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Ruslan PustovoitEngineering and planning solution$transportinterchange

hubsin the structure of modern airportsManuscript copyright.
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The thesis is submitted for the degoé®octor of PhilosophyPh.D) inthe field
of knowledgel9 "Architecture and Constructiont the specialty 192 "Construction
and Civil Engineering'l Kyiv: ¢State University cKyiv Aviation Institutes, 2025.

The dissertation work is devoted to the issues of relevance of research an
solution of scientific tasks of development and formatiomanfsport interchange hubs
(TIH), which allows to solve the issue of organization of functioning of transport
infrastricture at airports of Ukraine. The work is based on theoretical research, which
allows to solve the problems of distribution of pedestrian and transport flolwsi g
on the territory of airports with minimal time costs when moving between stops and
passengr service points by various modes of transport. The work is based on
experimental and theoretical research of patterns of movement of pedestrian flows ar
possibilities of their distribution on the territory DiHs of airport terminal complexes.

The workconsiders and analyzes modern approaches and trends in development «
transport interchange hube the structure of airports, which allow to improve
conditions of movement of human and transport flow and are aimed at improving the
functional and planning organizationiHs. Also, existing engineering and planning
solutions of TIHs are evaluated andiays of their integration into the structure of
airports are considered.

The first section of the dissertation is devoted to the analysis of the current stat:
of transport interchange hulmd Ukrainian airports, their functional and planning
shortcomingsas well as the study of foreign experience in this area. In particular, the
following key problems ofIHs on the territory of domestic airports were identified:
exceeding the optimal pedestrian accessibility between modes of transport, lack ¢
direct high-speed transport connections at large airports, shortage of parking space
and storage of individual and passenger transport and lack of properly arranged plact
for stopping and servicing passengers by public transport.

During the study, the maximum pediean distance of the transfer between
modes of transport, the most optimal shape ofTth¢ site, as well as the average

percentage of the parking area were determined. Based on the analyzed foreic
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experience of the functional and planning organizatibiilHs, the effectiveness of
vertical and horizontal functional and spatial planning, the presence of pedestriar
islands and parking spaces for public and private transport on the territory of the airpor
terminal complex were established.

The issue of improving the functioning tife TIHs at airports by optimizing
technological processes, improving the spatial planning organization of airport
complexes and coordinating the work of passenger transport is considered.

The second section ofdldissertation is devoted to the analysis of methods for
studying the formation and developmentrmainsport interchange hubas well as the
development of their classification according to various critbrithe process of work,
the main approaches studyingof TIHs were identified: analysiinctioningof TIH,
research of passenger flows, service and quality of service, as well as the location ar
number of interchange hubs. It was found that the methodology for choosing a locatiol
and determining # optimal size ofIHs still requires detailed study, which justifies
the need for further research in this direction.

Factors that influence the patterns of pedestrian traffic and the convenience o
moving and staying people in transport interchange hutbhe airportare identified.

On their basis, a model of the influence of factors according to their priority lesel wa
developed, as a result of which their division was carried out by hierarchy levels: urbar
planning factors (first level, the highest priority) and transport and infrastructure,
functional and technological, safety and comfort factors, as well as-samiomic
(second level).

The typologies of transport interchange hubs on the territory of airports were
considered and analyzedhe author first established and proposed a general
classification of transport interchange hubs on the territory of the aicparplex
according to the functional and planning organization and the shape of the station are
The existing classification of transport interchange hubs was improved.

Based on the study of the areas of transport interchange hubs, the compone

zones of heir territory were determined: transport and pedestrian zone, reserve zong
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(if any) and zone of architectural structures (if any). The structure of the main transpor
and pedestrian zone has also been determined: a pedestrian area, a parking are:
greenng area, and a road zone.

The third section of the dissertation is devoted to the study of the features of
pedestrian traffic and the relationships between the parameteaaggort interchange
hubs on the territory of airport complexe#n the process of experimental and
theoretical research, an analysis of the areas of horizontal projections of people wit
luggage and people with disabilities was carried buthe course of the work, the
minimum permissible width of pedestrian zones was determined to ensure comfortable
movement of passengers with luggage, for-aag and tweway traffic. Based on
experimental research, an indicator of the density of comfortable passenger traffic an
the maximum desity of pedestrian flows in thEIH were established.

