UDC 504:712

Tetyana M. Tkachenko, Ph. D. in Biology, Associate Professor, Doctorate in the
Department of Occupational Safety and Environmental Protection
ORCID ID: 0000-0003-2105-5951 e-mail: tkachenkoknuba@gmail.com

Kyiv National University of Construction and Architecture, Kyiv, Ukraine

CREATION OF ENERGY EFFICIENT «GREEN STRUCTURES» IN
CONDITIONS OF MODERATE CONTINENTAL CLIMATE

Abstract. The main aspects of creation of energy-efficient «green structures» in
urbocenoses of moderate-continental climate are considered. It was established that
problems of exploitation of "green roofs" arise in case of violation of the technology
of laying roofing layers and in case of incorrect selection of plant assortment.
Technical problems in creating "green roofs" arise when the wrong choice of
waterproofing. There should also be a single drainage system, which accommodates
all other elements. Failure to observe these conditions may lead to rooting and the
development of microorganisms. The assortment of plants on an intensive roof is
usually limited to low-growing plants: herbs, shrubs and shrubs. Phenological
observations carried out on the intensive roof of the Royal Tower residential
complex in Kyiv have shown that with the correct selection of plant assortments and
their cultivation technology, plant height can be considerably larger: from 4 to 6 m,
which significantly expands the ecological and biological capabilities of intensive
green roofs moderately-continental climate. The assortment of species of plants with
high adaptive potential of various life forms with a wide variation of height is
proposed: from low-growing herbs to trees of 6 m in height: Quercus paludosus
multicaulus, Quercus rubra multicaulus, Pinus sylvestris, Acer rubrum, Acer
rubrum 'Scanlon’, Chenomeles Maulei, Aronia melanocdrpa, Berberis thunbergii,
Betula pumila, Crataegus laevigata, Vitis amurensis, Parthenocissus tricuspidata,
Cornus alba, Picea abies, Picea canadensis, Picea pungens, Lonicera alpigena,
Lonicera caerulea, Salix caprea, Viburnum opulus, Cotoneaster lucidus, Acer
tataricum, Acer ginnala, Elaeagnus argentea, Juniperus horizontalis, Juniperus
sabina, Sorbus aucuparia, Ribes aureum, Symphoricarpos albus, Pinus mugo,
Spiraea arguta, Spiraea japonica, Thuja occidentalis, Philadelphus coronaries,
Malus sibirica, Malus niedzwetzkyana.
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Introduction

One of the problems of modern cities is the lack of free territories. The expansion of
cities horizontally and vertically inevitably leads to the reduction of green zones, the
growth of motor transport communications, and the consolidation of development.
As a result, landscape modification, sharp decline in biodiversity, pollution of soil,
air and water. Environmental tension in the urban environment has a negative impact
on the people’s health. Unfortunately, due to the densely built up (especially in the
central regions), it is impossible to create a full-fledged recreational zone. A way out
of the current situation can be the use of «green construction» — «green roofsy,
«green slopes», vertical landscaping, eco-parking. The advantages of «green
constructionsy in the possibility of their use in the already built up territories, as they
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do not require additional space, but may be located on already created objects: roofs
and facades of buildings, built up slopes. At the same time, they fulfill not only
aesthetic, but also economic and ecological functions [1, 2].

Analysis of researches and publications

Nowadays, the energy saving of the roof is achieved not only through the use of
building and finishing materials, but also with the help of gardening.

All over the world, roofing gardening is given huge importance, raising this area
in the category of the most relevant. In Germany, France, Canada, Japan, the United
States, Switzerland, roofing landscaping during construction is mandatory. This
direction is becoming relevant in Russia and Belarus.

Already, no one doubts the effectiveness of green roofs in megacities. The
positive aspects of roofing gardening (effects of conditioning, noise insulation,
sanitary and hygienic, aesthetic) almost completely cover the items of expenditure
for their creation [3-9].

However, until now, when you build a garden on the roof, a number of problems
arise.

The aim of the work is to study and generalize the problems that arise when
creating and operating green roofs, as well as finding ways to solve them. We
evaluated the general condition of plants after wintering visually on a five-point scale
of Tumanov [10]: 5 — the absence of traces of plant death; 4 — slight damage of the
tops of the shoots; 3 — 50% of damage, about half of plants die; 2 — 70...80% of
damage, death of more than half of plants; 1 — complete destruction, or preservation
of individual plants only. In addition, the ability of plants to tolerate unfavorable
summer conditions, namely a strong increase in temperature, was determined. The
condition of plants in this period was also determined visually on the same scale.

