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A n introduction to infrastructure research is presented io this paper. The railroad 
infrastructure includes the track, structure, and signal systems. An approach to im­
prove d1e focu of research, enhancing me development of a high-quality railroad 

system, is presented. To that end, it is recommended that all railroads develop and deploy a 
total infrastructure quality-costs system. A similar approach successfully worked for the Union 
Pacific Railroad Company during the past 5 years and has contributed to the railroad's ability 
to maintain the lowest operating ratio among North American railroads. For the railroad 
industry, improvements are needed in the measures of effectiveness, predictability, and mainte­
nance requirements of track, structure, and signal systems. 

For the North American railroad industry to collectively meet the future needs of its 
customers, it must provide track, structure, and signal systems that are reliable, measurable 
and predictable, and maintainable. 

The performance of the railroad infrastructure is controlled by many factors associated with 
rolling stock and the operating environment. Higher axle loads, for example, result in higher 
static and dynamic loads, creating more rapid deterioration of the components. Greater 
electrical resistance at the wheel-rail interface may cause signal systems to malfunction. 
Railroad professionals must understand which components are most sensitive to changes in 
these factors. The conditions vary over time, tonnage, from location to location on a given 
railroad, and between railroads. For Union Pacific, the transportation of coal has had a 
significant impact on the way the railroad thinks about the business and has resulted in changes 
to its operations. The materials that are installed and maintained must be of the highest 
possible quality to survive with this heavy unit train operation. 

REQUIREMENT FOR RELIABLE INFRASTRUCTURE 

The customers' basic transportation needs are low-cost, highly reliable, new, and high value­
added services. A new service is double-stack, which did not exist 15 years ago and has become 
an important part of the freight railroad business. Customers are demanding new technologies, 
and fixed facilities must rapidly be designed and constructed to support these changing 
customer requirements. 
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Union Pacific's rapid business growth has required continued capacity expansion. New 
construction technology, such as the track construction machine, allowed the railroad to 
respond quickly and build additional track at a reasonable cost. The railroad is continuing 
to search for new ways to improve capacity without the need for additional facilities. 

The industry must improve physical plant quality to support these growing customer needs. 
At Union Pacific, the inability to meet customer needs is defined as an external failure, one of 
four categories in the railroad's quality-cost system. Using a similar approach, the industry 
could develop an understanding of its total freight railroad industry infrastructure quality 
costs. The quality-cost information could be used to pinpoint research efforts and dollars on 
the track, structures, and signal systems. 

DEVELOPMENT OF INFRASTRUCTURE QUALITY COSTS 

In 1987, Union Pacific began an effort to improve its business processes through a total quality 
management system (TQMS), a key component of which was the cost of quality program (1). 
Union Pacific quickly deployed and strengthened the successful application of TQ~,1S and the 
use of quality costs as a key measure of performance. A similar approach could be used to 
describe the quality and performance of the entire railroad infrastructure. 

Union Pacific has saved almost $2 billion since the cost of quality program was started in 
1987. The program has been used as an effective management tool to enhance performance 
throughout the entire company. The process has enabled Union Pacific to 

• EsLaLlisli a wsl uf 4ualiLy reJuuiun objective, 
• Cascade the objectives (top down) through the entire organization, 
• Review and interpret trends, and 
• Correlate the cost of quality with customer satisfaction. 

The cost of aualitv oroe:ram is an estimate of critical costs. not a new accountin!! svstem. The 
.L ~ .L ...... ., u - ' - - - -- ---

program's significant benefit is its monthly reporting system, which provides more up-to-date 
information than do comparable corporate financial statements. Corporate financial state­
ments developed 30 days after the quarter contain some information that is more than 100 days 
old. 

Union Pacific has learned that the cost of quality program 

• Focuses attention on problems, 
• Ranks problems to be solved in priority order, 
• Supports justification of quality investments, and 
• Measures effectiveness. 

On the other hand, cost of quality numbers do not 

• Solve quality problems, 
• Recommend research, 
• Suggest special actions, 
• Clearly reflect improvements in the budget, or 
• Clearly match effort and accomplishment. 

