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INTRODUCTION

The theme of the graduation project is a Multicompartment building in
Okhtyrka city in the Sumy region. The residential building consists of two
block — sections, five-story, and seven-story, interconnected at the level of
4.5 floors by verandas. The frame and ceilings of the block sections are
designed in a monolithic version using the PERI universal formwork.
Columns are made of monolithic reinforced concrete of class B 20 with a
section of 400 x 400 mm. Ceilings and roofing — a monolithic, beamless
reinforced concrete slab 180 mm thick made of class B 20 concrete supported
by columns and walls. The elevator shaft is made of monolithic reinforced
concrete with a wall thickness of 200 mm. Stair flights are monolithic
1200 mm wide. Ventilation blocks — prefabricated reinforced concrete of
individual design. Lintels — prefabricated reinforced concrete according to
series 1.038.1 — 1 and individual metal ones.

Spatial rigidity is ensured by a monolithic ceiling 180 mm thick and
monolithic walls 200 mm thick.

The outer walls are designed as non-load-bearing enclosing structures
with floor-by-floor support on floors. The structure of the outer walls is
layered brickwork with insulation with PSB —s polystyrene boards,
calculated according to [28].

Monolithic concrete as a material for the construction of residential and
public buildings has always attracted the attention of architects and builders.
In the 1920s, an attempt was made in our country to determine the area of
rational use of monolithic concrete in the construction of buildings for various
functional purposes. However, with the intensive development of
prefabricated housing construction in the 1950s, interest in monolithic
housing construction decreased. Mainly due to the relatively high labor

intensity of work at the construction site, especially at low temperatures, the
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low level of mechanization of processes, and the lack of qualified workers
and engineering and technical workers. At the same time, foreign experience
testifies to the significant advantages of monolithic housing construction,
which include the rational use of material, labor and energy resources. Thus,
in the USA, the level of use of monolithic and prefabricated concrete is 63%
and 37%, respectively, in England — 68% and 32%, in France — 86% and 14%.

It should be noted that the complete opposition of monolithic housing
construction to prefabricated and “brick” is unfair. Monolithic housing
construction, unlike the prefabricated one, cannot be mass-produced. The
main advantage of monolithic housing construction is its use for solving urban
problems, for residential high-rise buildings of a point type, and extended
buildings of any number of floors.

In general, monolithic housing construction is characterized by:

— more opportunities for solving various urban planning problems at

lower costs of material and fuel and energy resources;

— fewer capital investments are required for the development of the

production base, compared with prefabricated building systems;

— the less painful transition of construction organizations in the

reorientation from industrial to residential construction;

— various possibilities of combinations with elements of prefabricated
construction (balconies, stairs, external panels, three-dimensional

block elements, etc.)

— the architectural and planning solution of the residential building was

adopted taking into account the urban development situation.

— the residential courtyard includes the necessary elements of
improvement: entrances to residential entrances, playgrounds and

recreation areas, landscaping, and a utility site.



CHAPTER 1. ANALYTICAL REVIEW

A Multicompartment building is a serious object in which the heating,

water supply, ventilation, power supply, and sewerage systems are connected

into a single whole [20, 15, 1]. The construction process is divided into several

stages, which ultimately affect the time. Despite this, multi-storey buildings are

increasingly being built using monolithic technology.

Any construction of any building using monolithic technology is a lengthy

and painstaking procedure. Moreover, this applies not only to the construction

work itself but also to the approval of the project and other paper documentation.

Consider the main stages of the construction of a monolithic high-rise
building [13, 14, 22, 15, 6]:

Perhaps the most difficult stage is not related to construction. First, you
need to obtain a building permit and select a suitable site. Then comes
a difficult period of coordinating controversial issues with the local
administration (given the complexity of urban construction, this stage

will take a huge amount of time and nerves);

Geological and topological exploration is carried out on the allocated
plot of land. It is necessary to correctly determine the type of soil and
its composition, the depth of groundwater, the level of soil freezing,

and other important indicators;

An extremely important stage is the development of a multi-storey
building project. It includes all the necessary construction
documentation: material calculation, engineering systems, sections,
floor plans, and final estimate. The project is the last paper document

and after it, the stages of construction work begin;

A breakdown of the site is being carried out and preparatory work for
the preparation of the foundation will start. It is necessary to dig a pit
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and drive piles under the foundation. After that, the installation of the
frame from the reinforcement begins (use a rod of rectangular or round
section). During the construction of a multi-storey building using
monolithic technology, the frame plays an important role - it gives the

structure the necessary rigidity;

Installation of removable formwork made of wooden panels,
polystyrene foam, or plastic is in progress. You can use ready-made
formwork. At the end of the assembly, a concrete solution is poured
with further tamping (using deep vibrators). Now it remains to wait for
the complete drying and hardening of the mixture, after which the
formwork is dismantled. VVarious additives can be used to speed up the

process. According to this principle, they build floor by floor;

Insulation and finishing of the facade are carried out after the last layer
of concrete has completely dried. It takes at least 28 days, and even

more in wet and cold weather;

In the final stage, the house is connected to all necessary
communications. After that, the territory adjacent to the house is

ennobled.

Monolithic high-rise buildings have obvious advantages over brick and

panel counterparts. First of all, it is worth highlighting their reliability and

compactness. An important component is external attractiveness. An insulated

and plastered monolithic high-rise building looks much better than a panel or
brick one [9, 6].
In addition, very often, when building a multi-storey building using

monolithic technology, additional architectural techniques and elements are

used: ledges, bay windows, curved walls, window openings with original
geometry [22, 15, 6, 1].
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One of the key benefits is durability. Thanks to special construction
technology, the monolithic structure has fewer joints, which can significantly
increase the service life. Such buildings can be built in seismically active areas.

Monolithic high-rise buildings are ideal as objects with a developed
infrastructure. On the basement and first floors, there is the possibility of
arranging retail outlets, sports facilities, parking lots, and other establishments.

The disadvantages include reasons that are not related to the operational
characteristics of buildings. The main negative point is the likelihood of shifting
the deadlines for the completion of the object.

This happens due to an incorrect calculation or when the weather
conditions worsen. This includes the complexity of the work because not every
company can master a monolithic structure.

