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ABSTRAC This paper presents a methodology for construction engineering management of railway station redeve-

lopment. The station working capacity is taken into account and the stages of preliminary and main works
are determined. The scope of work to be performed by a building contractor is substantiated to provide an optimal station
performance. The volume and scopes of work for specific and complex construction workflows are grouped by the components
of the railway marshalling yard.

The optimal volume of work of the complex flow F has been determined (as a percentage of the total estimated cost of the
facility). The station working capacity Ne has been taken into consideration in correlation with the given conditions of construc-
tion or renovation works.

The key construction flow management options have been worked out based on the optimal index of construction work
sequence, prime cost reduction of construction and installation works (current costs C), and effective capital investments into
machines and mechanisms (one-time costs Kf).

The proposed methodology for construction management and engineering solutions is oriented to general contracting and
subcontracting companies of the railway construction sector. This methodology is intended to lower the prime cost of construc-
tion and installation works and to reduce the time of construction and redevelopment of railway stations.
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AH HOTA M PaspaboTtaHa MeToamMKa OpraHM3aLMOHHO-TEXHOOMMYECKOr0 NPOEKTMPOBaHMS NepeyCcTPOMCTBa XKeNe3Ho-
I_l [LOPOXHbIX CTaHLMIA. YunTbiBaETCA NepepabaTbiBatolLas CNOCOOHOCTb CTaHLMM M ONpeaenseTcs nopsnok
3TanHOCTM OCYLEeCTBNEHMS NMOATOTOBUTENbHbIX M OCHOBHbIX paboT. O60CcHOBbIBaeTCS pasmep GpoHTa paboT NoApSAHONM CTPOU-
TeNbHOM OpraHu3aumm, NO3BONSAIOWMI 06ecneynTb ONTUMabHY NPOU3BOAUTENbHOCTb CTaHLUMU. O6beMbl U GPOHTLI paboT ans
CNeunann3MpoBaHHbIX M KOMMIEKCHOrO MOTOKOB FPYNMMPYIOTCS MO 31EMEHTAM Xele3HOA0POXKHON COPTUPOBOYHOM CTaHLMU.
OnpeneneHa onTMManbHas BeMYMHA (B MPOLEHTax OT 0bLLelt CMeTHOM CTOMMOCTM 06bekTa) pasmMepa GpoHTa paboT komniek-
CHOro MoToKa F, KOTOpas pacCYMTbIBAETCA MO BEIMYMHE ONTUMANbHOM ANS OAHHbIX YCIOBMI MPOU3BOACTBA CTPOUTENbHbLIX UK
PEKOHCTPYKTUBHbIX paboT, nepepabatbiBatoLLeit cnocobHoCcTH cTaHumu Ne.
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Pa3p360TaHbI OCHOBHbI€ BapUaHTbl OpraHn3auun CUCTEMbI CTPOUTENbHbLIX MOTOKOB MO KPUTEPUIOD ONTUMAJIbHOIO KOS(D(DIALI,VIEH-
Ta COBMELLEHMS, CHUXKEHMS cebecTonMOoCTH CTPOUTENNbHO-MOHTAXHbIX pa60T (TEKyLIJ,l/Ie 3aTpatbl C); BCDCDGKTVIBHOMV MCNosib30BaHUIO
KAnWUTaNbHbIX BIOXXEHUM B MALUMHbBI U MEXAHU3MbI (Kf €OMHOBPEMEHHbIE 3anaTbI).

I'Ipe,u,naraeMaﬂ MeToAUnKa Bbl60pa OpPraHM3auMOHHO-TEXHOTOTNYECKUX peIJJeHl/Il;I npegHasHavyeHa ona neatenbHOCTU TeH-
noapanHbIX U Cy6|'|0,£l,pﬂ,EI,HbIX OpFaHl/IBELll/IVI XKENE3HOAO0POXHOro CTpOUTENDBCTBA,; NO3BOJIUT CHU3UTDb ce6ecTonMoCTb CTPOUTENDBHO-
MOHTaXHbIX pa60T, COKpPaTUTb CPOKK CTPOUTENTbCTBA U PEKOHCTPYKLMU XKENe3HOLOPOXKHbIX CTaHUMNA.

