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Abstract- The assessment of track geometry defects is an 
important requirement for safe rail operation. Track 
geometry defects represents safety risk for the railway traffic 
and leads to a reduction of passenger ride comfort whereas a 
good track geometry quality provides good ride comfort for 
passengers and prevents the track from wearing too quickly. 
Hence the recognition of defects leading to essential vehicle 
responses is of crucial interest in track geometry assessment. 
The defects in track geometry are mostly used to characterize 
the quality of the track and to plan track maintenance. There 
have been many railway engineering related topics addressed 
through various studies in attempt to monitor and identify, 
measure and quantify, and propose appropriate remedial 
actions to track geometry defects. However, there has been 
inadequate study on the direct interactions concerning the 
degree of geometry defects and track deterioration together 
with corresponding maintenance activities.  This paper 
conducts an examination and presents analysis of selected 
available research about railway track geometry defects, track 
deterioration and maintenance operations through embracing 
a systematic literature review (SLR) as the leading 
methodology. We start by giving a brief about track geometry, 
categorizing the track geometry parameters and track quality 
indicators, highlighting the effects of good track geometry and 
maintenance activities on the railway track performance. 
Track geometry defects are identified through critical 
examinations. The paper then investigates the cause-and-effect 
phenomena of track geometry defects and general track 
structural deterioration and an assessment of their remedial 
actions so as to minimize track deterioration and improve 
track serviceability. 

Index terms: track geometry, geometry defects, deterioration, 
track quality, tamping, stoneblowing.  

1. Introduction 

Railways are a vital and effective means of mass 
transportation and play a vital role in modern transportation 
and social development. In an effort to achieve increased 
capacity in terms of both passengers and freight, the rail 
sector is moving towards higher train speeds, heavier axle 
loads and greater traffic density. This is due to the fact that 
railway transportation has high capacity, high efficiency, 
and low pollution compared to other transportation modes 
[1]. Railway track structures withstand severe conditions 
and numerous detrimental loading progressions in their life 
cycle [2]. 

During its life cycle, which usually lasts many decades, 
with train passing, the loads transmitted to the 
infrastructure, cause cyclic movements in the ballast 
particles, thereby causing deformation of the layer to take 
place, in which part of such strain is recovered, but a small 

deformation is permanent owing to ballast recompaction 
[3]. In addition, there is the accumulative deformation 
associated with ballast breakage and frictional wear, which 
serves to intensify the track degradation [4]. Railway track 
will settle as a result of permanent deformation in the 
ballast and underlying soil .The settlement is caused by the 
static and dynamic forces induced by traffic, which cause 
deviations from the designed geometry. Track geometry 
represents one of the key track condition parameters, also 
closely linked to several other degradation occurrences, and 
is regularly used for initiating the whole sort of track 
Maintenance and Renewal activities [5]. Track geometry 
can be defined as the three-dimensional geometry of the 
track [6] which includes: the sub-structural, the super-
structural and the geometrical. As the track geometry 
begins to deteriorate, higher dynamic wheel-rail contact 
forces are being induced, resulting in wear on the various 
components of the track construction, plastic deformation 
and Rolling Contact Fatigue (RCF) of the rails [7].	 The 
defects in track geometry are mostly used to characterize 
the quality of the track and to plan track maintenance.  It is 
worth noting that, irregular track geometry can cause 
increased track loading that can lead to a high risk of 
derailment, and reduced component useful life [8]. 

The track geometry is affected by several factors including 
the condition of the superstructure elements (rails, fastening 
system, rail pads and sleepers), the condition of the 
substructure (ballast, sub-ballast and subgrade), traffic 
density, speed, axle load, environment and current 
maintenance strategies, among others [9]. According to [10] 
Studies that were made on how track geometry defects 
affect the development of rail defects, the outcomes 
revealed that there was a statistically substantial link 
between geometry defects and rail defects, when the 
geometry defect preceded the rail defect. Analysis showed 
that, if a track geometry defect is present, rail defect life is 
reduced by approximately 30% [11].  

The sole purpose of this study is to conduct an examination 
about track geometry defects and deterioration also 
synonymous   to track geometry degradation. The paper is 
focused on identifying and quantifying geometry defects, 
their corrective maintenance actions effectiveness on 
restoration of track geometry and contribution to track 
performance and durability. The overall objective therefore 
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is ensuring safe track operation, reduce risk of derailment 
and lifecycle costs that are incurred on the track structure 
due to extreme degradation and frequent maintenance. 
Particularly this research study examines how researchers 
of selected literature viewed track geometry defects and 
general track structure deterioration. 

