stretchers 6  

32 Technical circullation 22  

33 Archives 5  

34 Cleanings deposit 3  

35 Personal bathroom 3  

36 Personal bathroom 3  

37 Medical kitchen 27  

38 Medicine storage 3  

39 Administration 10  

40 Volunteer's room 15  

41 Patient care box 21  

42 Patient care box 16  

43 Patient dressing room 17  

44 Individual woman dressing room 11  

45 Personal bathroom 9  

46 Men's bathroom 10  

47 Disabled bathroom 4  

48 Storage 2  

49 Plate reading 3  

50 Dressing room 3  

51 Dressing room 3  

52 Women's bathroom 8  

53 Oxygen deposit 2  

54 Storage 6  

55 Technical circullation 39  

56 Patient examination room 16  

57 Committee room 26  

58 Radiotherapy consultation 26  

59 Ramp 56  

60 Medicine storage 6  
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Continuation of Table A.2 
 

Number Name Area, m2 Notice 
61 Control room 7  

62 Simulation room 42  

63 Planning room 10  

64 Medicine deposit 17  

65 Storage and delivery supply 11  

66 Reception 10  

67 Stairway 20  

68 Medical plants 32  

69 Morgue entry 21  

70 Personal bathroom 3  

71 Disabled bathroom 6  

72 Personal bathroom 4  

73 Women's bathroom 9  

74 Men's bathroom 8  

75 Disabled bathroom 5  

76 Attention room 8  

77 Men's bathroom 8  

78 Archives 12  

79 Personal bathroom 3  

80 Men's bathroom 2  

81 Hall 17  

82 Senior nurse office 15  

83 Hall 128  

84 Hall 62  

85 Entry 19  

86 Women's dressing room 9  

87 Medical dressing room 23  

88 Personal bathroom 4  

89 Personal bathroom 4  

90 Registration 6  

91 FrEGE camera 11  

92 Cafeteria 28  

93 Pantry kitchen 7  

94 Medical kitchen 53  

95 Control room 6  

96 Sewing room 7  

97 Clean clothes deposit 5  

98 Laundry room 20  

99 Daily pantry 4  

100 Laundry room 26  

101 Hall 11  

102 Garbage elevator 10  
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Continuation of Table A.2 
 

Number Name Area, m2 Notice 
103 Technical circullation 5  

104 Technical circullation 16  

105 Radioisotopes management room 16  

106 Radioisotopes storage 3  

107 Rapid sterilization 5  

108 Implant pavilion 31  

109 Hall 66  

110 Shower 4  

111 Toilet enclosure 4  

112 Personal bathroom 6  

113 Treatment room 12  

114 Personal bathroom 6  

115 Treatment room 13  

116 Personal bathroom 6  

117 Treatment room 12  

118 Personal bathroom 6  

119 Office 8  

120 Church 16  

121 Hall 15  

122 Washing surgeons 10  

123 Men's dressing room 2  

124 Women's dressing room 2  

125 Men's bathroom 5  

126 Women's bathroom 5  

127 Cleanings deposit 3  

128 Personal bathroom 4  

129 Medical plants 11  

130 Ramp 50  

131 Oncological consulting room 20  

132 Oncological consulting room 18  

133 Oncological consulting room 19  

134 Nutriologist 10  

135 Hall 4  

136 Office 55  

137 Hall 13  

138 Information 8  

139 Delivery of tokens 7  

140 Storage 8  

141 Hall 204  

142 Waiting room 33  

143 Hall 9  

144 Registration 5  
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Continuation of Table A.2 
 

Number Name Area, m2 Notice 
145 Chemotherapy department 305  

146 Stairway 23  

147 Hall 71  

148 Hall 56  

149 Radioactive isotopes storage 5  

150 Garbage storage 5  

 
Table A.3 – Explication of premises of the 2-nd floor 
 

Number Name Area, m2 Notice 
1 Disabled education room 52  

2 Patient examination room 12  

3 Personal bathroom 5  

4 Reabilitation department 43  

5 Dressing room 5  

6 Men's bathroom 22  

7 Storage 11  

8 Women's bathroom 26  

9 Personal bathroom 3  

10 Committee room 26  

11 Men's bathroom 7  

12 Women's bathroom 7  

13 Women's bathroom 10  

14 Hall 15  

15 Library 62  

16 Hall 59  

17 Director office 18  

18 Administration 34  

19 Hall 74  

20 Therapy room 70  

21 Hall 118  

22 Intensive therapy room 108  

23 Toilet 14  

24 Transfer 14  

25 Visit registration 11  

26 Surgery exit 11  

27 Medicine deposit 8  

28 Installation control 18  

29 Preparation room 53  

30 Storage 6  

31 Hall 45  

32 Anesthesia room 29  
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Continuation of Table A.3 
 

Number Name Area, m2 Notice 
33 Oxygen control 2  

34 Treatment room 13  

35 Personal bathroom 5  

36 Personal bathroom 2  

37 Adult treatment room 77  

38 Personal bathroom 4  

39 Personal bathroom 5  

40 Wheelchair storage 14  

41 Hall 38  

42 Portable X-ray tank 9  

43 Archives 15  

44 Clean clothes deposit 12  

45 Information 49  

46 Preparation room 22  

47 Deposit stretchers 8  

48 Archives 8  

49 Hall 10  

50 Archives 5  

51 Library 19  

52 Virtual library 17  

53 Senior nurse office 9  

54 Personal bathroom 8  

55 Gynecological consulting room 20  

56 Gynecological consulting room 18  

57 Archives 12  

58 Church 32  

59 Men's bathroom 6  

60 Women's bathroom 9  

61 Personal bathroom 4  

62 Personal bathroom 4  

63 Isolated internment 21  

64 Personal bathroom 6  

65 Wardrobe 4  

66 Isolated internment 22  

67 Personal bathroom 6  

68 Wardrobe 4  

69 Isolated internment 21  

70 Personal bathroom 6  

71 Wardrobe 4  

72 Garbage elevator 11  

73 Garbage elevator 15  

74 Procedure room 31  
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Continuation of Table A.3 
 

Number Name Area, m2 Notice 
75 Deposit stretchers 20  

76 Cleanings deposit 3  

77 Personal bathroom 4  

78 Waiting room 11  

79 Information 10  

80 Hall 4  

81 Control room 4  

82 Auditorium 92  

83 Disabled bathroom 6  

84 Disabled bathroom 6  

85 Hall 11  

86 Information 22  

87 Women's bathroom 4  

88 Disabled bathroom 5  

89 Disabled bathroom 5  

90 Personal bathroom 6  

91 Men's bathroom 4  

92 Stairway 27  

93 Storage 6  

94 Storage 13  

95 Cleanings deposit 4  

96 Storage 18  

97 Wardrobe 21  

98 Hall 6  

99 Treatment room 101  

100 Treatment room 22  

101 Control room 19  

102 Adult treatment room 53  

103 Personal bathroom 9  

104 Stairway 28  

105 Rapid sterilization 9  

106 Men's bathroom 11  

107 Personal bathroom 4  

108 Hall 38  

109 Sterilization center 46  

110 Stairway 209  

111 Children's nursery 48  

112 Hall 161  

113 Ramp 50  
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Table B.1 – Load Collection 
 

Loads   
Own weight  Auto 
Floor construction Layer thickness, mm Characteristic load, t/m2 
Basement and upper slab 
Cement-sand screed 80 0.16 
Stone wool plate 40 0.002 
Vapor barrier film - 0.0001 
Cement-sand screed 50 0.1 
Total for basement and upper slab 0.262 
1-2 floor 
Cement-sand screed 40 0.08,08 
Stone wool plate wadding 40 0.002 
Vapor barrier film - 0.0001 
Cement-sand screed 50 0.1 
Ceramic tile 10 0.02 
Total for 1-2 floor 0.202 
Wall construction Layer thickness, mm Characteristic load, t/m2 
Basement 
Plaster 25 0.04 
Expanded clay block 90 0.095 
Plaster 25 0.04 
Total for basement 0.175 
1-2 floor 
Plaster 25 0.04 
Expanded clay block 90 0.095 
Plaster 25 0.04 
Total for 1-2 floor 0.175 
Stained glass windows (per 1 floor) 
Stained glass windows system  0.045,045 
Total for stained glass windows system 0.045 
External walls 
Plaster 25 0.04 
Reinforced concrete 200 0.5 
Non-flammable stone wool 
slab 

