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ERGONOMIC AND LOGISTIC ENSURING THE REQUIREMENTS FOR
THE COMFORT DURING THE ORGANIZATION OF PASSENGER
TRANSPORTATION IN A SMALL-CAPACITY BUS

Purpose. The most important advantage of passenger transport by road is the high quality of transport service,
which depends on the organization of the transport process, structural features and technical condition of the rolling
stock used and the route, the development of the route network and other factors. Comfort reflects the properties of
bus passenger transportation, which lead to the creation of the necessary service conditions and convenience for pas-
sengers in the bus, at the start-end and transit points on the basis of regulatory documents approved in the prescribed
manner. Features of the design of small-capacity buses in terms of comfort and safety of passenger transportation and
provision of proper travel conditions mostly determine the scope of use of buses of this class by types of connections
and length of routes. The purpose of the paper is the development of a structural model, based on the analysis of the
main factors affecting the determination of the comfort of a small-capacity bus for urban transportation during the
transportation of passengers. Methods. The analysis of literary sources showed that indicators of comfort (as well as
indicators of information service, speed, timeliness, safety of cargo, safety), which refer to indicators of the quality of
passenger transportation, are decisive in this group of indicators. From the point of view of Ukrainian legislation and
regulatory framework, the concepts of passenger bus capacity and comfort are analyzed. The main factors that deter-
mine the comfort of small-capacity buses for urban transportation during the transportation of passengers are deter-
mined. Ensuring the comfort of passenger transportation in a small-capacity city bus is determined by compliance
with ergonomic requirements, which, in turn, depends on the design features of the arrangement of the area intended
for passengers. Scientific novelty. It is proposed to evaluate the comfort category in the urban public road transport
system using a structural model that combines two sets of factors — logistic and ergonomic. The logistic set of factors
includes characteristics in time and space, that is, characteristics of comfort outside the means of urban public road
transport. The ergonomic set of factors includes characteristics that describe comfort in vehicles. Practical signifi-
cance. On the basis of this model, possible ways of ensuring ergonomic requirements for the layout of the interior and
interior of small-capacity buses for urban passenger transportation are proposed. It was established that the main
factors of the redistribution of transport mobility between urban passenger transport and transport for individual use
are the insufficient comfort of passenger transport or the insufficient density of the route network.

Keywords: passenger transportation, city transportation, small-capacity bus, ergonomic requirements, logistical
requirements, organization of transportation, comfort, design.

Introduction (c) the environment. The characteristics of all the
components in the system must be considered in de-
signing the vehicle. The vehicle design should in-
volve not only designing all the physical compo-
nents that fit and function well but also making sure
that the user is considered to be a human component
and the user’s characteristics are measured and used
in designing a car or a truck — to assure that the ve-
hicle will meet the users’ needs related to comfort,
convenience, and safety. It should be noted that dur-
ing the design process of a physical product, the en-
gineer designs each part of the product by paying
attention to all of its properties (e.g., dimensions,

Ergonomics may be determinated as a multidis-
ciplinary science, that considers other sciences
about human (information from psychology, an-
thropometry, biomechanics, anatomy, physiology,
psychophysics) [1]. It studies human characteristics,
capabilities, and limitations and using this
knowledge to design and evaluate the machines and
systems that people use.

The process for designing a vehicle should in-
volve the considerations of the following major
components: (a) the driver/user, (b) the vehicle, and
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material, hardness, colour, surface, how it
fits/works with other components). Similarly, when
the human is involved as an operator or the user of
the product (e.g., a car or a truck), all relevant hu-
man characteristics must be studied and used in de-
signing the product.

Purpose of research

The purpose of the paper is the development of
a structural model, based on the analysis of the main
factors affecting the determination of the comfort of
a small-capacity bus for urban transportation during
the transportation of passengers.

Analysus of the last researches and publications

Bus service is available in almost all cities and
towns of Ukraine. For cities with a population of up
to 250,000, the bus is the main, and in some cities,
the only mode of transport [2]. The bus is the most
simple, widespread and maneuverable form of land
transport. A bus as a general-purpose vehicle is a
vehicle that is not equipped with special equipment
and is intended for the transportation of passengers
or cargo.

