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Zoning of Thermal Actions on Load-Bearing Structures
for the Territory of Ukraine

Based on the results of previously conducted research, an administrative-territorial zoning of the
characteristic values of thermal changes during summer and winter structural welding of load-bearing elements
was performed. The independence of temperature changes from the height above sea level has been revealed.
Significant changes by the territory of Ukraine confirmed the need for territorial zoning of temperature on load-
bearing structures.
thermal actions, meteorological data, territorial zoning

Formulation of the problem. Changes in outside air temperature can cause
significant deformations and internal forces in the load-bearing structures. The current
standard DBN B.1.2-2:2006 "Loads and impacts" establish uniform calculation parameters of
outside air temperature for the entire territory of Ukraine, which are used to assess the stress-
strain state of load-bearing structures. In the previously performed studies of the authors,
significant variability of these parameters was revealed and their cartographic zoning across
the territory of Ukraine was carried out. In addition, it is proposed to directly regulate outside
temperature differences during cold and warm structural welding. There are also known
works that indicate the advantages of administrative-territorial zoning of the design
parameters of climate loads and impacts, in which the regional characteristic value of the load
is established for each administrative region of Ukraine.

Analysis of recent research and publications. The state building regulations of
Ukraine [1] establish four parameters of temperature, namely, the structural
welding temperature in the warm and cold period of the year, as well as the temperature of the
coldest and warmest day. Through them, the characteristic and design values of temperature
drops are calculated, which are taken into account in the calculations of load-bearing
structures. A similar approach is also implemented in the Eurocode [2]. The disadvantage of
this approach is the need to standardize four calculation parameters, as well as their
immutability for the entire territory of Ukraine in the standards [1].

Significant variability of design parameters of outside air temperature on the territory
of Ukraine was revealed and maps of their territorial zoning were developed in works [3, 4].
Also, a simplified method of normalizing the influence of temperature by directly establishing
temperature differences during winter and summer structural welding is proposed, and a
corresponding map of the zoning of Ukraine is developed.

The methods of displaying the territorial variability of the estimated parameters of
climate loads and impacts were developed and implemented in works [5...9]. The article [5]
analyzes various methods of territorial zoning. Article [6] is devoted to the development of
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methods of territorial zoning of climate parameters based on the use of multidimensional
statistics methods. In work [7], cartographic and administrative-territorial zoning of the
characteristic values of snow load, maximum wind pressure, weight of ice and wind pressure
during icing was carried out. In the works [7...9], the method of administrative-territorial
zoning of the design parameters of climate loads and impacts is justified and tested. In
particular, the method of determining regional values of design parameters is proposed in
article [8], and regional values of design parameters of outside air temperature for thermal
calculations of exterior walls are established in work [9]. In general, studies [7...9] have
shown that replacing several zoning maps with a single table of regional characteristic values
simplifies the use of standards and ensures error-free determination of loads based on the
belonging of the construction site to a certain administrative region.

The purpose of this work is to analyze the variability of the characteristic values of
atmospheric temperature drops during the summer and winter structural welding and perform
their administrative-territorial zoning based on the data of previously performed research.

Presentation of the main material. The initial data for the analysis were taken from
works [3, 4]. The database includes 50 seaside (at a distance of up to 10 km from the coast of
the Black and Azov seas), 28 mountain (at heights of more than 500 m above sea level), and
330 plain observation points of Ukraine. The characteristic values of outside air temperature
changes during summer and winter structural welding for each of the observation points and
recorded in a Microsoft Excel worksheet.

Specifics of the temperature regime of the coastal areas of Ukraine were studied in
[10]. It has been established that coastal areas in a strip about 10 km wide are characterized by
3...5°C higher winter temperatures than in adjacent areas. Summer temperatures vary in a
range of 1...2°C.

A comparison of the characteristic values of temperature differences was made for 50
coastal and 83 continental observation points in the territories of Odesa, Mykolaiv,
Zaporizhzhya, and Donetsk regions, as well as the Autonomous Republic of Crimea. It was
established that when the structures are closed in the warm period of the year, temperature
drops Ay on the coast can be 0.6...1.4°C lower in absolute value, and when closed in the cold
period of the year, the temperature drops Ay, by 0.2...0.6 °C are lower than in the adjacent flat
areas. Such differences lead to a change in stresses in rigidly fixed steel rods by only 3.4 MPa,
or by 1.4% of the design resistance of low-carbon steel. Such a small difference allows to
combine coastal and other flat observation points into one sample within each region.

