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Abstract: The need for a relatively quick solution to the problem of providing highways with
roadside service facilities necessitates the development of a series of appropriate standard projects. To
increase the efficiency of these series, it is advisable to carry out the interconnection of space-planning
solutions based on a particular module. Taking into account the variety of planning and landscape
characteristics of the sites for the placement of objects of the mainline service, it seems advisable
to choose as a module not a square or rectangular, but a triangular configuration, which allows in
most cases to harmoniously block the modules. The proposed roof module in the form of a “regular”
triangle facing the tetrahedron has a structural basis in the form of a single-tier rod spatial plate.
The principal space-planning solutions of all four dozen objects from the approved nomenclature of
the mainline service performed in the process of analyzing the possibilities show the real possibility
of solving the development tasks on the basis of this system. The use of the proposed modular
system makes it possible to successfully solve a number of tasks to reduce the harmful impact on the
environment and effectively use renewable energy sources. The work is devoted specifically to the
field of design.

Keywords: roadside service buildings; modular buildings; sustainable architecture; spatial grid
plates; reusable structures; base module; collapsible buildings

1. Introduction

Modern facilities of the mainline service demonstrate a wide variety of planning
solutions and architectural and artistic forms. The problem that has arisen at this stage
of roadside service development (including in Kazakhstan, where there are a number
of promising opportunities in the construction sector, per B.Torgautov, A. Zhanabayev,
A. Tleuken, A. Turkyilmaz, M. Mustafa, F. Karaca, F. [1], who point to challenges and
opportunities in the construction sector of Kazakhstan in the aspect of a closed-cycle
economy), the problem of accelerated, almost one-time construction of a large number of
facilities puts forward a number of peculiar tasks that have not yet received appropriate
research work (the relevance of the development of architecture of roadside service facilities
in Kazakhstan is emphasized N.N. Kuanyshbekov, A.K. Tuyakaeva [2]).

The objects of roadside service naturally began to arise with the development of
communication routes. With the advent of motor transport, the nomenclature of objects
has increased somewhat, but the functional specifics of their work has not changed much.
Accordingly, space-planning solutions, having a centuries-old practice of application and
improvement, have a significant degree of study. The totality is formed in the mutual
influence of several aspects important for the ongoing research. So, the general assessment
of the roadside service system is covered in the works T. Cui, Y. Ouyang, Z.J.M. Shen [3],
where the design of a reliable placement of an object under the risk of failures is considered.
D. Ettema, T. Gärling, L.E. Olsson, M. Friman and S. Moerdijk analyze the satisfaction of
Dutch drivers with roadside service [4]; M.K. Bostani, F. Hashemzehi and M.R. Anvari
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evaluate roadside service centers on the example of a separate highway [5]; Z. Dvorak,
E. Sventekova, D. Rehak, Z. Cekerevac [6] analyze the quality of the most important
elements of infrastructure in transport; H.Z. Rahman, A. Andreas, D. Perwitasari, J.S.
Petroceany [7] paid attention to the development of the typology of the social infrastructure
of roadside stations; M.M. Hasan, A. Alam, A.M. Mim, A. Das [8] analyzed the features of
determining the level of satisfaction of users with road services; the economic assessment
of the construction of roadside service facilities was carried out by such researchers as O.
Makovetskaya-Abramova, A. Ivanov, Y. Lazarev, M. Shakhova, and A. Rozov [9].

Certain types of roadside service facilities and the specifics of their location are con-
sidered in various regulatory documents and research papers (A. Hurley, J.A. Jakle, K.A.
Sculle [10–13] actualized the problem of roadside restaurants, taking into account the pecu-
liarities of road transport; M. Magdic, P. Sjöstrand [14] drew attention to the key role of gas
stations; K. Wolfe, R. Holland, J. Jeff Aaron [15] conducted marketing of agricultural prod-
ucts sold in roadside stores; K. Shanahan drew attention to the degree of correspondence
between the advertising on roadside billboards and the attributes of motels in demand by
tourists [16]; M. Kendrick analyzed the history of the development of models [17]; Y.W.
Wang and C.R. Wang calculated the optimal scheme of the location of passenger vehicle
refueling stations [18]; L. Henderson [19] drew attention to the change in the range of
services provided by motels; A.F. Al-Kaisy, Z. Kirkemo, D. Veneziano and C. Dorrington
examined the use of recreation areas on rural highways [20]; K.J. Sheng, A.S. Baharudin,
K. Karkonasasi [21] studied the system for determining the location of a car service sta-
tion in case of a breakdown; I. Xanthopoulos, G. Goulas, C. Gogos, P. Alefragis and E.
Housos drew attention to the relationship between optimizing energy consumption and
user satisfaction with roadside recreation areas [22]; A. Plovnick, A. Berthaume, C. Poe, T.
Hodges [23] studied the problem of designing and operating sustainable recreation areas
in the transport system; P. Karanja, C.W. Gathitu [24] illustrated the strategy of placing gas
stations on a concrete example of an important highway; M. Rubeis, S. Groves, T. Portera
and G. Bonaccorsi discuss the prospects for further development and the feasibility of
operating roadside service stations [25]; D. Green, P. Roper, L. Steinmetz, L. Latter, K. Lewis,
D. Gaynor [26] detailed the issue of equipment of recreation areas for heavy vehicles; A.
Quito drew attention to the prospects for the development of roadside chapels [27]).

Special attention is paid to the points where alternative fuels are refueled (I. Capar,
M. Kuby, V.L. Leon, Y.J. Tsai [28,29], S.H. Chung, C. Kwon [30], S.F. Bhatti, M.K. Lim, H.Y.
Mak [31], M. Ghamami, A. Zockaie, Y.M. Nie [32], T.H. Tran, T.B.T. Nguyen [33]).

Accordingly, the potential of the modularity of structures, which is realized in objects
of different volume and shape, looks promising (G.Angelucci, F.Mollaioli, R.Tardocchi [34]).
The rapid construction of a large number of typologically different objects, technologi-
cally linked into a roadside service complex, suggests the possibility of using end-to-end
modularity (A. Subbotin, S. Grigoryan [35], K.I. Samoilov [36]).

However, despite the considerable degree of study of certain aspects of the problem of
roadside maintenance, the problem of interaction of objects in the complex has not been
studied enough. Particularly noteworthy is the idea of unification and standardization of
roadside service facilities, which provides a quick visual identification of the function of
each object in the process of moving along the highway, as well as an understanding of its
planning features, which makes it convenient to navigate in the service process.

The scientific novelty of the study is as follows:

- for the first time, the possibility of spatial-planning linking of typologically diverse
roadside service facilities with a large-sized structural module is demonstrated;

- for the first time, the possibility of forming roadside service complexes based on
multi-configuration blocking of modules, taking into account both the uniqueness of
the typology of an individual object and the complex as a whole is shown;

- for the first time, a triangular module was used to solve the above problems.

Thus, the proposed material shows a set of new scientific results that determine the
possibility of effective use of a modular system based on a triangular rod spatial plate
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with appropriate planning adaptation of the entire nomenclature of individual objects and
roadside service complexes.

At the beginning, the specifics of buildings and structures that solve individual tasks
that form a set of roadside service needs are considered. Then, the application of the
triangular module is justified and the possibility of an integrated approach to solving these
problems based on this configuration is shown. The advantages of the proposed system
from the point of view of the organization of production, construction, and operation,
including issues of energy efficiency and environmental protection, are indicated below. In
conclusion, the prospects for further study of this topic are shown.

2. Materials and Methods

The research method used in the work is the general scientific dialectical way of
cognition from observation through generalizations to practice. In its context, the following
are applied:

- an integral-differential approach, which allows dividing the array of roadside service
facilities on the principle of similarity of typological forms into many components,
combining them into a set reflecting the possibility of planning unification;

- a formal approach that allows to trace the development of various typological forms
of roadside service facilities;

- an iconographic approach that allows to explore the manifestation of the features of
various historical prototypes in the modern layout of roadside service facilities;

- a structural-semiotic approach that allows modeling the development and prospects
of the planning unification of roadside service facilities.

The methodology determined the techniques and sequence of work: selection and
analysis of literature; field surveys; differentiation of the array of data obtained; comparison
and analysis of options; formation of a unified layout design model based on a triangular
module.

Having the character of mass use, road service objects are organically predisposed to
typification and unification. On the one hand, this ensures their rapid visual recognition
in conditions of the complexity of high-speed traffic, and on the other hand, it allows
them to be built optimally quickly, taking into account the working methods. The need
to improve roadside services and increase traffic flow adds to the need to expand existing
single or complex structures. This naturally actualizes the need for modularity of elements,
which makes it possible to increase the structure using, among other things, the initial
design solutions. Among the nomenclature of roadside service facilities, the most dynamic
element is filling stations of various types of fuel. Checkpoints and individual parking lots
are also interesting from this point of view.

The nomenclature of roadside facilities for servicing vehicles includes: refueling with
various types of fuel, washing motorcycles and cars of various sizes, service stations. Gas
stations differ both in the types of fuel being refueled and in the specifics of their work.
Automatic self-service filling stations are gradually becoming more widespread. Externally,
they are usually a small canopy over the control panel. The main problem of common
solutions is the lack of comfort during use, since the minimized surface of the canopy
protects not only the car being refueled, but in most examples even the process control
panel from precipitation. Moreover, if this is just an inconvenience for urban conditions,
then it is a critical disadvantage for highways. Large gas stations are usually characterized
by a fairly wide canopy, usually uniform for the complex, providing partial or complete
shelter of the refueling car from atmospheric precipitation. In the operator’s pavilion
located in the immediate vicinity, there are sometimes small shops of related products and
buffets of tonic drinks, as well as toilets, which imply the use of not only staff, but also road
users.