KJIO4EBDIE C/10B

, XKenesHogopOoXKHble CTaHUMK; KO3 ULMEHT COBMeLLeHUS; GPOHT paboT; cnucteMa CTpouTesb-
+ HOro noTtoka; nepepabarbiBatoLLas CNOCOOHOCTb CTaHLMI; dopMoobpa3oBaHMe KOMMeKCa

paboT; pauMoHanbHbIN KO3OOULMEHT COBMELLEHMS; METOAMKA ONTUMMU3ALMK; ONTUMMU3ALMUS
OpraHU3aLMOHHO-TEXHONOTUYECKMUX PELLEHWIA; TEXHONOMMYeCcKas KOMMNOHOBKA; KO3ddULMeHT

coBMelleHna NoTokos

[ins untnpoeauusa: KabaHos A.B., Mapwasura O.A. Pa3paboTka opraH13aLnOHHO-TEXHONOMMYECKMX PELLEHMIA NO NepeyCcTPOMCTBY
Kene3HoLOPOXHbIX cTaHuuii // Tpancnopt BPUKC. 2023.T. 2. Bein. 1. C. 5. https://doi.org/10.46684/2023.1.5.

INTRODUCTION

Modern methods of planning, designing and imple-
mentation of work on construction and development
(or/and re-development) of railway stations and junc-
tions are characterized by a variety of construction
management and engineering solutions and the best
ones are chosen [1-4] taking into account the follow-
ing aspects:

e sequence of specific, facility-level and complex con-
struction flows;

e phases of construction and separate commissioning
of yards, tracks and station facilities;

e management and engineering solutions for the ba-
sic labour-intensive work on construction and up-
grading of the earth bed, artificial facilities, water
supply system, servicing facilities, railway automa-
tion and telemechanic devices, as well as the entire
complex of track-laying and ballasting works;

e requirements to ensure safety of work and train
movement on the construction site.

It is necessary to develop a methodology for man-
agement and technological planning of railway con-
struction facilities to generate effective decisions
on railway station reconstruction, reduction of the
estimated cost of construction, optimization of con-
struction time, reduction of construction work costs,
and making better use of construction machines and
transport.

MATERIALS AND METHODS

The materials used in the survey are the design
documentation sections on construction and redeve-
lopment of railway marshalling yards, design docu-
mentation on construction management plan (CMP),
and complex management and engineering designs on
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the construction of complex facilities connected with

train movement.

Marshalling yards are part of a large class of rail
freight station systems designed to receive, handle and
distribute freight car flows according to their destina-
tions. The main components of such stations are recei-
ving park (RP); sorting park (SP) and dispatch park (DP)
[5, 6].

The sequence and phases of preparatory and main
works is determined taking into account the working
capacity of the station. The scope of works to be com-
pleted by a building contractor is substantiated so that
the optimal working capacity of the station can be en-
sured.

During the construction and redevelopment of rail-
way marshalling yards and phased commissioning of
facilities, the work is carried out while trains are run-
ning on existing or new tracks [4, 7-9]. Specific and
complex construction flows are grouped into the fol-
lowing types of works:
construction of interconnection tracks;
construction of new main tracks;
extension of receiving-and-departure tracks;
reconstruction of existing humps;
construction of additional marshalling systems;
laying of additional access tracks;
reconstruction of turnouts and lead track switches;
reconstruction and upgrading of railway automa-
tion and telemechanics systems (RAT) of receiving-
and-departure tracks;

e construction and upgrading of power supply sys-
tems;

e reconstruction and upgrading of railway signalling
(RAT) and humping equipment of marshalling sys-
tems.

The linear character of the facilities and continuous
train movement can cause difficulties in delivery and
storage of materials and machinery at the construc-
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Fig. 1. Scopes of specific workflows during construction and redevelopment of a marshalling yard: 1"is entry neck of receiving park
(switches, retarders); 1 is track structure (TS) of receiving park; 1” is exit neck of receiving park; 2'is entry neck of sorting park (SP);
2 is TS of sorting park; 2" is exit neck of sorting park; 3'is entry neck of departure park (DP); 3 is TS of departure park; 3" is exit neck

of departure park; t. is duration of specific flow for neck construction

of SP; ¢

PPO

tion site, hence making it difficult to use them at the
scheduled time intervals. This complicates smooth con-
struction workflows and entails downtime of works. It
is also a managerial and technological challenge to esti-
mate the exact scopes and terms of construction works
when the railway station facilities are commissioned
in phases [10, 11].

Volumes and scopes of specific and complex con-
struction flows are grouped by railway marshalling
yard components (Fig. 1).

