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ABSTRACT 

The planning and specification of rail grinding activities using measured rail profiles 

normally involves a comparison between the existing and desired rail profiles within a rail 

segment. In current practice, a somewhat subjective approach is used to select a 

measured profile – usually located near the midpoint of the segment – that represents 

the profiles throughout the rail segment. An automated procedure was developed to 

calculate a representative average (mean) rail profile for a rail segment using industry-

standard rail profile data. The procedure was verified by comparing the calculated 

average to an expected profile. The procedure was then validated by comparing the 

calculated average profiles of 42 in-service rail segments (10 tangents and 32 curved 

segments) to the corresponding subjectively chosen median rail profiles for each 

segment. Overall, the validation results indicated that the coordinates comprising the 

mean and median profiles differed by less than one percent on average. As expected, 

stronger agreement was observed for tangent rail segments compared to curved rail 

segments. Thus, the validation demonstrated that the procedure produces comparable 

results to current practice while improving the objectivity and repeatability of the 

decisions that support rail-grinding activities. 
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1 INTRODUCTION 

1.1 PURPOSE 

This research develops, verifies, and validates a repeatable procedure to determine a 

representative average rail profile for a segment of rail. Using industry standard rail profile 

data, the procedure provides an automated and repeatable alternative to subjectively 

selecting a representative median profile for a rail segment. The procedure is verified by 

comparing the calculated average to a known profile. It is then applied to forty-two (42) 

selected in-service rail segments chosen from data collected on a short-line heavy haul 

railway in Canada. The resultant average profiles are statistically compared to a subjectively 

chosen median rail profile for each segment for validation. The procedure provides an 

alternative to current practice that improves objectivity and repeatability in support of rail 

grinding decisions and activities. 

1.2 BACKGROUND AND NEED 

Monitoring and maintaining the wheel-rail interface is a critical component of proactive 

management strategies being considered and adopted by freight and transit rail properties 

around the world (Magel & Kalousek, 2002). The particular shapes of the wheel and rail 

profiles directly influence the performance of the interface, which is generally quantified in 

terms of: resistance to wear, resistance to fatigue, resistance to corrugation development, 

minimization of lateral-to-vertical forces, maximization of stability, and minimization of noise 

(Magel & Kalousek, 2002; Iwnicki, 2006). Moreover, maintaining a healthy wheel-rail 

interface supports broader performance outcomes such as safety, environmental 

stewardship, ride quality, and economic return (Kalousek, 2005; Magel, Kalousek, & 

Caldwell, 2005). 
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The interactions between wheel and rail profiles have significant impacts on the efficiency of 

train operations and on rail infrastructure. The type of contact that is developed between 

wheel and rail is dependent on the specific profiles involved and the nature of track 

geometry. For example, traditional wheel sets are designed with wheel tread conicity, 

allowing for limited self-steering around curves. As shown in Figure 1-1, the wheels shift to 

take advantage of the rolling radius difference, resulting in a change in the location of the 

contact patch. The change affects the wear characteristics of both wheel and rail. Wheel 

and rail profiles that are inadequately paired will adversely affect wear characteristics, rail 

stress, steering, and ride quality. Wheel and rail profiles with synergistic relationships will 

have lower rates of wear and higher stability performance (Xuesong, Xinbiao, Zefeng, Jun, 

& Minhao, 2009). A synergistic contact patch between wheel and rail is dependent on their 

profiles, and is managed through the selection of grind templates appropriate for the 

geometric characteristics. 

 

Figure 1-1: Wheel contact patch shift in curvature performance 

Optical rail measurement tools are widely used to periodically monitor the shape of the rail 

profile. Most commonly, these tools are mounted on a high-rail vehicle and utilize a laser 

scanning technology to measure the left and right rail profiles at specified longitudinal 

distance intervals along a track (McWilliams, 2013; Magnus, 1995). The measurements 

support maintenance planning decisions concerning the scheduling and intensity (i.e., 
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depth) of rail grinding activities required to maintain acceptable performance of the interface. 

Moreover, they provide a means of evaluating the effectiveness of grinding activities after 

completion (Zarembski, Palese, & Euston, 2005). 

In practice, the planning and specification of rail grinding activities using measured rail 

profiles normally involves a number of steps, which are executed with the support of 

software tools (Zarembski, 2011). The following five steps are used in the context of this 

work. 

(1) Determine or design a desired rail profile for the left and right rails of a particular 

tangent, curved, or spiral track segment (a track segment comprises two rail 

segments, one for the left rail and one for the right rail) 

(2) Select the measured rail profile closest to the longitudinal centre of the rail segment (in 

this thesis, this profile is referred to as the median profile) 

(3) Assess the median profile to determine whether it is adequately representative of all 

the measured rail profiles in the rail segment 

(4) If the initially selected median profile is inadequately representative, select a new 

representative median profile (usually in close proximity to the initial median profile) 

(5) Compare the new representative median profile to the pre-determined desired rail 

profile to develop an appropriate grinding strategy for each rail segment 

An evident limitation of this practice is the somewhat subjective, potentially non-repeatable 

nature of identifying a median profile that adequately represents the rail segment. This 

research develops, verifies, and validates a new, repeatable procedure to determine a 

representative average (mean) rail profile.  
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1.3 OBJECTIVES AND SCOPE 

Specific objectives of this research are to: 

(1) Develop an automated procedure that determines the mathematical mean rail profile 

from a predefined set of rail profile measurements; 

(2) Verify the procedure using profile measurements of a rail with a known constant rail 

profile throughout a rail segment; and 

(3) Validate the procedure using profile measurements from selected in-service rail 

segments and compare the calculated average (mean) profile with a representative 

median profile chosen using common practice, as described in Section 1.2. 

The rail profile data used to achieve these objectives is sourced from freight rail properties in 

Canada. The procedure is also transferable to rail transit properties and can therefore be 

deployed for a wide range of contexts and applications across any railway environment. 

1.4 APPROACH 

The complexity of interactions between wheel and rail necessitates a systems approach to 

management, control, and maintenance of the wheel-rail interface. Rail performance is a 

function of a large number of characteristics, variables, and influences, including, but not 

limited to track geometry, wheel and rail profile shape, wheelset dynamics, contact 

mechanics, friction management, tonnage, and operating speed. 

Track geometry encompasses a wide range of variables including gauge, slope, curvature, 

and super-elevation. Wheel and rail profile shape are controlled through maintenance in 

order to also control railcar dynamics and contact mechanics. Wheel and rail profile shape 

deteriorates through the combination of track geometry, wheel and railcar dynamics, 

tonnage, and operating speed. Each variable above is interconnected through intricate 
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relationships that carry both positive and negative impacts on railway performance and rail 

wear. Independent of each other, no single characteristic, variable, or influence, is able to 

tell the complete story of the system of railway interactions. 

Developing an understanding of rail wear mechanisms, data acquisition, and rail 

maintenance procedures was essential for this thesis. A literature review was conducted to 

develop background knowledge and provide context for the need this research meets. 

Currently, rail grind program planning depends on subjective expert input to determine the 

intensity of field grinding programs. A data-handling procedure was developed to support rail 

grind program planning. This algorithm automates the process of selecting a median profile 

through the input of field data collected and compiled in available software tools. The 

algorithm is verified and validated with field data by statistically comparing the calculated 

mean profile to the median expert selected profile. The results are presented graphically for 

evaluation. This work does not attempt to determine specific relationships between 

variables, influences, and rail performance. Rather, it attempts to improve the repeatability 

of current practice in grind maintenance planning using in-service rail segments. 

1.5 THESIS ORGANIZATION 

This thesis is divided into five chapters. Chapter 2 summarizes the findings of the literature 

review regarding the cycle of rail wear, monitoring, maintenance, and evaluation. This 

chapter addresses the following:  

 Rail wear mechanisms; 

 Rail monitoring technologies and practices; and 

 Rail grinding practices. 
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Chapter 3 outlines the methodology used for this research to develop and verify a procedure 

to determine a representative rail profile for a segment of rail. The chapter includes: 

 Overview of current practice; 

 Source data; 

 Procedure development; and 

 Procedure verification. 

Chapter 4 outlines and analyzes the validation results of the procedure. The chapter 

includes: 

 Description of procedure validation; 

 Graphical and numerical validation results; and 

 Discussion of research findings.   

Chapter 5 summarizes research findings, limitations, conclusions, and opportunities for 

future research. 

1.6 TERMINOLOGY 

The following terms are used throughout the thesis. 

Rail Profile – The shape of a rail cross-section. 

Wheel Profile – The shape of a wheel cross-section 

Rail Segment – Left or right rail of a particular tangent, curved, or spiral track segment. 

Track Segment – Two rail segments, one for the left rail and one for the right rail. 
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Tangent Track – Straight line track segment in the horizontal plane 

Curved Track – Track with constant degree of curvature 

Spiral Track – Transition between tangent and curved track with constantly changing degree 

of curvature 

Gauge Side – Vertical face of the rail head facing the interior of the track from which the 

gauge is measured 

Field Side – Vertical face of the rail head facing outwards from the running surface of the rail 
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2 RAIL DEFECTS, RAIL MONITORING, AND RAIL GRINDING 

PRACTICES 

This chapter summarizes findings from the literature review regarding rail wear 

mechanisms, monitoring, and maintenance processes. The review addresses the following: 

(1) Rail defects; 

(2) Rail monitoring technologies and practices; and 

(3) Rail grinding practices and evaluation. 

A comprehensive literature review was conducted of research published in the last 20 years. 

The literature search included a variety of data and information sources including research 

periodicals, journals, readily available papers, conference proceedings, special government 

reports, and documents on the World Wide Web.  

2.1 RAIL DEFECTS 

Rail defects, whether initiated through manufacturing anomalies, maintenance errors, or 

contact fatigue, contribute significantly to rail wear. Railway maintenance practices are 

designed in large part to combat and correct rail wear, which necessitates understanding of 

rail wear mechanisms such as rail defects and fatigue. 

Rail defects are categorized as either critical or non-critical. Critical defects affect the safety 

of train operations and are subject to a crisis maintenance approach. Non-critical defects do 

not affect the integrity of the rail or train operating on them. However, non-critical defects 

have the potential to develop into critical defects and are targeted by preventative 

maintenance practices.  
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Rail defects are a major safety issue on all railway properties and are the subject of 

significant regulation in Canada by Transport Canada and the Transportation Safety Board. 

Track safety rules published by Transport Canada mandate minimum inspection intervals for 

rail flaws based on rail class and annual tonnage. Inspection reports must be prepared and 

remedial action taken, recorded, and stored for future reference (Transport Canada, 2011). 

While statistics on specific rail defect causes of derailment in Canada are not documented, 

the Transportation Safety Board reports factors assigned by railroads or investigators for 

reported derailments and collisions on main and non-main tracks in Canada. Table 2-1 

shows a summary of all derailments in Canada from 2006 to 2015 that have been assigned 

a track related cause. Rail factors are a subset of track factors, including rail defects. The 

Transportation Safety Board reports that track issues are a factor in 35.4 percent of all 

reported derailments, and rail defects are a factor in 5.7 percent of all reported derailments. 

Rail defects, however, are a factor in 12.1 percent of all reported main track derailments, 

second only to track geometry factors (Transportation Safety Board, 2016). This 

demonstrates that rail defects, are a significant cause of main track derailments in Canada. 

Table 2-1: Summary of assigned track and rail factors for derailments in Canada 2006–2015 

Type 

Total 

Assigned 

Factors 

Track Factors Rail Factors 

Main Track Derailments 1157 436 37.7% 140 12.1% 

Non-Main Track Derailments 6366 2225 35.0% 290 4.6% 

Total Derailments 7523 2661 35.4% 430 5.7% 
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In addition, Transport Canada reports show that main track derailment rates have remained 

relatively unchanged since 1998 (Transport Canada, 2011). Figure 2-1 shows the rate of 

main-track derailments per million track miles for the period of 1998 to 2014. A reduction in 

derailment rate is apparent from 2008 to 2012. It is unclear whether the rate increase in 

2013 and 2014 is a return to historical norms or is anomalous compared to recent trends. 