Monolithic construction is one of the most promising technologies used in
the construction of buildings and structures for various needs.

The process of monolithic construction itself looks like the construction
of various structural elements from a mixture containing concrete and special
formwork.

Formwork is an integral part of monolithic construction, as well as one of
its features since it is due to formwork that the structure of the future building
acquires strength, rigidity, and resistance to changes in the shape, size, and other
properties of the concreted structure.

Even though the construction market is oversaturated with offers of
various services from construction companies, only a few of them are engaged
in monolithic construction, and even fewer are ready to offer high-quality
services for the construction of a monolithic house.

This is because monolithic construction is an innovation in the
construction of buildings that requires special knowledge and techniques that
are not available to every construction organization. In particular, the
construction of formwork, an indispensable part of a monolithic structure,

requires special knowledge.
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During the construction of monolithic buildings, fixed formwork made of
expanded polystyrene is the most popular among construction companies.

These formworks have the form of a hollow polystyrene block, which
consists of two panels interconnected by special bridges made of the same
material or plastic.

Expanded polystyrene is lightweight and easy to install, which is why it
has become very widespread.

As a rule, plasterboard sheets are most often chosen for interior
decoration, which is glued directly to polystyrene. Or choose plaster materials
that are applied to polystyrene foam.

Next, it is worth plastering the facade of the house or tiling it with tiled
materials or hardly combustible panels.

Also in monolithic construction, collapsible formwork is used. Most often
they are used in the construction of multistorey and administrative buildings. In

this case, the design of the house can be done in 2 ways:
— construction with monolithic external walls and insulated fagade;
— construction with monolithic walls and insulation inside the wall.

The first type of construction is used only in very large buildings, and the
second — is in all other cases.

At the construction site, special forms are installed - formwork, which
completely repeats the contour of the future structure or its element — walls,
columns, etc. In the formwork (of the type provided for by the scheme),
reinforcement is installed into which concrete is poured.

Today, several types of formwork are used in monolithic construction
technology: panel and tunnel formwork.

Tunnel formwork allows you to immediately get whole blocks of
apartments since you can simultaneously build both internal walls and ceilings
of the height and width that you only need. After the construction is completed,

it is only necessary to build the outer walls. True, such a house can hardly be
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called elite, since one apartment will occupy a maximum of 50 — 60 square
meters.

For the construction of shield formwork, it takes more time, but it is more
mobile. With its help, you can build buildings without frame-type beams, which
opens up a lot of different possibilities. For example, you can build a building
with absolutely any facade and any number of floors, while it is possible to plan
the apartments themselves in such a way that you can satisfy the customer as
much as possible. So, buyers get a lot of options for a future apartment -
whatever they want. You can buy an apartment without finishing and partitions
at all and plan it yourself from “A” to “Z”. So, the customer can decide for himself
how many rooms he will have, what kind of interior they will have and even
how many levels.

Then a communication system is installed (and this is all the electrical
wiring that fits into the walls and ceilings at the time of formation), and the
insulation system.

For the construction of external walls, curtains, panels, and brick walls are
used. It should be noted that monolithic brick construction makes it possible to
provide monolithic houses with almost one hundred percent sound insulation.

At the beginning of any construction, to start building a house, following
monolithic technology, the construction site is cleared and prepared for the
construction of the building. The construction area is calculated based on the
size of the building itself, as well as the area that needs to be allocated for the
storage and delivery of building materials. A distinctive feature of monolithic
construction is the fact that concrete for construction is prepared directly at the
site of the construction of the building, which can significantly reduce the cost
of preparing and delivering concrete, and as a result, save on the final cost of
construction.

Next is the installation of the reinforcing cage. This stage is extremely

important in monolithic construction technology, which allows you to build a
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highly economical house in the shortest possible time. Depending on the shape
of the reinforcing cage, the shape of the future building is formed. The
reinforcing frame gives the walls of the building additional reliability and
strength.

Then the formwork is installed. After preparing the territory and installing
the reinforcing cage, the construction is approaching the stage of erecting special
panel structures, into which concrete will be poured a little later.

Concrete is being poured. For the construction of the house, an ordinary
concrete mixture is used, which is responsible for the formation of the walls of
the future building.

heating of concrete. This need arises only when construction takes place
in the winter season so that the concrete hardens better. However, if the
construction takes place in the summer, then the need for this procedure is no
longer necessary.

Curing. Removing formwork. For the concrete to harden, it is left for
several days. After the concrete has hardened, the formwork is removed and the
construction is approaching the finish line.

Exterior decoration of the house. This stage is considered the final stage
of construction. Since concrete has high insulation performance, monolithic
buildings do not require additional work on laying hydro, heat, and sound
insulating materials. There is also no need to level the walls, so all finishing
work tends to only perform facing work. To finish the facade of a monolithic
building, you can use any known decorative materials that are only used today
for outdoor finishing work. Most often, as a rule, panel-facing materials, facing
bricks, decorative plaster, and many others are used. Here, architects can give
free rein to their innovations and at the same time take into account the taste
preferences of the customer as much as possible.

The requirements for the construction of monolithic buildings are of the
same kind as for the usual ones. These requirements and norms are enshrined in

the relevant government documents and project specifications.
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CHAPTER 2. ARCHITECTURAL DESIGN

2.1. General information

The architectural and planning solution of the residential building was
adopted taking into account the urban development situation. The residential
building consists of two block - sections, five-story, and seven-story,

interconnected at the level of 4.5 floors by verandas.
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Fig. 2.1. Situational layout

In the residential block section, a passenger-and-freight elevator with a
carrying capacity of 500 kg, and a staircase with a march width of 1.2 m were
designed. The normative height of a residential building is less than 26 m.

The insolation of apartments follows [32].

The first floor is designed to accommodate families with disabilities. In
addition, part of the first floor, in axes 1 — 3, is occupied by built-in public

facilities.
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The frame and ceilings of the block sections are designed in a monolithic
version using the PERI universal formwork. Columns are made of monolithic
reinforced concrete of class B 20 with a section of 400 X 400 mm. Ceilings and
roofing — a monolithic, beamless reinforced concrete slab 180 mm thick made
of class B 20 concrete supported by columns and walls. The elevator shaft is
made of monolithic reinforced concrete with a wall thickness of 200 mm. Stair
flights are monolithic 1.2 m wide. Ventilation blocks — prefabricated reinforced
concrete of individual design. Lintels — prefabricated reinforced concrete
according to series 1.038.1 — 1 and individual metal ones.

