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AHJATIIA

byn nuniaomMabIk xK00aHBIH TaKbIPHIObI «AJIMaThl KalaChIHIAFbl SHEPTOTHIM/II
ONIEYMETTIK TYpFbIH Yil». JKoba coyneT-KyphuUIbIC, OHM3alH KOHE KYPBUIbIC,
TEXHOJIOTUS MEH YUBIMIACTHIPYIIBUIBIK XKOHE SKOHOMMKAIBIK CHSKTHl TOPT HETI3T1
O6JIIMHEH TYPaJIbI.

Ocel  KYMBICTBI Kacay Ke3lHJe Kejecl OarnapiaMaliblK — JKacakKrama
KOJIJJTaHBUIJIbIL:

1 AutoCAD 2021 - kypbUIbIC MOJIE1 MEH TEXHOJIOTUSIIBIK OOJIITiH jKacayra
apHaJIFaH;

2 Autidesk Revit 2021 - rumapatrteiH 3D MofeiH )kacayra apHaJlFaH;

3 Etabs 2018 - FuMapatThiH KYPBUIBIMJIBIK O6JIT1H xK00aayra;

4 JKobGanbIH xanmbl KYHbIH Oaranay yurin KP cMertachi.

AHHOTALMS

Tema qUIIIIOMHOTO MpoeKTa - « DHeprod3hPEeKTUBHOE COIUAIBHOE KUIIOE IOM B
ropojge Anmatel». [IpOEKT COCTOMT W3 YETHIPEX OCHOBHBIX YacTeW, TaKuX Kak
ApXUTEKTYPHO-CTPOUTENbHASl,  MPOEKTHO-CTPOUTENbHAS,  TEXHOJIOTMYecKas |
OpraHu3aIlMoOHHAs ¥ SKOHOMUYECKas.

[Ipu cozmanuu pabOThl UCIIOJIB30BAIUCH CIEIYIONIUE MPOrPAMMBI:

1 AutoCAD 2021 - myis co3ganust MOJACIN 30aHUS M TEXHOJIOTHYSCKON 4acTu;

2 Autidesk Revit 2021 - mis cozganust 3D-monenu 31aHUS;

3 Etabs 2018 - Ha npoeKkTUpoBaHUE KOHCTPYKTUBHON YaCTH 3/1aHUS;

4 Cmerta PK - ny1s1 orieHk# o011ei CTOMMOCTH MPOEKTA.

ANNOTATION

The theme of this diploma project is «Energy-efficient social residential
building in Almaty city». The project consist of four main parts, such as architectural
and construction, design and construction, technology and organization, and
economic.

The following software programs were usesd during creating this work:

1 AutoCAD 2021- for creating building model and technological part;

2 Autidesk Revit 2021- for creating 3D-model of building;

3 Etabs 2018- for designing structural part of building;

4 Estimation RK- for estimating the overall cost of project.
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INTRODUCTION

Construction refers to engineering transactions for the construction of buildings
and structures such as residential buildings and non-residential building. A simple
building can be defined as a walled space with a roof, fabric, and basic human needs.
In ancient times, people lived in caves, in trees or under trees to protect themselves
from wild animals, rain, sun, etc. Over time, people began to live in huts made of
wooden branches.

The shelter of those old ones turned into beautiful houses. Rich people live in
sophisticated homes. a building is an important indicator of a country's social
progress. Each person has a desire to have comfortable houses on average, as a rule,
each person spends his two-thirds of his life in houses. A civil sense of responsibility
is safe. These are several reasons a person does their best and spend their hard-earned
savings in their own homes. Today, house building is the main work of the country's
social progress. New technologies are developed every day to build homes, cost-
effectively, quickly, energy-efficiently and with the needs of the engineering and
architectural community involved in the design, planning and planning of buildings.

The designer is responsible for the drafting of the building, as well as for the
direction of the engineers and architects. The designer must know his job and be able
to follow the instructions of the engineer and be able to draw the required building
drawing, site plans, layout plans, etc. In accordance with the requirements.

The main type of urban development is multi-storey residential buildings. The
operation of such houses allows us to rationally use the territory, reduce urban
transport facilities, the length of engineering networks, and streets.

In the world housing construction, a large share is occupied by multi-storey
residential buildings.

The use of multi-storey energy-efficient residential buildings primarily
provides the goal of saving urban areas, saving energy since during the construction
of multi-storey residential buildings we can significantly increase the population
density. The growth of cities is "wide" and exacerbates the transport problem and
increases the length of engineering networks. For the selection of types of multi-
storey residential buildings in large cities, the urban planning situation is considered,
as well as the conditions for the reconstruction of the central regions.



1 Architectural and construction Parts
1.1 Basic information about the construction site

The diploma project was developed for " Energy-efficient social residential
building located at the address: Almaty city, "Akkent Microdistrict".

Characteristics of the building:

The level of responsibility of a residential building refers to objects of the II
(normal) level of responsibility that are not technically complex, according to order
No. 517 of December 20, 2016 "On amendments to the order of the Minister of
National Economy of the Republic of Kazakhstan dated February 28, 2015 No. 165"
On approval The rules for determining the general procedure for classifying buildings
and structures as technically and (or) technologically complex objects. ”The degree of
fire resistance of the building - II. The degree of durability of the building - II.

The project was developed for the following construction conditions:

humidity zone — normal [1];

climatic region - II: temperate continental climate [1];

snow region - I, the standard value of the weight of the snow cover is Sk = 1.2
kPa [2];

wind region - II, standard value of wind pressure - 0.39 kPa; wind speed — 25
m/s [2];

climatic parameters of the cold season: air temperature of the coldest day: -30
degrees celsiuse; air temperature of the coldest five-day period: -23 degrees celciuse;

Soil class — 11, type of soil is sand and gravel that has medium dense [1];

the construction area is seismic zone, and the magnitude is 9 points [3]; the
region hieght from sea level is 681 m;

the construction site is located in the zone of residential and administrative
buildings, the relief of the site is calm.

1.2 Natural-climatic and engineering-geological conditions

The characteristic features of the climate of this territory are: an abundance of
sunlight and warmth, continentality, hot long summers, relatively cold winters with
alternating thaws and cold snaps, large annual and daily amplitudes of air temperature
fluctuations, dry air and changes in climatic characteristics with terrain altitude [1].

The coldest month - January is characterized by negative temperatures minus
6.6 - 16.5degrees celciuse (for plains and foothills). The hottest month is August. The
average temperature for the plains is 24 - 26 degrees celciuse. The absolute maximum
temperature reaches 36.7 - 41.7 in the same zone.The main data on the snow cover
are given in Table 2 [3].



Table 1 - Air temperature

Weather months

per
station

year

1 [ 2] 31456 7189 10]11]12

Average monthly and average annual air temperature, degrees celciuse

Almaty | 4.7 -3.0] 34 | 11,4]16,6[21,6[23,9]229]17,6] 9,9 [ 2,7 [ -2,8 ] 10.00
Average maximum air temperature,degrees celciuse
Almaty | 0.6 [ 22 | 86 [17.3][224[275]30.0]29.4]242]163] 82 | 2.3 | 15.8
Absolute maximum air temperature, degrees celciuse
Almaty ]16.8[21.9[29.8[33.2]358]39.3|41.7[40.5[38.1[31.4]265][192] 41.7
Average minimum air temperature, degrees celciuse
Almaty | -84[-69]-1,1]59] 11 [158] 18 [168]11,5] 46 |-13]-64] 5
Absolute minimum air temperature, degrees celciuse

Almaty | - | - | - | - [ 7] 27347 3 -1 -1 - [-377
30.1 1 37.7124.8]10.9 11.9]134.1 318
Table 2 — Blanket of snow
Weather months Highest values for the
station winter
ol1o] 11 [ 12 ] 1 | 2 | 3 |4]|5]Average.| Max. | Min. |

Average monthly snow height, cm
Almaty | | [ 4 1019219 | | | 28 |55 ] 7 |

With distance from the mountains, the wind regime changes. The average
annual wind speed 1s 2.3 m / s. The wind breakthrough reaches 28 m / s. The lowest

average monthly wind speeds throughout the entire territory are observed in winter
(December, January), and the highest - in summer.

Table 3 — Wind

Wind Weather months Per
Station 123456 7]18]9]10]11]12]year

Average wind speed by months and per year, m/c

Almaty [10[1,1]13]17]18]20]19]19]18]15]1.1]1,0] 1.5

Maximum wind speed and wind vane breakthrough, m/c

Almaty [ 12 ]11]20[>20]>20]18 2018 [ 12]15]12]12]>20

Table 4 - Repeatability of wind and calm directions, percentage

Weather Direction Calm
station N NE E SE S SW \\Y% NW
Almaty 14 8 6 14 29 11 10 8 26




Cc3 CB

Figure 1 - Wind rose according to the weather station in Almaty

1.3 General plan

The master plan has been developed for the entire territory of the construction
land plot. The plot with a total area of 3.8 hectares, allocated for construction, located
in the city of Almaty, has a rectangular shape. The plot allocated for construction is
free of buildings. An 8.0 meter wide driveway is provided for the territory of the
facility; the pavement is made of asphalt concrete on a crushed stone base.
Improvement and gardening of the site provided for by the project reduces the overall
dust content and eliminates local sources of dust

Table 5 - Technical and economic indicators for the general plan

Name Indicator
Land area 3.8 hectare
Built-up area 4939.2 m?
Building factor 0.104
Landscaping area 13060.8 m?
Landscaping factor 0.297
Hard surface area 20000 m?
Territory utilization rate 0.745

The area around the building is landscaped and landscaped. The building has
hard surfaced access roads.

1.4 Space-planning solution

The energy-efficient social residential building consists of seven buildings of
twelve floors and one ground floor. The ground floor has an area of 1019.2 m? and
each 12 floors has an area of 705.6 m®. The height of the building from the zero mark
is 36 m. The height of the typical floor is 3 m, and the height of basement is 4 m. The
main staircase, elevators of the engineering equipment shaft are located in the
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concrete core of stiffness near to the middle in the front side of the building. Two lifts
surrounded by shear walls are used in this building that each of them has respectively
630kg, and 1000kg weight. At the middle of the building there are two staircases
system.

The scales for the plan and section is accepted 1:100 according to GOST 21.501.
Various premises of the building are grouped according to functional characteristics,
which allow organizing clear technological interconnections between them, meeting
sanitary-hygienic and fire safety requirements, contributing to the convenience of
operating the building, as well as increasing the comfort of living in it.

1.5 Constructive solutions of the project

The structural scheme of the building is a frame with load bearing walls, while
at the level of the basement, reinforced concrete columns and walls are load-bearing
(that is, it is ashear wall system). Spatial immutability is ensured by external and
internal heating blocks, reinforced concrete columns and beams, and a hard floor
plate made of monolithic reinforced concrete slabs.

Foundations — Raft foundation with a thickness of 900 mm . Under the
foundations, perform a reinforced monolithic pad and crushed stone preparation of
thicknesses 100mm. Make horizontal waterproofing of foundations from 2 layers of
ruberoid on bitumen mastic. Vertical waterproofing of foundations in contact with the
ground should be coated with hot bitumen 2 times.

Walls — the outer walls of the basement are monolithic reinforced concrete
walls with a thickness of 400 mm, the outer walls of the first to the twelfth floor are
400 mm thick walls made of Autoclaved aerated concrete AAC blocks (Foam
concrete block), internal walls with a thickness 270 mm should also be made of foam
blocks on cement-sand mortar.

Partitions — partition walls with a total thickness of 175 mm to be made of
Reinforced brick partition wall.

Slabs — monolithic reinforced concrete floor slabs with a thickness of 200 mm.

Beams — reinforced concrete with a section of 300x500;

Lintels — bar for buildings with masonry walls;

Windows - Triple Casement Vinyl Replacement Windows are selected for this
buildig. It is a double-glasses window and the most energy-efficient windows and
suitable for the project.

Doors - installation of molded wood composite interior doors in accordance
with GOST 6629-88, PVC doors in accordance with GOST 309702002, installation
of steel exterior doors in accordance with GOST 31173-2003. All the types of doors
used in this building is energy-efficient and made of environmentally-friendly
materials.

Blind area - The blind area is concrete along the entire perimeter of the
building with a width of 1.0 m.

11



External finishing - from external facade plaster and, a decorative layer made
of Wood Plastic Composite boards or panels.

12



2 Calculation and design part
2.1 Calculation of dead loads

The loads of floors and wall are presented in Table A.1 in Appendix A.

2.2 Calculation of soil pressure

Type of soil bases for foundations — sand and gravel (category II)

y = 1.73t/m3
c=0

@ = 35°
h=4m

q = 0.6 t/m?

Active pressure
The intensity of the horizontal active soil pressure from its own weight v, at a
depth of h =y = 4.1 m should be determined by the formula:

R —c- 27
O AL S R &

P, =[1.73-4.1-0.27 — 0-2v0.27]4/4 = 1.915 t/m?
where:
) 35
— 2 _ — 2 I
A, = tg* (45 2) = tg (45 2>_ 0.26
Passive pressure:
@ = 35°
1=0.26
Py = q - A t/m’
P, = 0.6+ 0.26 = 0.15 t/m?
=> P = 1915+ 0.156 = 2.93 t/m?

2.3 Determining Live loads according to EN 1991

Building category - A (residential building)
- floor — 2 kH/M? = 0.2 t/m>

- staircase — 2.5 kN/m? = 0.2 t/m?

- balconies — 2.5 kN/m? = 0.25 t/m>

- unexploited roof — 0.5 kN/m? = 0.05 t/m?

13



2.4 Calculating snow load

Almaty city - II snow region [1]:

ui = 0.8,
C. =1,
Ce =1,
s, =12

§ =i Co Ce s (2)

s=08-1-1-1.2=0.96 kPa
where C, —enviromental factor;
C; —thermal coefficient;
sy —the characteristic value of the snow load on the ground;
ui—snow load shape factor.

2.5 Calculation of wind load

Almaty city is located in the II wind region, q;, = 0.39 kPa, wind speed — 25
m/s

The dimensions of the building are 39.2 x 18 x 37 m, Almaty is the II wind
region.

18000 h=37000

39200

Figure 2 - Building plan

1) Calculation of wind load by OX

We divide the building in height into zones corresponding to the base height
for the external pressure z. according to the standard at b =18 m;h =37 <b =
39.2 m.

The terrain category of building is I'V.

14
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Figure 3 — exposition coefficient, ¢,

h<b

18000

We = C(2) " qp ~ Ce

At ze=37m; c, = 0.8; ze = 37m; c,(37) = 2.1:
w, = 2.1-390-0.8 = 655.2 Pa = 66.8 kg/m?

Figure 4 - Base height Z. depending on h and b and the profile of the velocity
head

Basic velocity wind pressure for wind region 11, g» = 0.39 kPa
Wind pressure we is equal to:

(3)

h=<b

7 Z=96

7.2Pa

Figure 5 - Diagram of wind pressure
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) 7,84041

Figure 6 - Scheme of division into zones of lateral sides

External pressure on the sides:
External pressure coefficients cpe.
Wind pressure we is equal to:

Table 6 - Values of wind pressure

Al cpe=-12 c.(37) = 2.1 We = 2.1+ 390:- (_—116%?21(;—/151322.8 Pa
B| Cpe=-08 ce(37) = 2.1 We =2.1- 390:- (—_6061.37)8:k g—/szs.z Pa
D| cpe=+038 ce(37) =21 We = 2.1- 390:- (-I-I_606.£.37)8:l<;/?11525.2 Pa
E| cpe=—05 c.(37) = 2.1 We = 2.1+ 390:- (:40i§7)4=1{g74;?;9.5 Pa

Wind loads are applied at the floor level:

At the level of the Ist floor: take into account half of the floor (1500 mm) +
foundation above ground level (1000 mm). The design strip for the 1st floor is 2500
mm.

Typical floors calculated strip - 3000 mm.

At the roof level - 1500 mm.

For the windward side, two zones in the first zone from 0 to 37m include floors
1-6 floors; in the second with 7-11 + roof.

Table 7 - Pressure across the floors of the building

first floor
D +66.78 - 2.5 = 166.95 kg/m=0.167 T/m
A —100.2 - 2.5 = —250.5 kg/m=-0.250 T/m
B —66.78 - 2.5 = —166.95 kg/m=-0.167 T/m
E —41.74 - 2.5 =-104.35 kg/m=-0.104 T/m
Typical floor 2-6

D +66.78 - 3 = 200.34 kg /m=0.200 T/m

A —100.2 -3 = —300.6 kg/m=-0.300 T/m
B —66.78 -3 = —200.34 kg/m=-0.200 T/m
E —41.74 -3 =-12522kg/m=-0.125 T/m
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Continuaton of Table 7

Typical floor 7-11

D +66.78 - 3 = 200.34 kg /m=0.200 T/m

A —100.2 -3 = —300.6 kg/m=-0.300 T/m
B —66.78 -3 = —200.34 kg/m=-0.200 T/m
E —41.74 -3 =-12522kg/m=-0.125 T/m

Roof

D +66.78 - 1.5 = +100.17 kg/m =-0.100 T/m
A —100.2-1.5 = —150.3 kg/m =-0.150 T/m
B —66.78 1.5 = —100.17 kg/m =-0.100 T/m
E —41.74 - 1.5 = —62.61 kg/m=-0.0626 T/m

2) Wind load calculation according to OY
We divide the building in height into zones corresponding to the base height
for the external pressure z. according to the standard at h = 37 M > 2b = 36 m:

z:=18
37 h>2b S I- 7:=37
7e=19
z=18.
7e=18.5
2.=18.29
ZeTB
39.200 l

Figure 7 - base height z. depending on h and b and the profile of the velocity
head

Basic velocity wind pressure for wind region 11, g» = 0.39 kPa
Wind pressure we is equal to:
We = Ce(Z) " qp ~ Ce
Atze=18m; c, = 0.8; Z. = 18m; ¢, (18) = 1.5:
w, = 1.5-390- 0.8 = 468 Pa = 47.7 kg /m?
At ze = 18.25m; ¢,(18.25) = 1.525
w, = 1.525-390- 0.8 = 475.8 Pa = 48.5 kg /m?
At ze=18.5m; ¢,(18.5) = 1.55
w, = 1.55:390- 0.8 = 483.6 Pa = 49.3 kg/m?
At z.=18.75m; ¢,(18.75) = 1.575
w, = 1.575-390- 0.8 = 491.4 Pa = 50.1 kg /m?
Atz.=19m; c,(19) = 1.6
w, = 1.6-390- 0.8 = 499.2 Pa = 50.9 kg/m?
At z.=37m; c,(37) = 2.2

17



w, = 2.2-390- 0.8 = 686.4 Pa = 70 kg/m?

18 686.4Pa

250

a7 h>2b 250 499.2Pa
- 491.4Pa
o5 483.8Pa

475.8Pa

|

18 468Pa

Figure 8 - Diagram of wind pressure

36004—+—14400—+ 21200
39200

Figure 9 - Scheme of division into zones of lateral sides
Wind pressure w. 1s equal to:

Table 8 - Values of wind pressure

Al cpe=—-121] ¢, (37) =21 W = 2.1-390 - (—1.2) = —982.8 Pa = —100.2 kg/m?
B| cpe=—08 | c.(37) =21 W, = 2.1-390 - (—0.8) = —655.2 Pa = —66.78 kg/m?
Cpe = =05 | c,(37) = 2.1 We = 2.1-390 - (—0.5) = —409.5 Pa = —41.74 kg/m?
Cpe = +08 | c.(37) = 2.1 W, = 2.1-390 - (+0.8) = —655.2 Pa = +66.78 kg/m?
E| cpe=—-05| c,(37) =21 We = 2.1-390 - (—0.5) = —409.5 Pa = —41.74 kg/m?

Wind loads are applied at the floor level:

At the level of the 1st floor: take into account half of the floor (1500 mm) +
foundation above ground level (1000 mm). The design strip for the 1st floor is 2500
mm.

18




Typical floors calculated strip - 3000 mm.

At the roof level - 1500 mm.

For the windward side, two zones in the first zone from 0 to 37m include floors
1-6 floors; in the second with 7-11 + roof.

Table 9 - Pressure across the floors of the building

Ist floor
D +66.78 - 2.5 = 166.95 kg/m=0.167 T/m
A —100.2 - 2.5 = —250.5 kg/m=-0.250 T/m
B —66.78 - 2.5 = —166.95 kg/m=-0.167 T/m
C —41.74-2.5 = —104.35 kg/m=-0.104 T/m
E —41.74 - 2.5 = -104.35 kg/m=-0.104 T/m
Typical floor 2-6
D +66.78 - 3 = 200.34 kg /m=+0.200 T/m
A —100.2 -3 = —300.6 kg/m=-0.300 T/m
B —66.78 -3 = —200.34 kg/m=-0.200 T/m
C —41.74-3 = —125.22 kg/m=-0.125 T/m
E —41.74 -3 = —125.22 kg/m=-0.125 T/m
Typical floor 7-11
D +66.78 - 3 = 200.34 kg /m=+0.200 T/m
A —100.2 -3 = —300.6 kg/m=-0.300 T/m
B —66.78 -3 = —200.34 kg/m=-0.200 T/m
C —41.74-3 = —125.22 kg/m=-0.125 T/m
E —41.74 -3 = —125.22 kg/m=-0.125 T/m
Roof

D +66.78 - 1.5 = +100.17 kg/m =-0.100 T/m
A —100.2-1.5 = —150.3 kg/m =-0.150 T/m
B —66.78 1.5 = —100.17 kg/m =-0.100 T/m
C —41.74-1.5 = —62.61 kg/m=-0.0626 T/m
E —41.74-1.5 = —62.61 kg/m=-0.0626 T/m

2.6 Calculation of seismic loads

Sand and gravel soil - class 11

According to the soil conditions a; = 0.528 g > 0.08g therefore, the
calculation for the determination of seismic loads along the X and Y axes is
necessary.

where a; > 0,4g; agv/ag = 0.9:

ayg = a4°0.9=0.528g-09 =0.47g > 0.25g
Taking into account the vertical seismic load along the Z axis is necessary.
Calculation according to horizontal:

a, = 0.528g,
q=3
Tg = 0.20s,
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T. =0.72
With a value of the coefficient of behavior q = 3:
At0<T<0.25:
2 T (25 2 2 T (25 2
Sa (Dex = 45 [5+7-(5=3)| = 0528[5+ 535 (5 3|
= 0.528 (0.66 + 0.837)
But not less than:

a, +— =0.528- —=0.44
q 3

g
At0.25<T<0. 96:
S, (T) = 25 = 0.528 2'5—044
d = Qg4 1 = 0. 3 =0
At T <0.96:

2.5 (T,
Sa (M max = a4 ?<%>] = 0.528

2.5 <O.96> _0.25

5 T T
But not less than:
02a, =02- 0.528 = 0.105

The quantitative values of the ordinates of the spectra of the calculated
reactions, calculated for some periods T at q = 3, are given in tables 1.

Table 10- Values of ordinates of the spectrum of calculated reactions at q = 3

T,s 0 025 | 0.50 | 096 | 1.20 | 1.50 2.0 2.50 3.0

S4(T), in shares g 0.34 046 | 044 | 0.26 | 0.103 | 0.084 | 0.061 | 0.053 | 0.053

Calculation of the acceleration Sq (T) by the above formulas from NTP RK 08-
01.1-2017 «Design of earthquake-resistant buildings and structuresy.

2.7 Thermal calculation of the outer wall

According to SPRK 2.04-01-2017 «Construction heat engineering» [p.7-10] it
is necessary to determine the thickness of the insulation for the outer wall. Determine
the value of the degree days of the heating period:

GSOP = (tB - tavg) " Zavg (4)

where, t;= 21 degrees of Celsuise, C — indoor air temperature;
tave= 1.7 C — average temperature of the heating season;
Zavg= 160 days — duration of the heating period;
GSOP = (21 —-1.7)160 = 3088°C - days
The required resistance to heat transfer of enclosing structures that meet
sanitary and hygienic and comfortable conditions is equal to:
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R, = 2.45-°C/Br

Table 11 - Composition of the outer wall

Material name Yo, kg/m® | A, Br/m?-°C 5,m R, = 8/A,m? -°C/Bt
Fiber cement siding 1650 0.76 0.149 0.196
Extruded 40 0.03 0.1 3.3
Styrofoam(2 layers)
Aerated concrete 600 0.26 0.20 0.76
Polyethylene sheets 940 0.76 0.001 0.0013

The heat transfer resistance of the enclosing structure should be determined by
formula 2.2:

1 & & 685 6, 1
Ry=—+—+—+—+—+— ©)
U 81 82 83 84 Ay

1 1
Rop= =—=+0.196 + 3.3+ 0.76 + 0.0013 + —
0= 37 + + + + + >3

= 4.4 m?-°C/BT
Ry = 4.4 m?-°C/Bt > R} = 2,45m?-°C/Bt
The condition is met. We accept the thickness of the insulation 200 mm.