However, this increase is cause for concern and suggests more rigorous prevention 

methods could contribute to a decrease in train derailments. 

 

Figure 2-1: Canadian Railway Main Track Derailment Rate for 1998 – 2014 (Transportation 
Safety Board, 2016) 

Any number of defects may fall into the critical or non-critical category, and defects can 

develop in every section of the rail, as well as in multiple planes as shown in Figure 2-2.  
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Figure 2-2: Rail Profile Section Illustration 

Rail defects form through a number of different mechanisms, such as manufacturing 

anomalies, errors in handling, installation, use, and maintenance, as well as material fatigue. 

Rail failures caused by manufacturing defects are continually being addressed through 

improvements in materials, technology, and rail manufacturing processes. Improvements to 

the manufacturing process contribute to reducing transverse defect types. Rail defects are 

also caused by errors in handling, installation, and use, as well as material fatigue through 

cyclical, dynamic, and impact loading (Cannon, Edel, Grassie, & Sawley, 2003). Defects 

caused by material fatigue are often referred to collectively as rolling contact fatigue. 

Defects will also develop in any rail type as a result of rail wear, foreign material inclusions, 

and plastic flow (Enblom, 2009). 

Rail defects are categorized into multiple types depending on plane, orientation, cause, and 

location on the rail. These defect types include the following, and are described below. 
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(1) Transverse defects; 

(2) Longitudinal defects, which occur in the horizontal or vertical plane; 

(3) Web defects; 

(4) Base defects; 

(5) Joint defects; and 

(6) Surface defects resulting from rolling contact fatigue. 

2.1.1 Transverse Defects 

Transverse defects are fractures that develop transverse to the cross-section of the rail as 

shown in Figure 2-2. This specific defect type cannot be accurately identified until the rail is 

broken. However, rail inspection techniques such as ultrasonic rail flaw detection are able to 

identify the warning signs prior to failure. Transverse defects are only observable once the 

fracture reaches the rail surface. The most common transverse defects are transverse and 

compound fissures, detail fracture, engine burn fracture, and welded burn fracture (Cannon, 

et al., 2003). 

2.1.2 Longitudinal Defects 

Longitudinal defects are fractures that exhibit separation in the longitudinal plane only, as 

shown in Figure 2-2. Longitudinal defects occur in either the horizontal or vertical plane. Like 

transverse defects, this specific type of defect cannot be accurately identified until the rail 

has broken, and is only observable once the defect has reached the surface. Inspection 

techniques such as ultrasonic rail flaw detection are able to identify warning signs prior to 

failure. Common longitudinal defects are horizontal and vertical split heads (Nordco, 2014). 

An example of a vertical split head with spalling is shown in Figure 2-3 below. 
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Figure 2-3: Longitudinal split rail head 

2.1.3 Web Defects 

Any progressive fractures occurring in the web of the rail are considered web defects. Web 

defects typically have longitudinal separation, and the most common types are head and 

web separation, split web, and piped rail. Web defects are common at or near joint areas, 

and can be detected through optical systems and visual inspections. Web defects are often 

associated with conditions near bolted joints, such as bolthole cracks and rail end head and 

web separation (Nordco, 2014).  

2.1.4 Base Defects 

Base defects are any fracture or break originating in the base of the rail. Currently, base 

defects are not detectable using automated inspection methods and must be found using 

visual methods. Common types of base defects are broken bases or base fractures 

(Nordco, 2014). 
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2.1.5 Joint Defects 

Welded joints are constructed both in the plant and in the field. Defective welds are those 

containing discontinuities exceeding five percent of the rail head cross-sectional area. 

Discontinuities occur when there is incomplete weld penetration between the parent material 

and the weld metal, incomplete fusion, trapped slag or sand, and shrinkage or fatigue 

cracking. Weld defects originate in all areas of the rail and can propagate in all directions 

into either or both adjoining rail segments (Nordco, 2014).  

2.1.6 Surface Defects from Rolling Contact Fatigue 

Materials and manufacturing technologies and processes are continuing to advance, which 

contribute to increasing the service life of a typical steel rail. In parallel with longer rail 

service life, railroads are responding to business demands for higher speeds, axle loads, 

and traffic densities. The combination of longer service life and greater operational demands 

is making material fatigue a much greater factor in rail defect development than has 

historically been the case. Rolling contact fatigue encompasses a variety of rail flaws and 

defects including the following: 

 Head checks – high frequency cracks open to the rail surface, typically at the gauge 

face of an outside rail on a curve (Fletcher, Franklin, & Kapoor, 2009). 

 Spalling – flaking of the rail caused by external micro-cracking in the running surface 

of the rail, typically at the gauge corner and the running surface of low rails in curves 

(Separating shelling or spalling, 2016). 

 Shelling – progressive, sub-surface separations that develop at the gauge corner. 

They can crack out similar to spalling, or turn down into transverse defects 

(Separating shelling or spalling, 2016). 
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 Corrugation – periodic irregularity with variable wavelength present on the running 

surface of the rails, often observable by eye (Grassie, 2009). 

 Squats – local plastic deformation in the running band of tangent track and large 

curves (Li, 2009). 

These surface defects from rolling contact fatigue are caused by high perpendicular and 

tangential stresses imposed by the wheel on the rail. The combination of stresses causes 

shearing stress on the surface of the rail, resulting in material fatigue over time (Cannon, et 

al., 2003). An example of spalling, shelling, and external cracking on the gauge corner due 

to rolling contact fatigue is shown in Figure 2-4 below. 

 

Figure 2-4: Head checks, spalling, and shelling from rolling contact fatigue 

Of all rail defects, non-critical surface defects are most easily prevented from becoming 

critical defects, provided they are detected early and are the subject of preventative 

maintenance programs. Such programs are the focus of this work. 
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2.2 RAIL MONITORING TECHNOLOGIES AND PRACTICES 

Track inspection is the practice of examining rail tracks for flaws and defects that may lead 

to failure. Non-destructive testing is required because of the scale of inspection operations, 

and the unfeasibility of performing more invasive inspection techniques (Cannon, et al., 

2003). Taking rail lines out of service is something which all rail companies try to avoid as 

much as possible due to the lack of revenue generation on a closed mainline. Numerous 

non-destructive testing methods have been developed since the need for inspection was 

first established. Non-destructive testing is used as a preventative measure against track 

failure and possible derailment. Several methods are outlined below. 

(1) Visual inspection; 

(2) Rail profile measurement and data acquisition; 

(3) Eddy current; 

(4) Ultrasound; 

(5) Magnetic particle inspection; 

(6) Radiography; and 

(7) New developments. 

2.2.1 Visual Inspection 

The first rail inspections were carried out visually. While this was adequate for the low track 

mileage and larger critical flaws, rail traffic has only increased, bringing expanding networks, 

higher operating speeds, and heavier axle loads. This combination of factors has led to a 

shrinking in the critical size of rail flaws, creating the need for more accurate inspections. 

Visual inspection is still carried out by track maintenance staff and pedestrian operators of 

ultrasonic equipment for quality control (Cannon, et al., 2003). 
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2.2.2 Rail Profile Measurement and Data Acquisition 

Effectively collecting rail profile data is cost effective for planning maintenance and 

projecting rail requirements. Rail profile and track geometry data can be used to monitor rail 

wear, as well as develop metrics that assist in assessing track, car, and wheel performance.  

Current technology for optical rail profile measurement consists of rail-bound or hi-rail 

vehicles with mounted optical and laser-scanning equipment that captures the transverse 

rail profile as the vehicle moves over the rail (Palese, Euston, & Zarembski, 2004). An 

example of this set up is shown in Figure 2-5.  Modern measuring techniques are able to 

adjust laser spectrum from ultraviolet to infrared, as well as produce different beam shapes 

that can be tailored to specific measuring tasks (Krischke, et al., 2013). 

  

Figure 2-5: High-rail vehicle with mounted optical rail measurement and eddy current 

A typical rail measurement system, seen in Figure 2-6, captures the shape of each rail, 

converts it into sets of discrete coordinates, and encodes them along with location data 
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(Palese, et al., 2004). Profile measurement accuracy is dependent on several factors, 

including measurement method, image resolution, system calibration, vehicle speed, and 

environmental factors (precipitation, sunlight, vegetation). Additionally, different profile 

measurement systems record different parts of the rail. Many applications of profile data, 

including the calculation of grind or profile quality indices are concerned with the measured 

railhead above the gauge point (Cannon, et al., 2003). 

  

Figure 2-6: Optical rail profile measurement schematic 

Rail profile measurements are valuable for a number of reasons. An accurate understanding 

of the rail profile along a specific segment allows for the optimization of the grinding plan. 

Grind planning optimization is carried out by assessing the amount of metal to be removed 

under a specified grind template, which creates efficiencies in rail maintenance operations. 

Well-planned track maintenance reduces costs by extending rail life, thus increasing the 

interval at which infrastructure must be replaced.  
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2.2.3 Eddy Current 

Eddy current, otherwise known as electromagnetic induction, is a non-contacting, non-

destructive testing method for identifying micro-cracks and defects that either break the 

surface, or are close to breaking the surface. Eddy current results may also be used for 

estimating the depth of defects from the surface of the rail (Cannon, et al., 2003). This 

technology works by using an electromagnetic coil to generate a magnetic field to interact 

with the rail. The interaction produces an eddy current which is monitored for changes in 

phase and magnitude that indicate surface or near-surface flaws (Clark, 2004). In the past, 

eddy current or induction systems have required rail-bound vehicles due to the size of the 

power generation plants required. With advances in the technology, eddy current testing 

systems are now extremely portable and can be operated by pedestrians with walk-behind 

technology, or mounted on high-rail vehicles as shown in Figure 2-5 (Cartz, 1995). When 

mounted on vehicles, operating speeds may be limited due to the requirement for immediate 

manual verification of defects (Clark, 2004). 

2.2.4 Ultrasound 

Ultrasonic rail flaw detection systems use transducers set at varying beam angles within a 

wheel probe to capture defects in specific sections of the rail. The high frequency signal is 

emitted into the rail, and is reflected or obscured by defects in its path. Depending on the 

angle or combination of angles of the transducer beams, ultrasonic systems are able to 

identify and categorize specific types of flaws in the rail head. Typical angles used are 0 

(zero), 45, and 70 degrees (Nordco, 2014). Depending on the signal strength and position of 

the transducers and receivers, the size and characteristics of a defect can be determined. 

Ultrasonic systems are used to detect surface and internal defects, as well as measure the 

height of rail, and corrosion in the base of the rail (Cannon, et al., 2003).  
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Ultrasonic systems can be operated by pedestrians with walk-behind measuring systems 

and hand-pushed units, or mounted on high-rail vehicles. Vehicle based systems can 

operate at speeds of 40-70 km/h, though average speeds are much slower due to the 

requirement for immediate manual verification of defects (Clark, 2004). More recent systems 

have integrated fully digital signal processing which helps remove problems resulting from 

operator signal interpretation and results in fewer false alarms (Cannon, et al., 2003). 

2.2.5 Magnetic Particle Inspection 

Magnetic particle inspection is applied for detailed manual inspection, and is used to identify 

surface defects (Cannon, et al., 2003). This method is based on the theory that when a 

ferromagnetic material, like the steel rail, is magnetized, discontinuities cause leakage fields 

to form at the surface. The leakage field is detected by finely divided ferromagnetic particles 

applied on the surface, and the presence of a magnet on or near the rail surface. Magnetic 

particle inspection is a sensitive method for locating small, shallow surface and subsurface 

defects, but is too time consuming to be widely used except for follow-up on ultrasonic or 

eddy current testing (Magnetic Particle Inspection, 2008). 