Spatial rigidity is ensured by a monolithic ceiling 180 mm thick and
monolithic walls 200 mm thick.

The outer walls are designed as non-load-bearing enclosing structures with
floor-by-floor support on floors. The structure of the outer walls is layered
brickwork with insulation with PSB —S polystyrene boards, calculated
according to stage I1, amend. 3 to [28]. Insulation — plates of polystyrene foam
PSB - C [33] a thickness of 150 mm y = 40 kg/m?>.

The brickwork of the inner layer of hollow brick follows [38] 1400 kg /m?
on mortar M — 50, 250 mm thick. The outer layer of face brick follows [38]
1400 kg/m?> on the mortar M — 50, 120 mm thick with jointing. In areas of
masonry for sheathing and plastering, the outer layer of hollow brick follows
[38] 1400 kg/m?> on the mortar M — 50, 120 mm thick without jointing.

Loggia fencing is made of bricks with face brick cladding and concrete
white facade slabs.

Internal inter-apartment walls made of bricks follow [38] 1400 kg/m?> on
the mortar M —50 and monolithic reinforced concrete. Intra-apartment
partitions made of double gypsum-fiber sheets on a metal frame manufactured
by Uralgips KNAUF. Partitions of bathrooms and kitchens along the front of the
installation of equipment from solid clay follow [38] 1400 kg/m? on the mortar
M — 50.
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The window blocks are made of wood with triple glazing. Socle made of
clay solid brick follows [38] 1400 kg/m? on the mortar M — 50. The following
engineering support systems are provided in the residential building: water
supply, sewerage, heat supply, electricity supply, and garbage chute. Ventilation
from kitchens and bathrooms is natural, through ventilation blocks. There is a

container area for collecting garbage near the residential building.

2.2. Initial data and general part.

Building-climatic zone 1V
Estimated outdoor temperature 25°C
Normative weight of snow cover 1.5 kPa
Standard wind pressure 0.3 kPa
Estimated freezing depth 2.0m
Degree of fire resistance 11
Level of responsibility 11
Durability category 11

2.3. Space planning

Residential area:

Area of apartments 3189.69 m?
The total area of apartments 3372.27 m?
Residential building area 4576.90 m?
Building volume 18520.00 m?
Including underground 2500.00 m?
Building area 922.8 m*

Built-in premises (Office):
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Total area 260.36 m*
Usable area 225.74 m?
Estimated area 187.68 m?
Building volume 933.20 m?

2.4. Thermal engineering characteristics of external enclosing structures

Basic initial data. Construction area: the humidity zone of the construction
area is normal; relative humidity indoors - 30%, humid mode — normal; design
temperature of the internal air: +27°C (accepted following the design standards
for the relevant buildings and structures); operating conditions of the building
envelope — B; calculated winter outdoor air temperature of a cold five-day period
with a security of 0.92 - 30°C.

Optimum thermal resistance. We determine the required resistance to heat
transfer, based on sanitary and comfortable conditions:

Ri:p _ Z(fg *_ tﬂ) _ 1,64()1/[2 *OC/Bm) (2.1)
1. .

120150 250
4

B /
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Fig. 2.2. The section fencing:
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1 —The outer layer of face brick on the mortar M — 50,120 mm thick with
jointing; 2 — Insulation - plates made of polystyrene foam PSB — S with a thickness
of 150 mmy = 40 kg/m?>; 3 — Brickwork of the inner layer of hollow brick on
mortar M — 50,250 mm thick.

To obtain resistance to heat transfer, based on the condition of energy
saving, we determine the degree-day of the heating period
Ro™ = 3,57 (M2 * “C/BT)

We determine the resistance to heat transfer of the fence:

RO:RG+Z::%+RH=4,26(M2X°C/Bm) (2.2)

The optimum thermal resistance of the insulation. We determine the
optimal thermal resistance of the insulation, taking into account capital costs

and operating costs for heating is 1,69 m* x °C/W, where:

— a coefficient taking into account the ratio of the thermal resistance of
the insulation to the resistance to heat transfer of the fence, equal to
0.85;

— a coefficient taking into account heat losses due to infiltration of

outdoor air, taken equal to 1.05;

— a coefficient taking into account the change in the cost of thermal

energy for the future, we accept — 1.3.

If R for need < R for real, then this means that the economically feasible
resistance to heat transfer simultaneously satisfies sanitary and hygienic
requirements, and the calculation ends there.

Thermal calculation of the floor structure.
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10| 300 |

Fig. 2.3. The section of floor

We find the required heat transfer resistance of the fence, which eliminates
the occurrence of condensate on the inner surface of the fence and provides

comfortable conditions:

R = 0,9 x (22—(=35)) / (3,0%8,7)= 1,97 m? (2.3)

We find the minimum reduced resistance to heat transfer, based on the
conditions of energy saving 2.85 m?°C/W. We determine the resistance to heat
transfer of the fence at 5.34 m*°C/W. Comparing the result, we see that the fence

meets the requirements of [28].

2.5. Characteristics of the main structural elements
2.5.1. Exterior finish.

The plinth of the outer walls should be faced with split concrete stones
SKTs — 1R — 1T made of heavy concrete, size 400 x 100 x 200 of the
company LLP "DEDOGOR", the seams should be sinking by 20 mm. Lay the
corner stones with the smooth side facing out.

Exterior walls to be faced with facing bricks with jointing. Walls of bay
windows should be lined with white plates "Fast — A", as an option, facing with
beige plates is possible. The walls of the first floor of the built-in premises are
decorative high-quality stone plaster with rustication and trapezoidal rustication.
Rusts are made using planed wooden slats. Plaster walls of entrances without

rustication.
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The composition of the stone mixture in% by weight:

White Portland cement (M-400) 20

Lime dough 5

A crumb of white limestone with a particle size of 0.6 —5mm 75

Inclusions of other colors up to 2 % are allowed. The composition of the
plaster and the technology for the production of plaster work according to the
builder's guide or similar but more recent editions.

