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The project is devoted to the determination of insolation conditions and the choice of optimal orientation of residential build-
ings, considering the latitude of the terrain of Poltava. Presently, there is a change from construction according to standard
designs to individual design and the process of consolidation of residential construction in cities continues by new construction
in the historic built-up areas. Compacting and increasing the number of floors inevitably worsens insolation in the living rooms
of existing houses due to the additional shading of their windows, which leads to a decrease in the duration of insolation. The
factor of rational planning of the territory and the optimal orientation of the house on the cardinal points, the correct choice of
floors and configuration in the plan get special significance.

Keywords: duration of insolation, optimal orientation of the residential building, insolation ruler.

BusnaueHHsi yMOB iHCOJIsILiT TA BUOIp
ONTUMAJILHOI OPIEHTALI )KUTJIOBUX OyIMHKIB

I0pin O.1.!, Buryn A.JO.?*, I'agincbka T.A.’, ABpamenko 10.0.*

1234 Hanionansnuii yriBepcuteT «IlonTasebka nomitexHika iMeri IOpis Konapatioka»
*Anpeca s muctyBanHsa E-mail: alinazygun@gmail.com

BukonaHHs caHITapHO-TITi€HIYHUX BEMOT IIPH NPOESKTYBAHHI XKUTIA 3IHCHIOETHCS BIAMIOBITHO JI0 YMOB (i3uko-reorpadiu-
HOTO paifoHyBaHHS TepHuTopil YKpaiHu i BKIO4ae y cebe BUMOTH O iHCOJSAIII, IPUPOAHOTO OCBITICHHS, IPOBITPIOBAHHS,
ioHI3amii Ta MIKPOKJIIMaTy NMPUMIIIEHb KATIOBUX OyANHKIB. PoboTa npucBsueHa BU3HAUCHHIO YMOB iHCOJIALIT Ta BUOOPY OII-
TUMAaJIbHOT Opi€HTALIT )KUTIOBUX OYAMHKIB 3 ypaxyBaHHIM LIMPOTH MiciieBocTi M. [TontaBa. Ha croromuiniHiii uac BinOyBa-
€ThCsI IIepexi] BiJ OyAiBHULTBA 32 TUIIOBUMH NPOEKTaMH J0 iHANBIAYalbHOTO MPOSKTYBAHHS Ta TPUBAE MPOLIEC YUIITIbHEHHS
JKHUTIIOBOT 3a0yI0BH y MicTax LIISIXOM HOBOTO OyaiBHHUIITBA B icTOpU4HO chopmoBaniii 3a0ynoBi. [Ipu po3mirieHHi HOBOro
OyniBHMITBA B iCHYIOUiit 320y 0B cij 3a0€3MeUNTH JOTPUMAaHHS BUMOT YHHHUX HOPMATHBHHUX JOKYMEHTIB II00 iHCOJISLII.
HasiBHICTS IPUPOIHOTO CBITIIA B OCENI € BAXKINBUM ITapaMeTpoM, J0Ope iHCONbOBaHI OyAWHKH Ta KBapTHPH KOPUCTYIOTHCS
TIOIIUTOM. YIIUIBHCHHS i 301IbIICHHS ITOBEPXOBOCTI 3a0yIOBH HEMHHYYE IOTIPIIy€e iHCONAIIIO B KUTIOBHUX NPHUMIIMICHHIX
ICHYIOUHX OyIUHKIB 4epe3 I0JaTKOBE 3aTIHEHHS IX BIKOH, 1[0 IPU3BOJUTSH JI0 3MEHIIECHHS TpUBaIoCTi iHcomsii. Tpuamicts
IHCOJINIT IPUMILIEHHS 3QJISKHUTH Bil Opi€HTaMii BIKOH IO CTOPOHAM CBIiTY, PO3MipiB, TOBIHMHH OTOPOIXKYBaJIbHUX KOHCTPYK-
wiif i Bizcraui Bin OyxiBenb, po3TammoBaHux moouu3y. Ciix 3a3Ha4uTH, 10 HA TPUBANICT (HASIBHICTD) IHCOJILIT BIUIUBAIOTh
TaKOX IHIII apXiTeKTypHO-IUIAHYBaJIbHI €IEMEHTH Oy/iBenb: OANKOHH, KapHHU3H, JIOMXKII, 1110 3aTiHsI0Th BikHA. ByiBenbHi
HOPMH 1 TpaBuIIa JUIsl )KUTIOBHUX MPHUMILICHb PETIaMEHTYIOTh TPUBAIICTh IHCOIILIT Ta KiIbKICTh KIMHAT Y KBapTHPI, Y SKHX
Mae Oyt 3abe3nedeHa HOPMAaTHBHA TPUBATICTH IHCOJLIT. YMOBH i yac iHCOIALIT npuMiLeHs B YKpaiHi BCTAHOBIIOIOTHCS
CaniTapHAMH HOPMaMH i TIpaBIJIaMHU 1HCOJIAMI, 8 TAKOXK BIATIOBITHUMH THIIOJOTIYHMME OyIiBeIbHUMU HOpMaMu i IpaBu-
namu. Oco6nmBoro 3HaYeHHS Ha0yBae (paKTOp PALiOHATEHOTO IUIAHYBAaHHS TEPUTOPIl i ONTHMabHOI OpieHTanii OyauHKY 3a
CTOPOHAMH CBITY, IPaBIJILHUH BUOIp ITOBEPXOBOCTI Ta KOHDIrypamnii y riasi.