Material, main findings and their analysis

One of the main problems is a high level of humidity. Operated roofs should have
increased moisture resistance and as low as possible moisture absorption. This is due
to the fact that penetration of water vapor and moisture into the structure of the
heater, multiple cycles of "freezing-thawing" ultimately lead to a loss of thermal
insulation properties and destruction of the material [11, 12].

The bearing structures of the roof should maintain the weight of the soil layer and
the weight of the plants extrapolated in time, other operational loads, usually
unevenly distributed over the surface area, and wind loads.

Waterproofing materials can be destroyed under the influence of climatic,
chemical and biological factors: temperature changes, aggressive effects of
chemicals, microorganisms, destroying effects of the root system of plants. In
addition, if in regions with a warm climate, traditional bituminous roofing materials
serve long enough, then under conditions of a temperate continental period, the
maintenance-free operation of these roofing materials is much shorter. Studies have
shown that an ordinary bitumen membrane is able to withstand the roots of plants
for no more than six weeks.

To increase the stability of waterproofing, special chemical preparations have
been developed — anti root additives, which are introduced into the bitumen-polymer
binder in the production process of waterproofing material and evenly distributed
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throughout its thickness. They make the membrane completely impermeable to plant
roots. Most of the existing bitumen-polymer waterproofing root-resistant materials
for green roofs use this method of protection.

There is a variant of roof protection, in which copper foil is applied to the
waterproofing membrane. In modern landscaping systems, the waterproofing
function is performed by the polymer membrane.

Before installing the landscaping system on the roof of the old building, it is
necessary to conduct an examination of the roof. If the roof needs repair, it is
necessary to complete it before installing the landscaping system, since, unlike a
conventional roof, repairing the multi-layer roofing cake of the green roof, in case
of leakage, requires a lot of effort and money.

One of the vulnerabilities of green roofs is the contiguity to vertical surfaces. To
avoid leakage in these places, the edge of the waterproofing layer should be raised
along the vertical surface. The solution to these problems lies in the strict observance
of project requirements. If the requirements are violated, leaks occur, the roof structure
is destroyed, the soil and plants rot, and the vegetation layer dries (or freezes).

The problems that arise in the operation of green roofs, in general, come from
improper installation or inaccurate calculation of the system load on the rafter and
slabs. Some problems may occur if the seeds of trees fly to the roof, so any green
roof still needs to be observed and periodically serviced to remove sprouting tree
sprouts in their infancy. If seeds of herbaceous plants fall, then the sedum replaces
them, because, in fact, it is a weed.

Under the system, the usual roofing cake is completed, which ends with
waterproofing. Next comes the root protection film — a special dark film, which
prevents the germination of roots in the waterproofing and supporting structures. The
quality of the film is checked by the roots of flax. Flax is a plant with the most
aggressive roots. In the case of a flat roof, a classic internal drainage system should
be provided.

Correct selection of assortment of plants for green roofing is almost 70% of its
successful operation. Each type of gardening («intensive» or «extensive») requires a
certain range of plants. Plants should not be very heavy, the root system should not
be very deep (so as not to damage the waterproofing and other layers of the roof).
But the main thing is to take into account the climatic features of the region. Abiotic
factors — a powerful load, increasing several times in height. From the correct
selection of plants depends on their adaptation and survival.

In the temperate continental climate, when creating an «intensive roof», you can
successfully use quince Chenomeles Maulei, Arénia melanocdrpa, Berberis
thunbergii, Betula pumila, Crataegus laevigata, Vitis amurensis, Parthenocissus
tricuspidata, Cornus alba, Picea abies, Picea canadensis, Picea pungens, Lonicera
alpigena, Lonicera caerulea, Salix caprea, Viburnum opulus, Cotoneaster lucidus,
Acer tataricum, Acer ginnala, Elaeagnus argentea, Juniperus horizontalis,
Juniperus sabina, Sorbus aucuparia, Ribes aureum, Symphoricarpos albus, Pinus
mugo, Spiraea arguta, Spiraea japonica, Thuja occidentalis, Philadelphus
coronaries, Malus sibirica, Malus niedzwetzkyana [13].

