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Abstract

Introduction. When designing construction projects in urban areas, it is essential to protect the environment from dust
pollution. This is particularly challenging in densely populated areas where the construction site is often surrounded by
existing buildings and infrastructure. Successful implementation of such projects requires a thorough analysis of many
factors, including weather conditions, environmental risks, and limited space for maneuvering. A crucial aspect of this
process is the development of measures to control dust emissions during construction. Therefore, technological
innovations in the field of eco-friendly roofing systems are becoming a key element of modern urban planning. As
scientific research in recent years has shown, eco-friendly structures contribute to the rational use of urban space and
significantly improve the environment. However, the results of these studies lack data on the effectiveness of green roof
structures and vegetation on them in reducing dust pollution in residential areas. They are adjacent to already populated
objects and the lack of space makes it impossible to completely protect urban residents from dust exposure. The aim of
this work is to evaluate the effectiveness of green roofs to control the spread of dust in areas with active infill
development and to develop our own green roof designs. The introduction of green roofs into residential construction
not only improves the architectural appearance of neighborhoods, but also enhances the quality of the urban
environment. The use of eco-friendly solutions in construction contributes to the modernization of the industry, making
it safer for the environment and more comfortable for residents.

Materials and Methods. An environmental experiment was conducted as part of the large-scale construction of the
Krasny Aksai residential complex in Rostov-on-Don. In March 2020, in the construction area and outside the site,
employees of the contractor planted herbaceous plants of six species typical of the Rostov region. Each plant species
occupied an area of six square meters, creating a total experimental area of 36 square meters. The methodology for
determining the volume of dust deposits trapped by plants included sampling dust particles from the surface of plant
leaves with a brush, which was performed twice a week from May to October 2020, during the active construction of a
multi-storey residential building. Air samples were taken to measure dust concentrations using an electric aspirator
PU-3E/12 and filters made from perchlorvinyl fiber AFA-VP10.

Results. The research showed that during the construction period with an easterly wind of 3—5 meters per second and
humidity of 40%, the planted vegetation had a significant impact on air quality. There was a decrease in the
concentration of PM10 dust particles above the green area by 10%, and at a distance of 10 meters from the vegetation
cover, compared to the adjacent construction area, by 15%. Measurements of dust deposits over the growing season
(May—October) revealed a significant dynamics: if at the beginning of the season (May—June) the amount of dust
deposits on plants was a maximum of 0.42 mg/cm?, then in the midst of the warm season (July—October) it reached
1.81 mg/cm?. Financial calculations showed that traditional and green roofs were equally cost-effective over the long
term (up to 40 years). To achieve this research goal, the authors have developed and implemented two types of
constructive solutions for green roofs for public and residential buildings.
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Discussion and Conclusion. Green roof structures can act as an effective barrier against the spread of dust in the air,
especially in areas near infill development where there is a high concentration of suspended solids. To reduce this
concentration in residential areas near infill development, it is recommended to install green roofs on terraces, rooftops,
and substructures of buildings with windows and entrances located near the construction site. In order to curb the spread
of suspended particles, it is also suggested that green roof installation be considered for low-rise buildings such as
kindergartens, schools, and shopping malls. The decision on where to install these structures should depend on the
overall urban development plan for the area or specific territory.
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AHHOTALUA