KurouoBi ciioBa: TpuBasicth iHCOJIAIIT, ONTHMaNIbHA OPIEHTALLISI )KUTIOBOTO OYAUHKY, IHCOMALIMHA TiHiHKa.

30ipHUK HAyKOBHX Tipallb. [ amy3eBe MammHoOyyBaHHs, OyaiBHHITBO. — 1 (56)° 2021 87



Introduction

Insolation of rooms along with their illumination,
temperature-humidity, and noise conditions play a sig-
nificant role in ensuring a comfortable mode of living.

Insolation regulation and calculation is the most acute
lighting, economic and socio-legal problem, because
these calculations restrain the desire of investors, land-
holders and tenants to overdensify urban development.

Review of the research sources and publications

Insolation in residential buildings should primarily
take into account the requirements of national sanitary
legislation, which is based on the study of natural and
climatic conditions of different regions of Ukraine, to
create the necessary living conditions and public health
[1-3].

The determination process begins with the develop-
ment of space-planning solutions for the new building.
Then an insolation calculation is made using a solar
map or an insolation ruler [4, 5, 6].

Issues of insolation rationing were dealt with by Du-
naev B. A., Vernesku D., Zemtsov V. A., Skryl LN.,
Haharin V. H., Pidhornyi O.L., Yehorchenkov V.O.,
Elahin B.T., Sergeychuk O., Martynov V. The results
of their research are presented in the works [7-40].

Definition of unsolved aspects of the problem

Design of residential building standards do not allow
apartments where all rooms orientation to the north side
of building. Rooms with windows on the north facade
of houses in cold weather are not insolated at all, and in
summer they receive some morning and evening "slid-
ing" sunlight, which almost does not enter to the room.

However, there is often a breach of insolation stand-
ards due to the orientation of the facades of houses to
the north-west and north-east in urban planning prac-
tice (such situations are found when it is necessary to
consider the existing road network), and when the in-
sufficient distance is between the houses.

Therefore, the choice of optimal orientation of the
house on the cardinal points is quite relevant task.

Problem statement

The purpose of the work is to research the insolation
of the rooms of a residential house.

Tasks of research are:

- analysis of insolation conditions in the rooms of a
residential building with different orientation to the car-
dinal points;

- choosing the optimal orientation for the house.

