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1 Introduction 

In the last fifty years, maintenance of technical systems has become increasingly important in most 
industrial and service sectors. Failures of these systems may cause expensive production losses and 
can have negative effects on the people and environment. 

1.1 Maintenance in other industries 

In order to analyze the best practices in other industries and their applicability on railway 
infrastructure maintenance it is necessary to select issues which may have common interesting 
characteristics with railway systems. 

Most important aspect that should be analysed when dealing with maintenance procedures are: 

- Inspection techniques  

- Optimization , organization and planning: 

o Modelling of the optimization problem: objective, function and constraints.  

o Constraints derived from the infrastructure condition. 

o Timewindows and track possession.  

o Geographical constraints: the topology of the maintenance system. 

o External constraints like weather or sociological issues. 

- Database and database organization. Analysis and storage of sensor’s measurements.  

- Execution procedures. Monitoring of execution procedures and visual inputs from 
operators performing maintenance tasks in the field. 

This report analyses maintenance operations and techniques in the following fields:  

- Aircraft 

- Industry  

- Road 

- Electric energy system 
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2 Maintenance in airport and airplane 

Aeronautical industry is probably the field in which quality and security is more rigorously kept.  

Security is very important in aircrafts where a defect in a critical system may be a washout. 
Although critical system have emergency and auxiliary system, maintenance is fundamental in 
these systems. 

It has been proven that regularly scheduled inspections and preventive maintenance assure 
airworthiness. Operating failures and malfunctions of equipment are appreciably reduced if 
excessive wear or minor defects are detected and corrected early. The importance of inspections and 
the proper use of records concerning these inspections cannot be overemphasized. 

An inspection system consists of several processes, including reports made by mechanics or the 
pilot or crew flying an aircraft, and regularly scheduled inspections of an aircraft. An inspection 
system is designed to maintain an aircraft in the best possible condition. Thorough and repeated 
inspections must be considered the backbone of a good maintenance program. Irregular and 
haphazard inspection will invariably result in gradual and certain deterioration of an aircraft. The 
time spent in repairing an abused aircraft often totals far more than any time saved in hurrying 
through routine inspections and maintenance. 

Airframe and engine inspections may range from preflight inspections to detailed inspections. The 
time intervals for the inspection periods vary with the models of aircraft involved and the types of 
operations being conducted. The airframe and engine manufacturer’s instructions should be 
consulted when establishing inspection intervals. 

Aircraft may be inspected using flight hours as a basis for scheduling, or on a calendar inspection 
system. Under the calendar inspection system, the appropriate inspection is performed on the 
expiration of a specified number of calendar weeks. The calendar inspection system is an efficient 
system from a maintenance management standpoint. Scheduled replacement of components with 
stated hourly operating limitations is normally accomplished during the calendar inspection falling 
nearest the hourly limitation. 

In some instances, a flight hour limitation is established to limit the number of hours that may be 
flown during the calendar interval. 

Aircraft operating under the flight hour system are inspected when a specified number of flight 
hours are accumulated. Components with stated hourly operating limitations are normally replaced 
during the inspection that falls nearest the hourly limitation. 

2.1 Inspection techniques 

2.1.1 Nondestructive inspection (NDT) techniques 

2.1.1.1 Visual inspection 

Visual inspection is the oldest and most common form of NDT for aircraft. Approximately 80 
percent of all NDT procedures are accomplished by the direct visual methods. This inspection 
procedure may be greatly enhanced by the use of appropriate combinations of magnifying 
instruments, borescopes, light sources, video scanners, and other devices. Visual inspection 
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provides a means of detecting and examining a wide variety of component and material surface 
discontinuities, such as cracks, corrosion, contamination, surface finish, weld joints, solder 
connections, and adhesive disbonds. Visual inspection is widely used for detecting and examining 
aircraft surface cracks, which are particularly important because of their relationship to structural 
failures. Visual inspection is frequently used to provide verification when defects are found initially 
using other NDT techniques. The use of optical aids for visual inspection is beneficial and 
recommended. 