Beeoenue. 1lpu NMpoeKTHUPOBAHUH CTPOHUTEIBHBIX PabOT B YCIOBUSAX TOPOJCKOM 3aCTPONHKH BaKHEHUITHMM acIeKTOM
SIBJISICTCSI 3aIlITa OKPY’KaIOIIeH cpelbl OT IMBIIIeBOTo 3arpsa3HeHns. Oco0ylo CIOKHOCTh MPEACTABISIET OpraHu3anus
paboT B IyCTOHACENCHHBIX paioHax, I/le CTPOWTENbHAs IIIOMAZKa OBIBACT 3a)kaTa CYNIECTBYIOIUMH 3JaHUAMHU U
UHQpACTPYKTypoil. YcmemHas peanu3anus MOJOOHBIX MPOEKTOB TpeOyeT TIIATEIbHOTO aHaln3a MHOXKECTBa
(akTOpOB: TMOTrOJHBIX YCJOBUH, HKOJIOTHYECKUX PHCKOB M OTPaHWYEHHOI'O IPOCTPAHCTBA JUIS MaHeBpa.
[IpuHIIMNIManpHOE 3HAUYEHHE UMEeT pa3paboTKa KOMIUIEKCA Mep M0 KOHTPOJIIO IBIJIEBBIX BHIOPOCOB, BOSHUKAIOIINX B
XOJIE CTPOUTENbHBIX omepanuii. I103TOMy TEXHOJOTHYECKHE HHHOBALMK B OOIACTH 3KOJIOTMYHBIX KPOBEIBHBIX
CUCTEM CTaHOBATCS KIIIOYEBBIM JJIEMEHTOM COBPEMEHHOI'O TIpajocTpouTenbecTBa. Kak MOKa3bpIBalOT Hay4dHBIE
W3BICKaHMS MOCIEIHUX JIET, OSKOJOTWYHbIE KOHCTPYKIMH CHOCOOCTBYIOT PpalMOHAIBHOMY HCIIOJIB30BAHUIO
TOPOACKOTO MPOCTPAHCTBA M 3aMETHO YIY4IIAl0T COCTOSIHME OKpY’KaloIIeH Cpeibl, HO MPU 3TOM B pe3yibTaTax
TaKUX MCCJIEJOBaHUI OTCYTCTBYIOT JaHHBIC, KOTOpbIE OBl MOATBEPIKIAIN, YTO KOHCTPYKLHUH 3€JICHOW KpPOBIU U
PacTHUTENIBHBIA TOKPOB Ha HHMX J(QQEKTHBHBI JJsl CHIKCHHS IBUICBOIO 3arpsi3HEHUS B YCJIOBHSX TOYEUHOU
3aCTPOMKH, TA€ HCTOYHHMKM MBIJIEBOTO 3arpsA3HEHMs — CTPOUTENbHBIE IUIOMAAKH — COCEICTBYIOT C YyXKe
3aCeJICHHBIMU O0BEKTaMHU W CTECHEHHOCTh IPOCTPAHCTBA HE NACT BO3MOXKHOCTH MOJHOCTBIO OTPAJAMThH KHUTEIEH
TOpPOZOB OT MBIIEBOTO Bo3zaeicTBUA. llens naHHOM pabOTBl — 1HaTh OLEHKY A3(QQEKTHBHOCTH HCIOJIL30BAHUS
3€JICHBIX KPBII 151 00pHOBI C pacpoOCTpaHEHWEM NBUTH B PAHOHAX aKTUBHOT'O TOYEYHOTO CTPOMTEIHCTBA, a TAKKE
pa3paboTarh COOCTBEHHbIE KOHCTPYKIIMU 3€JICHOW KPOBIIU. BHeIpeHue 3esieHbIX KPBIIl B TOYEYHOE CTPOUTENHCTBO
HE TOJBKO MpeoOpa)kaeT apXUTEKTypHBIH OOJMK TOPOJCKMX KBAapTajOB, HO U CYLIECTBEHHO YJyYIIAeT KauecTBO
roponckoit cpenbl. llpuMeHeHMEe TOAOOHBIX OKOJIOTHYHBIX pEMIEHHH CHocoOCcTByeT oO0med MoAepHU3aluu
CTPOHUTEIILHOM OTpaciu, nenaet e€ 0oyiee 6e30MaCHOM I OKpY KaoIIel cpebl 1 KOM(POPTHOU IS KHUTEICH.
Mamepuanst u memoost. B pamkax MacmITaOHOTO CTPOUTENBCTBA XXMIIOTO KoMmIuiekca «KpacHbrii Akcaii» B Pocrose-