2.8 Anti-seismic measures

The threat of seismic impacts on the territory is under consideration. Seismic
hazard i1s determined in space, in time (frequency or probability over a certain period
of time) and in intensity (in points or in kinematic parameters of ground movements).

List of settlements located in the seismic zones of the Republic of Kazakhstan.

The residential building designed in the thesis is located in a seismic zone,
therefore, anti-seismic measures are required. Seismicity of the work area according
to SP 2.03-30-2017 1s 9 points [7].

The category of soils for seismic properties is II (second). The revised
seismicity value should be taken equal to 9 (nine) points.

The residential building has a length of 60 meters, since our frame is reinforced
concrete, the length should not exceed 48 meters, therefore we make a sedimentary
(expansion) seam.

Anti-seismic joints should be performed by erecting paired walls, paired
frames, or a frame and wallThe width of the antiseismic seam between buildings or
compartments should be taken not less than the total value of their calculated
horizontal displacements at the corresponding level, calculated using expression
(7.31). With a building height of up to 5 m, the width of the antiseismic joint,
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regardless of the calculation results, must be at least 30 mm. The width of the anti-
seismic joint for buildings of greater height should be increased by 20 mm for every 5
m in height.

Anti-seismic joints separating the foundations (except for pile foundations) are
allowed to be 10 mm wide.

In buildings located on construction sites with seismicity of 9 points or more, it
is not allowed to provide the possibility of mutual displacement of adjacent
compartments due to the movement of the span structures that are freely lying on the
structures of adjacent compartments.

2.9 Manual calculation of beam

For the calculation, a structural element was chosen - a slab at an elevation of
34000 along the 1- A/ 1-B axis.

1) Longitudinal reinforcement calculation [5]:

Rectangular beam (30 x 50 cm)

Normal concrete class C30 / 37 (fa =30, Ye = 1.5, fea = acc * foc / Ye=1-30/
1.5 =20 MPa). Reinforcement class S450 (fyx = 440 MPa, fy=fu / Ys =440/ 1.15 =
383 MPa), Mg, = 483.7 kN.m,184.6 kN.m

Meds
Aggs = Fb-d? (6)

where d = h —¢; = 500 — 40 = 460mm
184.6 .
QEds = 507105030 0462 T
Since aggs = 0.145 < aggsm = 0.372, (see Fig. B.1. Appendix B), for
the given section dimensions and concrete class, compressed reinforcement is
required. Taking.

Osa = fya = 434.6 MPa, — apg = 0381, and = 00625, {=-=
0.960 >z = 0.96 - 460 = 441.6 ,x = 0.45d = 0.45 - 460 = 207, 2 = % _
0.86~0.1

d[cm]

ka = 7)
Mggs[kN - m]
b[m]
46
kg = = 1.85
184.6
03

Mgas = Mgp — Ngp * 251
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Mgy = 184.6 — 0 = 184.6 kN - m
Since kg = 1.14, then kg; = 2.70 and kg, = 0.80 [5].
Mgas[kN -m]  Ngq[kN]
A 21=p, -
silem?] = p1 kg d[cm] + 435

A = 1.01 270184'6+ 0 = 10.94 cm?
s1 = UL T T T g g T T em

where p; = 1.01 and p, = 1.04 (Table B.4)
4 rebars by diameter of 20 mm (Ay; = 12.56cm?).

Aglem?] = py -y~

184.6
Asz =1.04-0.8- ? = 4.81cm2

Compressed reinforcement is not required by design. We put it constructively.

2 rebars by diameter of 20 (Ag,= 6.28 cm?).

2) Determination of transverse reinforcement

Calculation of transverse reinforcement class S235(f,x = 235MPa, fyq =
235MPa).

Longitudinal reinforcement class S500 (f,, = 500MPa, f,,; = 382.6MPa,
E, = 20 - 10%); sectional area of tensile reinforcement Ag; = 12.56 cm?(4¢ 20).

Required:

Determine the area and spacing of the transverse reinforcement (use the method

truss analogy).
To do this, we define the shear force that concrete can perceive by the formula:

Viede = {(038) K (100p; - fu)3) by d, kN (8)

c

1

3 st
But not less than Vgg ¢ min = {0.0035-kz-f3}- b, - d, kN

where:
= + |— < = + =1.77

_ 1256 = 0.008 < 0.02
bw-d 300-500
d=h—c=500-40 =460
1
VRac = {( ) 1.77 - (100 - 0.008 - 30)§} -300-500 = 162030.32N
03 kN
3 1
VRd.cmin = {0.0035 -1.772 - 305} -300-500 = 5089.7N = 5.09kN

According the Etabs calculation Vgq4 = 145.30
Vra:emin < VEd:max < VRa,ermax=; 5.09 kN < 145.30 kN <162.03 kN
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The step of the transverse reinforcement is determined by the formula:
s <0.75d
s <0.75-500 = 375 mm
We accept the step of the transverse reinforcement s = 375 mm.

_ VEd;max " S

Ao =
W d, fawcosY

%)

Where take according etabs; Vgq.max = 145.30 (lateral reinforcement in a
given section.
We set the angle of inclination of the cracks to the horizontal ¥ = 40
The first design section is assigned at a distance(d, = 660 mm)
fow = 235
145.3 - 10%-375 , "
Agy = 660 - 235 cos 40° 458.5 mm* = 4.58cm
We accept: 23¢ 10 S235 (4, = 4.58 cm?).
In this case, the following conditions must be met:

Agy - f
ﬁs 0.5 v - fq (10)

Where v-coefficient, taking into account the reduction in the strength of
concrete in compression under tension and equal for heavy concrete:

fck> 30
=06(1- =06(1—=—]=0.532>0.
v 06<1 o0 06(1 250) 0.53 > 0.5

4585 235 1o 053 - 20
300- 375 — O

0.95 < 5.3 the condition is met.
v f.qg by - d, B 0.53-20-300-660

cot40 + tan40  cot40 + tan 40

VEd:max < VrRd,co max = = 234746.7N

= 234.7kN
VEd:max = 145.3 kN < Vgq.., max = 234.7kN
The condition is met.
Other sections are calculated in the same way.

2.10 Calculations from Etabs

Calculation of the spatial system for static and dynamic actions with the choice
of design combinations of efforts.

We create 10 load cases, thereby applying loads to the building frame:

-The dead weight of the building;

-Floors;
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-Walls;

-Ground pressure;

- Long-term load;

- Short-term load;

- Snow load;

- Seismic X

- Seismic Y

Load Analysis

The 7 load cases are defined in my structure and according these load case the
structure is analyzed, the load cases are illustrated in following figures.

Load Cases X
Load Cases Click to:
Load Case Name Load Case Type Add New Case...
Live Linear Static Modify/Show Case...
EQX Linear Static Delete Case
floor load1 Linear Static
EQY Linear Static v Show Load Case Tree...
WX Linear Static N
WY Linear Static
Snow load Linear Static 0K
soil pressure Linear Static
Cancel

Figure 10 - Load cases

Then we proceed to the loading of our building itself that are shown in Figure
A.1, Figure B.2 and Figure B.3 in Appendix B.

Combinations of action for permanent design situation (basic combination)

All coefficient and formulas are taken from SP RK EN 1990 bases for
designing loading structure. We can calculate manually by the following formulas.

Yi21Y6 Gk +Vp P+Vo Qk +Xi>1¥o Wo1 - Ok (11)
Yi21Y6 "Gk +Vp P+ v Wo1 @k +2i>17o " Wo.i - CQk (12)
Yi21V6 Gk +Vp PtV Qk +Xi>1¥o  Yoi Qk (13)

where y; = 1.35 —for permanent loads;
Gk — sum of permanent loads;;
Yq = 1.5 — for temporary loads ;
Qg — sum of temporary loads;
Yo,¥;, ¥, — in table HIT.A1.1.
Combinations of actions for seismic design situations
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2jz1Grj + P+ Apqg + Xis1 Qri - Pai

Table 12 - The values of y

(14)

with Figures 8.

Bosaeiicreun 173 vA [7%3
IIpuroskKeHHBIEe HATPY3KH B 3JaHHaX, Kateropuu (cnv. EN 1991-1-1):
Kareropua A: OBITOBBIE, JKHIBIE 30HBI 0,7 0.5 0.3
Kareropua B: oducHsle rutomams 0.7 0.5 0.3
Kareropua C: 30HBI 2718 coOpaHmit 0.7 0.7 0.6
Kareropua D: Toproesie rurtomamsu 0,7 0.7 0.6
Kareropua E: ckaaackue niaomasya 1,0 0.9 0.8
Kareropmua F: 30HBI JOPOKHOIO ABHIKEHHA 1A TPAHCHOPTHBIX CpeacTe Becom = 30
xH 0.7 0.7 | 0.6
Kareropua G: 30HBI JOPOKHOIO ABMHIKEHHA IS TPAHCIOPTHBIX CPEeIACTE BECOM OT
30 xH xo0 160 xH 0.7 [ 0.5 | 0.3
Kareropusa H: noxpsrrisa (kpbimm)® 0.7 (o] (o]
CuHeroesple Harpysku Ha saaaua (cvm. EN 1991-1-3)*:
Jlna paiioHoE, Haxoaammuxca Ha Beicotre H = 1000 M Hax ypoBHeM MOpA 0,7 [ 0.5 0.2
Jlna pafioHoe, Haxoaamuxcsa Ha eeicore H = 1000 M Han ypoBHeM MOpPA 0.5 | 0.2 (8]
Berpoesie Harpysxku Ha 3gaaua (cam. EN 1991-1-4) 0.6 0.2 (o]
TemneparypHble BOozaeHcTENA (HCKIIOYaA MokKapel) Ha sgaaaa (cvm. EN 1991-1-5) 0.6 0.5 (o]

a) Cn. Taoke 3.3.2(1) EN 1991-1-1.
Then the combinations of design load combinations will look in accordance
Load Combinations X

Combinations

1.35+1.5LL-0.9WL(X)
1.35+1.5LL+0.9WL(X)
1.35+1.05LL-1.5WL(X)
1.35+1.0SLL-1.5WL(Y)
1.35+1.05LL+1.5WL(X)
1.35+1.05LL+01.5WL(Y)
1.35DD+1.5LL-0.9WL(Y)
1.35DD+1.5LL+0.9WL(Y)
1.35 Dead

1.35DL - 1.5WL(X)
1.35DL-1.5WL(Y)
1.35DL+1.5LL
1.35DL+1.5WL(X)
1.35DL+1.SWL(Y)
1DL-1.5WL(X)

Click to:

Figure 11 - Combination of actions

Load Combinations

Combinations

1.35DL+1.5LL
1.35DL+1.SWL(X)
1.35DL+1.5WL(Y)
1DL-1.5WL(X)
1DL-1.5SWL(Y)
1DL-1SL(X)
1DL-1SL(Y)
1DL+0.3LL-1SL(X)
1DL+0.3LL-1SL(Y)
1DL+0.3LL+1SL(X)
1DL+0.3LL+1SL(Y)
1DL+1.SWL(X)
1DL+1.5WL(Y)
1DL+1SL(X)
1DL+1SL(Y)

Click to:

Figure 12 — Combination of actions
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Ultimate strains and bases

Industrial and civil one-story and multi-storey buildings with a full frame: the
same, with the device of reinforced concrete belts or monolithic floors, as well as
buildings with a monolithic structure, Average smax, y = 10 cm, Respectively,
according to the standard the maximum settlement of the base is Sqmax, y = 10 cm [16].

For our design scheme, the maximum drift is 60 mm, which satisfies the
condition which is shown in Figure B.4 in Appendix B,

S = Smaxu
60 mm < 100 mm
The relative difference in sediment is:
RS = (Du,

where L is the distance between the axes of the foundation blocks in the
direction of horizontal loads, and in guyed supports - the distance between the axes of
the compressed foundation.

According to Appendix B [1], the relative draft should not exceed 0.002.
Then, according to FigureA.5 in Appendix A, we get that the relative draft is:

= 0.00013 < 0.002

18000
Conidian 1s met

Deflection of the slab and girder

The appearance and overall serviceability of the supporting structure may be
compromised if the calculated deflection of a beam, slab or cantilever beam, near a
constant combination of actions, exceeds L / 250 span. According to the standard (SN
RK EN 1992-1-1 < Design of reinforced concrete structures for buildings >,
according to sub-clause 7.4 Control of deflections).

The deflection of the floor slab is determined according to Figure A.5 in
Appendix A

The deflection is 60 mm

According to subparagraph the deflection of the slab should not exceed a value

equal to:
l 6800

250 250
Maximum horizontal displacement from the wind
According to paragraph EN1991 10.14 of Table 22 [3], the maximum
horizontal displacements from the wind are calculated by the formula:

= 27.2mm

: . : : h
Maximum horizontal displacements from the wind = 200

where h - the height of multi-storey buildings, equal to the distance from the
top of the foundation to the axis of the roof girder.

The maximum movement along the X axis is 0.5 mm.

37000

0.5mm< =74 mm
500

The condition is met.
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The maximum displacement along the Y-axis is 1.03 mm according Figure B.6

in Appendix B.

7000

1.04 < 200 =74 mm

The condition is met.

Checking the regularity of buildings in the plan

To begin with, let's check the building for regularity in terms of X. To do this,
we use the formula according the Figure B.7 in Appendix B.

100 — 5max + (Smin 100
2 Smax
02210 00— 310 t
R = 31.9 percen
According the Figure B.8 in Appendix B.
100 — 5max + (Smin 100
2 8max
0 24.1 + 30.15 100 = 10.03 .
3015 = 10.03 percen
According the Figure B.9 in Appendix B.
100 — 5max + (Smin 100
2 8max
58.8 + 63.7 100 = 3.8 .
2637 - opereen
According the Figure B.10 in Appendix B.
100 — 5max + (Smin 100
. 222' Omax
100 — 22*22. 100 = 30.7 percent

2:5.7
Since not all values exceed 25%, our building is irregular in plan along the OX
and OY axes.
We take all the displacement values from the ETABS software package (story
response).
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3 Organisational and technological Part

3.1 Earthwork

Type of soil is sand and gravel that is included in II category of soil with
admixture up to 30 percent.

Initial data on soil are indicated in table 7.

Table 12 — Initial data

Name of factors Unit of Numeric data Note
measurement
Soil category I ENiR 2, edition 1
page 7-12
) . ENiR 2, edition 1
3 s
Average density of soil kg/m 1600 page 7-12
Initial loosening factor Percenage 10-15 ENiR 2, edition 1
page 179
Residual loosening factor Percenage 2.5 ENiR 2, edition 1
& page 179
Slope steepness factor Khamzin, Karasev
Percenage 0.67 «technology of
' construction
procesess», page 35

Range of soil transportation: 5 km

Winter temperature of external influence: minus 10 degrees celciuse

Elevation of the base of foundation: -3 m

Determination of the scope of work

As it is known at the present time, the construction of a building and structure
is not implemented without an approved estimate, therefore, customers require to
know the volume of capital investments and the timing of striotel.

- Temporary fencing

Prior to the construction work necessary to perform the construction temporary
fencing, fencing perimeter, m, determined by the formula:

Pren=(20+ 1) -2+ (20 + L) - 2 (16)

where [1, [>— length and width of the structure in plan, m.

Distance from the axis of the building in each direction is 20 m.
Pfen=(20+392)-2+(20+18)-2=1944m

But for the whole project the fencing will be 800 m.

- The volume of earthworks is determined when designing earthworks.

Vp=%-(a-b+c-d+(a+c)-(b+d)),m3 (17)
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where a, b are the width and length of the pit along the bottom;
¢, d - width and length of the pit along the top

3
Vo1 =—-(20.6-41.8 + 25.7 - 46.7 + (20.6 + 25.7) - (41.8 + 46.7)) = 3080 m?

176
Since I have 7 identical foundation pit for the whole project:
V,=7-Vy =7-3080 = 21560 m3
- Determine the volume of backfilling

Vp - Vf - Vbase

Vi = ,m3 18
bf1 1+K,, m (18)

where V; - volume of foundation elements;

Vbase - basement volume;

K:.- residual loosening factor is 0.05.

L _3080-63504-21168 __ . |
bf1 = 14005 = 2Leoom

Volume of backfilling for the whole project:
Vo =7 Vppr = 2187.71m3

Basement volume:
Vbase=a-b-h= (18 -39.2:3) =2116.8 m*
Volume of foundation elements:
Ve = 39.2- 18-09 = 635.04 m3

- Determination of the volume of surplus soil
Vos = Vp = Vip,m3 (19)

For one building:
Vi1 = 3080 — 312.53 = 2767.47
For the whole project:
Vis =7-2767.47 = 19372.29
- Determination of the volume of soil shortage

Vshorts = a'b‘hshort.s, m3 (20)

Hshorts= 0.1+0.4 m
Vshorts = (39.2-18-0.4) = 282.24m3
For the whole project:
Vehorts = 7 * 282.24 = 1975.68 m3
- Determination of the cutting area of the vegetation layer
Sveg = (10 + ¢+ 10) (10 + d + 10), m? 21)

Sveg = (10 +25.7 + 10) (10 + 46.7 + 10) = 3048.19 m?
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For the whole project:
Sveg = 7+ 3048.19 = 21337.33 m?
- The total volume of cutting of plant soil.
V=S-h,s =3048.19-0.2 = 609.638m3
For the wole project:
V =7-609.638 = 4267.466 m3
- The area of soil compaction.

V
F, = 212 (22)
he
where h. - thickness of the compacted layer
312.53 5
F. = 07 = 1562.65m

For the wole project:
F.=7-1562.65 = 10938.55 m?
- Waterproofing area of foundation slab

I/base
S = 23
- (23)
2116.8
S = = 705.6 m?

For the whole project:
S =7-705.6 = 4939.2 m?

Table 13 - List of volumes of earthworks

No Name of work Unit of amount Notes
measurement | For one building For the whole
project
earthwork
1 Cutting off the m? 3048.19 21337.33
vegetation layer
2 Excavation by
excavator
A) In the dump m? 312.53 2187.71
B) In vehicles m? 2767.47 19372.29
3. Development of m? 282.24 1975.68
shortage of soil
4, Backfilling of soil m? 312.53 2187.71
5. Soil compaction m? 1562.65 10938.55
6. Waterproofing m? 705.6 4939.2
device
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Selection of a set of machines for excavation work

The main factors that affect the choice of machines for implementation of
earthworks are the design and dimensions of the earth structure, the group of soil, the
grain size distribution of the soil and the moisture content of the soil.

Most of the volume of earthworks is carried out mechanically, using various
types of machines.

Soil development is divided into 3 groups:

- earthmoving

- machines for soil compaction

- machines for auxiliary work

1) Choosing a bulldozer

Basic tractor T-130, bulldozer DZ-110, soil — course sand or gravel,

cutting path length — 25.7 m, soil transportation path length — 78.4 m.

Cycle time:

T=t1+t2+t3+t4, (24‘)

where t| - soil cutting time:
]
t, = V—l = 3.6-25.7/3.2 = 28.9s
1
where 3.6 - conversion factor km/h to m/s;
l1 - cutting path length, ,=25.7 m;
vi - speed of movement of the bulldozer in 1st gear when cutting the
soil;
v1=3,2 km/h.
t2 - soil transference time by blade:
]
t, = V—Z = 3.6-78.4/3.8 = 74.2s
2
where 3.6 - conversion factor km/h to m/s;
I - length of soil transportation path, 1,)=78.4 m;
vz - the speed of the loaded bulldozer, v>=3.8 km/h.
t3 - return (empty bulldozer) time :
l; +1 25.7 +78.4
) ) _
V3 5.2
where v3 - reverse travel speed, v3=5.2 km/h;
ts - additional time spent on lifting, lowering the blade, switching
speeds, turning the bulldozer, t4=25 c.
T=ti+to+t3+ta=21.4 + 57 + 55 +25 = 158.4¢
T=289+742+72+25=200.1s
The technical performance of the bulldozer is determined by the formula:

2s
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kp
l)T=qpr'n'k_ (25)
r
where qp: - volume of the soil dragging by blade, m;
kn = 1.1 - coefficient of filling the geometric volume of the prism with
soil;
k=1.25 - soil loosening coefficient.
Volume of the soil dragging by blade:
_L-H? 3.94-0.815?
Br =% m -~ 2-07
where L - blade length, L = 3.94 m;
H - blade height, H=0.815 m;

m = 0.7 - coefficient depending on the ratio %

= 1.87m3

Number of cycles per 1 hour of work:

_ 3600 3600 .
=TT T 2001
P Kn 1.87 - 18 11 29.6 m’
— gy n-2=18718" — 296 L
T kL 1.25 h

Operating performance of the bulldozer:

m
P. = Pr-k, =29.6-08=237——

where kv - bulldozer utilization rate over time, ky=0.8.

Changeable bulldozer performance:
3

m
P.=8:P.=8-237=189.6 ——

where 8 - the number of hours of work per shift.

2) Excavator selection

The excavation is carried out with a excavator equipped with a backhole shovel

with loading soil into dump trucks and with partial filling into a dump.

We select a front shovel excavators with teeth and with a bucket volume of 1

Table 14 — Specifications of excavator

Specification EO-5122
Drive unit Hydraulic
Bucket volume 1 m’
Maximum digging depth 9.3 m
Largest cutting radius 9.9 m
Height of unloading into transport 6.6 m
Power 95 kwatt
Mass 395t

3) Determining the number of dump trucks
To remove excess soil from the construction site and ensure joint work with the

excavator, we choose dump trucks. The carrying capacity and the brand are assigned
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depending on the volume of the excavator and on the distance of the soil
transportation.

Choosing a dump truck MAZ-5516

- The volume of soil in a dense body in an excavator bucket

3

_ Vo Koy (26)
Ky +1
1-1.25 125

Im

=041 125
where Vyp- accepted bucket volume;

Kbu.t- bucket filling ratio.
for a straight shovel - from 1-1.25
Kp.1= 0.25- primary loosening factor
Determination of the mass of soil in an excavator bucket
Q:Vs'pszl ‘1.6=1.61
where ps=1.6 t/m*- average soil density.
- Determination of the number of soil buckets loaded into the body of the dump

truck

_P_20_
"T0T16

- Determination of the volume of soil in a dense body of a dump truck loaded
into the body:
V=Ven=1-12=12m’
- Determination of the duration of one cycle of the dump truck

T, =g+l O 27
60 -5 60 -5 ]
TC=13.8+T+2+?+3=47.4THUI

where L- Soil transportation distance;
t;- soil loading time;
ty- soil unloading time - from 1-2 min;
t,n- maneuvering time before loading and unloading - from 2-3 minutes;
V; -the average speed of the dump truck in the loaded state.V:=18 km/h;
Vp-from 25-30 km/h.

_V-H, 60

t
p 100

(28

_12-1.92-60

p 100 = 13.8 min

t
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- Determination of the required number of dump trucks

T, 47.4
N=—=—"=34~4

t, 138

4) Selection of soil compactors

Since course sand or gravel is course graind soils and have little cohesiveness,
therefore, considering the smallest length of the condensed strip up to 50 m we
choose (DU-128) — plate compactor with a width of the compacted strip - 2.5 m.

3.2 Technological map for concreting and formwork

The composition of concrete work and formwork work in the construction of a
monolithic frame includes:

- Formwork device;

- Concreting of the frame;

- Dismantling of the formwork.

- Concrete caring

Before starting the constructing of frame structure, you must:

- Deliver and place formwork panels and reinforcing bars at the storage site;

- Deliver and prepare necessary devices, inventory and tools for the work to the
site;

Formwork panels and details of its fastening should be sorted by brands and
standard sizes.

Reinforcing bars are delivered to the storages in the amount that ensures the
work of the reinforcement during the shift.

