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INTRODUCTION

As Anysz (2017) writes, the field of the project man-
agement science aimed at reduction of the impact of 
risks of non-compliant implementation is the inter-
disciplinary science of risk management. Połoński 
(2015) defines risk management as qualitative and 
quantitative risk analyses. Skorupka (2007) interprets 
risk as a commonly known term often used in various 
areas of human activity. For this reason, in practice, 
the concept of risk is understood and defined in vari-
ous ways (Willett, 1951; Pfeffer, 1956; Regan, 2003). 
“Economists, who usually focus only on financial as-
pects, understand risk differently than engineers, who 
refer the problem of risk to disruptions in the operation 
of machines or production processes. Soldiers assess 
the risk of completing a task, and policemen treat the 
notion of risk as a threat to a potential citizen. Ordi-
nary employees often assess the risk of losing their 
jobs [own transl.]” (Skorupka, 2007, p. 33). It can be  

 
 
concluded that this fact determines the need to study 
the risk problem together with its detailed identifica-
tion, especially in the field of railway investments, 
where risk management can be defined as a strategy 
whose main goal is to introduce a risk control strategy 
to the planning of a project.

Particular care should be taken when implement-
ing a risk mitigation strategy to carefully plan a con-
struction site. From the beginning, one should make 
sure that it is resistant to disturbances (Kowalski, 
Połoński & Lendo-Siwicka, 2019). In the litera-
ture (Hastak, Lafayette, Univ, Halpin & Wanegas, 
1994; Linczowski & Sobczyk, 1996; Woodward, 
1997; Cleland & Ireland, 2002), there are various 
approaches to the definition and process of sched-
uling. It is important that this process is based on 
reliable input data, especially in terms of potential 
identified risk factors.
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As it was written by Kowalski et al. (2019), tra-
ditional risk management methods are largely based 
on the experience and intuition of the people who use 
them. According to the authors, in a situation where 
railway projects are becoming more and more complex 
and the requirements of entities financing construction 
projects are constantly growing, this approach may 
lose its importance in the near future. When managing 
risk, the most reliable methods are those which base 
their methodologies on real databases, especially in 
terms of potential threats.

Due to the fact that it is still being looked for a rel-
atively simple method of executive risk management 
which can be applied in construction practice, the au-
thors present the most important assumptions of an 
original method of scheduling railway investments in 
the article. The developed method is called the railway 
matrix of risk factors – RMRF. Using this method, the 
likelihood of completion of an investment in terms of 
original timing and cost is assessed. Using the proposed 
method, the impact of identified risk factors on the im-
plementation of a railway project can be assessed from 
the point of view of investors and contractors.

The risk assessment relates to the Design, the Build 
as well as the Design and Build contract types (scopes). 
The general assumption of the method is based on the 
correlation of the risks identified during the implementa-
tion of railway investments, previously identified by the 
authors on a national scale, with the specificity and con-
ditions of the implementation of newly planned invest-
ments. A detailed description of the method is presented 
in Kowalski (2021). The proposed method is also, in 
a sense, a modular method, because it has been designed 
in such a way that it is possible to re-evaluate the sys-
tem of risk factors (quantitatively, qualitatively) in the 
future, when it changes, and the developed scheme of 
the method remains unchanged. It should be emphasized 
that additional, newly identified risk factors can be in-
cluded already in the current version of the method.

The presented method is a proprietary proposal 
for scheduling railway investments and, through a de-
tailed correlation of risk with the relevant subtasks of 
the work breakdown structure – WBS (Project Man-
agement Institute [PMI], 2013), it will allow to deter-
mine the most likely possible completion dates and/ 
/or costs of individual stages of works and the entire  

construction project. The method does not interfere 
with the strategy of implementing contingency plans. 
The preparation of such plans and their implemen-
tation is left to the responsibility of the contractor’s 
staff, contract engineer or investor.

MaTeRIal aND MeTHODs

Having a list of potential identified risk factors, their 
quantitative analysis was performed. The obtained 
data were appropriately grouped into numerical sets 
and developed using appropriate statistical models 
available in the IBM SPSS Statistics 23 package 
(Kowalski et al., 2019). The results of these analyses 
are lists of risk factors which, according to the con-
ducted research, most often have the greatest impact 
on the course of works on railway contracts in Poland. 
The lists of identified risk factors have been published, 
inter alia, in Kowalski and Połoński (2019).

In order to determine the weights of each threat, 
detailed calculations were made using the original 
equations being a part of the proposed method. The 
equations are described in detail in Kowalski (2021).