Ha-JloHy OBIT TPOBEAEH AKOJOTHMUECKHH HKCIIEPUMEHT. B 30HE BeneHMS CTPOMTENBHBIX pabOT M 3a mpeneramu
OTPAKIAIONINX KOHCTPYKIMK CTPOUTENBHOHN Imiomankd B mapre 2020 roma COTPYTHHKH TOAPSTHONH OpraHW3alluu
BBICQJMJIM TPABSHUCTBIC PACTCHUS] HIECTH Pa3sHOBHIHOCTEH, TUnMuHble aast PoctoBckoi oOmactu. Kaxnwiit Bun
pacTeHMH 3aHMMaJ IUIOIAJb B IIECTh KBAAPATHBIX METPOB, (HOpMHpPYS OONIYI0 SKCHEPHMEHTAIBHYIO 30HY B
36 KBagpaTHBIX METPOB. METOOJIOTHs ONpeNeNeHNsT 00beMa MBIIEBBIX OTJIOKECHUH, YJIaBIHMBAEMBIX PACTCHUSIMHU,
BKJIIOYasa B ce0si 0TOOp IpU MOMOIIM KHCTH NMPOO MBUIEBBIX YAaCTHIBI C MOBEPXHOCTH JINCTHEB PACTEHHH, KOTOPBIH
TIPOM3BOAMIICS JIBa pa3a B HENENIO ¢ Mas 1o oKTsI0ps 2020 rosa, B MEpHO aKTHBHOTO CTPOUTEIHCTBA MHOTOITAKHOTO
JoMa To4yeuHo#l 3actpoiiku. OTOOp NpoO BO3AyXa AJsl ONpelesieHHs KOHIEHTPAIllMd B HEM MbUIM TPOWU3BOJMICS C
HCIIO0JIb30BaHUEM 3JiekTpudeckoro acriuparopa [1Y-3E/12 u ¢unbTpoB n3 nepxiiopBruHMIOBHIX BosokoH ADA-BIT10.
Pesynemamut uccnedoganus. ViccnenoBanust OKa3aiy, 4TO B YCIOBUSIX MPE0OJIaaroniero BOCTOYHOro Berpa (3—5 m/c) u
BIaXHOCTH B 40 % B IepHOJ MPOU3BOICTBA CTPOUTENBHBIX pabOT BBICAXKCHHAS! PACTUTENBHOCTh 3HAYMTENBHO BIIMSIIA Ha
KauecTBO Bo3ayxa. Haj o3eneHeHHOH 30HON HaOIMI0AAIOCh CHYKEHHE KOHIIEHTpaly TblIeBbx yactul] PM10 Ha 10 %, Ha
paccrosiHuM 10 METPOB OT PACTUTENBHOIO MOKPOBA, IO CPABHEHHIO C MPUJIETraroliel CTpOUTENbHOM 30HOH, — Ha 15 %.
3amepsl KOJMYIECTBA MbIIEBOTO OCAKa B BETE€TAIMOHHBIN Nepros (Maii—OKTSOPb) BBISIBUIIN CYILIECTBCHHYIO AUHAMUKY: €CITH
B HayaJjie ce30Ha (Maii—MIOHb) KOJMYECTBO IbUIEBBIX OTJIOKEHUI HAa PACTEHHUSX COCTaBisuio Makcumym 0,42 mMr/cM?, To B
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pasrap TeEIUIOro Ce30Ha (MIOMb—OKTI0ps) OHO mocturano 1,81 mr/cm?. (HHAHCOBBIE pacyUeThl IIOKA3aIH, YTO IIPH
JIOJTOCPOYHOM dKCIuTyaTaiuu (0 40 JeT) TpaaulMOHHBIE U O3eJIEHEHHBIE KPBIIIM UMEIOT OJUHAKOBYIO CTOMMOCTb. [lJist
JIOCTIDKEHUSI TTOCTABJICHHOW IIENM HCCIIEOBAaHUS aBTOPaMM ObUIM pa3paboTaHbl M INPUMEHEHBI Ha TNPaKTHKE Ba THIIA
KOHCTPYKTHBHBIX PEIIICHH 3€ICHOM KPOBIH IS OOIIECTBEHHBIX U KIJIBIX 3IaHHH.