2 Approach 

This paper is purely based on the literature review since 
investigation about track geometry has been carried out by 
many researchers for the last fifty or more years. The 
findings reported in this paper are based on an analysis of 
literature and standards [12]. The reason for undertaking a 
systematic literature review (SLR) as the leading 
methodology for the study is to find an in-depth current 
state [13] of track geometry defects and degradation  
knowledge in the range of track infrastructure development 
and maintenance.  Besides, SLR is largely considered to be 
genuine in terms of transparency as other researchers can 
further certainly validate the findings of the study by 
reproducing the research format [14]. 

We adopted a systematic literature review methodology of 
data selection, extraction, analysis and synthesis as shown 
in the figure1 below on the topical issue. The improvement 
of a systematic literature review is characterized by using 
an objective and rigorous research protocol aiming to 
minimize researcher bias [15]. This was through an 
organized, transparent and replicable procedure at each step 
of the process. 

	

Figure 1: Steps in conducting a systematic review 

To meet our research objectives, we chose to carry out a 
systematic literature review (SLR) focusing on the leading 
journals that publish railway and civil engineering research. 
To ensure suitably in-depth analysis of our research field, 
we undertook to aim our literature search to the subsequent 
journals: International Journal of Railway Research 

(IJRARE), International Journal of Rail Transportation 
(IJRT), Railway Engineering Science (RES), Rail Journal 
(RJ), International Journal of engineering research and 
technology (IJERT), Journal of advanced transportation 
(JoAT), International Journal of Railway technology 
(IJRT), Journal of Railway Engineering Society (JoRES), 
Journal of rail and rapid transit, and Journal of Geotechnical 
and Geoenvironmental Engineering. Our search for articles 
from these journals was aided by academic and social 
networks databases such as ResearchGate, ASCE, Springer, 
Science Direct, SAGE, JSTOR and some Publishers of 
quality peer-reviewed journals, Fully Open Access Journals 
specifically Hindawi, Taylor & Francis, Elsevier, Library, 
ice virtual library and ASCE library to retrieve the full 
research articles for our study. Overall, ResearchGate 
produced the most articles. Combined, these journals 
publish the majority of academic research focusing on 
railway engineering. 

3. Methodology 

In our study, we used the systematic literature review 
methodology of data selection, extraction, analysis and 
synthesis [16]. The data selection involved a systematic 
periodic search for articles related to railway track 
geometry and defects. We used Google Scholar as a search 
engine and although there is a debate within the scientific 
community on the use of Google Scholar as an academic 
database,  it is also considered to provide “unique options” 
[17] to the academic community, We had to follow the 
recommendation that “researchers should consult Google 
Scholar especially for a relatively recent article, author or 
subject area” [18]. In this study, we considered articles 
published in the last 30 years to be recent and the total of 
120 articles from all the downloaded articles were selected 
for the study. As search strings, we used the terms ‘Track 
geometry defects’ or ‘Track geometry deterioration’ 
simultaneously with ‘railway track degradation’. We 
repeated the search with the intersection of track defects or 
deterioration. 

3.1. Describing the review question and eligibility 
criteria.  

We began by analysing the thematic area of track geometry 
defects and deterioration and geometry correction 
(maintenance) techniques   to develop relevant objectives of 
the research study. From these objectives, research 
questions were formulated. A general research question 
corresponding to the main purpose as well as specific 
questions from the specific objectives were developed. 
Since the track geometry defects are interrelated to the 
other track degradation aspects of substructure and 
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superstructure as well as excitation force; the wheel rail 
interaction, four specific objectives were considered 
appropriate 

3.2 Selecting the studies (research articles) 

We followed the recommendation of [19] which suggests 
that the selection of the studies should be conducted by 
more than one reviewer as this process is quite subjective. 
To avoid the risk of bias, we all read through the articles 
that seemed most relevant to study and that closely answers 
our study objectives. More focus was attached to the year of 
publication and content quality to guide in upholding the 
quality of the study. 