Optical aids magnify defects that cannot be seen by the unaided eye and also permit visual 
inspection in inaccessible areas. It should be emphasized that the eye-mirror-flashlight is a critical 
visual inspection process. Aircraft structure and components that must be routinely inspected are 
frequently located beneath skin, cables, tubing, control rods, pumps, actuators, etc. Visual 
inspection aids such as a powerful flashlight, a mirror with a ball joint, and a 2 to 10 power 
magnifying glass are essential in the inspection process. 

Other visual inspection aid are borescopes, these instruments are long, tubular, precision optical 
instruments with built-in illumination, designed to allow remote visual inspection of internal 
surfaces or otherwise inaccessible areas. The tube, which can be rigid or flexible with a wide variety 
of lengths and diameters, provides the necessary optical connection between the viewing end and an 
objective lens at the distant, or distal tip of the borescope. Rigid and flexible borescopes are 
available in different designs for a variety of standard applications and manufacturers also provide 
custom designs for specialized applications. 

 

 

Figure 1.  Rigid borescope and viewing angle. 
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Figure 2. Flexible fiberscope with a light source. 

Borescopes are used in aircraft and engine maintenance programs to reduce or eliminate the need 
for costly tear-downs. Aircraft turbine engines have access ports that are specifically designed for 
borescopes. Borescopes are also used extensively in a variety of aviation maintenance programs to 
determine the airworthiness of difficult-to-reach components. Borescopes typically are used to 
inspect interiors of hydraulic cylinders and valves for pitting, scoring, porosity, and tool marks; 
inspect for cracked cylinders in aircraft reciprocating engines; inspect turbojet engine turbine blades 
and combustion cans; verify the proper placement and fit of seals, bonds, gaskets, and sub-
assemblies in difficult to reach areas; and assess Foreign Object Damage (FOD) in aircraft, 
airframe, and powerplants. Borescopes may also be used to locate and retrieve foreign objects in 
engines and airframes. 

2.1.1.2 Magnetic particle 

Magnetic particle inspection is a method of detecting invisible cracks and other defects in 
ferromagnetic materials such as iron and steel. It is not applicable to nonmagnetic materials. 

In rapidly rotating, reciprocating, vibrating, and other highly stressed aircraft parts, small defects 
often develop to the point that they cause complete failure of the part. Magnetic particle inspection 
has proven extremely reliable for the rapid detection of such defects located on or near the surface. 
With this method of inspection, the location of the defect is indicated and the approximate size and 
shape are outlined. 

The inspection process consists of magnetizing the part subject to study and then applying 
ferromagnetic particles to the surface area to be inspected. The ferromagnetic particles (indicating 
medium) may be held in suspension in a liquid that is flushed over the part; the part may be 
immersed in the suspension liquid; or the particles, in dry powder form, may be dusted over the 
surface of the part. The wet process is more commonly used in the inspection of aircraft parts. 

If a discontinuity is present, the magnetic lines of force will be disturbed and opposite poles will 
exist on either side of the discontinuity. The magnetized particles thus form a pattern in the 
magnetic field between the opposite poles. This pattern, known as an “indication,” assumes the 
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approximate shape of the surface projection of the discontinuity. A discontinuity may be defined as 
an interruption in the normal physical structure or configuration of a part, such as a crack, forging 
lap, seam, inclusion, porosity, and the like. A discontinuity may or may not affect the usefulness of 
the target part. 

When a discontinuity in a magnetized material is open to the surface, and a magnetic substance 
(indicating medium) is available on the surface, the flux leakage at the discontinuity tends to form 
the indicating medium into a path of higher permeability 1. Because of the magnetism in the part and 
the adherence of the magnetic particles to each other, the indication remains on the surface of the 
part in the form of an approximate outline of the discontinuity that is immediately below it. 