Oécycoenue u 3axnouenue. KOHCTPYKIMH 3€lIEHOW KPOBIM MOTYT CIYXHUTh 3(O(GEKTUBHOW Mperpajgon s

pacnpocTpaHeHHs IbUTH B BO3LYIIHON CPEZie, YTO OCOOEHHO aKTyaIbHO JUIsl PaiiOHOB, PACIIONOKEHHBIX BOJIN3H TOYESUHBIX
3aCTpOEK, IJIe OTMEYAeTCsl 3HAUNTEIbHAS KOHIICHTPAIMS B3BEIICHHBIX BEUIECTB B Bo3AyXe. s CHIKEHHS KOHIICHTPAIH
B3BEIICHHBIX BEIIECTB B XKWJIOW 30HE PSAIOM C TOUCUHOM 3aCTPOHKON MOHTa)XK KOHCTPYKIIMH 3€JIEHOI KPOBIIM HEOOXOJUMO
OCYIIECTBIIAITh HA Teppacax, KpbIlIax, CTHI00aTHOM YacTH 31aHUM, T/ie OKHA M BXOJHBIE TPYIIIBI PACIIOIOKEHB! PAZIOM CO
CTPOMTEIIHHOHN IUIOMAJKON. B memsx crep>kuBaHMs paclipOCTPaHEHWs! B3BEIICHHBIX YACTHII MOHTa)K 3€JICHOH KpOBIH
JIOJDKEH OBITh OCYLIECTBJIEH Ha MaJO3TaXHBIX 3JIaHUSIX, HAIPUMeEp, AETCKUX CaJax, MIKOJIax, TOPrOBbIX MaBUIILOHAX — B
3aBICHMOCTH OT OOIIEeH KOHIETIIINN IPalOCTPOUTEIHHOTO TUIaHa 3aCTPOUKH palioHa MM KOHKPETHOM TEPPUTOPHH.

KiaroueBble c10Ba: 3eseHbIe KPBILIH, PACIPOCTPAHEHHE NBIIH, SKOJIOTH4ecKkasi 0€301MacHOCTh TOPOJICKUX TEPPUTOPH,
MEJIKOIUCTIEPCHAS TIBLTh, TBLIEBOE 3arpsA3HEHNE

Juasi nurupoBanmsi: Mamxkunesckas C.E., Eprymenko AWM., Mawmsa /I.P. TlpuMeHeHne 3eNeHBIX KpBIII B TOYESHHOM
CTPOHTEIBCTBE I TIOBBIIICHHS JKOJOTMYECKOM OE30MacHOCTH TOPOICKUX TEPPUTOPHH. be3onacHocmv mexHO2eHHbIX U
npupoonbix cucmem. 2025;9(2):136-145. https://doi.org/10.23947/2541-9129-2025-9-2-136-145

Introduction. Modern cities are actively integrating new environmental solutions into their infrastructure, and green
roofs have already become a traditional element of urban planning [1]. Recent studies have demonstrated that these
structures significantly contribute to the efficient use of urban space and significantly improve the environment [2, 3].
The effectiveness of plant coatings in neutralizing pollutants, including PM0.5-PM10 has been confirmed by numerous
studies [4, 5]. Today, green roofs are not considered as an innovative concept, but rather as a crucial part of strategies to
improve urban ecosystems. Experts and the public are increasingly recognizing their contribution to enhancing the
quality of life for citizens and restoring natural balance in urban areas [6].

Studies have shown that residential buildings significantly worsen the quality of air in cities, releasing harmful
PMO0.5-PM10 particles, which negatively affect the health of residents [7]. Therefore, architects and developers
should consider green roofs as a standard element of construction projects [8]. The introduction of such eco-friendly
solutions into everyday practice is becoming a key factor in ensuring the environmental sustainability and safety of
modern urban planning [9].

The limited availability of natural resources in cramped urban spaces requires their rational use and functional
expansion, which is especially important in the case of residential development and reconstruction of outdated
buildings [10]. The strategy of replenishing such dwindling resources is the introduction of environmentally friendly
and economically cost-effective architectural concepts, including green roofs [11]. These solutions minimize dust
pollution in residential areas, have a beneficial effect on the quality of life of urban residents, and contribute to more
efficient environmental management [12].