The paint rust throughout the building is white.

Windows — oil painting for two times white. Balcony glazing - oil painting
for two times light gray. Entrance doors - finishing with weatherproof varnish.

Decorative screens of the attic and the roof of the entrance canopies should
be made of metal tiles, dark green by Monterrey.

Around the building, make a concrete pavement with a width of
700 mm from the concrete of class B 7.5 on a crushed stone base.

As finishing options, it is possible to change the color of the window
blocks from white and light gray to light green. It is also possible to replace

white plaster with plaster imitating granite.

2.5.2. Interior decoration.

Residential premises. Ceilings in living rooms, corridors, kitchens,
bathrooms, and bathrooms of apartments, as well as in entrance vestibules,
elevator lobbies, stairwells, and switchboard rooms: are grouted with
adhesive whitewash. The ceilings in the garbage chamber are grouted with oil
paint twice. Ceilings in the machine room of the elevator — lime whitewash.

Walls and partitions in living rooms - on plaster, pasting with wallpaper
of improved quality follow [36]. Walls in kitchens and bathrooms are
executed up to a height of 1400 mm — on plaster, oil painting two times; above

— on plaster, glue whitewash. Walls in bathrooms — up to a height of 2100 mm
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— glazed tiles, higher on plaster, adhesive whitewash. Walls in entrance
vestibules, elevator lobbies, stairwells, and switchboards, are made up to a
height of 1400 mm — on plaster, oil painting, and above - on plaster, painting
with water-based paints. In the waste chamber, the walls are covered with
ceramic tiles to the full height. In the engine room — on plaster, oil painting.

Above the kitchen equipment - facing with glazed tiles with elevation
0.800 to mark 1,400 including side walls at the stove and sink.

Paint the trunk of the garbage chute with oil paint twice.

Offices. In rooms: 101, 102, 103, and 104 — the ceilings are finished
with grout, and improved adhesive whitewash. In the same premises, the walls
are finished - on plaster, a finishing layer of mineral chips on an acrylic
binder. In rooms: 105, 106, 107, and 108 — ¢ eilings are finished with grout,
and improved adhesive whitewash. In the same rooms, the walls are finished
- on plaster with VA color. In-room 109 — the ceilings are finished with grout
and adhesive whitewash. Walls up to a height of 2100 mm — with glazed tiles,

and above — on plaster with adhesive whitewash.

2.5.3. Floors.

Residential premises. In living rooms, kitchens, corridors of apartments,
and pantries on the ground floors: — polyvinyl chloride linoleum on a heat and
sound insulating base on Bustilat glue, on a leveling layer of polymer cement
and cement-sand screed M 150 (20 mm) using polystyrene concrete (40 mm).

Bathrooms, first floor bathrooms, garbage chambers, el. switchboard
rooms, cleaner's room: — ceramic tiles on a cement-sand screed M 150
(20 mm) using concrete polystyrene (40 mm).

In living rooms, kitchens, corridors of apartments, storage rooms on

floors 2 —7: — linoleum on Bustilat glue, on a leveling layer of polymer
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cement and cement-sand screed M 150 (20 mm) using polystyrene concrete
(40 mm).

Bathrooms, bathrooms, vestibules of garbage chambers on floors 2 — 7:
— ceramic tiles on a cement-sand screed M 150 (20 mm) using polystyrene
concrete (40 mm).

Loggias of the 1st floor: tongue-and-groove boards [35] 28 mm thick,
along the logs of the section 120 x 80 mm.

Loggias 2 —7 floors: cement-sand mortar screed M 150 (20 mm)
painted with oil paint.

In elevator halls, common corridors of the 1st floor: — Mosaic concrete
of class B 15 (30 mm) over a screed of cement-sand mortar M 150 (20 mm)
and porous mortar M 50 (90 mm).

On the entrance porches: — "Belaton" stove F.7.8. on cement-sand
mortar M 150 (100 mm).

In elevator halls, common corridors of 2 —7 floors: — Concrete of
mosaic composition of class B 15 (30 mm) on a screed of cement-sand mortar
M 150 (20 mm).

Offices. In rooms - ceramic granite "CARRARA" is on the leveling layer
of cement-sand screed M 150 (40 mm) and using polystyrene concrete
(40 mm).

In rooms 105,106,107,108: — polyvinyl chloride linoleum on a heat-
sound insulating on the Bustilat glue, along with the leveling layer of polymer
cement and cement-sand screed M 150 (20 mm) using concrete polystyrene
(40 mm).

In-room 109: — ceramic tiles on cement-sand screed M 150 (20 mm)
using concrete polystyrene (40 mm).

Office entrance porch: Belton stove on cement-sand mortar
M 150 (100 mm).
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Lay 1 layer of glassine or polyethylene film over the insulation with an
overlap of 150 mm.

The ramp should be polished until 50 % of the aggregate is exposed.

The floor in the garbage chamber should be made with a slope to the
ladder.

In all rooms, install a wooden plinth PL — 1. Paint the skirting board in
the same color as the flooring.

Perform floors after installing pipes for electrical wiring and installing

partitions.

2.5.4. Key decisions to ensure the living conditions of people with

disabilities.

The project provides for measures to allow access for disabled people,
and people with disorders of the musculoskeletal system to apartments in a
residential building and a store. For this purpose, ramps are designed at the
entrance. There is an elevator to reach the floors of the residential building.

Entrance door leaves have a width of more than 900 mm.

2.5.5. Fire prevention measures.

In each apartment on the network of household and drinking water
supply, a separate tap is provided for connecting a fire hose (sleeve) for intra-
apartment fire extinguishing at an early stage [21]. As fire warning devices in
the apartments, autonomous detectors of the type are installed, which have
built-in sound devices.

The normalized height of a residential building is up to 26 m.

The degree of fire resistance of the building is II.