The same action takes place when the discontinuity is not open to the surface, but since the amount 
of flux leakage is less, fewer particles are held in place and a fainter and less sharply defined 
indication is obtained. 

If the discontinuity is very far below the surface, there may be no flux leakage and no indication on 
the surface. 

Discontinuities Disclosed 

The following types of discontinuities are normally detected by the magnetic particle test: cracks, 
laps, seams, cold shuts, inclusions, splits, tears, pipes, and voids. All of these may affect the 
reliability of parts in service. 

Cracks, splits, bursts, tears, seams, voids, and pipes are formed by an actual parting or rupture of the 
solid metal. Cold shuts and laps are folds that have been formed in the metal, interrupting its 
continuity. 

Inclusions are foreign material formed by impurities in the metal during the metal processing 
stages. They may consist, for example, of bits of furnace lining picked up during the melting of the 
basic metal or of other foreign constituents. Inclusions interrupt the continuity of the metal because 
they prevent the joining or welding of adjacent faces of the metal. 

Preparation of Parts for Testing 

Grease, oil, and dirt must be cleaned from all parts before they are tested. Cleaning is very 
important since any grease or other foreign material present can produce no relevant indications due 
to magnetic particles adhering to the foreign material as the suspension drains from the part. 

Grease or foreign material in sufficient amount over a discontinuity may also prevent the formation 
of a pattern at the discontinuity. It is not advisable to depend upon the magnetic particle suspension 
to clean the part. Cleaning by suspension is not thorough and any foreign materials so removed 
from the part will contaminate the suspension, thereby reducing its effectiveness. 

                                                 
 
 
1 Permeability is a term used to refer to the ease with which a magnetic flux can be established in a given magnetic 
circuit. 
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In the dry procedure, thorough cleaning is absolutely necessary. Grease or other foreign material 
will hold the magnetic powder, resulting in no relevant indications and making it impossible to 
distribute the indicating medium evenly over the part’s surface. 

All small openings and oil holes leading to internal passages or cavities should be plugged with 
paraffin or other suitable nonabrasive material. 

Coatings of cadmium, copper, tin, and zinc do not interfere with the satisfactory performance of 
magnetic particle inspection, unless the coatings are unusually heavy or the discontinuities to be 
detected are unusually small. 

Chromium and nickel plating generally will not interfere with indications of cracks open to the 
surface of the base metal but will prevent indications of fine discontinuities, such as inclusions. 

Because it is more strongly magnetic, nickel plating is more effective than chromium plating in 
preventing the formation of indications. 

Effect of Flux Direction 

To locate a defect in a part, it is essential that the magnetic lines of force pass approximately 
perpendicular to the defect. It is therefore necessary to induce magnetic flux in more than one 
direction since defects are likely to exist at any angle to the major axis of the part. This requires two 
separate magnetizing operations, referred to as circular magnetization and longitudinal 
magnetization. 

Circular magnetization is the induction of a magnetic field consisting of concentric circles of force 
about and within the part which is achieved by passing electric current through the part. This type of 
magnetization will locate defects running approximately parallel to the axis of the part. 

In longitudinal magnetization, the magnetic field is produced in a direction parallel to the long axis 
of the part. This is accomplished by placing the part in a solenoid excited by electric current. The 
metal part then becomes the core of an electromagnet and is magnetized by induction from the 
magnetic field created in the solenoid. 

In longitudinal magnetization of long parts, the solenoid must be moved along the part in order to 
magnetize it. This is necessary to ensure adequate field strength throughout the entire length of the 
part. 

Coils produce effective magnetization up to approximately 9" from the center of the coil, thus 
accommodating parts or sections approximately 30 inches in length. Longitudinal magnetization 
equivalent to that obtained by a coil may be accomplished by wrapping a flexible electrical 
conductor around the part. Although this method is not as convenient, it has an advantage in that the 
coils conform more closely to the shape of the part, producing a somewhat more uniform 
magnetization. 

