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Key Issues Related to Permanent Way in the Work 
of Professor Henryk Bałuch

Andrzej MASSEL1 

Permanent Way is a  term covering the design, 
construction and maintenance of railroads, including 
both the structure and geometric layout of the track. 
Under the current classifi cation, permanent way is-
sues fall within the fi eld of engineering sciences, in the 
discipline “civil engineering, surveying and transport” 
[34]. Th is discipline combines the design, construc-
tion and operation of railways and includes issues re-
lated to earthworks engineering, railway superstruc-
ture, geometric layout of tracks and their connections, 
as well as any track-related facilities like bridges, fl y-
overs and tunnels. On the other hand, a subject of re-
search under the same discipline is the problems of 
rail traffi  c and transport organisation.

Permanent way fundamentals were outlined in 
Polish literature soon aft er Poland regained its inde-
pendence, in outstanding monographs by Professors 
Aleksander Wasiutyński of the Warsaw University of 
Technology and Karol Wątorek of the Lviv University 
of Technology. One must also mention the remark-
able theoretical papers that contributed greatly to the 
development of global science. Of particular impor-
tance were, above all, the publications by Professor 
M.T. Huber.

Aft er the Second World War, many important
works were compiled in Poland, including those by 
B. Hummel, R. Szajer, A. Rubczak and T. Basiewicz.
It is also essential not to overlook the comprehensive
monograph on railroads edited by J. Sysak [35]. Vi-
tal publications were also prepared by the employees
of the Central Research and Development Centre of
Railway Technology (COBIRTK), later renamed the
Railway Scientifi c and Technical Centre (CNTK), in-
cluding by K. Towpik (especially on the technology of
railway works and contactless track), A. Oczykowski
(superstructure and fastening systems), E. Skrzyński
(railway track bed and ballast materials), and S. Zim-
noch (construction of level crossings).

However, the greatest contribution to the devel-
opment of the theoretical foundations of permanent 
way, as well as to practical methods and tools to im-
prove the processes of design, construction and main-
tenance of railroads, was Professor H. Bałuch’s works. 
Th is article is devoted to the most important issues 
related to permanent way, in light of the Professor’s 
publications, with particular emphasis on his articles 
in Problemy Kolejnictwa (Railway Reports).

Professor Henryk Bałuch

Henryk Bałuch was born on 24 May 1932 in 
Lwów (now Lviv). He went through a lengthy career 
path, successively obtaining the following diplomas: 
journeyman locksmith and turner at the Vocational 
School in Przemyśl, technician at the Building and 
Road Engineering High School in Wrocław, com-
munications engineer at the Warsaw University of 
Technology and master’s degree in civil engineering 
at the Krakow University of Technology. His later 
professional achievements were greatly infl uenced by 
his work in the PKP railroad maintenance units (PKP 
Railroad Branch in Rzeszów), fi rst as a track supervi-
sor and then as an engineer in charge of work.

In 1963, Henryk Bałuch, master of science at the 
time, was offi  cially transferred to the then Central Re-
search and Development Centre of Railway Technol-
ogy (COBIRTK) in Warsaw. In the early years of his 
work at COBIRTK, he dealt with the issue of adapting 
the railway superstructure to high travelling speeds 
and heavy traffi  c. Th is was the subject of his doctoral 
thesis, which he defended at Poznań University of 
Technology in 1966. In the same year, H. Bałuch be-
came head of COBIRTK’s Department of Railroads. 
In heading this Department, he contributed to a sig-
nifi cant improvement in the quality of its work and 
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to the implementation of new research methods. He 
actively participated in this research, concentrating at 
the time on the problem of optimising railway turn-
out geometric layouts [9]. Th e result of his research 
was the award of a  postdoctoral degree at the Cra-
cow University of Technology in 1969. For 12 years, 
from 1970 to 1982, Henryk Bałuch was the COBIRTK 
Deputy Director for Scientifi c and Research Aff airs. 
From 1982 he was the director of that unit. Notably, 
COBIRTK, eventually transformed into the Science 
and Technology Railway Centre in 1987, was one of 
Europe’s largest railway research units [30, 33].