Functional fire hazard class F 1.3.
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CHAPTER 3. STRUCTURAL DESIGN

3.1. General part and load collection

The calculation includes a multicompartment building, a 7-story building.
Columns are made of monolithic reinforced concrete of class B20 with a section
of 400 x 400 mm. Ceilings and roofing — a monolithic, beamless reinforced
concrete slab 180 mm thick made of class B 20 concrete supported by columns
and walls. The elevator shaft is made of monolithic reinforced concrete with a
wall thickness of 200 mm. Stair flights are monolithic 1200 mm wide.
Ventilation blocks — prefabricated reinforced concrete of individual design.

Lintels — prefabricated reinforced concrete according to series 1.038.1 — 1
and individual metal ones. Spatial rigidity is ensured by a monolithic ceiling
180 mm thick and monolithic walls 200 mm thick. The outer walls are designed
as non-load-bearing enclosing structures with floor-by-floor support on the
ceilings. The structural diagram of the building is shown in Figure 3.1., The

diagram of deformations under the influence of loads is shown in Figure 3.2.

Fig. 3.1. Structural scheme of the building
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Table 3.1

Normative :
Name load | Reliability |Design load
factor
kPa kPa

Constant
Monolithic ceiling t=180 mm 4.50 1.1 4.95
Screed linoleum floors 0.20 1.3 0.26
Partitions 0.30 1.1 0.33
Total 5.00 5.54
Temporary
load 1.50 1.3 1.95
snowy 1.00 1.4 1.40
Coefficient k Standard  |Coefficient |Estimated

load KN/m |reliability |load KN/m
wind
Il - wind region, terrain type B
1st floor h=4.1 0.50 0.63 1.4 0.88
2nd floor h=7.1 0.56 0.71 14 0.99
3rd floor h=10.1 0.65 0.82 14 1.15
4th floor h=13.10.71 0.90 14 1.26
5th floor h=16.1 0.77 0.97 14 1.36
6th floor h=19.1 0.83 1.05 14 1.47
7th floor h=22.1 0.88 1.10 14 1.55
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Fig. 3.2. Deformed circuit

We calculate the compiled scheme from the resulting load case. The

obtained values are rendered by the program into separate isofield schemes
(shown below).
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3.4. Slab reinforcement

We accept class B20 concrete for the slab, reinforcement for
reinforcement. After the calculation by the program, the calculation results are
summarized in diagrams (shown below), the calculation is performed by the
finite element method using the program.

Splitting the slab into finite elements. Taking into account the location of
the vertical load-bearing elements and building axes, we break the monolithic
slab into finite elements.

Applicable formulas:

Full design load (& = 180 mm - monolithic floor thickness) g + §; N/m?.

Taking into account the reliability factor for the intended purpose yn = 0.95.

SR =w/(1+ o5z /0s5c - (1 —w/11)) (3.1)

w = a- 0.008 f.4,
a = 0.85
am = M/ f.;bho®

AS = M/ fChg

Condition: F < a Rbt Um ho, where F is the punching force

F=(qu+ab) (I1 14 (x +ho) (y +ho)) (3.2)

a =1 - heavy concrete
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Design value of wind load w,, = ®,,,,3.6 ...0.95, where 3.6 is the width of the
design band; y,, = 0.95 — reliability factor by purpose.
Conditional critical force:

Ner= 6.4E, /15(J/9l(0.11/(0.1 +8e¢) + 0.1)) +ads) (3.3)

Here J=bh3/12; cm*
¢1 =1+ B (M) /M),
where f = 1 — heavy concrete
6 = ey/h
a=E;/E,
Js = ubhy(0.5h — a)?,
where u = 0.04 is the first approximation
Element flexibility: A = lo/i = 24.6 > 14, therefore, it is necessary to take
into account the effect of element deflection on its strength.
Random eccentricity accept 10 mm.
Coefficientn = 1/(1 — (N/Ncr))
e =¢eyn+05h—a
As = As = (Ne — feabx(hy — 0.5x))/(Rsc(ho — a'))
A, =A< 0

Fittings are installed constructively.
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Fig. 3.8. Reinforcement area per 1 p/m along the X axis at the bottom edge
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0 0.69 1.4 2.1 238 35 42 49

Fig. 3.9. Reinforcement area per 1 p/m along the X axis at the top face
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0 0.91 3.6 a5 55 2 &l 7.3

Fig. 3.10. Reinforcement area per 1 p/m along the Y axis at the bottom edge
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Fig. 3.11. Reinforcement area per 1 p/m along the Y axis at the top face
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Transverse reinforcement according to the calculation is not required. As
a longitudinal reinforcement for 1 p/m, we take 10 rods d10mm A240 with As =
7.85 cm?. Therefore, we accept the transverse reinforcement structurally for

1 p/m, we accept 10 rods d10mm A240 with As = 7.85 cm?.
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CHAPTER 4. TECHNOLOGY OF CONSTRUCTION

4.1. Brief description of the construction site

The site of the planned construction is located in Okhtyrka residential area.
The territory of the construction site borders on the north and east with a forest;
in the west and south — with residential buildings.

The relief of most of the site is not disturbed by human activities

Geologically, the site is located within the gabbro massif. In its upper part,
bedrocks are destroyed to the state of crumbling, crushed stone, gruss, loam, soil
and plant layer.

Gabbro roofing is characterized by uniform weathering.

Groundwater is not found in the area.

According to the difficulty of mechanized development, the above soils
belong to the different groups.

The site is connected to the public road network with the existing road
from main Street.

Enterprises and quarries that serve construction with local materials are
located in the city of Okhtyrka, and partly in the region. The capacity of
enterprises and quarries of contractors makes it possible to provide construction
with building structures, products, parts, semi-finished products and materials
in the amount necessary for the uninterrupted production of construction and
installation works.

The contractor has a fleet of construction machines and vehicles of the

required quantitative and qualitative composition.

4.2. Determining the duration of construction

According to DSTU B A.3.1-22: 2013 “Determining the duration of

construction of facilities” [34], the duration of construction of a 5-7-storey
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monolithic residential building with a total area of 3631.63 m2 is 25 months,

including:
— preparatory period — 3 months.

— installation of equipment — 2-3 months,

4.3. Preparation of construction production

According to [30], for the implementation of construction in a timely
manner with high technical and economic indicators before the start of the main
construction and installation work on the site must be prepared for construction,
including organizational, preparatory, off-site and on-site work.