The flexible coil method is also useful for large or irregularly shaped parts for which standard 
solenoids are not available. 
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Effect of Flux Density 

The effectiveness of the magnetic particle inspection also depends on the flux density or field 
strength at the surface of the part when the indicating medium is applied. As the flux density in the 
part is increased, the sensitivity of the test increases because of the greater flux leakages at 
discontinuities and the resulting improved formation of magnetic particle patterns. 

Excessively high flux densities may form no relevant indications; for example, patterns of the grain 
flow in the material. These indications will interfere with the detection of patterns resulting from 
significant discontinuities. It is therefore necessary to use a field strength high enough to reveal all 
possible harmful discontinuities but not strong enough to produce confusing no relevant indications. 

Magnetizing Methods 

When a part is magnetized, the field strength in the part increases to a maximum for the particular 
magnetizing force and remains at this maximum as long as the magnetizing force is maintained. 

When the magnetizing force is removed, the field strength decreases to a lower residual value 
depending on the magnetic properties of the material and the shape of the part. These magnetic 
characteristics determine whether the continuous or residual method is used in magnetizing the part. 

In the continuous inspection method, the part is magnetized and the indicating medium applied 
while the magnetizing force is maintained. The available flux density in the part is thus at a 
maximum. The maximum value of flux depends directly upon the magnetizing force and the 
permeability of the material of which the part is made. 

The continuous method may be used in practically all circular and longitudinal magnetization 
procedures. The continuous procedure provides greater sensitivity than the residual procedure, 
particularly in locating subsurface discontinuities. The highly critical nature of aircraft parts and 
assemblies and the necessity for subsurface inspection in many applications have resulted in the 
continuous method being more widely used. 

Inasmuch as the continuous procedure will reveal more no significant discontinuities than the 
residual procedure, careful and intelligent interpretation and evaluation of discontinuities revealed 
by this procedure are necessary. 

The residual inspection procedure involves magnetization of the part and application of the 
indicating medium after the magnetizing force has been removed. This procedure relies on the 
residual or permanent magnetism in the part and is more practical than the continuous procedure 
when magnetization is accomplished by flexible coils wrapped around the part. 

In general, the residual procedure is used only with steels which have been heat treated for stressed 
applications. 

Identification of Indications 

The correct evaluation of the character of indications is extremely important but is sometimes 
difficult to make from observation of the indications alone. The principal distinguishing features of 
indications are shape, buildup, width, and sharpness of outline. These characteristics are more 
valuable in distinguishing between types of discontinuities than in determining their severity. 
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Careful observation of the character of the magnetic particle pattern should always be included in 
the complete evaluation of the significance of an indicated discontinuity. 

The most readily distinguished indications are those produced by cracks open to the surface. These 
discontinuities include fatigue cracks, heat treat cracks, shrink cracks in welds and castings, and 
grinding cracks. An example of a fatigue crack is shown in Figure 8-18. 

Magnaglo Inspection 

Magnaglo inspection is similar to the preceding method but differs in that a fluorescent particle 
solution is used and the inspection is made under black light. Efficiency of inspection is increased 
by the neon-like glow of defects allowing smaller flaw indications to be seen. This is an excellent 
method for use on gears, threaded parts, and aircraft engine components. 

After inspection, the part must be demagnetized and rinsed with a cleaning solvent. 

2.1.1.3 Penetrants 

Penetrant inspection is used on nonporous metal and non-metal components to find material 
discontinuities that are open to the surface and may not be evident to normal visual inspection. The 
part must be clean before performing a penetrant inspection. The basic purpose of penetrant 
inspection is to increase the visible contrast between a discontinuity and its background. This is 
accomplished by applying a liquid of high penetrating power that enters the surface opening of a 
discontinuity. Excess penetrant is removed and a developer material is then applied that draws the 
liquid from the suspected defect to reveal the discontinuity. 