3.3 Data extraction  

Franco & Mario, 2009 [19]  asserts that Data extraction 
must be accurate and unbiased and therefore, to reduce 
possible errors. This was done by more than two people. 
We mainly focused on the research paper study 
characteristics that include aims of the study, and 
techniques used. We also aimed at removal intervention and 
setting, outcome data, study results together with 
identifying the study gaps and suggestion for future studies. 

3.4 Analysis and presentation of the results (data 
synthesis)  

We combined our extracted data, analysed it and pulled it 
into the next chapter in a narrative approach. We also used 
Mendeley desktop, one of the referencing tool to reference 
the research study. 

4. Review of Articles on Geometrical Track Quality 

Track geometry refers to the position of each rail or the 
track centreline in three-dimensional space According to 

EN 13848-1 (2008), track geometry quality is defined as the 
“assessment of deviations from the mean or designed 
geometrical characteristics of specified parameters in the 
vertical and lateral planes which give rise to safety concerns 
or have a correlation with ride quality” [20].  

4.1 Track geometry parameters  

These are broadly used to characterize the track state and to 
plan maintenance activities [21]. Track geometry is 
characterized by five geometrical parameters; longitudinal 
level, alignment, gauge, cross level, and twist. Figure below 
show the definitions of the deviations of those five 
parameters [22]. The assessment of geometrical track 
quality can be conducted by analyzing these five 
geometrical indicators separately as proposed by the 
European Standard EN 13848-5 or by track quality indexes 
(TQIs) that might combine the track irregularities in two or 
more dimensions [23]. 

I. Longitudinal level 

Longitudinal level is the geometry of the track centreline 
projected onto the longitudinal vertical plane. This 
parameter is defined as the vertical deviation (𝑧𝑝´) of 
consecutive running table levels on the top of the left or 
right rail from the mean vertical position (the reference 
line) 

II. Alignment 

Alignment is the geometry of the track centreline projected 
onto the longitudinal horizontal plane. This parameter is 
defined as the horizontal deviation (𝑦𝑝) of consecutive 
positions of point 𝑃 (see Figure 2 below) on the left or the 
right rail from the mean horizontal position (the reference 
line) 

	

Figure 2: Track geometry parameters
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III. Gauge 

Gauge specifies the inner distance between two rails 
measured at 16 mm below the top surface of the railhead 
[24].  

IV. Cant  

The cant or cross-level is the difference in height between 
the adjacent running tables computed from the angle 
between the running surface and a horizontal reference 
plane. 

V. Twist  

Twist is the algebraic difference between two cross-levels 
taken at a defined distance apart, usually expressed as the 
gradient between the two points of measurement [6] 

4.2 Assessment of track geometry quality 

Assessments of railway track quality conditions constitute 
the basis of track maintenance management systems by 
which decisions on maintenance and repair strategy are 
often made. The main limitation in the current assessments 
technique is the lack of information on track structural 
defects, which are the main causes of track irregularities 
[25] . 

Three indicators can define the track geometric quality; 
Extreme values of isolated defects, Standard deviation over 
a defined length (typically 200 m) and Mean value. 
Thought should be given to progressions of isolated defects 
since they could produce resonance effects, and to 
combinations of defects in several parameters at the same 
location. Three main levels shall be considered [26], [27] 

• Immediate Action Limit (IAL): denotes to the 
value which, if exceeded, necessitates taking 
measures to reduce the risk of derailment to an 
acceptable level.  

• Intervention Limit (IL): denotes to the value 
which, if exceeded, necessitates remedial 
maintenance so that the immediate action limit 
shall not be reached before the following 
inspection  

• Alert Limit (AL): refers to the value which, if 
exceeded, necessitates that the track geometry 
condition is investigated and considered in the 
often prearranged maintenance actions. 

4.3 Analysis of Track Parameters from Geometry 
Aspect 

Track Quality Index (TQI) is defined as a numerical value 
that represents the relative condition of the track surface 

geometries [24]. TQI is distinguished into two dependent 
variables; Track Geometry Index (TGI), which is defined as 
a function of one or more of the core geometry parameters 
such as profile, alignment, gauge, cant, and twist. The 
second variable of TQI is defined as the Track Structure 
Index (TSI), which expresses the condition of the track 
structure, including the condition of rail, sleeper, ballast and 
drainage systems. TQI is a statistical summary of a track 
geometry parameter measured within a suggested length of 
track and effectively summarized a large number of 
quantities of each parameter for a given track segment [28], 
[29].  