In an urban environment where space is limited, the transformation of standard roofing structures into ecological
oases seems to be a perfect solution for the restoration of natural cover. This is particularly true when there are no other
land use options available. A green roof is a multi-level structure that sits on the top of buildings [13]. It includes a base
and a variety of intermediate elements, from waterproofing barriers to vegetation cover. All these layers function as a
single mechanism that ensures the vital activity of flora on the roof and effectively replenishes the green areas lost
during the construction process. The implementation of such projects requires detailed design and analysis of weight
characteristics to ensure the reliability and stability of these innovative systems.

The research focus in the area of green roof systems is primarily on their ability to clean the air of such pollutants as
SO,, O3, NO, and PMI10 [14, 15]. Vegetation on roofs, like other urban landscaping elements, shows significant
potential in reducing atmospheric pollution and harmful emissions by up to 35-100%. This has been demonstrated
through research, and these environmental benefits have led to an increasing interest in green roofs worldwide.

The aim of this research is to evaluate the effectiveness of green roofs in reducing the spread of dust in urban
environments, which is particularly important for areas with active infill development. To accomplish this goal, we have
solved the task of identifying vegetation types that effectively collect dust, and developed designs for green roof
systems that were suitable for installation in residential areas. Such environmental solutions contribute to the overall
modernization of the construction industry, making it safer for the environment and more comfortable for residents.
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Materials and Methods. The choice of an optimal location plays a key role in maximizing the benefits of green
roof structures in the fight against PM2.5 and PM10 pollutants, given the difficulties with their installation. For Russian
cities, there are specific parameters for determining the priority areas for the installation of these environmental
structures. One of the most important factors is the location in a certain climatic zone according to the zoning
scheme (Fig. 1) [16]. It is the correct location of green roofs that determines their effectiveness in reducing the
concentration of harmful particles in the atmosphere.

Modern urban trends require a systematic approach to creating eco-friendly spaces in an urban environment. This
task can be solved by developing affordable, cost-effective and technologically uncomplicated solutions. The criteria
for implementation include location in urban centers with a population of more than 250,000 people, as well as the
prerequisite that green areas make up at least 40% of the total area of the block [17].
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Fig. 1. Map of the territorial delimitation of Russia for optimal use of green roofs in various climatic conditions

During the construction of the Krasny Aksai residential complex in Rostov-on-Don, herbaceous plants of six
varieties typical of the Rostov region were planted in March 2020 in the construction area and outside the site (Fig. 2).
From May to September, during the construction of the monolithic frame of the building and the stone-installation
works, 10 air samples were taken twice a week for 120 minutes at three control points according to the standard
RD 52.04.893-2020" method — at the border of the construction site at 117 b, Beregovaya St., b. 5 (point A in Fig. 2),
above the vegetation zone (point B in Fig. 2) and at a distance of 10 meters from the green zone, in the residential area
of the Krasny Aksai residential complex (point C in Fig.2). During the entire observation period, atmospheric
parameters fluctuated: the air warmed up from +14 to +25°C, the wind reached 3—5 meters per second, and the relative
humidity was from 30 up to 60%.

Fig. 2. Construction site of an infill development:
1, 2 — planting sites; A, B, C — control points for measuring the PM10 concentration

! RD 52.04.893-2020. Mass concentration of suspended solids in atmospheric air samples. Method of gravimetric measurements. Electronic Fund of
Legal. and Regulatory and Technical Documents. (In Russ.) URL: https://files.stroyinf.ru/Data2/1/4293720/4293720281.pdf (accessed: 10.03.2025).
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Each plant species planted in the area of the site occupied an area of six square meters, forming a total experimental
area of 36 square meters. All the selected plants had a high dust absorption capacity, which was a key criterion in their
selection for this study (Fig. 3) [18, 19].

b)

Fig. 3. Herbaceous plants characterized by high efficiency of dust deposition:
a — Agrostis stolonifera; b — Lavandula angustifolia; ¢ — Festuca rubra; d — Plantago lanceolata;
e — Sedum album; f— Festuca festina