The visual evidence of the suspected defect can then be seen either by a colour contrast in normal 
visible white light or by fluorescence under black ultraviolet light. 

The penetrant method does not depend upon ferro-magnetism like magnetic particle inspection, and 
the arrangement of the discontinuities is not a factor. The penetrant method is effective for detecting 
surface defects in nonmagnetic metals and in a variety of non-metallic materials. Penetrant 
inspection is also used to inspect items made from ferromagnetic steels and its sensitivity is 
generally greater than that of magnetic particle inspection. Penetrant inspection is superior to visual 
inspection but not as sensitive as other advanced forms of tests for detection of in-service surface 
cracks. 

The major limitation of the penetrant inspection is that it can detect only those discontinuities that 
are open to the surface; some other method must be used for detecting subsurface defects. Surface 
roughness or porosity can limit the use of liquid penetrants. Such surfaces can produce excessive 
background indications and interfere with the inspection. Penetrant inspection can be used on most 
airframe parts and assemblies accessible to its application. 

The basic steps to perform penetrant inspections are briefly described in the following graphs. 
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Figure 3. Penetrants inspection steps 

The size of the indication, or accumulation of penetrant, will show the extent of the defect and the 
brilliance will be a measure of its depth. Deep cracks will hold more penetrant and will be broader 
and more brilliant. Very fine openings can hold only small amounts of penetrants and will appear as 
fine lines. 

With the penetrant inspection, there are no false indications in the sense that they occur in the 
magnetic particle inspection. There are, however, two conditions which may create accumulations 
of penetrant that are sometimes confused with true surface cracks and discontinuities. 
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The first condition involves indications caused by poor washing. If all the surface penetrant is not 
removed in the washing or rinsing operation following the penetrant dwell time, the unremoved 
penetrant will be visible. Evidences of incomplete washing are usually easy to identify since the 
penetrant is in broad areas rather than in the sharp patterns found with true indications. When 
accumulations of unwashed penetrant are found on a part, the part should be completely 
reprocessed. Degreasing is recommended for removal of all traces of the penetrant. 

False indications may also be created where parts press fit to each other. If a wheel is press fit onto 
a shaft, penetrant will show an indication at the fit line. This is perfectly normal since the two parts 
are not meant to be welded together. Indications of this type are easy to identify since they are 
regular in form and shape. 

2.1.1.4 Eddy current 

Electromagnetic analysis is a term which describes the broad spectrum of electronic test methods 
involving the intersection of magnetic fields and circulatory currents. The most widely used 
technique is the eddy current. 

Eddy currents are composed of free electrons under the influence of an induced electromagnetic 
field which are made to “drift” through metal. 

When an alternating current is passed through a coil, it develops a magnetic field around the coil, 
which in turn induces a voltage of opposite polarity in the coil and opposes the flow of original 
current. If this coil is placed in such a way that the magnetic field passes through an electrically 
conducting specimen, eddy currents will be induced into the specimen. The eddy currents create 
their own field which varies the original field’s opposition to the flow of original current. The 
specimen’s susceptibility to eddy currents determines the current flow through the coil. 

The magnitude and phase of this counter field is dependent primarily upon the resistance and 
permeability of the specimen under consideration, and which enables us to make a qualitative 
determination of various physical properties of the test material. The interaction of the eddy current 
field with the original field results is a power change that can be measured by utilizing electronic 
circuitry similar to a Wheatstone bridge. 

The specimen is either placed in or passed through the field of an electromagnetic induction coil, 
and its effect on the impedance of the coil or on the voltage output of one or more test coils is 
observed. The process, which involves electric fields made to explore a test piece for various 
conditions, involves the transmission of energy through the specimen much like the transmission of 
x-rays, heat, or ultrasound. 

Eddy current is used to detect surface cracks, pits, subsurface cracks, corrosion on inner surfaces, 
and to determine alloy and heat-treat condition. 

