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Abstract 
It is shown that the emergence of new winter sports leads to 

transformation of conventional construction and process solutions, wherein the 
environmental harmonization of construction facilities is the main fact. It has 
been noted that the location of a complex and the presence of natural broken 
terrain have influence on the selection of a construction solution and on the 
possibility of resource saving during the operation. The scale and the variety of 
sports facilities, that vary in terms of purpose, type of terrain where they are 
built and type of facility, are shown. The quantitative indexes characterizing 
specific complexes are given. Special attention is paid to the electricity and 
water consumption, taking in consideration the requirements for sports and 
recreational facilities. It is proposed to consider sports facilities using the 
classification that takes into account the resources to be used that are necessary 
for ensuring their sustainable development. The presented approach allows us to 
unify the facilities, thus providing an opportunity to implement the most 
successful and environmentally efficient projects in the field of sports and 
recreational construction. 

Keywords: winter complexes, recreational facilities, sports facilities, 
natural resources, building structures, snowmaking. 
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Introduction. The development of winter sports and the emergence of 

new disciplines (freestyle, ski acrobatics, snowboarding, tubing, downhill 
skating, etc.) require standard technical solutions to be able to create modern 
sports and recreational projects [1]. It is important to find a harmonious 
relationship between the new sports facilities and the natural environment, 
using innovative technological possibilities for addressing relevant social 
challenges, such as health care of the population, strengthening of family ties, 
etc. [2, 3]. 

A great variety of winter facilities, from temporary seasonal complexes 
using artificial terrain to facilities with artificial environment, are created in our 
country. It has become relevant to use specialized structures for renewal of new 
temporary winter sports facilities, including ski complexes, that use the 
technologies, such as snowmaking, heating with the use of geothermal heat 
sources, a possibility to adapt facilities to other purposes, and much more.  

In order to implement specific sports and recreational projects, specific 
parameters of facilities, as well as the diversity and the nature of the existing 
challenges should be taken into account. An overview of existing domestic and 
foreign complexes [4-8] will allow us avoid errors and optimize the 
construction costs, starting with site selection, the content of the complex and 
the provision of the complex with complex engineering and technological 
infrastructure. 

The purpose of this academic paper is to analyze new architectural 
and structural, and technical solutions for winter recreational and sports 
complexes, determine their demand, plan their focus and ensure their stable 
operation, taking into account the necessary resources (both natural and man-
caused).  

The following tasks have been solved to fulfill said purpose: 
- numerous sports and recreational facilities have been analyzed and 

generalized, and their classification has been proposed; 
- the major facilities consuming various resources have been 

determined;  
- planning and technological factors with the most relevance for 

selecting a place for construction have been identified.  
 
Discussion and results. At the beginning of preparation for the 

construction of any construction facility, the issues on the provision of land, 
power, water and human resources, transport infrastructure, which are necessary 
to ensure sustainable operation of modern complexes [9,10]. The same 
requirements are applied to the sports and recreational complexes [11]; 
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however, new facilities have their specific nature, which remains unexplored. 
Especially it concerns the creation of winter facilities in the areas where there is 
a shortage of complex natural terrain. 

Provision of coolants, water and energy is usually considered part of 
the issues of resources, while the terrain and the location in space are ignored. 
However, the specific nature of the complexes raises the issue on the existence 
of complex terrain as a priority task. The recreational load on the territory, as 
well as the resource-saving technologies at the facilities for winter recreation 
and high-performance sport are considered separately. 

Complexes for modern winter sports have individual architectural 
forms [12]; permanent facilities are built of soil and (or) reinforced concrete 
structures; temporary facilities are made of metal and wooden elements. The 
design features of facilities and the material used are directly related to the 
resources, since they allow us to use recycled materials, standard modular 
elements, reusable elements, etc. for construction [13] 

As a result of the analysis, the following ways to modify the existing 
terrain were identified: 

• buildup of elevations by soil filling (fig. 1А); 
• creation of artificial slopes of construction structures and 

existing facilities; 
• construction of specialized large scale facilities (fig.1B).  
For instance, each of the above methods for terrain modification is 

applied in the new generation ski resorts, such as “Sorochany”, “Kant”, 
“Novoperedelkino”, “Freestyle”, etc. [7,8,14].  

 
А 

 

B 

 
Fig. 1. Moscow sports facilities with artificial terrain: А – Kant: soil 

facility (09.2016); B – Ski ramp in the Krylatskoe district: a construction 
structure (02.2016). [photo made by the authors] 
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The presented complexes are relatively new formations; Kant, the 
oldest Moscow center, was organized by enthusiasts of mountain skiing in 
1992; at present, it is a fully equipped complex next to the Nagornaya Moskva 
metro station, which has no analogues among city's all-season sports centers. 