Transportation of passengers by buses in the
mode of non-regular passenger transportation is car-
ried out by motor carriers on bus routes of non-reg-
ular transportation on contractual terms with cus-
tomers of transport services, in the mode of regular
special passenger transportation - motor carriers on
bus routes of special transportation on contractual
terms with customers of transport services.

According to the Law of Ukraine «On Road
Transport» [3], as well as DSTU 2984-95. Road ve-
hicles. Types. Terms and definitions, a bus is a ve-
hicle designed and equipped to carry passengers
with more than nine seats, including the driver's
seat.

The improvement of passenger transport should
be solved through the implementation of the infra-
structural and logistics system of passenger
transport, including the justification of the organi-
zational structures of transport management taking
into account the interests of passengers, the mutual
planning of the development of cities and regions
with their transport systems and the coordination of
the work of various types of transport, the develop-
ment of methods of stimulating the improvement of
the level transport service [4].

The comfort of providing transport services re-
fers to the property of the transport infrastructure to
provide a person with comfort and coziness in their
place of stay. The comfort of the vehicle is deter-
mined by the convenience of arranging passenger

boarding and disembarking places (the location and
number of steps, the convenience of handrails, etc.),
the design of the seats, the floor covering in the
cabin, ventilation and compliance with the microcli-
mate, lighting and visibility, the level of internal
noise and vibration, the smoothness of the vehicle,
the presence of an additional arrangement [5].

When creating and operating logistics systems
of passenger transportation, considerable attention
should be paid to marketing research and forecast-
ing passenger traffic volumes. The structure of pas-
senger movements reflects the influence of a num-
ber of factors on which the demand for transporta-
tion depends [6].

It should be noted that public transport vehicles
of «small» capacity (less than 22 passengers, ex-
cluding the driver) used to be called «small-capacity
buses».

Transport fatigue is one of the factors affecting
human labour productivity [7]. The passenger's
transport fatigue is determined by the duration of the
trip and the degree of its comfort. It is known [8]
that every 10 minutes of additional time spent trav-
eling to the workplace, even in uncomfortable con-
ditions, reduces labour productivity by 3-4%.

The main indicators of the quality of passenger
transportation are: driving conditions, characterized
by the degree of filling of the bus; regularity of
movement; time spent by passengers on movement;
traffic safety; degree of transplantability [7].

Ways to improve the ergonomic design of cars,
including buses, are proposed in work [11], ergo-
nomic properties of the car and the main require-
ments for its comfort are considered in work [12],
ergonomic ensuring the technological process of
transportation of passengers by city passenger
transport are considered in work [13], the issue of
optimizing modes of interaction and urban passen-
ger transport of the trunk line on the example of the
city of Kremenchuk is devoted to work [14].

Main material of research

Let's dwell a bit on the issue of determining the
capacity of a «small-capacity bus».

A general-purpose bus is a bus designed to
transport passengers as public transport (by route)
[9].

General purpose buses are divided into three
classes:

— class A: a bus with a capacity of 9 to 22 pas-
sengers inclusively, equipped with seats and may
have places for standing passengers;

— class B: a bus with a capacity of 9 to 22 seated
passengers inclusively and without seats for stand-
ing passengers;

61



— class C: a bus with a total structural weight of
no more than 3.5 tons and a passenger capacity of 9
to 12 seated passengers inclusively and without
seats for standing passengers.

It is proposed to evaluate the category of comfort
in the system of urban public road transport (UPRT)
according to a structural model that combines two
sets of factors — logistical and ergonomic.

The logistic set of factors includes characteris-
tics in time and space, i. e. characteristics of comfort
outside the facilities of UPRT [15].

The first group of factors includes the following:

— regularity and reliability (is determined,
among other things, by the density of the route net-
work);

— availability of stopping points;

— waiting for vehicles;

— the number of transfers in the network.