Based on the results of the correlation analysis, regression models were
developed that describe the dependence between the total #ned lvf, the length
of the passenger disembarkation frong ttrensity of the pedestrian flow, the size of
bus stops and the annual passenger flow of airdos&as found that the correlation
coefficients confirm their high accuracy and practical significance.

The use of vehicles by passengers of varaysorts in the world was analyzed.

The author has identified and proposed effective methods for optimizing and
improving the functional planning organizationTdHs, developed models of human
flow movement taking into account the areas of horizontakptigns of passengers
with luggage.

The fourth section of the dissertation is devoted to the development of methods
for calculating the parameters of pedestrian zones and transport flavensport
interchange hubsn the territory ofirport terminal conplexes A system of measures
to increase the effective functioning wansport interchange hubwhich involves
taking into account passenger and transport flows, is substantiated.

Methodological approaches to calculating the areas of functional zones of

transport interchandaubsare improvedNew comprehensive approaches to the design
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and reconstruction dfIHs taking into account human flow on the territory of airport
terminal conplexes areproposedwhich will contribute to the effective use of the
airport territory.The proposed methods allow calculating the daily human flow of the
airport, the average time of people staying in the pedestrian zone and the area requir
for comfotable passenger movemeiitie developed models take into account the
specifics of each airport, including the density of human traffic, pedestrian speed an
delay zones.

Mathematical models have been developed to calculate the number of parkin
spaces for private cars, taxis and public buses depending on the daily passenger fic
of the airport, the time of transport in the parking lots and the share of different types
of transport usedRecommendations have been proposed to create conditions that
allow meeting the needs of passengers, minimizing time delays, increasing safety an
overall efficiency of the airport.

A theoretically justified approach to building a model for estimating the total
area ofthe transport zone required for parking zohas been developed and is taking
into account not only parking lots, but also additional areas for passage anc
maneuvering. The proposed model provides the conditions for using an integratet
approach to planning and managing transport flows, increasimgfodo and
convenience for all airport users, including passengers, employees and accompanyir
and meeting persons.

The author has identified and characterized methods for increasing the efficienc
of using the territory ofransport interchange hulas aiports, which is the basis for
further theoretical and applied research aimed at optimizing the distribution of the
territory between different functional zones, minimizing delays, optimizing the costs
of construction and operation thife TIH, and ensuring the effective functioningtbé
TIH as a wholeA modified model for accounting for the areas of functional zones of
theTIH atairport is proposed, which allows for rational distribution of space between
pedestrian, transport and vehicleridng zones, taking into account passenger flows,

flow density and territory restrictions.
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Recommendations fadeterminingfunctional zoning and rational use of the
territory of transport interchange hubs increase the efficiency of passenger service
at airports have been improve®ecommendations on the functional and spatial
organization ofransport interchangeubsat airports have been further developed.

Keywords:transport interchangeub (TIH), airport,terminalcomplex,station
square,pedestrian flow, transport flow, pedestrian traffic, transport infrastructure,
engineering and planning solutioniinctional zoning vehicle, public transport