Basic material and results

Insolation is an important health factor, so the stand-
ards of insolation must be satisfied in the rooms of res-
idential and public buildings and in the area of residen-
tial development. The optimal effectiveness of insola-
tion is achieved by providing a daily continuous 2.5-3-
hour exposure to direct sunlight to premises and terri-
tories. Insolation provides a health-improving, psycho-
physiological, bactericidal, thermal effect. The normal-
ization is conducted in the spring and autumn period of

the year, taking into account the light and climate char-
acteristics of different areas of the country and the char-
acteristics of the building. The requirements of the
standards are achieved by the appropriate placement,
orientation and layout of the buildings.

The standardized duration of insolation should be
provided not less than in one living room of 1-, 2-, 3-
room apartments and not less than in two living rooms
of 4- to 5-room apartments. In multistory buildings (9
or more floors) allowed a single interruption of insola-
tion of residential and public buildings (except as listed
above) on condition of increasing the total duration of
insolation during the day by 0.5 hours respectively for
each zone.

Limitation of the excessive thermal effect of insola-
tion in rooms and areas during the hot season should be
ensured by appropriate planning and orientation of
buildings, landscaping, using sun protection devices,
and, if necessary, air conditioning and indoor cooling
systems. Limiting the thermal effects of insolation ar-
eas should be provided by shading from buildings, spe-
cial shading devices, and rational landscaping.

The year-round shading of the facades of buildings
and residential areas is not allowed. Mid-year shadows
(from September 22 to March 22) shall not exceed 40%
of the total area of the housing areas free from housing
development.

The duration of insolation of the room is calculated
on the ground floor of the building through the central
point of the lighting penetration, the dimensions of
which meet the requirements of the norms of natural
lighting of the premises. It is necessary to keep in mind
the location and size of the building elements shading
the lighting penetrations (shading houses, canopies,
balconies, loggias, porticos, shutters, etc.).

Calculation of the duration of insolation is made for
the premises in which it is normalized in accordance
with the requirements of the norms [2,3].

During the analysis of insolation norms in multistory
residential buildings, if apartments located under each
other have the same layout on all floors, the calculated
apartments are taken on the lowest residential floor.
The duration of insolation on all other floors of the cor-
responding rooms will not be less.

If the ground floor has apartments with the same lay-
out and orientation, the calculation of the duration of
insolation of these apartments is advisable to start with
the apartment that is most shaded by the opposite build-
ings and the relief of the area (in the absence of a shad-
ing building). If this apartment meets the standards, all
other similar apartments will have a satisfactory insola-
tion regime.

It is advisable to start calculating the duration of in-
solation with the living room that has the best insolation
conditions in multi-room apartments according to the
following attributes:

— favorable orientation;

— absence of summer facilities;

— the largest geometric dimensions of a window;

— the longest distance from neighboring houses.
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If the insolation standards are met in this room, and
the apartment consists of at most three living rooms, the
insolation standards are also met for the apartment as a
whole. It is necessary to check insolation of the next
room according to the probability of meeting the stand-
ards for 4-, 5-room apartments, and checking of two
rooms for apartments consisting of six or more rooms.

The degree of suitability of window orientation for
insolation conditions is determined (Fig. 1), depending
on the requirements for insolation mode of the prem-
ises.

It is advisable to calculate using an insolation ruler for
calculating the duration of insolation of the territory of
residential buildings.

Figure 1 — Insolation characteristics of the horizon
sectors on the territory of Ukraine.
A — insolation deficiency sector;
B — overheating sector
(for IIT and IV building-climatic regions);
C — sector of highest effect of ultraviolet radiation

Ukraine uses insolation rulers constructed for each
whole degree from 45° to 52° north latitude. The near-
est insolation ruler, depending on the geographic lati-
tude, is taken for a particular calculation site. The scale
of the insolation ruler should coincide with the scale of
the general plan.

