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ABSTRACT�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 specifi c and complex construction workfl ows are grouped by the components 
of the railway marshalling yard.

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

The key construction fl ow 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 Кf).

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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АННОТАЦИЯ�Разработана методика организационно-технологического проектирования переустройства железно-
дорожных станций. Учитывается перерабатывающая способность станции и определяется порядок 

этапности осуществления подготовительных и основных работ. Обосновывается размер фронта работ подрядной строи-
тельной организации, позволяющий обеспечить оптимальную производительность станции. Объемы и фронты работ для 
специализированных и комплексного потоков группируются по элементам железнодорожной сортировочной станции.

Определена оптимальная величина (в процентах от общей сметной стоимости объекта) размера фронта работ комплек-
сного потока F, которая рассчитывается по величине оптимальной для данных условий производства строительных или 
реконструктивных работ, перерабатывающей способности станции Nв.
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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:

•  sequence of specifi c, facility-level and complex con-
struction fl ows;

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

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

•  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 eff ective 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 

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 fl ows 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]. Specifi c and 
complex construction fl ows 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;

•  construction and upgrading of power supply sys-
tems;

•  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 diffi  culties in delivery and 
storage of materials and machinery at the construc-
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tion site, hence making it diffi  cult to use them at the 
scheduled time intervals. This complicates smooth con-
struction workfl ows 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 specifi c and complex con-
struction fl ows are grouped by railway marshalling 
yard components (Fig. 1).

Technological layout of specifi c construction fl ows 
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 artifi cial structures;

•  construction of electrifi cation lines;

•  construction of servicing and technical buildings.
Т

sr.s.s.
 = (t1komp.p.

 + t2komp.p.
 + t3komp.p.

)К
s
 is the duration of 

complex construction or reconstruction fl ows of a mar-
shalling yard and it is equal to the duration of construc-
tion fl ows of the receiving park (1), sorting park (2), 
and departure park (3) taken together taking into con-
sideration the coeffi  cient of construction sequence K

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

•  t'
G1 is the time of installation and laying the RP entry 

neck switches;

•  t
PPP

 is the time of RP track laying;

•  t"
G1 is the time of installation and laying the exit neck 

tracks of the receiving park RP;

•  t'
G2 is the time of installation and laying the entry 

neck switches of the sorting park SP;

•  t
PSP

 is the time of laying the sorting park tracks SP;

•  t"
G2 is the time of installation and laying exit neck 

tracks of the SP;

•  t'
G3 is the time of installation and laying the entry 

neck switches of the departure park DP;

•  t
PPO

 is the time of the departure park tracks;

•  t"
G3 is the time of installation and laying of switches 

of the departure park.
The design of a complex construction fl ow for the 

construction or redevelopment of a marshalling yard 
should take into account the following specifi cs:

a) construction fl ows 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, effi  cient 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 fl ow F is determined by the val-
ue of the optimal working capacity of the station N

P
 for 

given conditions of construction or renovation work.
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Fig. 1. Scopes of specifi c workfl ows 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; tG is duration of specifi c fl ow for neck construction; tPPP is the time for laying TS of RP; tPSP is the time for laying TS 

of SP; tPPO is the time of laying TS of DP
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The specifi c construction fl ows include:
— specifi c construction fl ows for separate parks 

(with allocated work scopes within the corresponding 
park) including part of station necks;

— end-to-end specifi c construction fl ows.
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 diff erent variant parameters. This system 
includes natural, fi nancial, 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 specifi cations and 
diff erent surveys describe separate factors without the 
relationship between them. Diff erent options should 
be evaluated based not only on the technological work 
sequencing analysis (e.g., coeffi  cient of construction 
fl ow sequence), but also on the fi nancial 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 eff ectively.

Initially, the key model (with maximum scheduled 
time) is designed based on the standard input data, 
standardized time values and production fl ow charts 
for a certain type of construction. To manage railway 
construction more eff ectively, 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 

adjusted to reduce the work scheduled time and make 
more eff ective utilization of the machinery, work force 
and fi nancial resources.

Every next variant is designed based on the short-
est possible construction time with the best possible 
workfl ow 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 diff erent combinations of the calculated cost com-
ponents.

After the work scopes and technological charts are 
established, diff erent time schedules with the defi ned 
workfl ow sequence coeffi  cients are drawn. They are:

•  K
srp

 is the coeffi  cient of work schedule sequence of 
the receiving park (RP);

•  K
srp

 is the coeffi  cient of work schedule sequence of 
the sorting park (SP);

•  K
sro

 is the coeffi  cient of work schedule sequence of 
the departure park (DP).
The optimal variant is one with the rational se-

quence coeffi  cient of K
s
. The key variants of construc-

tion fl ow management based on the optimal coeffi  -
cient of workfl ow sequence, reduction of the cost of 
construction and installation works (current costs S), 
and eff ective utilization of capital investments in ma-
chines and mechanisms (one-time costs K

f
) have been 

developed by the authors.
The value of the rational sequence coeffi  cient 

for diff erent management and technological charts 
(Fig. 3) corresponds to the intersection of dependence 
curves of current costs on the cost of works (ΔC1-j) 
and one-time costs in the form of capital investment 
(ΔK

F1-j).
This graphic correlation gives a general under-

standing how to determine a rational management 
and technological indicator. In this aspect, several op-
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Fig. 2. Dependence of the railway station capacity (NP, thous. 
carriages/day) on the volume of work scopes F of streamlined 

construction fl ows where F1, F2, F3 are the scopes of preliminary 
construction workfl ows 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)

Fig. 3. Determination of the rational sequence coeffi cient: 1 is 
KSOVM = f(∆KF1-j); 2 is. KSOVM = f(∆C1-j)
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tions of rational indicators can be determined depend-
ing on the components infl uencing the economic eff ect 
(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 eff ect 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-
fi ed 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 effi  ciency of construction pro-
duction management can be increased by defi ning a 
rational amount of resources within a limited work 
scope. Therefore, considering the increasing volumes 

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 insuffi  cient 
statistical data because of the diffi  culty 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 specifi ed 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 diff erent parameters. 
For example, at the WPP level, it is suffi  cient 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 eff ect of early commis-
sioning of a railway station facility should be taken into 
account. At the CMP level, the eff ect of capital invest-
ment distribution and the eff ect 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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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
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