100 0.01 

Polymer fiber concrete facade 
panel 

15 0.014 

Total for external walls 0.564 
Monolithic walls 
Plaster 25 0.04,04 
Reinforced concrete 300 0.75 
Plaster 25 0.04 
Total for monolithic walls 0.83 
Type of the load Characteristic load, t / m2 
Wind Auto 
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Continuation of Table B.1 
 

Loads   

Soil pressure 
At point -4.350 37.91 
At point ±0.000 24.973 
Total 62.887 

Category A (Residential areas) 0.15 
Category C3 (Areas where people are concentrated) 0.3 
Category F (Transport and parking surfaces for light vehicles) 0.2 
Category H (Unused roofs) 0,04 
Seismic  Auto 
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Figure C.1 – RSN table 
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APPENDIX D 
 

 
 

Figure D.1 – Draught of floor slabs 
 
The foundation sediment should not exceed the limit value specified in Table 

B.1 (Ultimate deformations of foundations, [15]). According to the minimum value of 
the RSN, the maximum draught of foundations is 18.6 mm, which is acceptable – the 
limit value for civil multi-storey buildings with a full frame is 10 cm, which is much 
more than calculated. 

 

 
 

Figure D.2 – Draught of floor slabs (emergency condition) 
 
Vertical deformations of floor slabs are checked using the condition 
 

𝑧 ≤
𝐿

250
(𝐷. 1) 

 
Where z – vertical movement according to the analysis. 

L = 6700 mm – span length, mm. 
 

𝑧 = 19.5 𝑚𝑚 <
6700

250
= 26.8 𝑚𝑚 
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As can be seen from the above inequality, the maximum actual deviation along 

the Z-axis does not exceed the standard value, which means that the building can 
withstand loads in a state of disrepair. 

 

 
 

Figure D.3 – X-axis movements caused by seismic impact 
 
After adding seismic loads to the model, check it for regularity in plan and 

height. These calculations are made according to Appendix G [16]. 
The main criterion for building height regularity is the condition Zh.1 [16]: 
 

𝑑, ∙ ℎାଵ

𝑑,ାଵ ∙ ℎ
≤ 1.25 (𝐷. 2) 

 
Where de,k, de,k+1 – differences in the average horizontal displacements of the 

upper and lower floors of floor k and floor k+1, respectively, corresponding to the 
calculated seismic loads. 

hk, hk+1 – floor heights k and k+1. 
If this condition is not met, we need to check the following inequality (Zh.3 

[16]): 
 

1.25 <
𝑑, ∙ ℎାଵ

𝑑,ାଵ ∙ ℎ
≤ 1.5 (𝐷. 3) 

 
If this condition is met, the building can be classified as moderately irregular, 

which is also an acceptable result, especially for structures with complex geometry. 
For a simpler calculation, you can convert the formula 
 

𝑑, ∙ ℎାଵ

𝑑,ାଵ ∙ ℎ
=

𝑑 + 𝑑ାଵ

2
∙ ℎାଵ

𝑑ାଵ + 𝑑ାଶ

2
∙ ℎ

=
(𝑑 + 𝑑ାଵ) ∙ ℎାଵ

(𝑑ାଵ + 𝑑ାଶ) ∙ ℎ

(𝐷. 4) 
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Table D.1 – Horizontal movements 
 

X-axis 
Floor Floor height, mm Deflection, mm 

Basement 3000 0.0513 
1st floor 4000 0.266 
2nd floor 4000 2.36 

Roof - 4.26 
Y-axis 

Floor Floor height, mm Deflection, mm 
Basement 3000 0.195 
1st floor 4000 0.75 
2nd floor 4000 3.72 

Roof - 6.23 
 

 
 

Figure D.4 – Analysis of horizontal movements along the X-axis 
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Figure D.5 – Analysis of horizontal movements along the X-axis 
 

(0.0513 + 0.266) ∙ 4000

(0.266 + 2.36) ∙ 3000
= 0.161 < 1.25, 

 
(0.266 + 2.36) ∙ 4000

(2.36 + 4.26) ∙ 4000
= 0.397 < 1.25 

 
In both cases, the solution of the formula was less than the limit value, so the 

building can be classified as regular in height relative to the X-axis. 
 

(0.195 + 0.75) ∙ 4000

(0.75 + 3.72) ∙ 3000
= 0.282 < 1.25, 

 
(0.75 + 3.72) ∙ 4000

(3.72 + 6.23) ∙ 4000
= 0.599 < 1.25 

 
In both cases, the solution of the formula was less than the limit value, so the 

building can be classified as regular in height relative to the Y-axis. 
After calculating both directions, it was concluded that the building is regular in 

height. 
The height regularity is checked according to the conditions Zh.3.1 and Zh.3.2: 
Zh.3.1 – the maximum and average values of horizontal displacements of each 

floor (covering) according to the main tones of natural vibrations of the building differ 
from each other by no more than 10 %; 
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Zh.3.2 – the maximum and average values of horizontal displacements of each 

floor according to the basic tone of natural vibrations of the structure differ from each 
other by no more than 25 %. 

 
Table D.2 – Horizontal offsets 
 

X-axis 
Floor Minimum offset, mm Maximum offset, mm Average offset, mm 

Basement 0.0561 0.0769 0.067 
1st floor 0.216 0.28 0.248 
2nd floor 1.67 2.75 2.21 

Roof 2.88 5.03 3.955 
Y-axis 

Floor Minimum offset, mm Maximum offset, mm Average offset, mm 
Basement 0.178 0.191 0.185 
1st floor 0.741 0.762 0.752 

floor 3.69 3.71 3.7 
Roof 6.22 6.23 6.225 

 
Regularity in the plan along the X-axis: 
 

10 % <
0.0769 − 0.67

0.0769
∙ 100% = 13.524 % < 25 %, 

 

10 % <
0.28 − 0.248

0.28
∙ 100% = 11.429 % < 25 %, 

 

10% <
2.75 − 2.21

2.75
∙ 100% = 19.636 % < 25%, 

 

10% <
5.03 − 3.955

5.03
∙ 100% =  21.372 % < 25% 
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Figure D.6 – Floor slab movements along the X-axis at the -3.000 mark 
 

 
 

Figure D.7 – Floor slab movements along the X-axis at ±0.000 
 

 
 

Figure D.8 – Floor slab movements along the X-axis at the +4,000 mark 
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Figure D.9 – Floor slab movements along the X-axis at the +8.000 mark 
 
According to the calculations, it is possible to notice that the building on all 

floors did not pass the test for strict regularity, but in all cases the condition of moderate 
irregularity was fulfilled. Here it was concluded that the building is classified as 
moderately irregular. 