Estimating the infrastructure cost of quality would require all U.S. Class 1 Railroads to 
communicate and share information through the Association of American Railroads (AAR). 
Tl,P ~~vinoc;;: frnm '.l rnct- nf n11-:1llt-v '.lnnrn-:1rh m-:Ju t--:1lrP cP11Pr-:1l '1P'.llrc t-n. r1PuPlnn -··- --····o- ··-··· - ---· -· ... --···1 -rr·---·· ···-1 ·-··- --·-·-· 1--·- ·- --·-·-r· 

Figure 1, which summarizes Union Pacific's cost of quality annual savings, shows the 
financial impact as a percent of revenue (2). Using this model and focusing only on the track, 
structure, and signal systems, a $300 million savings should be possible for the entire industry. 
If the North American rail industry adopted a total cost of quality approach similar to Union 
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FIGURE 1 Cost of quality annual savings for Union Pacific Railroad. 

Pacific's process, a savings of $3 billion to $5 billion would be possible during the next 5 to 10 
years. Either approach would require the industry's top management to be dedicated to the 
process. 

Total infrastructure quality costs are the sum of four key cost of quality measures: external 
failure costs (bad), internal failure costs (bad), appraisal costs (good), and prevention costs 
(good). These measures are described in the following paragraphs. 

External failure costs measure the railroad's inability to meet customer requirements and 
the eventual lost business. 

Internal failure costs are measures of problems that cause significant waste. These problems 
include broken rail, delays, some derailments, safety issues, environmental problems and the 
associated clean-up effort, unscheduled repair costs, fines, bridge failures, signal system 
failures, and so forth. 

Appraisal costs include all track, bridge, and signal inspections, many of which are visual. 
Geometry car, rail profile, and ultrasonic rail inspection are part of the appraisal costs. Support 
of inspections made by qualified Federal Railroad Administration (FRA) or state inspectors are 
appraisal costs. Union Pacific wants FRA inspectors to pass on to Union Pacific employees what 
they consider important and to help them reduce the potential for accidents. Operation of the 
AAR Track Loading Vehicle (TLV) and the FRA Gage Restraint Measurement System are 
appraisal costs. Railroads worldwide use various appraisal techniques to evaluate facility 
conditions. 

Prevention costs improve long-term safety and operational performance. Research is a 
critical prevention cost that reduces system failures and thus improves service. Training at all 
levels is considered a prevention cost, as are quality- and safety-improvement programs. 

One prevention activity at Union Pacific, for example, is the development of improved 
turnouts. One test turnout near Odessa, Nebraska, uses concrete ties, elastic fasteners, and 
head-hardened rail. Costs over normal capital costs for this evaluation project are prevention 
costs. Maintenance cost data from this test is critical information that helps railroad profes­
sionals better understand and improve the performance of trackwork. Due to the line's heavy 
tonnage, failures occur fast, and the new technology's potential benefits can be evaluated 
quickly (3). 

Early in the quality-cost process, Union Pacific observed that failure costs were many times 
greater than prevention plus appraisal costs. The railroad learned to leverage against appraisal 
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and prevention costs to reduce failures. This continuing effort contributes to Union Pacific's 
low operating ratios. 

To better understand the specific needs of freight railroad infrastructure research, AAR and 
FRA must develop an accurate estimate of the total rail industry's infrastructure quality costs. 
With this information, industry leaders can plan infrastructure research programs. This 
approach would indicate areas in which the industry (a) has been on the mark with past 
research, (b) needs to improve technology transfer to railroads, as in the case where research 
has shown benefits, but has not been implemented, and (c) needs research. 

REQUIREMENT FOR MEASURABLE INFRASTRUCTURE 

The industry must accurately and quantitatively assess the ability of infrastructure compo­
nents to perform their intended functions and the influence of these components on mainte­
nance requirements. Some necessary measurement systems already exist and are used to 
varying degrees of success, but other measurement systems need to be developed. In other 
cases, a single system may prov ide mauy of the re4uire<l measuremems. A iisting of major 
track, structure, and signal system components to be measured is presented in the appendix to 
this paper. 

MEASUREMENT ISSUES 

Infrastructure components and their condition affect railroad safety and the ability to provide 
good customer service. AAR should develop measurement systems to determine the condition 
of high-cost components. Total-system reliability is a function of component reliability. 
Technology must measure the greatest number of the sensitive component conditions. 

Critical areas include the following: 

• Impact of each component on the customers' needs, 
• Interactions between components, 
• Accuracy of the measurement system, and 
• Impact that cluster or repeatable defects have on reliability. 

Among the questions to be answered are the following: 

~ !n the event of one component's failure, can the load be transferred, and for how· long will 
adjacent components carry the load? 

• Can the fatigue that results in a reduction in reliability of the component be modeled? 
• If visual inspection is the standard, what improvements in training and technology will 

optimize the inspection process? 

