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ABSTRACT

The article presents main assumptions of an original method for scheduling railway investments in Poland,
taking into account the risk factors during their implementation. The risk factors were identified by the au-
thors during extensive research and analysis. Based on the proposed method, a future user will be able to
determine the most likely cost and duration of a planned investment. The article also presents the implemen-
tation of the method in a real investment process (construction project) in terms of its implementation time.
When designing the method, it was assumed that the method which is not complicated to implement and is
supported by an appropriate computational program will motivate teams planning railway projects to imple-
ment them in real implementation processes and increase the credibility of their schedules.
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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. Potonski
(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
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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,
Potonski & 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
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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 Potonski (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
(Wy/?) — equations (1)—(4).

Weight assessment of the risk factor (risk index):
— for the Design stage:

W = R - wDn” )]
w = R™ -WCn) )
— for the Build stage:
WhE = RP® . wDn® 3)
W = R . WCn? “4)
where:

WP, W’ —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 [%],
WP, Wy —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 [%],
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RPP R, R”® R — risk of the i-th factor for the
Design or the Build stage affecting the investment
time and cost [%],

wD?,wCh,wD2, wC? — normalized weight of the
i-th risk factor affecting the investment duration (WD)

or cost (WC) for the Design (n,”) or Build (n7) stage.

When implementing the proposed method in the
real investment process, the risk index (W,/?) 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,

Risk Matrix_Desigs Stage
Assessment of the Team Asscsument of the Team
5 e A R e
Weight of | Weight of Probablity of| s ofthe expected | i terms of he expected : |
No. Factors of ideatified threats e | | [y | oo oGt [P weght | [scala 00 Gl himpct | B e | e sk i
r M foer [ maer | RE | TR b0y | o8 Bvem sk factorca the | ofagien ik fcor cmthe | 9 O e [ k)
WDi | WG = time calousted in * cot, cakulated in % IRI cond Wi W
[scala 10 -100%] [scala 10 -100 %) [tme] [time] [con)
c c
L] 12] (VNN U] lul 181 1] (10} (L]} 2 1y 14 %) 116)
T ik R et i 2 |ss02/3188| 2280 | 2280 | 043 0160 0502 95% 80% 0887 0721 11.40% | 1156%
lmproperly estmated deadine for the — 1 1
2 |development of project docamentasoaby he | 6 [ 5000/3749| 0827 | o648 | 0048 0046 0813 [N 20% 0528 0163 2ss% | 074%
3 | oo memy extcometinnthutions evabved I e} B8 | 27975 1255 | I o | V0 B W0 0.051 0.768 9% 30% 0691 020 | 4% | 1
] l“‘““"""ﬁ-_"’;“""w"‘“""" T |4em2t6s| 134 | 133 | oom 0094 0.566 %% 0% 0719 0433 630% 4.06%
g [Bmorsinthe conceptual design documentation | o |y 30| 0865 | ome | o0nse 0058 0.768 $5% 0% 0,683 0,384 3.29% 2.21%
from the tender stage | | | |
Problemms wih obtamng current maps for = A - e - o -
6 project T = 1 6482|327 2604 | 22 0152 0.15 0893 100% 100% 0893 0893 13.57% 14.01%
)l A s i o ot 3 |s3s72860| 1962 | 14m | oms 0.103 0887 948 a0 0814 0429 933% 443%
#h exsernal
Problems with reconciliation of project
8 |documentation with itermall companses fom | § [ 4.598|2846| 1208 | 0908 | 00% 0.064 0.7%6 9% 0% 0746 0393 £20% 241%
|the PKP ((Polish lavestor) grovp
Problems with recoociation of project
docamentation with the owners of techescal
433927 2 4 [ 7 4.5 254
sl e | | 399(2730| 1049 | 0520 | 0361 0.068 0.786 980 0% 0746 0393 % s
| (Polish Ivestor) |
Loag-term procedures for agreeing project
10 | documentasion withia PKP PLK (Polsh 4 |s107|2960| 1610 | 1084 | 0094 0024 0.768 5% % 0.653 0.461 614% | 341%
Jlvestor) ! S - ] |
Problems with the acceptance of project 205 | 294 2 78 T ] 458 0.45%0 2% 8,
n Tk Ca 15 |3205|2041) 0123 | 007 | 0007 0.008 0.563 0% [N 48 0283 on% | o
Coemissioning Party don't have a set of legal
12 | documents regarding e arcaplamedforhe | 10 | 443513102 0907 | 0653 | 0083 0046 0366 90% 8% 0329 o128 1% | 0sen
_Emvestment withn the deadine
Obtaming the decison on bulding permits.
13 | delayed doe to the fauk of the Commissicning | 14 | 3509 3350 0068 | 00s9 | 0004 0004 0458 5 20% 02% 0091 010% | 00u%
Paty { ! 4 :
14 :‘:"‘““"_":‘"""“"""“" | B |4as|3| o315 | 0209 | oot6 0015 €509 o 0% c2s4 0.102 o41% | 015w
The decision oa brdding permits delayed de
15 1o the fiask of the external st ¢ ¢ addiiosd | § 5027 3620 0892 | 0841 | 0082 0259 0643 0% o 0386 386 201% 225%
| iagesments
Fig. 1. Risk matrix. Design stage (own study)
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

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
a, A,C,H
a, C,EG
as B,C,D
ay, A,CE
as C,D,E
as D,E,F,G
a; C,D
ag -
aqy H,ILB

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).