Regularity in the plan along the Y-axis: 
 

0.191 − 0.185

0.191
∙ 100% = 3.403 % < 10 %, 

 
0.762 − 0.752

0.762
∙ 100% = 1.378 % < 10 %, 

 
3.71 − 3.7

3.71
∙ 100% = 0.27 % < 10%, 

 
6.23 − 6.225

6.23
∙ 100% = 0.08 % < 10 % 
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Figure D.10 – Y-axis movements caused by seismic impact 
 

 
 

Figure D.11 – Floor slab movements along the Y-axis at the -3.000 mark 
 

 
 

Figure D.12 – Floor slab movements along the Y-axis at ±0.000 
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Figure D.13 – Floor slab movements along the Y-axis at the +4,000 mark 
 

 
 

Figure D.14 – Floor slab movements along the Y-axis at +8.000 
 
According to the calculations, you can see that the building on all floors was 

checked for strict regularity, so it was concluded that the building is classified as 
regular. 

Taking into account the checks on both axes, it is necessary to draw a conclusion 
based on the worst-case condition – the building is moderately irregular. This result 
can be justified by the complex shape of the structure on the plan, which increases the 
influence of twisting forces on each floor. 

Next, the analysis of deformations in the building that occur in an emergency is 
performed. To perform this check, you must use condition 7.29 [16]: 

 

𝑑௦ ≤
ℎ ∙ 𝜀

𝑞
(𝐷. 5) 

 
Where drs – floor skew for calculated seismic loads on the building. 

h – floor height. 
ε = 0.0202 is the coefficient taken from Table 7.11 [16]. 
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q = 3.3 – coefficient accepted in accordance with the provisions of 

subsection 7.6 [11]. 
 
Table D.3 – Floor offsets 
 

X-axis 
Floor Floor Floor height, mm Floor offset, mm 

Basement 3000 0.117 
1 floor 4000 0.441 
2 floor 4000 4.61 
Roof - 8.4 

Y-axis 
Floor Floor Floor height, mm Floor offset, mm 

Basement 3000 0.303 
1 floor 4000 1.21 
2 floor 4000 6.12 
Roof - 10.3 

 

 
 

Figure D.15 – Movement along the X-axis from seismic impact (emergency 
state) 
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Figure D.16 - Movement of floor slabs along the X-axis from seismic impact 
(emergency state) 

 

0.441 − 0.117 = 0.327 ≤
3000 ∙ 0.02

3.3
= 18.18, 

 

4.61 − 0.441 = 4.169 ≤
4000 ∙ 0.02

3.3
= 24.24, 

 

8.4 − 4.61 = 3.79 ≤
4000 ∙ 0.02

3.3
= 24.24 

 
The X-axis floor skew limit condition was passed successfully. 
 

1.21 − 0.303 = 0.907 ≤
3000 ∙ 0.02

3.3
= 18.18, 

 

6.12 − 1.21 = 4.91 ≤
4000 ∙ 0.02

3.3
= 24.24, 

 

10.3 − 6.12 = 4.18 ≤
4000 ∙ 0.02

3.3
= 24.24 

 
The condition for limiting floor skew along the Y-axis was passed successfully. 
 
 
 
 
 
 
 
 



104 
 

CONTINUATION OF APPENDIX D 
 

 
 

Figure D.17 – Movement along the Y-axis from seismic impact (emergency 
state) 

 

 
 

Figure D.18 – Movement of floor slabs along the Y-axis from seismic impact 
(emergency state) 
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Table E.1 – Characteristics of 118kW bulldozers 
 

Brand 

T
ra

ct
or

 

P
ow

er
, k

W
 

W
ei

gh
t, 

t 

Blade: 
length×width, 

m 

Depth of the 
development, 

m 

Dimensions: 
length×width×height, 

m C
ap

ac
it

y,
 

m
3 /

h 

New Old 

DZ-
27S 

D-
532S T

-1
30

 

11
8 

13
.4

 

3.2×3.3 0.5 6.5×3.9×2.8 860 

DZ-28 
D-
533 T

-1
30

 

11
8 

14
.1

 

3.9×1.0 0.4 6.4×3.2×3.1 860 

DZ-
109HL 

- 

T
-1

30
 

11
8 

17
.5

 

4.1×1.1 0.5 6.4×3.2×3.1 900 

DZ-
110 

- 

T
-1

30
 

11
8 

17
.7

 

3.2×1.3 0.5 6.6×3.9×2.8 900 

 
Table E.2 – Characteristics of ramming machines 

 

Machine 
brand 

Characteristics 
Weight, 

t 
Tractor 
brand 

Thickness of 
the 

compacted 
layer, m 

Width of the 
compacted 

strip, m 

Smallest 
length of the 
compacted 

strip, m 

DU-126 Ramming 1.3 
T-

100MZ 
1.2 2.5 50 

DU-128 Ramming 1.3 T-130 1.2 2.5 50 
 
Table E.3 – Characteristics of excavators 

 
Name of the machine 

Bucket volume, 
m3 

Inventory and 
estimated cost of 

the machine, 
conventional 

units 

Average cost of 
a machine shift, 

conventional 
units 

Old New 

E-1003 E-10011E 1 21.96 35.9 
E-1004 E-10011AS 1 25.14 36.39 

E-1251B EO-5112A 1 25.04 33.4 
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Figure E.1 – Excavation with a straight shovel: a – frontal sinking with one-
way loading of soil into dump trucks; b – the same with two-way loading; c – the 

same with moving the excavator in a zigzag; d – expanded sinking with moving the 
excavator across the pit 

 
 
 
 
 
 
 
 
 
 
 



107 
 

CONTINUATION OF APPENDIX E 
 

 
 

Figure E.2 – Diagram for determining the installation characteristics of a self-
propelled jib crane 

 

 
 

Figure E.3 – Linking jib cranes to the dimensions of open pits or pits: a) cranes 
on a road track, b) on a crawler track; c) cranes on a special ramp 
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Figure E.4 – Diagram of the load capacity of XCMG QY25K5 truck crane 
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Table E.4 – Labor cost calculation 
 

№ Name of the process 
Norm. 
Doc. 

Meas. 

M
ea

su
re

s 

V
ol

um
e 

of
 th

e 
w

or
k 

Time norm Quotation Labor costs Salary 

W
or

k 
hu

m
an

-h
ou

r 

M
ac

hi
ni

st
 m

ac
hi

ne
-

sh
if

t 

W
or

ke
rs

 

M
ac

hi
ni

st
s 

W
or

ke
rs

, h
um

an
-d

ay
 

M
ac

hi
ni

st
s,

 m
ac

hi
ne

-
sh

if
t 

W
or

ke
rs

 

M
ac

hi
ni

st
s 

1 2 3 4  5 6 7 8 9 10 11 12 13 

1 
The construction of 
temporary fencing 

E-22 m 10 369,20 1,20 - 1,30 - 5,40 - 48,00 - 

2 Removal of top soil E-2 m2 1 000 9 973,74  0,56 - 0,60 - 5,59 - 5,98 

3 
Soil excavation in 

the pit 
E-2 m3 100 8 377,38 2,80 3,56 1,48 1,70 28,61 298,23 123,99 142,42 

4 
Excavation of soil 

underrun 
E-2 m3 1 143,79 1,64 - 0,54 - 28,76 - 77,65 - 

5 
Concrete 

preparation for 
foundations 

E-4 m3 1 23,11 0,79 - 0,49 - 2,23 - 11,32 - 

6 
Reinforcement 
installation for 

foundation manually 
E-4 t 1 14,78 22,17 - 15,00 - 39,97 - 221,77 - 
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7 
Formwork 

installation for 
foundation manually 

E-4 m2 1 783,77 0,36 0,12 0,35 0,17 34,41 94,05 274,32 133,24 

8 
Concreting of 

foundation 
E-4 m3 1 96,06 1,20 0,89 0,34 0,31 14,06 85,50 32,66 29,78 

9 
Formwork removal 

for foundation 
E-4 m2 1 783,77 0,31 - 0,08 - 29,63 - 62,70 - 

10 
Foundation 

waterproofing 
E-11 m2 100 2 021,77 10,00 - 7,15 - 24,66 - 144,56 - 

11 Backfilling E-2 m3 1 4 020,06 - 0,39 - 1,58 - 1 567,82 - 6 351,69 
12 Soil compaction E-2 m2 100 13 400,19 - 0,92 - 0,26 - 123,28 - 34,84 
13 Final land planning E-2 m2 100 7 120,73 0,33 0,49 1,58 1,65 2,87 34,89 112,51 117,49 