Concrete is delivered to the construction site by concrete mixer trucks, or dump
trucks adapted for the transportation of concrete.

In the places where the concrete is placed, an inventory wooden flooring is
arranged.

Reinforced concrete structures in contact with the ground must be coated with
hot bitumen.

Correct installation and fastening of the formwork must be accepted according
to the act.

Initial data

Number of floors - 13 (including the basement)

Transportation range - 5 km

Building dimensions: 1 =39.2 m, b= 18 m

Thickness of floor slabs and coverings: h =20 cm

Bulk density of heavy concrete: 2500 kg / m?

Floor height: typical - 3 m, basement floor - 4 m

The thickness of the shear walls are 200 mm.

Formwork installation

The installation of the formwork is carried out using a KB-403 tower crane
with a boom length of 23 m, installed according to the construction plan. The
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installation of the formwork should be carried out according to the grips. Each floor is
divided into two sections in the plan. The boom of the crane is:

le=a+ b +c (24)

where a- the distance from the crane axis to the crane rail;
b- the distance from the crane rail to the building;
c- the length of the building.
ley = 2 + 3+ 18=23

Columns, walls and ceilings should be concreted in the formwork. The
formwork kit consists of:

- Shearwall - made of metal panels, faced with water-resistant plywood 21 mm
thick, withstanding the pressure of freshly laid concrete of 60 kN / m?; straightening
locks BFD, providing in one operation the connectivity, evenness and density of the
formwork panels; strands DV - 15 with a nut - gasket with a permissible load on the
strand of 90 kN; leveling strand PCC with a support, ensuring the stability of the
formwork structures and designed for a load of 30 kN; consoles of suspended
scaffolding TRZh 120, providing safety when the load on the platform is 150 kg / m2.

- Column - metal panels TRS, lined with waterproof plywood 21 mm thick,
withstanding the permissible pressure of freshly laid concrete of 100 kN /m?, column
tension bolts with permissible bolt load of 90 kN.

- Coverings - made of lattice girders GT 24 of various lengths with a bearing
capacity - transverse force in struts - 14 kN, bending moment - 7 kNm, supports PER
30 with a bearing capacity of 30 kN; panels made of waterproof plywood 21 mm
thick.

The formwork is delivered to the construction site in special containers by road
and stored under a canopy.

The moisture content of the wood used for the deck should be no more than
18percentage, for supporting elements - no more than 22percentage. The formwork
elements must fit snugly against each other during assembly. Slots in butt joints
should not be more than 2 mm.

For the antidezone coating of the working surface of the formwork, water-
repellent lubricants are used based on petrochemical products that do not thicken in
the cold: solid oil or petrolatum-kerosene.

The formwork is disassembled in the following order:

- Remove external braces and struts;

- Remove the clamping clamps connecting the opposing walls of the formwork;

- Release the tension hooks connecting the shields with the contractions,
remove the contractions and individual shields;

- The shields are torn off the concrete with stripping tools with crowbars or
crank arms.

Scope of work

Calculation of the amount of work per floor:

1) Formwork
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- Large-panel formwork:
S=L-h (29)

Floor slabs:

S=L - B = 705.6 m?
Shear wall:

S=L"-B=523.2m?
Total: 1228.8 m?
- Small-panel formwork:
Columns:

S=42-0.55-4-3=277.2 m?
Beams
S =273.56 m?

Total: 550.76 m?
Overall: 1779.56 m?
- Support device, racks
According to norms and rules for each 4 m? 1 rack is established.
In order to find out the number of racks you need to know the area of the

building, divide the area by 4 to find out the number of racks. But racks according to
ENiR are measured in meters of 100 m. To do this, multiply the number of racks by
the height of the floor and divide by 100.

S=L-b=18"-39.2=705.6 m? (Building area)
n=S/4="705.6/4 =177 pcs. (Number of racks)
L=177-3=531m

- Device of beams:
Beams are laid in the longitudinal direction every 3 meters, and in the

transverse direction every 1 meter. Beam length 3 m.

In the longitudinal direction:
N =39.2/3 = 14 pics.
Niota] = 14-6 = 84 pics. (total)
L=84-3=252 m.
In the transverse direction:
n=18/3=6 pics.
Niora] = 60:38=228 pics.
L=228-3 =684 m.

Table 15- Scheme of formwork for elements

Name of board Designation | Sizes, mm | Quantity | Area of the board, m?
Linear board LB-1 3000x1000 74 3
Angular board AB-1 3000x300 9 0.9
Universal board UB-1 30001000 22 3
Universal board UB-1 3000500 32 1.5
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Total | | | | 8.4

2) Concreting

Concrete mix must be transported by specialized methodes. The accepted
method for transporting the concrete mixture must:

- Exclude the ingress of atmospheric precipitation and direct exposure to
sunlight;

- Exclude stratification and violation of homogeneity;

- Prevent the loss of laitance or mortar.

The maximum duration of transportation of the concrete mix should be
established by the construction laboratory with the condition of ensuring the
preservation of the required quality of the mix on the way and at the place of its
laying.

Before placing the concrete mixture, the floor (artificial), the correct
installation of the formwork, reinforcement structures and embedded parts must be
checked. The inner surface of the inventory formwork must be cleaned and coated
with a special grease that does not impair the appearance and strength of the
structures.

breaks in concreting, which require the device of working seams, is determined
by the laboratory depending on the type and characteristics of the cement and the
temperature of concrete hardening. Placement of the concrete mixture after The
distribution of the concrete mixture in the structure to be concreted is carried out in
horizontal layers of the same thickness, laid in one direction. The overlapping of the
previous layer is subsequently performed before the cement sets, and the overlapping
time is set by the laboratory depending on the outside air temperature, the properties
of the cement used. Approximately this time is no more than 2 hours.

The duration of such breaks is carried out only after the surface of the working
joint is treated with cement mortar with a thickness of 20-50 mm or with a layer of
plastic concrete mixture.

The concrete mix is compacted with a deep vibrator with a flexible shaft. When
compacting the concrete mixture, it is not allowed to rest the vibrators on
reinforcement, embedded products, formwork fastening elements. The step of moving
the vibrator should not exceed 1.5 of its radius of action. The optimal duration of
vibration in one place is 20-30 s. The immersion depth of the vibrator in the concrete
mixture should ensure its partial deepening into the previously laid unhardened
concrete layer is showed in figure 13.

Signs of the completion of concrete compaction during the operation of
vibrators are:

- stopping the settling of the concrete mixture;

- coarse aggregate coating with mortar;

- the appearance of cement laitance on the surface and in the places of contact
with the formwork;

- cessation of the release of air bubbles.

After laying the top layer of the concrete mixture, it is necessary to smooth out
the exposed concrete surface.
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Figure.13-Concrete laying process

When caring for concrete, it is necessary to provide favorable temperature and
humidity conditions for concrete hardening, protecting it from the harmful effects of
wind, direct sunlight by systematic watering of moisture-consuming coatings (burlap,
a layer of sand, sawdust, etc.) of concrete surfaces; the frequency of watering
moisture-consuming coatings depends on climatic conditions and the need to
maintain the concrete surface in a damp state;

Concreting structures must be accompanied by appropriate entries in the
concrete work log.

Laying concrete mix in wall structures.

Vi = (h-a-b-p) = 55.08 m3

Placement of concrete mix in coatings and ceilings:

S =L-b-h = 39.2:18-:0.15 = 105.84 m3

Paving the concrete mixture into the column:

S =Lb-h = 42-0.55-0.55-3 = 38.115m3

Laying the concrete mixture in the crossbar:

S =Lbh=050.33612= 54.18m3

- Curing of concrete

When caring for concrete, it is necessary to provide favorable temperature and
humidity conditions for concrete hardening, protecting it from the harmful effects of
wind, direct sunlight by systematic watering of moisture-consuming coatings (burlap,
a layer of sand, sawdust, etc.) of concrete surfaces; the frequency of watering
moisture-consuming coatings depends on climatic conditions and the need to
maintain the concrete surface in a damp state;

S=a-b=705.6m?

- Dismantling the formwork:

Large-panel formwork — 1228.8 m?

Small-panel formwork - 550.76 m?

Total: 1779.56 m?

- Disassembly of racks and beams:

Supportn=177 pcs, L=531 m

Beams L =936 m., N =312 pcs.
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Table 16 - Statement of volumes of construction installation work

Ne Name of processes Units Ist floor Number of Overall volume
volume floors
1 Formwork works
Large-panel formwork m? 1228.8 13 15974.4
Small-panel formwork m? 550.76 13 7159.88
support m 531 13 6903
Beams m 936 13 12168
3. Concrete works
Pouring m’ 253.215 13 3291.8
Caring m? 705.6 13 9172.8
4. dismantling
Large-panel formwork m? 1228.8 13 15974.4
Small-panel formwork m? 550.76 13 7159.88
support 100 m 531 13 6903
Beams m 936 13 12168

- Tiering and Sizing of Structures

For the flow organization of the production of work, the object must first be
divided into tiers and captures. A tier is a section of a conditionally expanded
construction object vertically. 1st floor-1 tier. Capture - is a part of the object being
built to which a private stream is allocated with a certain number of workers.

The number of captures can be determined by the formula [10]:

At,
m =

+n—1 (30)

where A- the number of shifts per day;
t, — the curing time of concrete until it acquires a strength equal to 15
kg/cm?(We accept from 1-6 days);
K - Cyclic module, i.e. the duration of work on the seizure is taken equal
to I;
n- Number of simple processes (4).

22
m=T+4—1=7hook

- Calculation of the formwork turnover

This calculation shows us how many times 1 formwork is used. The quality
indicator of the formwork is its turnover, i.e. possibility of repeated use.

The formwork turnover is calculated by the formula

im
Z= T (31)
n—1+ KB

where £m - The total number of captures on all levels of the structure;
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A- Number of shifts per day =2
Im=7-n=7-13=91

Z o1 18.2 ti
= = . 1mes
a2

That is, one formwork is used 18.2 times during the construction process.
The required number of formwork kits is determined by the formula:

A-t,
a=n+1+

(32)

1-2
a=4+1+T=7setS

Selection of methods of transportation, supply, placement and consolidation of
concrete mixture.

Tower crane is a boom-type slewing crane with a boom fixed in the upper part
of a vertically located tower.

A tower crane is distinguished:

- Stationary

- Mobile

-Combined

1) Determination of the required lifting height of the tower crane hook:

H(t:11: = Ho + Hreserve + Helem + I—Isling (m) (33)

where H,- Mark where the element to be installed is installed (37 m)
Hyeserve- Height reserve (0.5 m)
Helem- Element height in mounted position (3.7 m)
Hgjing- Height of slings (2.5 m)
HE =37+ 05+3.7+25=43.7m
2) Determination of the required outreach of the tower crane:

1% = B+ -+ (m) (34)

Where B - Width of the building object;
a - Width of the crane runway (4.5-6 m);
c - Distance from the edge of the building to the slewing part of the
crane (2 m)

5
lg{r=18+5+2=23m

3) Determination of the required load moment.
Mg = (Qel + Qsling) ) lgliing(t' m) (35)
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where Q- the mass of the bucket crane (5.9 tons);

Qsling- Weight of slings (0.1 t);
1§{ing— Required boom reach.
MI = (59+0.1)-23 = 138t'm
4) Tower crane selection:
KB-408
Carrying capacity: 10 t
Load moment: 160 t-m
Lifting capacity at maximum outreach: 3 t
Departure range: 6 - 30 m
Lifting height freestanding crane: 57.8 m
Maximum Lifting speed: 67 m / min

5) Crane bucket:

Table 17- bucket characterisrics

Product | Volume, Carrying Length, | Width, | Height, :

. Weight,
name | capacity, kg mm mm mm
BP-2 2000 6000 3600 1000 2200 880

The actual duration of the bucket is determined by the formula:
T= v 36
=5 (36)
T = 3291.8 66.5 d
=—9c - 66:5days.

where V- the total required volume of concrete for the entire building;
P.- Changeable operational efficiency of the mechanism m? / shift.
Replaceable operational performance of a bucket for conveying concrete
mixture is calculated by the formula:

_60-V-T-Kg m®

P
¢ T, shift (37)
P_6028&8_495

¢ 155 = 7

where V- the volume of concrete mixture loaded into the crane with a bucket;
T - shift duration (8 hours);
Kg- The coefficient of use of the crane over time:
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For a crane with an electric drive without outriggers - 0.82; for a crane with an
electric drive with outriggers - 0.8; for a crane with an internal combustion engine
without outriggers - 0.78; for a crane with an internal combustion engine with
outriggers -0.76.

T.- Duration of the working cycle
5) The duration of the working cycle is calculated by the formula:

Tc = tr + ts + 2t + t, (minute) (38)

Where t.- Time of unloading the concrete mix from the concrete truck into the
buckets (0.5-1.5 min);
ts - Time of slinging (1-1.5 minute)
t,- Time of feeding the concrete bucket crane into the concreting block
(Depends on the feed height and lifting speed, as well as on the distance and speed of
horizontal movement)
t, - Time of placing the concrete mixture into the structure (1-3 min)

Tc=15+4+3+ 2% 4+ 3 =15.5 minute

Choice of a mechanism for conveying concrete mixture

Concrete pumps are used for general construction work related to concreting,
filling with ready-mixed concrete of all types of formwork during the construction of
walls, floors, foundations, and various tunnels. They are used in conjunction with
equipment for the production, storage or supply of ready-mixed concrete.

Pneumatic blowers are units used for the preparation of concrete mixture and
its simultaneous supply. This type of pump has a built-in compressor with an electric
motor or diesel unit.

- Concrete pump:

Model (ABN 75/32)

The actual duration of the concrete pump operation is determined by the
formula:

T—V 39
=5 (39)

L_32918_
~ 5426 00

where V- the total required volume of concrete for the entire building;
P.- Changeable operational efficiency of the mechanism m? / shift.

2 m3

X" shift

M= d

He=60*T< )*l*ﬁ*Ke (40)

where T is the duration of work per shift 8 hours;
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[M1=3.14

d - Working cylinder diameter m

[ - Piston stroke length

Y - number of 2 piston strokes min. (Discharge rate)

K., - coefficient characterizing the ratio of the volume of concrete
mixture supplied in 1 stroke to the working volume of the amplifier (0.8-0.9)

3.14 * 0.22
I, = 60-8 — -2:2:0.9 = 54.26

- Concrete mixer truck

KaMAZ-53212

- Vibrator

IV-66

The number of concrete trucks based on the condition of uninterrupted delivery
to the object:

N = (41)

where K,- the coefficient taking into account the reserve of productivity of
mechanisms to the leading machines (0.85-0.9);
P.- operational performance of the concrete truck.

_60*V*T*K

a tc

(42)

b _k*L*n_0.72*800*18
° 100 100
where L-the volume of the concrete mixer in litre;
n-number of batches per hour;
k-coefficient of concrete output from 0.65 to 0.72 (usually 0.67 is

= 103.7

taken);
tc.-cycle time.

te=t, + ———— (43)

where t,- loading time of the concrete truck at the plant
2x21+60

tC=5+T_75
60 * 12 x 8 x 0.92
P, = e =69

Number of concrete trucks
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N_0.9>k103.7_145 )
= 5 = 1.45 = 2 pcs

As a result of the calculations, the most economical and profitable is the bucket
crane weahers the concrete pump saves more time for this reason the concrete pump
is selected for this project.

3.3 Master plan

The basic data required for the development of a building master plan are:

- Master plan of the territory with existing and under construction buildings, as
well as basement communications networks;

- A calendar plan for the production of work with a schedule of labor
requirements;

- Necessary construction machines and mechanisms;

- The required amount of the need for general construction structural elements,
products and bulk and non-bulk resources;

- The number, list and dimensions of structures and buildings, as well as
temporary warehouses at the construction site;

- Standard information on the development of building general plans.

In general, construction master plans can be dredged at various stages of the
construction business.

The explanatory notes show the function of the building master plan, its
purpose and for what period (for example, the installation of foundation blocks, and
the installation of roofing elements or in the installation of structures in general) was
developed. It is required to clarify the requirements enshrined in the base of its
implementation. After that, we give the necessary calculations and give an
explanatory note.

3.4 Calculation of temporary power supply

Electricity is the main source of energy used in the construction of buildings
and structures. Power electricity is used to power machines and mechanisms, for
electric welding and other technological needs.

Electricity is supplied to the construction from existing systems or inventory
mobile power plants. Therefore, when developing theses, it is necessary to resolve the
issue of power supply.

The maximum electricity consumption is set on the basis of the work schedule
or network schedule.

We find the power of the outdoor lighting network by the formula:

Who =K ) Pon=119.2 =19.2 kWatt
where K- reduction coefficient of the power;
Y. Pon- sum of consuming power.
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Indoor lighting network power:
Wyo=0.8-32=2.56 kWatt
Total power consumption for lighting:
Wiotar = 19.2 +2.56 =21.76 kWatt

3.5 Organization of production areas, work areas and workplaces

Production areas (sites of construction and industrial enterprises with
construction objects located on them, production and sanitary buildings and
structures), work areas and workplaces must be prepared to ensure the safe
production of work.

Preparatory activities must be completed before the start of the work.
Compliance with the labor protection and safety requirements of industrial areas,
buildings and structures, work areas and workplaces of newly built or reconstructed
industrial facilities is determined when they are accepted for operation.

The completion of the preparatory work at the construction site must be
accepted according to the act on the implementation of labor safety measures.

Production equipment, fixtures and tools used to organize the workplace must
meet the labor safety requirements.

Production areas, work areas and workplaces must be provided with the
necessary means of collective or individual protection of workers, primary fire
extinguishing equipment, as well as communication, signaling and other technical
means of ensuring safe working conditions in accordance with the requirements of the
current regulatory legal acts.

Places of temporary or permanent residence of workers (sanitary facilities,
resting places and passages for people), when arranging and maintaining production
areas, work sites, should be located outside hazardous areas.

Hazardous areas must be marked with safety signs and inscriptions of the
prescribed form.

Moving loads over ceilings, when production, residential or office premises,
where people may be, fall into hazardous areas, is not allowed.

The admission to the production area of unauthorized persons, as well as
drunken workers or not employed in work in this area, is prohibited.

While on the territory of a construction or production site, in production and
utility rooms, at work sites and workplaces, employees, as well as representatives of
other organizations, are obliged to comply with the internal labor regulations related
to labor protection adopted in this organization.

Geographically separate premises, sites, work areas, workplaces must be
provided with telephone or radio communications.

Workers, managers, specialists and employees must be provided with overalls,
footwear and other personal protective equipment, in accordance with the Rules for
providing employees with special clothing, special footwear and other personal and
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collective protective equipment, sanitary facilities and devices at the expense of the
employer.

Calculation of required solar panels for the building

As this building should be the most energy-efficient building we need to use
solar power for producing electricity.

we use 250 watt solar panel by the sizes of 1x1.6 meter (1.6 m?) that can
provide 25 percent of the building electricity. Ther number of required solar panels is
determined by the formula:

N=-=L2 (44)

where Py- building’s comsumption energy that is 25 percent of the building all
power consumption (24 kWatt);
t - duration of sunlight per day (4 hours);
Py, - panel power (250 Watt).
24000 - 4

250
Required area for this number of panels is 614.4 m? that will put on the roof.
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4 Economic Part
4.1 Calculation of the estimated cost of construction

The estimated cost of construction is the necessary material resources, which is
determined on the basis of design materials and standards in accordance with the
legislation of the Republic of Kazakhstan.

The basis for construction is the estimated cost necessary to determine the
indicator of investment funds for construction, to form a price for construction, serves
as a guideline for customers when purchasing and concluding a contract, settlements
for work performed by a contract in accordance with the current legislation of the
Republic of Kazakhstan.

The cost of products at the design stage is determined according to the enlarged
resource estimate norms.

This section shows the cost, that is, the required capital for the construction.

The composition of the above consists of: construction cost, including design
and survey work, the price of equipment, the price of installation of equipment, etc.

Capital investment is determined by drawing up a consolidated estimate.

In the estimated summary calculation of construction, the funds are distributed
according to the following divisions:

- Costs of preparatory work on the territory;

- The main elements of the object;

- Elements of service and auxiliary character.

- Elements of the energy economy.

- Objects of transport facilities and communications.

- External networks and structures of water supply, sewerage, heat supply and
gas supply.

- Landscaping and gardening of the territory.

- Temporary buildings and structures.

- Costs are secondary.

- Directorates of the enterprise.

- Training of personnel.

- Exploration and design work.

The cost of construction of buildings and structures for main and additional
purposes is calculated on the basis of SN RK 8.02-01-2002. The stage of calculating
the cost of construction.

We find the construction cost of the estimated structures and buildings of the
main and secondary nature using general estimated norms in 2019 prices.

For housing and civil construction, Chapter 3 includes the estimated cost of
such objects as: utility buildings; checkpoints, greenhouses in hospital and scientific
towns; waste bins, etc .; buildings and structures for cultural and domestic purposes,
designed to serve workers and located within the territory allotted for the construction
of enterprises; nature conservation work, work on the protection of cultural
monuments, €tc.
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4.2 Calculation of investment costs for construction

Investment costs for construction include all costs of the customer for the
project and are compiled in the form of a consolidated estimate of the cost of
construction.

The consolidated estimate of the construction cost additionally includes the
following cost items:

- the cost of the services of an engineer;

- training of operational personnel;

- the cost of design and survey work;

- the cost of examination of design and estimate documentation;

- costs for the implementation of architectural supervision. The cost of design
and survey work is determined in accordance with the general provisions for
determining the cost of design work for construction in the Republic of Kazakhstan
(RDS RK 08.02-03-2002, taking into account changes from 02.7.2004)

4.3 Technical and economic indicators of the project

For the implementation of the investment project, it is planned to use borrowed
funds. But at the same time, according to the legislation of the Republic of
Kazakhstan, 1 percent of the total investment should be financed from its own funds.

The cost for one building will be about 210.8 million tenge.

The full estimated cost of the building (local, consolidated, facility) of the
facility is attached in Appendix C.
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CONCLUSION

Based on the tasks set, a graduation project was launched on the topic "Social
Residential House" in Almaty.

The building is located in Akkent microdistrict srounded by tall and small
buildings. After analyzing the projected building, I made several conclusions. Firstly,
the main purpose of a modern social dwelling house is to provide senior citizens with
living quarters for living and providing them with social, household, medical, and
other types of services, and the construction of a modern social dwelling house would
make life easier for many citizens of the country when living in the city of Almaty.

The advantage of a residential building is that the projected building is located
in the city center and has additional service conditions. Secondly, the building is
located in clay soil, which is not hazardous for construction in seismic areas. Thirdly,
the construction of the sanatorium will take less than a year, which will entail
additional investments for a ready-made business platform.

This project is designed for permanent residence of senior citizens in the city of
Almaty. Since the possibility of developing construction in this area has great
potential due to its convenient location and large investments in construction at the
present time . The building has 13 stories including a basement with the height of 4
m, one meter of the basement is above the ground. In each floor there are 8 apartment
for both large and small families. The height of typical floor is 3 m. It has two
intrances provided with two elevators by differerent dimentions and staircases. There
are 7 similar buildings in the whole project. A beautiful landscape is designed for this
complex and each building has separate sufcient parking for vhicles.

This building is provided with energy-efficient materials in walls, windows,
floors and roof. Solar panel power system is designed to provide 25 percent of the
total electric power of the building. This building will give different view to to
Almaty city, and will accommodate many families inside it.

In brief, in the near future the need for energy-efficient buildings will be
increased rapidly and it is beneficial for the world future to use eco-friendly materials
in construction industry.
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JUTSL CTY/ICHTOB OYHOM U 3a04HOM (popMbI 00yueHus cnenuanbaocte SB072900 —
«CrpourensctBo» 1 5B042000 — «Apxutektypa». — Anmatel: Kas['ACA, 2013 — 45
C.

3 HTII PK 02-01-1.1-2011 «IIpoekTupoBaHue OETOHHBIX U KEI€300€TOHHBIX
KOHCTPYKITUH U3 TSHKEJIBIX OETOHOB 0€3 MPeIBAPUTENLHOT0 HANIPSIKEHUS apMaTypPhI»
Acrana 2015.

