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Abstract. Construction and climatic certification and, therefore, the orientation of buildings and
building envelopes are important aspects of design and construction, especially in the conditions of
specific climatic zones of the Republic of Kazakhstan. The main points that should be taken into
account when determining climatic conditions, including in certification: the study of climatic
conditions at the construction site, such as solar radiation, temperature, humidity, wind and other
meteorological factors. This permits to select the appropriate building structures, materials and
technologies. Based on climatic data, an energy saving strategy is developed to ensure an optimal level
of comfort in buildings with minimal costs for heating and air conditioning, as well as to minimize
overheating in the summer and provide optimal solar lighting, take into account the prevailing wind
directions to minimize the negative impact of strong winds on structures and improve ventilation. The
developed methodology of construction and climatic certification and factors of the natural and
climatic environment, entered into the passports of the construction object, is the basis for the creation
of design documentation of the Architecture section to ensure optimal conditions for the design,
construction and operation of buildings and structures.
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1. INTRODUCTION

The climate of an area is the main indicator in the design of buildings, since decisions related to
volumetric planning [1-4] and the design of external wall enclosures [5-8] directly depend on the
qualitative and quantitative parameters of the area’s environment: insolation-light, temperature-
humidity and wind conditions. In almost all scientific works related to the development of energy-
efficient external wall enclosures, the internal microclimate and external climate of the environment
are taken as the main boundary condition [9-11], which is a fundamental condition for such studies
[12].

Considering these circumstances, the authors of [13] conducted a review of works mainly with hot
climates, where they considered self-shading building facades as a proposal, which use the shape of
the building envelope or its components to provide partial protection from solar radiation. The results
of the literature review showed that self-shading facades reduce heat transfer due to various aspects of
self-shading, including morphology, shaded surface area and building materials. In [14], the authors,
when studying ventilated facades, also paid special attention to the climatic parameters that
corresponded to countries with a moderate warm climate, such as the Mediterranean [15], where an
energy analysis of ventilated facades in combination with windows was carried out based on climatic
data. In [16], due to the peculiarities of the climate, a comparison is presented of the possibilities of
coconut coir insulation and a green facade to reduce overheating of premises in a warm and humid
climate common in the coastal regions of South India. During the experimental study, insulating
coatings such as dry coconut mat, wet coconut mat, green facade and coconut mat with green facade
were selected for the construction of walls. In [17], the authors, taking into account the characteristics
of the hot climate, conducted field measurements of 20 common and modern facade materials of
buildings and their impact on the outside air temperature. As a result of the study, the most effective
designs of external enclosure in the studied climatic conditions were determined.

In [18], the authors conducted an experimental study of the external enclosure taking into account
the peculiarities of climatic parameters in China. As a result, the thermal conductivity values of the
inner wall and the structural features of the facade, including the joint opening ratio, the color of the
outer lining, the openness of the ventilation openings and the cavity width were investigated [19-21],
which showed a significant impact on the thermal performance of ventilated facades. It was
emphasized that the functions of controlling solar radiation on the surface have the greatest impact on
the performance in summer, while the functions that limit the ventilation of the cavity prevail in
winter. By integrating the optimal solutions for each structural feature, optimal configurations of
ventilated facades for summer and winter use were proposed, which made it possible to reduce energy
consumption by 11.4% and 6.5% compared with conventional monolithic facade walls [22-24].

The above analysis of the literature shows that proper consideration of the climatic conditions of an
area contributes to the effective design of the external wall enclosure. In this regard, the purpose of
this study is climatic certification with the analysis of engineering and climatic calculations taking into
account the climatic subregions of the territory of the Republic of Kazakhstan in the context of large
cities, since external enclosures during operation can be exposed to various climatic influences, which
complicates the provision of a comfortable microclimatic regime in the premises and normal operating
conditions of buildings and their external enclosures.

2. METHODS AND MATERIALS

To compile engineering and climatic calculations for the most significant territories of the
Republic, the methodology described in [26] and the data obtained from the analysis of the database of
the national hydrometeorological service Kazhydromet (over the past 30 years), Code of rules of the
Republic of Kazakhstan 2.04-01-2017, Code of rules 131.13330.2020 and Construction norms and
specifications 2.01.01-82 were used, taking into account the diversity of climate throughout the
territory (Table 1). The study considered the most densely populated cities from different climatic
subregions according to Table 1.
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Table 1. Climatic values of the Republic of Kazakhstan in terms of climatic subregions according to
the Code of rules of the Republic of Kazakhstan 2.04-01-2017.
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1 1B Astana, Karaganda, | -14 | - - 12 21 Severe and cold long winter,
Kokshetau, 28 which requires maximum
Kostanay, Ust- thermal protection of
Kamenogorsk, buildings
Petropavlovsk
2 | 1IB There are no large | -4 - - 12 |21 Moderate  winter, which
cities 14 requires necessary thermal
protection of buildings
3 | A Pavlodar -14 | - - 21 25 Negative temperatures in
20 winters and hot summers
4 | 1B Almaty,  Aktobe, | -5 - - 21 25 determine  the  thermal
Taldykorgan 14 protection of buildings in
winter and their protection
from overheating in summer
5 |IVA Kyzylorda -10 [ 2 - 28 higher | Hot summers and relatively
6 | IVl Shymkent, Atyrau, | -15 | 0 - 25 28 | short winters, which require
Aktau, Taraz active protection of buildings
from overheating in summer
with  appropriate  thermal
protection in winter

According to the methodology described in [26], the climate passport mainly consists of four
sections, where the following engineering and climate calculations are analyzed in detail: solar
radiation regime, temperature regime, wind regime and humidity regime. The results for the city of
Almaty are presented in the form of diagrams, and the remaining territorial units are presented in
tabular form.