14 
Removal of 

temporary fencing 
E-22 m 10 369,20 0,90 - 1,05 - 4,05 - 38,77 - 
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15 

Installation and 
tying of 

reinforcement cages 
for columns on the 

cellar 

E-4 t 1 10,72 8,70  15,80  11,37 - 169,31 - 

16 

Installation and 
tying of 

reinforcement cages 
for walls on the 

cellar 

E-4 t 1 103,23 8,70  15,80  109,52 - 1 631,01 - 

17 

Installation and 
tying of 

reinforcement cages 
for slab on the cellar 

E-4 t 1 57,10 8,70  15,80  60,58 - 902,18 - 
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18 

Installation and 
tying of 

reinforcement cages 
for beams on the 

cellar 

E-4 t 1 16,65 8,70  15,80  17,66 - 262,99 - 

19 

Installation of  
formwork for 

columns on the 
cellar 

E-4 m2 1 964,44 0,40  10,70  47,05 - 10 319,51 - 

20 
Installation of  

formwork for walls 
on the cellar 

E-4 m2 1 1 412,80 0,40  10,70  68,92 - 15 116,93 - 

21 
Installation of  

formwork for slab 
on the cellar 

E-4 m2 1 138,25 0,40  10,70  6,74 - 1 479,28 - 
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22 
Installation of  

formwork for beams 
on the cellar 

E-4 m2 1 1 040,00 0,40  10,70  50,73 - 11 128,00 - 

23 
Concreting of 

columns on the 
cellar 

E-4 m3 1 107,16 1,50  6,10  19,60 - 653,68 - 

24 
Concreting of walls 

on the cellar 
E-4 m3 1 1 032,28 1,50  6,10  188,83 - 6 296,93 - 

25 
Concreting of slab 

on the cellar 
E-4 m3 1 571,00 1,50  6,10  104,45 - 3 483,10 - 

26 
Concreting of beams 

on the cellar 
E-4 m3 1 166,45 1,50  6,10  30,45 - 1 015,35 - 

27 

Dismantling of 
formwork for 

columns on the 
cellar 

E-4 m2 1 964,44 0,15  10,70  17,64 - 10 319,51 - 
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28 
Dismantling of 

formwork for walls 
on the cellar 

E-4 m2 1 1 412,80 0,15  10,70  25,84 - 15 116,93 - 

29 
Dismantling of 

formwork for slab 
on the cellar 

E-4 m2 1 138,25 0,15  10,70  2,53 - 1 479,28 - 

30 
Dismantling of 

formwork for beams 
on the cellar 

E-4 m2 1 1 040,00 0,15  10,70  19,02 - 11 128,00 - 

31 

Installation and 
tying of 

reinforcement cages 
for columns on the 

1-st floor 

E-4 t 1 16,30 8,70  15,80  17,30 - 257,57 - 
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32 

Installation and 
tying of 

reinforcement cages 
for walls on the 1-st 

floor 

E-4 t 1 10,40 8,70  15,80  11,03 - 164,32 - 

33 

Installation and 
tying of 

reinforcement cages 
for slab on the 1-st 

floor 

E-4 t 1 55,31 8,70  15,80  58,68 - 873,82 - 

34 

Installation and 
tying of 

reinforcement cages 
for beam on the 1-st 

floor 

E-4 t 1 16,60 8,70  15,80  17,61 - 262,28 - 
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35 

Installation of  
formwork for 

columns on the 1-st 
floor 

E-4 m2 1 1 504,80 0,40  10,70  73,40 - 16 101,36 - 

36 
Installation of  

formwork for walls 
on the 1-st floor 

E-4 m2 1 727,00 0,40  10,70  35,46 - 7 778,90 - 

37 
Installation of  

formwork for slab 
on the 1-st floor 

E-4 m2 1 153,81 0,40  10,70  7,50 - 1 645,76 - 

38 
Installation of  

formwork for beams 
on the 1-st floor 

E-4 m2 1 1 650,00 0,40  10,70  80,49 - 17 655,00 - 

39 
Concreting of 

columns  on the 1-st 
floor 

E-4 m3 1 163,02 1,50  6,10  29,82 - 994,42 - 
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40 
Concreting of walls  

on the 1-st floor 
E-4 m3 1 104,00 1,50  6,10  19,02 - 634,40 - 

41 
Concreting of slab  
on the 1-st floor 

E-4 m3 1 553,05 1,50  6,10  101,17 - 3 373,61 - 

42 
Concreting of beams  

on the 1-st floor 
E-4 m3 1 166,00 1,50  6,10  30,37 - 1 012,60 - 

43 

Dismantling of 
formwork for 

columns on the 1-st 
floor 

E-4 m2 1 1 504,80 0,15  10,70  27,53 - 16 101,36 - 

44 
Dismantling of 

formwork for walls 
on the 1-st floor 

E-4 m2 1 727,00 0,15  10,70  13,30 - 7 778,90 - 
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45 
Dismantling of 

formwork for slab 
on the 1-st floor 

E-4 m2 1 153,81 0,15  10,70  2,81 - 1 645,76 - 

46 
Dismantling of 

formwork for beams 
on the 1-st floor 

E-4 m2 1 1 650,00 0,15  10,70  30,18 - 17 655,00 - 

47 

Installation and 
tying of 

reinforcement cages 
for columns on the 

2-nd floor 

E-4 t 1 15,96 8,70  15,80  16,93 - 252,17 - 

48 

Installation and 
tying of 

reinforcement cages 
for walls on the 2-nd 

floor 

E-4 t 1 11,80 8,70  15,80  12,52 - 186,44 - 
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49 

Installation and 
tying of 

reinforcement cages 
for slab on the 2-nd 

floor 

E-4 t 1 55,20 8,70  15,80  58,57 - 872,16 - 

50 

Installation and 
tying of 

reinforcement cages 
for beams on the 2-

nd floor 

E-4 t 1 19,20 8,70  15,80  20,37 - 303,36 - 

51 

Installation of 
formwork for 

columns on the 2-nd 
floor 

E-4 m2 1 1 512,00 0,40  10,70  73,76 - 16 178,40 - 

52 
Installation of 

formwork for walls 
on the 2-nd floor 

E-4 m2 1 860,00 0,40  10,70  41,95 - 9 202,00 - 
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53 
Installation of 

formwork for slab 
on the 2-nd floor 

E-4 m2 1 154,20 0,40  10,70  7,52 - 1 649,94 - 

54 
Installation of 

formwork for beams 
on the 2-nd floor 

E-4 m2 1 1 650,00 0,40  10,70  80,49 - 17 655,00 - 

55 
Concreting of 

columns on the 2-nd 
floor 

E-4 m3 1 159,60 1,50  6,10  29,20 - 973,56 - 

56 
Concreting of walls 

on the 2-nd floor 
E-4 m3 1 118,00 1,50  6,10  21,59 - 719,80 - 

57 
Concreting of slab 
on the 2-nd floor 

E-4 m3 1 552,00 1,50  6,10  100,98 - 3 367,20 - 

58 
Concreting of beams 

on the 2-nd floor 
E-4 m3 1 192,00 1,50  6,10  35,12 - 1 171,20 - 
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59 