4 CII PK 2.04-01-2017 «CTtpouTenpHasi KIMMATOIOTHS».

5 CIT PK 2.03-30-2017 «CTpOUTENBCTBO B CEUCMUYECKUX 30HAX).

6 CII PK 5.01-102-2013 «OcHoOBaHMs 30aHAN U COOPYKEHUIN.

7 CII PK 3.01-101-2013 «I'panoctpoutensctBo. [ImanupoBka u 3acTpoiika
TOPOJICKUX U CEIIbCKUX HACEJIICHHBIX TyHKTOBY.

8 CII PK 2.04-107-2013 «CtpoutenbHas TEIIIOTEXHUKA.

9 HTII PK 06-01-1.2-2013 «IIpoekTupoBaHue apMUPOBAHHBIX KAMEHHBIX CTECH
Ha JICVCTBUS BEPTUKAIBHBIX U TOPU3OHTAIBHBIX HATPY30K».

10 CH PK 3.02-07.2014 «OO01iecTBeHHbIE 31aHUSI H COOPYKEHUS.

11 CH PK 3.01-01-2013 «I'panoctpourensctBo. [LmanupoBka u 3acTporka
TOPOJICKUX U CEIIbCKUX HACEJIICHHBIX TyHKTOBY.

12 CH PK 2.04-01-2011 «EcTecTBEHHOE 1 HCKYCCTBEHHOE OCBEIIECHUEY.

14\3. HTII PK 02-01-1.4-2011 «IIpoekTtupoBanue cOOpHBIX, COOPHO-
MOHOJIUTHBIX U MOHOJUTHBIX JK€JI€300€TOHHBIX KOHCTPYKIIHII.

14 CH PK 2.02-01-2014 «IToxapnast 6€301aCHOCTb 3aHUN U COOPYKEHUID.

15 CH PK 2.01-01-2013 «3ammuTa CTpOUTEIBHBIX KOHCTPYKIUN OT KOPPO3IUWD.

16 HTII PK 02-01.2-2012 «IIpoexTupoBanue xene300€TOHHBIX KOHCTPYKIUN
C YYETOM OTHECTOMKOCTH.

17 HTII PK 01-01-5.1-2013 «Bo3aeicTBus Ha HECyIIME KOHCTpYKIMHU. HacThb
1-5 O6uue Bo3aeiicTBus. TemnepaTypHble BO3ACHCTBUI.

18 HTII PK 01-01-3.1(4.1)-2012 «Harpy3ku u BO3/IeiCTBUS HA 3AaHUSI.
CueroBble Harpy3ku. BeTpoBbie BO3I€MCTBUS».

19 EHuP E2-1 «3emisiabie paboTh».

EHuP E4-1 «MoHTax COOpHBIX U YCTPOMCTBO MOHOJUTHBIX K€JI€300€TOHHBIX
KOHCTPYKLIUI.

20 CH PK 1.03-00-2011 "CrpourenbHoe Nponu3BOJACTBO"
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Appendix A

Table A.1- Loads on floors and walls

Applied loads Characteristics of loads, kg/m?
1 Unit weight: Auto

1.1 Floor construction: For foundation:

Concrete preparation §=100 mm, p=1700 kg/m? 0.1-1700 =170
Membrane waterproofing layer, §=30 mm,p=1400 kg/m’ 0.03-1400 = 42
Extruded polystyrene foam §=40 mm,p=40 kg/m? 0.04-40=1.6
cement-sand plaster §=50 mm, p=1600 kg/m? 0.5-1600 = 800
Total 1084.4 kg/m?=1.195 t/m?
for typical floors:

Vinyl flooring §=10 mm, p=976 kg/m? 0.01-976 =9.76
Reinforced cement-sand plaster §=50 mm, p=1600 kg/m? 0.05-1600 = 80
Waterproofing (Membrane) 0.02-1400 = 28
=20 mm, p=1400 kg/m?

Soundproofing 0.025-45 =1.125
=25 mm, p=45 kg/m’

Foamed concrete for thermal insulation 0.05-1000 =50
=50 mm, p=1000 kg/m?

Floor slab 0.15- 2400 = 360
=200 mm, p=2400 kg/m?

Total 528.885 kg/m?= 0.529 t/m?
for flat roof:

Floor slabs §=200 mm, p=2400 kg/m’ 0.15-2400 = 360
Reinforced cement-sand plaster 0.1-1600 = 160
§=50 mm, p=1600 kg/m’

Vapor barrier (low-Density Polyethylene sheets) 0.00025-940 = 0.235
§=0.25 mm, p=940 kg/m?

Thermal insulation — PIR( Polyisocyanurate) boards 0.1-500 =50
=100 mm, p=500 kg/m?

Waterproofing (Membrane) 0.02-140 =28
=20 mm, p=1400 kg/m?

Total 598.235 kg/m?= 0.598 t/m?
Loads Characteristic of loads, kg/m
1.2 Wall construction

external self-supporting walls (wall height 3 m):
Autoclaved aerated concrete AAC blocks (Foam concrete 0.2-3-600 =360
block)

=200 mm, p=600 kg/m?

Thermal insulation (foam board) 2 layers 0.05-2-3-40 =12

8 =50 mm, p = 40 kg/m’
Vapor barrier (low-Density Polyethylene sheets) 0.001-3-940 = 2.82
=1 mm, p=940 kg/m’
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Continuation of Appendix A

Continuation of Table A.1- Loads on floors and walls

Applied loads

Characteristics of loads, kg/m?

Fiber cement siding
8=149 mm, p=1650 kg/m?

0.149-3-1650 = 737.55

Total

1112.37 kg/m=1.1124 T/m

Internal self-supporting walls ( wall height 3m)

Autoclaved aerated concrete AAC blocks (Foam concrete
block)
§=200 mm, p=600 kg/m’

0.2-3-600 =360

Thermal insulation (foam board)
8 =54 mm, p = 40 kg/m’

0.054-3-40 = 6.48

Vapor barrier (low-Density Polyethylene sheets)
=1 mm, p=940 kg/m’

0.001-3-940 = 2.82

gypsum plasterboard 0.015-3-800 = 36
8=15mm, p=800 kg/m’
Total 405.3 kg/m = 0.405 T/m

external self-supporting walls (parapet height 1m):

Autoclaved aerated concrete AAC blocks (Foam concrete
block)
§=200mm,p=600 kg/m?

0.2-1-600 =120

Thermal insulation (foam board) 2 layers
8 =50 mm, p = 40 kg/m’

0.05-2-1-40=4

Vapor barrier (low-Density Polyethylene sheets)
=1 mm, p=940 kg/m’

0.001-1-940 = 0.94

Fiber cement siding
§=149mm, p=1650 kg/m’

0.149-1-1650 = 245.85

Total

370.79 kg/m = 0.3708 T/m

Partitions (height, h = 3m)

Reinforced brick partition wall
§=100mm, p=2000 kg/m*

0.1-3-2000 =600

Support rack profiles
6=10 mm,p=15 kg/m’

0.01-3-15=0.45

Thermal insulation (foam board)
§=50mm, p=40 kg/m’

0.05-3-40=6

gypsum plasterboard 0.015-3-800 = 36
&=15mm, p=800 kg/m’
Uroro 642.45 kg/m = 0.642 t/m

2.2 Horizontal pressure from the ground [4]:

2.071 t/m?
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Figure B.1 — stresses on the floors due to dead load
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Figure B.2 - stresses on the floors due to live load
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Figure B.4- Isofields of base dirift along the X and Y axis
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Figure B.5- Diagram of displacements of the first floor slab from seismic along
X
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Figures B.6- Diagram of displacements of the floor slab of the 12th floor from
seismic along X
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Figure B.7 - Diagram of displacements of the 6st floor slab from seismic

survey along Y
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Figure B.8 - Diagram of displacements of the st floor slab from seismic

survey along Y
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Table B.1- Calculation of labor cost for formwork and concreting

) volume of Accordi Time Labor costs
No Name of simple work e to rate Note
B processes Un 3 man/ | Man | man
. Amount ENIR
ite h hour | days
1 2 3 4 5 6 7 8 9
) E4-1-
I InSta”t‘i‘glr‘r’;lvj(friommn m?| 2772 | 34B, | 04 | 1146 | 13.98
C-2 «a»
E4-1-
Installation diaphragm ) 34 D,
2 formwork m 523.2 T-6, C- 0,25 14.13 | 1.72
3 «ay»
E4-1-
3 | Coneretesupply tothe |5 39115 148 15 | 18 | 27 | 3.9
formwork of columns C-o
Placement of concrete E4-1-
4 mixture into formwork | m? 38.115 |49, T-2, 1.1 159.79 | 19.49
columns C-5
10 E4-1-
5 | Columndismantling | 0 | 2772 | 3% | 015 | 4208 | 524
2 Ty T
m 2 «O»
Immediate wrapping of EA-1-
6 |  thecolumnmsafter = o) 57 | 54| 081 | 235 | 029
dismantling with plastic 10
wrap
Concrete supply to . 454:1,1_-5
9 diaphragm formwork 55.08 (’: ) ’ 18 14.4 1.76
blocks i
Placement of concrete Eg_é_
7 | mixture into formwork | m? 55.08 T-3’ (’:_ 0.79 | 62.74 | 7.65
blocks of diaphragms | «d>
E4-1-
8 | Diaphragm dismantling | m? | 5232 | 2% | 016 | 904 | LI
3 «o»
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Continuation of Appendix C

Continuation of Table B.1- Calculation of labor cost for formwork and
concreting

volume of Accordi Time Labor costs
work rate
Ne Name of processes ng to Note
) Amou man / Man man
Unite ENIR
nt h hour days
Immediate covering of
the stripped concrete
surfaces of the 100 Ed-1-
9 di . N 0.57 | 54,C- | 0.81 0.46 0.06
iaphragms with m 10
peeling of the
polyethylene film
E4-1-
Installation of ) 105.8 | 34B,
10 formwork for slabs m 4 T-4, C- 0.3 S17.12-163.06
2 «d»
Laying, distribution, E4-1-
compaction of concrete 3 105.8 | 49, B,
1 mix in formwork blocks | ™ 4 T-2, C- 0,89 1080.1 1 131.72
of floor slabs 9
Grouting of floor slab
surfaces and immediate | 100 Ed-1-
12 | . . . N 10.58 | 54,C- | 0.21 3.42 0.42
covering with plastic m 10
wrap and insulation
E4-1-
Dismantling of floor ) 105.8 | 34, B,
13 slabs m 4 T4, C- 0.13 | 214.83 26.2
2 «z2»
Immediate covering of
the stripped concrete E4-1-
14 | sufacesof the floor | 100 ) 4664 | 5 ¢ | 051 | 820 | 1
slabs with a new m 10
polyethylene film with
a peg
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Appendex D

OBJECT ESTIMATE
| Estimatad Cost 210000 Trios Teng: 1
Normative Labor Intensity 13.213 Thous.pars.h
i Estimatad Wagzes §405.41 Thous. Tenge
Compiled in prices for 01.1. 2001 v
No.of Estmated Cost, Thous. T'enge
Nosmative Estmated
- Nenfn| estimates and Name of works and costs Labor | § Wages
cakulitons constnes tion and Y -
farnitare and ofher Costs loml
et la tion works
mventory
1 2 3 4 3 [ 7 X 9
1 1 Energy-sfficient social residential complex in Almaty 210000 - - 210000 38.082 2738.02;
2 otal 210000 - - 210000 38.082 2738.02
3 emporary buildings and structures 2310 - - 2310 38.082 2736.02
4 of materizls from temporary buildings and structurss 3465 — — 3465 38.082 2735.02
5 Total 2310 - - 2310 38.082 2738.023
[ ] - 1 =] 38.082 2738.023
7 Additional costs in the production of work in the winter 2354772 - - 254772 38.082 2738.023
g8 Seniority costs 21231 21231 38.082 2738.023
) Additionzl vacation costs 84924 84924 38.082 2738.023
10 Total 254772 207234 §520.06 38.082 2738.023
[ ] [ ] 38.082 2738.023
12 Including refiindable amounts 3463 - 3463 38.082 2738.023
38.082 2738.023
14 Total 2stimated 2t current prices in 2021 7348134024 101654028 | 744978 8032 38.082 2738.023
13 Including refindzble amou.nts in current prices 1185.03 1185.03 38.082 2736.023
148993 61 148993 51 38.082 2738.023
] [ 1813 38.082 2738.023
I]ZI___ 38.082] 2738.023
10 | Co i 38.082 27268.023

Figure D.1- Object estimation
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Continuation of Appendix D

4 A | B | C | D | E | F | G |
1
zl Estimated calculation of the cost of construction in the zmount of 191 7c | 851%3.787.|’I'nonﬂeng
3 including refiindzble zmounts: 151 7¢c 1185.03 ThousTeng
4| valus addad tax 18¢7c 91185.4058 ThousTeng
EZ ESTIMATE CALCULATION OF THE COST OF CONSTRUCTION
8
7
g
9 |
10
11 |Compiled in prices 0r 01.1. 2001 v
- Ne. of Estmated cost, Thows. l'enge S
= Ne n'n | estimates and Name of works and costs .
cakulitons constraction and|  equipment, lenge
wstlation | farsitere and | ofher costs

13 works mveniory
14 1 2 3 4 ) 3 7
15
671 1 Ensrzv-sficient social residantial complex in Almsty 151687 .49 - - 15168749
17| 2 Total=1 row 151687.48 - - 210000
18| 3 Temporary buildings and structures 1.1%°*2 row Tcolumn 2310 - — 2310

4 Return of materizls from temporary buildings and structurss 3465 _ 3455
19 15%*37c - -
2| 5 Total=3r 2310 - — 2310
21 % otal 2r+or
22| 7 Additional costs in the production of work in the 7.7 - - 2547.72
23| 8 Seniority costs 1%*617c 21231 21231
24| o Additional vacation costs 0.4%*617c 84024 84524
25| 10 Total Tr+8r+9r 2547.72 207234 5520.06
28 [ ] [ ]
27| 12 Including refundzbls zmounts=4r 34565 - 34635
M | e |omoos
28 14 Totzl 2stimzted 2t current prices in 2021 137%3.42 734813402 101654028 | 74487881
0| 135 Including refundzble zmounts in current prices 12:7¢%3 42 118503 1185.03
31 ; 14r7¢ 148995761 | 14899576

734813402 | | 25064 508783
[ | | 911854058 | 01185406

Figure D.2- Estimate calculation of the cost of construction
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OBJECT ESTIMATE
Estimatad Cost 210000 Thous. Tenze
Normative Labor Intensity 13.213 Thous.pars.h
Estimated Wagss 5495 41 Thous. Tenze
Compilad in prices for 01.1. 2001 v
Estunated Cost, Thous. Tenge
ok No. of estenates Name of works and costs Normative Estmated
and cakulitoes . ction and equipment, Labor Intensity Wages
st Bagion wosks farnitare and ofher costs lomal
mveniory
1 2 3 4 s 3 7 5 9
1 1 Enersv-sfficient social residential complex 151687 - - 210000 38.082 2735.023
2 Total 151687 - - 210000 38.082 2738.023
3 Temporary buildings and structures 2310 - - 2310 38.082 2736.023
4 Return of materials fom temporary buildings and structurss 3465 - - 3465 38.082 2738.023
5 Total 2310 - - 2310 38.082 2736.023
| |Totm 0000000000 | 15897 | - | - | 153007 | 38.082]  2738.023
7 Additional costs in the production of work in the winter 1847964 - - 1847964 38.082 2738.023
g Seniority costs 153887 153887 38.082 2738.023
9 Additional vacation costs 615088 615088 38.082 2738.023
38.082 2738.023
| 155844964 | 38.082|  2738.022
_ Includm refundable amounts _— 38.082] 2738.023
DD-- soz2| oz
14 Totz! 2stimatad ot current prices in 2021. 5329807769 737337636 | 540363.1532 38.082 2738.023
15 Including sefindable amounts in cusrent prices 1185.03 1185.03 38.082 2738.023
16 Taxes.&es..mmd.at pavments, 10807.26306 1080 16306 38.082 2738.023

5320807769 | | 18180.63942 ['551170.4163 | 35082| 2722.022

[T
III___ 661404409 66140 44596 38.082] 2738.023

| |Comstmctioncost 000000000 |5320807760| = [824321.08038 ]| _ | 617310.8663 | 33.082] 2738.023

Figure D.3- Object estimate
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AHJTATIIA

byn nunnoMaslK sk00aHbIH TaKbIPbIObI «AJIMAThl KalaCchIHAAFbl SHEPTOTHIM/IL
QJIEYMETTIK TYpPFbIH Yil». 2Koba coyner-KypbulblC, AM3aiiH KOHE KYPBUIBIC,
TEXHOJIOTHsSI MEH YUBIMIACTBIPYUIBIIBIK JKOHE YKOHOMUKAJBIK CHSIKTBI TOPT HET13T1
O6JIIMHEH TYPa/JIbl.

Ocbl  KYMBICTBI JKacay Ke3lHAe Kejecl OarjapiaMaiblK —jkacaKrama
KOJITaHBUIBL:

1 AutoCAD 2021 - xypbUIbIC MOJIENII MEH TEXHOJIOTUSIIBIK OOJIITiH jKacayra
apHaJFaH;

2 Autidesk Revit 2021 - rumapatTeiy 3D MozeniH kacayra apHaIFaH;

3 Etabs 2018 - rumapatThiH KYpBUIBIMIIBIK OOJIITiH XK0o0anayra,

4 JKoOaHbIH xanmel KyHbIH Oaranay yuriH KP cmerachl.

AHHOTAIIUA

Tema numIoMHOTO MpoekTa - « IHepro3dHEKTUBHOE COMMATBHOE KUIIOE JIOM B
ropojae AinMatb». IIpOCKT COCTOMT M3 YETHIPEX OCHOBHBIX YacTeH, TaKUX Kak
apXUTEKTYPHO-CTPOMTEIIbHAS,  IIPOCKTHO-CTPOMTENIbHAS,  TCXHOJOTWYeCKas U
OpraHU3alMOHHAS U YKOHOMHYECKAsI.

[Tpu co3gannu pabOTHI UCIOIB30BATKCH CICTYIOIINE TPOTPAMMBI:

1 AutoCAD 2021 - gist co3madus MOAESTN 3aHUs U TEXHOJIOTHUECKOH YacTH;

2 Autidesk Revit 2021 - gist cozmanusa 3D-monenu 30aHus;

3 Etabs 2018 - na npoekTHpoBaHUEe KOHCTPYKTHBHON YaCTH 3/IaHUS,;

4 Cmerta PK - 1151 ouieHKM 001Ieil CTOMMOCTH TIPOEKTA.

ANNOTATION

The theme of this diploma project is «Energy-efficient social residential
building in Almaty city». The project consist of four main parts, such as architectural
and construction, design and construction, technology and organization, and
economic.

The following software programs were usesd during creating this work:

1 AutoCAD 2021- for creating building model and technological part;

2 Autidesk Revit 2021- for creating 3D-model of building;

3 Etabs 2018- for designing structural part of building;

4 Estimation RK- for estimating the overall cost of project.
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INTRODUCTION

Construction refers to engineering transactions for the construction of buildings
and structures such as residential buildings and non-residential building. A simple
building can be defined as a walled space with a roof, fabric, and basic human needs.
In ancient times, people lived in caves, in trees or under trees to protect themselves
from wild animals, rain, sun, etc. Over time, people began to live in huts made of
wooden branches.

The shelter of those old ones turned into beautiful houses. Rich people live in
sophisticated homes. a building is an important indicator of a country's social
progress. Each person has a desire to have comfortable houses on average, as a rule,
each person spends his two-thirds of his life in houses. A civil sense of responsibility
Is safe. These are several reasons a person does their best and spend their hard-earned
savings in their own homes. Today, house building is the main work of the country's
social progress. New technologies are developed every day to build homes, cost-
effectively, quickly, energy-efficiently and with the needs of the engineering and
architectural community involved in the design, planning and planning of buildings.

The designer is responsible for the drafting of the building, as well as for the
direction of the engineers and architects. The designer must know his job and be able
to follow the instructions of the engineer and be able to draw the required building
drawing, site plans, layout plans, etc. In accordance with the requirements.

The main type of urban development is multi-storey residential buildings. The
operation of such houses allows us to rationally use the territory, reduce urban
transport facilities, the length of engineering networks, and streets.

In the world housing construction, a large share is occupied by multi-storey
residential buildings.

The use of multi-storey energy-efficient residential buildings primarily
provides the goal of saving urban areas, saving energy since during the construction
of multi-storey residential buildings we can significantly increase the population
density. The growth of cities is "wide" and exacerbates the transport problem and
increases the length of engineering networks. For the selection of types of multi-
storey residential buildings in large cities, the urban planning situation is considered,
as well as the conditions for the reconstruction of the central regions.



1 Architectural and construction Parts
1.1 Basic information about the construction site

The diploma project was developed for " Energy-efficient social residential
building located at the address: Almaty city, "Akkent Microdistrict".

Characteristics of the building:

The level of responsibility of a residential building refers to objects of the Il
(normal) level of responsibility that are not technically complex, according to order
No. 517 of December 20, 2016 "On amendments to the order of the Minister of
National Economy of the Republic of Kazakhstan dated February 28, 2015 No. 165"
On approval The rules for determining the general procedure for classifying buildings
and structures as technically and (or) technologically complex objects. ”The degree of
fire resistance of the building - 1. The degree of durability of the building - I1.

The project was developed for the following construction conditions:

humidity zone — normal [1];

climatic region - Il: temperate continental climate [1];

snow region - 11, the standard value of the weight of the snow cover is Sk = 1.2
kPa [2];

wind region - Il, standard value of wind pressure - 0.39 kPa; wind speed — 25
m/s [2];

climatic parameters of the cold season: air temperature of the coldest day: -30
degrees celsiuse; air temperature of the coldest five-day period: -23 degrees celciuse;

Soil class — II, type of soil is sand and gravel that has medium dense [1];

the construction area is seismic zone, and the magnitude is 9 points [3]; the
region hieght from sea level is 681 m;

the construction site is located in the zone of residential and administrative
buildings, the relief of the site is calm.

1.2 Natural-climatic and engineering-geological conditions

The characteristic features of the climate of this territory are: an abundance of
sunlight and warmth, continentality, hot long summers, relatively cold winters with
alternating thaws and cold snaps, large annual and daily amplitudes of air temperature
fluctuations, dry air and changes in climatic characteristics with terrain altitude[1].

The coldest month - January is characterized by negative temperatures minus
6.6-16.5degrees celciuse (for plains and foothills). The hottest month is August. The
average temperature for the plains is +24 - +26 degrees celciuse. The absolute
maximum temperature reaches + 36.7_ + 41.7 in the same zone.The main data on the
snow cover are given in Table 2 [3].



Table 1 - Air temperature

Weather
station

months

per
year

1 | 2] 3[4[5]6 ] 78] 9 ]10]11]12

Average monthly and average annual air tem

perature, degrees celciuse

Almaty | -47 [ -30] 3.4 [11,4]|16,6 | 21,6239

2291176/ 99 | 27 | -2810.00

Average maximum air temperature,degrees celciuse

Almaty | 06 | 2.2 [ 8.6 [17.3]22.4]275/30.0|29.4|24.2]163| 82 | 23 | 158

Absolute maximum air temperature, degrees celciuse

Almaty [16.8[21.9[29.8]33.2]35.8(39.3/41.7|405]38.1[31.4[265][19.2] 41.7

Average minimum air temperature, degrees celciuse

Almaty |-84[-69[-11]59 ] 11 [158] 18 |168|115]| 46 |-13|-64] 5

Absolute minimum air temperature, degrees celciuse

Almaty | - - - - | 7| 2 | 73|47] 3| - - - | -37.7
30.1[37.7 /248|109 11.9 | 34.1|318
Table 2 — Blanket of snow
Weather months Highest values for the
station winter
9/10] 11 [ 12 | 1 | 2 | 3 |4]5]Average. | Max. | Min. |
Average monthly snow height, cm |
Almaty | [ [ 4 |10 |19 [ 21| 9 | | 28 | 55 | 7 |

With distance from the mountains, the wind regime changes. The average
annual wind speed is 2.3 m / s. The wind breakthrough reaches 28 m / s. The lowest
average monthly wind speeds throughout the entire territory are observed in winter
(December, January), and the highest - in summer.