Trading operations for refueling and selling products in the store, depending on the
size of the complex, are carried out by one or more people. One or several people are
also engaged in servicing the refueling columns themselves, for whom an appropriate
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set of rooms is provided in the structure of the complex: dressing rooms with showers,
a recreation room. The complex also has an administration office, rooms for engineering
support systems, and storerooms for technical, technological, and cleaning equipment.
The architectural and artistic solution of the canopy reflects the preferences of customers
interpreted by the author of the project or the corporate identity of the supplier of a
particular type of fuel. The technological peculiarity of gas as a type of automobile fuel
has determined the spatial solution of the corresponding gas stations, which are either
included in the complex of conventional diesel-gasoline gas stations in the form of a
separate structure or as independent complexes with an appropriate set of main and
auxiliary rooms. The main technological feature of gas filling stations is the ground location
of tanks, which ensures high explosion and fire safety of the complex. Sometimes, there are
solutions with an underground location of gas tanks, but this entails the need to ensure the
constant operation of a special ventilation system. Such gas stations operate both in normal
and automatic mode according to the self-service system. Electric filling stations usually
operate in automatic mode using a self-service system. The main problem of the formation
of such structures as elements of roadside service is to provide leisure time for drivers and
passengers during the refueling process, which takes from one and a half to several hours.
This entails the need to create an appropriate pavilion with a set of services for short-term
rest. This practice is almost not found now.

Car washes vary both by system of operation and by means of transport. Self-service
car washes are often formed for passenger cars and motorcycles, which are covered
posts partially fenced off by stationary or transformable partitions with control panels for
pipelines of hose supply of water, detergents, compressed air, as well as waste disposal suc-
tion. Depending on the number of washing stations and placement, the structure includes
an operator’s pavilion with an appropriate set of main and auxiliary rooms. If a small
structure of this type is included in the complex of a large car wash for trucks and buses,
then the operator’s pavilion is usually not made, being combined with the corresponding
rooms of the main car wash. Quite often, self-service car washes are combined in one
facility with automatic contactless car washes. Since the process of contactless washing
involves the in-line execution of several technological processes, the pavilion itself has a
longer length than for a conventional washing, providing through movement even of a
passenger car, which determines the peculiarity of its position in the layout of the complex.
Depending on the customer’s wishes, during the contactless washing process, he can either
stay in the car or stay outside. For the convenience of visual control of the process, in some
examples, stained glass glazing of the washing line room is used. For trucks and buses,
automatic open portal-type sinks are often used, moving along the vehicle. The limitation
of the use of such sinks is their convenience only for the relatively warm season, which
determines their location in a complex with closed sinks for year-round operation. The most
common because of the convenience of use are pavilion sinks for cars, trucks and buses.
They are mostly with a dead-end arrival or through passage. The main room of the sink is
usually divided by stationary or mainly transformable curtain partitions. Auxiliary rooms
are located compactly from above as an independent floor or on the mezzanine, in the
middle part, on the side or symmetrically. They include a complex of rooms for customers
with a room for receiving orders, a rest room, a buffet and toilets; administration—with one
or more offices. A group of rooms for staff is specially planned: a control room, dressing
rooms with toilets, showers and storerooms of clean and used workwear; a meal room with
a built-in kitchen, storerooms of cleaning and technological equipment, cleaning materials.
There is also a group of rooms for engineering support systems, panel rooms, ventilation
chambers, a heat point, a water measuring unit, pumping stations. In combination with
various types of sinks, there are recycling water treatment facilities. They are located in
various places: in the basement space directly under the washing posts, on the side or
behind in an annex or in a free-standing structure.

A separate, less often built-in, facility is a car service station. Usually, technological
operations are performed by specialized personnel. However, there are self-service stations



Designs 2022, 6, 90 5 of 33

for minor repairs. Usually, the complexes are pavilions with the main room, fenced off by
stationary partitions for repair posts, having independent dead-end entrances and exits to
each post. The doors in the partitions provide a consistent connection of the repair rooms
with each other. The repair room has a technologically determined height that ensures
the maintenance of the car on the lift. Adjacent to the repair posts are storage rooms for
spare parts, parts, consumables, tools and technological equipment. The complex of rooms
for repair personnel, located on the same level with the repair posts or on the mezzanine,
includes dressing rooms with toilets and showers, storerooms of clean and used workwear,
a meal room with a built-in kitchen, a recreation room, a classroom. The administrative
and clerical part includes: a document processing room, a rest room, a buffet, toilets, a
control room, administration offices. Depending on the layout, the premises of engineering
support systems are located compactly or dispersed.

The nomenclature of traffic control structures includes: points of traffic control services,
checkpoints, points of dimensional and weight control of vehicles.

Primary traffic control is carried out at small points of traffic police services. They
are usually located near populated areas. Relative to the highway, posts are of island and
coastal types. The structure of such points usually includes a small canopy and partially
isolated areas for the placement of duty officers. Sometimes, the item includes a separate
heated pavilion, which houses a toilet, duty rooms and utility rooms. To improve visual
control, the duty rooms in such pavilions are sometimes located on the second level. At
the same time, the first level is used mainly as a covered parking place for a special car on
duty. For extended sections between settlements, it is advisable to use structures with an
expanded composition of premises. In the case of an island position on the highway, in
a two-story pavilion on the ground floor, there are operator traffic control rooms, rooms
for checking documents of detained cars, and toilets. Parking places for special cars on
duty with the possibility of direct or rotary exit to the highway in the right direction are
arranged under the end canopies. In the sequel, already in an open area, detained cars are
parked in the direction of direct traffic. On the sides under the canopies, there are lanes
of slow-motion free passage of vehicles. The second floor includes symmetrically located
offices of operational visual control, oriented to the incoming section of the highway, staff
wardrobes with toilets and showers, the office of the head of the shift on duty, a study
room, a meal room with a built-in kitchen, a room for administratively detained drivers
and passengers, storerooms of special and cleaning equipment, technical communication
rooms.

Checkpoints with controlled passage are provided for entry and exit to toll sections
of highways. At the same time, each lane has a barrier and a payment machine under
the canopy. Vehicles stop for a short time only for carrying out payment transactions.
The facility is located across the highway and has duty personnel pavilions located along
the coastal or island scheme. In one- or two-storey pavilions, there are operator’s rooms,
control rooms, staff wardrobes with toilets and showers, meal rooms with built-in kitchens,
the office of the shift supervisor, storerooms of special and cleaning equipment, rooms of
technical means of communication and alarm systems. The pavilions are directly adjacent
to the canopies for parking special cars with a direct or rotary exit in the appropriate
direction. In a simplified version, the pavilions of the personnel of such checkpoints are
small buildings with two or three small rooms only for operational duty officers.

Large structures with enhanced operator control of each lane are provided for special-
ized control of travel to the relevant road sections or entry-exit to the relevant zones. At
the same time, vehicles stop at the post for the time necessary for conducting an external
inspection of the rolling stock and checking the documents of the drivers. In accordance
with this, each lane has a separate pavilion for accommodating an operational duty officer
and a shift worker, as well as a toilet. The room on duty has a height that allows you to see
the vehicle through the stained glass to the full height of the road dimension—4.5 m. In the
underground level, there are rooms with anti-aircraft openings for visual inspection of the
bottom of vehicles. Further, on top of the room on duty, there are bridges for inspection
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of the upper part of the car. All three levels of each pavilion are connected by a stairwell.
The underground observation rooms through the gallery and observation bridges are
directly sequentially connected to each other and to the administrative pavilion located
in the middle (island version) or to the side (coastal version). This ensures an operational
visually isolated passage of personnel to a specific post. In this pavilion, on the ground
floor, there are duty rooms, offices for paperwork, toilets. The second floor is occupied by
visual control rooms of access areas, staff wardrobes with toilets and showers, a meal room
with a built-in kitchen, a classroom, technical rooms for special communications and alarm
systems. Storerooms of special and cleaning equipment, warehouses of workwear, and
technical rooms of engineering support systems are located in the basement. The complex
includes covered parking lots for special cars with the possibility of direct or rotary exit in
the appropriate direction, as well as open parking lots for detained vehicles.

A typical example of such a structure is the complex on the Narol-Naroda Road in
Gujarat. It was built according to the project of the company “Archohm” (architect S. Gupta,
2010) [37]. Having an area of 3860.0 sq.m, it is planned to represent 16 (8 + 8) control and
toll collection posts connected by an underground gallery with each other and with two
blocks of administrative and office purpose. The buildings are elongated volumes with
blind side walls and a fully glazed central cylindrical block. On the ground floor of the
office block, there are: lobby, security post, elevator, waiting hall, stairs, passage, toilet,
equipment storage room, garden, cash register, archive, shop, document verification room,
security room. On the second floor, there are: toilet and shower for staff, locker room,
elevator, passage, kiosk, cafe, guest hall, cleaning room, manager’s office, women’s toilet,
men’s toilet, staff room, classroom. On the third floor, there are: the dispatchers’ pavilion,
the exploited sections of the roof. The posts have sufficient height for lateral visual control.
An iconic element of the architectural and artistic solution are awnings with geometry that
varies depending on the weather and the location of the sun. The dominant color of the
complex is red. This color has blind sections of the walls of the administrative and office
pavilions, awnings and tubular bumpers stretched to the full height of the truck.

The auxiliary object of traffic control complexes are the points of weight and dimen-
sional control of vehicles. They can be formed either in an open version or in the form of
a pavilion with canopies. When closed, they include canopies with equipment for para-
metric control, as well as a pavilion for staff accommodation and registration of relevant
documents. The pavilion’s premises include toilets, storerooms for special and cleaning
equipment, rooms for engineering support, and communication systems.

The nomenclature of roadside service facilities for drivers and passengers includes:
public transport stops, retail and catering outlets, public toilets and showers, laundries,
medical and rescue service points, wellness pavilions, picnic and recreation areas, scenic
areas, playgrounds and pavilions, roadside temples of various denominations, heating
points, post offices, motels, warehouses, supermarkets.