Dismantling of 
formwork for 

columns on the 2-nd 
floor 

E-4 m2 1 1 512,00 0,15  10,70  27,66 - 16 178,40 - 

60 

Dismantling of 
formwork for 

columns on the 2-nd 
floor 

E-4 m2 1 860,00 0,15  10,70  15,73 - 9 202,00 - 

61 

Dismantling of 
formwork for 

columns on the 2-nd 
floor 

E-4 m2 1 154,20 0,15  10,70  2,82 - 1 649,94 - 

62 

Dismantling of 
formwork for 

columns on the 2-nd 
floor 

E-4 m2 1 1 650,00 0,15  10,70  30,18 - 17 655,00 - 
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63 

Installation and 
tying of 

reinforcement cages 
for slab on the roof 

E-4 t 1 57,10 8,70  15,80  60,58 - 902,18 - 

64 

Installation and 
tying of 

reinforcement cages 
for beams on the 

roof 

E-4 t 1 19,10 8,70  15,80  20,26 - 301,78 - 

65 
Installation of  

formwork for slab 
on the roof 

E-4 m2 1 138,22 0,40  10,70  6,74 - 1 478,95 - 

66 
Installation of  

formwork for beams 
on the roof 

E-4 m2 1 1 648,00 0,40  10,70  80,39 - 17 633,60 - 
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67 
Concreting of slab  

on the roof 
E-4 m3 1 571,00 1,50  6,10  104,45 - 3 483,10 - 

68 
Concreting of beams  

on the roof 
E-4 m3 1 191,00 1,50  6,10  34,94 - 1 165,10 - 

69 
Dismantling of 

formwork for slab 
on the roof 

E-4 m2 1 138,22 0,15  10,70  2,53 - 1 478,95 - 

70 
Dismantling of 

formwork for beams 
on the roof 

E-4 m2 1 1 648,00 0,15  10,70  30,15 - 17 633,60 - 

71 

Installation of 
partitions with a 

single metal frame 
(height less than 5 

m) 

E-3 m2 1 666,32 0,59  10,00  47,94 - 6 663,20 - 

72 Laying brick walls E-3 m3 1 836,60 3,20  35,00  326,48 - 29 281,00 - 



124 
 

CONTINUATION OF APPENDIX E 
 
Continuation of Table E.4 
 

№ Name of the process 
Norm. 
Doc. 

Meas. 

M
ea

su
re

s 

V
ol

um
e 

of
 th

e 
w

or
k 

Time norm Quotation Labor costs Salary 

W
or

k 
hu

m
an

-h
ou

r 

M
ac

hi
ni

st
 m

ac
hi

ne
-

sh
if

t 

W
or

ke
rs

 

M
ac

hi
ni

st
s 

W
or

ke
rs

, h
um

an
-d

ay
 

M
ac

hi
ni

st
s,

 m
ac

hi
ne

-
sh

if
t 

W
or

ke
rs

 

M
ac

hi
ni

st
s 

1 2 3 4  5 6 7 8 9 10 11 12 13 
73 Doors installation E-6 m2 100 1 858,37 13,40 12,00 24,00  30,37 223,00 446,01 - 

74 
Installation of metal 

frames 
E-5 t 1 17,20 2,90 1,50 35,00  6,08 25,80 601,96 - 

75 
Installation of 
stained glass 

windows 
E-6 m2 100 13 581,00 15,10 13,70   250,09 1 860,60 - - 
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The 
construction of 

temporary 
fencing 

369,20 m 36,92 5,40 
Bulldozer 

DZ-190XL 
- 1,35 1 4 

1 machinist, 
3 workers 

Removal of top 
soil 

9 973,74 m2 9,97 5,59 
Excavator E-
1251B, truck 

GAZ-53A 
5,59 0,80 1 7 7 machinists 

Soil excavation 
in the pit 

8 377,38 m3 83,77 326,84 
Excavator E-
1251B, truck 

GAZ-53A 
298,23 14,91 1 20 

20 
machinists 

Excavation of 
soil underrun 

143,79 m3 143,79 28,76  - 1,44 1 20 
20 

earthworkers 

Concrete 
preparation for 

foundations 
23,11 m3 23,11 2,23 

KamAZ 
65201 

- 0,56 1 4 
1 machinist, 
3 workers 

Reinforcement 
installation 

14,78 t 14,78 39,97 
Crane XCMG 

QY25K5 
- 2,66 1 15 

12 fitters, 3 
welder 
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Continuation of Table E.5 
 

Name of the 
process 

Volume of work 
according to 
course work 

Volume of work 

Labor 
cost, 

hum-day 

The required machines 
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Formwork 
installation 

783,77 m2 783,77 128,46 
Crane XCMG 

QY25K5 
94,05 7,84 1 12 

9 carpenters, 
3 crane 
operator 

Concreting of 
foundations 

96,06 m3 96,06 99,56 
Concrete 

pump 
85,50 8,55 1 4 

1 machinist, 
3 workers 

Formwork 
removal 

783,77 m2 783,77 29,63 
Crane XCMG 

QY25K5 
- 2,47 1 12 

9 carpenters, 
3 crane 
operator 

Foundation 
waterproofing 

2 021,77 m2 20,22 24,66  - 12,33 1 2 2 workers 

Backfilling 4 020,06 m3 4 020,06 1 567,82 
Bulldozer 

DZ-190XL 
1 567,82 39,20 2 20 20 machinist 

Soil compaction 13 400,19 m2 134,00 123,28 DU-126 123,28 13,40 1 10 10 machinist 

Final land 
planning 

7 120,73 m2 71,21 37,76 
Excavator E-
1251B, truck 

GAZ-53A 
34,89 1,74 1 10 

4 machinists, 
6 workers 
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Continuation of Table E.5 
 

Name of the 
process 

Volume of work 
according to 
course work 

Volume of work 

Labor 
cost, 

hum-day 

The required machines 
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Removal of 
temporary 

fencing 
369,20 m 36,92 4,05  - 1,35 1 3 3 workers 

Installation and 
tying of 

reinforcement 
cages for 

columns on the 
cellar 

10,72 t 10,72 11,37  - 0,57 1 20 2 fitters 

Installation and 
tying of 

reinforcement 
cages for walls 

on the cellar 

103,23 t 103,23 109,52  - 5,48 1 20 2 fitters 

Installation and 
tying of 

reinforcement 
cages for slab 
on the cellar 

57,10 t 57,10 60,58  - 3,03 1 20 2 fitters 
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Continuation of Table E.5 
 

Name of the 
process 

Volume of work 
according to 
course work 
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Labor 
cost, 
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Installation and 
tying of 

reinforcement 
cages for beams 

on the cellar 

16,65 t 16,65 17,66  - 0,88 1 20 2 fitters 

Installation of  
formwork for 

columns on the 
cellar 

964,44 m2 964,44 47,05  - 2,35 1 20 2 carpenters 

Installation of  
formwork for 
walls on the 

cellar 

1 412,80 m2 1 412,80 68,92  - 3,45 1 20 2 carpenters 

Installation of  
formwork for 

slab on the 
cellar 

138,25 m2 138,25 6,74  - 0,34 1 20 2 carpenters 
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Continuation of Table E.5 
 