2.2.6 Radiography 

Radiography is used by some railways on specific, and often predetermined, locations such 

as boltholes and thermite welds. Radiography is a technique of obtaining imaging of a solid 

using penetrating radiation such as x-rays or gamma rays. Images produced show contrast 

due to different degrees of absorption in the test specimen (Cartz, 1995).  It is applied in the 

examination of alumino-thermic welds that may contain irregular, non-planar defects, as well 

as for defects with orientations unsuitable for ultrasonic or eddy current testing from the rail 
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top (Cannon, et al., 2003). Like magnetic particle inspection, radiography is an intensive 

process that is targeted at specific locations like bolt and weld connections. 

2.2.7 New Developments 

Quicker and more efficient methods for inspecting railways are required as rail traffic 

increases and brings with it heavier axle loads and higher speeds. Laser scanning 

technology is already used to inspect railway geometry, but work is being done to use lasers 

to generate and receive ultrasonic waves in order to increase testing speeds and 

effectiveness (Krischke, et al., 2013). Inspecting technology that eliminates contact with the 

rail will allow high-speed rail flaw detection. The Speno US-6 Ultrasonics train is currently 

able to test at speeds up to 80 km/h, however, the requirement for manual verification of 

flaws still has the potential to cause delays (Clark, 2004). 

Other research developments underway include complete rail inspections systems that 

allow for eddy currents to locate deeply buried defects, and neural network analysis of 

signals to improve detection and identification (Clark, 2004). Researchers are also 

investigating various ultrasonic probe combinations and configurations for vehicle-based 

systems, as well as non-destructive measurements of residual stresses and rail neutral 

temperature (Nucera & Lanza di Scalea, 2014). 

Common practice on many railways in North America has begun to include linkage of 

multiple testing methods together to limit redundancies. For example, the combination of 

optical rail measurement systems and eddy current testing on high-rail vehicles is being 

explored (Clark, 2004). Analysis has been conducted on the performance of such systems 

combining ultrasonic and induction testing in demanding territory that includes mountains, 

curves, worn rail, and variable weather conditions. This analysis showed that instances of 
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railhead defect failures had dropped by more than 50 percent since the introduction of the 

combination test vehicles (Clark, 2004). The combination testing equipment is finding more 

defects at an earlier point in the defect growth cycle, which emphasizes the power of 

complementary techniques. The combination systems have also resulted in fewer stops for 

manual verification, and an increase of more than 60 percent in testing speed. Other 

analysis indicated that 20 percent of the marked defects were found using only induction, 

which further strengthens the case for complementary testing methods (Clark, 2004).  

Additionally, high-rail truck usage is becoming more widespread. High-rail vehicles are 

advantageous for inspection and maintenance activities because they are not rail-bound. 

This allows them to provide high quality testing along with the increased mobility and 

flexibility of deployment (Clark, 2004). As testing methods are optimized and equipment 

becomes more efficient, increased testing speeds have become possible. Correspondingly, 

increased speeds have the potential to significantly increase the mileage covered by 

inspection crews. However, both the Federal Railway Administration in the United States 

and Transport Canada require immediate manual verification of detected flaws, which 

introduces a trade-off between testing at higher speeds and risking longer reversing moves 

when defect confirmation is required (Clark, 2004). 

2.3 RAIL GRINDING PRACTICES AND EVALUATION 

Once a defect has been detected and verified, action must be taken to ensure it does not 

become critical. Critical defects and flaws result in failure, which may lead to catastrophic 

derailment of vehicles with widely varying and significant consequences. The corrective 

action required depends on the type of flaw detected. For most internal defects, the only 

corrective measure to be taken is to replace the rail. In these cases, the defective segment 

of rail is cut out and a new segment is inserted and secured with a field thermite weld. 
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For surface defects, such as those caused by rolling contact fatigue, programs of rail 

grinding and milling are often used. This is often referred to as preventative maintenance. It 

does not involve rail replacement, but essentially re-surfacing and re-profiling the rail head 

to eliminate surface defects, slow propagation of cracking from rolling contact fatigue, and 

optimizing the rail profile (Grassie, 2005). Analysis of historical data shows that properly 

implemented grinding programs reduce the expected number of defects and increases the 

optimal rail replacement interval (Merrick, Soyer, & Mazzuchi, 2005).  

2.3.1 Grinding and Milling 

Once the data has been collected, verified, and analyzed, maintenance action is planned to 

ensure that none of the detected flaws become critical. The action required depends on the 

objective of maintenance.  

In the past, the main objective of standard rail grinding maintenance programs was the 

removal of corrugation first, and then the removal of rail surface damage and re-profiling (or 

re-shaping) to improve vehicle steering. The emphasis that has emerged over the last two 

decades has been to design grinding programs that remove cracks produced by rolling 

contact fatigue (Cannon, et al., 2003). While there has been progress in understanding the 

causes and effects of rolling contact fatigue, most railways see grinding as the only way to 

currently control the development of cracks into significant defects. As a result, grinding has 

become an essential part of treating rolling contact fatigue (Merrick, et al., 2005). 

In short, grinding has three significant values as a treatment of surface-initiated rolling 

contact fatigue defects. First, grinding either removes or shortens the length of existing 

cracks. When grinding is performed on a frequent basis, the cracks are maintained in a 

shallow angle, low growth phase. The cracks are not permitted to advance into critical 
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defects. Second, grinding re-profiles the rail transversely. If the re-profiled rail conforms 

better to the wheels that run over it, contact stresses are reduced and crack initiation is 

limited. Matching wheel and rail profiles can also shift the contact patch to areas that are 

less susceptible to rolling contact fatigue cracking. Third, when cracks already exist, grinding 

can shift contact away from cracks, eliminating growth. New cracks may be initiated, but 

initiation and growth are slower than the propagation of an existing crack (Magel & 

Kalousek, 2002). These three values all play a part in extending the rail life cycle. 

As stated above, grinding involves re-surfacing and re-profiling the railhead to eliminate 

surface defects, slow propagation of cracking from rolling contact fatigue, and optimize the 

rail profile (Grassie, 2005). It also aims to either restore or maintain a specific desired rail 

profile over which the vehicle travels by removing irregularities from its worn shape (Bouch 

& Roberts, 2010). The desired rail profile is referred to as a grind template. 

The grind template varies between track segments (longitudinally defined by rail curvature) 

and is selected based on track geometry (degree of curvature, cross-level), track usage 

(traffic patterns, tonnage), worn wheel profile, and the type of grinding performed (Palese, et 

al., 2004). As a result, track geometry and grinding approach must be known at a specified 

location for appropriate grind templates to be selected. Template choice is critical because 

of the sensitive nature of the wheel-rail interface. Even a minimally sub-optimal rail profile 

can have significant impact on the wheel-rail contact relationship (Palese, et al., 2004). A 

properly selected grind template will extend the service life of the rail and improve the ride 

quality and performance of trains using the track (Bouch & Roberts, 2010).  

Rail grinders achieve the desired template through the application of a series of motor 

actuated circular stones mounted at controlled angles to the rail surface. Motors spin the 
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stones and the combination of quantity of stones, application angle, number of passes, 

patterns, speeds, and pressure, removes the metal from the rail surface and restores the rail 

to its desired profile (Bouch & Roberts, 2010). Grinding equipment is mounted on 

specialized vehicles which can be either self-propelled, such as a high-rail, shown in Figure 

2-7, or on a dedicated rail-bound grinding train. The number of grinding stones varies from 

sixteen to more than one hundred, though with fewer stones, more passes are required to 

achieve maintenance goals.   

 

Figure 2-7: High-rail grinding machine configuration 

High-speed grinding is popular in some places, as it allows grinding trains to operate at 

speeds up to 80 km/h. While it does not re-profile rail like slower speed units do, it is 

effective at defect removal, and allows for little or no impact on scheduled traffic (Bouch & 

Roberts, 2010). 

An alternative approach to rail grinding is rail milling. Rail Milling is generally used for the 

same purpose as grinding, though the process differs. While grinding uses friction from 

oscillating or rotating stones to remove metal, milling machines utilize metal cutting tools 

with blades and teeth to remove metal. The process allows for collection of removed metal, 
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which can then be recycled for other purposes. It also imparts less heat into the rail surface, 

reducing the probability of creating heat-affected zones on the rail (Grassie, 2009). Milling 

machines are mounted on rail-bound vehicles, and although speeds are improving, high-

speed operations are not currently possible (Grassie, 2009).  

2.3.2 Magic Wear Rate 

As has been illustrated, rail life is affected by a combination of mechanisms such as contact 

fatigue and wear – both natural and artificial. Research has shown that a maintenance 

approach that includes premium, high-hardness rail, wheel-rail lubrication, and rail grinding 

is the most effective way to extend rail life (Kalousek & Magel, 1997). Excessive natural and 

artificial wear, including removal of material through rail grinding, removes too much 

material, while insufficient wear allows fatigue cracking to both initiate and propagate. Both 

excessive and insufficient wear result in a reduction in rail life. The “magic” wear rate is the 

optimal rail wear rate found between the cases of excessive and insufficient rail wear 

(Kalousek & Magel, 1997). 

The ideal balance between excessive and insufficient rail wear is found when fatigue 

development is halted by rail wear or metal removal. In other words, the “magic” wear rate 

occurs when surface material wear is at a point in which it eliminates propagation of surface 

cracks into larger defects that result in critical failures (Kalousek & Magel, 1997). The 

“magic” wear rate is a function of material hardness, contact stresses, and lubrication 

effectiveness (Kalousek & Magel, 1997). The “magic” wear rate is managed and reached 

through a combination of rail lubrication and light, frequent grinding programs. Light grinding 

at regular intervals methodically wears rail in order to remove the fatigued layer (Kalousek & 

Magel, 1997).  
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The natural wear rate can be described as a linear function of the accumulated load. 

However, as accumulated load increases rolling contact fatigue cracks are initiated and 

propagate at an increasing rate until rail break occurs. Preventative grinding is designed to 

remove thin layers of material from the rail before surface cracks can propagate. When the 

grinding frequency and intensity is highly controlled, a preventative grinding program can 

remove metal at a rate that is sufficient to remove initiated cracks prior to propagation, and 

reset the wear cycle, thus significantly extending the rail life cycle and saving railroads 

significant amounts of money in maintenance and capital infrastructure costs (Kalousek & 

Magel, 1997).  

2.3.3 Performance Indicators of Railway Infrastructure 

Studies and experience have shown that comprehensive data collection leads to more 

effective grinding programs, which in turn leads to better performance of railway vehicles 

and infrastructure. As railway traffic increases, the need to likewise increase capacity leads 

to a requirement for more efficient and effective maintenance and operations. In an 

environment with thin profit margins, assets and therefore maintenance must be managed 

through effective measurement and monitoring (Stenstrom, Parida, & Galar, 2012). 

Performance indicators fill this need, but are frequently improvisational and unstandardized 

(Stenstrom, et al., 2012). Performance indicators are typically developed to support 

managerial decision-making, and are highly varied. Railway infrastructure indicators fall 

under two broad categories; managerial and condition indicators.  

Managerial indicators include technical criteria that relate to reliability, availability, and 

maintainability. Specific metrics measured include train delay, time to repair, traffic volume, 

and capacity (Stenstrom, et al., 2012). Condition performance indicators include sensor 
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monitoring such as ultrasonic, eddy current, or optical devices measuring rail discontinuities, 

rail profile, and gauge wear, which lead to reports of potential hazards, profile quality 

indices, and maintenance requirements (Stenstrom, et al., 2012). 

Continuous technical and economic assessments are necessary in order to optimise railway 

infrastructure performance. To do this, the effect that maintenance activities and operations 

have on performance must be measured and monitored. While measuring means data 

collection, raw collected data often does not give information by itself. Data must be 

analysed and validated in order to properly guide decision making (Stenstrom, et al., 2012). 