The difference between public transport stops in the city and on intercity routes is
based on a much longer waiting time and a stronger impact of precipitation and wind. In
addition, unlike city stops, suburban stops, due to the open space around, practically do
not block the view of suitable transport. Accordingly, for city stops, it is necessary to ensure
“transparency” that creates end-to-end visibility. For suburban stops, however, a larger
canopy and the creation of a partially enclosed pavilion with blind rear and side walls are
advisable. Roadside retail and catering outlets have different capacities depending on the
intensity of cargo-passenger flow on the highway. Usually, they consist of a dining room
with several tables and an adjacent kitchen with a cutting room and a dishwasher. Free
access to goods is provided in the trading floor, some small goods are sold from behind the
counter. The premises include a toilet for visitors and staff, an administrative office, and a
number of utility rooms.

In order to avoid duplication of structures, ensuring the possibility of using the services
of travelers moving in opposite directions leads to the need to create crossings across the
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highway. At the same time, parking is arranged on both sides, and the bridge in some
places is used as a passing shopping or dining hall.

Public toilets are a very important element of roadside service. In most cases, these are
small container-type structures. However, this is not very convenient, since, for example,
when a regular bus stops, a queue of passengers is created, which is critically unacceptable.
Accordingly, it seems appropriate to create more spacious facilities, including two compart-
ments with vestibules-washrooms, rooms of the actual restroom with ordinary booths and
booths for disabled visitors, a pantry of cleaning equipment. In some cases, it is optimal to
expand the composition of the premises for the organization of a shower.

The modern practice of creating roadside medical and rescue service facilities in most
cases demonstrates mobile container roadside emergency medical aid stations. However,
the need to improve services determines the need to create stationary facilities, including
reception rooms, dressing rooms, storerooms of medicines and equipment, toilets with
large vestibules for changing clothes, tool rooms, rest rooms for duty crews, dispatching
rooms, staff reception rooms, administrative rooms, workwear storerooms, wardrobes with
showers, and covered parking spaces for special cars. In some cases, separate dentist and
therapist offices are needed. Roadside heating points are part of the medical and rescue
service complexes. Currently, in most cases they are mobile in the form of equipped cars
or tents. In some cases, containers are used. However, taking into account the places of
possible accumulation of cars in winter known from long-term operation practice, it is
advisable to form stationary heating points in addition to mobile points. As part of their
premises, wardrobes with toilets and places for drying clothes, a small buffet for hot food
and drinks, a rest room, a control room, a staff room and the necessary set of rooms for
engineering support systems are provided.

In the most picturesque places of the route or as part of large roadside service com-
plexes, places for organizing picnics are provided, designed for several unrelated companies
of vacationers. At the same time, the possibility of placing customers both in the open air
and under the canopies of free-standing gazebos and pavilions is provided. Gazebos and
pavilions are designed for a different number of vacationers. Of course, it is necessary to
set up toilets, places for washing dishes, as well as containers for collecting garbage and
food waste. Usually, places for cooking food on an open fire with wood warehouses are
organized. Electric grills with the appropriate equipment are also provided.

To ensure the spiritual needs of those passing by, roadside structures of a cult nature
are formed. They have different sizes depending on local characteristics. The space-
planning solution is built depending on the canons of a particular denomination. However,
the general set of rooms and spaces largely coincides. These are: a common or divided
into male and female parts prayer hall, lobby, clergy room, library. There are also open
courtyards or spaces under canopies for pre-prayer and post-prayer concentration. The
orientation of prayer halls is created depending on the canons. Historically, there was also
a type of small roadside chapels or chapels, consisting of one or two rooms for one or more
travelers to pray without the participation of a clergyman.

As part of roadside complexes for long-term recreation, children’s playgrounds with
heated pavilions are being built, in which game rooms, utility and storage rooms and toilets
are arranged. Next to the pavilion, it is advisable to arrange a large canopy for games
during rain or bright sun.

The roadside service system includes small post offices associated mainly with the
function of receiving correspondence and providing telephone communication in various
formats. Roadside laundries are an integral part of the service. These facilities provide
for both self-service and taking things to the laundry for a short-term or long-term stop.
As part of their premises, there is usually a lobby, a cash register, a toilet for customers,
self-service laundry rooms and laundry items, laundry pantries, self-service ironing and
ironing items, inventory rooms, a laundry reception point, staff wardrobes with toilet and
shower, cleaning equipment storerooms, a laundry pick-up point, engineering support
systems rooms.
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The complex of roadside entertainment includes various sizes of summer theaters,
variety shows and stage platforms. They have open and canopied spaces for spectators and
artists. The composition of the stage premises sometimes includes artistic rooms with toilets
and storerooms of scenery. In places of long-term recreation, it is planned to build fitness
clubs with a different set of rooms for gymnastics and water-entertainment procedures. The
premises of such facilities may include: a lobby, a reception desk with a cash register and a
utility room, a men’s and women’s department (wardrobe, linen closet, toilet, vestibule,
shower room, corridor, steam room, gym, equipment pantry, coaching room, toilet), a hall
with a swimming pool (swimming bath, bubble baths, children’s splashing pool), a bar for
light drinks, rooms of engineering systems, a playground for recreation and gymnastics
under a canopy.

Along with gas stations, the most important object of roadside service are motels. They
are mainly solved as one- or two-storey buildings with rooms representing an entrance
hall, a bathroom and a room with a built-in kitchen. Sometimes, a bathroom with a kitchen
is located in the back at the back wall, and the entrance is organized directly into the room.
Three- or four-storey motels are quite rare. The main planning requirement for the models
is the organization of parking the client’s car opposite the entrance to his room or in the
immediate vicinity of it. Some models are formed from detached houses with parking lots.
Then the administration room is located in a separate pavilion. Sometimes, a vacation in
motels turns into a kind of ethnographic attraction. As part of the motels, recreation areas
with swimming pools are provided.

Ensuring the function of responsible storage of goods of various sizes is implemented
by roadside warehouses. Usually these are large rooms, some of which are occupied by
racks. Administrative and technical premises are located in the side parts. The buildings
have numerous gates for the arrival of customer transport.

The largest objects of roadside service are supermarkets. The main requirement for
the location of the store is the presence of a multi-seat parking lot, which determines
its placement usually in the depth of the designated area. The most common is the
rectangular shape of the plan, but there are other solutions. Their premises usually include:
a lobby with one or two entrances with storage chambers; trolley placement zones; flow-
distribution zones with areas for short-term rest of visitors; information desk; security point;
currency exchange offices; branches of banks and telephone companies; pharmacy, perfume,
jewelry, book and newspaper kiosks; workshops for small express repairs of shoes, bags,
umbrellas, watches, phones and gadgets; buffets for light snacks; bars for soft drinks; public
toilets; cash register; the main trading hall with shelving, display, counter and container-
stand placement of goods. In the auxiliary compartment, there are: auxiliary and storage
rooms with cold storage rooms; administrative and household premises for personnel; a
reception area for goods with places for unloading trucks; a zone for pre-sale preparation
of goods; a zone for storing recycled containers; a zone for storing used packaging, garbage
and waste; the parking and maintenance room for electric cars, the room for cleaning
machines, mechanisms and inventory, as well as the premises of engineering support
systems (ventilation chambers, pumping, panel, heating points, communication nodes).
Part of the auxiliary and technical rooms is located on the mezzanine.

One of the most interesting examples is the Repsol gas station, built in Madrid under
the project of “Foster + Partners” in 1998). Despite the 20 years that have passed since its
commissioning, its volumetric and spatial solution, implying the possibility of significant
expansion while preserving the figurative and stylistic character, continues to attract
the attention of researchers [38–40]. A special aspect is the figurative recognition of the
object. The conceptual prototype of such an umbrella solution is, for example, Pegasus
filling stations designed by E.F. Noyce in 1960 for the company “Mobile”, where round
umbrellas are used (Red Hill Filling Station, Leicestershire, UK) [41]. At the same time, the
umbrella idea for gas stations itself has a longer history—for example, the classic gas station
designed by A. Jacobsen in 1937. The continuation of the story is the Munich gas station
with translucent membrane awnings, designed in 2006 by T. Frank and T. Probst, the firm
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“Frank and Probst architects”. In general, as for membranes and awnings, there is a wide
field for modularity. An example is the structures supplied by the company “Guanzhou
Faith Trass awning” for road service facilities [42]. There are not only gas stations, but
also checkpoints and individual parking. The company “Travelpark Ulyanovsk” offers to
implement large modules in the complexes of roadside service of the Ulyanovsk region [43].
A typical complex consists of seven volumes sequentially located parallel to the highway
for various purposes, having the same spatial solution. The outer contour has a beveled
elongated U-shape, forming a roof, rounded into blind end walls. The side surfaces have
solid stained glass glazing. A typical complex includes a refueling station for several
types of fuel with eight lanes (including buses and trucks—a kind of “fuel hypermarket”),
retail outlets, catering, a motel, warehouses. The refueling unit itself is longer to provide
convenient through passage along the complex. Each block has its own color, providing
quick visual recognition of the function, which allows users to conveniently park in close
proximity to the selected object. This, of course, improves the orientation conditions of
drivers when driving on the highway.

These examples show the prospects of using a modular system for roadside service
facilities, as they allow you to vary the modularity not only depending on the size of the
roadside complex, but also take into account a variety of natural and climatic conditions
of the region. In accordance with the regulations of some countries [44], these facilities,
depending on the volume and range of services, can be divided into four categories. So, the
objects of category “D” include: gas stations, toilets, points of sale. There is no gas station
in the objects of category “C”, but a food point and parking are added. The nomenclature
of objects of category “B” includes: a gas station, a motel, a toilet, a shower, points of trade
and catering, a service station, a car wash, a medical center, a parking lot and a picnic area.
The largest nomenclature has objects of category “A”, which include: gas stations, a motel,
a toilet, a shower, points of trade and catering, a medical center, a service station, a car
wash, a parking lot, a shopping and entertainment area, a picnic area. A separate object is
the “Heating point”. As an addition, you can also specify the need to equip checkpoints
of road safety and control services. It is also advisable to include in the nomenclature, for
example, objects of category “A”, small structures for performing religious rites of the main
religious denominations. A separate category of objects are points of ordinary and special
traffic control, located, depending on the specific situation, at a distance of 50–70 km from
each other, as well as in close proximity to large settlements. And, of course, it is necessary
to build supermarkets mainly in the suburbs, which will ensure satisfaction of the demand
not only of users of the transcontinental highway, but also of citizens, since due to good
transport infrastructure (access roads, large parking lots) it will allow for prompt delivery
of a wide range of goods.