The density of the route network (table 1) [15]:

5=t )
I:C

where L, — the total length of streets and roads
(route) along which ground transport routes pass,
km; F, — the area of a built-up part, in particular a
city, km

Table 1
The required density of the route network for
different groups of cities [15]

Number of residents t'ﬁ;‘; 100- | 250- | 500- rtr;](;rne
in the city, thousands 100 250 | 500 | 1000 1000
The required den- 23
sity of the route net-|1,4-1,6| 1,8-2 {2-2,3| °, 2,5
2 2,4
work, km/km

The ergonomic set of factors includes character-
istics that describe comfort in vehicles.

It can include the following:

— availability of seats;

— the number of doors, their size, seats, handles,
view from the windows, etc.;

— ventilation, heating, lighting;

— acceleration, deceleration and their measure-
ment;

— vibration.

The requirements of the standards for the inte-
rior and layout of the cabin of these vehicles are ba-
sically the same as for large-capacity buses, but
there are some differences (UNECE Regulation No.
52)) regarding the number and location of doors, as
well as the dimensions of the aisles. The dimensions
of the seats in terms of width and relative location
should be the same as for large-capacity Class I
(city) buses.
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The bus must have the number of passenger
seats K that meet the requirements for passenger
seats [8]. For a class A bus, the number of passenger
seats K must be greater than the number of square
meters of the total area So, rounded to the nearest
whole number.

The total passenger area So is calculated by sub-
tracting from the total floor area of the bus:

— area of the driver's compartment;

- the area of steps in entrance passages and the
area of any step with a depth of less than 0.3 m;

- the area of any part, where the free height
above the floor level is less than 1.35 m in accord-
ance with the requirements for passenger seats [9],
not taking into account the permissible protrusions
of the bus structural elements. For a Class C bus,
this size can be reduced to 1.2 m.

For class A buses, the area S; intended for stand-
ing passengers is determined by subtracting from
the total area So:

— the area of all parts of the floor with a slope of
more than 8%;

—areas of all parts to which a standing passenger
cannot access when all seats are occupied;

— areas of all parts where the free height above
the floor level is less than 1.9 m or 1.8 m for the
section of the passage located above the rear axle of
the bus and behind it (handrails are not taken into
account);

- the area located in front of the vertical plane
passing through the centre of the surface of the driv-
er's seat cushion (when it is in its rearmost position)
and the centre of the external rear-view mirror lo-
cated on the opposite side of the bus;

—area within 0.3 m in front of each seat;

— the area of any part of the floor surface (for
example, a corner or an edge) on which a rectangle
measuring 0.4x0.3 m cannot be placed;

- the area of any surface, in which a rectangle
measuring 0.4x0.3 m cannot be inscribed.

Total number of seats for passengers (passenger
capacity) [9]:

S _MT-MV-B
Ssp - Q

where K is the number of passenger seats;
S; — area intended for standing passengers, m?
Ss — area required for one standing passenger, m?;
MT - total mass of the bus, kg; MV is the mass of
the equipped bus, including the 75 kg mass located
on the driver's seat, kg; B — the total weight of lug-
gage located in the luggage compartments (kg). For
a bus of classes Band C S; = 0.

The values of Q and Ss, for the bus of each class
are shown in table 2.

N=K+ , )



Table 2

Values of Q i Ssp for each class of buses [8]

Class of buses Mass of one passenger Q, kg

Area required for one standing passenger, Ssp, m?/pas-

senger

A 68 0.125

B 71* Transportation (accommodation) of standing pas-
sengers is not allowed

C 71* Transportation (accommodation) of standing pas-

* Taking into account 3 kg of hand baggage.

According to the «Procedure for determining the
comfort class of buses» and the international classi-
fication of buses, in accordance with UNECE norms
(ECE RLQ7), there is a classification of bus classes
for operation on city routes [10].

The bus must have at least two doors: one pas-
senger and one emergency door, or two passenger
doors. A bus with a passenger capacity of more than
16 passengers must have at least one emergency
hatch.

Aisles in buses must be made in such a way that
the free passage of the control device, the dimen-
sions of which are specified in [9], consisting of two
coaxial cylinders and a cone between them, is en-
sured.

Above each passenger seat, free space must be
provided, which extends upward 0.9 m from the
highest point of the uncompressed seat cushion and
at least 1.35 m from the floor on which the feet of
the seated passenger are located. For a Class C bus,
these dimensions can be reduced to 0.8 m and 1.2
m, respectively.