One cannot overlook the international activities 
of Professor Bałuch, in particular, his active partici-
pation in numerous Expert Committees of the UIC 
Offi  ce of Research and Testing (ORE) and later of the 
European Rail Research Institute (ERRI), especially 
Committees D117, D161, D187 and D202. Th e Pro-
fessor’s many years of activity in these international 
specialist teams made it possible to draw on the expe-
rience of other railways, as well as to undertake new 
research topics.

Just as important as Henryk Bałuch’s academic 
degrees and titles, as well as unquestionable research 
achievements, was his personality, his being a man of 
great erudition and culture of language, eager to pass 
on his knowledge to his colleagues. At this point, it 
is worth referring to A. Gołaszewski’s very moving 
memoir about the Professor [32].

Publications by Henryk Bałuch in 
Problemy Kolejnictwa (Railway Reports)

One of the fi rst publications by H. Bałuch was 
a 1965 article in Problemy Kolejnictwa (Railway Re-
ports) [20]. It was devoted to improving the condi-
tions of rolling stock movement on curves. It also 
analysed the eff ect of lateral forces on the destruc-
tion of wooden sleepers. Notably, a reference to this 
subject was an article by M. Bałuch and H. Bałuch in 
2000, presenting operational methods for extending 
rail replacement cycles on small radius curves [27]. 
H. Bałuch’s 1960s publications also included an article 
in Problemy Kolejnictwa (Railway Reports) in 1967 
on methods of determining the characteristics of the 
railway bed [12].

H. Bałuch devoted many papers to determining 
the optimal construction of the superstructure and its 
maintenance system, taking into account the Polish 
railway conditions. Particularly extensive coverage of 
the issues was given in an article contained in a 1971 
volume of Problemy Kolejnictwa [Railway Reports], 
released on the 20th anniversary of the then Cen-
tral Research and Development Centre of Railway 

Technology [4]. Bałuch’s next important article in 
this thematic area, devoted to assessing the railway 
superstructure under the conditions of the ongo-
ing changes in transport technology, was written in 
1989 [7]. It outlined the directions for the develop-
ment of the superstructure with particular reference 
to the weakest areas of the track: turnouts and sec-
tions located on small-radius curves. With regard 
to turnouts, it recommended the widespread use of 
forged or manganese steel crossings, the introduc-
tion of heat treatment of crossings and switch rails, 
and the implementation of creep-resistant locking de-
vices. Th e proper adjustment of the cant in the track 
to the speed of passenger and freight trains, the laying 
of rails made of higher quality steel and the use of rail 
lubrication were recommended to improve the track 
condition on small radius curves. Th e article [7] also 
made important recommendations on diagnostics 
and maintenance, including the recommendation to 
plan superstructure repairs based on diagnostics with 
decision support from expert systems. In terms of re-
pair technology, the need for wider implementation 
of rail grinding was identifi ed.

One of the most important scientifi c problems un-
dertaken by H. Bałuch was the reliability of the railway 
superstructure, in particular, the methods of determin-
ing the durability of its components. One 1971 issue of 
Problemy Kolejnictwa (Railway Reports) was entirely 
devoted to the reliability of railway transport. An ar-
ticle by T. Basiewicz and H. Bałuch, defi ning criteria 
for superstructure reliability, among other things, oc-
cupied a  prominent place in that issue [29]. Charac-
teristics of the structural reliability of the basic super-
structure components (rail damage intensity, sleeper 
reliability, turnout life parameters) were also presented. 
A more detailed approach was taken in a 1984 article 
in which H. Bałuch presented research results on the 
infl uence of rail spacers on the durability of rail fasten-
ings to sleepers [21]. Th e vibration analysis considered 
both single- and double-mass models of rail fastenings 
to sleepers and slabs. Th e eff ect of rail spacers as anti-
creep elements was also analysed.