Name of the 
process 

Volume of work 
according to 
course work 

Volume of work 
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cost, 
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Installation of  
formwork for 
beams on the 

cellar 

1 040,00 m2 1 040,00 50,73  - 2,54 1 20 2 carpenters 

Concreting of 
columns on the 

cellar 
107,16 m3 107,16 19,60 

KamAZ 
65201 

- 0,98 1 20 
1 machinist, 
3 workers 

Concreting of 
walls on the 

cellar 
1 032,28 m3 1 032,28 188,83 

KamAZ 
65202 

- 9,44 1 20 
1 machinist, 
3 workers 

Concreting of 
slab on the 

cellar 
571,00 m3 571,00 104,45 

KamAZ 
65203 

- 5,22 1 20 
1 machinist, 
3 workers 

Concreting of 
beams on the 

cellar 
166,45 m3 166,45 30,45 

KamAZ 
65204 

- 1,52 1 20 
1 machinist, 
3 workers 
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Continuation of Table E.5 
 

Name of the 
process 

Volume of work 
according to 
course work 
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Labor 
cost, 
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Dismantling of 
formwork for 

columns on the 
cellar 

964,44 m2 964,44 17,64  - 0,88 1 20 2 carpenters 

Dismantling of 
formwork for 
walls on the 

cellar 

1 412,80 m2 1 412,80 25,84  - 1,29 1 20 2 carpenters 

Dismantling of 
formwork for 

slab on the 
cellar 

138,25 m2 138,25 2,53  - 0,13 1 20 2 carpenters 

Dismantling of 
formwork for 
beams on the 

cellar 

1 040,00 m2 1 040,00 19,02  - 0,95 1 20 2 carpenters 
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Continuation of Table E.5 
 

Name of the 
process 

Volume of work 
according to 
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cost, 
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Installation and 
tying of 

reinforcement 
cages for 

columns on the 
1-st floor 

16,30 t 16,30 17,30  - 0,86 1 20 2 fitters 

Installation and 
tying of 

reinforcement 
cages for walls 
on the 1-st floor 

10,40 t 10,40 11,03  - 0,55 1 20 2 fitters 

Installation and 
tying of 

reinforcement 
cages for slab 

on the 1-st floor 

55,31 t 55,31 58,68  - 2,93 1 20 2 fitters 
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Continuation of Table E.5 
 

Name of the 
process 

Volume of work 
according to 
course work 

Volume of work 

Labor 
cost, 

hum-day 

The required machines 

D
ur

at
io

n,
 d

ay
 

N
um

be
r 

of
 s

hi
ft

s 

N
um

be
r 

of
 w

or
ke

rs
 

pe
r 

sh
if

t 

S
tr

uc
tu

re
 o

f 
cr

ew
 

M
ea

su
re

m
en

t 

N
um

be
r 

N
am

e 

N
um

be
r 

of
 

m
ac

hi
ne

-s
hi

ft
 

Installation and 
tying of 

reinforcement 
cages for beam 
on the 1-st floor 

16,60 t 16,60 17,61  - 0,88 1 20 2 fitters 

Installation of  
formwork for 

columns on the 
1-st floor 

1 504,80 m2 1 504,80 73,40  - 3,67 1 20 2 carpenters 

Installation of  
formwork for 

walls on the 1-st 
floor 

727,00 m2 727,00 35,46  - 1,77 1 20 2 carpenters 

Installation of  
formwork for 

slab on the 1-st 
floor 

153,81 m2 153,81 7,50  - 0,38 1 20 2 carpenters 
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Continuation of Table E.5 
 

Name of the 
process 

Volume of work 
according to 
course work 

Volume of work 
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cost, 
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Installation of  
formwork for 

beams on the 1-
st floor 

1 650,00 m2 1 650,00 80,49  - 4,02 1 20 2 carpenters 

Concreting of 
columns  on the 

1-st floor 
163,02 m3 163,02 29,82 

KamAZ 
65201 

- 1,49 1 20 
1 machinist, 
3 workers 

Concreting of 
walls  on the 1-

st floor 
104,00 m3 104,00 19,02 

KamAZ 
65202 

- 0,95 1 20 
1 machinist, 
3 workers 

Concreting of 
slab  on the 1-st 

floor 
553,05 m3 553,05 101,17 

KamAZ 
65203 

- 5,06 1 20 
1 machinist, 
3 workers 

Concreting of 
beams  on the 1-

st floor 
166,00 m3 166,00 30,37 

KamAZ 
65204 

- 1,52 1 20 
1 machinist, 
3 workers 
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Continuation of Table E.5 
 

Name of the 
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according to 
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Dismantling of 
formwork for 

columns on the 
1-st floor 

1 504,80 m2 1 504,80 27,53  - 1,38 1 20 2 carpenters 

Dismantling of 
formwork for 

walls on the 1-st 
floor 

727,00 m2 727,00 13,30  - 0,66 1 20 2 carpenters 

Dismantling of 
formwork for 

slab on the 1-st 
floor 

153,81 m2 153,81 2,81  - 0,14 1 20 2 carpenters 

Dismantling of 
formwork for 

beams on the 1-
st floor 

1 650,00 m2 1 650,00 30,18  - 1,51 1 20 2 carpenters 
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Continuation of Table E.5 
 

Name of the 
process 

Volume of work 
according to 
course work 
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Installation and 
tying of 

reinforcement 
cages for 

columns on the 
2-nd floor 

15,96 t 15,96 16,93  - 0,85 1 20 2 fitters 

Installation and 
tying of 

reinforcement 
cages for walls 

on the 2-nd 
floor 

11,80 t 11,80 12,52  - 0,63 1 20 2 fitters 

Installation and 
tying of 

reinforcement 
cages for slab 
on the 2-nd 

floor 

55,20 t 55,20 58,57  - 2,93 1 20 2 fitters 
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Continuation of Table E.5 
 

Name of the 
process 
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according to 
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Installation and 
tying of 

reinforcement 
cages for beams 

on the 2-nd 
floor 

19,20 t 19,20 20,37  - 1,02 1 20 2 fitters 

Installation of  
formwork for 

columns on the 
2-nd floor 

1 512,00 m2 1 512,00 73,76  - 3,69 1 20 2 carpenters 

Installation of  
formwork for 

walls on the 2-
nd floor 

860,00 m2 860,00 41,95  - 2,10 1 20 2 carpenters 

Installation of  
formwork for 

slab on the 2-nd 
floor 

154,20 m2 154,20 7,52  - 0,38 1 20 2 carpenters 
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Continuation of Table E.5 
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Installation of  
formwork for 

beams on the 2-
nd floor 

1 650,00 m2 1 650,00 80,49  - 4,02 1 20 2 carpenters 

Concreting of 
columns on the 

2-nd floor 
159,60 m3 159,60 29,20 

KamAZ 
65201 

- 1,46 1 20 
1 machinist, 
3 workers 

Concreting of 
walls on the 2-

nd floor 
118,00 m3 118,00 21,59 

KamAZ 
65202 

- 1,08 1 20 
1 machinist, 
3 workers 

Concreting of 
slab on the 2-nd 

floor 
552,00 m3 552,00 100,98 

KamAZ 
65203 

- 5,05 1 20 
1 machinist, 
3 workers 

Concreting of 
beams on the 2-

nd floor 
192,00 m3 192,00 35,12 

KamAZ 
65204 

- 1,76 1 20 
1 machinist, 
3 workers 
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Continuation of Table E.5 
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Dismantling of 
formwork for 