Calculation of the duration of insolation with the in-
solation ruler is performed in this sequence:

- the horizontal angle of insolation is determined o:
in calculating the duration of insolation of the room —
is on the plan of the room, considering the vertical
screening elements of the lighting aperture (Fig. 2), in
calculating the duration of insolation of the territory
a=180°

- insolation ruler is oriented on the sides of the hori-
zon according to the orientation of the general plan and
aligned in such a way that the pole of the graph (the
point where the sun's rays coincide), coincides with cal-
culation point;

- the sectors of shading by the opposite buildings and
the surface of the terrain are defined within the horizon-
tal angle of insolation;

- the calculated duration of insolation is determined
from 7% to 17% as the difference between the duration

of insolation within the horizontal angle of insolation
and the duration of shading by opposite houses and re-
lief.

Figure 2 — Determination of the horizontal angle
of insolation in rectangular windows

The method using the insolation ruler is used in the
following calculations to calculate the duration of inso-
lation of the premises for two days of the year, which is
March 22 and September 22. Complying with regula-
tory requirements on these days usually guarantees
their fulfillment throughout the entire calculation pe-
riod.

A group of radial lines is conducted, an insolation
graph is constructed using an additional graph, taking
into account the latitude of Poltava (Fig. 3).

We used the plan of the apartment house with dimen-
sions in the axes 16,2*32,1 m to perform the calcula-
tions.

The structural plan of the building is designed rigid,
with longitudinal load-bearing and transverse non-
bearing walls throughout the height of the building.
There are three two-bedroom apartments and one three-
bedroom apartment on each floor (Fig. 4). The apart-
ments include loggias.

The first calculation of the insolation of the rooms was
performed with the longitudinal axis of the house in the
direction of North-South (Fig 5.).

As the location of the rooms relative to the longitudi-
nal axis of the house in the direction of the world and
the size of the window openings in the rooms of differ-
ent apartments are the same, so it is possible to deter-
mine the duration of insolation for only one case.

Apartment No2.

If the house is located with its longitudinal axis in the
North-South direction, the insolation duration will be: -
in room Ne3 of apartment Ne2 is the same as in room
Ne2 of apartment Nel;

- in room Ne4 of apartment Ne2 is the same as in room
Nel of apartment Nel.
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Insolation chart (days of the equinox)
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Figure 4 — Calculation scheme of the house. 1-9 — numbers of rooms, which can be calculated

Apartment Ne4.
If the house is located with its longitudinal axis in the
North-South direction, the insolation duration will be: -
in room Ne8 of apartment Ne4 is the same as in room
Ne6 of apartment Ne3;

- in room Ne9 of apartment Ne4 is the same as in room
Ne5 of apartment Ne3.
The results of the calculations are summarized in Ta-

ble 1.

Table 1 — Duration of insolation of the rooms of the house from North-South direction

Ne of the Ne Beginning of in- End of insola- | Duration of in- Fulfillment of Fulfillment of the
apart- room solation tion solation, hour. | standards for in- standards for inso-
ment solation of the lation of the apart-

room ment
. 1 13h15m 17 h 00 m 3h45m N
2 12h38 m 17h 00 m 4h22m +
5 3 12h38 m 17h 00 m 4h22m + .
4 13h15m 17h 00 m 3h45m +
5 7h 00 m 10 h28 m 3h28m +
6 7h 00 m 11h21lm 4h21m +
3 7h 00 m 8h2m . N
10 h 45 iy
7 7h00m f E m : 5h20m. +
S 12h20 | «
7h 00 m —
m
4 7h 00 m 11h21 m. 4h21m N
9 7h 00 m 10 h 28 m 3h28m
Duration of insolation in the rooms of the house (per floor) 37h 12 m
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Figure 5 — Determining the duration of insolation in:
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a) room Nel of apartment Nel; b) room Ne2 of apartment Nel; ¢) room Ne6 of apartment Ne3;
d) room Ne5 of apartment Ne3; e) room Ne7(window Nel) of apartment Ne3;
f) room Ne7(window Ne2) of apartment Ne3; g) room Ne7(window Ne3) of apartment Ne3
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Figure 6 — Rooms where insolation standards are not met depending on the rotation
of the longitudinal axis of the house from North-South direction:
a) by 60°; b) by 90°; ¢) by 120°; d) by 150° ¢) by 240°; f) by 270°; g) by 300°
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The insulation standards for all apartments are com-
plied when the longitudinal axis of buildings is oriented
in the North-South direction.