Bing-Gross model evaluated the effect of different 
parameters on Initial Track Quality Index (TQI) against 
TQI2/TQI (future track quality index) as follows;  

• It was indicated that, the effect of initial track 
condition on future TQI is significant. Based on 
the results, it was found that an increase in the 
initial track quality index from 0.04 to 0.5 resulted 
in a 77 % change on TQI2/TQI1. Also it was 
demonstrated that the sensitivity of the track 
quality index with respect to change in initial TQI 
for small values of TQI is higher than for big 
values as increase in initial TQI from 0.04 to 0.2 
resulted in a 60 % change to TQI2/TQI1 while it's 
increase from 0.2 to 0.5 results in a 41 % change 
to TQI2/TQI1 [30]. 
 

• The effect of Ballast Index on the change in TQI 
indicated that, there is a 66 % change in TQI2/TQI1 

when increasing the aggregate index from 40 (for 
granite) to 65 (for lime stone). In other words, by 
reduction of the ballast type (from granite to lime 
stone), the track condition is substantially reduced. 
That is, track quality conditions are considerably 
influenced by the condition of the ballast [31]. 
 

• The influence of train speed on TQI2/TQI1 was 
shown that, train speed on future TQI is not as 
significant as other parameters. Based on the 
results an increase in train speed from 20 to 120 
(mph) results in 27 % change in TQI2/TQI1.  

• Rail gauge is less effective on the geometry 
conditions of the track [32]. 

To represent the track quality condition various 
researchers applied different TQIs. Mainly, the three 
indicators, i.e. mean value, standard deviation over a 
specific length, and extreme values of track geometry 
parameters are used to define TQIs. [33], [34].  



International Journal of Engineering and Applied Sciences (IJEAS) 
 ISSN: 2394-3661, Volume-9, Issue-12, December 2022  

	 																																																								www.ijeas.org 15 

5. Review of articles on effects of railway track design 
on expected degradation 

Mehran Sadri, Michael Steenbergen * [35] conducted a 
study on the effects of railway track design on expected 
degradation assuming a geometrically faultless and straight 
track along with spatial invariability, except for the 
presence of discrete sleepers.  The susceptibility of the track 
to degradation was quantitatively computed by means of 
calculating the mechanical energy dissipated in the 
substructure under a moving train axle for variations of 
diverse track parameters. Results show that, apart from the 
operational train speed, the ballast/substructure stiffness is 
the major parameter inducing energy dissipation. Largely, 
the deterioration of the track varies with the train speed and 
the stiffness of substructures.  

Michaël J.M.M. Steenbergen [36] studied the role of 
varying dynamic stiffness on railroad degradation; and 
argue that, spatially invariant and straight track assumption 
of analyzing effects of track stiffness on degradation is no 
longer true because geometrical and/or constitutive track 
properties are non-uniform over the length. Such 
discontinuities appear on many scales; the sleeper bay is an 
example with a periodical character, whereas examples with 
a related character are level crossings, bridges, tunnels, 
abutments, culverts but also switch panels and ballast and 
foundation stiffness variations. So, these irregularities are 
also responsible for influencing expected track degradation 
due stiffness variation created by nonuniformity along the 
track.  

6. Review of Articles on track geometry maintenance 
activities 

Measurement of track geometry irregularities is the most 
used automated condition monitoring technique in railway 
infrastructure maintenance. Most problems with the track 
(at least the ones concerning the ballast and substructure) 
are unveiled as track geometry irregularities [37]. 

	

Figure 3: Track irregularities 

A track defect is a section of the endless track geometry 
indication of deviations from the design shape which can 
provoke important dynamic vehicle reactions	[38]. 

With the increasing demand for higher train speeds and 
capacities (passengers and freights), substructure  is 
experiencing more extreme shock and vibration causing 
swift deterioration of the ballast bed [39]–[41]. 
Accordingly, it is crucial to reinstate ballast bed 
performance through implementation of corrective actions. 
To restore track geometry, there are two main maintenance 
actions that can be performed, stone blowing procedure and 
tamping procedure [8], [42] 

6.1 Ballast Tamping 

To align the track geometry, tamping is the most widely 
used means of filling ballast sleeper gaps and homogenizing 
ballast beds [43] as a maintenance activity and it is 
necessarily performed for newly built railway lines. In 
addition, it improves the ballasted track geometry by lifting 
up and shifting the rail and sleeper. The main objective of 
tamping operation is to compact the stone ballasts under 
sleepers supporting the railway, squeezing and vibrations. 
The degree of ballast compactness is used as a measure to 
assess the quality of tamping action. Currently the tamping 
machine has substituted manual tamping in rapid, highly 
mechanized and automatic directions.  