Distance between seats. If the seat is installed in
the same direction, then there must be a distance of
at least 0.65 m between the front surface of the
backrest of one seat and the rear surface of the
backrest of the seat in front. This distance is meas-
ured horizontally in the interval from the plane that
passes through the highest upper points uncom-
pressed seat cushions and a height of 0.62 m above
the floor or footwell of seated passengers. If the
seats are installed opposite each other, there must be
a distance of at least 1.3 m between the front sur-
faces of the seat backs facing each other. This dis-
tance is measured horizontally along the line pass-
ing through the highest points of the uncompressed
seat cushions.

Conclusions

1. In modern conditions, indicators of the quality
of passenger transport services are due to the transi-
tion from the predominance of indicators of the
level of development of the system, which is as-
sessed by the density of the route network and stop-
ping points, regularity, frequency of passage of

sengers is not allowed

transport units, to indicators characterizing the sat-
isfaction of the population with transport services,
including the level of comfort of transport service.

2. The main factors in the redistribution of
transport mobility between urban passenger
transport and transport for individual use may be
considered the insufficient comfort of passenger
transport or the insufficient density of the route net-
work.
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B.T. 3ATOPSIHCBKUI, M. M. MOPO3, K. I'. KOBL[YP

EPI'OHOMIYHE TA JIOTICTUYHE 3ABE3IIEYEHHSA BUMOTI'
KOM®OPTHOCTI HIJ] YAC OPTAHI3ALII MACAXKHUPCBKHUX
HNEPEBE3EHb ABTOBYCOM MAJIOI MICTKOCTI