columns on the 
2-nd floor 

1 512,00 m2 1 512,00 27,66  - 1,38 1 20 2 carpenters 

Dismantling of 
formwork for 

columns on the 
2-nd floor 

860,00 m2 860,00 15,73  - 0,79 1 20 2 carpenters 

Dismantling of 
formwork for 

columns on the 
2-nd floor 

154,20 m2 154,20 2,82  - 0,14 1 20 2 carpenters 

Dismantling of 
formwork for 

columns on the 
2-nd floor 

1 650,00 m2 1 650,00 30,18  - 1,51 1 20 2 carpenters 
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Installation and 
tying of 

reinforcement 
cages for slab 

on the roof 

57,10 t 57,10 60,58  - 3,03 1 20 2 fitters 

Installation and 
tying of 

reinforcement 
cages for beams 

on the roof 

19,10 t 19,10 20,26  - 1,01 1 20 2 fitters 

Installation of  
formwork for 

slab on the roof 
138,22 m2 138,22 6,74  - 0,34 1 20 2 carpenters 

Installation of  
formwork for 
beams on the 

roof 

1 648,00 m2 1 648,00 80,39  - 4,02 1 20 2 carpenters 

Concreting of 
slab  on the roof 

571,00 m3 571,00 104,45 
KamAZ 
65201 

- 5,22 1 20 
1 machinist, 
3 workers 
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according to 
course work 

Volume of work 

Labor 
cost, 

hum-day 

The required machines 

D
ur

at
io

n,
 d

ay
 

N
um

be
r 

of
 s

hi
ft

s 

N
um

be
r 

of
 w

or
ke

rs
 

pe
r 

sh
if

t 

S
tr

uc
tu

re
 o

f 
cr

ew
 

M
ea

su
re

m
en

t 

N
um

be
r 

N
am

e 

N
um

be
r 

of
 

m
ac

hi
ne

-s
hi

ft
 

Concreting of 
beams  on the 

roof 
191,00 m3 191,00 34,94 

KamAZ 
65202 

- 1,75 1 20 
1 machinist, 
3 workers 

Dismantling of 
formwork for 

slab on the roof 
138,22 m2 138,22 2,53  - 0,13 1 20 2 carpenters 

Dismantling of 
formwork for 
beams on the 

roof 

1 648,00 m2 1 648,00 30,15  - 1,51 1 20 2 carpenters 

Installation of 
partitions with a 

single metal 
frame (height 
less than 5 m) 

666,32 m2 666,32 47,94  - 3,20 1 15 
3 installer of 

structures 

Laying brick 
walls 

836,60 m3 836,60 326,48  - 16,32 1 20 2 bricklayers 
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Doors 
installation 

1 858,37 m2 18,58 30,37 
Crane XCMG 

QY25K5 
223,00 3,37 1 9 

1 crane 
operator, 2 
carpenters 

Installation of 
metal frames 

17,20 t 17,20 6,08 
Crane XCMG 

QY25K5 
25,80 2,03 1 3 

1 crane 
operator, 2 
installers 

Installation of 
stained glass 

windows 
13 581,00 m2 135,81 250,09 

Crane XCMG 
QY25K5 

1 860,60 20,84 1 12 
1 crane 

operator, 3 
carpenters 

 
 
 



142 
 

APPENDIX F 
 
As a result of the work in the budget program of the Republic of Kazakhstan, 4 

types of estimates were created: consolidated budget calculation, resource estimate, 
local estimate and object estimate. For a more plausible calculation, various overhead 
costs have also been added, which can be studied in detail in the estimate tables. 

According to the received calculation, the cost of construction of the hospital, 
excluding finishing, amounted to 1609380.171 thousand tenge. Thus, the cost of one 
square meter of the hospital will be: 

 
1609380171

3000.4 + 2903.3 + 2840.7
= 184047 𝑡𝑒𝑛𝑔𝑒 (𝐹. 1) 
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Plan of the basement, Specification of doors,
Specification of stained glass windows

Specification of doors of the basement

Mark Height, mm Width, mm Quantity,
pcs

Notice

D-1 2110 910 9
D-2 2110 1810 1
D-3 2032 1200 2
D-4 2110 700 3
D-5 1955 1955 1
D-6 2032 915 1
D-7 2032 2000 1
D-8 2110 1010 2

Specification of stained glass windows of the...

Mark

Sizes of
glass

section,
mm

Colour Quantity,
pcs

Notice

SG-1 1000х2000 nontransp
arent

1

SG-2 1000х2000 transparen
t

1

Plan of the basement (M1:200) Scheme of the flooring (M1:10)

The explication of the premises can be found in the explanatory note, Appendix 
A, Table A.1.
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Specification of doors of the 2-nd floor

Mark Height, mm Width, mm Quantity, pcs Notice
D-1 2110 910 63
D-2 2110 1810 19
D-3 2032 1200 2
D-4 2110 700 44
D-6 2032 915 1
D-7 2032 2000 2
D-11 2110 1510 2
D-12 2110 600 8

Specification of stained glass windows of the 2-nd floor

Mark Sizes of glass
section, mm

Colour Quantity, mm Notice

SG-1 1000х2000 nontransparent 74
SG-3 1000х2000 transparent 23

Plan of the 2-nd floor (M1:200)
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The explication of the premises can be found in the explanatory note, Appendix 
A, Table A.3.
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Гидроизоляция
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тарельчатый
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Саморез 4,2x60
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Пароизоляция Утеплитель
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Болт М10х70
стальн. оц. 6,8*
Шайба 10 2шт.
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t=1.9
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- непрозрачный стеклопакет:
6М1 E-Low зак - 18 Ar - 6М1 Ral 7040 зак

- прозрачный стеклопакет:
6 Suncool 70/40  ProT зак - 18 Ar - 6М1 зак

- сэндвич-панель Ral 7043 с улицы,
Ral 9006 в помещении, толщина 32 мм

- прозрачное стекло 10М1 зак

- витражный профиль: Ral 7043 с улицы,
Ral 9006 в помещении
(окна в витраже: Ral 7043 с улицы, Ral 9006 в 
помещении;двери в витраже: Ral 7043)

Окна и двери алюминиевые отдельно 
стоящиеокрашиваются аналогично окнам и дверям в 
витраже.Стеклопакет в алюминиевых отдельно 
стоящихокнах и дверях: 4Suncool 70/40 ProT зак - 16Ar - 4М1 
зак.
Стальные оцинкованные примыкания витража Ral 
7043.
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Рассечка из
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крепления утеплителя
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воздушная  прослойка
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Сечение 1-1 ÷ Сечение 6-6
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Утепление наружных стен 1

Утепление  наружных  стен  1

Утепление наружных стен 2

Утепление  наружных  стен  2

Облицовочный кирпич
Теплоизоляционные плиты из
экструдированного пенополистирола
Europlex (по расчету)
Керамзитобетонные панели
Облицовочный слой

Облицовочный кирпич 120 мм

Керамзитобетонные панели 300
Облицовочный слой

Тепло-, звукоизоляция из каменной
ваты ROCKWOOL®
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Ral 7043

Гидроизоляция

Утеплитель
минераловатный

Дюбель
тарельчатый
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30х28
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Саморез 4,2x60
потай, остр,оц. шаг
400мм

30х20
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Заклепка
А2/А2 3,2х8

Пароизоляция Утеплитель
минераловатный
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Болт М10х70
стальн. оц. 6,8*
Шайба 10 2шт.
Шайба 10 гровер
Гайка М10
Втулка ∅14.8х50
t=1.9

20
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- непрозрачный стеклопакет:
6М1 E-Low зак - 18 Ar - 6М1 Ral 7040 зак

- прозрачный стеклопакет:
6 Suncool 70/40  ProT зак - 18 Ar - 6М1 зак

- сэндвич-панель Ral 7043 с улицы,
Ral 9006 в помещении, толщина 32 мм

- прозрачное стекло 10М1 зак

- витражный профиль: Ral 7043 с улицы,
Ral 9006 в помещении
(окна в витраже: Ral 7043 с улицы, Ral 9006 в 
помещении;двери в витраже: Ral 7043)

Окна и двери алюминиевые отдельно 
стоящиеокрашиваются аналогично окнам и дверям в 
витраже.Стеклопакет в алюминиевых отдельно 
стоящихокнах и дверях: 4Suncool 70/40 ProT зак - 16Ar - 4М1 
зак.
Стальные оцинкованные примыкания витража Ral 
7043.
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Section 1-1 (M1:100)

Meas. N.part. Sheet Doc.№ Sign. Date
PageStage Sheets

"CEaBM" department,
CaDoBaS-21-4ar group

Формат А1А

Head of Dep.