Table 3 - Wind
Wind Weather months Per
Station 1234|567 ]8]9]10]11]12]year

Average wind speed by months and per year, m/c

Almaty [10[1,1]13]17|18[20/19|19[18[15[1.1[1,0] 15
Maximum wind speed and wind vane breakthrough, m/c
Almaty [ 12 [11]20|>20[>20| 18 | 20| 18 |12 | 15|12 12 |>20
Table 4 - Repeatability of wind and calm directions, percentage
Weather Direction Calm
station N NE E SE S SW W NW
Almaty 14 8 6 14 29 11 10 8 26




Cc3 CB

Figure 1 - Wind rose according to the weather station in Almaty

1.3 General plan

The master plan has been developed for the entire territory of the construction
land plot. The plot with a total area of 3.8 hectares, allocated for construction, located
in the city of Almaty, has a rectangular shape. The plot allocated for construction is
free of buildings. An 8.0 meter wide driveway is provided for the territory of the
facility; the pavement is made of asphalt concrete on a crushed stone base.
Improvement and gardening of the site provided for by the project reduces the overall
dust content and eliminates local sources of dust

Table 5 - Technical and economic indicators for the general plan

Name Indicator
Land area 3.8 hectare
Built-up area 4939.2 m?
Building factor 0.104
Landscaping area 13060.8 m?
Landscaping factor 0.297
Hard surface area 20000 m?
Territory utilization rate 0.745

The area around the building is landscaped and landscaped. The building has
hard surfaced access roads.

1.4 Space-planning solution

The energy-efficient social residential building consists of seven buildings of
twelve floors and one ground floor. The ground floor has an area of 1019.2 m? and
each 12 floors has an area of 705.6 m2. The height of the building from the zero mark
is 36 m. The height of the typical floor is 3 m, and the height of basement is 4 m. The
main staircase, elevators of the engineering equipment shaft are located in the
concrete core of stiffness near to the middle in the front side of the building. Two lifts
surrounded by shear walls are used in this building that each of them has respectively
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630kg, and 1000kg weight. At the middle of the building there are two staircases
system.

The scales for the plan and section is accepted 1:100 according to GOST 21.501.
Various premises of the building are grouped according to functional characteristics,
which allow organizing clear technological interconnections between them, meeting
sanitary-hygienic and fire safety requirements, contributing to the convenience of
operating the building, as well as increasing the comfort of living in it.

1.5 Constructive solutions of the project

The structural scheme of the building is a frame with load bearing walls, while
at the level of the basement, reinforced concrete columns and walls are load-bearing
(that is, it is ashear wall system). Spatial immutability is ensured by external and
internal heating blocks, reinforced concrete columns and beams, and a hard floor
plate made of monolithic reinforced concrete slabs.

Foundations — Raft foundation with a thickness of 900 mm . Under the
foundations, perform a reinforced monolithic pad and crushed stone preparation of
thicknesses 100mm. Make horizontal waterproofing of foundations from 2 layers of
ruberoid on bitumen mastic. Vertical waterproofing of foundations in contact with the
ground should be coated with hot bitumen 2 times.

Walls — the outer walls of the basement are monolithic reinforced concrete
walls with a thickness of 400 mm, the outer walls of the first to the twelfth floor are
400 mm thick walls made of Autoclaved aerated concrete AAC blocks (Foam
concrete block), internal walls with a thickness 270 mm should also be made of foam
blocks on cement-sand mortar.

Partitions — partition walls with a total thickness of 175 mm to be made of
Reinforced brick partition wall.

Slabs — monolithic reinforced concrete floor slabs with a thickness of 200 mm.

Beams — reinforced concrete with a section of 300x500;

Lintels — bar for buildings with masonry walls;

Windows - Triple Casement Vinyl Replacement Windows are selected for this
buildig. It is a double-glasses window and the most energy-efficient windows and
suitable for the project.

Doors - installation of molded wood composite interior doors in accordance
with GOST 6629-88, PVC doors in accordance with GOST 309702002, installation
of steel exterior doors in accordance with GOST 31173-2003. All the types of doors
used in this building is energy-efficient and made of environmentally-friendly
materials.

Blind area - The blind area is concrete along the entire perimeter of the
building with a width of 1.0 m.

External finishing - from external facade plaster and, a decorative layer made
of Wood Plastic Composite boards or panels.
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2 Calculation and design part
2.1 Calculation of dead loads

The loads of floors and wall are presented in Table A.1 in Appendix A.

2.2 Calculation of soil pressure

Type of soil bases for foundations — sand and gravel (category 1)

y = 1.73t/m3
c=0

@ = 35°
h=4m

q = 0.6 t/m?

Active pressure
The intensity of the horizontal active soil pressure from its own weight v, at a
depth of h =y = 4.1 m should be determined by the formula:

b =[y-h-/1r—c-2\/l_r]y

Y h

(1)

P, =[1.73-4.1-0.27 — 0-2v0.27]4/4 = 1.915 t/m’
where:

_ g2 (45 P\ - 2( _3_5) _
A, = tg? (45 2) = tg?(45 - =) = 026
Passive pressure:
¢ = 35°
A=0.26
Pp =q- A, t/m?
Py, = 0.6- 0.26 = 0.15 t/m?
=> P = 1915+ 0.156 = 2.93 t/m?

2.3 Determining Live loads according to EN 1991

Building category - A (residential building)
- floor — 2 xkH/m? = 0.2 t/m?

- staircase — 2.5 kN/m? = 0.2 t/m?

- balconies — 2.5 kN/m? = 0.25 t/m?

- unexploited roof — 0.5 kN/m? = 0.05 t/m?
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2.4 Calculating snow load

Almaty city - Il snow region [1]:

ui = 0.8,
C. =1,
C: =1,
s =12

S =i Cor Gy Sk (2)

s=08-1-1-1.2=0.96 kPa
where C, —enviromental factor;
C; —thermal coefficient;
s, —the characteristic value of the snow load on the ground;
ui—snow load shape factor.

2.5 Calculation of wind load

Almaty city is located in the Il wind region, g, = 0.39 kPa, wind speed — 25
m/s

The dimensions of the building are 39.2 x 18 x 37 m, Almaty is the Il wind
region.

18000 h=37000

39200

Figure 2 - Building plan

Calculation of wind load by OX

We divide the building in height into zones corresponding to the base height
for the external pressure z, according to the standard at b =18 m;h =37 <b =
39.2 m.

The terrain category of building is IV.
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Figure 3 — exposition coefficient, c,

37 h<b 37

18000

Figure 4 - Base height Z. depending on h and b and the profile of the velocity
head

Basic velocity wind pressure for wind region Il, g, = 0.39 kPa
Wind pressure W, is equal to:

We = Ce (z) - dp " Ce (3)

Atz,=37m; c, = 0.8; ze. = 37m; ¢, (37) = 2.1:
w, =2.1:-390-0.8 = 655.2 Pa = 66.8 kg/m?

37 h=b 37 z.=967.2Pa

Figure 5 - Diagram of wind pressure
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Figure 6 - Scheme of division into zones of lateral sides
External pressure on the sides:
External pressure coefficients Cpe.
Wind pressure W, is equal to:

Table 6 - Values of wind pressure

Al ce=-12 | c(37) =21 We = 217390 (__11(3%,?21;/?22'8 ke
B| Cpe=-08 | c,(37)=21 We = 217390 (__606?7)8:1{;/?525'2 ke
D| cpe=+08 | ¢ (37)=21 We =2.1-390- S:’:f;&;ifzs'z ke
E| ce=-05 | c(37)=21 We =2.1:390" (__401'?7)41;/‘1}1?3 o

Wind loads are applied at the floor level:
At the level of the 1st floor: take into account half of the floor (1500 mm) +

foundation above ground level (1000 mm). The design strip for the 1st floor is 2500

mm.

Typical floors calculated strip - 3000 mm.
At the roof level - 1500 mm.
For the windward side, two zones in the first zone from 0 to 37m include floors

1-6 floors; in the second with 7-11 + roof.

Table 7 - Pressure across the floors of the building

first floor

D +66.78 - 2.5 = 166.95 kg/m= 0.167 T/m
A —100.2 - 2.5 = —250.5 kg /m=-0.250 T/m
B —66.78 - 2.5 = —166.95 kg/m=-0.167 T/m
E —41.74 -2.5 = -104.35 kg/m=-0.104 T/m
Typical floor 2-6

D +66.78 - 3 = 200.34 kg /m= 0.200 T/m

A —100.2 -3 = —300.6 kg/m=-0.300 T/m
B —66.78 -3 = —200.34 kg/m=-0.200 T/m
E —41.74 -3 = —125.22 kg/m=-0.125 T/m
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Contiuaton of Table 7

Typical floor 7-11

D +66.78 - 3 = 200.34 kg /m=0.200 T/m

A —100.2 - 3 = —300.6 kg/m=-0.300 T/m
B —66.78 -3 = —200.34 kg/m=-0.200 T/m
E —41.74 -3 =—-125.22 kg/m=-0.125T/m

Roof

D +66.78 1.5 = +100.17 kg/m =-0.100 T/m
A —100.2-1.5 = —150.3 kg/m =-0.150 T/m
B —66.78-1.5 = —100.17 kg/m =-0.100 T/m
E —41.74 - 1.5 = —62.61 kg/m=-0.0626 T/m

Wind load calculation according to OY
We divide the building in height into zones corresponding to the base height
for the external pressure z. according to the standard at h = 37 m > 2b = 36 ™:

—

7.=18

39.200

Figure 7 - base height z. depending on h and b and the profile of the velocity
head

Basic velocity wind pressure for wind region Il, g, = 0.39 kPa
Wind pressure we is equal to:
We = Ce(2) " qp ~ Ce
Atz =18m; c, = 0.8; Z, = 18m; ¢, (18) = 1.5:
w, = 1.5-390- 0.8 = 468 Pa = 47.7 kg /m?
At z, = 18.25m; ¢, (18.25) = 1.525
w, = 1.525-390- 0.8 = 475.8 Pa = 48.5 kg /m?
At z.=18.5m; c,(18.5) = 1.55
w, = 1.55:390- 0.8 = 483.6 Pa = 49.3 kg/m?
At z, = 18.75m; ¢, (18.75) = 1.575
w, = 1.575-390- 0.8 = 491.4 Pa = 50.1 kg /m?
Atz,=19m; c,(19) = 1.6
w, = 1.6-390- 0.8 = 499.2 Pa = 50.9 kg/m?
At z,=37m; c,(37) = 2.2
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w, = 2.2-390- 0.8 = 686.4 Pa = 70 kg/m?

13 686.4Pa
50
a7 h=2b 220 499 2Pa
25 oJ | 481.4Pa
o0 483.8Pa
475 8Pa
18 468Pa
39200

Figure 8 - Diagram of wind pressure

36007'—]'—14400 .]' 21200
39200

Figure 9 - Scheme of division into zones of lateral sides
Wind pressure W, is equal to:

Table 8 - Values of wind pressure

Al cpe=-12 c.(37) = 2.1 we = 2.1-390 - (—1.2) = —982.8 Pa = —100.2 kg/m?

os]

Coe =08 | ¢ (37)=21 we = 2.1-390 - (—0.8) = —655.2 Pa = —66.78 kg/m?

Coe = =05 | ¢ (37) =21 we = 2.1-390: (—0.5) = —409.5 Pa = —41.74 kg/m?

Cpe = +08 | ¢.(37) = 2.1 we = 2.1-390 - (+0.8) = —655.2 Pa = +66.78 kg/m?

E | cpe=—05 | c.(37) =21 we = 2.1-390: (—0.5) = —409.5 Pa = —41.74 kg/m?

Wind loads are applied at the floor level:

At the level of the 1st floor: take into account half of the floor (1500 mm) +
foundation above ground level (1000 mm). The design strip for the 1st floor is 2500
mm.

Typical floors calculated strip - 3000 mm.
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At the roof level - 1500 mm.
For the windward side, two zones in the first zone from 0 to 37m include floors
1-6 floors; in the second with 7-11 + roof.

Table 9 - Pressure across the floors of the building

1st floor
D +66.78 - 2.5 = 166.95 kg/m=0.167 T/m
A —100.2 - 2.5 = —250.5 kg/m=-0.250 T/m
B —66.78- 2.5 = —166.95 kg/m=-0.167 T/m
C —41.74- 2.5 = —104.35 kg/m=-0.104 T/m
E —41.74 - 2.5 = —-104.35 kg/m=-0.104 T/m
Typical floor 2-6
D +66.78 - 3 = 200.34 kg /m= +0.200 T/m
A —100.2 -3 = —300.6 kg/m=-0.300 T/m
B —66.78 -3 = —200.34 kg /m=-0.200 T/m
C —41.74-3 = —125.22 kg/m=-0.125 T/m
E —41.74 -3 = —125.22 kg/m=-0.125 T/m
Typical floor 7-11
D +66.78 - 3 = 200.34 kg /m= +0.200 T/m
A —100.2 -3 = —300.6 kg/m=-0.300 T/m
B —66.78 -3 = —200.34 kg /m=-0.200 T/m
C —41.74-3 = —125.22 kg/m=-0.125 T/m
E —41.74 -3 = —125.22 kg/m=-0.125 T/m
Roof

D +66.78-1.5 = +100.17 kg/m =-0.100 T/m
A —100.2-1.5 = —150.3 kg/m =-0.150 T/m
B —66.78-1.5 = —100.17 kg/m =-0.100 T/m
C —41.74-1.5 = —62.61 kg/m=-0.0626 T/m
E —41.74-1.5 = —62.61 kg/m=-0.0626 T/m

2.6 Calculation of seismic loads

Sand and gravel soil - class Il

According to the soil conditions a,; = 0.528 g > 0.08g therefore, the
calculation for the determination of seismic loads along the X and Y axes is
necessary.

where a4 > 0,49; ag/ag = 0.9:

ayg =ay-09=0.528g-09 =0.47g > 0.25g
Taking into account the vertical seismic load along the Z axis is necessary.
Calculation according to horizontal:

ag = 0.528g,
q=3

Tg = 0.20 s,
T.=0.72

With a value of the coefficient of behavior g = 3:
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At0<T<0.25:

2 T (2.5
Sa (Tmax = ag [§+§ 9 3
= 0.528 (0.66 + 0.837)
But not less than:
ag

At0.25<T <0. 96:

Sd (T) = ag'

At T <0.96:

Sa (Mmax = % [%(

But not less than:

02a;, =0.2-0.528=0.105

Ie

T

)] = 0.528"-

2)] = 0.528[

2.5 2.5
- — =0.528- — =0.44
q 3

=+
3

2.5

T
0.20

2.5 2.5
— =0.528 -—=0.44
q 3

0.96

(53

025

5

)

T

The quantitative values of the ordinates of the spectra of the calculated
reactions, calculated for some periods T at q = 3, are given in tables 1.

Table 10- Values of ordinates of the spectrum of calculated reactions at q = 3

T,s 0

0.25

0.50

0.96

1.20

1.50

2.0

2.50

3.0

Sd(T), in shares g 0.34

0.46

0.44

0.26

0.103

0.084

0.061

0.053

0.053

Calculation of the acceleration S4 (T) by the above formulas from NTP RK 08-
01.1-2017 «Design of earthquake-resistant buildings and structures».

2.7 Thermal calculation of the outer wall

According to SPRK 2.04-01-2017 «Construction heat engineering» [p.7-10] it
Is necessary to determine the thickness of the insulation for the outer wall. Determine

the value of the degree days of the heating period:

Gsop = (tB - tavg) "Zavg

where, t,= 21 degrees of Celsuise, ‘C — indoor air temperature;
taig= 1.7 °C — average temperature of the heating season;
Zavg= 160 days — duration of the heating period,;
GSOP = (21 —1.7)160 = 3088°C - days
The required resistance to heat transfer of enclosing structures that meet
sanitary and hygienic and comfortable conditions is equal to:
Ry = 2.45-°C/BT
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Table 11 - Composition of the outer wall

Material name Yo, kg/m® | A, Br/m?-°C §,m R, = 8/A,m? - °C/Bt
Fiber cement siding 1650 0.76 0.149 0.196
Extruded 40 0.03 0.1 3.3
Styrofoam(2 layers)
Aerated concrete 600 0.26 0.20 0.76
Polyethylene sheets 940 0.76 0.001 0.0013

The heat transfer resistance of the enclosing structure should be determined by
formula 2.2:

1 & 6, &6 6, 1
Rop=—+—+—2+24 24— (5)
oy 81 8 83 84

1 1
Ro = =—=+0.196 + 3.3 + 0.76 + 0.0013 + >3

8.7
= 4.4 m?%-°C/Bt
Ry = 4.4 m?-°C/Bt = R} = 2,45m?-°C/Bt
The condition is met. We accept the thickness of the insulation 200 mm.

2.8 Anti-seismic measures

The threat of seismic impacts on the territory is under consideration. Seismic
hazard is determined in space, in time (frequency or probability over a certain period
of time) and in intensity (in points or in kinematic parameters of ground movements).

List of settlements located in the seismic zones of the Republic of Kazakhstan.

The residential building designed in the thesis is located in a seismic zone,
therefore, anti-seismic measures are required. Seismicity of the work area according
to SP 2.03-30-2017 is 9 points [7].

The category of soils for seismic properties is Il (second). The revised
seismicity value should be taken equal to 9 (nine) points.

The residential building has a length of 60 meters, since our frame is reinforced
concrete, the length should not exceed 48 meters, therefore we make a sedimentary
(expansion) seam.

Anti-seismic joints should be performed by erecting paired walls, paired
frames, or a frame and wallThe width of the antiseismic seam between buildings or
compartments should be taken not less than the total value of their calculated
horizontal displacements at the corresponding level, calculated using expression
(7.31). With a building height of up to 5 m, the width of the antiseismic joint,
regardless of the calculation results, must be at least 30 mm. The width of the anti-
seismic joint for buildings of greater height should be increased by 20 mm for every 5
m in height.
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Anti-seismic joints separating the foundations (except for pile foundations) are
allowed to be 10 mm wide.

In buildings located on construction sites with seismicity of 9 points or more, it
iIs not allowed to provide the possibility of mutual displacement of adjacent
compartments due to the movement of the span structures that are freely lying on the
structures of adjacent compartments.

2.9 Manual calculation of beam

For the calculation, a structural element was chosen - a slab at an elevation of
+34000 along the 1- A/ 1-B axis.
1) Determination of the cross-sectional area of reinforcement [5].
Longitudinal reinforcement calculation:
Rectangular beam (30 x 50 cm)
Normal concrete class C30 / 37 (fe =30, Y. =15, fg=acc - fox / Yc=1-30/
1.5 = 20 MPa). Reinforcement class S450 (f,x = 440 MPa, f, = fy / Y's =440/ 1.15 =
383 MPa), Mg, = 483.7 kN.m,184.6 kN.m
a — Meds (6)
Eds foqb-d?

whered = h —c¢; = 500 — 40 = 460mm
184.6
ds = 507105030 0462~ O
Since agys = 0.145 < aggsum = 0.372, (see Fig. B.1. Appendix B), for
the given section dimensions and concrete class, compressed reinforcement is
required. Taking.

Osa = fya = 4346 MPa, = aggs = 0.381, and = 00625, {=2=

0.960 >z = 0.96 - 460 = 441.6, x = 0.45d = 0.45 - 460 = 207, a= % =
0.86~0.1

d[cm]

ky = (7)
MEds[kN ' m]
b[m]

46

184.6

0.3

Mgy = 184.6 — 0 = 184.6 kN - m
Since kq = 1.14, then kg; = 2.70 and kg, = 0.80 [5].
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Asi[em?] = p; kg : csl[Cm] * E43 5
+

A = 1.01 270184'6 0 = 10.94 cm?
s1 = LU AT Tz T e

where p; = 1.01 and p, = 1.04 (Table B.4)
40 20 (Ag; = 12.56cm?)

Mg [kN ) m]
d[cm]
184.6
Asz =1.04-0.8- ? = 4.81cm?
Compressed reinforcement is not required by design. We put it constructively.

2020 (Ag,= 6.28cm?)
1. Determination of transverse reinforcement

Ag, [sz] = pz ks

Calculation of transverse reinforcement class S235(fyx = 235MPaq, fy,q =
235MPa).

Longitudinal reinforcement class S500 (f,x = 500MPa, f,,; = 382.6MPa,
E, = 20 - 10%); sectional area of tensile reinforcement A;; = 12.56 cm?(4¢ 20).

Required:

Determine the area and spacing of the transverse reinforcement (use the method
truss analogy).

To do this, we define the shear force that concrete can perceive by the formula:

Viae = {(0';8) K (1009, )3} by d, kN (8)

Cc

3 1
But not less than Vgg ¢ min = {0.0035 - kz- f2}- by, -d, kN
where:

k=1+ 300<2k—1+ 300—177
N 500~ 7 500

_ A _ 1256 = 0.008 < 0.02
PL= G d T 300-500 o=
d=h—c=500—40 = 460

0.18 1
VRac = {(ﬁ) -1.77 - (100-0.008 - 30)5} 300500 = 162030.32N

= 162.03 kN
3 1
Vird.cmin = {0.0035 -1.772 - 307} -300-500 = 5089.7N = 5.09kN

According the Etabs calculation Vgq = 145.30
Verd.cmin < VEd:max < VRa;eomax=;5.09 kN < 145.30 kN <162.03 kN
The step of the transverse reinforcement is determined by the formula:
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s <0.75d
§ <0.75-500 =375mm
We accept the step of the transverse reinforcement s = 375mm
VEd;max * S
Ay, =—F—— 9
W d, fapcos Y ®)

Where take according etabs; Vggq.max = 145.30 (lateral reinforcement in a
given section.
We set the angle of inclination of the cracks to the horizontal Y = 40
The first design section is assigned at a distance(d, = 660 mm)
fow = 235
145.3 - 10%- 375 5 5
Agy = £60 - 235 cos 40° 458.5 mm* = 4.58cm

We accept: 23¢ 10 S235 (4, = 4.58 cm?).
In this case, the following conditions must be met:

Ay f
ﬁs 0.5 -v - fq (10)

Where v-coefficient, taking into account the reduction in the strength of
concrete in compression under tension and equal for heavy concrete:

v = 0.6(1— fc") - 0.6(1—2) —0.53> 05
250 250 =

458.5 - 235<05 0.53 - 20
300- 375 ~ '

0.95 < 5.3 the condition is met.
v f.q-by rd, _0.53-20-300-660
cot40 + tan40  cot40 + tan 40

VEd:max < VRd:co Max = = 234746.7N

= 234.7kN
VEd:max = 145.3 kN < Vgq..,max = 234.7kN
The condition is met.
Other sections are calculated in the same way.

2.10 Calculations from Etabs

Calculation of the spatial system for static and dynamic actions with the choice
of design combinations of efforts.

We create 10 load cases, thereby applying loads to the building frame:

-The dead weight of the building;

-Floors;

-Walls;

-Ground pressure;
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- Long-term load;

- Short-term load,;

- Snow load;

- Seismic X

- Seismic Y

Load Analysis

The 7 load cases are defined in my structure and according these load case the
structure is analyzed, the load cases are illustrated in following figures.

(@) Load Cases X
Load Cases Click to
Load Case Name Load Case Type Add New Case...
Live Linear Static Modify/Show Case..
EQX Linear Static Delete Case
floor load1 Linear Static
EQY Linear Static - Show Load Case Tree...
WX Linear Static N
WY Linear Static
Snow load Linear Static oK
s0il pressure Linear Static
Cancel

Figure 10 - Load cases

Then we proceed to the loading of our building itself that are shown in Figure
A.1, Figure B.2 and Figure B.3 in Appendix B.

Combinations of action for permanent design situation (basic combination)

All coefficient and formulas are taken from SP RK EN 1990 bases for
designing loading structure. We can calculate manually by the following formulas.