The analysis of the solar radiation regime was carried out in terms of monthly (Fig. 1 and Table 2)
total solar radiation on horizontal and vertical surfaces, taking into account orientation (Fig. 2 and
Table 3).

Annual course of solar radiation
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Fig. 1. Annual course of average monthly total solar radiation on a horizontal surface under clear skies
in Almaty.
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Table 2. Annual course of average monthly total solar radiation on a horizontal surface under clear

skies, MJ/m®.
Ne City Geographical Month
latitude,
degrees, N
I 11 111 v Vv VI | VII | VIIT | IX X XI | XII
1 Astana 51°18’ 171 | 279 | 534 | 682 | 852 | 880 | 881 | 722 | 548 | 354 | 204 | 135
2 Shymkent 42°18’ 286 | 386 | 618 | 737 | 880 | 892 | 888 | 782 | 633 | 483 | 328 | 260
3 Aktobe 50°28’ 182 | 293 | 543 | 688 | 855 | 880 | 879 | 726 | 561 | 370 | 219 | 150
4 Aktau 43°39’ 270 | 372 | 608 | 729 | 875 | 890 | 886 | 773 | 624 | 471 | 315 | 243
5 Kyzylorda 44°51' 254 | 359 | 598 | 721 | 870 | 887 | 884 | 763 | 615 | 457 | 301 | 227
6 Pavlodar 52°16' 160 | 266 | 524 | 676 | 849 | 879 | 881 | 717 | 516 | 338 | 189 | 123
7 Ust- 49°58’ 185 | 297 | 546 | 690 | 856 | 880 | 879 | 727 | 564 | 375 | 224 | 155
Kamenogorsk
8 Imaty 43°15' 272 | 374 | 609 | 730 | 875 | 890 | 886 | 774 | 625 | 473 | 317 | 246
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Fig. 2. Annual course of average monthly total solar radiation on a vertical surface under clear skies,

taking into account the orientation of Almaty.

Table 3. Annual course of average monthly total solar radiation on a vertical surface under cloudless
skies, taking into account orientations, MJ/m’.

Ne City | Geograp- | Orientation Month
hical
latitude, I o | | Iv |V | VI |VI|VI| IX | X | XI |XII
degrees,
N
1 Astana | 51°18’ N 11 17 20 20 131
1 4 5 9
NE/NW 15 |24 |33 |36 |33 |279]| 19 |11
5 4 2 8 9 1 2
E/W 14 |21 |36 |45 |50 | 50 | 51 | 455 (37 |26 |17 | 12
8 3 7 6 9 8 3 1 6 0 5
SE/SW 37 42 57 55 56 51 50 537 | 52 49 39 31
9 8 3 3 5 2 4 9 3 5 4
S 50 | 57 | 69 |55 | 48 | 41 | 44 | 512 |58 | 61 | 55 | 48
5 0 2 5 7 7 2 0 3 2 5
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Continuation of Table 3