Stenstrom et al. (2012) also note that in the context of performance indicators, trend 

directions as well as comparisons to historical data are more important than collecting data 

with high levels of precision. Consistency in data is important for capturing long-term trends. 

Profile or grind quality indices are an example of a condition performance indicator that 

results from the described data analysis and validation. Quality indices are a tool used to 

support infrastructure decision making, and make up part of a larger whole. As a tool, they 

are extremely important for infrastructure managers at a maintenance planning level. Quality 

indices are discussed in more detail in the following section. 

2.3.4 Profile and Grind Quality Indices 

Profile measurement is increasingly becoming a tool by which grinding operations are both 

planned and monitored. Monitoring of grinding operations has grown in importance as new 

technology and practices are implemented to more carefully control the wheel-rail interface. 

As use of better profile measurement technology becomes widespread, improvements are 

being made to both grinding quality control and monitoring. The need for a quantitative 

method for evaluating grinding performance is apparent within this new environment. 
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Post-grind measurement systems, mounted on the grinder or on a separate vehicle, allow 

rapid collection of the rail profile data after a grinding run has been completed. This allows 

for evaluation of the accuracy of the grinding operation in relation to the desired profile. One 

quantitative metric for evaluating the accuracy of the grinding program is the calculation of a 

grind quality index. A grind quality index can be implemented as quality control for grinding 

operations by quantifying the ability of a rail grinder to reshape a worn rail into the desired 

template. The same tools developed to monitor grinding programs can also be used to 

assess profile wear over time relative to the desired rail profile. In this case, the tools are 

referred to as a profile quality index. In effect, these two tools function similarly and will be 

referred to as “profile or grind quality indices”. As noted, a profile or grind quality index can 

be used for a number of tasks, primarily the determination of rail property segments in need 

of maintenance, an assessment of the performance of grinding programs, and tracking 

observation of trends in rail wear over time. 

Determining rail property segments in need of maintenance and assessing the performance 

of grinding programs are intimately linked to each other. In fact, they represent the pre- and 

post-grind applications of grind quality index calculation. A method has been developed 

which measures the rail profile immediately pre- and post-grind in a single pass through 

equipment mounted on the grinder to display real-time grind quality assessment (Palese, et 

al., 2004). Similar results are obtained by calculating pre- and post-grind quality indices and 

comparing them to each other to quantify grind performance. 

Tracking rail wear trends is done in a similar manner, but benefits from long-term data 

collection. Instead of pre- and post-grind collection runs, data is collected regularly over 

longer time periods. Profile or grind quality indices are calculated for each data run and 

compared year over year to quantify the change in profile shape over time. With enough 
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time and data, the wear performance of a rail property can be assessed. Segments with 

poor performance can be flagged for either higher frequency of grinding, or further study into 

the causes of detrimental performance characteristics. Calculating profile or grind quality 

indices for numerous track segments can allow for segments in need of grinding to be 

prioritized and scheduled based on necessity as defined by both magnitude and change of 

magnitude of the respective profile or grind quality index (Palese, et al., 2004). 

2.4 LITERATURE REVIEW SUMMARY 

The literature revealed the following regarding rail defects, monitoring technologies and 

practices, and preventative maintenance and evaluation: 

(1) Rail defects and wear result from a complex system of causes and effects. Defects 

can form as a result of manufacturing, installation, maintenance, and general 

operations. Effects include rail breaks, buckling, excess material loss due to wear, 

and material fatigue; 

(2) Multiple rail monitoring technologies are capable of detecting multiple types of flaws, 

as well as detailed measurements of crack depth and rail profile shape; 

(3) Work is being conducted on integrating and linking monitoring technologies to 

eliminate redundancies and increase testing speeds; 

(4) Rail grinding is common practice on all railways, and is an effective way of managing 

the wheel-rail interface. Light grinding at regular intervals is a preventative 

maintenance technique that eliminates propagation of fatigue cracks and both 

significantly extends the rail life cycle while reducing the cost of maintenance and 

capital infrastructure; 

(5) Several methods of maintenance evaluation are utilized to direct and support 

decision-making at a management level. Profile or grind quality indices are one 
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evaluation tool that are used for monitoring grinding in real-time, as well as rail wear 

trends over longer periods; and 

(6) As rail wear management techniques continue to advance, it is imperative that rail 

companies develop standardized methods for managing and utilizing the data these 

new measurement techniques provide in order to continue to extend rail life and 

increase safety. One such option will be explored in the following chapters. 
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3 METHODOLOGY 

This chapter discusses the procedure developed in this research to calculate the average 

(mean) rail profile of a set of measured rail profiles comprising a rail segment. The 

procedure was developed to support rail grind program planning. It automates an otherwise 

subjective step of selecting a median profile through the input of field data collected and 

compiled in available software tools. As such, the procedure has been designed for 

compatibility with Holland®’s RangeCAM Office and Grind Analyst® Software (version 12.3). 

Consequently, the data preparation and certain steps in the procedure are uniquely 

influenced by the data handling protocols defined within RangeCAM: However, the 

procedure itself operates outside of RangeCAM using more commonly available 

spreadsheet and data processing tools (namely, Microsoft® Excel® and MATLAB®).  

The chapter presents the following:  

(1) Overview of current practice; 

(2) Data preparation and structure; 

(3) Description of the average rail profile procedure; and 

(4) Verification of the procedure. 

3.1 OVERVIEW OF CURRENT PRACTICE 

Current practice regarding the planning and specification of rail grinding activities is aided by 

the use of measured rail profiles and the support of software tools. The planning activities 

typically involve the steps outlined in Chapter 1.2.  

A desired rail profile, also known as a rail grinding template is determined or designed for 

the left and right rails of a particular rail segment. Segments are defined geometrically based 
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on tangent, curve, or spiral curve properties. The desired rail profile is selected based 

primarily on the needs of the client, and the selection is influenced by the wheel profile and 

usage (freight vs. transit). An analyst then selects the measured profile at a point closest to 

the longitudinal centre of the rail segment for each rail segment. This median profile is 

assessed to determine whether it is suitably representative of all measured rail profiles in 

the rail segment. If the median profile is determined to be unsuitable, a new representative 

median profile is selected. Effectively, the median profile is a single profile that, in the expert 

judgement of the analyst, best represents the rail profile in a particular rail segment. The 

representative median rail profile is then compared to the pre-determined desired rail profile 

in order to develop an appropriate grinding strategy for each rail segment. The selection of a 

representative median profile is an inherently subjective step that relies heavily on the 

judgement of the analyst, and it is this step that the new procedure is intended to replace. 

3.2 DATA PREPARATION AND STRUCTURE 

Data preparation is necessary prior to execution of the average rail profile procedure. 

Sample optical rail profile measurements are used to illustrate the data preparation steps 

and the subsequent development and validation of the procedure itself. In this thesis, these 

sample data are sourced from a single data collection effort conducted in May 2010 on a 

100-mile (160-km) section of track owned by a Canadian short-line railway. This section of 

track comprises 21 track segments (42 rail segments), including five tangent segments (10 

rail segments), eight right-hand curves (16 rail segments), and eight left-hand curves (16 rail 

segments) 

Track segments (i.e., tangents, curves) are defined by their start and end mile-points. When 

exporting rail profiles for a rail segment, the software creates one text file for each rail profile 

at a given location on the left and right rails. Therefore, a rail segment containing a series of 
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n measured rail profiles (typically spaced at regular longitudinal intervals) will be 

represented by n text files.  

Within each text file, the rail profile is represented as a series of i line segments. The 

number of line segments comprising a rail profile varies. Each line segment within a profile 

is defined by a pair of x,y-coordinates corresponding to the position of the start- and end-

points of the line segment (xi,1, yi,1 and xi,2, yi,2, respectively) relative to an origin defined by 

the software at the vertical centre-line of the rail web, near its base. Since each rail profile 

may be defined by a varying number of line segments, it is not readily feasible to directly 

determine an average rail profile by calculating an arithmetic mean of the x,y-coordinates of 

the start- and end-points of these line segments. 

3.3 DESCRIPTION OF THE AVERAGE RAIL PROFILE PROCEDURE 

The procedure utilizes MATLAB’s functionality to determine the average rail profile by 

executing six steps; this section describes these steps: 

(1) Create array of measured x,y-coordinates for all rail profiles; 

(2) Normalize the measured x,y-coordinates in the y-dimension; 

(3) Transform the measured x,y-coordinates into polar coordinates; 

(4) Generate a polyline between adjacent measured coordinates; 

(5) Determine intersection points between the polyline and a superimposed set of radial 

lines; and 

(6) Determine the arithmetic mean of the intersection points 
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Step 1 creates an array of x,y-coordinates containing all of the measured coordinates in the 

rail head for each of the n rail profiles. The code reads each row of text (i.e., each line 

segment, i), of each file exported by RangeCAM. 

Step 2 normalizes the x,y-coordinates by setting the y-coordinate of the origin as 20 mm 

less than the maximum y-coordinate measured in that profile for each of the n rail profiles. 

This step vertically aligns the rail profiles within a rail segment by assigning the maximum y-

coordinate of each rail profile a constant y-value (in this case, y = 20 mm) and vertically 

shifting each coordinate in the profile while maintaining the profile shape. This enables 

consecutive profiles to be superimposed on one another and, more pragmatically, reflects 

the continuous nature of the surface of the rail head. The 20-mm magnitude of the maximum 

y-coordinate is somewhat arbitrary; however, it places the origin (y = 0) in the approximate 

vertical centre of an unworn rail head while ensuring that the origin remains within the rail 

head for severely worn rail. An example of this shift is shown in Figure 3-1 below. No shifts 

are applied to the x-coordinates. 

 

Figure 3-1: Vertical shift of origin on an unworn rail profile 
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Step 3 transforms the Cartesian x,y-coordinate array into a polar θ,ρ-coordinate array for 

each of the n rail profiles. Mathematically, the polar coordinates are given by Equations 3-1 

and 3-2: 

𝜃 = tan−1 (
𝑦

𝑥
)  (Eq. 3-1) 

where θ is the angular coordinate measured counter-clockwise from the polar axis and 

adjusted for the quadrant in which the x,y-coordinate resides, and 

𝜌 = √𝑥2 + 𝑦2  (Eq. 3-2) 

where ρ is the radial coordinate.  

Step 4 utilizes a MATLAB function to generate a polyline by connecting adjacent 

coordinates in the polar coordinate array for each of the n rail profiles. The polyline 

comprises a series of straight line segments which depict the shape of the rail profile. 

Step 5 superimposes a set of j lines emanating outward from the origin of the polar 

coordinate system at a constant angular interval, φ, and determines the polar coordinates at 

which each of these lines intersects the polyline for each of the n rail profiles. For example, 

for an angular interval, φ, equal to π/128, there are 256 lines emanating from the origin (i.e., 

j = 256). The magnitude of φ can be adjusted to increase or decrease the resolution of the 

intersection points. A smaller φ may be beneficial in portions of the profile with higher 

variability in the ρ-dimension. In contrast, the top of the rail head may not require the same 

level of precision. Figure 3-2 illustrates this step, showing the set of polylines for multiple rail 

profiles. The lines emanating from the origin do so at a constant angular interval of φ = 
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π/128. The intersection of each of these lines with each of the polylines generates a new 

array of θ,ρ-coordinates for a consistent set of θ-coordinates. 