It is common knowledge that air temperature decreases by approximately 6°C with
each kilometer of altitude above sea level. In work [10], based on data from the Crimea and
the Carpathians, it is shown that the minimum winter and maximum summer design values of
air temperature decrease by 4...7°C per kilometer of height above sea level in mountainous areas.

The influence of height above sea level on design parameters of outside air
temperature was analyzed by comparing the data of 26 mountain and 89 plain observation
points from five regions of Ukraine: Zakarpattia, Lviv, Ivano-Frankivsk, Chernivtsi, as well
as the Autonomous Republic of Crimea. The analysis showed that with the increase in
geographic altitude, the average temperatures of the warm and cold half-year, the coldest and
warmest days decrease with height and for mountain observation points can be 1.4...5.5°C
lower than in the adjacent flat areas. As a result of the synchronous drop of these
temperatures, the characteristic values of the temperature drop when closing in the warm Ay
and in the cold Ay, period of the year differ from the temperatures in the flat area by no more
than 1.4°C. This makes it possible to carry out territorial zoning of temperature differences
taking into account the data of all 408 observation points, including plain, coastal and
mountain ones, as well as not to introduce corrections to the geographical height when
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determining thermal actions. The revealed effect is an additional advantage of direct
normalization of temperature differences during summer and winter structural welding.

As in a similar study [4], the regional characteristic values of negative A, (with
summer structural welding) and positive Ay, (with winter structural welding) outside air
temperature differences are determined by the formulae:

Aﬂc' :Mtc_t.Stc’ AOw :Mtw—’_t.SM’ (1)

where tp — argument of the normal distribution function, which corresponds to the
given confidence level P of the regional characteristic value of the temperature drop;

M, and My, — average values of air temperature differences within each region during
summer and winter structural welding;

Sic and Sy — standard deviations of regional samples of outside air temperature
differences during summer and winter structural welding.

The results of calculations according to formulae (1) showed that for confidence levels
from 0.8 to 0.95, the regional characteristic values of temperature differences differ by no
more than 1°C. This is due to the slight variability of temperature differences within each
region of Ukraine. Taking into account the reliability of territorial zoning maps in DBN [1]
revealed in [11], table 1 shows the regional characteristic values of temperature differences
for the confidence level P = 0.9. This means that for approximately 90% of the territory, the
values of Agy and Ay given in Table 1 provide a margin of reliability compared to the actual
data. In addition to the regional characteristic values, table 1 shows the number of observation
points in the region and the average values and standard deviations of the regional samples of
the characteristic values of temperature changes indicated above.

From the last lines of Table 1, it can be seen that within the territory of Ukraine, the
regional characteristic values of air temperature differences during summer structural welding
are measured within Ag. = —39...—47°C, and during winter structural welding — within
Aow = 30...34°C. A simple calculation shows that changes in temperature differences of §°C
and 4°C result in stress changes in a rigid steel structure of 20 MPa and 10 MPa, respectively.
This is 10...20% of the design resistance of low-carbon steel.

In the current DBN [1], the values of the structural welding temperatures, as well as
the temperatures of the warmest and coldest days, are established for the entire territory of
Ukraine. Taking these values into account gives the following temperature differences:

+ temperature changes in the cold period of the year (with structural welding in
the summer): A¢ = tec — tow = —20 — 15 =-35°C;

+ temperature changes in the warm period of the year (with structural welding in
the winter): Ay = tew — toc = 28 — 0 = 28°C.

A comparison with the real changes of the regional characteristic values of outside air
temperature differences given in Table 1 shows that the DBN [1] underestimate possible
temperature differences by 2...12°C. The performed analysis confirms the need for territorial
zoning of climate and thermal actions on load-bearing structures.

The correlation between the regional characteristic values of temperature differences
and their actual distributions for individual observation points is shown in the histograms
from Figure 1. Light rectangles highlight the intervals with the values of temperature
differences that go beyond the change in the regional values from Table 1. From the
histograms, it can be seen that regional characteristic values set in the table 1 underestimate
negative temperature drops for one observation point, and positive drops - for five observation
points. Negative temperature drops at 77 observation points exceed the lower limit of regional
values, and positive temperature drops at 69 observation points, which creates significant
reserves of territorial zoning.
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Table 1 — Statistical characteristics and regional characteristic values of outside air
temperature differences during summer and winter structural welding