Shymkent 42°18' N 11 16 19 19 135
5 5 5 8
NE/NW 18 | 25 |32 |34 |32 |276 |20 |15
5 7 4 4 7 8 8
E/W 21 25 38 43 47 46 46 | 444 | 37 32 | 22 19
3 8 9 4 9 6 7 5 3 5 2
SE/SW 48 47 55 50 47 42 41 475 | 48 52 | 45 42
5 7 6 2 1 2 6 7 1 8 7
S 65 | 61 | 64 |47 |36 |28 |32 | 412 |49 |61 |62 |62
7 4 3 9 1 6 2 5 9 4 6
Aktobe 50°28' N 11 17 20 | 20 130
0 1 5 6
NE/NW 16 | 24 33 36 33 268 | 19 11
0 7 2 6 8 2 5
E/W 15 |21 |37 |45 | 50 | 50 | 50 | 454 |37 |27 |17 |13
4 6 1 2 6 4 8 2 0 6 1
SE/SW 39 43 57 54 55 51 49 532 | 52 49 | 40 32
1 4 4 8 6 0 6 9 6 4 6
S 52 57 69 55 47 40 | 43 503 | 57 61 56 49
0 7 2 2 5 5 1 5 6 3 8
Aktau 43°39’ N 11 16 | 19 | 19 | 135
4 3 5 0
NE/NW 18 25 32 34 32 | 274 | 20 15
4 6 5 5 9 5 0
E/W 20 | 25 38 44 48 46 47 | 446 | 37 31 21 18
1 0 9 4 3 9 5 4 5 9 2
SE/SW 47 | 47 | 56 | 50 | 48 | 43 | 42 | 485 |49 |52 |45 | 41
0 5 2 9 3 3 8 4 0 1 3
S 64 61 65 49 37 30 33 426 | 52 62 61 61
0 2 7 5 8 2 8 7 3 8 2
Kyzylorda 44°51' N 11 16 19 18 133
3 3 7 9
NE/NW 18 | 25 |32 |34 |33 | 273 (20 | 14
2 5 7 9 1 2 3
E/W 19 | 24 | 38 | 43 | 48 | 47 | 48 | 447 | 37 | 30 | 21 17
3 4 8 7 7 4 1 3 7 2 2
SE/SW 45 47 56 51 49 45 44 | 494 | 50 51 44 39
7 0 7 7 5 0 0 3 7 3 9
S 61 | 60 | 66 |50 |39 |32 |35 |439 |54 |62 |61l |59
9 8 7 9 5 0 4 1 5 2 3
Pavlodar 52°16' N 10 | 17 | 20 | 21 | 129
9 6 7 2
NE/NW 15 24 33 37 34 | 267 | 19 10
0 2 1 0 0 0 9
E/W 14 120 |36 |46 | 51 |51 |51 |457 |37 |26 |16 | 11
0 8 2 0 3 3 9 0 1 4 9
SE/SW 36 | 42 | 57 |55 |57 |51 |51 | 543 |53 | 48 | 38 | 30
7 2 0 9 5 6 3 1 9 9 1
S 49 56 69 56 49 42 45 522 | 58 61 53 47
0 3 0 3 9 9 5 5 0 9 0
Ust- 49°58' N 11 16 | 20 | 20 | 131
Kamenogorsk 1 9 6 2
NE/NW 16 | 24 |33 |36 |33 |269 |19 | 11
5 9 2 5 6 3 9
E/W 16 22 37 | 44 50 | 49 50 | 453 | 37 27 18 13
1 0 4 9 4 9 3 1 5 1 6
SE/SW 40 | 44 | 57 |54 |54 |50 | 48 | 527 |52 |50 | 41 | 33
2 0 6 4 6 7 8 9 0 1 8
S 53 | 58 | 69 |54 |46 |39 |41 | 493 |57 |61 |57 |51
4 3 2 8 2 3 9 0 9 5 1
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Continuation of Table 3

Almaty

43°15'

N 11 16 19 19 | 135
4 3 6 2
NE/NW 18 | 25 |32 |34 |32 | 275 |20 |15
4 6 5 5 9 6 2
E/W 20 [ 25 |38 |43 | 48 | 46 | 47 | 446 | 37 | 31 | 22 18
5 3 9 5 2 8 3 4 8 1 5
SE/SW 47 | 47 | 56 | 50 |47 |43 | 42 | 482 | 49 | 52 | 45 | 41
5 6 0 7 9 0 5 2 0 3 8
S 64 | 61 65 |49 | 37 |29 | 33 | 421 | 51 62 | 62 | 61
5 3 3 0 3 7 3 8 2 0 6

monthly (Fig. 4 and Table 5) and daily values (Fig. 5 and Table 6).

The analysis of the temperature regime was carried out in terms of annual (Fig. 3 and Table 4),

Temperature value, °C
W

Annual course of average monthly air temperature

VI

VII

Month

VIII

IX

X

Fig. 3. Annual course of average monthly air temperature, Almaty.

Table 4. Annual course of average monthly air temperature, °C.

Ne City Month

I I I v \% VI VII | VII IX X XI XII
1 Astana -145 | -13.6 | -6.0 | 6.5 14.5 19.6 20.6 | 19.1 12.6 5.0 -5.2 -12.0
2 Shymkent -0.4 1.3 7.8 14.0 19.3 24.4 26.8 | 25.8 20.2 13.0 | 6.1 1.1
3 | Aktobe -124 | -11.7 | 46 | 7.6 15.6 21.1 23.0 | 21.3 142 ] 6.1 -3.0 | -9.8
4 | Aktau -0.3 0.6 5.8 11.7 | 182 23.5 26.1 | 257 203 | 135 |59 1.3
5 | Kyzylorda -6.8 | 4.6 4.0 139 | 21.1 267 | 283 | 262 190 | 106 | 1.7 -5.0
6 | Pavlodar -16.7 | -147 | -6.2 | 6.7 14.2 19.7 212 |1 19.0 12.1 4.5 -5.9 -13.1
7 | Ust- -15.6 | -13.6 | -5.6 | 6.9 13.9 19.1 204 | 18.5 12.2 5.4 -4.7 -11.8

Kamenogorsk

8 | Almaty 46 |24 4.6 12.1 17.1 22.1 244 | 233 18 106 | 2.9 -2.7




Temperature course in January

-~ o

Temperature value, °C

CrtpourebHble MaTepuabl U u3geaus/Construction Materials and Products. 2024. 7 (5)

Day of the month

a

1 357 9 1113151719212325272931

Temperature course in July

[ I S ]
o~

[~]
h

L]
9%

Temperature value, °C
=] L]
[+l +

1

357 91113151719212325272931
Day of the month

b

Fig. 4. Monthly course of average daily temperature, Almaty: a — in January, b — in July.

Table 5. Monthly variation of average daily temperature in January/July, °C.