 

Figure 3-2: Superimposition of polylines with lines at a constant angular interval 

Step 6 determines the arithmetic mean of the θ,ρ-coordinates of each intersection point for 

all rail profiles, n. Where there are gaps in a measured profile, missing intersection points 

are given a null value and do not affect the calculated mean. Mathematically, for every 

consistent value θ, this is given by Equation 3-3: 

 �̅� =
∑ 𝜌𝑘
𝑛
𝑘=1

𝑛
  (Eq. 3-3) 

The mean coordinates are then joined by straight line segments to represent the average 

rail profile. Figure 3-3 illustrates this by showing (a) the mean coordinates and (b) the 

average rail profile developed by connecting these coordinates. 
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(a) (b) 

Figure 3-3: (a) the averaged polar coordinates and (b) the average rail profile 

3.4 VERIFICATION OF THE PROCEDURE 

The average rail calculation procedure was verified to ensure that it produced the expected 

result when applied to a set of identical rail profiles. The verification involved randomly 

identifying a single rail profile, creating 120 copies of this profile, and then executing the 

procedure using these 120 profiles. This simulated the case in which a rail segment is 

characterized by uniform profiles along the entire segment length. Execution of the average 

rail procedure using these 120 input profiles resulted in a single average profile. The 

verification process was repeated for a range of different input profiles, yielding identical 

results. Figure 3-4 illustrates the graphical verification results, and shows (a) a single profile 

as displayed by RangeCAM and (b) the average profile generated by the procedure. As 

expected, in addition to being graphically similar, the θ,ρ-coordinates of the average rail 

were confirmed arithmetically to be identical to the corresponding coordinates of the 120 

input profiles. 
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(a) (b) 

Figure 3-4: Graphical verification results 

3.5 CHAPTER SUMMARY 

This chapter discussed the procedure developed in this research to calculate the average 

(mean) rail profile of a set of measured rail profiles comprising a rail segment. A review of 

current practice was presented, as well as a description of the data preparation and 

structure. The procedure was then discussed in detail, outlining each step. The verification 

of the procedure was outlined, with results showing that the average rail procedure functions 

as intended. The application and validation of the procedure is conducted and results 

discussed in chapter 4. 
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4 ANALYSIS RESULTS 

This chapter analyzes twenty-one track segments (i.e., forty-two rail segments) from a rail 

profile and geometry database collected on May 4th, 2010. The segments were validated 

graphically and numerically to demonstrate that the procedure yields reasonable results 

under a range of conditions. To facilitate validation, the average rail profile was statistically 

compared to the median rail profile that would have been selected in the absence of the 

average rail profile procedure. Notably, this median profile cannot be considered 

unequivocally the true average profile: Nevertheless, it offered a reasonable way of 

comparing the procedure results with current practice. 

4.1 PROCEDURE VALIDATION 

Validation involved each of the 21 track segments (i.e., 42 rail segments) available in the 

sample data. Specifically, this included both left and right rails of: 

(1) five tangent track segments (ten rail segments); 

(2) sixteen curved track segments (thirty-two rail segments), four approximately 3-

degree right-hand curves, four approximately 3-degree left-hand curves, four 

approximately 6-degree right-hand curves, four approximately 6-degree left-hand 

curves. 

The validation comparisons were evaluated graphically and numerically. For the numerical 

evaluation, the relative percent difference, δ, between the mean and median ρ-coordinates 

for every value of θ was determined using Equation 4-1: 

𝛿 =
�̅�−𝜌𝑚𝑒𝑑𝑖𝑎𝑛

𝜌𝑚𝑒𝑑𝑖𝑎𝑛
× 100  (Eq. 4-1) 
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Percent differences were quantified using the mean absolute relative percent difference and 

a seven-figure summary, which describes the distribution of relative percent differences with 

seven reference percentiles (2nd, 9th, 25th, 50th, 75th, 91st, and 98th).  

4.2 VALIDATION RESULTS BY SEGMENT 

Figures 4-1 to 4-21 illustrate the validation results graphically for each track segment – (a) 

west rail segment and (b) east rail segment. Tables 4-1 to 4-21 summarize the numerical 

validation results for each track segment, disaggregated for each rail. The results are 

grouped according to geometry as follows: 

 Tangent segments; 

 Left hand curve segments (shallow and sharp); and 

 Right hand curve segments (shallow and sharp). 

The figures show the selected median profile (dashed line) plotted alongside the 

representation of one standard deviation on either side of the mean (solid lines) for each rail 

segment. As expected, each figure indicates a higher variability in the profile shape on the 

gauge side of the railhead. The tables show the mean absolute relative percent difference 

between the selected median and calculated mean, as well as a seven-figure summary of 

relative percent difference for each rail segment. It should be noted that the figures and the 

tables describe different aspects of the validation process. Specifically, a wide standard 

deviation range is not indicative of a large mean absolute relative percent difference, and 

vice versa. In other words, the graphical validation results describe the accuracy of the 

procedure, while the numerical validation results describe the precision. Additionally, several 

rails show signs of being transposed as part of the maintenance program. These instances 

are noted below. 
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Rail transposition involves removing rail sections from one side of the track – typically the 

high rail of a curve – and reinstalling it on the opposite side of the track. Essentially, it takes 

the unworn field side from the high rail and places it in the gauge side of the low rail. The 

benefit of transposing rail lies in extending the rail life and reducing infrastructure costs, but 

it is labour intensive. Transposing rail was common practice on the railway property from 

which the database used in this analysis was sourced. In this case, rail transposition was 

used primarily due to accelerated wear as a result of the use and keeping in stock of less 

expensive, low-hardness rail (Kweens, 2016). 

4.2.1 Tangent Segments 

Figure 4-1 illustrates the validation results graphically for (a) the west rail and (b) the east 

rail of tangent track segment T017. The figure shows that the median profiles fall within the 

plus or minus one standard deviation range for the majority of the ρ-coordinates. Both east 

and west rails exhibit minimal variance over the entire width of the profiles.  

 
n = 103 

(a) 

 
n = 177 

(b) 

Figure 4-1: Median profile (dashed line) and the graphical representation of plus or minus one 
standard deviation of the mean profile (solid lines) for a tangent (T017) 

Table 4-1 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference between the mean and median profiles for 

the west rail of this segment is 0.465 percent. In other words, on average, the calculated ρ-
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coordinate for the mean rail profile is within ±0.465 percent of the corresponding ρ-

coordinate for the median rail profile. The 50th percentile relative percent difference for the 

west rail (-0.199 percent) is not near zero relative to other values, which indicates a slight 

skew in the distribution. The 9th and 91st percentiles indicate that over 80 percent of the 

relative percent difference values are within a range of about ±0.85 percent. 

The mean absolute relative percent difference for the east rail of this segment is 0.275 

percent. The 50th percentile relative percent difference for the east rail (0.109 percent) is not 

near zero relative to other values, which indicates a slight skew in the distribution. The 9th 

and 91st percentiles indicate that over 80 percent of the relative percent difference values 

are within a range of about ±0.5 percent. 

Table 4-1: Validation results for tangent segment (T017) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 167 0.465 -1.092 -0.850 -0.408 -0.199 0.047 0.844 1.878 

East rail 165 0.275 -0.541 -0.404 -0.037 0.109 0.381 0.547 0.734 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-2 illustrates the validation results graphically for (a) the west rail and (b) the east 

rail of tangent track segment T022. The figure shows that the median profiles fall within the 

plus or minus one standard deviation range for the majority of the ρ-coordinates. Both east 

and west rails exhibit minimal variance over the entire width of the profiles. 
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n = 76 

(a) 

 
n = 76 

(b) 

Figure 4-2: Median profile (dashed line) and the graphical representation of plus or minus one 
standard deviation of the mean profile (solid lines) for a tangent (T022) 

Table 4-2 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the west rail of this segment is 0.385 

percent. The 50th percentile relative percent difference for the west rail (0.118 percent) is 

near zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about -0.4 to +0.8 percent. 

The mean absolute relative percent difference for the east rail of this segment is 0.533 

percent. The 50th percentile relative percent difference for the east rail (0.139 percent) is not 

near zero relative to other values, which indicates a slight skew in the distribution. The 9th 

and 91st percentiles indicate that over 80 percent of the relative percent difference values 

are within a range of about -0.4 to +1.6 percent. 
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Table 4-2: Validation results for tangent segment (T022) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 168 0.385 -0.648 -0.356 -0.148 0.118 0.567 0.827 1.259 

East rail 170 0.533 -0.506 -0.370 -0.085 0.139 0.652 1.631 2.356 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-3 illustrates the validation results graphically for (a) the west rail and (b) the east 

rail of tangent track segment T026. The figure shows that the median profiles fall within the 

plus or minus one standard deviation range for the majority of the ρ-coordinates. Both east 

and west rails exhibit minimal variance over the entire width of the profiles. 

 
n = 74 

(a) 

 
n = 74 

(b) 

Figure 4-3: Median profile (dashed line) and the graphical representation of plus or minus one 
standard deviation of the mean profile (solid lines) for a tangent (T026) 

Table 4-3 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the west rail of this segment is 0.603 

percent. The 50th percentile relative percent difference for the west rail (-0.011 percent) is 

near zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 
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indicate that over 80 percent of the relative percent difference values are within a range of 

about ±1.1 percent. 

The mean absolute relative percent difference for the east rail of this segment is 0.294 

percent. The 50th percentile relative percent difference for the east rail (0.010 percent) is 

near zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about ±0.5 percent. 

Table 4-3: Validation results for tangent segment (T026) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 166 0.603 -1.803 -1.144 -0.295 -0.011 0.306 1.106 2.198 

East rail 164 0.294 -0.618 -0.500 -0.132 0.010 0.315 0.626 0.966 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-4 illustrates the validation results graphically for (a) the west rail and (b) the east 

rail of tangent track segment T031. The figure shows that the median profiles fall within the 

plus or minus one standard deviation range for the majority of the ρ-coordinates. Both east 

and west rails exhibit minimal variance over the entire width of the profiles. 
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n = 94 

(a) 

 
n = 98 

(b) 

Figure 4-4: Median profile (dashed line) and the graphical representation of plus or minus one 
standard deviation of the mean profile (solid lines) for a tangent (T031) 

Table 4-4 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the west rail of this segment is 0.396 

percent. The 50th percentile relative percent difference for the west rail (-0.074 percent) is 

near zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about -0.8 to +0.4 percent. 

The mean absolute relative percent difference for the east rail of this segment is 0.614 

percent. The 50th percentile relative percent difference for the east rail (-0.301 percent) is not 

near zero relative to the west rail, which indicates a slight skew in the distribution. The 9th 

and 91st percentiles indicate that over 80 percent of the relative percent difference values 

are within a range of about ±1.0 percent. 
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Table 4-4: Validation results for tangent segment (T031) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 162 0.396 -1.410 -0.837 -0.378 -0.074 0.197 0.464 0.835 

East rail 163 0.614 -1.593 -0.952 -0.672 -0.301 0.512 0.753 1.040 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-5 illustrates the validation results graphically for (a) the west rail and (b) the east 

rail of tangent track segment T077. The figure shows that the median profiles fall within the 

plus or minus one standard deviation range for the majority of the ρ-coordinates. Both east 

and west rails exhibit minimal variance over the entire width of the profiles. 

 
n = 78 

(a) 

 
n = 78 

(b) 

Figure 4-5: Median profile (dashed line) and the graphical representation of plus or minus one 
standard deviation of the mean profile (solid lines) for a tangent (T077) 

Table 4-5 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the west rail of this segment is 0.387 

percent. The 50th percentile relative percent difference for the west rail (-0.064 percent) is 

near zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 
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indicate that over 80 percent of the relative percent difference values are within a range of 

about ±0.7 percent. 

The mean absolute relative percent difference for the east rail of this segment is 0.983 

percent. The 50th percentile relative percent difference for the east rail (0.341 percent) is not 

near zero relative to other values, which indicates a slight skew in the distribution. The 9th 

and 91st percentiles indicate that over 80 percent of the relative percent difference values 

are within a range of about -0.8 to +3.1 percent. 