Organizational work includes:

— the decision of questions on conditions of use for needs of
construction of the existing transport and engineering
communications, the enterprises of the building industry,

constructions of heat power, etc;

— -decisions on the maximum use of local construction materials and

products;
— -determination of construction sites;

— the decision of questions on necessity of increase of production
capacities of the construction and assembly organizations and
attraction of the specialized subcontracting organizations for

performance of separate kinds of works;

The implementation of organizational preparatory work should be
preceded by a study of engineering and geological documentation and local
construction conditions. Preparatory work should include the construction of

access roads to the construction site, power lines, communications, transformer
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substations, main water supply networks, thermal power plants, sewers with
sewage treatment plants, etc.

On-site preparatory work includes the creation of a geodetic base for
construction, clearing the construction site, demolition of buildings and
greenery. When organizing a construction site, it is necessary to pay attention to
the location of permanent and temporary communications, temporary power
supply networks, storage sites, temporary administrative and domestic and

industrial premises in accordance with the construction plan.

4.4. Methods of production of construction and assembly works

4.4.1. Geodetic center base.

By the beginning of geodetic work, the construction site is freed from
buildings to be demolished. The geodetic base is created in the form of a network
of points fixed with signs that determine the position of the designed buildings
and structures on the ground.

Signs of the geodetic base during the construction process should be

monitored for their safety and stability.

4.4.2. Excavation.

Earthworks are carried out in accordance with DSTU-N B B.2.1-28: 2013
“Guidelines for earthworks, arrangement of foundations and construction of
foundations” [40].

The planning of the territory is carried out by the bulldozer D-217A:

— power — 79 kW;
blade length — 3.03 m;
— blade height — 1.1 m;
— brand of tractor — T — 100;
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— blade type — fixed.

The removed plant soil is taken out by dump trucks to the dump at a
distance of 15 km.

The development of the excavation of the building is carried out by the
single-bucket excavator EO — 5111 "straight shovel":

* power — 74 kW,

* bucket capacity — 1 m?;

* maximum digging depth — 9.4 m;

* the largest unloading radius — 12.2 m.

The soil used for backfilling is developed into a dump, the rest is loaded

onto dump trucks and transported 15 km to the dump.

4.4.3. Underground installation.

The construction of the basement is carried out by a crawler crane
MKG-40:
— power — 88.5 kW,
— carrying capacity (main hook) — 16 tons;
— boom length — 30 m;
— lifting height of the main hook — 28.3 m.
We perform waterproofing of the underground part with a DS — 394
asphalt distributor:
— Dbase vehicle ZIL — 130;
— tank capacity — 3500 [;
— feed length and distribution width — 10 and 3.8 m;
— the area of the processed surface from one parking lot — 20 x 2
(width x height) m;
— base car power — 110 kW.
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Backfilling of trenches and foundation sinuses is carried out by an EO —

2131A planner excavator (59 kW) with layer-by-layer soil compaction by a SP —

62 pneumatic rammer:

base excavator EO — 4121B;
slab dimensions — 0.8 x 0.8 m;
Impact energy — 8826 J;
weight — 2 tons;

excavator power — 95 kW.

4.4.4. Above ground installation.

Construction and installation work on the construction of the above-

ground part of the building is carried out in accordance with the requirements.

Works on the construction of the ground part of the building are carried

out floor by floor in the following technological sequence:

installation of formwork, reinforcement and concreting of the
column;

installation of formwork, reinforcement and concreting of walls;
erection of walls of stairwells and elevator shafts;

dismantling the formwork of the column and walls;

installation of formwork for floor slabs;

concreting of floor slabs;

masonry of internal walls and partitions.

The construction of external walls is carried out by an independent flow.

For the erection of wall and column structures, inventory formwork from

Peri Trio is used, for ceilings - Peri Multiflex. Formwork installation is carried

out in accordance with the standard technological maps "Installation of Peri Trio

wall formwork™ TO — 17 — 6 —TTK and "Installation and dismantling of

Multiflex formwork" TO — 17 — 8 — TTK.
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Installation of structures of the above-ground part is carried out by a tower
crane KB — 403:
— boom length — 30 m;
— maximum hook lifting height — 39.4 m;
— carrying capacity — 8 tons;
— power — 85 kW,

The concrete mixture is supplied by a KB — 403 crane using swivel
buckets BPV — 1.0.

The advantage of the crane method of supplying concrete is the possibility
of its transportation to any point within the reach of the boom and the height of
the hook. In addition, the advantage of cranes is their versatility as lifting
mechanisms - they deliver reinforcement, formwork, construction equipment to
the place of concrete work, and also serve other types of construction and
installation work within their coverage area.

During the construction of the column, the concrete mixture is compacted
with a deep vibrator IV — 56:

— outer case diameter — 76 mm;

— length of the working part — 450 mm;
— power — 79 kW,

— weight — 19 kg.

To compact the concrete mixture during the construction of floors,

vibrating screeds SO — 1314 are used:
— capture width — 1500 mm;
— dimensions — 1750 x 430 X 245 mm,;
— power — 0.26 kW,
— productivity — 90 m?/h;
— weight — 45 kg.
In hard-to-reach places, a PG — 2 pneumovibratory smoother is used for

compaction, complete with a CO — 7A compressor:



40

— power — 4.5 kW;
— productivity — 20 m?/h.

After completing the marking work and setting the orders, they begin
laying the outer walls of ceramic bricks. Wall insulation is carried out
simultaneously with the laying of walls. The laying of walls with a height of
more than 1.5 m is carried out from portable platforms — scaffolding (flooring
width — 2 m).

4.4.5. Stone works.

Brickwork with cladding is carried out in parallel with the installation of
prefabricated structures. To do this, the building is divided into 2 grips. After
the masons, working in 2 shifts, perform the task in (three tiers) brickwork on
the 1st grip and move on to the 2nd grip, the assemblers come to the first.

To ensure the optimal height of the masonry 0.5 — 0.9 mm, To increase
the productivity of masons we use self-elevating scaffolding, the supports of
which are made in the form of hinged levers scissors whose height, including
flooring with materials and workers, changes smoothly with hydraulic jacks.