During structural .
. . welding in the During structural
Regions of Ukraine N & welding in the winter
summer
Mtc Stc AOC Mtw Stw AOW
Vinnytsia Oblast 16 | -41,2 096 | -42 30,9 0,55 32
Volyn Oblast 6 -38,3 0,24 | -39 293 0,15 30
Dnipropetrovsk Oblast 13 | 42,5 1,00 | -44 32,1 0,55 33
Donetsk Oblast 17 | -44,1 0,96 | -45 33,0 0,50 34
Zhytomyr Oblast 11 -40,9 0,98 -42 30,8 0,62 32
Zakarpattia Oblast 20 | -38,7 0,97 | -40 28,9 0,50 30
Zaporizhzhia Oblast 12 | 41,9 0,95 -43 32,1 0,48 33
Ivano-Frankivsk Oblast 26 | -39,1 1,05 | -40 29.4 0,47 30
Kyiv Oblast 16 | -41,6 1,11 -43 31,2 0,55 32
Kirovohrad Oblast 13 | 42,4 0,99 | -44 31,8 0,57 33
Autonomous Republic of Crimea 59 | -35,7 2,33 -39 28,7 1,27 30
Luhansk Oblast 10 | -45,6 096 | -47 33,7 0,56 34
Lviv Oblast 34 | -38,2 0,74 | -39 29,1 0,44 30
Mykolaiv Oblast 10 | -40,5 1,14 | -42 31,0 0,60 32
Odesa Oblast 22 | -39,7 1,38 -42 30,4 0,75 31
Poltava Oblast 13 | 43,6 0,66 | -44 32,4 0,42 33
Rivne Oblast 4 -39,2 0,47 | -40 29,7 0,31 30
Sumy Oblast 14 | -44,0 1,24 | -46 32,7 0,70 34
Ternopil Oblast 7 -39,7 0,93 -41 29,9 0,54 31
Kharkiv Oblast 17 | -44.8 0,78 -46 33,2 0,46 34
Kherson Oblast 19 | -40,5 0,84 | -42 31,2 0,50 32
Khmelnytskyi Oblast 9 -40,4 0,74 | -41 30,4 0,41 31
Cherkasy Oblast 20 | 423 0,89 | -43 31,6 0,57 32
Chernivtsi Oblast 4 -38.5 1,46 | -40 29,4 0,59 30
Chernihiv Oblast 16 | 433 0,81 -44 32,2 0,51 33
Min 4 -45,6 0,24 | -47 28,7 0,15 30
Max 59 | -35,7 2,33 -39 33,7 1,27 34
Source: developed by the authors
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Figure 1 — Histograms of air temperature drops distribution
Source: developed by the authors
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Changes in the regional characteristic values of atmospheric temperature drops across
the territory of Ukraine are shown on the schematic maps from Figures 2 and 3. On these
maps, according to the data in Table 1, for each region, the regional characteristic values of
temperature drops during summer and winter structural welding for the confidence level of
0,9. The growth of differences is also shown in a darker color on both maps.
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Figure 2 — Territorial variability of regional characteristic values of negative

temperature drops during summer structural welding
Source: developed by the authors
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Figure 3 — Territorial variability of regional characteristic values of positive

temperature drops during winter structural welding
Source: developed by the authors

It can be seen from the maps that both positive and negative temperature differences
increase quite systematically in absolute value in the direction from the southwest to the
northeast of Ukraine, that is, to the regions with a continental climate. The territory of Crimea

is characterized by slightly smaller differences, the sea environment of which significantly
softens the climate.
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The results of the performed territorial zoning of air temperature differences during the
summer and winter structural welding determine the following changes to the scheme for
determining the temperature and climate effects on the load-bearing structures adopted in the
norms [1]. In particular, the maximum design values of temperature differences averaged over
the cross-section of the structural element should be determined in the following order:

1. The characteristic value of the positive temperature drop in the warm period of
the year during the winter structural welding is determined by the formula
Atw = AOw + @1 + @4 s (2)

where Aoy — the characteristic value of the positive temperature drop from Table 1;

O, — the increase in the temperature difference of the structure from the daily
fluctuations of the outside air temperature according to table 11.2 DBN [1];

O, — increase in the temperature difference of the structure due to solar radiation
according to clause 11.6 DBN [1].

2. The characteristic value of the negative temperature drops in the cold period of
the year when the structures are closed in the summer is determined by the formula
A4,=4,,-0,5-0,, 3)

where A — the characteristic value of the negative temperature drops from Table 1.