Eddy current inspection can frequently be performed without removing the surface coatings such as 
primer, paint, and anodized films. It can be effective in detecting surface and subsurface corrosion, 
pots and heat treat condition. 

Eddy current techniques are particularly well-suited for detection of service induced cracks in the 
field. 
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Service-induced cracks in aircraft structures are generally caused by fatigue or stress corrosion. 
Both types of cracks initiate at the surface of a part. If this surface is accessible, a high-frequency 
eddy current inspection can be performed with a minimum of part preparation and a high degree of 
sensitivity. If the surface is less accessible, such as in a subsurface layer of structure, low-frequency 
eddy current inspection can usually be performed. Eddy current inspection can usually be 
performed without removing surface coatings such as primer, paint, and anodic films. Eddy current 
inspection has the greatest application for inspecting small localized areas where possible crack 
initiation is suspected rather than for scanning broad areas for randomly-oriented cracks. However, 
in some instances it is more economical to scan relatively large areas with eddy current rather than 
strip surface coatings, inspect by other methods, and then refinish. 

Eddy current may also be used in repair of aluminium aircraft damaged by fire or excessive heat. 
Different meter readings will be seen when the same metal is in different hardness states. Readings 
in the affected area are compared with identical materials in known unaffected areas for 
comparison. A difference in readings indicates a difference in the hardness state of the affected 
area. In aircraft manufacturing plants, eddy current is used to inspect castings, stampings, machine 
parts, forgings, and extrusions. 

A wide variety of eddy current test instruments are available. The eddy current test instrument 
performs three basic functions: generating, receiving, and displaying. The generating portion of the 
unit provides an alternating current to the test coil. The receiving section processes the signal from 
the test coil to the required form and amplitude for display. Instrument outputs or displays consist of 
a variety of visual, audible, storage, or transfer techniques utilizing meters, video displays, chart 
recorders, alarms, magnetic tape, computers, and electrical or electronic relays. 

 

 
Figure 4. Generating an eddy current. 
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Figure 5. Detecting an eddy current. 

 

2.1.1.5 Radiography 

Radiographic inspection techniques are used to locate defects or flaws in airframe structures or 
engines with little or no disassembly. This is in marked contrast to other types of non-destructive 
testing which usually require removal, disassembly, and stripping of paint from the suspected part 
before it can be inspected. Due to the radiation risks associated with x-ray, extensive training is 
required to become a qualified radiographer. Only qualified radiographers are allowed to operate 
the x-ray units. 

X and gamma radiations, because of their unique ability to penetrate material and disclose 
discontinuities, have been applied to the radiographic (x-ray) inspection of metal fabrications and 
nonmetallic products. 

The penetrating radiation is projected through the part to be inspected and produces an invisible or 
latent image in the film. When processed, the film becomes a radiograph or shadow picture of the 
object. This inspection medium and portable unit provides a fast and reliable means for checking 
the integrity of airframe structures and engines. 
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Figure 6. Radiography inspection scheme 

Three major steps in the x-ray process discussed in subsequent paragraphs are: (1) exposure to 
radiation, including preparation, (2) processing of film, and (3) interpretation of the radiograph. 

Preparation and Exposure 

The factors of radiographic exposure are so interdependent that it is necessary to consider all factors 
for any particular radiographic exposure. These factors include but are not limited to the following: 

• Material thickness and density 

• Shape and size of the object 

• Type of defect to be detected 

• Characteristics of x-ray machine used 

• The exposure distance 

• The exposure angle 

• Film characteristics 

• Types of intensifying screen, if used 

Knowledge of the x-ray unit’s capabilities should form a background for the other exposure factors. 
In addition to the unit rating in kilovoltage, the size, portability, ease of manipulation, and exposure 
particulars of the available equipment should be thoroughly understood. 

Previous experience on similar objects is also very helpful in the determination of the overall 
exposure techniques. A log or record of previous exposures will provide specific data as a guide for 
future radiographs. 
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Film Processing 

After exposure to x-rays, the latent image on the film is made permanently visible by processing it 
successively through a developer chemical solution, an acid bath, and a fixing bath, followed by 
clear water wash. 