Taking into account the significant number of objects and the expediency of their rapid
construction, one of the possible ways to implement this is the unification of space-planning
and design solutions of objects based on a modular system. As the basis of this system,
it is proposed to use the construction of a rod spatial plate on angular supports. Similar
constructions, the idea of which is partly based on the research of the “Geodesic Dome” by
R.B. Fuller (1947), have been actively studied and widely used since the second half of the
last century [45].

Usually these are one- or two-tiered structures with parallel belts formed by triangles,
squares or hexagons. The support of the structural plates is nodular or with a developed
core capital. Sometimes there is a perimeter support in the form of the same spatial lattice
structure. There is also a solution with cable-stayed fastening of plates with supports
brought up. However, the optimal solution of the tightness of the fastening unit from the
point of view of isolation from precipitation is difficult here. The structure is usually formed
by rods of one-dimensional length from pipes or rolled profiles of various cross-sections,
depending on the location of the plate in the structure. The nodal connection is welded
or bolted. Elements in the form of a group of plates, a ball or a polyhedron are used as a
basis. In the vast majority of cases, the plate has a square or rectangular shape. There are
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variants with a triangular or hexagonal shape, depending on the structure of the actual
lattice. Single or interlocked modules usually form a covering of rectangular buildings and
structures.

The use of rectangular configurations for plates, for example, with a belt structure of
regular triangles leads to the appearance of an additional standard size of the rod and the
corresponding nodal element, which reduces the effect of uniformity of the design. This
situation occurs in complexes of diverse objects, which include objects of road service. The
basis of most of these facilities is a developed roof with canopies that provide comfortable
boarding and disembarking of drivers and passengers of various vehicles (buses, trucks,
cars) in places of road control, refueling with various types of fuel and recreation of road
users. For this whole group of objects, it is proposed to use a modular single-tiered,
triangular spatial plate formed on the basis of a tetrahedron. According to the regulatory
recommendations [46], it is possible to use triangular-shaped plates with a discharged
internal structure, when the discharged lower grid forms hexagonal cells in plan.

This is effectively used in areas of open canopies. However, in the areas where heated
pavilions are located, a standardly filled lower belt allows you to fix on it (in the nodes)
the suspensions of the insulated upper unused ceiling, which removes the problem of
forming an independent overlap of the heated pavilion. At the same time, technologically
justified episodic movements of personnel for the control of cable systems, pipelines and
air ducts are provided along the appropriate bridges, also fixed to the nodes of the lower
belt of the structural plate, but on top of the rod system. Given the absence of suspended
equipment at the road service facilities under consideration, this solution can be successfully
implemented, giving significant savings in the field of basic load-bearing structures.

The basic size is the width of two-lane traffic, 7.5 m (3.75 × 2), provided by a common
tunnel size of 9.0 m. This corresponds to a “right triangle” with a side of 14.0 m. In it, the
median/bisector/height is ~12.12 m (14.0 × 0.866). Accordingly, the columns located with
these axial dimensions provide a full-fledged two-lane passage and sidewalks/sidewalks
of ~1.56 m (taking into account the diameter of the columns of 0.4 m is 1.36 m for free
passage). That is, the module is formed by rods with a conditional (calculated axial) length
of 2.0 m. The lower belt is 7 triangles on the side (14.0 m), the upper belt is 8 triangles on
the side (16.0 m). The height of the spatial plate will be 2.0 (2/3)1/2 = 1.63 m, which with a
margin, according to the ratio of span and section, provides spatial rigidity for this type of
structures (Figure 1). Cables and pipelines of engineering support systems are conveniently
located in the resulting space from the point of view of access and control. The height from
the roadway is 6.0 m, which corresponds to the tunnel dimension of 5.0 m and ensures the
placement of the necessary signaling devices and road signs above it. For some objects, the
height can be changed according to technological parameters, which will be discussed later.
The area of the room under the roof of the module is 84.0 sq.m (Figure 2).

The regional winter temperature regime allows you to leave the metal structures of the
module open. The heated parts are formed as independent blocks that are not connected
to the main supporting structure. It is the triangular shape of the module that makes it
convenient from an architectural and planning point of view to block it in configurations
corresponding to the landscape relief and functional planning features of a particular
construction site.

The placement of related engineering and technological structures (underground or
ground-based fuel tank farms for liquid or gaseous mixtures, transformer, pumping, fire-
fighting and technological tanks, sewage treatment plants, wind generators, masts and
poles of outdoor lighting, communication systems, etc.) is determined in each specific case
and does not affect the space-planning solution of the object.
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Various quantitative and configurative combinations of these modules make it possible
to provide an optimal architectural and planning solution for any object from the proposed
nomenclature in both single and interlocked locations. The unification of the main load-
bearing structures gives an advantage in ensuring the regulated quality of construction and
installation work in the absence of an accessible developed construction and technical base
and highly qualified personnel along most road sections. Equally promising from the point
of view of quality is the possibility of centralized manufacturing of the main elements,
the convenience of packaging and delivery of elements of two standard sizes (rods with
nodal elements and racks), as well as the relative simplicity of their uniform assembly and
subsequent installation of a large-sized structure. Depending on the accepted technological
scheme of the organization of construction and production of works, section-by-section
pre-assembly with delivery of individual sections in finished form is possible.

The uniformity of the space-planning appearance of structures is also of significant
importance, which ensures rapid visual recognition of objects by drivers from distant per-
ception plans in a tense situation of high-speed traffic. However, in the field of architectural
and artistic solutions, there is the possibility of color-graphic differentiation of objects, for
example, by regions of the region within the framework of stylistic unity and a kind of
“corporate identity” of the highway. This is not only geographically oriented, but also
important from a cultural and propaganda point of view.

2.1. A Set of Modular Roadside Service Facilities

In the proposed set of modular objects, the height to the bottom of the structural
coating plate in accordance with the planning and technological requirements is 4.5 m (for
small single-storey structures with a side entrance of buses or trucks); 6.0 m (for travel
canopies, two-storey pavilions and religious buildings); 7.5 m (for special control points,
warehouses and supermarkets). According to this parameter, the proposed sets of modules
for 39 types of objects are grouped (Figure 3). The sequence of objects shown in the figure
corresponds to the number of interlocked modules (incrementally). All objects, except
for traffic control service points located across the highway and entry and exit to special
sections (positions 24, 29, 32, 33, 38), are placed on the side of highways.

It is advisable to place all objects in pairs or in a staggered order. The exception
is religious buildings (positions 12, 13, 14, 15, 21, 27) and supermarkets (position 40).
Depending on the specific conditions, it is advisable to place them singly, providing, due to
road interchanges at different levels, the possibility of entry and departure in any direction.
In addition, religious buildings are oriented in accordance with the canonical requirements
of each of the religions. At the same time, it is advisable to avoid the layout of complexes
in which the canonical direction of one denomination has a view of the temple of another
denomination. In the vicinity of religious buildings, it is advisable to place pavilions of
public toilets and showers for pre-prayer procedures (position 5).

The objects have the following operationally and technologically sound spatial plan-
ning solution, linked to the adopted modular system.
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Consider the planning solutions of such objects as the Public transport stop, the Au-
tomatic gas station, the Catering point, the Public toilet, the Public toilet and shower, the
Picnic area and the Wellness pavilion (Figure 4). The public transport stop (Figure 4(1)):
1 module (50% canopy + 50% heated contour), dimensions 12.12 × 14.0 m (in axes), height
to the bottom of the structural plate 4.5 m. The structure is a one-block one-storey struc-
ture: a platform under a canopy (42.0 sq.m) and a pavilion of a comfortable waiting
area glazed from the inside in the direction of suitable transport, consisting of a hall
and a toilet (42.0 sq.m).The automatic car refueling (self-service) gas or gasoline-diesel,
or electric—(Figure 4(2)): 1 module (70% canopy + 30% heated contour), dimensions
12.12 × 14.0 m (in axes), height to the bottom of the structural plate 6.0 m. The structure is
a one-block one-storey structure: a platform under a canopy (59.0 sq.m) for two refueling
cars, a through passage, as well as a pavilion with a two-part isolated technical room
(25.0 sq.m) and an external panel for self-service. The catering point (16 seats) (Figure 4(3)):
3 modules (2 canopies + 1 heated), dimensions 12.12 × 28.0 m (in axes), height to the bot-
tom of the structural plate 4.5 m is a single-block one-story structure: central heated pavilion
(84.0 sq.m) with a dining room for four four-seater tables, a kitchen, a dishwasher, a utility
room, a wardrobe for staff, a toilet for visitors and staff. On the sides of the pavilion, there
are canopies (84.0 sq. m each) for eating and relaxing in the warm season. The public toilet
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(Figure 4(4)): 3 modules (0.8 canopy + 2.2 heated), dimensions 12.12 × 28.0 m (in axes),
height to the bottom of the structural plate 4.5 m is a single-block single-storey structure
with a central canopy (70.0 sq.m.) and side pavilions (91.0 sq.m + 91.0 sq.m), in which there
are male and female public toilets (vestibule-washroom, a restroom with 6 ordinary booths
and 1 for disabled visitors, a storage room for cleaning equipment). Having a connection
with both branches, there is a cash register in the middle. The public toilet and shower
(Figure 4(5)): 5 modules (0.8 canopy + 4.2 heated), dimensions 12.12 × 42.0 m (in axes),
height to the bottom of the structural plate 4.5 m is a one-block single-storey structure
with a central canopy (70.0 sq.m.) and side pavilions (175.0 sq.m + 175.0 sq.m.), in which
there are male and female public toilets (vestibule-washroom, a restroom with 6 ordinary
cabins and 1 for disabled visitors, a pantry of cleaning equipment) and showers (vestibule,
the actual shower room with 6 ordinary closed booths and 2 closed booths for disabled
visitors). Having a connection with both branches, there is a cash register in the middle.
The picnic area (Figure 4(6)): 5 modules (80% canopy + 20% heated contour), dimensions
12.12 × 42.0 m (in axes), height to the bottom of the structural plate 4.5 m. The structure is
a one-block, one-story structure with side canopies (168.0 + 168.0 sq.m) for isolated eating
and recreation of two companies of clients at the same time, as well as a central pavilion
(84.0 sq.m), divided into two parts. In each of them there is: a storeroom of inventory, a
kitchen, a utility room and a toilet. The fitness complex (Figure 4(7)): 23 modules (17%
canopy + 83% heated contour), dimensions 60.60 × 56.0 m (in axes), height to the bottom
of the structural plate 6.0 m. The structure is a single-block structure with a canopy for
short-term car parking in front of the main entrance. The pavilion (1596.0 sq.m.) includes: a
lobby, a reception with a cash desk and an utility room, a men’s department (a wardrobe, a
linen closet, a toilet, a vestibule, a shower, a corridor, a steam room, a gym, a storage room,
a trainer’s room, a toilet), a women’s department (a wardrobe, a laundry closet, a toilet,
a vestibule, a shower room, a corridor, a steam room, a gym, a storage room, a trainer’s
room, a toilet), hall with swimming pool (swimming bath −25.0 × 7.0 m; two bubble baths,
children’s a splashing pool), a light drinks bar, a heating point, a water measuring unit, a
recreation area under a canopy.