3. The design limit values of temperature drop during winter and summer
structural welding are determined by multiplying the characteristic values (2) and (3) by the
reliability coefficient, which depends on the estimated service life of the structure T:

¥ =0,839+0,095-1g(T). (4)

Formula (4) is borrowed from work [4] and for ease of use can be presented in the
form of a table:

T= 10 20 30 40 50 60 80 100 120 | 150 | 200

Yim= 0,93 1096 098 1099 1,00 1,01 ]1,02]1,03 ] 1,04 | 1,05 | 1,06

The presented procedure for normalization and determination of outside air
temperature effects on load-bearing structures is simpler and more accurate compared to the
current DBN methodology [1] and with the proposal [3, 4] regarding cartographic zoning due
to the following factors:

. fewer design parameters;

. replacement of zoning maps with one table;

. independence of temperature changes from altitude above sea level, which
excludes the need to take into account the factor of geographical altitude;

. absence of errors due to inaccurate determination of the location of the
construction object near the borders of the territorial districts on the maps [1];

. guaranteed simplicity and accuracy of determining temperature differences

depending on whether the construction site belongs to a certain administrative region.

The listed advantages make it possible to recommend the described method of
normalization of outside air temperature effects for implementation in load standards and for
use in calculations of load-bearing structures.

Conclusions:

1. The method of administrative-territorial zoning was used to standardize the
characteristic values of outside air temperature differences, the essence of which is to
establish a value that will be used throughout the region for each administrative region. Based
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on the recommendations of the literature, the procedure for determining the regional
characteristic values of outside air temperature differences during summer and winter
structural welding has been specified.

2. According to the refined methodology, the regional characteristic values of
temperature differences during summer and winter structural welding were determined for all
regions of Ukraine at three levels of confidence P = 0,8, 0,9 1 0,95.

3. A change in the confidence level within the range of 0.8...0.95 has little effect on
the regional characteristic values of outside air temperature differences, therefore, it is
recommended to use characteristic values with a level of confidence which is equal to 0.9 for
construction calculations.

4. The regional characteristic values of outside air temperature differences on the
territory of Ukraine during summer structural welding are measured within —39°C...—47°C,
and during winter structural welding — within 30°C...34°C.

5. Both positive temperature changes during winter structural welding and negative
temperature differences during summer structural welding systematically increase in absolute
value in the direction from the southwest to the northeast of Ukraine, i.e., to regions with a
pronounced continental climate. The territory of Crimea is characterized by somewhat smaller
differences, the sea environment of which significantly softens the climate.

6. Taking into account the results of the study, amendments were developed to the
standard DBN V.1.2-2:2006 "Loads and impacts" in the procedure for determining
temperature and climate effects on load-bearing structures.

7. The proposed method of normalization provides simplicity and error-free
determination of outside air temperature effects on load-bearing structures due to a smaller
number of design parameters, independence of temperature differences from height above sea
level, replacement of zoning maps with one table, as well as accurate determination of
temperature differences according to the belonging of the construction site to certain
administrative region.
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Mera poOoOTH Tmojsirac B aHali3i Ta aJMiHICTPaTUBHO-TEPUTOpIalIbHOMY pailoHyBaHHI IeperajiB
KJIIMaTHYHOI TEMIIepaTypH, sIK CHJIOBOTO BIUIMBY Ha OyniBenbHI KOHCTpykuii. Jlms Tepuropii koxkHOi 3
aJIMiHICTpaTHBHUX OOJjacTeil YKpalHM BCTaHOBJICHI XapaKTEpHCTUUHI 3HAUEHHs TepernajiB TeMIepaTypH MpH
JITHROMY Ta IPH 3MMOBOMY 3aMHKaHHI KOHCTPYKIIIH.