Similarly, we calculate the insolation of the rooms
when the longitudinal axis of the house is turned by
30°, 60°,90°, 120°,150°, 180°, 210°, 240°, 270°,
300° and 330° from North-South direction.

The norms of insolation are not met in apartments
when the longitudinal axis of the house is turned by
60°,90°, 120°, 150°,240°, 270° and 300° (Fig. 6).

The choice of the optimal orientation of the residen-
tial building was made according to the following indi-
cators:

- the value of total insolation of apartments in a resi-
dential building (per typical floor) (Fig. 7);

- the number of rooms where the insolation require-
ments are met (Fig. 8);

- the number of rooms where the insolation require-
ments are met (Fig. 9);

- the number of rooms where the insolation require-
ments are met (Fig.10).

Table 2 summarizes the indicators shown in the
graphs of Figures 7 - 10.

45,67

Insolation, hours

0 30 60 90 120

150 180 210 240 270 300 330

Tum from the direction N-S, degrees

Figure 7 — Cumulative insolation of apartments depending on the rotation
of the longitudinal axis of the house from North-South direction

10

9 4

Number of rooms
w
.

0 30 60 90 120

150 180 210 240 270 300 330
Tum from the direction N-S, degrees

Figure 8 — Number of rooms where insolation requirements are met depending
on the rotation of the longitudinal axis of the house from North-South direction
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Figure 9 — Number of rooms where insolation occurs depending on the rotation
of the longitudinal axis of the house from North-South direction
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Figure 10 — Number of apartments where insolation requirements are met depending
on the rotation of the longitudinal axis of the house from North-South direction

Table 2 — Duration of insolation of the rooms of the house from North-South direction

Name of parameter

The value of the indicator when the longitudinal axis of the house is
turned from North-South direction by

0° | 30°| 60°|90° | 120° | 150° | 180° | 210° | 240 | 270° | 300° | 330°
Cumulgtlve 1gsolat}on of apart- 7 6 ) 1 3 4 5 3 12 9 11 10
ments in a residential building
Number Qf rooms where insola- 1 1 3 3 3 ’ 1 1 ’ 4 4 3
tion requirements are met
Number of rooms where insola- 1 1 1 ) 1 1 1 1 1 3 5 1
tion occurs
Number of apar“cments where in- 1 1 3 3 3 1 1 1 ’ 3 3 )
solation requirements are met
Sum of the indicators 10 | 9 9 9 10 8 8 11 17 | 17 20 16
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Conclusions

The total insolation in all rooms of the house (per typ-
ical floor) is greatest when the longitudinal axis of the
house is turned from North-South direction by 90° and
60°.

The biggest number of rooms that meet the require-
ments of insolation when the longitudinal axis of the
house is turned from North-South direction by 0°, 30°,
180° and 210°.

The biggest number of rooms where insolation occurs
when the longitudinal axis of the house is turned from
North-South direction by 0°, 30°, 60°, 120°, 150°, 180°,
210°, 240°,150°, 210° and 330°.

Insolation requirements in one of the apartments are
not satisfied when the longitudinal axis of the house is
turned from North-South direction by 60°,90°, 120°,
270°,300°,330°.

According to the sum of all indicators, the worst ori-
entation is when the longitudinal axis of the house is
returned from North-South direction by 300°.

The smallest sum of indicators when the longitudinal
axis of the house is turned by 180° from the direction
of North-South, as seen in Table 2, is the optimal ori-
entation of the residential building.
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