Radiographic Interpretation 

From the standpoint of quality assurance, radiographic interpretation is the most important phase of 
radiography. It is during this phase that an error in judgment can produce disastrous consequences. 
The efforts of the whole radiographic process are centered in this phase; the part or structure is 
either accepted or rejected. Conditions of unsoundness or other defects which are overlooked, not 
understood, or improperly interpreted can destroy the purpose and efforts of radiography and can 
jeopardize the structural integrity of an entire aircraft. A particular danger is the false sense of 
security imparted by the acceptance of a part or structure based on improper interpretation. 

As a first impression, radiographic interpretation may seem simple, but a closer analysis of the 
problem soon dispels this impression. The subject of interpretation is so varied and complex that it 
cannot be covered adequately in this type of document. Instead, this paragraph gives only a brief 
review of basic requirements for radiographic interpretation, including some descriptions of 
common defects. 

Experience has shown that, whenever possible, radio-graphic interpretation should be conducted 
close to the radiographic operation. When viewing radiographs, it is helpful to have access to the 
material being tested. The radiograph can thus be compared directly with the material being tested, 
and indications due to such things as surface condition or thickness variations can be immediately 
determined. 

There are three basic categories of flaws: voids, inclusions, and dimensional irregularities. The last 
category, dimensional irregularities, is not pertinent to these discussions because its prime factor is 
one of degree, and radiography is not exact. Voids and inclusions may appear on the radiograph in a 
variety of forms ranging from a two-dimensional plane to a three-dimensional sphere. A crack, tear, 
or cold shut will most nearly resemble a two-dimensional plane, whereas a cavity will look like a 
three-dimensional sphere. Other types of flaws, such as shrink, oxide inclusions, porosity, and so 
forth, will fall somewhere between these two extremes of form. 

It is important to analyse the geometry of a flaw, especially for items such as the sharpness of 
terminal points. For example, in a crack-like flaw the terminal points appear much sharper in a 
sphere-like flaw, such as a gas cavity. Also, material strength may be adversely affected by flaw 
shape. A flaw having sharp points could establish a source of localized stress concentration. 
Spherical flaws affect material strength to a far lesser degree than do sharp pointed flaws. 
Specifications and reference standards usually stipulate that sharp pointed flaws, such as cracks, 
cold shuts, and so forth, are cause for rejection. 

Material strength is also affected by flaw size. A metallic component of a given area is designed to 
carry a certain load plus a safety factor. Reducing this area by including a large flaw weakens the 
part and reduces the safety factor. Some flaws are often permitted in components because of these 
safety factors; in this case, the interpreter must determine the degree of tolerance or imperfection 
specified by the design engineer. Both flaw size and flaw shape should be considered carefully, 
since small flaws with sharp points can be just as bad as large flaws with no sharp points. 
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Another important consideration in flaw analysis is flaw location. Metallic components are 
subjected to numerous and varied forces during their effective service life. Generally, the 
distribution of these forces is not equal in the component or part, and certain critical areas may be 
rather highly stressed. The interpreter must pay special attention to these areas. Another aspect of 
flaw location is that certain types of discontinuities close to one another may potentially serve as a 
source of stress concentrations creating a situation that should be closely scrutinized. 

An inclusion is a type of flaw which contains entrapped material. Such flaws may be of greater or 
lesser density than the item being radiographed. The foregoing discussions on flaw shape, size, and 
location apply equally to inclusions and to voids. In addition, a flaw containing foreign material 
could become a source of corrosion. 

2.1.1.6 Ultrasonic 

Ultrasonic detection equipment makes it possible to locate defects in all types of materials. Minute 
cracks, checks, and voids too small to be seen by x-ray can be located by ultrasonic inspection. An 
ultrasonic test instrument requires access to only one surface of the material to be inspected and can 
be used with either straight line or angle beam testing techniques. 