CoopmoBana B cepenosuili Microsoft Excel 6a3za nmannx Bkirouae 50 mpuMopchkux, 28 ripcbkux (Ha
BucoTax nonax 500 M Haj piBHeM Mopsi), Ta 330 pIBHUHHMX ITyHKTIB CHOCTEPEXEeHHS YKpaiHu. [ KoxKHOTO
MYHKTY CHOCTepEKEHHS HAsSBHI TEMIIEpaTypH XOJIOTHOTO W TEIIIOTO IiBPivYsl, HAXOJIOJHIMIO! Ta HAWTEILTIIIO]
o0H, Tepenany TeMIepaTypd MpH JITHHOMY Ta 3MMOBOMY 3aMHKaHHI KOHCTPYKIIH, 3allO3WYEHi 3 paHimie
BUKOHAHMX JOCII/UKEHb. BCTaHOBIEHO, IO MapaMeTpH TEMIEpaTypH HOBITPS HA NPHUMOPCHKUX ITyHKTaX
CIOCTEPEKEHHSI MaJIo BiJPI3HSIOTHCS B JAaHUX UL CYMDKHHX PIBHHHHHX TepHTOpid. Ha ripchkmx myHKTax
CIOCTEPEKEHHS TEMIIEPaTypH XOJIOAHOTO i TETJIOro MiBpiddsl, HAWXOIOAHIMIO! Ta HATeIUTimoi 1001 € iCTOTHO
HIDKYMMH, HDK Ha CyMDKHUX PIBHHHHHMX TEPHUTOPISX, alle Nepenaiad TeMIIEpaTyp NpH JITHbOMY Ta IpH
3MMOBOMY 3aMHUKaHHI KOHCTPYKLIH MPaKTHYHO HE 3aJIe)kKaTh BiJl BUCOTH HaJl PIBHEM MODSL.

OOnacHl XapaKTEpUCTUYHI 3HAYCHHS IEpernajiB TeMIepaTypu IOBITPS IpU JIITHBOMY 3aMHUKaHHI
KOHCTPYKILIH 3MiHIOIOTECS B Mexkax —39°C...—47°C, a npu 3uMOBOMY 3aMuKaHHI — B Mexax +30°C...+34°C.
3arajgom JoJaTHI Ta Bif’€MHI Iepenaay TeMIepaTypHd 3pOCTaroTh 32 a0COJIOTHOIO BEIMYHMHOIO B HAIPSIMKY 3
MiBICHHOTO 3aX0JIy Ha MiBHIYHUHN cXix YKpaiHu.

Po3pobneni 3miam 1o HaBenenoro B JBH B.1.2-2:2006 «HaBanTaxeHHs 1 BIUIMBW» MOPSIKY
BHU3HAYCHHS TEMIIEPaTypHUX KIIMAaTHYHHUX BIUIMBIB Ha HECydi OyAiBeIbHI KOHCTPYKIII 3a0€3MEeUyIOTh MIPOCTOTY
BU3HAYCHHS XapaKTEPUCTUYHHX 3HAUEHb IIepenajiB TeMIlepaTypd 3a paxyHOK MEHIIOi KUIBKOCTI
PO3paxXyHKOBHX IapaMeTpiB, HE3aJIEKHOCTI MEPETaaiB TEMIIEpaTypH BiJ BUCOTH Hall PIBHEM MODS, 3aMiHU KapT
pailoHyBaHHS OJHIEIO TAOJIHUIICIO, a TAKOXK OE3NMOMMIIKOBE BH3HAYCHHS IEPeNajiB TEMIEpaTypH 3a HAIEKHICTIO
OyzIiBenpHOrO MalJaHYMKa /10 IEBHOI aAMiHICTPAaTUBHOI 00JIACT.

TeMIepaTypHi BILINBH, MeTeOPOJIOTiuHi JaHi, TepuTOpiabHe paioHyBaHHS
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AHaI3 TEHICHIIN JOBrOTPUBAIMX 3MIH KJIIMaTUYHUX
HaBaHTAXCHb

3a pe3yJibTaTaMy METEOPOJIOTTYHHUX crocTepexeHb mpoTsiroM 1950...2020 pokiB nmpoaHaizoBaHi 3MiHA
B Yaci XapaKTepUCTUYHHX 3HAUCHBb BITPOBOTO THCKY Ta Baru CHIrOBOTO MOKpwBY. llompw 3HA4YHI BiAMiIHHOCTI
JUIA PI3HUX METEOCTaHIii Ta PI3HUX NEpioNiB CIIOCTEPEKEHHS, CIOCTEPITaeThCs 3arajibHa TEHACHINS [0
3MEHILICHHS HAaBaHTa)XEHb IPOTAroM ocTaHHiXx 70 pokiB. BpaxoByrounm HeCHCTEMAaTHYHMH XapakTep Ta
MOPIBHAHO HEBENMKY IHTEHCHBHICTh BHSBJICHHX 3MIH, PEKOMCHJIOBAaHO Ui HOPMYBaHHS HAaBaHTa)XCHb
00'enHyBaTH 1aHi, OTPUMaHI B yCi IEPiOIN CIIOCTEPEKEHD.
KJIIMATHYHI HABAHTAKEHHS, XaPaKTePUCTUYHI 3HAYEHHS, 3MiHH B Yyaci
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