Table 4-5: Validation results for tangent segment (T077) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 164 0.387 -0.900 -0.703 -0.336 -0.064 0.299 0.659 0.707 

East rail 164 0.983 -0.920 -0.765 0.052 0.341 1.204 3.123 3.634 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

4.2.2 Left Hand Curve Segments 

Figure 4-6 illustrates the validation results graphically for (a) the low (west) rail and (b) the 

high (east) rail of 3.1-degree left-hand curve segment C048AC. The figure shows that the 

median profiles fall within the plus or minus one standard deviation range for the majority of 

the ρ-coordinates. In addition, the low (west) rail exhibits evidence of rail transposition, due 

to the wear variance and excess rail wear observed on the field side of the rail. 
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n = 163 

(a) 

 
n = 168 

(b) 

Figure 4-6: Median profile (dashed line) and the graphical representation of plus or minus one 
standard deviation of the mean profile (solid lines) for a 3.1-degree left-hand curve (C048AC) 

Table 4-6 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the low (west) rail of this segment is 0.320 

percent. The 50th percentile relative percent difference for the low rail (-0.082 percent) is 

near zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about ±0.5 percent. 

The mean absolute relative percent difference for the high (east) rail of this segment is 

0.125 percent. The 50th percentile relative percent difference for the high rail (0.024 percent) 

is near zero, which indicates relatively little bias in the distribution. The 9th and 91st 

percentiles indicate that over 80 percent of the relative percent difference values are within a 

range of about ±0.2 percent. 
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Table 4-6: Validation results for a 3.1-degree left-hand curve (C048AC) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 154 0.320 -1.163 -0.516 -0.200 -0.082 0.124 0.445 1.476 

East rail 166 0.125 -0.315 -0.253 -0.108 0.024 0.095 0.155 0.244 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-7 illustrates the validation results graphically for (a) the low (west) rail and (b) the 

high (east) rail of 3.0-degree left-hand curve segment C077BC. The figure shows that the 

median profiles fall within the plus or minus one standard deviation range for the majority of 

the ρ-coordinates. In addition, the low rail exhibits evidence of rail transposition, due to the 

rail wear observed on the field side of the rail. 

 
n = 199 

(a) 

 
n = 202 

(b) 

Figure 4-7: Median profile (dashed line) and the graphical representation of plus or minus one 
standard deviation of the mean profile (solid lines) for a 3.0-degree left-hand curve (C077BC) 

Table 4-7 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the low (west) rail of this segment is 1.033 

percent. The 50th percentile relative percent difference for the low rail (0.061 percent) is near 
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zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about -1.3 to +4.2 percent. 

The mean absolute relative percent difference for the high (east) rail of this segment is 

0.941 percent. The 50th percentile relative percent difference for the high rail (0.468 percent) 

is not near zero relative to other values, which indicates a slight skew in the distribution. The 

9th and 91st percentiles indicate that over 80 percent of the relative percent difference values 

are within a range of about -0.5 to + 2.0 percent. 

Table 4-7: Validation results for 3.0-degree left-hand curve (C077BC) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 144 1.033 -1.774 -1.311 -0.334 0.061 0.513 4.186 4.583 

East rail 159 0.941 -1.681 -0.515 -0.280 0.468 1.474 2.014 2.240 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-8 illustrates the validation results graphically for (a) the low (west) rail and (b) the 

high (east) rail of 3.0-degree left-hand curve segment C090BC. The figure shows that the 

median profiles fall within the plus or minus one standard deviation range for the majority of 

the ρ-coordinates. 
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n = 163 

(a) 

 
n = 168 

(b) 

Figure 4-8: Median profile (dashed line) and the graphical representation of plus or minus one 
standard deviation of the mean profile (solid lines) for a 3.0-degree left-hand curve (C090BC) 

Table 4-8 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the low (west) rail of this segment is 0.280 

percent. The 50th percentile relative percent difference for the low rail (0.022 percent) is near 

zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about -0.3 to +0.6 percent. 

The mean absolute relative percent difference for the high (east) rail of this segment is 

0.359 percent. The 50th percentile relative percent difference for the high rail (-0.001 

percent) is near zero, which indicates relatively little bias in the distribution. The 9th and 91st 

percentiles indicate that over 80 percent of the relative percent difference values are within a 

range of about -1.0 to +0.3 percent. 
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Table 4-8: Validation results for a 3.0-degree left-hand curve (C090BC) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 161 0.280 -0.672 -0.270 -0.108 0.022 0.311 0.616 0.952 

East rail 160 0.359 -1.279 -1.094 -0.434 -0.001 0.135 0.348 0.613 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-9 illustrates the validation results graphically for (a) the low (west) rail and (b) the 

high (east) rail of 3.1-degree left-hand curve segment C095C. The figure shows that the 

median profiles fall within the plus or minus one standard deviation range for the majority of 

the ρ-coordinates. 

 
n = 161 

(a) 

 
n = 161 

(b) 

Figure 4-9: Median profile (dashed line) and the graphical representation of plus or minus one 
standard deviation of the mean profile (solid lines) for a 3.1-degree left-hand curve (C095C) 

Table 4-9 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the low (west) rail of this segment is 0.973 

percent. The 50th percentile relative percent difference for the low rail (-0.261 percent) is not 

near zero relative to other values, which indicates a slight skew in the distribution. The 9th 
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and 91st percentiles indicate that over 80 percent of the relative percent difference values 

are within a range of about -2.6 to +0.9 percent. 

The mean absolute relative percent difference for the high (east) rail of this segment is 

0.270 percent. The 50th percentile relative percent difference for the high rail (0.055 percent) 

is near zero, which indicates relatively little bias in the distribution. The 9th and 91st 

percentiles indicate that over 80 percent of the relative percent difference values are within a 

range of about -0.5 to +0.3 percent. 

Table 4-9: Validation results for a 3.1-degree left-hand curve (C095C) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 146 0.973 -3.438 -2.628 -1.118 -0.261 0.299 0.895 1.392 

East rail 160 0.270 -1.062 -0.531 -0.121 0.055 0.204 0.345 0.955 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-10 illustrates the validation results graphically for (a) the low (west) rail and (b) the 

high (east) rail of 6.0-degree left-hand curve segment C020AC. The figure shows that the 

median profiles fall within the plus or minus one standard deviation range for the majority of 

the ρ-coordinates. In addition, the low rail exhibits evidence of rail transposition, due to the 

wear variance and excess rail wear observed on the field side of the rail. 
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n = 106 

(a) 

 
n = 121 

(b) 

Figure 4-10: Median profile (dashed line) and the graphical representation of plus or minus 
one standard deviation of the mean profile (solid lines) for a 6.0-degree left-hand curve 
(C020AC) 

Table 4-10 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the low (west) rail of this segment is 0.599 

percent. The 50th percentile relative percent difference for the low rail (0.044 percent) is near 

zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about -0.2 to +2.2 percent. 

The mean absolute relative percent difference for the high (east) rail of this segment is 

0.463 percent. The 50th percentile relative percent difference for the high rail (-0.247 

percent) is not near zero relative to other values, which indicates a slight skew in the 

distribution. The 9th and 91st percentiles indicate that over 80 percent of the relative percent 

difference values are within a range of about -1.0 to +0.4 percent. 



57 

Table 4-10: Validation results for a 6.0-degree left-hand curve (C020AC) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 149 0.599 -0.479 -0.237 -0.114 0.044 0.740 2.204 2.867 

East rail 165 0.463 -1.192 -1.009 -0.613 -0.247 -0.041 0.411 0.527 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-11 illustrates the validation results graphically for (a) the low (west) rail and (b) the 

high (east) rail of 6.1-degree left-hand curve C020BC. The figure shows that the median 

profiles fall within the plus or minus one standard deviation range for the majority of the 

profiles. In addition, the low rail exhibits evidence of rail transposition, due to the wear 

variance and excess rail wear observed on the field side of the rail. 

 
n = 170 

(a) 

 
n = 205 

(b) 

Figure 4-11: Median profile (dashed line) and the graphical representation of plus or minus 
one standard deviation of the mean profile (solid lines) for a 6.1-degree left-hand curve 
(C020BC) 

Table 4-11 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the low (west) rail of this segment is 0.458 

percent. The 50th percentile relative percent difference for the low rail (0.019 percent) is near 
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zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about -0.4 to +0.6 percent. 

The mean absolute relative percent difference for the high (east) rail of this segment is 

0.129 percent. The 50th percentile relative percent difference for the high rail (0.009 percent) 

is near zero, which indicates relatively little bias in the distribution. The 9th and 91st 

percentiles indicate that over 80 percent of the relative percent difference values are within a 

range of about ±0.3 percent. 

Table 4-11: Validation results for a 6.1-degree left-hand curve (C020BC) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 148 0.458 -4.150 -0.361 -0.093 0.019 0.407 0.592 0.662 

East rail 166 0.129 -0.297 -0.187 -0.060 0.009 0.108 0.232 0.616 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-12 illustrates the validation results graphically for (a) the low (west) rail and (b) the 

high (east) rail of 6.0-degree left-hand curve C031C. The figure shows that the median 

profiles fall within the plus or minus one standard deviation range for the majority of the ρ-

coordinates. In addition, the low rail exhibits evidence of rail transposition, due to the wear 

variance and excess rail wear observed on the field side of the rail. 
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n = 98 

(a) 

 
n = 106 

(b) 

Figure 4-12: Median profile (dashed line) and the graphical representation of plus or minus 
one standard deviation of the mean profile (solid lines) for a 6.0-degree left-hand curve 
(C031C) 

Table 4-12 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the low (west) rail of this segment is 0.830 

percent. The 50th percentile relative percent difference for the low rail (-0.288 percent) is not 

near zero relative to other values, which indicates a slight skew in the distribution. The 9th 

and 91st percentiles indicate that over 80 percent of the relative percent difference values 

are within a range of about -2.4 to +0.5 percent. 

The mean absolute relative percent difference for the high (east) rail of this segment is 

0.161 percent. The 50th percentile relative percent difference for the high rail (-0.132 

percent) is not near zero relative to other values, which indicates a slight skew in the 

distribution. The 9th and 91st percentiles indicate that over 80 percent of the relative percent 

difference values are within a range of about -0.3 to +0.1 percent. 
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Table 4-12: Validation results for a 6.0-degree left-hand curve (C031C) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 153 0.830 -2.474 -2.394 -1.082 -0.288 0.043 0.463 0.585 

East rail 161 0.161 -0.332 -0.294 -0.229 -0.132 -0.031 0.077 0.287 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-13 illustrates the validation results graphically for (a) the low (west) rail and (b) the 

high (east) rail of 6.1-degree left-hand curve segment C051AC. The figure shows that the 

median profiles fall within the plus or minus one standard deviation range for the majority of 

the ρ-coordinates with the exception of the field side of the west profile. In addition, the low 

rail exhibits evidence of rail transposition, due to the wear variance and excess rail wear 

observed on the field side of the rail. 

 
n = 70 

(a) 

 
n = 72 

(b) 

Figure 4-13: Median profile (dashed line) and the graphical representation of plus or minus 
one standard deviation of the mean profile (solid lines) for a 6.1-degree left-hand curve 
(C051AC) 

Table 4-13 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the low (west) rail of this segment is 6.778 
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percent. The 50th percentile relative percent difference for the low rail (-1.312 percent) is not 

near zero. When combined with other values, a heavy negative skew is observed in the 

distribution. The 9th and 91st percentiles indicate that over 80 percent of the relative percent 

difference values are within a range of about -27 to +0.1 percent. 

The mean absolute relative percent difference for the high (east) rail of this segment is 

0.396 percent. The 50th percentile relative percent difference for the high rail (0.495 percent) 

is not near zero relative to other values, which indicates a slight skew in the distribution. The 

9th and 91st percentiles indicate that over 80 percent of the relative percent difference values 

are within a range of about -0.1 to +0.7 percent. 