Consider the planning solutions of such objects as the Point of medical and rescue
service, the Car Service station, the Car wash and the Point of weight and dimensional
control (Figure 5). The medical and rescue service point (Figure 5(1)): 4 modules (25%
canopy + 75% heated contour), dimensions 24.24 × 28.0 m (in axes), height to the bottom
of the structural plate 6.0 m. The structure is a single-block structure with a canopy (84.0
sq.m) for two special cars and a two-storey pavilion (504.0 sq.m). On the ground floor, there
are: two reception rooms, two dressing rooms, a corridor, a heating point with a water
measuring unit, a medicine pantry, a storage room for inventory, men’s and women’s toilets
with large vestibules for changing clothes, an instrumental, a storage room for cleaning
equipment. On the second floor (level +3000), there are: a corridor, a rest room for duty
crews, a control room, a server room, a panel room, a staff meal room, an administrative
room, a pantry of clean workwear, a women’s wardrobe with toilet and shower, a men’s
wardrobe with a toilet and a shower, a pantry of used workwear, a utility room. The
pavilion has one internal and two external stairs leading to an open parking of special
cars. The car service station (4 posts) (Figure 5(2)): 6 modules (100% heated contour),
dimensions 24.24 × 28.0 m (in axes), height to the bottom of the structural plate 6.0 m. The
structure is a single-block structure with a one-storey two-light side section (252.0 sq.m) and
a two-storey side pavilion (504.0 sq.m) in accordance with the technical and technological
parameters of the equipment. In the one-story part, in an open space, technologically
separated, if necessary, by inventory blind and mesh partitions, there are 4 posts for repair
and maintenance of passenger cars (3 posts), trucks and buses (1 post). Each post has an
independent entrance and exit in opposite directions. The two-storey pavilion houses: on
the ground floor—a room for customers, a utility room, a corridor, a toilet, a storage room
for cleaning equipment, a tool room, a storage room for consumables, a storage room for
equipment, a heating point with a water measuring unit, a storage rooms, a panel room; on
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the second floor (level +3000), male and female wardrobes with showers, storerooms of
clean and used workwear, toilets, an office, a meal room with a buffet, a classroom with
inventory. The two-storey pavilion has one internal and one external staircase. The car
wash (3 posts—3 cars, 1 bus or truck) (Figure 5(3)): 4 modules (100% heated contour),
dimensions 24.24 × 28.0 m (in axes), height to the bottom of the structural plate 6.0 m. The
structure is a single-block structure. In the central, two-light part (252.0 sq.m), there are
washing posts, technologically shielded by curtains. The posts have independent entrances
and exits in opposite directions. In the side two-storey pavilion (168.0 sq.m), there are
rooms for customers, toilets, a water metering unit, a heating station, a staff room, a storage
room for inventory, a stairwell—on the first floor; hall, toilets, men’s wardrobe with shower,
women’s wardrobe with shower, office, utility room, stairwell—on the second floor. The
point of weight and dimensional control of vehicles (2 posts) (Figure 5(4)): 8 modules (75%
canopy + 25% heated contour), dimensions 36.36 × 35.0 m (in axes), height to the bottom of
the structural plate 7.5 m. The structure is a single-block structure. In the central pavilion,
there are: vestibule, men’s toilet, reception room, operator’s room, document storage room,
server room, vestibule, women’s toilet, reception room, operator’s room, water metering
unit, heat point. On both sides, under the canopies, there are zones of dimensional and
weight control with observation bridges.
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Consider the planning solutions of such objects as the Heating point, the Children’s
play area, the Post office, the Laundry, the First aid post, the Auditorium, the Retail and
catering point, the Car refueling, the Car refueling and the Retail point (Figure 6). The
heating point for drivers and passengers (Figure 6(1)): 6 modules (50% canopy + 50%
heated contour), dimensions 24.24 × 28.0 m (in axes), height to the bottom of the structural
plate 6.0 m. The structure is a one-block one-storey structure with canopies (252.0 sq.m) for
parking cars (4 posts), trucks and buses (1 post), as well as a pavilion (252.0 sq.m) with a
rest room, a panel, a heating point, a water measuring unit, a storage room for cleaning
equipment, a hall, a dining room, a buffet, a dishwasher, a buffet utility room, male and
female bathrooms, including dressing rooms, drying rooms, and a toilet. The children’s
play pavilion (Figure 6(2)): 6 modules (50% canopy + 50% heated contour), dimensions
24.24 × 28.0 m (in axes), height to the bottom of the structural plate 4.5 m. The structure is a
one-block, one-story structure with canopies (252.0 sq.m) for outdoor games and recreation
and an enclosed room with two game rooms, a buffet, buffet utility rooms, a corridor,
men’s and women’s toilets. The post office (Figure 6(3)): 6 modules (50% canopy + 50%
heated contour), dimensions 24.24 × 28.0 m (in axes), height to the bottom of the structural
plate 6.0 m. The structure is a one-block one-story structure with canopies (252.0 sq.m)
for short-term parking of cars. In the heated part (252.0 sq.m), there are: a hall, a storage
room for inventory, a men’s toilet, a corridor, a server room, a heating point, two special
storerooms, a vestibule, a water measuring unit, a storage room for special inventory, an
operator’s room (4 posts), a pantry, a women’s toilet, a storage room for cleaning equipment.
The laundry—(Figure 6(4)): 6 modules (100% heated contour), dimensions 24.24 × 28.0 m
(in axes), height to the bottom of the structural plate 4.5 m. The structure is a one-block
one-storey building (504.0 sq.m), including: a lobby, a cash register, a toilet for customers,
a self-service laundry room, a pantry for washing products, a self-service ironing room,
an inventory room, a corridor, a laundry room, a men’s staff wardrobe with a toilet and a
shower, a women’s staff wardrobe with a toilet and a shower, a laundry room, a detergent
pantry, an ironing room, a corridor, a cleaning equipment pantry, a laundry pick-up point,
a heat point, a water meter unit. The medical center (Figure 6(5)): 4 modules (25% canopy
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+ 75% heated contour), dimensions 24.24 × 28.0 m (in axes), height to the bottom of the
structural plate 6.0 m. The structure is a one-block, one-storey structure with a canopy (84.0
sq.m.) for short-term parking of a car and a platform in front of the entrance, and a block of
premises including: a lobby, toilets for visitors, a reception, a document storage, a dentist’s
office, a dentist’s utility room, a dentist’s medicine pantry, a corridor, toilets for staff, a
therapist’s medicine pantry, a therapist’s utility room, a water meter unit, a heat point. The
auditorium/the stage area (Figure 6(6)): 6 modules (83% canopy + 17% heated contour),
dimensions 24.24 × 28.0 m (in axes), height to the bottom of the structural plate 6.0 m. The
structure is a one-block, one-story structure with an indoor auditorium for 400 seats, a
stage box (14.0 × 14.0 m—in axes), side heated pavilions (42.0 + 42.0 sq.m) with a vestibule,
toilet and an artistic room. In the corners of the hall, in closed rooms, there are sound
and panel rooms. The point of trade and catering (40 seats) (Figure 6(7)): 8 modules (37%
canopy + 63% heated contour), dimensions 24.24 × 42.0 m (in axes), height to the bottom
of the structural plate 6.0 m. The structure is a one-block, one-story structure with a canopy
(252.0 sq.m) for parking 1 bus or truck and 4 passenger cars. In the pavilion (420.0 sq.m),
there are: a shopping and dining room, a shop, a toilet, a technical room, a corridor, a
wardrobe, a toilet, a shower room, a kitchen with a transfer room, a distribution area, a
dishwasher, a pantry, a technical room. The gas car refueling (Figure 6(8)): 4 modules (75%
canopy + 25% heated contour), dimensions 24.24 × 28.0 m (in axes), height to the bottom
of the structural plate 6.0 m. The structure is a one-block one-story structure with a canopy
(252.0 sq.m), providing refueling on four columns, and a pavilion (84.0 sq.m) with an
operating room, an operator’s room, a toilet, a utility room, a technical room. The electric
car refueling (Figure 6(9)): 8 modules (63% canopy + 37% heated contour), dimensions
24.24 × 42.0 m (in axes), height to the bottom of the structural plate 6.0 m. The structure is
a one-block, one-story structure with a canopy (420 sq.m) for nine refueling stations for
electric vehicles and hybrids. Taking into account the real time of operational (from 40
min) and full (from 75 min) electric refueling for the leisure of drivers and passengers in
the immediate vicinity of cars, in the pavilion (252.0 sq.m) there is: a customer rest room,
a buffet, a dishwasher, a utility room, an electrical switchboard, a toilet, a water meter
and a heating point. The retail point of sale (Figure 6(10)): 2 modules (50% canopy + 50%
heated contour), dimensions 24.24 × 14.0 m (in axes), height to the bottom of the structural
plate 4.5 m. The structure is a one-block, one-storey structure: a platform under a canopy
(84.0 sq.m) with the possibility of parking four cars in two rows and a heated pavilion (84.0
sq.m) with a sales hall, a utility room, a corridor and a toilet.