MeTa. HaiironoBHimoro repeBaror aBTOOYCHHUX ITaCaKUPCHKHX IIEPEBE3EHB € BUCOKA SIKICTh TPAHCIIOPTHOTO 00-
CIIYTOBYBaHHS, 11O 3aJI€KHUTh BiJl OpraHizallii TpaHCIOPTHOTO IPOIieCy, KOHCTPYKTUBHAX OCOOJMBOCTEH Ta TEXHIU-
HOT'O CTaHy PyXOMOTO CKJIAy, 10 BUKOPUCTOBYETHCS, Ta IIIAXY, PO3BUTKY MapIIPyTHOI Mepexi Ta iHmmx (akropis.
KomdoptHicTs BinoOpakae BIacTHMBOCTI aBTOOYCHUX IMACaKMPCHKUX II€PEBE3€Hb, 110 3yMOBIIIOIOTH CTBOPEHHS HE-
00XiZTHUX yMOB 0OCITYTOBYBaHHS Ta 3pyYHOCTI IepeOyBaHHs MacaXXHUpiB y aBTOOYCI, y HOYaTKOBO-KIiHIIEBUX Ta TPaH-
3UTHHX ITyHKTax Ha MiJCTaBi HOPMAaTHUBHUX JIOKYMEHTIB, 3aTBEP/KEHHX Y BCTAHOBICHOMY MopsaKy. OcoOmuBocTi
KOHCTPYKIIii aBTOOYCiB MaJIoi MiCTKOCTI 110710 KOM()OPTHOCTI Ta OE3MIEYHOCTI ITEpeBE3CHHSI MACAKUPIB 1 3a0e3IIeUeHHS
HaJISKHUX YMOB TIOI3/IKM 371€01JIbIIOr0 BU3HAYAIOTH C)epy BUKOPHUCTAHHS aBTOOYCIB IIbOT0O KJIacy 3a BUAAMH CIOIY-
YEeHHS Ta MPOTSHKHICTIO MapmpyTiB. MeToro poOoTH € po3poOKa CTPYKTYypHOI MOJENi, Ha OCHOBI aHai3y OCHOBHHUX
YMHHHMKIB, 1[0 BIUIMBAIOTh, BU3HAYEHHS KOM(pOPTHOCTI aBTOOyca Majol MICTKOCTI JJIsl MICBKMX TepeBe3eHb il yac
HepeBe3eHHs macaxxupiB. MeTomu. AHali3 JIITepaTypHUX JKepes MOKa3aB, IO ITOKA3HUKH KOM(POPTHOCTI (a Takok
MOKa3HUKH 1HPOPMALIHOTO 00CITYrOBYBaHHS, IIBUIKOCTi, CBOEYACHOCTI, CKOPOHHOCTI BaHTaxy, OE3MeKH), sKi Bij-
HOCSTBCS JI0 MOKa3HUKIB SKOCTI NEepEeBE3eHb MACAKUPIB, € BU3HAYAJIBHUMH B LiH TPy Moka3HUKIB. [Ipoanaizosadi,
3 TOUKH 30pY YKPaiHCHKOTO 3aKOHOIABCTBA i HOPMATHBHOI 0a3H, IIOHATTSI MICTKOCTI ITACayKMPCHKOTO aBTodyca i Horo
koMmpopTHOCTI. BU3HaYeHI OCHOBHI YWHHUKH, SIKi BU3HAYAIOTh KOM(POPTHICTH aBTOOYCIB MajIoi MiCTKOCTI [UISt MiCBKHX
TiepeBe3eHb I1iJ] Yac NepeBe3eHHs nacaxupis. 3ade3rmeueHHs] KoM(OPTHOCTI IIePEeBE3EHHS MMacakupiB y MiCHKOMY aB-
TOOYyCI Majoi MiCTKOCTI BU3HAYA€THCS JOTPUMAHHAM €PrOHOMIYHHMX BHMOT, 1110, B CBOIO YEpTYy, 3aJIC)KUTH BiJl KOHC-
TPYKTUBHHUX OCOOIMBOCTEH 00IalITyBaHHS IUION, IpH3Ha4YeHol /s macakupis. HaykoBa HoBu3Ha. [IporoHyeTscs
KaTeropito KoM(opTy B CHCTEMi MiCHKOTO I'POMaICBKOr0 aBTOMOOUIFHOTI'O TPAHCIIOPTY OLIHIOBATH 32 CTPYKTYPHOIO
MOJIEIITIO, SIKa MTO€IHYE Bl CYKYITHOCTI YNHHHUKIB — JIOTICTUYHY 1 eproHomiuHy. JloricTnuHa CyKynHICTh YNHHUKIB
OXOIUTIOE XapaKTEPUCTHKU B Yaci Ta IPOCTOpPi, TOOTO XapaKTepHCTHKKA KOM(OPTY 1o3a 3acodaMH MiCHKOTO rpoMa/i-
CBKOT'0 aBTOMOOJILHOTO TPaHCIIOPTy. EpronomMiyHa CyKynHicTh YNHHHKIB OXOIUTIOE XapaKTEPUCTHKH, SIKI OITHCYIOTh
KoMQOpT y TpaHCHOPTHUX 3acobax. [lpakTuuna 3HaunMicTh. Ha OCHOBI mi€i Mojeni 3amponoHOBaH| MUISTXH MOX-
JIMBOTO 3a0€3IIeUeHHs] prOHOMIYHMX BHMOT JI0 KOMIIOHYBAaHHS CaJIOHY Ta iHTEp'epy aBTOOYCIiB Majol MiCTKOCTI JUIs
MICBKHX TAaCRKUPCHKUX IIepeBe3eHb. BCTaHOBICHO, 0 OCHOBHUMH (haKTOpaMH Mepepo3IoAiay TPAaHCIIOPTHOI pyX-
JIMBOCTI MK MICBKHM IaCaXMPCHKUM TPAaHCIOPTOM 1 TPAaHCHIOPTOM iHAMBIAYaIbHOIO KOPUCTYBAHHS € HEIOCTATHS
KOM(OPTHICTD EPEBE3EHb TACAKUPCHKUM TPAHCIOPTOM 200 HEOCTaTHS IIUIBHICTh MAapLIPYTHOI MEPEXKi.

Kniouoei cnosa: macaxxupcbKi nepeBe3eHHs, MIChKi IepeBe3eHHs, aBTOOYC MaJIol MiCTKOCTi, €prOHOMIYHI BUMOTH,
JIOTICTHYHI BUMOT'H, OpraHi3allist HepeBe3eHb, KOM(POPTHICTh, KOHCTPYKIiS.
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