Table 4-13: Validation results for a 6.1-degree left-hand curve (C051AC) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 132 6.778 -32.165 -27.162 -8.263 -1.312 -0.077 0.130 1.340 

East rail 101 0.396 -0.168 -0.074 0.037 0.495 0.640 0.687 0.878 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

4.2.3 Right Hand Curve Segments 

Figure 4-14 illustrates the validation results graphically for (a) the high (west) rail and (b) the 

low (east) rail of 3.1-degree right-hand curve segment C062C. The figure shows that the 

median profiles fall within the plus or minus one standard deviation range for the majority of 

the ρ-coordinates. 
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(a) 
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Figure 4-14: Median profile (dashed line) and the graphical representation of plus or minus 
one standard deviation of the mean profile (solid lines) for a 3.1-degree right-hand curve 
(C062C) 

Table 4-14 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the high (west) rail of this segment is 

1.182 percent. The 50th percentile relative percent difference for the high rail (-0.341 

percent) is not near zero relative to the 75th percentile, which indicates a slight skew in the 

distribution. The 9th and 91st percentiles indicate that over 80 percent of the relative percent 

difference values are within a range of about -3.0 to +0.3 percent. 

The mean absolute relative percent difference for the low (east) rail of this segment is 0.371 

percent. The 50th percentile relative percent difference for the low rail (-0.016 percent) is 

near zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about -0.5 to +1.0 percent. 
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Table 4-14: Validation results for a 3.1-degree right-hand curve (C062C) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 162 1.182 -3.518 -3.011 -2.094 -0.341 0.016 0.328 0.645 

East rail 145 0.371 -0.589 -0.461 -0.264 -0.016 0.282 0.951 1.523 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-15 illustrates the validation results graphically for (a) the high (west) rail and (b) the 

low (east) rail of 3.0-degree right-hand curve segment C063CC. The figure shows that the 

median profiles fall within the plus or minus one standard deviation range for the majority of 

the ρ-coordinates. In addition, the low (east) rail exhibits evidence of rail transposition, due 

to the rail wear observed on the field side of the rail. 
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(a) 
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(b) 

Figure 4-15: Median profile (dashed line) and the graphical representation of plus or minus 
one standard deviation of the mean profile (solid lines) for a 3.0-degree right-hand curve 
(C063CC) 

Table 4-15 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the high (west) rail of this segment is 

0.503 percent. The 50th percentile relative percent difference for the high rail (-0.167 
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percent) is not near zero relative to the 75th percentile, which indicates a slight skew in the 

distribution. The 9th and 91st percentiles indicate that over 80 percent of the relative percent 

difference values are within a range of about -1.0 to +0.4 percent. 

The mean absolute relative percent difference for the low (east) rail of this segment is 1.212 

percent. The 50th percentile relative percent difference for the low rail (0.170 percent) is near 

zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about -0.4 to +4.0 percent. 

Table 4-15: Validation results for a 3.0-degree right-hand curve (C063CC) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 166 0.503 -1.221 -1.077 -0.850 -0.167 0.025 0.366 0.806 

East rail 156 1.212 -0.647 -0.438 -0.165 0.170 1.997 3.994 4.188 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-16 illustrates the validation results graphically for (a) the high (west) rail and (b) the 

low (east) rail of 2.9-degree right-hand curve segment C102BC. The figure shows that the 

median profiles fall within the plus or minus one standard deviation range for the majority of 

the ρ-coordinates. In addition, the low rail exhibits evidence of rail transposition, due to the 

wear variance and excess rail wear observed on the field side of the rail. 
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(a) 

 
n = 132 

(b) 

Figure 4-16: Median profile (dashed line) and the graphical representation of plus or minus 
one standard deviation of the mean profile (solid lines) for a 2.9-degree right-hand curve 
(C102BC) 

Table 4-16 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the high (west) rail of this segment is 

0.517 percent. The 50th percentile relative percent difference for the high rail (0.167 percent) 

is not near zero relative to the 25th percentile, which indicates a slight skew in the 

distribution. The 9th and 91st percentiles indicate that over 80 percent of the relative percent 

difference values are within a range of about -0.1 to +1.7 percent. 

The mean absolute relative percent difference for the low (east) rail of this segment is 1.191 

percent. The 50th percentile relative percent difference for the low rail (0.039 percent) is near 

zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about -0.3 to +3.9 percent. 
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Table 4-16: Validation results for a 2.9-degree right-hand curve (C102BC) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 165 0.517 -0.531 -0.124 -0.034 0.167 0.543 1.667 2.861 

East rail 149 1.191 -1.940 -0.294 -0.093 0.039 2.058 3.930 4.019 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-17 illustrates the validation results graphically for (a) the high (west) rail and (b) the 

low (east) rail of 2.9-degree right-hand curve segment C108C. The figure shows that the 

median profiles fall within the plus or minus one standard deviation range for the majority of 

the ρ-coordinates. 

 
n = 134 

(a) 

 
n = 133 

(b) 

Figure 4-17: Median profile (dashed line) and the graphical representation of plus or minus 
one standard deviation of the mean profile (solid lines) for a 2.9-degree right-hand curve 
(C108C) 

Table 4-17 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the high (west) rail of this segment is 

0.205 percent. The 50th percentile relative percent difference for the high rail (0.132 percent) 

is not near zero relative to the 25th percentile, which indicates a slight skew in the 
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distribution. The 9th and 91st percentiles indicate that over 80 percent of the relative percent 

difference values are within a range of about -0.1 to +0.5 percent. 

The mean absolute relative percent difference for the low (east) rail of this segment is 0.376 

percent. The 50th percentile relative percent difference for the low rail (-0.090 percent) is 

near zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about ±0.7 percent. 

Table 4-17: Validation results for a 2.9-degree right-hand curve (C108C) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 163 0.205 -0.197 -0.113 -0.055 0.132 0.292 0.469 0.549 

East rail 159 0.376 -1.150 -0.651 -0.298 -0.090 0.239 0.732 1.051 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-18 illustrates the validation results graphically for (a) the high (west) rail and (b) the 

low (east) rail of 6.9-degree right-hand curve C026C. The figure shows that the median 

profiles fall within the plus or minus one standard deviation range for the majority of the ρ-

coordinates. In addition, the low (east) rail exhibits evidence of rail transposition, due to the 

wear variance and excess rail wear observed on the field side of the rail. 
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n = 165 

(a) 

 
n = 142 
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Figure 4-18: Median profile (dashed line) and the graphical representation of plus or minus 
one standard deviation of the mean profile (solid lines) for a 6.9-degree right-hand curve 
(C026C) 

Table 4-18 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the high (west) rail of this segment is 

0.790 percent. The 50th percentile relative percent difference for the high rail (0.117 percent) 

is near zero, which indicates relatively little bias in the distribution. The 9th and 91st 

percentiles indicate that over 80 percent of the relative percent difference values are within a 

range of about -2.1 to +1.0 percent. 

The mean absolute relative percent difference for the low (east) rail of this segment is 0.807 

percent. The 50th percentile relative percent difference for the low rail (-0.284 percent) is 

near zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about -1.7 to +0.9 percent. 
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Table 4-18: Validation results for a 6.9-degree right-hand curve (C026C) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 169 0.790 -2.513 -2.080 -0.573 0.117 0.502 1.047 1.123 

East rail 151 0.807 -3.118 -1.664 -0.875 -0.284 0.211 0.920 1.799 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-19 illustrates the validation results graphically for (a) the high (west) rail and (b) the 

low (east) rail of 5.9-degree right-hand curve segment C046BC. The figure shows that the 

median profiles fall within the plus or minus one standard deviation range for the majority of 

the ρ-coordinates. 

 
n = 138 

(a) 

 
n = 146 

(b) 

Figure 4-19: Median profile (dashed line) and the graphical representation of plus or minus 
one standard deviation of the mean profile (solid lines) for a 5.9-degree right-hand curve 
(C046BC) 

Table 4-19 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the high (west) rail of this segment is 

0.256 percent. The 50th percentile relative percent difference for the high rail (-0.010 

percent) is near zero, which indicates relatively little bias in the distribution. The 9th and 91st 
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percentiles indicate that over 80 percent of the relative percent difference values are within a 

range of about -0.2 to +0.7 percent. 

The mean absolute relative percent difference for the low (east) rail of this segment is 0.177 

percent. The 50th percentile relative percent difference for the low rail (0.074 percent) is near 

zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about -0.1 to +0.7 percent. 

Table 4-19: Validation results for a 5.9-degree right-hand curve (C046BC) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 165 0.256 -0.294 -0.229 -0.134 -0.010 0.267 0.726 0.997 

East rail 159 0.177 -0.216 -0.127 -0.048 0.074 0.200 0.389 0.727 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-20 illustrates the validation results graphically for (a) the high (west) rail and (b) the 

low (east) rail of 6.4-degree right-hand curve segment C055C. The figure shows that the 

median profiles fall within the plus or minus one standard deviation range for the majority of 

the ρ-coordinates. 
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Figure 4-20: Median profile (dashed line) and the graphical representation of plus or minus 
one standard deviation of the mean profile (solid lines) for a 6.4-degree right-hand curve 
(C055C) 

Table 4-20 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the high (west) rail of this segment is 

0.184 percent. The 50th percentile relative percent difference for the high rail (-0.049 

percent) is near zero, which indicates relatively little bias in the distribution. The 9th and 91st 

percentiles indicate that over 80 percent of the relative percent difference values are within a 

range of about -0.3 to +0.2 percent. 

The mean absolute relative percent difference for the low (east) rail of this segment is 0.346 

percent. The 50th percentile relative percent difference for the low rail (-0.059 percent) is 

near zero, which indicates relatively little bias in the distribution. The 9th and 91st percentiles 

indicate that over 80 percent of the relative percent difference values are within a range of 

about -0.7 to +0.6 percent. 
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Table 4-20: Validation results for a 6.4-degree right-hand curve (C055C) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 146 0.184 -0.898 -0.253 -0.144 -0.049 0.039 0.167 0.504 

East rail 162 0.346 -0.836 -0.721 -0.481 -0.059 0.106 0.573 0.924 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

Figure 4-21 illustrates the validation results graphically for (a) the high (west) rail and (b) the 

low (east) rail of 5.1-degree right-hand curve segment C065C. The figure shows that the 

median profiles fall within the plus or minus one standard deviation range for the majority of 

the ρ-coordinates. 

 
n = 94 

(a) 
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(b) 

Figure 4-21: Median profile (dashed line) and the graphical representation of plus or minus 
one standard deviation of the mean profile (solid lines) for a 5.1-degree right-hand curve 
(C065C) 

Table 4-21 contains the numerical validation results for this segment disaggregated by rail. 

The mean absolute relative percent difference for the high (west) rail of this segment is 

0.765 percent. The 50th percentile relative percent difference for the high rail (-0.095 

percent) is near zero, which indicates relatively little bias in the distribution. The 9th and 91st 
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percentiles indicate that over 80 percent of the relative percent difference values are within a 

range of about -2.3 to +0.4 percent. 

The mean absolute relative percent difference for the low (east) rail of this segment is 0.180 

percent. The 50th percentile relative percent difference for the low rail (-0.169 percent) is not 

near zero relative to the 91st percentile, which indicates a significant skew in the distribution. 

The 9th and 91st percentiles indicate that over 80 percent of the relative percent difference 

values are within a range of about -0.3 to 0.0 percent. 