The most important indicator is the risk index 
(WRi

rp) – equations (1)–(4).
Weight assessment of the risk factor (risk index):

–  for the Design stage:

  (1)

  (2)

–  for the Build stage:

  (3)

  (4)

where:
 – risk assessment index based on the weight 

for the i-th factor, affecting the duration of the invest-
ment both for the Design stage or the Build stage [%],

 – risk assessment index based on the weight 
for the i-th factor, influencing the investment cost for 
both the Design stage or the Build stage [%],



architectura.actapol.net 57

Kowalski, J., Lendo-Siwicka, M. (2021). Matrix of risk factors for railway construction projects. Acta Sci. Pol. Architectura, 20 (3),  55–61. 
doi: 10.22630/ASPA.2021.20.3.26

 – risk of the i-th factor for the 
Design or the Build stage affecting the investment 
time and cost [%],

  – normalized weight of the 
i-th risk factor affecting the investment duration (WD) 
or cost (WC) for the Design (ni

D) or Build (ni
B) stage.

When implementing the proposed method in the 
real investment process, the risk index (WRi

rp) is de-
termined automatically by completing the risk matrix 
(Fig. 1). 

In order to facilitate the execution of the necessary 
calculations, a proprietary, special calculation sheet 
was developed in MS Excel program. Based on user-
-defined data, this calculation sheet calculates a per-
centage weighting index for the individual risk factors. 
When implementing the method with “underlying risk 
factors”, the user is only required to specify the conse-
quence of the impact of a given risk factor (C), which 

should be entered in a specially defined field (risk ma-
trix – Columns 11 and 12 in Fig. 1). The remaining el-
ements were determined on the basis of the equations 
presented in Kowalski (2021). Due to the increased 
usability of the designed calculation sheet, it was de-
cided to allow future users to define three other threats 
which were not identified at the calculation sheet cre-
ation stage. New threats can be added to the end of the 
existing list of risk factors. It is also necessary for the 
user to define their weights (Columns 6 and 7 in Fig. 1). 
It is recommended to define the weights in min./max. 
intervals of the values of the underlying risk factors. It 
is sufficient to determine the value of the probability of 
occurrence labelled as P (Column 10 in Fig. 1 – scale 
0.0–1.0) and the consequences of the influence labelled 
as C (Columns 11–12 in Fig. 1 – scale 10–100%).

After quantifying the risk factors, they are corre-
lated with specific tasks in the process of implement-
ing a construction project (Table 1). This is a step to be 
taken by the manager who plans a venture. Therefore, 

Fig. 1.  Risk matrix. Design stage (own study)
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it is necessary to find which risk factor affects indi-
vidual real tasks included in the base work schedule 
and its structure of the WBS (Table 2).

Table 1.   Sample correlation of real tasks of the summary 
task X with risk factors (own study based on 
Skorupka, 2007)

Risk factor Task name
a1 A, C, H
a2 C, F, G
a3 B, C, D
a4 A, C, E
a5 C, D, E
a6 D, E, F, G
a7 C, D
a8 –
a9 H, I, B

Then, for each actual activity, the most probable 
task completion time is calculated, taking into account 
the risk factors. The calculation is made according to 
the following formulas and the calculation process 
itself is performed automatically by the calculation 
sheet (risk matrices – subsequent tabs).

 (5)

 (6)

where:

 – planned completion time of the j-th task for 
the Design stage or the Build stage,
T Tj

D
j

B
2 2, ,,  – the most probable duration of the j-th task 

for the Design stage or the Build stage, taking into ac-
count risk factors,

– weight risk assessment index for the i-th risk fac-
tor at the level of a construction project [%],
Z – number of risk factors.

As a consequence of the above actions, project 
teams will receive modified durations of all actual 
tasks, which, when applied to the previously created 
baseline plan, create an updated version of the sched-
ule taking the risk into account. From the schedule 
prepared in this way, it will be very easy to read the 
calculated values of deviations from the base, original 
deadlines for individual real tasks, summary tasks or 
adopted milestones.