The methodology for determining the amount of dust deposited on plants involved taking 50 measurements twice a
week in the morning. Dust particles were collected from the surface of plant leaves using a brush. The process took
place during the period of active construction of a multi-storey residential building, that is, from May to
September 2020. The collected material was carefully transferred into a pre-weighed container for further evaporation
and weighing. After collecting samples from each plant species, laboratory treatment was performed: the liquid was
evaporated and the sediment was dried until the mass stabilized. Using these recorded indicators, we were able to
calculate the specific dust concentration — the number of milligrams of dust collected per square centimeter of plant
leaf surface. The results of particle deposition on the leaves of the studied plants can be seen in Figure 4.

Air sampling to determine dust concentration in it was carried out using an electric aspirator PU-3E/12, which was
tested, and filters made of PVC fibers AFA-VP10. Preliminary tests of this measuring equipment in a wind tunnel
showed that the measurement error during a one-time experiment did not exceed 12%, which met the requirements of
RD 52.04.893-2020.

2.0

PM10 capture efficiency, mg/cm?

0.0
09.05.2020 18.06.2020 28.07.2020 06.09.2020

Dates of the samples, days

Fig. 4. Density of PM10 dust deposition on plants in the zone of infill development:
a — Agrostis stolonifera; » — Lavandula angustifolia; ¢ — Festuca rubra;
d — Plantago lanceolata; e — Sedum album; f— Festuca festina

Results. The analysis of measurements showed that in conditions of prevailing easterly wind (3—5 m/s) and an air
humidity of 30-60% during the period of work, the planted vegetation significantly affected the air quality. Above the
landscaped area, there was a decrease in the concentration of PM10 dust particles from construction work from an
average of 10 (humidity — 30-35%) to 20% (humidity — 35-60%), and at a distance of 10 meters from the vegetation
cover, compared with the adjacent construction area, from an average of 15 (humidity — 30-35%) up to 30%
(humidity — 35-60%).


https://bps-journal.ru/

Manzhilevskaya SE, et al. Green Roofs in Infill Development to Improve the Environmental Safety ...

Measurements of the amount of dust deposition during the growing season (May—September) revealed the following
dynamics: if at the beginning of the season (May—June) the amount of dust deposition on plants was a maximum of
0.42 mg/cm?, then at the height of the warm season (July—September) it reached 1.81 mg/cm?. The dynamics of changes
in the amount of dust deposition on plants was explained by the fact that during the measurement period, plants grew at
the beginning of the growing season, then the area of vegetation increased, but at the same time, the dust deposition
formed on the leaves could be blown into the air by the wind at a speed of 3.5 m/s and higher. In the period from July to
September, the vegetation surface area was already at its maximum. The process of active dust deposition was also
influenced by the fact that dew formed on plants in the first half of the day, and the volume of green mass of plants,
which allowed dust deposits to accumulate on the leaves, prevented external sources of exposure (wind, precipitation)
from sweeping the dust deposits onto the ground or into the air. Figure 5 shows the dynamics of changes in the PM10
concentration during the study period at three control points for measurements (construction site, vegetation area,
residential area).

750

600 e PPV e O e

&
%o b
& 450
?ﬁ‘ C [
g L)
g 300
S
=
(a9}

150

0
09.05.2020 08.06.2020 08.07.2020 07.08.2020 06.09.2020 06.10.2020
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Fig. 5. Dynamics of changes in the PM10 concentration during the construction period:
a — point A, construction site; b — point b, vegetation area; ¢ — point B, residential area

To achieve the aim of this research, the authors have developed innovative, resource-efficient and practical green
roof designs that can be incorporated into the planning stage of residential developments. These designs can easily serve
as a tool for reducing the negative impact of dust emissions during construction, whether it is the construction of new
buildings or the renovation of the existing structures for various purposes.