REQUIREMENT FOR PREDICTABLE INFRASTRUCTURE 

Developing a predictable infrastructure is part of prevention costs. Important issues for the 
freight industry are discussed in the follov,ing paragraphs. 

Influence of Heavy Axle Loads 

The influence of heavy axle loads on the infrastructure must be precisely understood. The 
Heavy Axle Load Program under way at AAR, and partially funded by FRA, has provided 
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excellent feedback to the industry, supporting decisions regarding heavy axle loads. One area 
requiring more data is track tonnage history; these data are necessary to aid fatigue analysis, 
especially on structures. 

Influence and Interactions Between Vehicle and Track 

The influence and interactions between the vehicle and track systems must be understood. The 
AAR Vehicle Track Systems Program is a key to understanding this interaction. A change in the 
freight, the car body, suspension system, and wheels will change the load on the rails, ties, and 
ballast. Changes in the track will likewise affect cars and freight. Union Pacific trackwork 
manufacturers are being asked to purchase the AAR-NUCARS (New and Untried Car Analytic 
Regime Simulation) model to help analyze the trackwork. Union Pacific wants its premium 
trackwork to be checked with the NUCARS model to accurately estimate lateral and vertical 
accelerations. This will improve performance and reduce trackwork life-cycle cost. 

Through investigation of wheel-impact issues, Union Pacific found wheels creating 140,000-lb, 
static plus dynamic loads. During normal inspection, a wheel causing this load was not 
considered condemnable by AAR. This defect, probably due to an out-of-round wheel, imparts 
significantly greater energy into the track than some defects that are AAR-condemnable. 
Information provided during the Fifth International Heavy-Haul Railway Conference suggests 
that high-impact loads may have a greater impact on some steel bridges than previously 
thought (4). The basic need is to decrease the dynamic load on the entire structure. 

Predictive Maintenance Models 

Predictive infrastructure maintenance models must be developed and implemented. Questions 
to be answered include the following: 

• How long will the component last? 
• How fast is the component deteriorating? 
• What impact will fatigue have on the life of the component? 
• When should the particular component be maintained, treated, or replaced? 
• What is the influence of heavy axle loads? 
• How should maintenance or replacement of the component be prioritized? 
• Should the component be redesigned? 
• Are performance standards appropriate? 

For example, it appears that the standard railbound manganese frogs will last 25 percent as 
long as the best movable-point frog in the same load environment. It also appears that concrete 
ties may help reduce the life-cycle cost of turnouts. Because of service issues associated with 
limiting speed through the trackwork, Union Pacific developed No. 30 turnouts. The No. 30 
turnouts will allow operation through the divergent route at 60 mph, 20 mph faster than 
existing turnouts allow, and thus provide better service and boost track capacity. 

Improved Analysis 

Improved analysis techniques for evaluation of the components' performance must be used. 
Improved analysis techniques include mean time between failures predictions, finite element 
analysis, and multiple environment overstress testing (MEOST). Union Pacific successfully 
used MEOST in the development of its new ballast car fleet. AAR should develop expertise in 
these areas and transfer this technology to the railroad industry. 
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REQUIREMENT FOR MAINTAINABLE INFRASTRUCTURE 

The industry must develop a more maintainable infrastructure. Similar life-cycle models could 
apply to track, signals, or structures. Long- and short-range plans are developed as an annual 
program to establish when and where track material replacement is to occur. The program is 
then executed, with material being ordered, manufactured, built, and eventually installed. This 
is a moderately expensive portion of the life-cycle cost of the trackwork. During operations, 
there are the usual minor start-up troubles, as a program of low-risk usage that requires 
minimal maintenance is introduced. Performance results during low-risk usage, especially for 
new technology components of which only a few may be in place, can be quickly fed back to 
material design and reduce risk of failure. This low-risk usage is followed by medium-risk 
usage, with wear or fatigue becoming issues. Measurement and testing are critical at this stage. 
Results are then fed back to the long-term, 5-year plan for major renewals. At the end of the life­
cycle, high-risk usage, which results in slow orders, should be avoided as much as possible. 

Infrastructure maintenance goals include the following: 

• Avoid over-maintenance, which is expensive; 
• Avoid under-maintenance, which results in high risk; and 
• Improve the quality of the total maintenance function. 

In many areas, heavy-haul railroads operate quite efficiently; however, on certain heavy­
haul lines in other countries, a ten<lency tu over-maintain has been observed. Railroad 
professionals in those other countries, seeking ways to reduce the costs of over-maintenance, 
have begun to observe the maintenance practices of North American railroads. 