organization of pedestrian trafficapacity pedestrian
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https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82_%C2%AB%D0%9B%D1%8C%D0%B2%D1%96%D0%B2%C2%BB_%D1%96%D0%BC%D0%B5%D0%BD%D1%96_%D0%94%D0%B0%D0%BD%D0%B8%D0%BB%D0%B0_%D0%93%D0%B0%D0%BB%D0%B8%D1%86%D1%8C%D0%BA%D0%BE%D0%B3%D0%BE
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https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82_%C2%AB%D0%9E%D0%B4%D0%B5%D1%81%D0%B0%C2%BB
https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82_%C2%AB%D0%A5%D0%B0%D1%80%D0%BA%D1%96%D0%B2%C2%BB
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https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82_%C2%AB%D0%94%D0%BD%D1%96%D0%BF%D1%80%D0%BE%D0%BF%D0%B5%D1%82%D1%80%D0%BE%D0%B2%D1%81%D1%8C%D0%BA%C2%BB
https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82_%C2%AB%D0%A5%D0%B5%D1%80%D1%81%D0%BE%D0%BD%C2%BB
https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82_%C2%AB%D0%86%D0%B2%D0%B0%D0%BD%D0%BE-%D0%A4%D1%80%D0%B0%D0%BD%D0%BA%D1%96%D0%B2%D1%81%D1%8C%D0%BA%C2%BB
https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82_%C2%AB%D0%86%D0%B2%D0%B0%D0%BD%D0%BE-%D0%A4%D1%80%D0%B0%D0%BD%D0%BA%D1%96%D0%B2%D1%81%D1%8C%D0%BA%C2%BB
https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82_%C2%AB%D0%A7%D0%B5%D1%80%D0%BD%D1%96%D0%B2%D1%86%D1%96%C2%BB
https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82_%C2%AB%D0%A7%D0%B5%D1%80%D0%BD%D1%96%D0%B2%D1%86%D1%96%C2%BB
https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82_%C2%AB%D0%A7%D0%B5%D1%80%D0%BD%D1%96%D0%B2%D1%86%D1%96%C2%BB
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%BD%D0%BD%D0%B8%D1%86%D1%8F_(%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82)
https://uk.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D1%97%D0%B2%D1%81%D1%8C%D0%BA%D0%B8%D0%B9_%D0%BC%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82
https://uk.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D0%B2%D0%BE%D1%80%D1%96%D0%B7%D1%8C%D0%BA%D0%B8%D0%B9_%D0%BC%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82
https://uk.wikipedia.org/wiki/%D0%A0%D1%96%D0%B2%D0%BD%D0%B5_(%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82)
https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82_%C2%AB%D0%9F%D0%BE%D0%BB%D1%82%D0%B0%D0%B2%D0%B0%C2%BB
https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%B0%D0%B5%D1%80%D0%BE%D0%BF%D0%BE%D1%80%D1%82_%C2%AB%D0%A3%D0%B6%D0%B3%D0%BE%D1%80%D0%BE%D0%B4%C2%BB

4N jdkd OjsosSL Od ded -

172

[ BHOPBEC

v OB dzqlyw

Csdf dzj S’ o

dzO2 B

4N Jj kO OjsosCLOd dsct ¢ s d3ilcijd] R s s §

h

LOLoO GsBo6" §ls 1%‘3 40 j BO
) OC Od AP Ot Erlstgd' | o o
s j to d30cdzCFcke -
] OC Odz' dz toff It h Gelz =1 il
q. dZiSh l lsq;tg(slédZOdz 45000 .-\ep(?mma:!buamomal 6\‘: =il "‘
] 0c¢ 0Od dz@ t@q’tgjﬁtih G 41100 17400 a8 L 1 1]\;1:::::'1 I“ ,\cp(?&.\;;ﬂ? no
f desh ' LOCBd O d i
] HhGbCGoj o Hd w
f Ol dg" & HB Is] 0 o o300 ) -
ftodsC L Oz dats’  gadzy 000 ¥ | et BE ) G
cFé $ i
Il " HimtskCtsoj 9 Hz ¢ oo ‘J_-;;mg;g
fOLS d¢' » HE Isj A= B
ftofsC L Odz dgts’  f ot 2094 %
¢cBe

Hn ] BO OjtboBCL Od ds@cBe S &Y dzj ¢ Mk
] 0ol dge 6100 e ——
] OS2 dza 5800
] Ot C3 dge 7800
I OGOt odg od2 | 24300
WlsOdzy’ ¥ cQjstett{ 3000 ~
) 06 Od O § &Bsh O | o000 )
f OtS ' dgc’ @D Is j to s’
] OC Odz' 2P O f bizts tz®
IS j 16 OCEED dz 44000

h

:I;ng?gzl dz teotftxifts h Gz 63300
]l " HitslsC s j 9 ' HdZ
f OtC' dz6' © HE Isj| 6931%
f s C L Oz dzts’ o dt