The creation of gardens on green roofs has a great success. Creating a garden
design, you can choose as a traditional geometric scheme, and create something like
a flower border, with the inclusion of useful vegetable plants in it. Geometric
schemes are simple, but very effective. The classical variant is a composition in a
circle or in a square divided into sectors. It can be deployed both on the plane and in
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elevated beds. On such beds the soil warms up faster and moisture does not stagnate.
To ensure that the beds do not lose shape, they are framed with walls of various
materials — wood, metal or brick. Many vegetable cultures are really beautiful. Leaf
salads, beets, onions, effectively look and neatly tied tomato bushes look great. In its
own way, powerful plants of squash and pumpkin are attractive, the main thing is to
place all this correctly on the site. The design of the garden will be especially
impressive if you select plants that are contrasting in color, shape and texture. For
example, you can create a beautiful pattern, alternating the bushes of green and
reddish salad or beets. As a soloist usually take large expressive plants, for example,
ornamental cabbage. Her elegant, with a pink middle of a head, decorate any garden,
and their coloring will become brighter every day until the late autumn.

We have studied the adaptation of plant species in a multi-storey residential
building.
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Fig. a, b — Intensive green roof of the residential complex Royal Tower, Kiev, 2016
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Table — The observation of plant phenotype in Kiev

Ne in Name Height,| Mark Damage level, %
order m

1 Quercus paludosus 5 4 slight damage to the tips of
multicaulus shoots with complete restoration

2. Quercus rubra multicaulus 6 4 slight damage to the tips of
shoots with complete restoration

3. Malus multicaulus 3 4 slight damage to the tips of
shoots with complete restoration

4. Carpinus 35 4 slight damage to the tips of
shoots with complete restoration

5. Pinus sylvestris 6,0 4 slight damage to the tips of
shoots with complete restoration

6. Amelanchier lamarckii 3,5 4 slight damage to the tips of
shoots with complete restoration

7. Amelanchier lamarckii 4,0 4 slight damage to the tips of
shoots with complete restoration

8. Acer platanoides 4,5 4 slight damage to the tips of
'Globosum’ shoots with complete restoration

9. Acer rubrum 5,0 4 slight damage to the tips of
shoots with complete restoration

10. Acer rubrum 'Scanlon’. 6,0 4 slight damage to the tips of
shoots with complete restoration

11. Ligustrum 1,10 4 slight damage to the tips of
vulgare'Globosum’ shoots with complete restoration

12. Thuja occidentalis 3,0 4 slight damage to the tips of
'Smaragd’ shoots with complete restoration

13. Thuja occidentalis Brabant | 2,5 4 slight damage to the tips of
shoots with complete restoration

14. Spiraea japonica Golden 0,40 4 slight damage to the tips of
Princess shoots with complete restoration

15. Spiraea japonica 0,40 4 slight damage to the tips of
Goldflame shoots with complete restoration

16. Spiraea japonica 'Little 0,30 4 slight damage to the tips of
Princess' shoots with complete restoration

17. Berberis thunbergii 0,25 4 slight damage to the tips of
shoots with complete restoration

18. Berberis thunbergii 0,60 4 slight damage to the tips of
shoots with complete restoration

19. Eudnymus alatus 1,50 4 slight damage to the tips of
shoots with complete restoration

20. Hydrangea arborescens 0,80 4 slight damage to the tips of
'‘Annabelle’ shoots with complete restoration

21. Pinus mugo ‘Pumilio’ 1,0 4 slight damage to the tips of
shoots with complete restoration

22. Pinus mugo ‘Pumilio’ 0,8 4 slight damage to the tips of
shoots with complete restoration

23. Azalea rubra 0,5 4 slight damage to the tips of
shoots with complete restoration

24. Thuja occidentalis 0,6 4 slight damage to the tips of
‘Danica’ shoots with complete restoration

25. Hydrangea anomala 1,5 4 slight damage to the tips of
‘Petiolaris’ shoots with complete restoration

26. Parthenocissus 1,0 4 slight damage to the tips of
tricuspiddta shoots with complete restoration

217. Physocarpus opulifolius 0,8 4 slight damage to the tips of
'Luteus’ shoots with complete restoration
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Conclusions

Analysis of roofing gardening technology has shown that the success of the operation
of the entire roofing structure depends on the quality of the waterproofing, the
drainage layer and the proper laying of all layers. Difficulties with the operation of
the "green roof" are associated with a violation of the technology of laying layers
and improper selection of the range of plants.