Short-term maintenance needs include the following: 

• Improve the prediction of service and material life; 
• Improve defect-location information; 
• Improve inspection skills, techniques, tools, equipment, and information; 
= Iu1p1.uvc; 111a.;utc;ua1u .. c; ~k;ll:), tc1...huiyuc;:>, Luul~, t::'"{uipu1cut, aud iufu1111atiuu; 

• Improve inspectors' and maintenance workers' feedback and involvement in decisions; 
• Improve control of maximum defect size, defect growth, and defect distribution, partic­

ularly in metal components; and 
• Determine the optimum maintenance and replacement strategy. 

Changes in the feedback system can result in performance improvements, as Union Pacific 
learned in a study of maintenance practices. Project Cheyenne is Union Pacific's name for a 
Management Effectiveness and Employee Empowerment System, developed and deployed with 
the help of General Systems Company. Through this employee-involvement project, the 
railroad is able to use ideas from the best employees, especially those closest to the work, and 
create teams to help improve the maintenance function's performance. A product of one team 
was improved training for track-buckling preventive maintenance. 

Long-term maintenance strategies include the following: 

• Understand and optimize the entire operating environment. Tradeoffs are the rule: if a 
change is made in one area, it will without question affect another area. 

• Minimize variability in the infrastructure. Better information on conditions, materials, 
manufacturing processes, and the load environment will contribute to reduced system 
variability. 

• Develop self-diagnostics for track, signals, and structures. Much work still needs to be 
done in this area. Union Pacific experimented with real-time performance monitors on tam­
oers. which allowed machine ooerators to renort reasons for snecific delavs and create a .a. ; .a. .I. ..l - I - -- • 

production record. In addition, the operators prefer this to a written or verbal report. Another 
important need is in the prediction of track buckles, which are truly a worldwide problem. 

• Improve safety, ergonomics, and work conditions for maintenance employees. Significant 
effort is being made at Union Pacific to help improve these conditions for all employees. One 

., 
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example is the development of a wheel-throw switch stand that reduces the load on the 
operator's back when the switch is thrown. Although this stand is not the solution to all back­
injury problems, it appears to be a reasonable alternative on some turnouts. 

• Minimize the environmental impact of the infrastructure. Recycling is a concept with 
which most railroad maintenance people are familiar. Collection technology to pick up grease, 
lubricants, and the like along the right-of-way is new and needs to be expanded. 

• Develop independent maintenance practices. Devices are needed to help maintenance 
personnel find the exact location of a defect. For example, the geometry car could download 
data to a small hand-held geo-positioning system to advise those responsible for making the 
repair where that defect is located. A track crew would direct maintenance efforts to the precise 
location. 

Another major issue is coordination between the inspection and maintenance functions. 
Information flow is critical, and once an inspector or inspection device finds a severe defect, this 
information must immediately go to the maintenance personnel for correction. In the case of 
wheel defects, Union Pacific provides its car department a picture of the car that shows the exact 
wheel that is defective. 

• Develop performance measurements. The TLV was developed to help provide perfor­
mance measurements for the track and equipment. This is an excellent device, and its use needs 
to be expanded. Opportunities exist for using this vehicle to measure track performance, 
including predicting the performance of a variety of components simultaneously. 

• Consider the impact of the Federal Employers' Liability Act and the Research and 
Development Tax Credit on research. 

• Keep an open mind to the many ideas that are being developed in railroads around the 
world. 

CONCLUSION 

The railroad industry can improve performance through the use of research in many areas. A 
cost of quality strategy will improve the focus of the railroad industry's infrastructure research. 
Several hundred million dollars in potential savings is possible. As a result of these improve­
ments, the industry as a whole will be able to provide better customer service. This approach 
will support many of the quality improvement programs already under way within each 
railroad. 

REFERENCES 

1. Feigenbaum, A.V. Total Quality Control, 3rd ed. McGraw-Hill, New York, N.Y., 1983, pp. 109-145. 
2. Cost of Quality Summary. Union Pacific Railroad, Omaha, Nebr., July 1993. 
3. Beran, J.R., and W.C. Thompson. Tests of Innovative Mainline Turnouts. In American Railway 

Engineering Association Bulletin No. 732, Vol. 92, Washington, D.C., Oct. 1991, pp. 245-256. 
4. Proc., Fifth International Heavy Haul Railway Conference, Beijing, China, International Heavy Haul 

Association, 1994. 

49 