6.1.1 Tamping process 

Non-synchronous uniform pressure tamping causes the 
ballast to be compacted under the sleepers due to the effect 
of vibration and pressure-controlled squeeze force, taking 
not the paths of the tamping tines as a criterion but their 
effective tamping forces [44].  

• The ballast bed is made homogeneous through the 
knocking of ballast particles to relocate to most 
stable positions by tamping tine oscillations 

• The crib ballast particles are forced to move to the 
position below the sleeper, by which the sleepers 
have better support from the ballast bed by the 
squeezing action of the tamping tines.   

• Due to lifting the track, the track geometry 
irregularity is corrected, including the surface 
(longitudinal level or vertical alignment), 
alignment (horizontal alignment), cross level 
(cant), and warp (twist) [16] 

The entire tamping process is as follows [45]; 

(A) The track and sleeper are in an arbitrary position before 
tamping begins.  
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(B) The track and sleeper are raised by the machine to the 
target level. As a result, a gap is created under the sleeper.  
(C) The tamping tines are inserted into the ballast on both 
sides of the sleeper. This step can cause ballast damage.  

(D) The tamping tines squeeze the ballast into the gap under 
the sleeper. Therefore, the right position of the rail and 
sleeper is recovered. This might also cause ballast breakage.  
(E) The tamping tines are lifted from the ballast. They will 
then move on to tamp around the next sleeper.  

	
Figure 4: Tamping unit and tamping sequence 

6.1.2 Tamping principle  

The most widespread tamping principle worldwide is using 
tamping tines that are penetrated in the ballast layer in zone 
near the rails [48].	 The physical process of tamping is 
briefly described as follows.  

• First the tamping tines are inserted into ballast 
beds with vibration. The vibration is a transverse 
wave that makes the ballast bed loose, for which 
the tamping tines easily penetrate [49].  

• After the tamping tines have penetrated the ballast 
bed, longitudinal wave vibrations are applied. 
Ballast particles currently have two kinds of 
motions [45].  

Main tamping technologies aim at achieving the 
following [43]; high-alignment, high-homogeneity and 
high-uniformity.  

6.1.3 Effects of tamping on ballast performance  

The ballast is one component of the track that undertakes 
important purposes: retaining track position, transmitting 
exertions to the underlying materials and providing 
drainage for rainwater. Moreover, the ballast can be 
rearranged during maintenance to restore the track 
geometry	 [50]. For this reason, railway tracks require 
periodic profile corrections, the most common technique 
being the tamping of the ballast [44] .However, the action 
of tamping is associated with several effects and can lead to 
additional subsequent track settlement from the 

disturbances caused by the tamping tools [46], [51]. The 
mechanical properties of ballast bed largely increase at first, 
and then decrease with the increase of tamping frequency 
and tamping depth [52]. In view of these problems 
associated with tamping, recent decades have seen the 
development of several alternative solutions aimed at 
improving the quality of the track, while simultaneously 
improving the durability of the ballast layer. One particular 
alternative is the maintenance process known as stone 
blowing. 

6.2 Stoneblowing and effects on ballast performance  

Stone blowing process was motivated by the observation 
that after tamping ballast tends to go back to the condition 
that was there before tamping [8]. This process consists of 
the insertion of stones between the sleeper and the surface 
of the ballast layer, filling the empty space created by 
lifting and, therefore, recovering the original position of the 
railway track. 

	

Figure 5: Stoneblowing sequence 
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6.3 Effect on Tamping and Stoneblowing on ballast 
settlement 

It was observed that ballast tamping was the least efficient 
task, as it was extra difficult to reinstate the total 
deformation (after the tamping process, the settlement was 
still higher than 0 mm), and a higher number of 
maintenance interventions were needed to avoid settlements 
greater than 15 mm. This fact can be attributed to the ballast 
memory that is observed after the tamping process, which 
only enlarges the granular layer, and therefore, it quickly 
returns to its pre-maintenance position. In addition, the 
efficiency of ballast tamping was gradually reduced, 
because fewer loading cycles were applied after each 
intervention to obtain a deformation higher than 15 mm. In 
contrast, the process of stoneblowing allowed for the 
restoration of the total settlement of the track, and this 
process even allowed for a slight over-lifting in order to 
improve the durability of the track geometry [52], [53]. The 
results indicated that, the effectiveness of stoneblowing is 
more than four times higher than that of tamping, an 
observation which is more marked when the number of 
tamping tasks is increased, thereby reducing its 
effectiveness. Nonetheless, it should be noted that, after the 
application of stoneblowing, rapid settlement took place 
(although it was two times lower than the recompaction of 
ballast after tamping) as a result of the compaction of the 
small-sized stones that were added [4].  