Yiz1Ye Gk +Vp P+Vo Qk+Xis1¥o  Woi Ok (11)
2j=1Y6 "Gk +Vp P+vYo Wo1 Uk +2i>17o - Poi- Ok (12)
Yiz1Ye Gk +Vp Pt+vo Qk+ Xis1Yo - Poi Ok (13)

where y; = 1.35 —for permanent loads;
Gx — sum of permanent loads;;
Yq = 1.5 — for temporary loads ;

Qg — sum of temporary loads;
Combinations of actions for seismic design situations

221G+ P+ Apg + Xis1 Qri - Wi (14)
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Table 12 - The values of y

BoaaeficTena Wa WA W
IMTpunoseHHBIE HATPY3KH B 3JaHRaX, KaTeropan (e, EN 1991-1-1):
Kareropna A: OBITOBBIS, JKHIBIE 30OHBL 0.7 0.5 0.3
Kareropna B: oducusle rmomiamsm 0,7 0.5 0.3
Kareropma C: zo0Hs1l ana coopaHiii 0,7 0,7 0,6
Kareropna D Toproesie riaomagH 0.7 0,7 0.6
Kareropnua E:X craagckHe MIomamnn 1,0 0,9 0.8
Kareropmua F: 30HBI 0opoHOro JBHMKEHHMA 18 TPAHCIIOPTHERIX cpegcTe Beconm = 30
®H 0,7 0,7 | 0.6
Kareropia G: 30HE JOPOEHOTO ABHMKEHHA 1718 TPAHCTIOPTHEIX CPeJACTE BECOM OT
30 kH mo 160 xH 0,7 | 0,5 0,3
Kareropua H: nokpsitha (Kpeimma)® 0.7 0] 0
CHeropble HArPY3KH Ha sgaHnaAa (cyv. EN 1991-1-3)*:
Jna pafionos, Haxo amExca Ha BercoTe H = 1000 M Has ypoBRHeM MOpa 0.7 | 0.5 | 0.2
Jna paftonos, Haxo ammuxca Ha BercoTe H = 1000 v HaZ YPORHEM MOPA 0.5 | 0.2 0
Berpoesie HarpvikM Ha smaama (cn. EN 1991-1-4) 0,6 0,2 8]
TemnepaTypHBle BO3AeficTEHA (HCKIIOYMAA MOMKAPEI) Ha sgaHua (cv. EN 1991-1-5) 0.6 0.5 4]

a) Crr. raxske 3.3.2(1) EN 1991-1-1.

Then the combinations of design load combinations will look in accordance
with Figures 8.

) Load Combinations X

Combinations Click to:

1.35+1.5LL-0.9WLX) = Add New Combo.._
1.35+1.5LL+0.9WL<)

1.35+1.05LL-1.5WL(X)

1.35+1.05LL-1.5WL(Y)

1.35+1.05LL+1.5WL(X) -
1.35+1.05LL+01.5WL(Y) Modify/Show Combo..
1.35DD+1.5LL-0.9WL(Y) _
1.35DD+1.5LL+0.9WL(Y) Delete Combo
1.35 Dead

1.35DL - 1.5WL(X)

1.35DL-1.5WL{Y)

1.35DL+1.5LL Add Default Design Combos...
1.35DL+1.5WL(<)
1.35DL+1.5WL(Y) Convert Combos to Nonlinear Cases
1DL-1.5WL(¢) v

OK Cancel

Figure 11 - Combination of actions

Load Combinations X

Combinations Click to:

1.35DL+1.5LL ~ Add New Combo...
1.35DL+1.5WL(X)

1.35DL=1.5WL(Y)

1DL-1.5WL(X)

1DL-1.5WL(Y) o= - -
1DL-1SL{X) Vodify/Show Combo..
1DL-1SL(Y) .
1DL+0.3LL-1SL{X) Delete Combo
1DL+0.3LL-1SL(Y)

1DL+0.3LL+15L(X)

1DL+0.3LL+1SL(Y)

1DL+1.5WL(X) Add Default Design Combos...
1DL+1.5WL(Y)
1DL+=15L(X) Convert Combos to Nonlinear Cases
1DL+15L(Y) v

oK Cancel

Figure 12 — Combination of actions
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Ultimate strains and bases

Industrial and civil one-story and multi-storey buildings with a full frame: the
same, with the device of reinforced concrete belts or monolithic floors, as well as
buildings with a monolithic structure, Average s (max, ) = 10 cm, Respectively,
according to the standard the maximum settlement of the base iS Simax, ) = 10 cm [1].

For our design scheme, the maximum drift is 60 mm, which satisfies the
condition which is shown in Figure B.4 in Appendix B,

S < Smaxu

60 mm < 100 mm
The relative difference in sediment is:

RS = (D),
where L is the distance between the axes of the foundation blocks in the
direction of horizontal loads, and in guyed supports - the distance between the axes of
the compressed foundation.

According to Appendix B [1], the relative draft should not exceed 0.002.
Then, according to FigureA.5 in Appendix A, we get that the relative draft is:
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Conidian is met

Deflection of the slab and girder

The appearance and overall serviceability of the supporting structure may be
compromised if the calculated deflection of a beam, slab or cantilever beam, near a
constant combination of actions, exceeds L / 250 span. According to the standard (sn
pk en 1992-1-1 + np <Design of reinforced concrete structures for buildings>,
according to sub-clause 7.4 Control of deflections).

a) For plat

The deflection of the floor slab is determined according to Figure A.5 in
Appendix A

The deflection is 60 mm

According to subparagraph the deflection of the slab should not exceed a value
equal to:

l 6800

_ _ 250 250 _
Maximum horizontal displacement from the wind

=27.2mm

According to paragraph EN1991 10.14 of Table 22 [3], the maximum
horizontal displacements from the wind are calculated by the formula:

Maximum horizontal displacements from the wind =%

where h - is the height of multi-storey buildings, equal to the distance from the
top of the foundation to the axis of the roof girder.

The maximum movement along the X axis is 0.5 mm.

37000
0.5mm<
500

=74 mm
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The condition is met.
The maximum displacement along the Y-axis is 1.03 mm according Figure B.6
in Appendix B.

37000

1.04 < =74 mm

The condition is met.
Checking the regularity of buildings in the plan
To begin with, let's check the building for regularity in terms of X. To do this,
we use the formula according the Figure B.7 in Appendix B.
6max + 6min

100 — - 100
2" Omax
100 #5415 100 = 31.9 t
| - 2415 00=3L percen
According the Figure B.8 in Appendix B.
6max + 6min
100 — - 100
2 8max
100 - 2223005 100 = 10,03 t
| . 23015 00=10 percen
According the Figure B.9 in Appendix B.
6max + 6min
100 — - 100
2 8max
100~ 228937 100 =38 t
- - 5 : 63.7 - = s.opercen
According the Figure B.10 in Appendix B.
5max + 5min
100 — - 100
5 2 6max
100 — =222 100 = 30.7 percent

Since not all values exceed 25% our building is irregular in plan along the OX
and OY axes.

We take all the displacement values from the ETABS software package (story
response)
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3 Organisational and technological Part

3.1 Earthwork

Type of soil is sand and gravel that is included in Il category of soil with

admixture up to 30 percent.

Initial data on soil are indicated in table 7.

Table 12 — Initial data

Name of factors Unit of Numeric data Note
measurement
Soil category I ENIR 2, edition 1
page 7-12
. . 3 ENIR 2, edition 1
Average density of soil kg/m 1600 page 7-12
Initial loosening factor Percenage 10-15 ENIR 2, edition 1
page 179
Residual loosening factor Percenage 9.5 ENIR 2, edition 1
page 179
Slope steepness factor Khamzin, Karasev
Percenage 0.67 «technology of

construction

procesess», page 35

Range of soil transportation: 5 km
Winter temperature of external influence: -10 degrees celciuse
Elevation of the base of foundation: -3m
Determination of the scope of work
As it is known at the present time, the construction of a building and structure
is not implemented without an approved estimate, therefore, customers require to
know the volume of capital investments and the timing of striotel, then for the
construction of each building or structure it is necessary to calculate the volume of

work.
-temporary fencing

Prior to the construction work necessary to perform the construction
temporary fencing, fencing perimeter, m, determined by the formula:

Pren=(20+1;) -2+ 20+ 1) -2

where [;, I length and width of the structure in plan, m.
Distance from the axis of the building in each direction is 20 m.
Pfen=(20+39.2)-2+(20+18)-2=194.4 m

But for the whole project the fencing will be 800 m.

- The volume of earthworks is determined when designing earthworks.
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Vp=%-(a-b+c-d+(a+c)-(b+d)),m3 (17)

where a, b are the width and length of the pit along the bottom;
¢, d - width and length of the pit along the top

3
== (20.6-41.8 + 25.7 - 46.7 + (20.6 + 25.7) - (41.8 + 46.7)) = 3080m?

Since | have 7 identical foundation pit for the whole project:
V, =7V, =7-3080 = 21560m?
- Determine the volume of backfilling

Vp - Vf - Vbase

Vyer = ,m3 18
ek 1+Kr.l m ( )

3080 — 635.04 — 2116.8
Vor1 = 1+ 0,05
Volume of backfilling for the whole project:
be =7- bel = 218771m3

Vpase — basement volume

Vpase=a-b-h= (18 -39.2-3) = 2116.8 m®
V- volume of foundation elements

V, = 39.2- 1809 = 635.04 m*

K- residual loosening factor
- Determination of the volume of surplus soil

= 312.53m3

Vos = Vp = Vpp,m? (19)
For one building:
Vi1 = 3080 —312.53 = 2767.47
For the whole project:
Vs =7-2767.47 = 19372.29

- Determination of the volume of soil shortage
Vshorts = a-b-hshorts, M3 (20)

Hshorts = 0.1+0.4 m
Vshorts = (39.2-18-0.4) = 282.24 m?
For the whole project:
Vshorts = 7 * 282.24 = 1975.68 m?
- Determination of the cutting area of the vegetation layer
Sveg = (10 + ¢+ 10) (10 + d + 10), m? (21)

29



Sveg = (104 25.7 + 10) (10 4+ 46.7 + 10) = 3048.19 m?
For the whole project:
Sveg = 7 3048.19 = 21337.33 m?
- The total volume of cutting of plant soil.
V=S-h,s =3048.19-0.2 = 609.638m>
For the wole project:

V=7-609.638 = 4267.466 m3
- The area of soil compaction.

be1
F. = 22
C hc ( )
where h. - thickness of the compacted layer
Fo= 31253 _ 1562.65 m?
cT g e m

For the wole project:

F.=7-1562.65 = 10938.55 m?
- Waterproofing area of foundation slab

Vbase
S = 23
. (23)
2116.8
S = = 705.6 m?

For the whole project:
S =7-705.6 = 4939.2 m?

Table 13 - List of volumes of earthworks

Ne Name of work Unit of amount Notes
measurement | For one building For the whole
project
earthwork
1 Cutting off the m? 3048.19 21337.33
vegetation layer
2 Excavation by
excavator
A) In the dump m® 312.53 2187.71
B) In vehicles m® 2767.47 19372.29
3. Development of m3 282.24 1975.68
shortage of soil
4. Backfilling of soil m? 312.53 2187.71
5. Soil compaction m? 1562.65 10938.55
6. Waterproofing m? 705.6 4939.2

device
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Selection of a set of machines for excavation work

The main factors that affect the choice of machines for implementation of
earthworks are the design and dimensions of the earth structure, the group of soil, the
grain size distribution of the soil and the moisture content of the soil.

Most of the volume of earthworks is carried out mechanically, using various
types of machines.

Soil development is divided into 3 groups:

- earthmoving

- machines for soil compaction

- machines for auxiliary work

1) Choosing a bulldozer

Basic tractor T-130, bulldozer DZ-110, soil — course sand or gravel,

cutting path length — 25.7 m, soil transportation path length — 78.4 m.,

Cycle time:

T=t;+t,+t;+¢t, (24)

where t; - soil cutting time:
1
t, =V—1= 3.6-25.7/3.2 = 28.9s

1
where 3.6 - conversion factor km/h to m/s;
I, - cutting path length, 1,=25.7 m;
v1 - speed of movement of the bulldozer in 1st gear when cutting the
soil;
v1=3,2 km/h.
t, - soil transference time by blade:

1
t, = V—Z = 3.6-78.4/3.8 = 74.2s

2
where 3.6 - conversion factor km/h to m/s;
I, - length of soil transportation path, 1,=78.4 m;
Vv, - the speed of the loaded bulldozer, v,=3.8 km/h.
t3 - return (empty bulldozer) time :
(1 +1) (25.7 +78.4)
ty = P 3.6 =5 =
where v3 - reverse travel speed, v;=5.2 km/h;
t, - additional time spent on lifting, lowering the blade, switching
speeds, turning the bulldozer, t,=25 c.
T=t;+t,+Hz+t,=21.4 + 57 + 55 +25 = 158.4¢
T=289+742+72+25=200.1s
The technical performance of the bulldozer is determined by the formula:

72's

Pr = (qpr -0 kn/Kr (25)
where gy - volume of the soil dragging by blade, m;
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L-H? 3.94-0.8152
TBr =%m ~~ 2-07
where L - blade length, L = 3.94 m;
H - blade height, H=0.815 m;
m = 0.7 - coefficient depending on the ratio H/L;
n - number of cycles per 1 hour of work:
n=3600/T =3600/200.1 =18
where k,=1.1 - coefficient of filling the geometric volume of the prism with
soil, k=1.25 - soil loosening coefficient,

P, = krl—187 18 1'1—296 3 /h
T= Gpr 0= & 125 206m*/

= 1.87m?3

r
Operating performance of the bulldozer:
P, =Pr-k, =29.6-0.8 =23.7m3/h
where k; - bulldozer utilization rate over time, k,=0.8.
Changeable bulldozer performance:
P.=8-P,=8-23.7=189.6m3/h
where 8 - the number of hours of work per shift.
2) Excavator selection

The excavation is carried out with a excavator equipped with a backhole shovel
with loading soil into dump trucks and with partial filling into a dump.

We select a front shovel excavators with teeth and with a bucket volume of 1
m?,

Table 14 — Specifications of excavator

EO-5122
1.Drive unit Hydraulic
2. Bucket volume 1m?
3. Maximum digging depth 9,3m
4. Largest cutting radius 99m
5. Height of unloading into transport 6,6 m
6. Power 95 kwatt
7. Mass 395t
Hvrl 1,64
Hur2 2,2
Cms. 42.64 y.C.
Cir. 37.34 thous. y.e.

3) Determining the number of dump trucks

To remove excess soil from the construction site and ensure joint work with the
excavator, we choose dump trucks. The carrying capacity and the brand are assigned
depending on the volume of the excavator and on the distance of the soil
transportation.

Choosing a dump truck MAZ-5516

- The volume of soil in a dense body in an excavator bucket
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_ Vy Kp s
Ky +1

(26)

1-1.25 1.25
=025 +1 125
where V- accepted bucket volume;
Ky + bucket filling ratio.
for a straight shovel - from 1-1.25
K,.1= 0.25- primary loosening factor
Determination of the mass of soil in an excavator bucket
Q=Vsps=1-16=16t
where ps=1.6 t/m*- average soil density.
- Determination of the number of soil buckets loaded into the body of the dump
truck

1m3

_P_20_
"0 T 16

- Determination of the volume of soil in a dense body of a dump truck loaded
into the body:
V=Ven=1-12=12m?

- Determination of the duration of one cycle of the dump truck

L AL SR L L S 27
60-5 60-5 ]
Tc=13.8+1—8+2+?+3=47.4mm

where L- Soil transportation distance;
t;- soil loading time;
t,- soil unloading time - from 1-2 min;
t.,- maneuvering time before loading and unloading - from 2-3 minutes;
I, -the average speed of the dump truck in the loaded state.V,=18 km/h;
Vp-from 25-30 km/h.

P V-H2,. 60 28
P 100 (28)
. _12-1.92-60_138 )
- - p = - 100 = .0omin
- Determination of the required number of dump trucks
T, 474 a4
t, 138 T

4) Selection of soil compactors
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Since course sand or gravel is course graind soils and have little cohesiveness,
therefore, considering the smallest length of the condensed strip up to 50 m we
choose (DU-128) — plate compactor with a width of the compacted strip - 2.5 m.

3.2 Technological map for concreting and formwork

The composition of concrete work and formwork work in the construction of a
monolithic frame includes:

- Formwork device;

- Concreting of the frame;

- Dismantling of the formwork.

- Concrete caring

Before starting the constructing of frame structure, you must:

- Deliver and place formwork panels and reinforcing bars at the storage site;

- Deliver and prepare necessary devices, inventory and tools for the work to the
site;

Formwork panels and details of its fastening should be sorted by brands and
standard sizes.

Reinforcing bars are delivered to the storages in the amount that ensures the
work of the reinforcement during the shift.

Concrete is delivered to the construction site by concrete mixer trucks, or dump
trucks adapted for the transportation of concrete.

In the places where the concrete is placed, an inventory wooden flooring is
arranged.

Reinforced concrete structures in contact with the ground must be coated with
hot bitumen.

Correct installation and fastening of the formwork must be accepted according
to the act.

Initial data

Number of floors - 13 (including the basement)

Transportation range - 5 km

Building dimensions: 1 =39.2m, b =18 m

Thickness of floor slabs and coverings: h =20 cm

Bulk density of heavy concrete: 2500 kg / m®

Floor height: typical - 3 m, basement floor - 4 m

The thickness of the shear walls are 200 mm.

Formwork installation

The installation of the formwork is carried out using a KB-403 tower crane
with a boom length of 23 m, installed according to the construction plan. The
installation of the formwork should be carried out according to the grips. Each floor is
divided into two sections in the plan. The boom of the crane is:

ler=a+ b + ¢ (24)
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where a- the distance from the crane axis to the crane rail;
b- the distance from the crane rail to the building;
c- the length of the building.
ley =2+ 3+ 18 =23

Columns, walls and ceilings should be concreted in the formwork. The
formwork kit consists of:

- Shearwall - made of metal panels, faced with water-resistant plywood 21 mm
thick, withstanding the pressure of freshly laid concrete of 60 kN / m?; straightening
locks BFD, providing in one operation the connectivity, evenness and density of the
formwork panels; strands DV - 15 with a nut - gasket with a permissible load on the
strand of 90 kN; leveling strand PCC with a support, ensuring the stability of the
formwork structures and designed for a load of 30 kN; consoles of suspended
scaffolding TRZh 120, providing safety when the load on the platform is 150 kg / m2.

- Column - metal panels TRS, lined with waterproof plywood 21 mm thick,
withstanding the permissible pressure of freshly laid concrete of 100 kN /m?, column
tension bolts with permissible bolt load of 90 kN.

- Coverings - made of lattice girders GT 24 of various lengths with a bearing
capacity - transverse force in struts - 14 kN, bending moment - 7 kNm, supports PER
30 with a bearing capacity of 30 kN; panels made of waterproof plywood 21 mm
thick.

The formwork is delivered to the construction site in special containers by road
and stored under a canopy.

The moisture content of the wood used for the deck should be no more than
18percentage, for supporting elements - no more than 22percentage. The formwork
elements must fit snugly against each other during assembly. Slots in butt joints
should not be more than 2 mm.

For the antidezone coating of the working surface of the formwork, water-
repellent lubricants are used based on petrochemical products that do not thicken in
the cold: solid oil or petrolatum-kerosene.

The formwork is disassembled in the following order:

- Remove external braces and struts;

- Remove the clamping clamps connecting the opposing walls of the formwork;

- Release the tension hooks connecting the shields with the contractions,
remove the contractions and individual shields;

- The shields are torn off the concrete with stripping tools with crowbars or
crank arms.

Scope of work

Calculation of the amount of work per floor:

1) Formwork

- Large-panel formwork:

S=L-h (29)
Floor slabs:
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S=L - B = 705.6 m?
Shear wall:

S=L-B=523.2m?
Total: 1228.8 m?
- Small-panel formwork:
Columns:

S=42-0.55-4-3=277.2 m?
Beams
S = 273.56 m?

Total: 550.76 m?
Overall: 1779.56 m?
- Support device, racks:
According to norms and rules for each 4 m? 1 rack is established.
In order to find out the number of racks you need to know the area of the

building, divide the area by 4 to find out the number of racks. But racks according to
ENIR are measured in meters of 100 m. To do this, multiply the number of racks by
the height of the floor and divide by 100.

S=L-b=18-39.2=705.6 m? (Building area)
n=S/4=705.6/4 =177 pcs. (Number of racks)
L=177-3=531m

- Device of beams:
Beams are laid in the longitudinal direction every 3 meters, and in the

transverse direction every 1 meter. Beam length 3 m.

In the longitudinal direction:
N = 39.2/3 = 14 pics.
Nora] = 146 = 84 pics. (total)
L=84-3=252 m.
In the transverse direction:
n=18/3=6 pics.
Niora = 6-38=228 pics.
L=228-3 =684 m.

Table 15- Scheme of formwork for elements

Name of board Designation | Sizes, mm | Quantity | Area of the board, m?
Linear board LB-1 3000x1000 74 3
Angular board AB-1 3000x300 9 0.9
Universal board UB-1 3000x1000 22 3
Universal board UB-1 3000x500 32 1.5
Total 8.4

2) Concreting

Concrete mix must be transported by specialized methodes. The accepted

method for transporting the concrete mixture must:
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- Exclude the ingress of atmospheric precipitation and direct exposure to
sunlight;

- Exclude stratification and violation of homogeneity;

- Prevent the loss of laitance or mortar.

The maximum duration of transportation of the concrete mix should be
established by the construction laboratory with the condition of ensuring the
preservation of the required quality of the mix on the way and at the place of its
laying.

Before placing the concrete mixture, the floor (artificial), the correct
installation of the formwork, reinforcement structures and embedded parts must be
checked. The inner surface of the inventory formwork must be cleaned and coated
with a special grease that does not impair the appearance and strength of the
structures.

breaks in concreting, which require the device of working seams, is determined
by the laboratory depending on the type and characteristics of the cement and the
temperature of concrete hardening. Placement of the concrete mixture after The
distribution of the concrete mixture in the structure to be concreted is carried out in
horizontal layers of the same thickness, laid in one direction. The overlapping of the
previous layer is subsequently performed before the cement sets, and the overlapping
time is set by the laboratory depending on the outside air temperature, the properties
of the cement used. Approximately this time is no more than 2 hours.

The duration of such breaks is carried out only after the surface of the working
joint is treated with cement mortar with a thickness of 20-50 mm or with a layer of
plastic concrete mixture.

The concrete mix is compacted with a deep vibrator with a flexible shaft. When
compacting the concrete mixture, it is not allowed to rest the vibrators on
reinforcement, embedded products, formwork fastening elements. The step of moving
the vibrator should not exceed 1.5 of its radius of action. The optimal duration of
vibration in one place is 20-30 s. The immersion depth of the vibrator in the concrete
mixture should ensure its partial deepening into the previously laid unhardened
concrete layer is showed in figure 13.

Signs of the completion of concrete compaction during the operation of
vibrators are:

- stopping the settling of the concrete mixture;

- coarse aggregate coating with mortar;

- the appearance of cement laitance on the surface and in the places of contact
with the formwork;

- cessation of the release of air bubbles.

After laying the top layer of the concrete mixture, it is necessary to smooth out
the exposed concrete surface.
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Figure.13-Concrete laying process

When caring for concrete, it is necessary to provide favorable temperature and
humidity conditions for concrete hardening, protecting it from the harmful effects of
wind, direct sunlight by systematic watering of moisture-consuming coatings (burlap,
a layer of sand, sawdust, etc.) of concrete surfaces; the frequency of watering
moisture-consuming coatings depends on climatic conditions and the need to
maintain the concrete surface in a damp state;

Concreting structures must be accompanied by appropriate entries in the
concrete work log.

Laying concrete mix in wall structures.

Vi = (h-ab-p) = 55.08 m3

Placement of concrete mix in coatings and ceilings:

S = Lb-h=39.2-18-0.15 = 105.84 m?3

Paving the concrete mixture into the column:

S = L-b-h = 42-0.55-0.55-3 = 38.115m?

Laying the concrete mixture in the crossbar:

S =Lbh=0503361.2= 54.18m?3

- Curing of concrete

When caring for concrete, it is necessary to provide favorable temperature and
humidity conditions for concrete hardening, protecting it from the harmful effects of
wind, direct sunlight by systematic watering of moisture-consuming coatings (burlap,
a layer of sand, sawdust, etc.) of concrete surfaces; the frequency of watering
moisture-consuming coatings depends on climatic conditions and the need to
maintain the concrete surface in a damp state;

S=a-'b=7056m?

- Dismantling the formwork:

Large-panel formwork — 1228.8 m?

Small-panel formwork - 550.76 m?

Total: 1779.56 m?