Consider the planning solutions of such objects as the Checkpoint, the Service sta-
tion, and the Traffic control point (Figure 7). The coastal-type checkpoint (6 + 6 posts)
(Figure 7(1)): 14 modules (86% canopy + 14% heated contour), dimensions 98.96 × 21.0 m
(in axes), height to the bottom of the structural plate 6.0 m. The structure is a structure,
according to antiseismic measures, divided into two symmetrical blocks. It is located across
the highway and is designed to control entry and exit to special (including paid) sections. It
provides passage through barriers with control panels under canopies (504.0 + 504.0 sq.m)
of cars in twelve lanes in both directions. Control and support services are located in side
two-storey pavilions (168.0 sq.m each). In the pavilions, there are: an operator’s room, a
corridor, a toilet, a technical room, a hall, a shower room, a toilet, a staff room, an office. The
height of the floor is 3.0 m. The connection between the floors is carried out by an external
staircase. From the outside of the pavilions under canopies (21.0 + 21.0 sq. m), it is possible
to park a car of control services and special services with the possibility of direct access
to the highway in the appropriate direction. The car service station (8 posts) (Figure 7(2)):
16 modules (100% heated contour), dimensions 48.48 × 42.0 m (in axes), height to the bot-
tom of the structural plate 6.0 m. The structure is a single-block structure with a one-storey
two-light central part (840.0 sq.m) and two-storey side pavilions (504.0 + 504.0 sq.m) in
accordance with the technical and technological parameters of the equipment. In the central
part, in an open space, there are eight posts for repair and maintenance of passenger cars
(4 posts), trucks and buses (4 posts). Each post has an independent entrance and exit in
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opposite directions. In the two-storey side pavilions, there are rooms for customers, toilets,
administrative, household and sanitary rooms for staff, storerooms of cleaning equipment,
warehouses of parts, tools, materials, cleaning equipment, rooms of engineering support
systems (ventilation chambers, pumping, panel, heating points, communication nodes).
The height of the floor is 3.0 m. Each pavilion has one internal and one external staircase.
The point of traffic control services (Figure 7(3)): 10 modules (60% canopy + 40% heated
contour), dimensions 36.36 × 35.0 m (in axes), height to the bottom of the structural plate
6.0 m. The structure is a single-block structure with side canopies (252.0 + 252.0 sq.m) for
controlled passage of four traffic lanes in both directions. In the central two-storey pavilion
(672.0 sq.m), on the ground floor, there are: a document processing room, a corridor, a
toilet, a control room, a water meter unit, a document processing room, a corridor, a toilet,
a control room, a heat point. On the second floor (level +3000), there are: a corridor, a men’s
toilet, a men’s shower room, a room for detainees, an office, an inventory room, a server
room, a meal room, a men’s wardrobe, an office for operational visual control, an office,
an inventory room, a women’s wardrobe, a women’s toilet, a women’s shower room, a
staff training room, a shift supervisor’s office, an office for operational visual control. The
pavilion has one internal and two external stairs. At the ends, under the canopies, there
are parking lots for special cars with the possibility of direct access to the highway in the
appropriate direction.
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Consider the planning solutions of such objects as the Car wash and the Car refueling
(Figure 8). The car wash (6 posts—4 cars, 2 buses or trucks) (Figure 8(1)): 8 modules
(100% heated contour), dimensions 48.48 × 28.0 m (in axes), height to the bottom of the
structural plate 6.0 m. The structure is a single-block structure. In the central two-light
part (504.0 sq.m), there are washing posts, technologically shielded by curtains. The posts
have independent exits in opposite directions; for trucks and buses, the passage is through.
In the side two-storey pavilions (168.0 + 168.0 sq.m), there are: on the ground floor—a
client room, a control room, a pantry, a stairwell, a heating point, an electric switchboard,
an inventory room, a detergent pantry, a water meter unit, a stairwell, a pantry; on the
second floor—toilets, a men’s and women’s wardrobe with showers and drying rooms,
an office, a hall, storerooms. The petrol-diesel car refueling (Figure 8(2)): 9 modules (67%
canopy + 33% heated contour), dimensions 48.48 × 28.0 m (in axes), height to the bottom of
the structural plate 6.0 m. The structure is a one-block one-storey structure with a canopy
(504.0 sq.m), providing refueling for ten columns, and a pavilion (252.0 sq.m) with a client
and a mini-store of related products, an operator’s room, a utility room, showers, a passage,
a toilet, a staff room, a pantry, a water measuring unit and a heating point.
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Figure 8. Planning solutions: 1—the Car wash (6 posts)—1st, 2nd floors; 2—the Car refueling
(petrol-diesel).

Consider the planning solutions of such objects as the Checkpoint and the Self-service
car wash (Figure 9). The island-type checkpoint (6 + 6 posts) (Figure 9(1)): 16 modules
(88% canopy + 12% heated contour), dimensions 88.84 × 35.0 m (in axes), height to the
bottom of the structural plate 6.0 m. The structure is a structure divided into three blocks,
located across the highway, in accordance with antiseismic measures, for controlling entry
and exit to special (including paid) sections. It provides passage through barriers with
control panels under canopies (504.0 + 504.0 sq.m) of cars in twelve lanes in both directions.
Control and support services are located in a central two-storey pavilion (168.0 sq.m on
each floor) with canopies. The pavilion has: on the ground floor—a corridor, a heat point,
a control room, a corridor, a water measuring unit, a control room; on the second floor
(level +3000), a corridor, a men’s wardrobe with toilet and shower, a server room, a shift
supervisor’s office, a corridor, a women’s wardrobe with toilet and shower, a meal room, an
inventory room. The two-storey pavilion has one internal and two external stairs. From the
outside of the pavilion under canopies (84.0 + 84.0 sq.m), it is possible to park cars of control
services and special services with the possibility of direct or rotary exit to the highway in
the right direction. The self-service car wash (Figure 9(2)): 28 modules (93% canopy + 7%
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heated contour), dimensions 88.84 × 49.0 m (in axes), height to the bottom of the structural
plate 4.5 m. The structure is a complex of three blocks, the dimensions of which take into
account regional antiseismic measures. In the central part there is a heated pavilion with an
operator’s room, a toilet, a corridor and technical rooms. Canopies are located at the ends of
the pavilion. On both sides, there are symmetrically arranged canopies, under which there
are 24 car and motorcycle washing stations using the self-service system. In the alignment
of the main supports, there are panels with hoses for water supply for washing, liquid
detergents and compressed air for drying and cleaning, as well as cabinets with cleaning
materials. The posts have independent departures. Each post is shielded by curtains.
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Consider the planning solutions of such objects as the Contactless car wash and the
Warehouse (Figure 10). The contactless car washing (4 posts) (Figure 10(1)): 46 modules
(13% canopy + 87% heated contour), dimensions 38.36 × 70.0 m (in axes), height to the
bottom of the structural plate 7.5 m. The structure is a complex of two symmetrical blocks.
In each of them, there are: a car washing line (reception post, washing post, drying post),
a corridor, an operator’s room with a toilet, a technical room, an inventory storeroom,
an electric switchboard, a complex washing line for buses and trucks. The warehouse—
(Figure 10(2)): 18 modules (100% heated contour), dimensions 24.24 × 70.0 m (in axes),
height to the bottom of the structural plate 7.5 m. The structure is a one-block, one-story
structure. The premises include a storage area, an administrative room, a corridor, a toilet,
a storage room for inventory, a heating point, an electrical switchboard, a charging room
for electric cars, a water meter unit.
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Consider the planning solutions of such objects as the highly comfortable motel with
parking under a canopy (Figure 11) and the ordinary motel (Figure 12). The luxury motel
(10 apartments with individual parking site) (Figure 11): 18 modules (50% canopy + 50%
heated contour), dimensions 24.24 × 70.0 m (in axes), height to the bottom of the structural
plate 6.0 m. The facility is a single-block structure with a high canopy for parking ten
customer cars opposite the entrance to the corresponding room (588.0 sq.m.). In the two-
storey part (588.0 + 588.0 sq.m), there are 10 highly comfortable duplex rooms. The height
of the floor is 3.0 m. On the ground floor, there are: a lobby (two-light), a registration
service, a toilet, a utility room, a water measuring unit, a panel room, a heating point, a
storage room for inventory, a storage room for clean linen, a storage room for dirty linen,
rooms. The set of rooms consists of: 6 pieces of type A rooms (ordinary)—a living room, a
bathroom, a staircase, a bedroom with a bathroom, a bedroom with a bathroom: 2 pieces
of type B rooms (central)—a living room, a bathroom, a staircase, a bedroom, a bedroom
with a bathroom, a bedroom with a bathroom and a loggia: 2 pieces of type C rooms (at the
end)—a living room, a bathroom, a bedroom, a staircase, a bedroom with a bathroom, a
bedroom with a bathroom, a loggia. The motel (36 rooms) (Figure 12): 18 modules (100%
heated contour), dimensions 24.24 × 70.0 m (in axes), height to the bottom of the structural
plate 6.0 m. The structure is a single-block structure in the form of a two-storey volume
(1176.0 + 1176.0 sq.m) with a corridor layout scheme. On the ground floor, there are: a
porch, a two-light lobby, a registration service, a toilet, a utility room, a corridor, a stairwell,
a storage room of inventory, a utility room, a panel room, a storage room of street cleaning
equipment, a corridor, a stairwell, a storage room of equipment, a water meter unit, a
heating point, 10 rooms with a bedroom, a bathroom and a built-in kitchen, 10 rooms with
a bedroom and a bathroom. On the second floor (level +3000), there are: a corridor with
a central gallery, a stairwell, a pantry of clean linen, a pantry of dirty linen, a stairwell, a
pantry of furniture, a pantry of inventory, 10 rooms with a bedroom, a bathroom and a
built-in kitchen, 10 rooms with a bedroom and a bathroom.
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Figure 12. Planning solutions: the Ordinary Motel (24 rooms)—1st, 2nd floors.