 Snowmaking, which is a technically complex system [15,16] turning 
water into snow with snow cannons and guns, is widely used for increasing the 
duration of the season of operation of winter sports complexes. The present-day 
requirements for the quality of the preparation of modern ski slopes are very 
high, so sufficient amount of artificial snow ensuring safe skiing (fig. 2А) must 
be laid and compacted with specialized ratracks. This laborious and expensive 
work must be started 2-3 weeks before the skiing season is opened. By the 
season opening, the height of the snow coating on the slopes must reach at least 
0.4-0.5 m. Thus, at the beginning of a season, artificial snow is generated and 
stored on slopes next to a water body or a water supply system. In certain cases, 
all snow that has been generated is washed off by an unexpected thaw or rain.  

A summary table 1, showing the scale and the variety of parameters 
that characterize modern complexes, is made based on the results of long-term 
monitoring. Terrain, which can be natural, natural modified, secondary or 
artificial, is identified. 

A reverse situation occurs as well, when the snow generated is not used 
during the season (fig. 2B), so it melts naturally when warm weather starts. The 
experience of work of different facilities shows the following peculiarities: 
sometimes, snow is laid on slopes straight away, without previous storing, or 
brought from other snowy regions, or even gathered from the parks, saving on 
additional costs. 

To give an idea of the amount of water consumption for the 
organization of a snow generation system, let us specify the approximate 
consumption of the natural resource, which is 1m3 water=1.5m3 snow; these 
numbers are very approximate, since the indicators of output of snow mass 
depend completely on natural factors (air temperature, humidity, presence and 
direction of the wind, location and power of the snow generation devices). The 
data shows that there is no direct dependence of the power consumption on the 
area of artificial snowmaking. 
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Table 1  
Characteristics of winter innovative complexes 

 

 
* column 1 contains complex' name, location and year of foundation 

(some dates are enumerated, which means that the facilities were created only 
in those years). 

 
A reverse situation occurs as well, when the snow generated is not used 

during the season (fig. 2B), so it melts naturally when warm weather starts. The 
experience of work of different facilities shows the following peculiarities: 
sometimes, snow is laid on slopes straight away, without previous storing, or 
brought from other snowy regions, or even gathered from the parks, saving on 
additional costs. 

To give an idea of the amount of water consumption for the 
organization of a snow generation system, let us specify the approximate 
consumption of the natural resource, which is 1m3 water=1.5m3 snow; these 
numbers are very approximate, since the indicators of output of snow mass 
depend completely on natural factors (air temperature, humidity, presence and 



Science and Technology №1, V.2   2017 
 
 

 
 
 
 
 
 

55 

direction of the wind, location and power of the snow generation devices). The 
data shows that there is no direct dependence of the power consumption on the 
area of artificial snowmaking. 

 
А 

 

B 

 
Fig. 2. “Sorochany” ski complex, Moscow region: А – view of the 

slope with the location for storing artificial snow below (10.02.2007); B – 
snow storage area at the end of spring (22.06.2007) [photo made by the 
authors] 

 
The need for power at different facilities (table 1) varies between 16.7 

thousand kW/ha and 460 thousand kW/ha and is determined by the planning 
and technological factors. At first glance, the most economical studied 
complexes are "Freestyle Park" (artificial soil structure) and "Burton x Gorky 
Park" (temporary snowboarding city spot), which has different duration of the 
"working" season. However, the city spot uses a very rational snow provision 
system. Snowmaking is never used here due to sufficient amount of natural 
snow. The territory of the Moscow’s park is considerable, so cleaning of the 
territory provides the sports facility with sufficient snow. Snow is gathered and 
brought to the facility by ZIL trucks that can turn around in confined limits of 
the complex. 

Last season of 2015/2016, the duration of work of the "Puzhalova 
Gora" family recreation ski complex, situated in the city of Gorokhovets, 
amounted to 3.5 months; for that purpose, the snowmaking began 2 weeks 
before the opening. The chart (fig. 3) shows the beginning of power 
consumption in November of 2015, the peak falls on December and January, 
and the recession starts in February, when power is no longer consumed for 
snowmaking. During the subsequent period, power is required for the operation 
of lifting devices and lighting, and for economic needs. 
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Ноябрь November 
Декабрь December 
Январь January 
Февраль February 
март  March  

 

 
Fig. 3. Power consumption, kW. "Puzhalova Gora", Gorokhovets 

town, 2015-2016. 
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Next, we would like to illustrate some quantitative data regarding the 
work of “Sorochany” ski complex, where safe skiing is ensured by laying up to 
70 cm of artificial snow on the slopes. Production of snow necessary for 
ensuring safe skiing is provided by 8km pipelines, 9 snow cannons (17 kW 
each), and 3 pumps work constantly, pumping 60m3 of water per hour. At the 
neighboring Volen resort, the area of snowmaking is about 2.5 times smaller; 6 
cannons and 2 pumps operate here. During the season of 2015-2016, the 
“Sorochany” complex received a limit for water of 200 thousand m3, and Volen 
68 thousand m3.  