Day Month

Astana Shymkent Aktobe Aktau Kyzylorda Pavlodar Ust- Almaty

Kamenogorsk

1 -13.5/19.8 | 1.0/26.5 -11.1/21.9 0.3/25.5 -5.2/29.0 | -16.7/20.2 -12.5/20.3 -3.5/24.3
2 -14.6/19.5 | 1.3/26.5 -10.9/22.3 0.2/24.9 -6.4/27.7 -17.3/20.1 -15.0/20.0 -4.0/24.3
3 -13.1/19.7 | 1.2/25.8 -12.1/22.7 0.4/24.8 -5.7127.2 -16.6/20.3 -16.8/19.9 -3.6/24.2
4 -14.6/19.9 | 0.8/25.7 -11.8/22.5 -0.3/25.4 -6.1/27.5 -18.2/20.5 -14.4/20.3 -4.0/23.4
5 -14.1/19.9 | 0.4/26.1 -11.8/23.3 -0.8/26.1 -7.7/28.1 -18.3/20.3 -18.1/19.2 -5.0/23.3
6 -14.0/21.2 | 0.5/26.5 -12.6/24.0 0.1/26.8 -7.6/29.0 | -18.2/20.8 -17.4/19.3 -4.8/23.2
7 -13.6/21.1 | 0.9/27.4 -13.1/23.5 -0.3/26.7 | -6.4/29.5 -17.2/22.0 -14.5/19.6 -4.1/24.6
8 -14.9/20.6 | 0.4/28.1 -12.8/23.5 -0.4/26.4 -5.6/30.0 -16.6/20.8 -15.3/20.1 -2.8/25.5
9 -13.6/20.9 | -0.5/28.2 -13.6/23.7 -0.5/26.2 -5.5/29.6 -16.5/21.0 -14.4/19.8 -2.2/25.8
10 -13.4/20.9 | -0.1/28.0 -11.6/23.2 -0.6/26.0 -5.3/29.1 -15.4/20.7 -15.6/20.6 -3.7/25.6
11 -12.2/21.3 | -0.3/27.6 | -11.7/23.5 -0.2/25.8 | -5.5/29.1 -15.1/21.1 -13.9/20.9 -2.9/25.0
12 -12.0/21.2 | -1.3/27.0 | -11.2/22.9 0.0/26.2 -5.9/28.6 -13.9/21.4 -12.1/21.8 -2.9/25.1
13 -13.6/20.6 | -0.7/26.7 -11.6/22.9 0.3/25.6 -5.2/27.6 -14.7/22.2 -12.1/22.1 -3.8/24.4
14 -13.0/20.1 | -0.3/26.2 -9.2/23.3 0.7/26.3 -5.3/127.7 -13.4/21.7 -11.8/21.7 -4.0/24.0
15 -11.4/20.2 | -0.1/26.4 -9.6/23.9 0.5/26.6 -4.7/127.9 -12.5/21.7 -10.1/21.8 -3.2/24.3
16 -13.9/20.2 | -0.9/26.4 | -9.9/244 0.1/27.4 -5.0/28.5 -14.8/21.4 -10.2/21.0 -3.4/24.7
17 -14.4/20.8 | -1.9/27.0 | -10.6/24.5 0.3/27.6 -5.2/28.8 -16.3/21.8 -12.4/21.0 -4.3/25.3
18 -14.6/21.7 | -2.1/27.0 -10.8/24.8 -0.3/26.8 -6.2/29.3 -17.3/22.2 -16.0/21.7 -4.6/25.0
19 -15.6/21.5 | -0.9/27.6 -12.2/24.1 -0.0/27.2 -6.7/29.9 -17.0/22.1 -18.8/21.4 -4.9/25.3
20 -15.1/21.8 | -0.1/28.3 -12.1/23.3 0.0/26.6 -6.2/29.9 -18.2/22.1 -18.0/21.6 -5.1/25.8
21 -14.5/20.3 | 0.1/27.7 -12.1/22.9 -0.7/26.7 | -6.7/28.6 -18.3/21.1 -17.2/22.0 -4.8/25.1
22 -15.4/18.9 | -0.4/27.3 -13.4/22.8 -0.8/26.5 | -6.5/27.8 -18.8/19.9 -18.1/21.1 -4.9/24.0
23 -15.7/19.2 | -0.2/27.0 -15.2/22.8 0.1/27.0 -6.9/27.4 -19.2/19.7 -17.1/20.4 -4.0/24.2
24 -17.1/19.5 | -0.2/26.6 | -15.4/23.2 -0.4/27.1 -7.9/27.6 -19.7/19.5 -17.8/19.6 -5.124.4
25 -18.4/20.2 | -0.6/26.7 -13.6/23.9 -0.2/27.2 -8.1/28.3 -18.8/19.7 -15.8/19.8 -5.3/24.4
26 -16.7/20.2 | -0.8/27.1 -13.6/23.8 -0.2/27.1 -8.2/28.6 -19.2/20.3 -18.4/20.3 -6.5/24.4
27 -17.1/19.7 | -0.4/27.7 | -15.3/23.3 -1.3/27.5 | -8.3/28.3 -19.4/20.6 -17.6/20.3 -6.3/25.6
28 -17.4/19.7 | -0.2/27.2 | -15.5/23.2 -1.4/279 | -7.8/27.5 -19.7/20.2 -19.7/19.7 -6.5/24.4
29 -16.1/20.6 | 1.0/26.7 -15.8/23.5 -1.2/26.7 -6.9/27.7 -19.0/20.7 -19.5/19.2 -5.1/23.8
30 -15.6/21.2 | 0.8/27.4 -13.1/23.1 -1.2/26.7 | -7.2/28.5 -18.6/21.1 -17.0/19.9 -4.3/24.4
31 -14.7/21.5 | 0.3/27.9 -12.1/23.0 -0.4/264 | -7.1/28.9 -19.3/21.6 -17.9/20.2 -4.2/24.7
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Fig. 5. Daily temperature course, Almaty: a — January 15, b — July 15.
Table 6. Daily temperature course on January 15/July 15, °C.
Ne City Time
0 3 6 9 12 15 18 21
1 Astana -12.5/ | -12.5/ | -10.3/ | -9.1/ -10.9/ -12.2/ -11.8/ -11.9/
15.7 19.0 224 23.5 239 21.5 18.7 16.9
2 Shymkent -1.3/ -0.9/ 1.5/ 2.1/ 0.7/ -1.3/ -0.3/ -0.9/
20.0 26.4 30.9 31.9 31.5 273 22.8 20.9
3 Aktobe -10.2/ | -10.6/ | -10.1/ | -7.8/ -8.0/ -9.4/ -9.8/ -10.3/
16.7 19.7 26.2 29.1 29.8 28.2 21.9 18.8
4 Aktau -0.4/ -0.9/ -0.1/ 2.0/ 2.6/ 0.8/ 0.2/ -0.4/
232 24.4 29.7 27.7 28.1 28.8 26.5 24.6
5 Kyzylorda -4.9/ -5.5/ -5.8/ -5.9/ -4.5/ -2.2/ -2.5/ -4.0/
21.1 25.0 30.9 33.1 33.7 30.8 25.7 233
6 Pavlodar -13.8/ | -13.2/ | -11.4/ | -10.2/ | -12.2/ -12.5/ -13.3/ -13.3/
16.8 21.5 254 26.0 25.0 22.1 19.2 17.6
7 Ust- -11.7/ | -11.8/ | -8.4/ -7.2/ -9.5/ -9.6/ -10.9/ -11.7/
Kamenogorsk | 16.4 22.0 26.0 28.5 26.1 21.7 17.9 15.7
8 Almaty -5.6/ -5.0/ -0.9/ 0.1/ -1.5/ -2.7/ -4.9/ -5.3/
18.6 23.8 273 28.5 28.1 24.1 21.5 20.1