The first mobile green roof structure was developed with the possibility of its dismantling for the winter period.
Patent No. 191863U1 was registered for this type of roof[20]. The structural elements of such a roof were a
combination of reinforced concrete slab, durable anti-rot roofing felt, adjustable Forest Style supports made of high-
strength propylene (with the possibility of building up due to an additional nozzle of 60 mm), as well as Ondulin
double-layer asphalt concrete coating. Figure 6 provides the structural scheme of the green roof and the implementation
of this structure at the facility after reconstruction in Rostov-on-Don.

Green roof design for installation

WW‘W} ¥Wﬂw/9 8 on public buildings

AL /.;/ 7 1— Reinfgrced concrete floor slab;
. 2 — Covering layer of roofing felt;

3 — Thermal insulation layer;

4 — Adjustable supports;

5 — Ondulin lining layer;

.................’..............:-/’/2 6—Wat.erprooﬁng.layer;
__pepmp—y— 7 ey >, 7 — Drainage layer;
8 — Ground;
’/1 9 — Green §paces;
10 — Decking;

11 — Galvanized studs;
12 — Locking nut
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b) c)
Fig. 6. Design solutions of green roof for public buildings: @ — design scheme; » — object for the green roof structure

implementation — business center “League of Nations”
(91, Suvorova St., Rostov-on-Don; ¢ — implemented green roof design solutions

The second type of structure is intended for residential buildings, winter gardens and terraces. This system is
characterized by simple dwsign, cost-effectiveness, high thermal insulation, and moisture protection. Patent
No. 163334U1 [21] was registered for the utility model. The vegetation layer is planted in the final stage of the project.
It is placed along the perimeter of the green areas of the structure. The installation of this type of roof involves the use
of two types of coatings: one for the side section, which allows for year-round use of the green roof, and the other for
the central area, where a swimming pool or café can be located, for example.

Figure 7 shows the developed design of the second type of green roof, which consists of a reinforced concrete floor
slab, filter and vegetation layers. Ondulin is used as a protective element. The structure is additionally equipped with a
layer of anchors in the ground. The implementation of this design solution at an urban development facility is also

presented.

Green roof design
for residential buildings

1 — Reinforced concrete slab;
2 — Ondulin protective layer;
3 — Thermal insulation layer made of expanded polystyrene;

'ow;v.’,v 4 — Filter layer made of peat and/or gravel,
- ‘v / 5 — Fixing soil mixture;
VN 7 X Y /‘\ o 1 6 — Plant layer containing a substrate with plants
;'E:/'f\/ /N DA
a)

b) o

https://bps-journal.ru

Fig. 7. Green roof design solutions for residential buildings: @ — design scheme; b — object for the implementation of a green roof
structure in design solutions (Zhemchuzhina Dona residential complex; 240, Maxim Gorky Str., Rostov-on-Don);
¢ — implemented green roof design solutions
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The cost of these green roof structures starts from 4,200 rubles per square meter. Financial calculations show that
with long-term operation (up to 40 years), traditional and green roofs have approximately the same cost. At the same
time, investments in the installation of green roof systems for the League of Nations business center amounted to only
1.3% of the total reconstruction budget. In the case of the Zhemchuzhina Dona multi-apartment high-rise residential
complex, the share of costs for the development of design solutions, installation and landscaping of the roof amounted
to 4% of the total construction costs of the facility.

Discussion and Conclusion. The research conducted by the authors proves that the creation of vegetation cover is a
fairly effective barrier to the spread of dust pollution from infill construction. The efficiency of dust collection can reach
an average of 10 to 20%, depending on the air humidity level. At the same time, it is important to choose the right
plants for the green roof and arrange it well in order to maximize the effect of dust suppression, which will significantly
increase the environmental safety of residential areas in residential buildings. The two types of constructive green roof
solutions developed by the authors, which are applicable for the reconstruction of buildings and the construction of new
facilities, make it possible to create a comprehensive protection of the urban area from one of the most harmful sources
of dust emissions in the urban environment — the construction site. Although the introduction of such technologies
requires additional financial investments, they are offset by a decrease in the incidence of workers from harmful effects
of dust by about 15%. This leads to a corresponding reduction in the cost of construction work and labor savings, while
providing a higher level of protection for both workers on the construction site and residents of nearby areas.
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