Research on the durability of rails had a  promi-
nent place in H. Bałuch’s articles [10]. A co-authored 
article from 2010 deals with the problem of predict-
ing rail cracks [25]. An analysis of rail cracks between 
2006 and 2010 made it possible to assess the risks to 
the railway superstructure. Th is analysis showed that 
the majority of rail cracks occurred during periods of 
low temperatures. At the time, cracks in termite welds 
were the most common. It is worth mentioning that 
the number of rail cracks per 1 kilometre was consid-
ered as a  criterion for their continuous replacement 
in light of the studies conducted at the CNTK at that 
time. Th e article characterised the forecasting meth-
ods, presenting the possible errors.
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Th e reliability of the track superstructure on rail-
way lines is highly dependent on workmanship qual-
ity. A  2014 co-authored article presents a  model of 
process reliability and isolates the components of 
workmanship quality, that is, accuracy and effi  ciency 
[28]. Th e article describes specifi c examples of faulty 
workmanship and proposals for measures to elimi-
nate it. Appropriate checklists for the most important 
substructure and superstructure work were proposed.

Various quality assessments are useful tools for 
maintaining the superstructure and reducing life cy-
cle costs. In a  2015 article, H. Bałuch discussed the 
diff erent methods of determining quality indicators 
and presented four methods of synthetic assessment 
of superstructure condition, as well as their objectives 
[13]. Th e simplest of these methods uses a synthetic 
indicator of track condition based on the standard 
deviations of vertical and horizontal irregularities, as 
well as track twist and width. Th e second method uses 
the same indicator but takes traffi  c load into account. 
Th e third method assesses the rails’ expended service 
life, as well as the age of the sleepers. Th e last method 
examines the extent to which permissible deviations 
are exceeded [13].

Another one of H. Bałuch’s articles of great scientifi c 
value was included in a 2017 volume of Problemy Kole-
jnictwa (Railway Reports) [1] and was devoted to the 
determinants of railway superstructure replacements. 
In it, Bałuch draws attention to the desirability of su-
perstructure replacements. Th e objectives of the repairs 
may be to ensure adequate durability and safety, enable 
trains to travel at the required speed, reduce operating 
costs, and improve smooth running. To attain these 
goals, it is necessary to achieve better workmanship 
accuracy, expressed in the standard deviation value of 
vertical track irregularities of the order of 0.6 mm.

Much of Professor Bałuch’s work concerned the de-
sign of track and track connection geometric layouts. 
Th ese culminated in two signifi cant monographs: one 
on optimising track layouts [8] and the other on the 
design of track connections [19]. Geometric layout is-
sues were the subject of articles in Problemy Kolejnic-
twa (Railway Reports), which analysed track layouts 
on newly designed and reconstructed railway lines. 
Here, mention should be made of a 1982 publication 
on the design of transition curves on modernised 
railway lines [5]. A  co-authored 2012 article refers 
to errors in the design of track layouts and proposes 
breaking them down into seven types. Attention was 
given to their origins as well. Some of the errors were 
due to an inadequate design that did not take into ac-
count the situation on the ground; others arose at the 
execution stage as a result of violations of well-known 
principles and good practices [26].

Th e development of computer techniques in the 
1980s and 1990s made it possible to develop advisory 

systems for decision support in various areas of the 
economy, including railways. Many such systems have 
found application in railway maintenance. Th e concept 
of their use was created by H. Bałuch, with their ba-
sic principles presented in numerous Problemy Kole-
jnictwa (Railway Reports) articles. Th e fi rst of these 
publications was written in 1990 [17]. Notably, in Pol-
ish, these “expert systems” were initially referred to as 
“systemy ekspertowe”, with this name eventually super-
seded by “systemy eksperckie”. In decision support sys-
tems, algorithmic modules and heuristic rules (using 
a knowledge base) form the basis for conclusions [16]. 
Th e most important systems included [3, 14–17, 22]:
 UNIP (Pressure and Speed Determination),
 DONG (Overhaul Decisions),
 DOSZ (Rail Grinding Decisions),
 JAKON (system for assessing superstructure work 

quality),
 SOHRON (system for prioritising superstructure 

work according to track degradation characteris-
tics and eff ects),

 SONIT (system for assessing track irregularities),
 DIMO (support system for pre-modernisation 

diagnostics).

With the separation of rail infrastructure manage-
ment from freight operations, it became important 
to address the issue of how to determine the costs of 
infrastructure access depending on operating condi-
tions, including traffi  c structure (passenger, freight), 
travel speed and axle load. Th is topic was the subject 
of a 2001 article by H. Bałuch [18].