The analysis of the humidity regime was also carried out in terms of annual (Fig. 6 and Table 7),
monthly (Fig. 7 and Table 8), and daily values (Fig. 8 and Table 9).

Annual humidity course

Humidity value, %
E=y
=

I IT 111 v Vv VI VI VI IX X XI XII
Month

Fig. 6. Annual course of average relative humidity by months in Almaty.
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Table 7. Annual course of average relative air humidity, %.

Month

Ne City I II I v A% VI VII VIII IX X XI XII
1 Astana 78 77 79 64 54 53 59 57 58 68 80 79
2 Shymkent 73 72 68 62 56 43 38 34 39 54 68 73
3 Aktobe 81 79 79 66 57 54 55 54 58 69 80 82
4 Aktau 79 75 70 67 66 62 60 57 57 62 74 78
5 Kyzylorda 79 75 66 49 41 35 34 34 40 53 71 78
6 Pavlodar 79 79 80 62 54 55 60 61 62 71 80 80
7 Ust- 76 75 77 64 57 62 67 64 63 69 77 77

Kamenogorsk
8 Almaty 78 76 71 59 57 49 47 45 49 63 73 79
Humidity course in January Humidity course in July
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Fig. 7. Monthly course of average daily relative humidity in Almaty: a — in January, b — in July.

Table 8. Monthly course of average daily relative humidity in January/July, %.