Supervisor

Norm Control

Shayakhmetov S.B.

Niyetbay S.Y.

Yessembayeva A.A.
11

Qual. Control Kozyukova N.V.

Completed Yessengeldinova A.K.

SU - 6B07302 - Civil Engineering - 2025 - DP

Oncological hospital with high-tech departments in Almaty

Architectural and analytical section DP 6
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Side view on Beam (1:20)

Specification of reinforcement

Steel consumption statement

Section A-A

(1:20)

Section B-B

(1:20)

Niyetbay S.Y.
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Oncological hospital with high-tech departments in Almaty

Calculation and construction section

Side view on Beam, Section A-A, Section
B-B, Specification of reinforcement, Steel

consumption statement

DP 7 11

Position Designation Name Quantity Mass per unit, kg Notice

1 ST RK EN 10080-2011 ∅25 S500 L=6700 6 25.82 154.89

2 ST RK EN 10080-2011 ∅22 S500 L=5700 3 17.01 51.03

3 ST RK EN 10080-2011 ∅22 S500 L=1000 6 2.98 17.9

4 ST RK EN 10080-2011 ∅10 S240 L=770 43 0.48 20.43

5 ST RK EN 10080-2011 ∅10 S240 L=370 43 0.23 9.82

Element mark

Reinforcement details

Reinforcement class

Total
S500 S240

ST RK EN 10080-2011

∅25 ∅22 ∅10

Beam 154.89 68.93 30.25 254.07
Qual. Control Kozyukova N.V.

Completed Yessengeldinova A.K.



±0.000

-3.000

a a

500

2
0
0
х
15
=
3
0
0
0

46 46408

1

2

3

I.2

±0.000

-3.000

a a

400

2
0
0
х
15
=
3
0
0
0

46 46354

1

3

2

I.2

30 30340

3
0

3
0

4
4
0

26 26348

2
6

2
6

4
4
8

Specification of reinforcement

Steel consumption statement

Reinforcement scheme for
column by length (1:25)

Reinforcement scheme for
column by width (1:25) Section a-a (1:5)

Position Designation Name Quantity Mass per unit, kg Notice

1 ST RK EN 10080-2011 ∅32 S500 L=4000 8 25.25 202.02

2 ST RK EN 10080-2011 ∅8 S240 L=468 30 0.18 5.55

3 ST RK EN 10080-2011 ∅8 S240 L=368 30 0.15 4.36

Element mark

Reinforcement details

Reinforcement class

Total
S500 S240

ST RK EN 10080-2011

∅32 ∅8

Column 202.02 9.91 211.93
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Section with scheme of creation
the pit by excavator 1:100

Section with scheme of
backfilling by buldozer 1:100

Section with scheme of
compaction soil by roller

1:100

Scheme of working truck
and excavator 1:100

Scheme of removal of top soil
1:100

Calendar plan for zero-cycle work

№ Name Measurement Number

1 Duration day 109

2
Labor

intensity hum-day 2424

During the excavation work, it is necessary to comply with the safety requirements provided for in
the SNIP and the work project. Prior to the start of excavation work, it is necessary to establish
the exact location
of all existing underground utilities. Near them, soil development should be carried out only with
the permission of the organization operating these communications, in the presence of a
representative of the organization and under the supervision of a foreman and a foreman.
In the immediate vicinity of electric cables, pressure pipelines and gas pipelines, soil mining should
be carried out without the use of percussion instruments.
When developing a pit and trench, construct slopes in accordance with current regulatory
documents. When working with an excavator, it is forbidden to be under its bucket or boom, to work
from the side of the face. Loading of soil into a dump truck with an excavator is carried out from
the rear or side side, the presence of people between the excavator and the car is prohibited.
When loosening frozen soils by explosive means, it is necessary to observe a safe distance that
protects people, buildings, structures and mechanisms from the dangerous effects of an
explosion.
During installation work , the following requirements must be strictly observed. Special
precautions should be taken in windy weather. At negative outdoor temperatures
, anti-icing measures should be applied, and a room should be equipped for heating,
bringing them as close as possible to the place of work. Conduct proper operation
of the crane to ensure its stability, which is ensured by proper installation on a reliable base
strictly in horizontal and vertical positions.

Safety rules

naverage=19.23
nmax=20

Kuneven=nmax/naverage

Kuneven=20/19.23

Kuneven≈1

Plan of work of excavator 1:200
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Explication of objects

№ Name of the building Area, m2 Notice

1 Oncological hospital

2 Open warehouse 19.86 Reinforcenent

3 Open warehouse 53.42 Sand, gravel

4 Closed warehouse 30.64 Cement

5 Shelter warehouse 80.04 Formwork

6 Administrative building 16

7 Control room 14

8 Dressing room 120

9 Shower 164

10 Washbasin 13

11 Drying room 40

12 Canteen 91

13 Toilet 1.82

14 Transformer station 6

15 Checkpoint 20

16 Wheel washing point 24

Symbols and graphics

Symbol Meaning

Fire Hydrant

Spotlight

Water supply system

Sewerage system 1

W

S1

Symbols and graphics

(continuation)

Symbol Meaning

Sewerage system 2

Electric line

Fencing

Dangerous zone

Radius of crane

working area

S2

W1

General masterplan 1:400
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Calendar plan

Before the excavation begins, it is necessary to break up the site, remove the axes, and clear the area of debris, vegetation, and unnecessary structures. If necessary, lower the groundwater level.
Excavation work must be carried out in accordance with the design documentation, in compliance with safety regulations and occupational safety regulations. The work should be carried out in layers, with the control of marks and compliance with the
design slopes.
The development of the soil is carried out by a mechanized method (excavators, bulldozers, etc.), taking into account its category. When working near existing communications, use manual engineering. Excavation should be carried out with minimal
disruption of the natural structure of the soil being left.
The soil is removed to specially designated areas or used for backfilling. Temporary dumps should be placed outside the area of movement of machinery and works.
Backfilling should be carried out in layers (20-30 cm each), with mandatory compaction of each layer in a mechanized manner. Use suitable soil for filling, without organic inclusions and construction debris.
The control includes checking the depths and marks of the recesses, the degree of compaction, and compliance with design solutions. If necessary– laboratory tests of the soil.

General instructions on how to perform the work
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№ Name Measurement Number

1 Duration day 267

2
Labor

intensity hum-day 5337

naverage=19.992
nmax=20

Kuneven=nmax/naverage

Kuneven=20/19.992

Kuneven≈1
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