In recent years, risk assessment methods have 
become particularly important in the operation of 
technical equipment and systems. Th is also applies to 
risks in the operation of rail superstructures. It should 
be mentioned here that the Railway Safety Directive 
establishes harmonised methods for monitoring, 
conformity assessment, supervision and risk evalu-
ation and assessment, which apply to the actors of 
the European Union railway system and the national 
safety authorities [31]. In a  2007 article, H. Bałuch 
noted that addressing risk issues concerning railway 
superstructures is aimed at improving driving safety 
and the safety of workers employed in superstructure 
maintenance, repair and upgrade work [11]. Th is can 
be achieved by signifi cantly increasing the resources 
devoted to superstructure maintenance. Certain risk 
estimation methods, appropriately targeted research 
work and accident-specifi c training can also help in 
this eff ort [27].

In risk assessment, hazard identifi cation is cru-
cial. An extensive 2013 article by H. Bałuch [23] is 
devoted to studying and preventing hazards in rail-
way superstructures. One particular type of hazard is 
that leading to derailments. Apart from catastrophic 
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hazards that threaten derailments, such as track buck-
ling, many other hazards in the railway superstructure 
lead to losses, e.g. increased life cycle costs and dis-
ruptions to normal operations. In Bałuch’s opinion, 
derailments should be investigated with the initial 
assumption that their causes may be a  combination 
of events and a  coincidence of damage and defects. 
Th e paper presents the required stages of work lead-
ing to reducing railway road hazards and a proposed 
typology of damage and defects in the railway super-
structure. Further, the article includes a model of the 
hierarchy of repairs to the railway superstructure to 
be used where there are no suffi  cient resources to ad-
dress all the defects. Th e article’s fi nal section includes 
a  description of the development of superstructure 
damage and defects, the importance of visual diagno-
sis and the role of skills improvement [23].

Th e quality of track system design, as well as that of 
construction work and superstructure maintenance, 
is signifi cantly aff ected by the qualifi cations of engi-
neers. Th e education of engineers handling railway 
infrastructure was the topic of an article by H. Bałuch 
published in a 2012 volume of Problemy Kolejnictwa 
(Railway Reports) [6]. Th e author presented engineer-
ing performance as a test of the level of education. In 
this approach, education quality is construed as the 
ability to perform a  specifi c profession. It is closely 
linked to continuous learning throughout one’s pro-
fessional life. Universities should develop this key 
combination of the above skills.

What emerges from H. Bałuch’s articles is a  far-
sightedness and a  reference to problems that would 
soon prove to have a decisive impact on the function-
ing of societies and economies. Th ese include pro-
gressive climate change and the gradual depletion of 
non-renewable energy sources. Th e impact of these 
changes on railway construction was the subject of 
Professor Bałuch’s fi nal publication in Problemy Ko-
lejnictwa (Railway Reports), released in the summer 
of 2019 [24].

Summary

Th e issues taken up by Professor Henryk Bałuch in 
Problemy Kolejnictwa (Railway Reports) publications 
between 1965 and 2019 make evident the broad spec-
trum of his scientifi c interests. He investigated issues 
that were critical for operating practice, including 
railway track geometric and kinematic assessment, 
railway superstructure hazards, track geometric lay-
outs and deformations, optimising geometric layouts 
of turnouts designed for heavy traffi  c and high-speed 
trains, the infl uence of workmanship quality on the 
life of the railway superstructure, advisory systems for 
superstructure repairs, permissible deviations in the 

superstructure, assessment of rail corrugations, and 
neural networks, applied as a tool for solving railway 
road problems.

Th e contributions of H. Bałuch were vital for the 
Polish railway industry. Th rough his research, he 
made it possible to increase the durability of railway 
superstructures. He unambiguously pointed out the 
desirability of choosing heavy track superstructures 
for Poland’s core railway lines and the need to have 
them produced by Polish metallurgy plants and in-
troduced to Polish railways (S60 rails, elastic rail fas-
tening system, concrete sleepers, railway turnouts on 
concrete switch sleepers). No less signifi cant are Pro-
fessor Bałuch’s contributions to the development of 
railway diagnostics, the optimisation of track geomet-
ric layouts, the improvement of the quality of super-
structure workmanship and the training of the Polish 
railway technical staff  [32].
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