Day City

Astana Shymkent Aktobe Aktau Kyzylorda | Pavlodar Ust- Almaty

Kamenogorsk

1 79.5/61.5 | 71.9/38.7 | 82.7/56.6 79.9/55.8 | 80.1/31.4 | 77.0/64.4 | 74.7/64.9 79.6/43.5
2 75.7/62.4 | 68.1/37.7 | 81.6/55.1 83.9/58.8 | 77.3/34.1 | 77.0/64.7 | 75.3/64.6 79.9/44.1
3 78.5/65.4 | 73.7/38.6 80.1/54.6 80.7/59.6 | 77.5/35.4 77.4/65.7 | 76.9/66.2 73.1/43.0
4 77.6/61.7 | 74.6/38.1 78.0/51.4 82.1/52.5 | 76.3/35.0 76.4/65.6 | 78.8/64.1 76.0/47.5
5 76.3/60.1 | 79.2/37.1 | 79.2/51.9 81.4/50.6 | 72.3/34.0 | 76.4/65.6 | 77.6/67.0 79.3/47.1
6 76.1/57.0 | 74.7/35.5 | 79.3/49.7 82.1/51.8 | 73.4/31.1 | 76.1/62.1 | 77.7/67.0 78.4/47.9
7 75.9/59.0 | 72.4/34.1 80.4/52.7 80.3/52.7 | 77.2/31.0 | 78.3/58.3 | 71.4/67.7 77.1/42.3
8 76.3/55.8 | 75.8/32.0 80.7/51.5 76.0/54.3 | 75.3/29.5 80.2/59.5 72.5/64.6 73.4/38.9
9 79.5/56.2 | 78.3/32.4 80.0/46.5 77.5/55.6 | 77.3/29.4 78.4/60.1 70.7/64.9 72.7/37.4
10 79.5/58.9 | 74.2/32.3 | 82.3/50.5 76.3/57.9 | 76.3/29.2 | 77.8/62.0 | 73.9/62.8 79.4/37.6
11 78.8/58.0 | 77.0/32.6 | 83.7/53.0 77.2/60.9 | 75.8/30.0 | 78.1/60.6 | 70.5/63.2 73.6/39.4
12 79.9/59.7 | 80.3/34.1 83.0/52.4 78.1/56.6 | 74.4/32.6 79.1/62.6 | 72.5/59.3 76.6/42.4
13 79.8/60.8 | 73.9/36.3 84.1/51.6 79.5/60.8 | 76.8/35.8 77.7/60.2 | 73.3/61.6 79.3/41.2
14 81.1/61.9 | 73.1/37.2 83.4/52.1 78.5/53.6 | 72.4/35.6 79.7/60.0 | 72.5/62.6 77.6/44.2
15 81.5/64.3 | 79.5/36.1 82.8/51.7 80.4/51.7 | 75.3/34.8 | 81.0/61.4 | 69.2/63.2 74.9/45.3
16 79.4/62.0 | 82.8/35.9 | 84.2/48.8 79.2/48.1 | 77.1/34.1 | 79.5/61.4 | 76.8/65.1 79.9/44.8
17 79.9/60.1 | 79.4/35.3 82.5/49.7 81.0/48.0 | 71.1/33.3 79.6/61.6 | 75.4/65.7 80.1/44.1
18 78.6/60.1 | 74.3/36.4 81.9/52.8 78.9/54.8 | 71.6/33.1 78.6/61.0 | 75.0/63.0 76.2/42.2
19 78.4/59.6 | 69.0/36.7 80.9/53.6 78.8/53.0 | 78.2/33.0 77.2/60.1 72.4/63.9 75.9/42.7
20 76.3/57.9 | 70.4/35.0 | 81.1/55.3 79.3/53.0 | 78.5/31.7 | 76.3/62.2 | 69.5/64.7 75.5/42.2
21 74.0/60.8 | 74.0/34.7 | 79.3/52.7 80.0/50.4 | 74.6/31.8 | 75.0/63.0 | 75.0/64.9 75.7/42.4
22 72.5/62.0 | 78.4/34.7 79.2/51.0 78.3/51.9 | 78.7/34.3 73.9/65.4 | 75.5/69.0 78.9/45.7
23 77.0/59.3 | 80.0/35.3 77.0/50.9 76.0/48.7 | 77.3/34.7 75.7/63.9 | 73.5/68.3 78.0/43.5
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Continuation of Table 8

24 76.0/62.3 | 77.9/34.8 74.9/50.1 78.0/44.6 | 78.3/33.4 | 75.2/66.5 | 74.1/66.9 78.3/46.5
25 76.0/59.6 | 76.0/35.0 76.8/50.4 78.4/47.2 | 77.9/33.1 75.5/67.4 | 73.8/68.1 77.3/45.8
26 74.8/61.0 | 71.2/32.6 76.6/47.1 79.8/49.4 | 78.0/32.5 74.4/65.7 75.0/67.6 81.1/44.7
27 72.1/61.1 | 71.8/32.0 77.2/48.1 77.8/47.5 | 77.5/33.6 74.2/64.2 74.6/67.1 78.6/43.8
28 72.5/60.7 | 72.2/32.7 76.6/50.8 74.7/45.5 | 77.1/33.6 73.7/64.7 72.8/68.6 80.0/43.0
29 73.6/61.0 | 71.0/32.9 77.0/50.1 75.4/52.9 | 77.4/33.1 74.0/62.7 | 70.5/70.2 77.0/44.9
30 73.2/57.2 | 76.4/31.8 77.1/54.0 76.5/52.2 | 77.3/30.6 | 75.3/61.3 | 69.4/66.5 76.9/41.8
31 74.7/57.1 | 76.7/31.2 78.0/50.9 79.3/52.8 | 78.7/32.0 75.5/59.9 71.2/65.2 80.3/41.3
Humidity course in January 15
% Humidity course in July 15
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Fig. 8. Daily humidity course, Almaty: a — January 15, b — July 15.
Table 9. Daily temperature course on January 15/July 15, %.
Ne City Time
0 3 6 9 12 15 18 21
1 Astana 84.5/78.9 84.1/71.0 | 80.6/56.3 78.053.2/ | 80.5/49.2 80.1/56.5 81.2/67.6 82.9/75.7
2 Shymkent 80.0/50.5 | 77.5/38.9 | 74.1/25.9 | 75.0/23.1 82.2/25.2 | 89.1/33.3 | 75.9/44.6 | 75.6/47.7
3 | Aktobe 84.4/74.9 | 84.7/63.8 | 84.2/46.6 | 77.6/36.0 | 79.1/33.7 | 83.3/37.7 | 84.1/55.9 | 84.7/65.0
4 Aktau 82.7/55.1 84.9/52.7 81.5/43.1 75.7/53.7 72.2/55.1 77.9/49.1 83.0/50.1 85.1/55.0
5 Kyzylorda 84.1/52.5 84.6/41.6 79.8/28.9 70.2/23.4 | 71.6/21.9 | 78.0/28.6 79.7/37.0 82.4/44.4
6 Pavlodar 83.1/80.9 83.1/63.8 79.4/46.7 75.1/44.0 80.0/47.3 82.2/58.8 82.3/71.2 82.9/78.3
7 Ust- 70.6/81.8 69.8/62.0 | 66.2/51.3 65.8/39.5 69.2/49.7 | 70.5/64.2 71.8/73.5 70.8/82.2
Kamenogorsk
8 Almaty 82.7/60.3 80.0/47.5 63.0/36.5 60.5/34.8 67.9/33.8 74.5/44.1 80.9/51.4 82.2/53.6
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Fig. 9. Analysis of monthly precipitation in Almaty.