Technological layout of specific construction flows
includes:
installation of switches and station neck tracks;
laying station yard tracks;
installation of railway automation devices and con-
nection of necks and tracks to the electric interlock-
ing system;
construction of artificial structures;
construction of electrification lines;
construction of servicing and technical buildings.
Tooo ™ Whompp. ™ Likompp. + Lstompp K 1S the duration of
complex construction or reconstruction flows of a mar-
shalling yard and it is equal to the duration of construc-
tion flows of the receiving park (1), sorting park (2),
and departure park (3) taken together taking into con-
sideration the coefficient of construction sequence K

tlkomp.p. = tél + tPPP + tgl’
tzkomp.p. = tt'SZ + tPSP + tL';'z;

t3komp.p. = té;s + tPPO + t(';’S’
KS = [KSpp; KSsp; KSpo]'

The scheduled time for the construction of a marshal-
ling yard:

t., is the time of installation and laying the RP entry
neck switches;

t,pp is the time of RP track laying;

t., is the time of installation and laying the exit neck
tracks of the receiving park RP;
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is the time for laying TS of RP; t

PSP

is the time for laying TS

s opp

is the time of laying TS of DP

t;, is the time of installation and laying the entry
neck switches of the sorting park SP;

t,p is the time of laying the sorting park tracks SP;
t., is the time of installation and laying exit neck
tracks of the SP;

t., is the time of installation and laying the entry
neck switches of the departure park DP;

t,po 18 the time of the departure park tracks;

t, is the time of installation and laying of switches
of the departure park.

The design of a complex construction flow for the
construction or redevelopment of a marshalling yard
should take into account the following specifics:

a) construction flows should not interfere with the
main tracks and switches on the train routes across the
station;

b) the station tracks and switches should be occu-
pied for the shortest possible time;

c) extensive volumes of work should be divided into
phases;

d) each phase should provide the optimal scope of
uninterrupted work, comprehensive mechanization
of construction, efficient use of machinery, and highly
productive crews.

RESULTS AND DISCUSSION

The scope and type of each phase (scope of work)
should be calculated in accordance with the general
volume of main works on the station development,
scheduled construction time and the minimal possible
disturbance of the station’s working capacity [12-15].

The studies (Fig. 2) conducted by the authors have
shown that the optimal value (as a percentage of the
total estimated cost of the facility) of the scope of com-
plex construction work flow F is determined by the val-
ue of the optimal working capacity of the station N, for
given conditions of construction or renovation work.
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Fig. 2. Dependence of the railway station capacity (N,, thous.
carriages/day) on the volume of work scopes F of streamlined

construction flows where F,, F,, F, are the scopes of preliminary

construction workflows before reducing the working capacity
of the corresponding stations (1 — during construction of
railway marshalling yard; 2 — during reconstruction of stations
equipped with hump and successive car distribution; 3 — during
reconstruction of stations with parallel car distribution)

The specific construction flows include:

— specific construction flows for separate parks
(with allocated work scopes within the corresponding
park) including part of station necks;

— end-to-end specific construction flows.

Construction machines such as jib cranes and
track-laying cranes for laying track switches and pre-
assembled track lengths by elements and blocks can
be a variable parameter. The sustainability of railway
construction solutions is measured by the appraisal
system with different variant parameters. This system
includes natural, financial, managerial, technological
and other performance criteria.

The analysis of the existing preparation work to
be carried out for the railway station redevelopment
shows that the standard technical specifications and
different surveys describe separate factors without the
relationship between them. Different options should
be evaluated based not only on the technological work
sequencing analysis (e.g., coefficient of construction
flow sequence), but also on the financial analysis of the
given facility construction. To design rational manage-
ment and engineering models for the station redeve-
lopment, it is necessary to identify and use these inter-
related factors effectively.

Initially, the key model (with maximum scheduled
time) is designed based on the standard input data,
standardized time values and production flow charts
for a certain type of construction. To manage railway
construction more effectively, it is necessary to look for
a variant with reduced construction time and an ef-
fective distribution of resources. Therefore, the initial
data of the work time schedules as well as the man-
agement, engineering and economic indicators are
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adjusted to reduce the work scheduled time and make
more effective utilization of the machinery, work force
and financial resources.

Every next variant is designed based on the short-
est possible construction time with the best possible
workflow sequence, the highest possible rhythm of
work and the maximum intensity of work without
interruption. A shorter work production time with
improved management and engineering indicators
increases the concentration of capital investments
in the construction of the facility and capital assets.
However, a variant‘s productivity depends on the re-
duced costs of construction and installation works. At
the same time, a variant’s productivity may depend
on different combinations of the calculated cost com-
ponents.