173

ltcsHtso ) § dzde'@ H 51

0 sl Stelsr g dzalzd

10L90O0 GsBO ' CIs 1l iztsh ® 4nj 30O
1 OcOdz' &zO  dzsh O
5 | & CHOeAGH 20000 |
@
) 06 Oz dzP toofisifh Gl ) 0o
f dzsh ' IsOotAds dzO dz
"HiBIsCtse ] 9 HC( )
cC " dz¢' 9 HEB Isg 50/50 % "

)|

)

ftoodsC L Odz! dets’™ Oz
cAe

©

dj s stels ¢c[ ' 9" o8 " dgjd2 | Odzed &zO | ¢
1 Oc Odz' d&z® ¢ dztsh| 37300 §

1 Oc Odz' oz teotftwifta M GBY

§ drsh 80 300

] HMmslsCtsoj o' H
f OtcC " dz@ ' © Hts| 46/54%
f tods S L Ocdz' dats’




174

1 OC ' dzwd jtsoatads

0jesf stels ¢ [HjMOe

1 OC Odz &0 { o
f OtC ' dz¢ ' o

16000

1 O O0dz dz0 f &
ftcdotsCL Odz o

39 000

41/59 %

1 OC Odz' &0 { o
f OtC ' dz¢ ' o

1 O Odzr d&zO ff o
f s § L Olszj dafsl

30'70%




[

s ZOMdW ' SOy W

Is @ tdd@ y dzts ¢

HOdz' dz' flss

SHOEBC

vl |

175

v OB dzdlyw

fjtejmOH

~ | B |7
o
— r g dnJ B30 § dzOdzlz 9 O dzdzW
o]
a o
S | s
*J
~ | | -
o =
— - . — Croanka na 50 m-p.
O i ¢ N . 7 Ps S <
1) " e NS, Tepminat D o | $=2100 w.xe,
9 3 ¥ C';(;;mca na|
M-M.
m P (frosmka ma 55 \ﬂw. . S=4}00 e (&1 oufu i 20? MM
— 8 $=2 600 m.iu. i “\6’&%} ‘{é.-'!"‘a, ‘I{-I\B'. L :::;1: M.KB. J
= 3 ™ \ p_9 /86900 a1l Y N 0 y
4] ’ —
9 — P, Baratopirecruii mapkinr #a 2000 vi-m.
$=16700 m.xR,
] iy S —
= - _—
5 & Pf\y
o |
® b Q@
“U m . 8ynuua Mefosa synuuys Megosa syniis Megosa <= N
- TapxyBarms’S=750 M Y
g - /. =
¢ 7 Tapxky Bans TapkyBans =
- TTapiyBarins S=5400 Mm% S=9800 m? !
=2 S=1650 M* /
N — =3
«© — 2 ; . g
s —s o 7 Z ///ﬁ
Aeposoksanbiazriona’S=30650 m*
1) o) O 7 by ”
= — ,/// Pl lapxyBanizS=2600 M
A
= / 74 2500 w2
1% - % /% Tepmitan D
s = &7 /oK
—t -
<

11400 m?

Tepminaxr A

S te@ defpelid Gjj oty fsts
of tg St j D HAR 2 dfCdztf M



1 OC " daw st

B —
-m ; n Sa:pgsgr;‘ 106905
’Q g ad :é_ 11302 afgggi{ ‘
apkyBanna’S=3000 m
-E NS N /A 1450 7, &
3 . o 29095/
(21
g E’ & © | [apky BaHHs! 23590 2
‘_' =10500 M TepMiEan
ny| =
80 2
—
) ‘
160365 |
=
b
I
o | e
—
1% o)
o]
bl e
—s
7| = | 8
< (@)
e //,/
o
W
S
O}
: - 75 /// A 1800M2 ///
S UL A 'Bﬂm = M /
‘.fn —s 8 /A 3am,n utoma’S= 58000\( /
7,
g : n
S
b
=g




177

[ BHOB G

t dil.) sdzkz © Odzdz" uQDiits S B tstd iy 2 j to J1dits :

{ dM2.) teasC L Odz' dgCO-Of dztahs®d )