Table 10. Analysis of average monthly precipitation, mm.

Month
No City
i o] | 1v v VI | VIl | VIl | IX | X | XI | XII

1 | Astana 18 17 20 |22 33 40 56 | 31 21 26 |29 |25
2 | Shymkent 78 |90 81 | 74 56 24 10 |4 9 39 |74 |77
3 | Aktobe 25 |23 30 |29 29 30 30 |20 17 |29 |25 |29
4 | Aktau 18 12 15 |18 13 12 0 |8 7 13 |22 |21
5 | Kyzylorda 18 14 15 20 19 8 5 3 3 9 16 16
6 | Pavlodar 18 15 16 |15 26 42 57 |32 21 24 |23 |22
7 gg;llfamen"' 28 |26 30 |38 42 48 64 |39 30 |44 |50 |38
8 | Almaty 35 |43 72 112 |99 59 43 |34 28 |50 |55 |44

The analysis of the wind regime of the cold and warm periods for January and July, indicating the
frequency and average wind speed (Fig. 10 and Tables 11, 12).

Wind rose, January Wind rose, July
==@=="T¥ind direction frequency. % ==@="T¥ind direction frequency. %
=@== A verage speed by direction by month and per year. ==@== A verage speed by direction by month and per year,
m/s N m/s .
30 be N
NW 20 NE NW

W E W

SwW SE SwW

S S
a b

Fig. 10. Analysis of wind conditions in Almaty: a — January, b — July.
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Table 11. Wind regime analysis for January.

Wind speed frequency, m/s

Ne City Calm/

N NE E SE S SW W NW average
1 Astana 2/3 10/3.7 | 5/3.5 12/3.3 | 31/4.2 | 30/59 | 8/5.4 2/3.3 7/3.4
2 Shymkent 3/1.5 6/2.1 2624 | 26/2.3 | 9/3.0 15/3.8 | 92.9 6/1.8 18/2.5
3 Aktobe 3/2.7 12/3.0 | 15/2.7 | 15/2.7 | 20/4.1 | 17/5.7 | 13/4.8 | 5/3.7 20/3.7
4 Aktau 12/4.6 | 17/3.3 | 30/4.1 | 20/5.1 | 2/3.8 2/4.3 7/6.4 10/6.3 | 2/4.7
5 Kyzylorda 13/3.2 | 28/4.3 | 15/3.8 | 6/2.8 13/3.1 | 13/3.5 | 9/33 3/2.8 21/3.4
6 Pavlodar 3/3.6 4/3.5 7/3.6 14/3.8 | 24/4.2 | 26/6.0 | 18/5.2 | 4/4.1 8/4.2
7 Ust- Kamenogorsk | 5/2.3 3/2.7 21/4.3 | 30/5.0 | 11/54 | 8/5.3 9/3.4 13/2.9 | 47/3.9
8 Almaty 30/1.2 | 13/1.2 | 5/1.2 13/1.2 | 12/1.3 | 12/1.4 | 713 8/1.2 46/1.3

Table 12. Wind regime analysis for July.

Wind speed frequency, m/s
Ne City Calm/average
N NW W SW S SW W SW
1 Astana 15/3.4 | 20/3.8 | 10/3.4 | 9/3.3 10/2.9 | 10/3.5 | 14/3.7 | 12/3.6 | 7/3.4
2 Shymkent 6/2.4 16/3.5 | 27/24 | 17/2.1 | 5/2.0 5/2.6 11/2.2 | 13/2.0 | 9124
3 | Aktobe 1629 | 1724 | 1424 | 6/24 5/3.0 7/4.0 18/5.7 | 17/3.6 | 22/3.3
4 | Aktau 14/4.5 | 13/4.0 | 7/3.6 4/3.6 4/3.6 8/2.7 32/3.5 | 18/4.5 | 4/37
5 | Kyzylorda 25/3.3 | 18/3.9 | 5/4.5 1/2.7 2/2.5 8/2.9 21/3.2 | 20/3.2 | 20/3.3
6 | Pavlodar 15/3.9 | 16/3.7 | 11/3.6 | 8/3.5 10/3.2 | 9/3.6 16/3.9 | 15/4.1 | 9/3.7
7 Ust- 13/3.8 | 11/3.2 | 19/3.5 | 15/3.5 | 6/3.5 7/3.4 11/3.8 | 18/4.3 | 34/3.6
Kamenogorsk
8 | Almaty 18/1.4 | 10/1.4 | 8/1.4 25/1.5 | 15/1.6 | 11/1.7 | 7/1.5 6/1.4 28/1.5