Table 2.
Skorupka, 2007)

z p
=T+ (X T )
z 1y
TZ{?j = Tllj + (2‘/=|WRIP ' Tﬁ) (6)
where:

" Tli — planned completion time of the j-th task for

Lj?

the Design stage or the Build stage,

T, T,’, — the most probable duration of the j-th task
for the Design stage or the Build stage, taking into ac-
count risk factors,

W'— 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.

Sample allocation of risk factors in the WBS structure of the schedule. Design stage (own study based on

Risk factor affecting individual tasks T T,
Task name Swr or or
a, a, a a, as ag a; ag aq w K, K,
S(]il(;ninii rly) task X X X X X X X X X
[d=2.1.1A /8 w?”
1d=2.12B w” w”
[d=2.13C wr o w”  ow” W o o
: : RDD - RDD DD RDD
1d=2.14D w, W, W, We
Summary task X X X X X X X X
(Id=12)
[d=2.15E wy ow)” -
Id=2.16F W w
1d=2.17G w.” w.”
Id=2.1.7H w,” W’
[d=2.1.71
d=2.1.77 W’

> W:D — 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).

New Basic

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 — POIiS 7.1-9.1
project. The contract under study was implemented in
accordance with the FIDIC Yellow Book procedures
(Serensen, 2019), so the contractor was responsible
both for the preparation of design documentation and

Vanation ow maj ae hp sie WrZ paz his Qru sty

Task Name w»  Duratio * Plan -
1 |Station 1 S511dn 392dn 119 dn
1.1 Preparatory works 286dn  230dn S56dn
1.2. Construction project 222dn  165dn 57 dn
9 1.2.1. Technical conditions for reconstruction - 78 dn 58 dn 20dn  e— T
receipt
1.2.2. Construction project-execution 75dn  55da  20dn — ]
1.2.3. Agreement with PKP Energetyka 18dn  16dn 2dn R
1.2.4. Reconciliation of documentation by 31dn  21dn  10dn — "
railway companies (PKP Energetyka, PKP
Telekom) and other network operators
1.2.5. Agreement on the construction designby 28dn  20da  Sdn b

the Engineer and by the Polish State Raillways
(ZOPD)

14 1.2.6. Sending the construction design -tobe 7 dn 5dn 2dn

agreed with the project documentation
reconciation department (radway areas, civil

areas)
15 1.2.7. Obtaming an agreement with the project 34 dn 27 dn 7 dn =
documentation reconciliation department
(radlway areas, civil areas)
16 1.3 Preparation of applications and obtaining 386dn 302dn S4dn
administrative decisions
1.4 Detailed design 253dn 198dn  S55dn
LEGEND:
- basing plan deviations from the basing plan
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 T, 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 CZYNNIKOW RYZYKA DLA PROJEKTOW KOLEJOWYCH

STRESZCZENIE

W artykule przedstawiono gldwne zalozenia oryginalnej metody do harmonogramowania inwestycji kolejo-
wych w Polsce z uwzglednieniem czynnikow ryzyka w trakcie ich realizacji. Czynniki ryzyka zostaty ziden-
tyfikowane przez autorow w trakcie szeroko zakrojonych badan i analiz. Na podstawie proponowanej me-
tody przyszty uzytkownik bedzie mogt wyznaczy¢ najbardziej prawdopodobny koszt oraz szacunkowy czas
trwania planowanej inwestycji. W artykule przedstawiono roéwniez implementacj¢ metody w rzeczywistym
procesie inwestycyjnym w zakresie czasu jej realizacji. Podczas projektowania metody przyjeto zatozenie,
ze nieskomplikowana we wdrozeniu i wsparta odpowiednim programem obliczeniowym metoda zmotywuje
zespoly planujace realizacje przedsiewzie¢ kolejowych do jej implementacji w rzeczywistych procesach re-
alizacyjnych i zwickszy wiarygodnos$¢ opracowywanych przez nie harmonogramow.

Stowa kluczowe: identyfikacja zagrozen, ryzyko, inwestycje kolejowe, planowanie robot budowlanych, ma-
cierz ryzyka
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