After the work scopes and technological charts are
established, different time schedules with the defined
workflow sequence coefficients are drawn. They are:

e K, is the coefficient of work schedule sequence of
the receiving park (RP);

* K, is the coefficient of work schedule sequence of
the sorting park (SP);

e K_ isthe coefficient of work schedule sequence of
the departure park (DP).

The optimal variant is one with the rational se-
quence coefficient of K. The key variants of construc-
tion flow management based on the optimal coeffi-
cient of workflow sequence, reduction of the cost of
construction and installation works (current costs S),
and effective utilization of capital investments in ma-
chines and mechanisms (one-time costs Kf) have been
developed by the authors.

The value of the rational sequence coefficient
for different management and technological charts
(Fig. 3) corresponds to the intersection of dependence
curves of current costs on the cost of works (ACH.)
and one-time costs in the form of capital investment
(AK,,).

This graphic correlation gives a general under-
standing how to determine a rational management
and technological indicator. In this aspect, several op-

MUP
SOVM; _

MUP MUP
1 2 ACir Akt

Fig. 3. Determination of the rational sequence coefficient: 1 is
Koo = fIBKF, ); 2 is. Ky, = IAC, )

sovM
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The volume of work performed on the infrastructure

of railway station in state investment projects
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Fig. 4. Dynamics of investment in the construction and
redevelopment of railway stations (investment projects of
the railway infrastructure development): 1 — at the North -
West ports approaches; 2 — at the the Azov - Black Sea ports
approaches; 3 — at the BAM eastern part

tions of rational indicators can be determined depend-
ing on the components influencing the economic effect
(e.g. reduced cost of work, reduced cost of capital as-
sets, etc.).

The study showed that changes in management and
technological indicators have the greatest effect on the
change of construction and installation work costs (the
correlation ratio is 0.802), particularly, such compo-
nents as the cost of construction machine and device
operation (the correlation ratio is 0.908) and the cost
of production workers’ wages and salaries (the correla-
tion ratio is 0.807).

The schedul models for redevelopment and con-
struction of station infrastructure within the state
investment project of railway infrastructure devel-
opment were analyzed. The volume and type of each
phase (work scope) was established depending on the
total volume of the station general development, speci-
fied construction time with the minimal disturbance of
the station working capacity.

The proposed method for the station’s manage-
ment and technological optimization of construc-
tion is of current interest because national projects
on railway transport development [1] envisage a
large volume of work (30-40 % of the total) on the
construction and renovation of station infrastructure
facilities (Fig. 4). The efficiency of construction pro-
duction management can be increased by defining a
rational amount of resources within a limited work
scope. Therefore, considering the increasing volumes
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of this type of construction, the proposed method will
reduce the cost of construction and installation works,
and shorten the time of construction and renovation
of railway stations.

The dependence of management and engineering
parameters on technical and economic parameters
has so far been poorly investigated due to insufficient
statistical data because of the difficulty of generating a
large number of time schedule models. The proposed
method for optimal work scheduling calculations uses
the diagrams obtained from the Microsoft Project sys-
tem, which makes it possible to automatically deter-
mine the variant’s technical, economic, management,
and engineering parameters given the specified scopes
and resources. The variant’s cost estimation can be im-
ported with the help of the GOSSTROYSMETA cost esti-
mate programme as it contains an MS Project estimate
export.

CONCLUSION

The proposed method for management and engi-
neering solutions is designed for general contracting
and subcontracting railway construction companies.
The above mentioned dependencies can be interpreted
on the level of work production projects (WPP), work
management projects (WMP) and construction man-
agement projects (CMP) based on different parameters.
For example, at the WPP level, it is sufficient to use the
parameter of cost changes in construction and instal-
lation works and capital investment changes in capital
assets by changing management and engineering in-
dicators. At the WMP level, the effect of early commis-
sioning of a railway station facility should be taken into
account. At the CMP level, the effect of capital invest-
ment distribution and the effect of early commission-
ing of the entire station complex into operation should
be taken into account as well.

The analysis of time schedule models for recon-
struction and construction of station infrastructure
facilities included in the state investment project of
railway infrastructure development at the North-West
ports approaches showed that the cost parameters
were reduced by 6-8 % of the total estimated cost of
the facility. It was possible due to the use of the meth-
od of choosing the optimal work management model
for marshalling yards. As the industry guidance docu-
ments have not been updated for a long time, the meth-
odology presented in this paper can be of great practi-
cal importance.
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