The width of the mason's workplace on scaffolding, scaffolding, floors is
2.3—2.6m.

Supply of bricks on scaffolding is made in packages on pallets - the brick
is laid in a “herringbone’.

The solution is supplied by means of a dispensing hopper to the metal
boxes of the tanks 0.27 m>.

Recommended scaffolding

Hinged - panel scaffoldings of PPU — 4.

Installation of prefabricated reinforced concrete structures.

Acceptance of structures. Prefabricated reinforced concrete structures

coming to the construction site must have:
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— passport;
— on all designs - the marks and stamps of OTK put by indelible paint;
— on columns, crossbars, crane girders — axial risks;
— on one-sided reinforced elements — signs indicating the correct
position during loading, unloading, warehousing and installation;
— on bulky and heavy structures — marks showing the location of the
center of gravity.
At acceptance of designs of a bearing framework, elements check one by
one; elements of other non-bearing structures — selectively.
Installation of a design. Before the beginning of installation of
prefabricated designs it is necessary to make instrumental check of conformity

of position of these prefabricated designs and mortgage details to design.

4.4.6. Welding works.

Are made after check of correctness of installation of elements of designs,
position of welded details and preparation of joints for welding. Reinforcement
outlets and embedded parts must be thoroughly cleaned of concrete, bitumen,
paint, rust, moisture, snow, ice and dirt before welding.

Electrodes, type E42 with rutile coating are used for welding of galvanized
details from Steel 3. Electrodes of type 3504 are used for welding of steels of

other classes.

4.4.7. Sealing joints.

Non-calculated joints that do not absorb design forces are made of
concrete grade not less than 150 or mortar grade not less than 100. Sealing of

joints and seams must be done in a mechanized way using inventory formwork.
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Structures and products must be delivered to the site with all the necessary
connection elements.

Window and door blocks in brick walls are installed simultaneously with
the masonry. The surface of the blocks must be antiseptic and protected with
waterproofing materials. The gaps between the blocks and the brickwork are
carefully drilled with heat-insulating material.

Fastening of boxes in walls and partitions is carried out by the screws
hammered in wooden stoppers.

The lower surface of window sills should have a slope inside the room of
1-1.5%. Acceptance of wooden structures should be carried out before

plastering.

4.4.8. Waterproofing works.

Are executed after installation of all embedded parts connected with the
device in an isolated design of openings for passing of cables, anchors, and also
with the device of temperature and sedimentary seams.

Insulated surfaces are leveled, cleaned and, if necessary, primed. Bitumen
in the manufacture of mastic is heated, dehydrated, rolled materials are cleaned

of dusting and rewound on the reverse side.

4.4.9. Roofing works.

We start the device of a roof after the termination of all construction and
installation works on a roof, acceptance of the basis under a roof and after
cleaning of a workplace of construction garbage. All necessary materials,
mechanisms and equipment have been prepared for the beginning of roofing
works. In order to ensure a solid and dense application of the rolled carpet
"Bikrost", the base is primed under it. The primer is applied to the surface by

spraying using pneumatic systems. Before a sticker of a rolled carpet on a
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cement coupler or on hot asphalt - in the winter), we carry out a first coat with
cold mastic in the period of setting. This creates favorable conditions for the set
of the required strength of the screed.

Before the beginning of roofing works the surface of a plate has to be
cleared by the KU — 405A sweeper (power - 1.1 kW).

In the production of roofing works machines CO — 1004 (60 kW), CO —
122 and CO — 99A (1 kW) are used for the device of bituminous primer.
Bitumen is delivered to the construction site by the BV-41 truck on the basis of
ZIL — 130:

— capacity of the tank — 4000 [;

— power of the base car — 110 kWW/.

— The OTS — 005 manual torch complete with CO — 124 and CO — 7A is
used for the device of a surfacing roof:

— productivity — 150 m?/h;

— weight — 29 kg;

— power — 4 kW.

Compaction of cement-sand screed solution is made by CO — 1314
vibrating rail (0.26 kW). In hard-to-reach places for consolidation use the PG —
2 pneumatic vibrating iron.

Containers, mechanisms and materials are fed to the roof by the KB — 403

crane.

4.4.10. Finishing works.

At production of finishing works — to be guided by DSTU-N B A.3.1-23:
2013 Guidelines for the installation of insulating, finishing, protective coatings
for walls, floors and roofs of buildings and structures (SNiP 3.04.01-87, MOD)
[39].

Includes plastering, cladding, painting, glass and wallpaper.
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Prior to the start of finishing works in the building, the general
construction and installation works must be completely completed, the networks
must be pressed and tested. Finishing work begins on the upper floors.
Plastering, cladding and preparatory painting work may be started from the
lower floors, provided that at least two floors are installed above the finished
premises, and no installation work is currently underway.

Finishing is carried out at the operating constant systems of heating and
ventilation. If necessary, use a temporary heating system (heater type). The use
of temporary stoves is prohibited. Finishing work is performed in the following
sequence:

— plaster works;

— facing works;

— preparation of walls for oil painting and whitewashing of ceilings;
— device of floors;

— final painting of surfaces with glue and oil paint;

— sanding and rubbing the floor.

The PSHS — 4 plaster station (34 kW) is used for supplying the solution
to the floors and mechanized application.

Perform high-quality plaster with a thickness of 20 mm, consisting of a
layer of spray, two layers of soil, and a layer of cover with leveling the soil on
the beacons and grouting the cover layer with a grater.

High-quality oil painting is carried out by the CO — 115 station complete
with the CO — 124 injectors, the CO — 71A air spray gun and the CO — 74
compressor. Various means of lubrication are used: at a height of up to 4m —
mobile scaffolding, in hard-to-reach places - tables and ladders.

The installation of floors is made element by element:

— underlying layer;
— waterproofing;

— screeds;
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— top cover.

Plank and parquet floor coverings may be installed only after the
completion of works in the room related to the humidification of the floor, while
the windows must be glazed and doors hung.

Linoleum, polyvinyl acetate and polyvinylchloride coverings are arranged
only after finishing works.

Cement binder coatings that are not primed with a bitumen solution must

harden in humid conditions.
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CONCLUSIONS

In this work was designed Multicompartment building in Okhtyrka city of
Sumy region.