Table 4-21: Validation results a 5.1-degree right-hand curve (C065C) 

Case 
j |𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

West rail 167 0.765 -2.584 -2.289 -1.293 -0.095 0.234 0.384 0.531 

East rail 162 0.180 -0.387 -0.314 -0.252 -0.169 -0.108 -0.003 0.091 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

4.3 SUMMARY AND DISCUSSION OF VALIDATION RESULT 

Table 4-22 summarizes the aggregated validation results for all 42 rail segments available in 

the sample data. The table disaggregates the results for tangent segments, 3-degree curved 

segments, and 6-degree curved segments. The following points summarize the results: 

(1) Overall, the mean absolute relative percent difference between the mean and 

median profiles is 0.640 percent. In other words, on average, the calculated ρ-

coordinate for the mean rail profile is within ± 0.640 percent of the corresponding ρ-

coordinate for the median rail profile. The 50th percentile relative percent difference 



74 

(0.014 percent) is near zero, indicating relatively little bias in the distribution. Further, 

the 9th and 91st percentiles indicate that over 80 percent of the relative percent 

difference values are within a range of about ± 0.8 percent. Finally, the 2nd and 98th 

percentiles indicate that the procedure produces a mean profile whose ρ- 

coordinates are nearly always within 2.5 percent of the ρ-coordinates for the 

corresponding median profile. 

(2) For the 10 tangent rail segments, the mean absolute relative percent difference 

between the mean and median profiles is 0.493 percent and over 80 percent of the 

relative percent difference values are within a range of about ± 0.8 percent. 

(3) For the 32 curved rail segments, the mean absolute relative percent difference 

between the mean and median profiles is 0.689 percent and over 80 percent of the 

relative difference percent values are within a range of about ± 1.0 percent. A further 

disaggregation of the 3-degree and 6 degree curves indicated mean absolute 

relative percent differences of 0.629 and 0.771 for the 3-degree and 6-degree 

curves, respectively. However the range between the 9th and 91st percentiles was 

slightly larger for the 3-degree curves compared to the 6-degree curves. 

In addition, the graphical results showed that there is greater variability in the gauge face 

portion of the rail profile than the top of rail portion of the rail profile. Evidence of this is found 

by examining the figures generated for graphical validation. A wider distance in the plus or 

minus one standard deviation range is observed on the gauge corners than the top-of-rail 

portion of the rail profile. 
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Table 4-22: Summary of validation results for sample rail segments 

Case 
|𝜹|̅̅ ̅̅  δ0.02 δ0.09 δ0.25 δ0.50 δ0.75 δ0.91 δ0.98 

42 rail segments,  

 j = 6651 

0.640 -2.481 -0.867 -0.259 -0.014 0.272 0.774 2.427 

10 tangent segments,  

 j = 1653 
0.493 -1.235 -0.734 -0.271 0.031 0.393 0.870 2.175 

32 curved segments,  

 j = 4998 
0.689 -2.761 -1.000 -0.253 -0.026 0.226 0.738 2.649 

Note: j = number of ρ-coordinates being compared 

δ = relative percent difference 

After analyzing the data, the following was revealed regarding the forty-two rail segments 

selected for validation: 

(1) The procedure produces results comparable to those obtained using current industry 

practice; 

(2) The profile shape is more variable on curved rail segments compared to tangent rail 

segments; 

(3) The gauge face profile is more variable than the top-of-rail portion of the rail profile; and 

(4) Validation approach is limited by the lack of a true baseline for comparison. 

The validation of the procedure compares the calculated mean profile and the selected 

median profile for the 42 sample rail segments. The validation demonstrates that the 

procedure produces results comparable to those obtained using current industry practice. 

Moreover, as expected, the results show that the profile shape is more variable on curved 
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compared to tangent rail segments and that the gauge face profile is more variable than the 

top-of-rail portion of the rail profile. 

Despite these pragmatically reasonable results, the validation approach is limited by the lack 

of a true baseline with which to compare and validate the procedure. In other words, the 

validation results show agreement with current practice, but they cannot be compared to the 

true average profile of a rail segment. The verification of the procedure partially addresses 

this issue by using a known rail profile as a comparison. Verification, however, simply shows 

that the procedure is functioning as expected and does little to quantitatively show the 

robustness of the procedure within a real-world context. 

Future implementation of the procedure may also be considered a limitation of this research 

for certain applications. While the procedure is both objective and repeatable, the 

proprietary nature of the RangeCAM software may limit the applicability of the procedure. 

The procedure processes data files exported from RangeCAM within the MATLAB 

environment. This is adequate for the purposes of developing and testing the procedure, but 

has limited functionality with regards to maintenance planning without a more streamlined 

implementation. 
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5 CONCLUSIONS AND RECOMMENDATIONS 

This chapter provides a summary of key findings and recommendations for future research. 

5.1 SUMMARY OF KEY FINDINGS 

This thesis developed, verified, and validated an automated procedure to calculate a 

representative average rail profile for a rail segment using industry-standard rail profile data 

in order to improve the repeatability of current practice in grind maintenance planning. 

5.1.1 Procedure Verification 

The procedure was verified to ensure that the expected result was produced when applied 

to a set of identical rail profiles. Verification involved randomly identifying a single rail profile, 

creating 120 copies of this profile, and executing the procedure using these 120 rail profiles. 

This simulated the case in which a rail segment is characterized by uniform profiles along 

the entire segment length. Execution of the average rail procedure using these 120 input 

profiles resulted in a single average profile. As expected, the resultant θ,ρ-coordinates of the 

average rail profile were identical to the corresponding coordinates of the input profiles. The 

verification was repeated for a range of different input profiles, yielding identical results, 

thereby proving that the procedure functions as intended. 

5.1.2 Procedure Validation 

The developed procedure was validated by comparing the calculated average profiles of 42 

in-service rail segments (10 tangents and 32 curved segments) to the corresponding 

subjectively chosen median rail profiles for each segment. Overall, the validation results 

indicated that the coordinates comprising the mean and median profiles differed by less than 

one percent on average. As expected, stronger agreement was observed for tangent rail 
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segments compared to curved rail segments. Additionally, the results show that the physical 

shape of the rail profile is more variable on curved compared to tangent rail segments, and 

that the gauge face corner profile is more variable than the top-of-rail portion of the rail 

profile. Several rail segments exhibited evidence of rail transposition, an observation which 

was verified by an analyst.  Thus, the validation demonstrated that the procedure produces 

comparable results to current practice while improving the objectivity and repeatability of the 

decisions that support rail grinding activities. 

5.1.3 Limitations 

Despite showing reasonable results, several limitations were noted in Chapter 4.3: 

 Lack of true baseline for comparison; and 

 Future implementation for specific applications. 

First, the validation approach is limited by the lack of a true baseline with which to compare 

and validate the procedure. The validation results show agreement with current practice, but 

they cannot be compared to the true average profile of a rail segment. The procedure 

verification attempts to address this issue by using a known rail profile as a comparison. 

However, this only shows that the procedure functions as expected and does little to 

quantitatively show the robustness of the procedure in a real-world context.  

Second, future implementation of the procedure is a limitation of this research for certain 

applications. This research has shown that the procedure is both objective and repeatable; 

however, the proprietary nature of the RangeCAM software may limit applicability. The 

procedure processes data files exported from RangeCAM within the MATLAB environment. 

This is acceptable for development and testing, but has limited functionality with regards to 

maintenance planning without more streamlined implementation. 
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5.2 RECOMMENDATIONS FOR FUTURE RESEARCH 

Throughout this research it has become evident that this procedure will be most useful 

working in conjunction with other rail data analysis methods and tools. Opportunities for 

future research and analysis are outlined below: 

 Development of profile or grind quality index tool; 

 Integration with a wheel-rail contact modelling tool; 

 Alternative applications of statistical tools; and 

 Implementation of procedure. 

The first opportunity is the development of a grind or profile quality index to be used in 

combination with the procedure developed in this thesis. A profile or grind quality index is a 

tool used for evaluating the effectiveness of a grinding program. When properly designed, a 

profile or grind quality index can be implemented as quality control for the grinding 

operations by quantifying the ability of a rail grinder to reshape a worn rail to the desired 

template. Potential exists for the development of a profile or grind quality index tool that can 

be applied to and used in conjunction with the average rail profile produced by the 

procedure developed in this thesis. This will allow for a segment-by-segment approach to 

grind program evaluation. Specifically, a profile or grind quality index tool applied to pre- and 

post-grind average rail profiles provides a quantifiable measure of grind program 

performance. The application of a profile or grind quality index tool will also allow for 

temporal analysis of rail wear in addition to a predictive approach to rail maintenance 

planning and infrastructure management. 

Second, there is opportunity to integrate the average rail profile procedure developed in this 

thesis with a project that is working to model wheel-rail contact points using the same 
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measured rail profile data. Modelling the wheel-rail contact points allows for the 

development of tools for monitoring and management of the wheel-rail interface. The 

location of the wheel-rail contact patch affects rail and wheel wear, as well as rail car 

dynamics and performance. Implementation of the average rail profile procedure alongside 

the wheel-rail contact modelling tool will improve proactive maintenance approaches to 

mitigating rail wear resulting from unfavourable rail car dynamics. Perhaps more importantly, 

it will provide a better understanding of how wheel-rail contact mechanics affect rail wear 

patterns as well as help predict top of rail conditions as a function of time and tonnage. 

Third, the statistical tools used for validation can be expanded into alternative applications. 

In particular, there is potential to reconsider the definition of rail (and track) segmentation, 

which underpins the average rail profile calculations presented in this thesis. Currently, 

segments are defined strictly by geometric considerations (i.e., tangent, spiral, curve), and 

grind template selections are based on segments defined in this manner. However, in some 

cases, it may be more appropriate to define segments based on rail profile characteristics, 

independent of track geometry. This could be of particular importance for calculating 

average profiles for long tangent or curved segments or spiral segments and may provide 

additional benefits to the procedure. For example, wear patterns or rail profile shape may 

vary considerably in long segments because of rail car dynamics or certain maintenance 

practices (e.g. the use of a rail plug). If profile variations were beyond an adequate 

threshold, additional rail segmentation may need to be considered. 

Fourth, implementation of this procedure into rail maintenance practices will support further 

validation of the results presented in this thesis. Opportunity exists to streamline the 

application of the procedure by integrating it seamlessly into existing software tools. 
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In conclusion, this research shows that it is possible to create a procedure to automate the 

calculation of a representative average rail profile using industry standard data. The 

application of this procedure makes way for future development to further increase the 

accuracy and effectiveness of rail grind planning and execution as well as economically 

produce safer, more efficient, and more environmentally friendly railways. 
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Track Segment 
Div.: DIVISION 1 
Includes: Curve, Tangent 

Sub: 1 – Main 
Mile: 8.966 – 110.002 

Track: MNL 

From To 
Curvature Length [ft.] S/E 

[in.] Description Degree Direction Segment 
Spiral 
Entry 

Body 
Spiral 
Exit 

17.362 17.657 T017   1518     

20.185 20.439 C020AC 6.0 L 1323 360 588 375 3.6240 

20.635 20.971 C020BC 6.1 L 1747 352 1002 393 2.9550 

22.557 22.841 T022   1471     

26.229 26.527 C026C 6.9 R 1561 282 872 407 2.4820 

26.527 26.808 T026   1473     

30.792 31.025 C031C 6.0 L 1195 335 528 332 2.4921 

31.372 31.673 T031   1541     

46.479 46.744 C046BC 5.9 R 1371 334 721 315 1.9866 

48.155 48.413 C048AC 3.1 L 1484 298 860 326 1.6261 

51.548 51.751 C051AC 6.1 L 1062 381 353 328 2.6298 

54.869 55.096 C055C 6.4 R 1184 358 420 406 2.5676 

62.011 62.237 C062C 3.1 R 1224 218 740 266 1.1818 

63.555 63.799 C063CC 3.0 R 1215 300 674 241 0.5987 

64.858 65.084 C065C 5.1 R 1214 318 440 456 0.7393 

77.272 77.570 T077   1550     

77.570 77.874 C077BC 3.0 L 1583 294 991 298 1.2691 

90.632 90.912 C090BC 3.0 L 1450 298 823 330 1.4878 

95.421 95.692 C095C 3.1 L 1413 301 782 330 1.4960 

102.575 102.838 C102BC 2.9 R 1361 330 679 352 2.0939 

108.093 108.346 C108C 2.9 R 1310 333 655 322 1.9562 

 