6.4 Influence of Tamping and stoneblowing on track 
behaviour 

With regard to the impact of the maintenance tasks on track 
behaviour, and comparing the effect of the ballast tamping 
and stoneblowing processes on the evolution of track 
stiffness as well as values of density of dissipated energy, it 
was noted that in both cases, there is a progressive increase 
in track stiffness and reduction in its capacity to dissipate 
energy, which could be related to the continuous 
compaction of the ballast layer under the impact of passing 
trains. This process could lead to the development of a zone 
where there are changes in stiffness in reference to adjacent 
sections where no maintenance tasks are carried out. 
Consequently, acceleration in track degradation could take 
place due to the possible existence of higher dynamic 
overloads [54], while the track has a lower capacity to 
damp the loads transmitted by trains. 

Introduction of under sleeper pads (USP) was adopted as a 
measure to mitigate problems of track stiffening and loss in 
dissipated energy capacity [55]. In both cases (tamping and 
stone blowing), the use of USPs permitted for a significant 
reduction in track stiffness along with an increase in its 

capacity to dissipate energy, an effect that was more 
noticeable with the use of soft pads. Thus, a reduction of 
50% in the stiffness of the pad (from stiff to soft) led to an 
increase of more than 30% in the flexibility of the track and 
around 100% in its capacity to dampen loads, mainly 
related with higher elastic deformations	[4].	

6.5 Influence of Tamping and stoneblowing on ballast 
degradation  

A high destruction and several tamping leads to a need of 
cost expensive ballast cleaning. The cause of the high 
destruction is a high contact pressure on ballast stones by 
squeezing operation and the tines penetration [48], [56]. 
Stone blowing allows for an important reduction in ballast 
breakage, because tampers are not used to vibrate ballast. 
The breakage indices obtained for the case of stone blowing 
were even lower than those measured when USPs were 
used in combination with tamping. The use of USPs could 
considerably improve the effectiveness of tamping and 
stone-blowing processes, particularly when using softer 
elastic pads [57]. The use of Under Sleeper Pads (USPs) 
and a process known as stoneblowing can be conceived as 
alternative maintenance solutions that aim to reduce the 
railway track degradation [58]. 

7. Discussion 

In some cases, the track can deteriorate without any traffic 
(e.g. the soil may settle due to the weight of the 
embankment, especially in the early years after 
construction) but in most cases passing traffic is the driving 
force of deterioration [59]. The track geometry quality is 
related to the irregularities of the track structure and act as 
aid of excitation of the wheel rail force.	As soon as the track 
geometry starts to deteriorate, the variations of the 
wheel/rail interaction forces will increase, and the track 
deterioration rate increases [54].	The track irregularity is of 
the character that, it grows under the train load and is 
rectified by tamping with multiple tie-tampers or by manual 
surfacing with beaters or tie-tampers [60] and 
stoneblowing.  The lower the irregularities, the higher the 
track quality. Track gauge, twist, longitudinal and cross- 
level, alignment are examples of quantities that are used to 
assess the quality of a track.	The analysis of track condition 
for consequent maintenance allows for identification of the 
extent of defects or deviations in five geometrical 
quantities.  

The cause effect phenomenon in track degradation in a 
newly constructed or maintained track is a cycle in which 
the train loads (traffic parameters) causes permanent 
settlement of the track substructure (ballast/subgrade) 
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which then triggers track geometry defects. The geometry 
defects initiates and exacerbates the development of super-
structural defects which in turn causes considerable 
increase in wheel rail interaction forces [29], [61]. The 
wheel rail increased forces amplifies the railway traffic 

force and a corresponding effect is transferred to track 
substructure.  Therefore, general track irregularities growth 
and severe degradation occurs gradually if timely 
intervention in terms of maintenance is not undertaken to 
distort the cycle as elaborated in Fig 6 below. 