3. RESULTS AND DISCUSSION

Based on the analysis of the results of engineering and climatic calculations carried out from the
latest relevant and archival sources specified in Section 2, the following results of the architectural
analysis of the characteristics of an important climate-forming factor — solar radiation along with the
wind regime, allowing for an assessment of the side of the horizon according to thermal conditions
taking into account the standardized Code of rules and Construction norms and specifications’
restrictions on the orientation of residential premises and their building envelopes (Fig. 11, 12). As a
result of the analysis of the arrival of solar radiation on the surfaces of the facade of buildings of
different orientations and wind frequency, the degrees of favorability and unfavorability of the
orientation of buildings and external structural walls to the cardinal points depending on the insolation
regime in the context of typical cities of the Republic were identified (see Fig. 11). An architectural
analysis of the wind regime was also carried out taking into account the corresponding criteria for the
frequency of the wind to the cardinal points and is presented in the form of a horizon circle by
identifying a sector of favorable, acceptable, unfavorable and unacceptable orientation in the context
of typical cities of the Republic (see Fig. 12). In general, the comprehensive assessment of engineering
and climate calculations in Section 2 is presented in the form of a final architectural climate analysis
taking into account both the solar radiation and wind conditions, which are important factors in the
orientation of buildings and the design of external heat-protective enclosing walls. The results of the
study are entered in the form of a circle with a breakdown into sectors of favorable, acceptable,
unfavorable, unacceptable orientation by identifying the optimal sector of orientation of buildings and
facades also in the context of typical cities of the Republic (Figure 13), which allows solving a range
of problems in the architectural and structural solution of the heat-protective vertical shell of
buildings, facade systems, the design of helioactive enclosures, energy-efficient walls, innovative
facade designs, kinetic facade designs, etc.
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N
T 317

a: Astana and Ust — Kamenogorsk b: Shymkent, Aktobe, Aktau, Kyzylorda, Pavlodar
and Almaty
Fig. 11. Values of favorable and unfavorable orientation to the cardinal points in the context of typical
cities of thRepublic of Kazakhstan: 1 — Sector of favorable orientation; 2 — Sector of unacceptable
orientation; 3 — Sector of acceptable orientation.

e: Kyzylorda

135°

g: Ust — Kamenogorsk
Fig. 12. Values of the architectural analysis of the wind regime in the context of typical cities of the

Republic of Kazakhstan: 1 — Sector of favorable orientation; 2 — Sector of unacceptable orientation; 3
— Sector of acceptable orientation; 4 — Sector of unfavorable orientation.
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a: Astana

1 90"

N
= 80° T

= 80°

2000
f: Pavlodar

200°
g: Ust — Kamenogorsk h: Almaty

Fig. 13. Breakdown into sectors of favorable, acceptable, unfavorable, unacceptable orientation in the
context of typical cities of the Republic of Kazakhstan: 1 — Sector of favorable orientation; 2 — Sector
of unacceptable orientation; 3 — Sector of acceptable orientation; 4 — Sector of unfavorable orientation;
5 — Sector of optimal orientation.

4. CONCLUSIONS
The developed methodology of construction and climatic certification of cities, the content of

which is the collection and generalization of data, analysis of climatic conditions, taking into account
the features of urban infrastructure, allows for an integrated approach and forecasting of future
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changes.

Below is a step-by-step method that was used to create a passport of construction and climatic
characteristics of typical cities of the Republic of Kazakhstan.

1. Collection and analysis of climate data. Research and analysis of meteorological factors: solar
radiation, temperature, humidity, wind speed and direction, precipitation and other climate parameters.

2. Assessment of the impact of climate factors on building types and enclosing structures, building
density.

3. Development of recommendations for design of buildings and enclosing structures taking into
account optimal orientation, use of solar energy, thermal insulation and ventilation to improve energy
efficiency and comfort.

4. Monitoring and updating of data, which is a prerequisite for the establishment of a monitoring
system for the regular collection and analysis of climate data and their impact on buildings and the
urban environment.

5. Implementation and training of designers, architects and urban planners on the application of the
results of the certification and recommendations in their work.

6. Modeling and climate forecasting, simulations for assessing future changes and risks.

7. Using in the future a platform for storing and analyzing climate data in specialized
meteorological services.

The method of construction and climate certification of cities allows for more accurate
consideration of climate conditions when designing buildings and structures and planning urban
infrastructure, which contributes to the creation of a more comfortable and sustainable environment
for people in the aspect of “Climate Change”. The results of this study in the context of typical cities
of the Republic will be used by the authors in further work on the development of energy-efficient
external wall structures of buildings.
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