- Disassembly of racks and beams:

Supportn =177 pcs, L =531 m

Beams L =936 m., N = 312 pcs.
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Table 16 - Statement of volumes of construction installation work

Ne Name of processes Units Lst floor Number of Overall volume
volume floors
1 Formwork works
Large-panel formwork m? 1228.8 13 15974.4
Small-panel formwork m? 550.76 13 7159.88
support m 531 13 6903
Beams m 936 13 12168
3. Concrete works
Pouring m? 253.215 13 3291.8
Caring m? 705.6 13 9172.8
4. dismantling
Large-panel formwork m? 1228.8 13 15974.4
Small-panel formwork m? 550.76 13 7159.88
support 100 m 531 13 6903
Beams m 936 13 12168

- Tiering and Sizing of Structures

For the flow organization of the production of work, the object must first be
divided into tiers and captures. A tier is a section of a conditionally expanded
construction object vertically. 1st floor-1 tier. Capture - is a part of the object being
built to which a private stream is allocated with a certain number of workers.

The number of captures can be determined by the formula [10]:

At,
m =

-1
- +n (30)

where A- the number of shifts per day;
t, — the curing time of concrete until it acquires a strength equal to 15
kg/cm?(We accept from 1-6 days);
K - Cyclic module, i.e. the duration of work on the seizure is taken equal
to 1,
n- Number of simple processes (4).
22

m=T+4—1=7h00k

- Calculation of the formwork turnover

This calculation shows us how many times 1 formwork is used. The quality
indicator of the formwork is its turnover, i.e. possibility of repeated use.

The formwork turnover is calculated by the formula

_ im
Z= (31)

A-t,
n—1+ -

where ¥m - The total number of captures on all levels of the structure;
A- Number of shifts per day = 2
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Im=7-n=7-13=91
9

1
Z = = 18.2 times
P
That is, one formwork is used 18.2 times during the construction process.
The required number of formwork Kits is determined by the formula:

a=n+1+A:B

(32)

1-2
a=4+1+T=7sets
Selection of methods of transportation, supply, placement and consolidation of

concrete mixture.

Tower crane is a boom-type slewing crane with a boom fixed in the upper part

of a vertically located tower.

Crane

A tower crane is distinguished:

- Stationary

- Mobile

-Combined

1) Determination of the required lifting height of the tower crane hook:

Hg‘ = Ho + Hreserve + Helem + Hsling (m) (33)

where H,- Mark where the element to be installed is installed (37 m)
H,eserve- Height reserve (0.5 m)
H.em- Element height in mounted position (3.7 m)
Hgjing- Height of slings (2.5 m)
HY =374+ 0.5+ 3.7+ 25=43.7m
2) Determination of the required outreach of the tower crane:

I$t = B+-+c, (m) (34)

Where B - Width of the building object;

a - Width of the crane runway (4.5-6 m);

c - Distance from the edge of the building to the slewing part of the
(2m)

5
1. = 18+§+2 =23 m
3) Determination of the required load moment.

Mg = (Qel + Qsling) ’ lging(t' m) (35)

where Q- the mass of the bucket crane (5.9 tons);
Qs1ing- Weight of slings (0.1 t);
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Ieiing- Required boom reach.
M = (594+0.1)-23 = 138t m

4) Tower crane selection:
KB-408
Carrying capacity: 10 t
Load moment: 160 t-m
Lifting capacity at maximum outreach: 3 t
Departure range: 6 - 30 m
Lifting height freestanding crane: 57.8 m
Maximum Lifting speed: 67 m / min
5) Crane bucket:

Table 17- bucket characterisrics

Product | Volume, Carrying Length, = Width, | Height, :
; Weight,
name I capacity, kg mm mm mm
BP-2 2000 6000 3600 1000 2200 880 ‘

The actual duration of the bucket is determined by the formula:

3291.8 P
~ 495 OO0
where V- the total required volume of concrete for the entire building;
P.- Changeable operational efficiency of the mechanism m3 / shift.
Replaceable operational performance of a bucket for conveying concrete
mixture is calculated by the formula:

b _60-V-T-Kg m3

c T, shift (37
, 602808
¢ 155 7

where V- the volume of concrete mixture loaded into the crane with a bucket;
T - shift duration (8 hours);
Kg- The coefficient of use of the crane over time:

For a crane with an electric drive without outriggers - 0.82; for a crane with an
electric drive with outriggers - 0.8; for a crane with an internal combustion engine
without outriggers - 0.78; for a crane with an internal combustion engine with
outriggers -0.76.

T.- Duration of the working cycle
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5) The duration of the working cycle is calculated by the formula:
T, = t; + ts + 2t, + t, (minute) (38)

Where t.- Time of unloading the concrete mix from the concrete truck into the
buckets (0.5-1.5 min);
ts - Time of slinging (1-1.5 min)
t,- Time of feeding the concrete bucket crane into the concreting block
(Depends on the feed height and lifting speed, as well as on the distance and speed of
horizontal movement)
t, - Time of placing the concrete mixture into the structure (1-3 min)
T.=15+3+2-4+ 3 = 15.5 minute

Choice of a mechanism for conveying concrete mixture

Concrete pumps are used for general construction work related to concreting,
filling with ready-mixed concrete of all types of formwork during the construction of
walls, floors, foundations, and various tunnels. They are used in conjunction with
equipment for the production, storage or supply of ready-mixed concrete.

Pneumatic blowers are units used for the preparation of concrete mixture and
its simultaneous supply. This type of pump has a built-in compressor with an electric
motor or diesel unit.

- Concrete pump:

Model (ABN 75/32)

The actual duration of the concrete pump operation is determined by the
formula:

T = v 39
=3 (39)
T 32918 £0d
T 5426 O -
where V- the total required volume of concrete for the entire building;
P.- Changeable operational efficiency of the mechanism m? / shift
mo=60- () 1k, 40
¢ 4 “ Shift (40)

where T is the duration of work per shift 8 hours;
=314
d - Working cylinder diameter m
[ - Piston stroke length
9 - number of 2 piston strokes min. (Discharge rate)
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K., - coefficient characterizing the ratio of the volume of concrete
mixture supplied in 1 stroke to the working volume of the amplifier (0.8-0.9)

3.14-0.22
[Io =608 — -2:2:0.9 = 54.26

- Concrete mixer truck

KaMAZ-53212

- Vibrator

1V-66

The number of concrete trucks based on the condition of uninterrupted delivery
to the object:

(41)

where K- the coefficient taking into account the reserve of productivity of
mechanisms to the leading machines (0.85-0.9);
P.- operational performance of the concrete truck.

60-V-T-K
Py=——— (42)
tC
b k'Lln 0.72-800-18 _ 1037
100 100 7
where L-the volume of the concrete mixer in litre;
n-number of batches per hour;

k-coefficient of concrete output from 0.65 to 0.72 (usually 0.67 is

taken);
t.-cycle time.

2:L:60

te=t,+ (43)

VSI‘

where t,- loading time of the concrete truck at the plant

2:21-60
te=5+ =75
b _ 60:12:8:0.92 _ 69
a 75 B
Number of concrete trucks
3 0.9-103.7 145 % 2
= 9 = 1.45 = 2 pcs.

Conclusion: As a result of the calculations, the most economical and profitable
is the bucket crane weahers the concrete pump saves more time for this reason the
concrete pump is selected for this project.
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3.3 Master plan

The basic data required for the development of a building master plan are:

Master plan of the territory with existing and under construction buildings, as
well as basement communications networks;

A calendar plan for the production of work with a schedule of labor
requirements;

Necessary construction machines and mechanisms;

The required amount of the need for general construction structural elements,
products and bulk and non-bulk resources;

The number, list and dimensions of structures and buildings, as well as
temporary warehouses at the construction site;

Standard information on the development of building general plans. In general,
construction master plans can be dredged at various stages of the construction
business.

The explanatory notes show the function of the building master plan, its
purpose and for what period (for example, the installation of foundation blocks, and
the installation of roofing elements or in the installation of structures in general) was
developed. It is required to clarify the requirements enshrined in the base of its
implementation. After that, we give the necessary calculations and give an
explanatory note.

3.4 Calculation of temporary power supply

Electricity is the main source of energy used in the construction of buildings
and structures. Power electricity is used to power machines and mechanisms, for
electric welding and other technological needs.

Electricity is supplied to the construction from existing systems or inventory
mobile power plants. Therefore, when developing theses, it is necessary to resolve the
issue of power supply.

The maximum electricity consumption is set on the basis of the work schedule
or network schedule.

We find the power of the outdoor lighting network by the formula:

Who = K- Z Pon=119.2=19.2 kWatt
where K- reduction coefficient of the power;
> Po.n- sum of consuming power.

Indoor lighting network power:

Wy o =0.8-3.2 =256 kWatt

Total power consumption for lighting:

Wiortar =19.2 + 2.56 = 21.76 kWatt
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3.5 Organization of production areas, work areas and workplaces

Production areas (sites of construction and industrial enterprises with
construction objects located on them, production and sanitary buildings and
structures), work areas and workplaces must be prepared to ensure the safe
production of work.

Preparatory activities must be completed before the start of the work.
Compliance with the labor protection and safety requirements of industrial areas,
buildings and structures, work areas and workplaces of newly built or reconstructed
industrial facilities is determined when they are accepted for operation.

The completion of the preparatory work at the construction site must be
accepted according to the act on the implementation of labor safety measures.

Production equipment, fixtures and tools used to organize the workplace must
meet the labor safety requirements.

Production areas, work areas and workplaces must be provided with the
necessary means of collective or individual protection of workers, primary fire
extinguishing equipment, as well as communication, signaling and other technical
means of ensuring safe working conditions in accordance with the requirements of the
current regulatory legal acts.

Places of temporary or permanent residence of workers (sanitary facilities,
resting places and passages for people), when arranging and maintaining production
areas, work sites, should be located outside hazardous areas.

Hazardous areas must be marked with safety signs and inscriptions of the
prescribed form.

Moving loads over ceilings, when production, residential or office premises,
where people may be, fall into hazardous areas, is not allowed.

The admission to the production area of unauthorized persons, as well as
drunken workers or not employed in work in this area, is prohibited.

While on the territory of a construction or production site, in production and
utility rooms, at work sites and workplaces, employees, as well as representatives of
other organizations, are obliged to comply with the internal labor regulations related
to labor protection adopted in this organization.

Geographically separate premises, sites, work areas, workplaces must be
provided with telephone or radio communications.

Workers, managers, specialists and employees must be provided with overalls,
footwear and other personal protective equipment, in accordance with the Rules for
providing employees with special clothing, special footwear and other personal and
collective protective equipment, sanitary facilities and devices at the expense of the
employer.

Calculation of required solar panels for the building

As this building should be the most energy-efficient building we need to use
solar power for producing electricity.
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we use 250 watt solar panel by the sizes of 1x1.6 meter (1.6 m?) that can
provide 25 percent of the building electricity. Ther number of required solar panels is
determined by the formula:

(44)

where Py- building’s comsumption energy that is 25 percent of the building all
power consumption (24 kWatt);
t- duration of sunlight per day (4 hours);

P,- panel power (250 Watt).
_24000-4 384
- 250

required area for this number of panels is 614.4 m?that will put on the roof.
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4 Economic Part
4.1 Calculation of the estimated cost of construction

The estimated cost of construction is the necessary material resources, which is
determined on the basis of design materials and standards in accordance with the
legislation of the Republic of Kazakhstan.

The basis for construction is the estimated cost necessary to determine the
indicator of investment funds for construction, to form a price for construction, serves
as a guideline for customers when purchasing and concluding a contract, settlements
for work performed by a contract in accordance with the current legislation of the
Republic of Kazakhstan.

The cost of products at the design stage is determined according to the enlarged
resource estimate norms.

This section shows the cost, that is, the required capital for the construction.

The composition of the above consists of: construction cost, including design
and survey work, the price of equipment, the price of installation of equipment, etc.

Capital investment is determined by drawing up a consolidated estimate.

In the estimated summary calculation of construction, the funds are distributed
according to the following divisions:

- Costs of preparatory work on the territory;

- The main elements of the object;

- Elements of service and auxiliary character.

- Elements of the energy economy.

- Objects of transport facilities and communications.

- External networks and structures of water supply, sewerage, heat supply and
gas supply.

- Landscaping and gardening of the territory.

- Temporary buildings and structures.

- Costs are secondary.

- Directorates of the enterprise.

- Training of personnel.

- Exploration and design work.

The cost of construction of buildings and structures for main and additional
purposes is calculated on the basis of SN RK 8.02-01-2002. The stage of calculating
the cost of construction.

We find the construction cost of the estimated structures and buildings of the
main and secondary nature using general estimated norms in 2019 prices.

For housing and civil construction, Chapter 3 includes the estimated cost of
such objects as: utility buildings; checkpoints, greenhouses in hospital and scientific
towns; waste bins, etc .; buildings and structures for cultural and domestic purposes,
designed to serve workers and located within the territory allotted for the construction
of enterprises; nature conservation work, work on the protection of cultural
monuments, etc.
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4.2 Calculation of investment costs for construction

Investment costs for construction include all costs of the customer for the
project and are compiled in the form of a consolidated estimate of the cost of
construction.

The consolidated estimate of the construction cost additionally includes the
following cost items:

- the cost of the services of an engineer;

- training of operational personnel;

- the cost of design and survey work;

- the cost of examination of design and estimate documentation;

- costs for the implementation of architectural supervision. The cost of design
and survey work is determined in accordance with the general provisions for
determining the cost of design work for construction in the Republic of Kazakhstan
(RDS RK 08.02-03-2002, taking into account changes from 02.7.2004)

4.3 Technical and economic indicators of the project

For the implementation of the investment project, it is planned to use borrowed
funds. But at the same time, according to the legislation of the Republic of
Kazakhstan, 1 percent of the total investment should be financed from its own funds.

The cost for one building will be about 210.8 million tenge.

The full estimated cost of the building (local, consolidated, facility) of the
facility is attached in Appendix C.
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CONCLUSION

Based on the tasks set, a graduation project was launched on the topic "Social
Residential House" in Almaty.

The building is located in Akkent microdistrict srounded by tall and small
buildings. After analyzing the projected building, | made several conclusions. Firstly,
the main purpose of a modern social dwelling house is to provide senior citizens with
living quarters for living and providing them with social, household, medical, and
other types of services, and the construction of a modern social dwelling house would
make life easier for many citizens of the country when living in the city of Almaty.

The advantage of a residential building is that the projected building is located
in the city center and has additional service conditions. Secondly, the building is
located in clay soil, which is not hazardous for construction in seismic areas. Thirdly,
the construction of the sanatorium will take less than a year, which will entail
additional investments for a ready-made business platform.

This project is designed for permanent residence of senior citizens in the city of
Almaty. Since the possibility of developing construction in this area has great
potential due to its convenient location and large investments in construction at the
present time . The building has 13 stories including a basement with the height of 4
m, one meter of the basement is above the ground. In each floor there are 8 apartment
for both large and small families. The height of typical floor is 3 m. It has two
intrances provided with two elevators by differerent dimentions and staircases. There
are 7 similar buildings in the whole project. A beautiful landscape is designed for this
complex and each building has separate sufcient parking for vhicles.

This building is provided with energy-efficient materials in walls, windows,
floors and roof. Solar panel power system is designed to provide 25 percent of the
total electric power of the building. This building will give different view to to
Almaty city, and will accommodate many families inside it.

In brief, in the near future the need for energy-efficient buildings will be
increased rapidly and it is beneficial for the world future to use eco-friendly materials
in construction industry.
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Explanation on rooms

No Rooms Area, m?
1 Living room 17.75
2 Bedroom 15.002
3 Kitchen 8.46
4 Corridor 5.99
5 Bathroom 431
6 Utility room 1.16
7 Guest room 20
8 Dining room 14.9
9 Corridor 6.05
10|  Utility room 2.24
11 Corridor 32.1
12 Kitchen 11.75
13 Guest room 20.95
14| Corridor 10.67
15| Bedroom 16.39
16 Bathroom 4.56
17 Bathroom 2.05
18 Elevator 3.42
19 Elevator 5.7
20| Balcony 5.72

© © © ©
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Explanation on doors

No | Doors Size, bxh, m
1 D1 0.9x2.130
2 D2 0.76x2.1
3 D3 1.1x2.1
4 D4 1x2.1
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$ 1- Tile with cement mortar

2- Reinforced concrete shear wall

1- Thermal insulation (foam board), 100mm 3- Reinforced concrete plate, 150mm

2- Vapor barrier (Polyethylene sheets), Imm 4- Stairs
: - 5- Railing

3- Fiber cement siding, 139mm

4- Fiber cement siding,10mm R

5- Auto claved aerated concrete AAC blocks, 200mm 200

6- Reinforced concrete slab KazNITU-5B072900-Civil Engeneering-02.08.02-2021-DP

7-Water proofing(Membrane), 20mm

8- Sound proofing, 25mm Energy-Effecient Social Residential Building in Almaty
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Reinforcement specification

Position Design C Diameter, steel grade Length, mm | Nym. Mass, Kg-1m Note
1 EU 2-2004 @20S500 6800 4 247
2 EU 2-2004 @20S500 6800 2 247
3 EU 2-2004 3108275 1620 49 0.617
Material
C30/37 37
Steel consumption
Reinforcement products
Reinforcement class
Frame S500 S275
EU 2-2004 Total
@20 210
C-1 100.776 48.98 149.75
KazNITU-5B072900-Civil Engeneering-02.08.02-2021-DP
Energy-Effecient Social Residential Building in Almaty
Ch |Sheet | List |[Doc.No| Sign Date
Head of Dep |KozukovaN.V. . . Stage List Lists
Supervisor | Mukhanbetzhanova ZhSh. Design and calculation part P s 0
Consultant Kozukova N.V.
Bek A.A.
N controller . Civil Engineering and Building
Created by Paiman O. Calculathl’l Of beam Materials Department




Formwork scheme for typical floor

Formwork installation process
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shearlegs 130 SAFETY REQUIREMENTS
. B & 1. In construction and mounting work it is necessary to deal with the requirements of "Safety in
\ 3 " ong; nn : : "
fork 105 construction", "Fire safety rules "," Rules for the construction and safe operation of cranes.
\>% The safety of work must be ensured: by choosing the appropriate rational technological LIST OF REQUIRED MACHINES AND EQUIPMENT
/ Unvilka equipment;The safety of work must be ensured: by choosing the appropriate rational technological
/ D v 231 equipment; preparation and organization of workplaces for the production of work; the use of Machines name Brand Amount Note
protective equipment for workers; holding medical examination of persons admitted to work;
. timely training and verification of the knowledge of working personnel and engineers on safety Tower crane KB-408 1 Formwork and reinforcement work
Schedule for the p erfOMIng of formwork per floor precautions during construction and installation works. C te mixer truck 1 Concrete suppl
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Scheme of concreting for typical floor
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Concrete mixer truck
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Schedule for the production of concrete work per floor
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@ Concrete pump
ABN 75/32

Concrete pouring process

Volume  [Labor Nfumber Duration b
t: ty |O
No| Name of works of work iﬁailniloir worker e
Unite |Amount per shift | Hour| Sh 1 2 4 | 5 6 | 7
1| Formwork installation | m?> | 705.6 | 517.12 15 14 | 2 15
5 | Installation of fittings | 10 134 12 6 ) 20
slabs
3 | Floor concreting m’ | 105.8 | 50.57 15 4 |1 15
) 4
4 | Curing concrete m | 105.8 | 42,67 4 21 1
. . 10
5 | Dismantling m? | 705.6| 214.83 10 7 |2
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15 15
10
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1. Concrete pump

2. pouring concrete
3. Temporary board for standing
4. Vibrating

5. Formwork
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General information on concreting

Concrete mix must be transported by specialized methodes. The accepted method for transporting the concrete mixture must:

-Exclude the ingress of atmospheric precipitation and direct exposure to sunlight;

-Exclude stratification and violation of homogeneity;

-Prevent the loss of laitance or mortar.

The maximum duration of transportation of the concrete mix should be established by the construction laboratory with the
condition of ensuring the preservation of the required quality of the mix on the way and at the place of its laying. Before
placing the concrete mixture, the floor (artificial), the correct installation of the formwork, reinforcement structures and
embedded parts must be checked. The inner surface of the inventory formwork must be cleaned and coated with a special
grease that does not impair the appearance and strength of the structures. Breaks in concreting, which require the device of
working seams, is determined by the laboratory depending on the type and characteristics of the cement and the temperature of
concrete hardening. Placement of the concrete mixture after The distribution of the concrete mixture in the structure to be
concreted is carried out in horizontal layers of the same thickness, laid in one direction. The overlapping of the previous layer is
subsequently performed before the cement sets, and the overlapping time is set by the laboratory depending on the outside air
temperature, the properties of the cement used. Approximately this time is no more than 2 hours. The duration of such breaks is
carried out only after the surface of the working joint is treated with cement mortar with a thickness of 20-50 mm or with a
layer of plastic concrete mixture. The concrete mix is compacted with a deep vibrator with a flexible shaft. When compacting
the concrete mixture, it is not allowed to rest the vibrators on reinforcement, embedded products, formwork fastening elements.
The step of moving the vibrator should not exceed 1.5 of its radius of action. The optimal duration of vibration in one place is
20-30 s.
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Wind rose

Explanation of the site

Pos.| Name of building Size | Quantity
Permanent
1 | Building under construction |39.2x18 1
Temporary
2 | Closed warehouse 8x6 2
3 | Open warehouse 12x6 1
4 | Office and control room 3x4 2
5 | Dining room 8x3 1
6 | Room for foreman 5x3 1
7 | Toilet 3x1 2
8 | Trash can 5x3 1
9 | Check point 3x3 1
10 | Parking 15x6 1
11 | Transformer substation 4x3 1
12 | Restroom 5x3 1
13 | Workshop 3x5 1
14 | Shower 8x3 1
15 | Car wash 2x3 1
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Temporary power line
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Calendar schedule

Ne Scope of work |1abor X Graphical work
Name of works. S percy |t
1| temporary fence im | 19aa | 165 4 2 2 44
2 cutting off the vegetation layer 1000 m]3.04812] Bulldozer DZ-11 3 15 2 1 2
3 excavation 100m’ | 30.80
2| excavation of soll into vehicles 100m’ | 27.67 EO-5122 150 15 3 4 1
6 device of monolithic structures. (foundation)
7| formwork device. 1w ] 102.96] 054 8 3 4
8 | reinforcement work t 957 | 39.1 2 3 4 124 |
9| concrete placement T | 09.64 217 | ABN 75/32 1 3 4 fio
10 | concrete care 100m° |7 056 | 0972 0.5 1 2 4
11 | dismantling Im? | 10296] 238 4 3 B ho!
12| device of monolithic structures. (column)
m pr——— T T T -El-_i_ JLIE_ -El-_u_. _h_@_ _E'__D_. _ﬁ_,g_ _F}_u__ _h_g_ _EI-_U_. JL@_ -El-_u_. JL@_
15| concrete placement [F o [ - 1 5| 1 g B g 1 s 4 s 4 s
16 | concrete care 0.04 0.5 1 2 fa 4 b s {4 'y b 4 b 4 28| Y
17 | dismantling 72 | 308 65 3 lo 1 lo 1d lo 1 o 1d o 1 lo 1
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23 | dismantling m? 5232 [ 1739 7 3 8 1o 1 1o 1 fo 1 1o i Jo 1 1o 1
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28 | concrete care 100m] 7056 | 83 2 2 2 L4 £ L4 £ E £ L4 - L4 £ 4 R
29| Dismantling Im* | 100381 1774 12 2 2 L 40 Lid L Lid 40 114 L0 {14 20 L 10
30| foundation waterproofing 100m] 706 | 6.05 15 2 2
31 | backfiling 100m] 313 [Bulldozer DZ-11) 44 2 2 1
32 | soil compaction 100 m] 15.63 Hamm HD 90 0.6 05 |1 !
20 20 20 20 20 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0 20 0
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5 4 i | f 4 4 4 4 4 4 4 4 n 4 4 4 4 4 4 4 4 n
Statement of the needs of machines and mechanisms Technical and economic indicators
Name Mark Note n 20
max - .
KH op = - == _=0.78<1.5 Ne Name Unite Number
1. Bulldozer DZ-110 Cutting vegetable backfill p ncp 2 55
) 1 Labor costs man-day 5100.5
2 Excavator with EO.5120 Soil development in Q 51005 B Duration day 200
back shovel dump and transport n, =255
P .
funds I 200
3. l?elf—propelled DU-128 Soil compaction
roller
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Appendix A

Table A.1- Loads on floors and walls

Applied loads

Characteristics of loads, kg/m?