Consider the planning solution of such an object as the Special traffic control point
(Figure 13): 40 modules (55% canopy + 45% heated contour), dimensions 210.04 × 49.0 m
(in axes), height to the bottom of the structural plate 7.5 m. The structure is a complex of
five blocks, the dimensions of which take into account regional antiseismic measures. In
the central part, there is an administrative four-level building of 6 blocks. In the basement
(level −4950) there is a water measuring unit, a heat point, an electrical switchboard and
passages with viewing chambers at each control post. In the side volumes, there are
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storerooms of cleaning equipment, storerooms of clean and used workwear, storerooms of
appliances and tools. On the ground floor, duty rooms, document processing offices, men’s
and women’s toilets, inventory storerooms are located in a symmetrical layout. Under
the canopies, there are parking lots for special cars on duty with the possibility of direct
or rotary exit in the right direction. On the second floor (level +3300), there are: male
and female wardrobes with showers, toilets, a meal room, a classroom, a room for special
equipment, an office of the head of the duty shift, offices of the visual control officers. On
the third level (level +5.200), there are exits to the platform for passage to the observation
bridges at each inspection post. The connection between the levels is carried out by two
stairwells. In the canopies adjacent to the central block, there are two lanes of emergency
free passage. On both sides, pavilions of special control posts are linearly placed under
paired canopies. Each post is a three-level structure. In the basement (level −4950), there is
a special control camera with a hole in the ceiling that provides inspection of the bottom of
the passing vehicle control. All pavilions are sequentially connected to each other and to
the central block to ensure optimal passage of personnel to the appropriate post. On the
ground floor there is a high (4.6 m) duty room with stained glass windows on the side of
the passage, a toilet, a shift staff room. On the third level (level +5.200), there are pavilions
of stairwells that provide staff exits to observation bridges. All observation bridges are
connected in series with each other and with the central unit.
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Consider the planning solution of such object as the Supermarket (Figure 14): 204 mod-
ules (12% canopy + 88% heated contour), dimensions 149.44 × 128.0 m (in axes), height
to the bottom of the structural plate 7.5 m. The structure is a complex of six blocks, the
dimensions of which take into account regional antiseismic measures. The overall di-
mensions are determined from the most common standardized supermarket parameters
~90 × 140 m. The heated contour (15,120.0 sq.m) accommodates: a lobby with storage
chambers; trolley placement areas; flow-distribution zones with areas for short-term rest
of visitors; an information desk; a security point; currency exchange offices; branches of
banks and telephone companies; a pharmacy, a perfume, an jewelry, book and newspaper
kiosks; workshops for small express repairs of shoes, bags, umbrellas, watches, phones
and gadgets; buffets for light snacks; bars for soft drinks; public toilets; a cash register; a
main trading hall with shelving, a display, counter and container-stand placement of goods.
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In the two-level auxiliary compartment (mezzanine at level +4.500), there are: auxiliary
and storage rooms with cold rooms; administrative and household premises for personnel;
goods reception area with unloading places for trucks; goods pre-sale preparation area;
a storage area for recycled packaging; a storage area for used packaging, a garbage and
a waste; a parking and maintenance of electric cars, cleaning machines, mechanisms and
inventory, as well as engineering support systems (ventilation chambers, pumping, panel,
heating points, communication nodes). A part of the auxiliary and technical rooms is
located on the mezzanine, where internal and external stairs lead. The canopies located
on the sides (2016.0 sq.m) provide for the possibility of covered parking of cars (48 seats),
supermarket personnel, and special services of legal, financial, sanitary-epidemiological,
fire control.
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A complex of appropriate buildings is designed to fulfill the religious needs of drivers
and passengers. Consider planning solutions of such objects as: the Mosque, the Buddhist
temple, the Protestant temple, the Orthodox temple, the Catholic temple, the Synagogue
(Figure 15). The Mosque (Figure 15(1)): 8 modules (50% canopy + 50% heated contour),
dimensions 24.24 × 42.0 m (in axes), height to the bottom of the structural plate 6.0 m. The
structure is a one-block, one-story structure with a heated part (336.0 sq.m), a two-part
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(male and female parts) domed prayer hall with a mihrab niche, a covered courtyard, a
reading room, a library, an imam’s office, and servants’ rooms located in the middle. Under
the canopy (336.0 sq.m.), there are places for pre-prayer and after prayer concentration and
rest. Orientation of the mihrab canonically to the Kaaba in Mecca city. The Buddhist temple
(Figure 15(2)): 7 modules (43% canopy + 57% heated contour), dimensions 24.24 × 42.0 m
(in axes), height to the bottom of the structural plate 6.0 m. The structure is a one-block,
one-story structure with a prayer (“golden”) hall placed in the middle of the heated part
(336.0 sq.m), covering its gallery, a reading room and a concentration room. Under the
side canopies (252.0 sq. m), there are places for pre-prayer and after prayer concentration
and rest. The building is preceded by a courtyard with pagodas, the actual entrance is
in the form of a canonical “Middle Gate”. The entrance to the temple is canonically from
the East side. The Protestant church (Figure 15(3)): 6 modules (41% canopy + 59% heated
contour), dimensions 24.24 × 28.0 m (in axes), height to the bottom of the structural plate
6.0 m. The structure is a one-block, one-story structure with a heated part (294.0 sq.m),
a prayer hall with an altar part placed in the middle, a block with a library, a hall and a
utility room located on the side. Under the front and side canopies (210.0 sq.m), there
are places for pre-prayer and after prayer concentration and rest. The altar is canonically
oriented to the East. The Orthodox church (Figure 15(4)): 6 modules (25% canopy + 75%
heated contour), dimensions 24.24 × 28.0 m (in axes), height to the bottom of the structural
plate 6.0 m. The structure is a one-block one-story structure with a heated part (378.0 sq.m)
placed in the middle of a prayer hall with a dome, a three-apse altar part and side chapels, a
porch, an office, a reception room, a shop, a utility room, a pantry. Under the side canopies
(126.0 sq.m), there are places for pre-prayer and after prayer concentration and rest. The
altar is canonically oriented to the East. The Catholic church (Figure 15(5)): 6 modules
(50% canopy + 50% heated contour), dimensions 24.24 × 28.0 m (in axes), height to the
bottom of the structural plate 6.0 m. The structure is a one-block, one-story structure with
a prayer hall in the heated part (252.0 sq.m) placed in the middle with a dome over the
transept, a three-apse altar part, a narthex, an office and a utility room located on the sides.
Under the front and side canopies (252.0 sq.m), there are places for pre-prayer and after
prayer concentration and rest. The altar is canonically oriented to the East. The Synagogue
(Figure 15(6)): 6 modules (33% canopy + 67% heated contour), dimensions 24.24 × 28.0 m
(in axes), height to the bottom of the structural plate 6.0 m. The structure is a one-block,
one-story structure with a heated part (336.0 sq.m) in the middle of a two-part (male and
female parts) prayer hall, lobby, clerical offices located on the sides and auxiliary rooms.
Under the front and side canopies (168.0 sq.m), there are places for pre-prayer and after
prayer concentration and rest. The orientation of the altar is canonically on the city of
Jerusalem.

From the same rod elements, it is possible to form supports for information boards
both in front of individual structures (for example, fuel filling stations; indication of type
and prices) and in front of complexes of roadside service facilities. The lattice structure also
provides convenient access for technical personnel to service the back of the LED panel.
The dimensions of the supports can be different depending on the specific tasks—including
the possibility of installing sufficiently large screens. An example of the solution of a rod
structure as a support for an information board is shown in the Figure 16.

The proposed modularity allows for both single and lockable placement of various
objects as part of complexes of various categories. Blocking allows in some cases to
reduce the size of buildings due to the possibility of excluding some duplicated sanitary
or engineering premises. At the same time, blocking can be performed both directly,
forming a single volume (for small objects), and through a seam (for large objects), ensuring
compliance with antiseismic measures. The configuration of the lock is determined by the
individual landscape features of the territory of the complex and the creative preferences
of the authors of the project.
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2.2. Ensuring Energy Efficiency and Reducing the Harmful Environmental Impact of Road Service
Facilities

The formation of a complex of maintenance facilities along highways, as an essential
part of the system of sustainable development of territories, implies the implementation
of a set of measures to improve processes in all aspects, from creation to operation. The
proposed modular system for the formation of objects for various purposes based on
a triangular cell with an overlap of a core spatial plate makes it possible to improve a
number of indicators of the complexes being created according to the basic parameters of
sustainable development.

Firstly, it is the level of production. It is the uniformity of structural elements, a small
number of standard sizes and the need for mass production that immediately improve a
number of indicators related to energy efficiency. Centralized mass production is naturally
more economical than scattered piece production in all parameters in terms of unit output.
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Moreover, importantly, significantly stricter product quality control is provided at all stages
of manufacturing.