Table 2.   Sample allocation of risk factors in the WBS structure of the schedule. Design stage (own study based on 
Skorupka, 2007)

Task name
Risk factor affecting individual tasks

∑ 
T1
or
K1

T2
or
K2

a1 a2 a3 a4 a5 a6 a7 a8 a9

Summary task X
 (Id = 1.1) x x x x x x x x

Id = 2.1.1 A

Id = 2.1.2 B

Id = 2.1.3 C

Id = 2.1.4 D
Summary task X
 (Id = 1.2) x x x x x x x

Id = 2.1.5 E

Id = 2.1.6 F

Id = 2.1.7 G

Id = 2.1.7 H

Id = 2.1.7 I

Id = 2.1.7 J

∑  – potential % increase of the original deadline for completing the task.
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Further calculations are presented on the example 
of task time, but the calculation procedure for costs is 
analogous. The results of exemplary analyses of the 
cost of implementation will be presented in later pub-
lications.

ResUlTs

The aim of the authors was to present a method en-
abling a reliable estimation of the timing of a given 
investment project even before its commencement. 
The presented calculation example illustrates the im-
portance of the problem in terms of planned imple-
mentation dates.

In accordance with the assumptions of the method, 
in the first step, the risk matrices were supplemented 
with regard to the consequences of the impact of indi-
vidual risk factors on the tested object, and the risk fac-
tors were correlated with individual tasks in the WBS. 
Subsequently, after the transformation of the new du-
rations to the MS Project program, a new investment 
duration was appointed along with deviations from the 
baseline (Fig. 2).

The example shows a small scope of the analyzed 
investment and the time exceeded over 30% in relation 
to the budget plan.

From the schedule prepared in this way, it is very 
easy to read the calculated values of deviations from 
the base, original deadlines, both for individual real 
tasks, summary tasks or adopted milestones.

DIsCUssION

The article deals with issues closely related to the 
scheduling (designing) of railway investments. The 
analyses genesis was the technical and economic 
problems of planning and implementing construction 
projects.

An example of calculating the probable project 
completion dates on the basis of the proposed method 
was presented on the example of the schedule for the 
construction of the E20 railway line – POIiŚ 7.1–9.1 
project. The contract under study was implemented in 
accordance with the FIDIC Yellow Book procedures 
(Sørensen, 2019), so the contractor was responsible 
both for the preparation of design documentation and 

fig. 2.  Base plan and schedule update after taking into account the results of the risk analysis. Design stage (own study)
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the implementation of works. This method of contract 
implementation influenced its course as well as the 
responsibility and commitment of individual partici-
pants. The scope of works included the modernization 
of three railway stations and selected route sections 
between these stations on railway lines owned and  
operated by PKP Polskie Linie Kolejowe S.A.

As the entire detailed schedule included many 
tasks, the article presents an exemplary analysis of its 
fragment concerning the Design stage of the Railway 
Station 1 (within the scope of preparing a construction 
design).

CONClUsIONs

The main conclusion resulting from the calculations 
can be formulated as follows: by setting new probable 
durations of T2 tasks, it is possible to build a schedule 
which, to some extent, takes potential threats into ac-
count, and thus increases the probability of meeting 
the deadline. Thanks to this, the user is able to plan 
his activities more precisely and to be better prepared 
for the implementation of the facility and meeting the 
planned budget.

An important element increasing the usefulness 
of the method is its ease of use. It was assumed that 
the easy-to-apply method would be more willingly 
implemented by teams planning Polish railway under-
takings. The great advantage of the proposed method 
is that it can be used by all parties to the investment 
process.
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MaTRyCa CzyNNIków Ryzyka Dla pROjekTów kOlejOwyCH 

sTReszCzeNIe

W artykule przedstawiono główne założenia oryginalnej metody do harmonogramowania inwestycji kolejo-
wych w Polsce z uwzględnieniem czynników ryzyka w trakcie ich realizacji. Czynniki ryzyka zostały ziden-
tyfikowane przez autorów w trakcie szeroko zakrojonych badań i analiz. Na podstawie proponowanej me-
tody przyszły użytkownik będzie mógł wyznaczyć najbardziej prawdopodobny koszt oraz szacunkowy czas 
trwania planowanej inwestycji. W artykule przedstawiono również implementację metody w rzeczywistym 
procesie inwestycyjnym w zakresie czasu jej realizacji. Podczas projektowania metody przyjęto założenie, 
że nieskomplikowana we wdrożeniu i wsparta odpowiednim programem obliczeniowym metoda zmotywuje 
zespoły planujące realizację przedsięwzięć kolejowych do jej implementacji w rzeczywistych procesach re-
alizacyjnych i zwiększy wiarygodność opracowywanych przez nie harmonogramów.

słowa kluczowe: identyfikacja zagrożeń, ryzyko, inwestycje kolejowe, planowanie robót budowlanych, ma-
cierz ryzyka