1 Unit weight:

Auto

1.1 Floor construction: For foundation:

Concrete preparation §=100 mm, p=1700 kg/m?

0.1-1700 =170

Membrane waterproofing layer, §=30 mm,p=1400 kg/m?

0.03-1400 =42

Extruded polystyrene foam §=40 mm,p=40 kg/m?

0.04-40=1.6

cement-sand plaster §=50 mm, p=1600 kg/m?

0.5-1600 = 800

Total

1084.4 kg/m?=1.195 t/m?

for typical floors:

Vinyl flooring §=10 mm, p=976 kg/m®

0.01-976 =9.76

Reinforced cement-sand plaster §=50 mm, p=1600 kg/m?

0.05-1600 = 80

Waterproofing (Membrane)
5=20 mm, p=1400 kg/m®

0.02-1400 = 28

Soundproofing
5=25 mm, p=45 kg/m®

0.025-45 =1.125

Foamed concrete for thermal insulation
5=50 mm, p=1000 kg/m3

0.05-1000 = 50

Floor slab 0.15- 2400 = 360
5=200 mm, p=2400 kg/m?
Total 528.885 kg/m? = 0.529 t/m?

for flat roof:

Floor slabs §=200 mm, p=2400 kg/m?®

0.15-2400 = 360

Reinforced cement-sand plaster
5=50 mm, p=1600 kg/m?

0.1-1600 = 160

Vapor barrier (low-Density Polyethylene sheets)
5=0.25 mm, p=940 kg/m?®

0.00025 - 940 = 0.235

Thermal insulation — PIR( Polyisocyanurate) boards 0.1-500 =50
5=100 mm, p=500 kg/m®
Waterproofing (Membrane) 0.02-140 = 28

5=20 mm, p=1400 kg/m*

Total

598.235 kg/m?= 0.598 t/m?

Loads

Characteristic of loads, kg/m

1.2 Wall construction

external self-supporting walls (wall height 3 m):

Autoclaved aerated concrete AAC blocks (Foam concrete
block)
5=200 mm, p=600 kg/m*

0.2-3-600 =360

Thermal insulation (foam board) 2 layers
& =50 mm, p = 40 kg/m?

0.05-2-3-40 =12

Vapor barrier (low-Density Polyethylene sheets)
5=1 mm, p=940 kg/m®

0.001-3-940 = 2.82
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Continuation of Appendix A

Continuation of Table A.1- Loads on floors and walls

Applied loads

Characteristics of loads, kg/m?

Fiber cement siding
5=149 mm, p=1650 kg/m?

0.149-3-1650 = 737.55

Total

1112.37 kg/m = 1.1124 T/m

Internal self-supporting walls ( wall height 3m)

Autoclaved aerated concrete AAC blocks (Foam concrete
block)
5=200 mm, p=600 kg/m*

0.2-3-600 =360

Thermal insulation (foam board)
8 =54 mm, p = 40 kg/m?

0.054-3-40 = 6.48

Vapor barrier (low-Density Polyethylene sheets)
5=1 mm, p=940 kg/m?®

0.001-3-940 = 2.82

gypsum plasterboard
5=15mm, p=800 kg/m®

0.015-3-800 = 36

Total

405.3 kg/m = 0.405 T/m

external self-supporting walls (parapet height 1m):

Autoclaved aerated concrete AAC blocks (Foam concrete
block)
5=200Mm,p=600 kg/m*

0.2-1-600 =120

Thermal insulation (foam board) 2 layers
& =50 mm, p = 40 kg/m®

0.05-2-1-40=4

Vapor barrier (low-Density Polyethylene sheets)
5=1 mm, p=940 kg/m?®

0.001-1-940 = 0.94

Fiber cement siding
5=149mm, p=1650 kg/m?

0.149-1-1650 = 245.85

Total

370.79 kg/m = 0.3708 T/m

Partitions (height, h = 3m)

Reinforced brick partition wall
5=100mm, p=2000 kg/m3

0.1-3-2000 =600

Support rack profiles
5=10 mm,p=15 kg/m?®

0.01-3-15=0.45

Thermal insulation (foam board)
5=50mm, p=40 kg/m®

0.05:-3-40=6

gypsum plasterboard
5=15mm, p=800 kg/m?

0.015-3-800 = 36

Hroro

642.45 kg/m = 0.642 t/m

2.2 Horizontal pressure from the ground [4]:

2.071 t/m?
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Appendix B
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Figure B.1 — stresses on the floors due to dead load
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Figure B.2 - stresses on the floors due to live load
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Continuation of Appendix B

Plan View - Basement - Z = 4000 (mm) - Displacements (Live) [mm] | StoryResponse | - X

-

B XA

aHh

B 0 -540 -480 -420 -3 -240 -1

Max =0.163151 at [29148.8889, 13150, 2333.3334]; Min =-0.851483 at [23000, 5000, 37000] X 27000 Y 17200 Z 4000 {mm) Start Animation << »> | Global ~ | Units.

Figure B.3- Isofields of base dirift along the Z axis

FJ Plan View - Basement - Z = 4000 (mm) - Displacements (Live) [mm] | storyResponse | - X
= 11 [T
2 ] 1
- /
= T )
Hb

Figure B.4- Isofields of base dirift along the X and Y axis
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Continuation of Appendix B

T | Plan View - Basement - 7 = 4000 (mm) - Displacements (Live) [mm] | StoryResponse |
eal=T)- = /L
v Name Maximum Story Displacement
Name StoryRespd
v Show
RS Display Type Wax story displ
= EQx v
Load Type Load Case Story1 o
Display For
Story Range User Specfied
Top Story Story1
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. | v Display Colors
—|  GlobalX B e
[ 1| Global Y B Red
= | ¥ Legend
| Legend Type None
Basement |
=
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Base T T T T T T T T T 1
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a1 | Case/Combo Displacement, mm
The load case orload combination for which the response is displayed
Manx: {4.151497, Story1); Min: (0, Base)

Max = 0.163151 at [25148 8889, 13150, 2333.3334]; Min =-0.851483 at [25000, 5000, 37000] X 13200 Y 15300 Z 4000 (mm) Start Animation << || »> | Global ~ L

Figure B.5- Diagram of displacements of the first floor slab from seismic along
X

View Resultant VIMAX Diagram  (soil pressure) [kN/m] | StoryResponse | -
- F=0 /[d
Maxii Story Displ: nt
StoryResp5 7 5

Display Type Max story displ

Case/Combo EQX

Load Type Load Case

Display For

Story Range User Specfied Story12 -

Top Story Story12

Story11 ~
~ |+ Display Colors
| Glbalx M b
1| GiobalY M R
=1| v Legend
iE3] Legend Type None
=
=

Storyl1
! ! , ! ! ! ! ! ! !
0.0 2.0 160 240 320 40.0 480 56.0 64.0 720 80.0
o | Bottom Story Displacement, mm
Responses ars displayed for al stories between the Top Story and the Bottom Story,
Fs" | inclusive
Max: (83765722, Story12); Min: (2717007, Story1)

Figures B.6- Diagram of displacements of the floor slab of the 12th floor from
seismic along X
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Continuation of Appendix B

[ Plan View - Basement - Z = 4000 (mm) - Displacements (Live) [mm] | StoryResponse |
B &5
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Show

Maximum Story Displacement

StoryResp4
v
=l Display Type Max story displ
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Display For
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2% | Bottom Story Displacement, mm
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Figure B.7 - Diagram of displacements of the 6st floor slab from seismic
survey along Y
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= |~ Legend
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a1 | Bottom Story Displacement, mm
Responses are displayed for all stories between the Top Story and the Bottom Story.
inclusive.
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Max = 0.163151 at 291488389, 13150, 2333.3334]; Min = -0.851483 at [23000, 5000, 37000) X13200 Y 15300 Z 4000 {nm) Start Animation <« || > | ciobal ~ || unit

Figure B.8 - Diagram of displacements of the 1st floor slab from seismic
survey along Y
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Appendix C

Table B.1- Calculation of labor cost for formwork and concreting

volume of .| Time
Name of simple work Accordi rate Labor costs
ng to Note
processes Un Amount | ENIR man/ | Man man
ite h hour | days
2 3 4 5 6 7 8 9
. E4-1-
InstaII?tlon of column m2 9779 34 B, 0.4 1146 | 13.98
ormwork
C-2 «a»
E4-1-
Installation diaphragm 2 34D,
formwork m 523.2 T-6, C- 0,25 | 1413 | 1.72
3 «ay»
E4-1-
Concrete supply tothe |3 | 55115 | 43 1.5, | 18 | 27 | 3.29
formwork of columns C-2
Placement of concrete E4-1-
mixture into formwork | m® | 38.115 |49, T-2,| 1.1 |159.79 | 19.49
columns C-5
10 E4-1-
Column dismantling 0 277.2 T3§ BC 0.15 | 4298 | 5.24
2 I, T
m 2 «O»
Immediate wrapping of F4-1-
the columns after 2
. ' ) . m 2.77 54,C- | 0.81 2.35 0.29
dismantling with plastic 10
wrap
Concrete supply to m 4§4T15
diaphragm formwork 55.08 (’:_2 " 18 144 | 1.76
blocks
Placement of concrete Egé
mixture into formwork | m® | 55.08 T-3’ C 0.79 | 62.74 | 7.65
blocks of diaphragms 1 «’d»
E4-1-
Diaphragm dismantling | m? 523.2 T32 [z: 0,16 9.04 1.1
3 «O»
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Continuation of Appendix C

Continuation of Table B.1- Calculation of labor cost for formwork and
concreting

volume of Accordi Time Labor costs
work rate
No Name of processes ng to Note
. Amou man/ | Man man
Unite ENIR
nt h hour days
Immediate covering of
the stripped concrete F4-1-
9 surfaces of the 109 | 057 | s4,c- | 081 | 046 | 0.06
diaphragms with m 10
peeling of the
polyethylene film
E4-1-
Installation of 2 105.8 | 34 B,
10 formwork for slabs m 4 T-4, C- 0.3 517.12 1 63.06
2 «d»
Laying, distribution, E4-1-
compaction of concrete 3 105.8 | 49, B,
11 mix in formwork blocks m 4 T-2, C- 089 | 1080.1 | 131.72
of floor slabs 9
Grouting of floor slab EA4-1-
1p | Surfacesand immediate | 100 | y5 59 | 54 . | 021 | 342 | 0.42
covering with plastic m 10
wrap and insulation
E4-1-
Dismantling of floor ’ 105.8 | 34, B,
13 slabs m 4 T-4, C- 0.13 | 214.83 26.2
2 «Z»
Immediate covering of
the stripped concrete E4-1-
14 surfaces qf the floor 109 1084 | 54.C- | 051 8.99 1
slabs with a new m 10
polyethylene film with
a peg
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Appendex D

OBJECT ESTIMATE

Estimated Cost
Mormative Labor Intensity

Estimated Wazas

Compilad in prices r 01.1. 2001 ¥

EIi}Mﬂ'ITt{:rus.T-:uEe.l

13.213 Thous.pars.h
2405 41 Thous. Tengs

Estwnated o, Thows Tenge

o of Mommative Estimated
Mo nn | estimates and Name of wiorks and coss .
calkulitions comstraction and | SFERTEL Labor ey Wages
frarmitare and oilberr Conls Todal
wrewia lahom woorics|
e niory
4 4 [ £

F1 1 Energy-sfficient socizl residentiz] complat in Almaty 210000 — — 210000 35.082 2r36.023
1 Total 210000 - - 21000 38.082 2736.023
3 Temporary buildines and struchurss 1310 — — 2310 35.082 2T36.023
F Feturn of materizls fom temporany buildings 2nd structures 3465 — — EELE] 35.082 2r36.023
5 Total 1310 - - 2310 38.082 2736.023
[ Total 111310 - - 212310 38.082 2736.023
7 Additionz] costs in the production of work in the winter 15347.72 — — 134772 38.082 2736.023
f Beniority costs 11231 11231 38.082 2736023
o Additionz] vacation costs B4024 24024 38.082 2736.023
10 Total 154772 187234 S510U06 38.082 2736.023
11 Total 11483772 197134 I1TEI0DSE 38 082 2736.023
11 Including refindsble zmounts 34635 - 34635 38.082 2736.023

13 Total according to the estimated calculation in the base prices | 214837.71
of 2001 18713 | 2l7Es00e 3s.082|  2736.023
14 Totzl estimated a3t curent prices in 3021 7348134004 101654038 | 744078 8051 38.082 2736.023
13 Including refindzbls zmounts in current prices 1185.03 1185.03 38.082 2736.023
16 Taxes, Bes, mendstory pavments, 14890 3761 [ 14B00.3761 38.082 2736.023
17 Estimzted cost 2t cusrent price leval T34B13.4024 150840709 FTS0BTESELS 38.082 2735.023
18 HIZ(11%) 211B540576 | D1185.40576 38.082 2736023
19 Construction cost T34E13.4024 11625303847 | B51063.TETL 38.082 2736023

Figure D.1- Object estimation
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Continuation of Appendix D

A B > D E F G
Estimatad caloulztion of the cost ef construction in the amount of 19 Tc I 851083, 7'57'.|T1'_a‘u5 Teng
including refimndables zmounts: 151 7o 118503 Thous Teng
value zddad tax 1817c 91185.4058 Thous Teng

ESTIMATE CALCULATION OF THE COST OF CONSTRUCTION

MR EER

REELsEE

a
1

Compilad in prices for 01.1. 2001 v
Ho. of Estmnaied col, |homs. l'evege S
Mo n'n | esinaies and Mame of works ond ¢ osis o =
enlenkiions comeine tion and|  egpipment, T
irecta llation frnitere and | other comis
WO mveniory
z : 4 3 &
Fl 1 Ensrgy-sfficient socizl rezidentiz] complex in Almety 151687 .45 - - 15168749
3 Total=1 row 15168749 - - 21000
3 Tempodary buildings znd strucheres 1,1%*3 row Toolumn 2310 — — 2310
4 FEturn of meterizls Fom tempodany buildings and structures 3465 _ 3453
15%*317c - B -
5 Total=3 row 1310 - — 2310
[ Total 2r+5r FARENTH — — 212310
7 Additionzl costs in the production of work in the 134772 - — 134772
2 Seniority costs 1367 11331 11331
o Additionzl vacztion costs D4 HTC 24024 24224
10 Total Tr+8r+8r 2547.72 297234 S520006
11 Total fr+10r J14857.72 07334 | 217RIQOE
12 Including refisndebls smount=4r 3465 - 3465
13 Total according to the estimated calculation in the base 31485772
prices of 2001 =11r 07334 | 21TEIQOG
14 Totzl sstimsted st current pricss in 30321 13r%3.42 T34E13.402 101854028 | 744278 E1
15 Including refisndsble zmownts in current prices 1357c*3.42 118503 118503
16 Taxes, Bes, mendatory peyments 13:* 145 7c 148225761 | 148823575
17 Estimated cost 2t cusrent price lewel 145+161 734813402 150849780 FT30ETESE
18 HIC{1Pa*17r7c Q118340358 | 91185406
1o Constmuction costl Tr+1 8y 734813402 116350385 | B51063.79

Figure D.2- Estimate calculation of the cost of construction
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Continuation of Appendix D

OBJECT ESTIMATE

Eztimated Cost
Nommative Lebor Intensity

Estimatad Wages

Compiled in prices o 01.1. 2001 v

21MMM Thous. Tengzz
13.213 Thous perzh

549541 Thous Tenes

Extwnated Coet, Theoves. Temge
ek Mo of estimnates Mume of works and ccss Mormatie Estimated
amed ¢k mbations I e, Lakr | wesety Wages
codeins: tom ard
ekl icm woaks fiarmitare: and wiher Cosds Tl
WEniory
2 4 A & T 5 ]
1 1 Enerev-afficient socizl sesidentiz] complex 15168 - - 21000 3B.082
2 Total 151687 - - 210000 35.082
3 Temporary buildings znd structurss 510 - - 1310 3B.082
4 Betwrn of materizls fom temporary buildings and strechwres 3465 _ - 34563 35082
5 Total 1310 — - 2310 38.082
[ Total 153997 - - 153097 35.082
7 Additionzl costs in the production of work in the winter 1247064 — — 1247064 38.082
2 Saniofity costs 1535987 1535997 35.082
o Additionz] vacstion costs g15.088 g15088 38.082
10 Total 1847064 2155058 4003.922 38.082
11 Total 1550844 954 2155958 158000.022 38.082
2 Including refindzbls zmounts 3465 — 34565 38.082
13 Total according to the estimated calculation in the base prices of | 133344054 3155058 158000027 .
2001 35.082
14 Total estimsted 2t curent prices in 2021 3310897748 737337636 | 5403631332 38.082
3 Including safindsble smounts in ourrent pricss 118503 118503 38.082
16 Taxes, 2o mendstory payments, 1080726306 | 1080726306 38.082
17 Estimated cost 2t current prics leval 3310897788 1B180.63942 3511704163 38.082
12 HIC(12% SO140.44508 | SO140.44008 35.082
19 Construction cost 3310897788 B4311.0B938 | 8173108663 38.082

Figure D.3- Object estimate
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MHUHUCTEPCTBO OBPA30OBAHIA U HAVKH PECITYBJIMKU KA3AXCTAH
COTBAEB YHUBEPCUTETI

RESPONSE

OF THE SUPERVISOR
for the graduation project

Paiman Obaid
5B072900-Civil Engineering

Topic: «Energy efficient social residential building in Almaty»

The student Paiman Obaid showed good preparation and professional literacy
during the training.

Paiman Obaid completed his thesis in full and completed the literacy for
further work in this specialty.

All sections are made at a good level and fully meet the requirements for the
thesis. An analytical review of the selected design of the residential complex was
carried out, the seismicity of the city of Almaty was taken into account. The
architectural-planning and structural sections were developed in accordance with the
issued task. The technical and economic review and construction production
technology have been developed at a good level.

The thesis is completed at a good level and meets the requirements for
bachelor's theses. Paiman Obaid deserves a high score of 90 points..

Supervisor
Master of technical sciences, lecturer

Mukhanbetzhanova Zh.Sh.

«30» may 2021 yr.

® KazsHUTY 706-16. OT3bI1B HAYYHOTO PYKOBOAMUTENS



MpoTokon aHanusa OTyeTa Nnogo6ma HayuyHbIM pyKoBoAgUTENEM

%aFIBJ'IFI}O,, uTo A O3H8.KOMI/I!'ICFI(S—8.Cb ¢ NosiHbIM 0TYETOM NOAO6US, KOngbII\/lI 6bI/1 creHepumposaH
NCTEMOWN BbIABIEHNA N NpegoTBpaLlleHNA niarnata B OTHOWEHNUN pabOThI:

ABTOp: MNaimaH Obang,

Ha3BaHue: Energy efficient social residential building in Almaty
KoopguHatop:Hagexaa Kostokosa

KoadhchnyueHT nogodmua 1:.1.8

KoachdhnyueHT nogodusa 2:.0.3

3ameHa 6ykB:109
NHTepBanbI:0
Mukponpo6enbl:2

Benble 3Haku: 0

Mocne aHanu3a OTueTa NOA06GUA KOHCTATUPYIO ClieAyloLlee:

L] obHa %)KeHHble BI_PaGOTe 3aUMCTBOBaHUA FIBﬂﬂlOTCHéﬂO%JOCO €CTHbIMW 1 He 06nagatoT
E'. 3HakaMu rnarvarta. CBA3M C 4yeM, npu3Hakwd padboTy CaMOCTOATEIbHON W

nycKalo ee K 3allunTe,;
[1 obHapyxeHHble B paboTe 3aMMCTBOBAHUSA He 06ﬂ6€,aI-OT Nnpu3Hakamuy nnarnatra, HoO Ux
ype3mMepHoe KOJ/IM4EeCTBO BbI3bIBAET COMHEHUA OTHOLUEHN E€HHOCTU é)a OThl MO
C LL&%CT gb:/'ll' OTCYTCTBMEM CaMOCTOATE/IbHOCTUA €€ aBTopa. CBA3N C 4em, padoTa

OOJTKHa b BHOBb OTpeaakTnpoBaHa C LeJiblo orpaHnyeHnAa 3amMcTBOBaHUN,

] oBbHapyXeHHble B paboTe 3aMMCTBOBaHUA ABMAKTCA He,ﬂé(l)GgOCOBeCTHbIMVI n obnaparTt
nprm3Hakamu nsarmarta, Wi B Heu copheé)m%mﬂ npeoHam geHHble I/ICKa)KeHI/El TEKCTAa,
X asblsaroul._llme Ha MOMbITKM COKPbITUSA HEA00POCOBECTHbIX 3aMMCTBOBaHUN. B CBS3M C

eM, He forlyckato paboTy K 3aliuTe.

O6ocHoBaHue:

Jama lMoonuck Hay4yHo20 pykosooumersisi



MpoTokon aHanusa OTueTa Nogo06Us
3aBegytolulero kadyeapoii | HauasIbHUKA CTPYKTYPHOTO nogpasaeneHus

3aBeayownii Kadeapoi / HayaslbHUK CTPYKTYPHOTO nogpasgeneHus 3assrseT, yto
o3Hakomuncsa(-acb) ¢ MonHbIM 0T4ETOM NOAO06KSA, KOTOPLIV ObIN CreHepupoBaH Cuctemon
BbISIBNIEHUA 1 NpefoTBpaLLeHNs nnarnara B OTHOWEHUN paboThbl:

ABTop: MNarimaH Obaung
HasBaHue: Energy efficient social residential building in Almaty

KoopauHatop: Hagexaa Kostokosa

KoadhdpmymeHT nogodus 1:1.8
KoachdpmyueHT nogoodus 2:0.3
3ameHa 6ykB:109
NHTepBanbI:0
Mukponpob6ensbl:2

Benble 3Haku:0

Mocne aHanusa oTyeTa Nogo6mA 3aBeayOWMiA Kadeapoii | HaYaIbHUK CTPYKTYPHOTO
nogpasgeneHuss KOHCTaTupyer criegyioulee:

L] o6HapyxeHHble B paboTe 3aMMCTBOBaHUA ABASAOTCA JOOPOCOBECTHLIMU U HE 06najaloT
npusHakamu nnarvarta. B cBa3u ¢ yem, paboTta npusHaeTcss CaMOCTOATENIbHOW M [OMYyCKaeTCs K
3awmre;

[] o6HapyxeHHble B paboTe 3aMMCTBOBaHUA He 061a4al0T Npu3HakaMmuy naarvara, Ho ux
ype3mMepHOe KONIMYECTBO Bbi3blBAET COMHEHUSA B OTHOLLEHUM LEeHHOCTM paboTbl NO CYLLECTBY U
OTCYTCTBMEM CaMOCTOATE/IbHOCTY ee aBTopa. B cBA3n ¢ yem, paboTta fo/kHa 6biTb BHOBb
oTpefakTnpoBaHa C Lie/1bio OrpaHnYeHnst 3aMMCTBOBaHUA;

[1 o6HapyxeHHble B paboTe 3anMCTBOBaHUSA ABMASITCA HEA0OPOCOBECTHbIMY 1 06NnafatoT
npu3Hakamu nnarvara, uin B Heil cogepxarcs npegHaMepeHHble UCKaXKEHUSA TEKCTa,
yKa3blBaloLLMe Ha NOMbITKN COKPbITUSA HELOOPOCOBECTHBIX 3aMMCTBOBaHWI. B cBA3M € Yewm,
paboTa He JornyckaeTcs K 3awure.

O6ocHoOBaHue:



Jata lModnucek 3asedyrouje2o kaghedopoli /

Hava/lbHUKa cmpykKmypHO020 noopasoesieHusi

OKOHYaTeNnbHOEe peLleHe B OTHOLWWEHUN AonycCKa K 3awmTe, BK1o4Yas 060CHOBaHue:

[ata lMoonuck 3aBedyrouwje2o kagheopol /

Haya/lbHuUKa cmpykmypHo20 hoopa3oe/ieHusi
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