To confirm the proposed energy carrier consumption structure (fig. 4), 
we must continue our work on gathering and processing reliable results from 
other resorts. It should be noted that the receipt of any confidential information 
related to the work of commercial facilities is problematic, which is evidenced 
by empty cells in table 1.  

It should be noted that at the explored operating resorts, payment for 
electricity is not divided into types. Everyone pays for the electricity without 
taking in consideration the purpose, which is related to objective and subjective 
reasons. Each innovation requires additional material costs, and the profit is 
mainly spent on maintaining the resorts in serviceable state in conditions of 
short winters. An example of a successfully working year-round complex is 
Kant (Moscow) that could provide itself with work, offering more than winter 
services.  

The negative influences of the studied complexes should include 
increasing recreational load associated with an increase in the number of 
visitors. Placement of any facilities on the territory with high grade of 
preservation of natural landscapes is prohibited; therefore, such facilities must 
be located only in a recreational subarea [17]. This allows us to use the territory 
of parks and recreational areas optionally, minimize negative effect on natural 
ecosystems, thus creating environmentally safe and socially important urban 
facilities [18,19]. Due to the above, it would be more appropriate to use 
temporary dismountable structures, that can be used only in winter period, on 
the territories of parks and forest parks. Small areas should be designated for 
winter sports to create snow parks, snowboard spots, tubing tracks, with the 
area of up to 0.1 ha.  
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Хоз. Нужды Economic needs  10 
Подъемные устройства Lifting devices 20 
Снегогенерирование Snow generation 35 
Освещение Lighting 20 
Водоподача Water supply 15 

 

 
Fig. 4. Power consumption structure of “Sorochany” resort, Moscow 

region 
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A positive example of recreational environmentally compatible facility 
is represented by the tubing tracks called "The Gorka", which shows the 
possibility to use specially protected areas for placement of a recreational 
facility [13] within the existing road of Sokolniky park in Moscow. The track is 
usually created at the beginning of the winter season and is dismantled each 
spring, with insignificant modification in its form and equipment.  

Sports facilities were considered using a stepped gradation of facilities, 
reflecting their purpose, environmental compatibility, technical equipment, 
safety, urban parameters, etc. which fully corresponds to the modern tendencies 
in the field of standardization and "green construction"[20]. To choose optional 
construction solution and organize efficient operation of modern sports and 
recreational winter resorts, the authors have developed a classification (fig.5) of 
resources used for creation of sports facilities, taking into account their life 
cycle [21,22]. We propose to divide resources into two main types: natural and 
man-caused.  

For analysis of resources it is needed to identify the terrain (the more 
complex it is, the more entertaining facility will be created), the season and the 
period (time) of use. It is proposed to divide the natural terrain into two 
subtypes, exhaustible and unexhaustible, based on the principles of resource 
provision, wherein the first ones, in case of their exhaustion, must be replaced 
technically using construction structures. 

It is appropriate to divide the man-caused resources into human and 
material ones, (construction structures, engineering networks, transport 
communications, etc.). It should be noted that the location of a sports and 
recreational facility affects very much its popularity and has indirect influence 
on the possibility to save resources in a certain place. It is proposed that the 
geographical and spatial location of a complex (in the metropolitan area or as 
part of the city) be conditionally attributed to resources and not be reflected in 
the proposed chart. The chart does not reflect climatic conditions as resources, 
although they affect energy and water consumption (heating, snow generation), 
since we consider the facilities located in the same climate zone. 
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Ресурсы Resources 
Природные Natural 
Антропогенные Man-caused 
Исчерпаемые (рельеф, 
время) 

Exhaustible (terrain, time) 

Неисчерпаемые (вода, снег) Inexhaustible (water, snow) 
Материальные (инженерно-
техническая база) 

Material (engineering and technical base) 

Трудовые (физический труд, 
интеллектуальный труд) 

Human (physical labour, intellectual 
labour) 

 

 
Fig. 5. Resources necessary for creating modern resorts for winter 

sports. 
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Conclusions 
1. It is established that the recreational and sports complexes are 

part of the facilities for temporary staying of people; therefore, they can be 
placed on disturbed areas with an environmental potential no lower than 
"reduced", often with disturbed terrain that is very favorable for forming a 
sports-oriented planning structure; 

2. A wide range of winter recreation and sports facilities using 
specific resources and the scales of construction activity have been determined, 
which proves the need to conduct specialized studies, as well as develop and 
implement new "smart" technologies in the field of sports facilities; 

3. We have proposed a classification required for analyzing 
facilities and determining the interrelation between the architectural and 
planning solutions and the possibility of optimization of the consumption of 
various resources; 

4. The inflow of customers (recreants and spectators) to winter 
sports facilities, which requires the complexes' management to take special 
measures for reducing environmental loads. 
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