Secondly, transportation of building elements and parts. The presence of only three
main standard sizes (rod, nodal polyhedron, rack) allows them to be compactly packaged
and tightly placed on vehicles for transportation to the installation site. Under certain
conditions, it becomes possible to partially assemble, for example, pyramids on specialized
sites and package several pyramids already nested in each other for transportation. This
reduces the number of necessary vehicles and leads, among other things, to a reduction in
the harmful impact on the environment due to exhaust emissions. At the same time, fuel is
saved.

Thirdly, the construction of groups of modules on various dispersed sites. The uni-
formity of the assembly processes of the main elements of high factory readiness makes
it possible to significantly reduce the construction time of the main structures due to the
acquisition and use of skills by teams of installers. The need to use cranes is limited by a
small set of works on lifting the modular element of the structural plate mounted at the
bottom to the design position. The main volume of installation work does not require crane
equipment. Accordingly, it becomes possible to use the in-line method of constructing
objects based on the use of highly specialized construction and installation teams. This,
as the successful practice of domestic construction in the second half of the last century
has shown, significantly reduces the time of construction and installation work, leading,
accordingly, to the saving of energy resources. A significant advantage of using a modular
canopy system is that after the installation of the coating, all other construction and finish-
ing work on the creation of pavilions with rooms for various purposes is carried out in
relatively comfortable conditions under the roof, which protects builders from precipitation
and excessive insolation. It also reduces energy consumption, improves the quality of work
and reduces their time. The reduction of time is achieved, among other things, due to the
possibility of organizing round-the-clock three-shift work, because the core structure of the
canopy allows you to harmoniously place in it and move, as necessary, floodlight lighting
of both the entire construction site and its individual sections.

Fourth, the materials proposed for use for the structures of the built-in heated pavilions
are: steel racks and beams of the main frame, steel bent profiles and corrugated sheets for
floors and staircase structures, sandwich panels for exterior walls, magnesite and gypsum
cardboard plates for partitions with a frame of bent thin-sheet steel profiles and mineral
wool filling, as well as ceiling linings (in rooms with high humidity or high requirements
for fire-fighting indicators, special surface finishing is performed),wood-fibrous plates for
the underlying layers of floors, extruded foam and foam insulation for thermal insulation
of non-modular sections of structures and pipelines of engineering systems, metal-plastic
windows with double-glazed filling, which entail a high degree of industry in terms of of
manufacturing, packaging, warehousing, delivery, and installation, ensuring high energy
efficiency in these areas. In addition, energy-consuming “wet processes” at the construction
site are almost completely excluded (the exception is the device of monolithic reinforced
concrete foundations. However, this can also be significantly reduced by switching to
prefabricated monolithic or fully prefabricated reinforced concrete foundations of factory
manufacture).

Fifth, the possibility of active use of mainly solar and to a small extent wind energy,
as well as biofuels, which makes it possible to compensate for some of the total costs of
electric energy complexes. The most common way of using solar photo energy generators
is associated with the maximum filling of the roof space, leaving only technologically
necessary passages. Sometimes it is filling the adjacent territory with generators (as, for
example, at one of the Beijing gas stations). An additional source of saving artificial
lighting in the interior spaces of the pavilions is the use of transparent photogenerators on
the roof. In addition to the solution of replacing part of the electricity costs for lighting,
photogenerators are also included in the system of operation of gas station pumps.
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Gradually, a kind of “direct” use of the electricity generated by photogenerators for
refueling electric vehicles is becoming more widespread. However, a purely technical
problem is the time to refuel the batteries of an electric car or hybrid, which is three hours
for a 70-km trip. This limits the use of such refueling stations on highways, where refueling
time is essential. Accordingly, the scope of their application so far extends to parking for
employees of various enterprises and educational institutions who have the opportunity
to leave the car for several hours. Sometimes, these are systems for individual parking at
residential buildings. At the same time, the supply of electricity from photogenerators is
included in the general electrical supply system of the house, from which the electric car
or hybrid is then charged. The modular electric filling stations offered for roads provide
for the presence of a special pavilion for leisure activities by drivers and passengers of the
corresponding vehicles.

In the aspect of the modular system proposed for roadside service facilities, it can be
noted that an important advantage of this module is the possibility of placing on the roof,
using the same (although, of course, smaller cross-section) core and node elements, solar
panels that can be optimally oriented based on a structurally secured three-sector direction.
The approximate area of the active surface of stationary batteries is 144.0 sq.m on each
module. As an addition to the electrical supply system of the facility, it is recommended to
place weathervane wind generators, which are fixed in the area of the module supports.
Naturally, when blocking groups of modules through a seismic seam with paired columns,
the weathervane wind generator is placed only on one of the columns. It is advisable
to place small vertical wind turbines on side platforms, as it is used, for example, at the
previously considered SEPSA gas station, Adanero (architect “Saffron Brand Consultants
+ Malka + Portus”, 2015). Large-blade wind turbines are optimally located on relatively
isolated sites. The sites for the placement of wind generators, of course, are fields for
photo generators. The location of large-bladed wind generators next to road maintenance
complexes and the device of their illumination at night makes it possible to improve the
visual orientation of drivers, who from a sufficiently long distance will be able to see the
presence of the object of interest to them.

The sixth position of increasing energy efficiency and compensating for the harmful
impact on the environment of roadside service complexes is a system for collecting and
cleaning rain and meltwater, as well as domestic sewage effluents for use for watering
green spaces in the structure of the complex. An important component in this area is also
the system of circulating water supply of vehicle washing points operating in the system of
sewage treatment plants.

Some indicators can also be improved by organizing a system of differentiated col-
lection and packaging of food waste, household and technological garbage, and used
containers and packaging.

3. Results

The need for a relatively quick solution to the problem of providing all highways in
the country with roadside service facilities in accordance with the directives of the nomen-
clature specified, taking into account historical experience, necessitates the development
of a series of relevant standard projects. In order to increase the efficiency of these series,
it is advisable to link up space-planning decisions based on one or another module. Con-
sidering the variety of planning and landscape characteristics of the areas of placement of
objects for mainline maintenance, it seems appropriate to choose as a module not a square
or rectangular, but a triangular configuration, which in most cases allows harmoniously
blocking the modules. The proposed roofing module in the form of a “regular” triangle
extending to a tetrahedron has a structural basis in the form of a single-tier rod spatial plate.
Half a century of extensive practice in the use of such structures (mainly with a cell in the
form of an equilateral pyramid with a square base), including in the Central Asian region,
minimizes the construction and technological difficulties in the manufacture, delivery and
installation. The height characteristics of the location of the core spatial plate are linked to



Designs 2022, 6, 90 30 of 33

the normalized road dimensions and features of the technology of functioning of each of
the typologically different objects. The principle space-planning solutions of all four dozen
objects from the approved nomenclature of primary maintenance services carried out in the
process of the analysis of opportunities show the real possibility of solving development
tasks based on this system. For large-sized complexes, in accordance with normalized
anti-seismic measures, seismic cutting was performed by arranging the pair supports of
the modular plate. The use of the proposed modular system allows us to successfully solve
a number of tasks to reduce the harmful effects on the environment and to effectively use
renewable energy sources.

4. Discussion

The lack of uniformity in approaches to the design and construction of roadside service
facilities, pronounced in today’s practice, slows down the design process and complicates
construction. In these conditions, it seems appropriate to adapt a system of design and
construction based on standard series that has a long history and good practical results.
One of the approaches can be the interconnection of space-planning solutions based on a
particular spatial module. The advantages of a triangular module based on a structural
basis of a single-tier rod spatial plate on three supports revealed in the course of research
allow us to solve a number of space-planning and spatial-layout problems for individual
objects and their complexes in a harmonious way. In addition, the uniformity of design
solutions and construction methods in combination with other measures allows us to
successfully solve a number of tasks to reduce the harmful impact on the environment and
effectively use renewable energy sources. The studied topic presents a significant prospect
for expansion with further research. Thus, it is promising to detail the level of standard
for projects of the proposed schemes of space-planning solutions for individual objects.
It is very important to consider possible options for blocking objects of various types in
complexes of various sizes that have a single roof. Moreover, of course, it is advisable to
consider the possibility of using small-scale panel structures for the formation of external
walls and partitions of objects.

5. Conclusions

Roadside service facilities have a long history. Their space-planning specifics reflect
the specifics of cargo and passenger transportation along the road near which they are
located and the level of administration in the surrounding territories. A separate issue
remains passenger transport. Within the framework of this service, given its specificity
and the need for almost simultaneous construction of almost identical objects on vast
territories, the idea of using reusable projects first, and then standard projects for this class
of objects grows. The expansion of the nomenclature of primary-line service facilities was
determined by the appearance and intensive development of automobile transport, which
led to a significant increase in the territory occupied by each complex due to the need
to provide parking and convenient maneuvering of cars of various classes. Grouped by
function: car service (refueling of various types of fuel, washing of motorcycles and cars of
various sizes, service stations), road control (points of traffic control services, checkpoints,
points of dimensional and weight control of vehicles), passenger service (public transport
stops, retail and catering points, public toilets and showers, laundries, medical and rescue
service points, health pavilions, picnic and recreation areas, stage platforms, playgrounds
and pavilions, roadside temples of various faiths, heating points, post offices, motels,
warehouses, supermarkets), these objects are constantly integrated into large complexes or
differentiated by individual functions, depending on the actual territorial conditions.

Taking into account the variety of planning and landscape characteristics of the sites
for the placement of objects of the mainline service, it seems advisable to choose as a module
not a square or rectangular, but a triangular configuration, which allows in most cases to
harmoniously block the modules. The proposed roof module in the form of a “regular”
triangle facing the tetrahedron has a structural basis in the form of a single-tier core
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spatial plate. The half-century-old extensive practice of using such structures minimizes
construction and technological difficulties in the manufacture, delivery, and installation.
The principal space-planning solutions of all four dozen objects of the nomenclature of
objects of the mainline service performed in the process of analyzing the possibilities show
the real possibility of solving the development tasks based on this system. The use of
the proposed modular system makes it possible to successfully solve a number of tasks
to reduce the harmful impact on the environment and effectively use renewable energy
sources.
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