The analysis of the phenological observations of the state of plants in the
conditions of the temperate continental climate of Ukraine showed that all types of
life forms of plants can flourish in multi-storey buildings: grasses, shrubs,
semishrubs, trees. In this case trees with a height of 4 to 6 m showed a high adaptive
potential. All plants came from the winter period with an index of 4 points, which
indicates the preservation of decorativeness and vitality. The analyzed range of
plants can be considered as promising for roofing gardening in the conditions of the
temperate continental climate of Ukraine.
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T.M. Tkauenko
CTBOPEHHHA EHEPTOE®EKTUBHUX «3EJJEHHUX KOHCTPYKIII»
B YMOBAX ITIOMIPHO-KOHTUHEHTAJIBHOI'O KJIIMATY

AHoTanis. Po3risHyTO OCHOBHI aclleKTH CTBOPEHHS CHEProe()eKTUBHHX «3EICHHX
KOHCTPYKILii» B ypOoIleHO3aX NOMiIpHO-KOHTHHEHTAJILHOIO KiiMaTy. BcTraHoBieHO, mio
npoOiieMH eKcInTyartalii «3eJeHUX IOKPiBeNb)» BHHUKAIOTH NPH HOPYIIEHHI TEXHOJOTii
YKJIaJaHHS TOKPIiBEJFHUX MIApiB i MPH HENPaBHWIFHOMY MigOOpi acOPTHMEHTY POCIHH.
TexHiuHI TPOOIEMH Y CTBOPEHHI «3€JIEHUX ITOKPiBEIh» BUHUKAIOTH IPU HENPABIIEHOMY
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BuOOpi rigpoizonanii. Takok mOBMHHa OyTH €QMHA JpEHa)XKHAa CHUCTEMa, Ha SIKid
PO3MIIIYIOTECS BCl iHIINI eleMeHTH. [Ipu HepoTpuMaHHI JaHUX YMOB MOXKJIMBE IPOTIKaHHS
TIOKPIBJIi Ta PO3BUTOK MIKPOOPraHi3MiB. ACOPTUMEHT POCIIMH Ha IHTCHCHBHIM MOKpIBIi
3a3BU4ail OOMEXYEThCS HHU3BKOPOCIMMH POCIMHAMH: TpaBaMH, HalliBYarapHUKaMy i
yarapHukamMu. DEHOJIOTIYHI CHOCTEpEXKEHHs, IPOBEIEHI Ha IHTEHCHBHIH IOKpIiBIi
XKHUTI0BOr0 Komiuiekcy Royal Tower y Kuesi, moka3anu, mo mnpu mpaBUIBHOMY MigOopi
Oimpmroro: Bim 4 Mo 6 M, IO ICTOTHO PO3MIMPIOE EKOJIOTO-0i0JIOTIYHI MOXKIHMBOCTI
IHTEHCUBHHX 3€JICHHX IOKpPiBENb MOMipHO-KOHTHHEHTAJIHHOTO KIIIMAaTry. 3ampOIoHOBAaHO
ACOPTUMEHT BUIIB POCIHH 3 BUCOKHM aJalTaIliifTHIM NOTEHINaJIOM Pi3HHUX XUTTEBUX (HopM
3 MIMPOKOIO BICOTOIO BapilOBaHHS: BiJl HU3bKOPOCIUX TPaB 10 JepeB 6 M BucoTor0: Quercus
paludosus multicaulus, Quercus rubra multicaulus, Pinus sylvestris, Acer rubrum, Acer
rubrum 'Scanlon’, Chenomeles Maulei, Arénia melanocarpa, Berberis thunbergii, Betula
pumila, Crataegus laevigata, Vitis amurensis, Parthenocissus tricuspidata, Cornus alba,
Picea abies, Picea canadensis, Picea pungens, Lonicera alpigena, Lonicera caerulea, Salix
caprea, Viburnum opulus, Cotoneaster lucidus, Acer tataricum, Acer ginnala, Elaeagnus
argentea, Juniperus horizontalis, Juniperus sabina, Sorbus aucuparia, Ribes aureum,
Symphoricarpos albus, Pinus mugo, Spiraea arguta, Spiraea japonica, Thuja occidentalis,
Philadelphus coronaries, Malus sibirica, Malus niedzwetzkyana.

Kuro4oBi c10Ba: «3eleHiI KOHCTPYKIIIDY; «3€eHi MOKPIBI»; alanTaliiHIA TOTCHITIaT;
ACOPTUMEHT POCIIHH; «IIOLIapOBa» KOHCTPYKILis.
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