	

Figure 6: Cycle of cause effect track structure degradation

From the above figure of interaction of the three aspects of 
track deterioration (Sub-structural or degradation of the 
track substructure, Super-structural or degradation of the 
track superstructure and Geometry or degradation of the 
track geometry) [30], it is concluded that, track geometrical 
defects exacerbates the global track deterioration. Since 
substructure settlement due to train loading causes the 
growth of geometrical defects, it is therefore crucial that, 
the railway track design work and maintenance activities 
should be geared towards ensuring substructure stiffness of 
commendable mechanical performance and durability. This 
is especially attained by the levels of initial track quality 
index (TQI) and quality of the ballast material chosen for 
new construction. 

When routine track inspections and monitoring reveals that, 
geometrical defects have grown to and beyond allowable 
established limits by standards, the most common track 
geometry correction mechanisms which has been 
highlighted in this paper is tamping and stoneblowing as the 
dominant maintenance activities.  It was however noted that 
tamping operations cannot recover total deformation of the 
track and the settlement was greater than zero (0) mm. 
Additionally, the track was still susceptible to settlement 
within a short period of train passing due to the dilatant 
behavior of ballast during tamping which makes the ballast 
to quickly return to its pre-maintenance position.  
Stoneblowing however ensures total recovery of track 
deformation but, with the drawback of rapid settlement that 
takes place on the onset of train passing after maintenance 

which could trigger rapid geometry defects immediately 
after maintenance. 

The use of under sleeper pads (USPs) in both cases of 
tamping and stoneblowing allowed for an important 
reduction in track stiffness along with an increase in its 
capacity to dissipate energy hence minimization of 
geometry defects growth rate after maintenance operations.  

Based on the results obtained from laboratory study [4], it 
was noted, that the application of stoneblowing, instead of 
tamping, could considerably improve the mechanical 
performance and durability of railway tracks, which would 
lead to an important reduction in service and maintenance 
costs. In addition, the findings indicated that, its 
effectiveness could be even be higher than that obtained 
when USPs are employed (which also requires a notable 
increase in investment) together with tamping. 

8. Conclusion 

The great indicator of track degradation in most cases is the 
appearance of track geometrical defects. In order to 
properly analyse the extent of track degradation, continuous 
research into improving the accuracy and simplicity of 
identifying   track geometry defects should be aimed at. 
Future work is suggested to fully develop a cost benefit 
analysis on the use of under sleeper pads (USPs) throughout 
the track length which could reduce on the frequency of 
tamping and long term corresponding maintenance costs. 
Further research is also encouraged to expand the 
understanding of train loadings to minimize track 
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substructure deformation and degradation for an optimum 
design in attempt to control track geometry defects. 
Because tamping operation, as the most common 
maintenance operation is associated with ballast breakage 
and creation of fines that accelerates fouling problem, 
technology aspect of tamping is an issue for further study in 
an effort to limit its negative impacts while achieving the 
desired objective. This is justified by the fact that, there are 
limited companies controlling the core technologies for 
tamping machines and thus, the number of published 
studies on the same is limited [43]. 

 Finally, we hope that this systematic literature review study 
can raise the desire of other engineering researchers to 
shape on and examine more about track geometry defects, 
overall track degradation phenomena and associated 
correction techniques. 

9. Recommendations 

• Accurate forecast and effective simulation of the 
growth of track geometry condition is essential for 
planning effective railway track maintenance.  

• Train loads and speeds should be limited to design 
values for which an optimum design can safely 
withstand without excessive deformation and 
defect growth. Where it is deemed vital, track use 
can be restricted till unacceptable defect is 
resolved. 

• Whereas the operational train speed and the 
ballast/substructure stiffness are the most 
significant parameters influencing energy 
dissipation and therefore track deterioration basing 
on the assumption of a geometrically perfect and 
straight track with spatial invariability[35], but 
logically there exist discontinuities (ie culverts, 
transition to bridges, hanging sleeper etc)  causing 
nonuniformity and stiffness variation along the 
track [62] . This phenomena could as well have 
considerable influence to track behavior that could 
supersede the former (operation speed and ballast 
stiffness) 

• Initial track quality index (TQI) influences the 
expected track degradation overtime and 
acceptable minimum should be achieved both for 
new constructions and during maintenance 
operations. 
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