The first part of this thesis describes the analytical review.

The second part of this thesis describes the Architectural solution of the
Multicompartment building. The Multicompartment building was designed in
Okhtyrka city of Sumy region.

The architectural and planning solution of the residential building was
adopted taking into account the urban development situation. The residential
building consists of two block — sections, five-story, and seven-story,
interconnected at the level of 4.5 floors by verandas.

In the residential block section, a passenger-and-freight elevator with a
carrying capacity of 500 kg, and a staircase with a march width of 1.2 m were
designed. The normative height of a residential building is less than 26 m.

The first floor is designed to accommodate families with disabilities. In
addition, part of the first floor, in axes 1 — 3, is occupied by built-in public
facilities.

The frame and ceilings of the block sections are designed in a monolithic
version using the PERI universal formwork. Columns are made of monolithic
reinforced concrete of class B 20 with a section of 400 X 400 mm. Ceilings and
roofing — a monolithic, beamless reinforced concrete slab 180 mm thick made
of class B 20 concrete supported by columns and walls. The elevator shaft is
made of monolithic reinforced concrete with a wall thickness of 200 mm. Stair
flights are monolithic 1.2 m wide. Ventilation blocks — prefabricated reinforced
concrete of individual design. Lintels — prefabricated reinforced concrete
according to series 1.038.1 — 1 and individual metal ones.

Spatial rigidity is ensured by a monolithic ceiling 180 mm thick and

monolithic walls 200 mm thick.
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The outer walls are designed as non-load-bearing enclosing structures with
floor-by-floor support on floors. The structure of the outer walls is layered
brickwork with insulation with PSB — S polystyrene boards. Insulation — plates
of polystyrene foam PSB - C a thickness of 150 mmy = 40 kg/m?>.

The brickwork of the inner layer of hollow brick 1400 kg/m? on mortar
M — 50, 250 mm thick. The outer layer of face brick 1400 kg/m? on the mortar
M — 50, 120 mm thick with jointing. In areas of masonry for sheathing and
plastering, the outer layer of hollow brick follows [38] 1400 kg/m?® on the
mortar M — 50, 120 mm thick without jointing.

Loggia fencing is made of bricks with face brick cladding and concrete
white facade slabs.

Internal inter-apartment walls made of bricks1400 kg/m? on the mortar
M — 50 and monolithic reinforced concrete. Intra-apartment partitions made of
double gypsum-fiber sheets on a metal frame manufactured by
Uralgips KNAUF. Partitions of bathrooms and kitchens along the front of the
installation of equipment from solid clay 1400 kg/m? on the mortar M — 50.

The window blocks are made of wood with triple glazing. Socle made of
clay solid brick 1400 kg/m? on the mortar M — 50. The following engineering
support systems are provided in the residential building: water supply, sewerage,
heat supply, electricity supply, and garbage chute. Ventilation from kitchens and
bathrooms is natural, through ventilation blocks. There is a container area for
collecting garbage near the residential building.

The plinth of the outer walls should be faced with split concrete stones
SKTs — 1R — 1T made of heavy concrete, size 400 x 100 x 200 of the
company LLP "DEDOGOR", the seams should be sinking by 20 mm. Lay the
corner stones with the smooth side facing out.

Exterior walls to be faced with facing bricks with jointing. Walls of bay
windows should be lined with white plates "Fast — A", as an option, facing with

beige plates is possible. The walls of the first floor of the built-in premises are
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decorative high-quality stone plaster with rustication and trapezoidal rustication.
Rusts are made using planed wooden slats. Plaster walls of entrances without
rustication.

The composition of the stone mixture in% by weight:

White Portland cement (M-400) 20

Lime dough 5

A crumb of white limestone with a particle size of 0.6 —5mm 75

Inclusions of other colors up to 2 % are allowed. The composition of the
plaster and the technology for the production of plaster work according to the
builder's guide or similar but more recent editions.

The paint rust throughout the building is white.

Windows — oil painting for two times white. Balcony glazing - oil painting
for two times light gray. Entrance doors - finishing with weatherproof varnish.

Decorative screens of the attic and the roof of the entrance canopies should
be made of metal tiles, dark green by Monterrey.

Around the building, make a concrete pavement with a width of
700 mm from the concrete of class B 7.5 on a crushed stone base.

As finishing options, it is possible to change the color of the window
blocks from white and light gray to light green. It is also possible to replace
white plaster with plaster imitating granite.

The calculation includes a multicompartment building, a 7-story building.
Columns are made of monolithic reinforced concrete of class B20 with a section
of 400 x 400 mm. Ceilings and roofing — a monolithic, beamless reinforced
concrete slab 180 mm thick made of class B 20 concrete supported by columns
and walls. The elevator shaft is made of monolithic reinforced concrete with a
wall thickness of 200 mm. Stair flights are monolithic 1200 mm wide.
Ventilation blocks — prefabricated reinforced concrete of individual design.

Lintels — prefabricated reinforced concrete according to series 1.038.1 — 1

and individual metal ones. Spatial rigidity is ensured by a monolithic ceiling
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180 mm thick and monolithic walls 200 mm thick. The outer walls are designed
as non-load-bearing enclosing structures with floor-by-floor support on the
ceilings.

The site of the planned construction is located in Okhtyrka residential area.
The territory of the construction site borders on the north and east with a forest;
in the west and south — with residential buildings.

The relief of most of the site is not disturbed by human activities

Geologically, the site is located within the gabbro massif. In its upper part,
bedrocks are destroyed to the state of crumbling, crushed stone, gruss, loam, soil
and plant layer.

Gabbro roofing is characterized by uniform weathering.

Groundwater is not found in the area.

According to the difficulty of mechanized development, the above soils
belong to the different groups.

The site is connected to the public road network with the existing road
from main Street.

Enterprises and quarries that serve construction with local materials are
located in the city of Okhtyrka, and partly in the region. The capacity of
enterprises and quarries of contractors makes it possible to provide construction
with building structures, products, parts, semi-finished products and materials
in the amount necessary for the uninterrupted production of construction and
installation works.

The contractor has a fleet of construction machines and vehicles of the

required quantitative and qualitative composition.
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