Two basic methods are used for ultrasonic inspection. The first of these methods is immersion 
testing. In this method of inspection, the part under examination and the search unit are totally 
immersed in a liquid couplant, which may be water or any other suitable fluid. 

The second method is called contact testing, which is readily adapted to field use and is the method 
discussed in this chapter. In this method, the part under examination and the search unit are coupled 
with a viscous material, liquid or a paste, which wets both the face of the search unit and the 
material under examination. 

There are three basic ultrasonic inspection methods: (1) pulse echo; (2) through transmission; and 
(3) resonance. They are described below. 

Pulse Echo 

Flaws are detected by measuring the amplitude of signals reflected and the time required for these 
signals to travel between specific surfaces and the discontinuity. 

The time base, which is triggered simultaneously with each transmission pulse, causes a spot to 
sweep across the screen of the cathode ray tube (CRT). The spot sweeps from left to right across the 
face of the scope 50 to 5,000 times per second, or higher if required for high speed automated 
scanning. Due to the speed of the cycle of transmitting and receiving, the picture on the oscilloscope 
appears to be stationary. 

A few microseconds after the sweep is initiated, the rate generator electrically excites the pulser, 
and the pulser in turn emits an electrical pulse. The transducer converts this pulse into a short train 
of ultrasonic sound waves. If the interfaces of the transducer and the specimen are properly 
oriented, the ultrasound will be reflected back to the transducer when it reaches the internal flaw 
and the opposite surface of the specimen. The time interval between the transmission of the initial 
impulse and the reception of the signals from within the specimen are measured by the timing 
circuits. The reflected pulse received by the transducer is amplified, then transmitted to and 
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displayed on the instrument screen. The pulse is displayed in the same relationship to the front and 
back pulses as the flaw is in relation to the front and back surfaces of the specimen. 

Pulse-echo instruments may also be used to detect flaws not directly underneath the probe by use of 
the angle beam testing method. Angle beam testing differs from straight beam testing only in the 
manner in which the ultrasonic waves pass through the material being tested. The beam is projected 
into the material at an acute angle to the surface by means of a crystal cut at an angle and mounted 
in plastic. The beam or a portion thereof reflects successively from the surfaces of the material or 
any other discontinuity, including the edge of the piece. In straight beam testing, the horizontal 
distance on the screen between the initial pulse and the first back reflection represents the thickness 
of the piece; while in angle beam testing, this distance represents the width of the material between 
the searching unit and the opposite edge of the piece. 

Through Transmission 

Through transmission inspection uses two transducers, one to generate the pulse and another placed 
on the opposite surface to receive it. A disruption in the sound path will indicate a flaw and be 
displayed on the instrument screen. Through transmission is less sensitive to small defects than the 
pulse-echo method. 

Resonance 

This system differs from the pulse method in that the frequency of transmission may be 
continuously varied. The resonance method is used principally for thickness measurements when 
the two sides of the material being tested are smooth and parallel and the backside is inaccessible. 
The point at which the frequency matches the resonance point of the material being tested is the 
thickness determining factor. 

It is necessary that the frequency of the ultrasonic waves corresponding to a particular dial setting 
be accurately known. Checks should be made with standard test blocks to guard against possible 
drift of frequency. 

If the frequency of an ultrasonic wave is such that its wavelength is twice the thickness of a 
specimen (fundamental frequency), then the reflected wave will arrive back at the transducer in the 
same phase as the original transmission so that strengthening of the signal will occur. This results 
from constructive interference or a resonance and is shown as a high amplitude value on the 
indicating screen. If the frequency is increased such that three times the wavelength equals four 
times the thickness, the reflected signal will return completely out of phase with the transmitted 
signal and cancellation will occur. Further increase of the frequency causes the wavelength to be 
equal to the thickness again and gives a reflected signal in phase with the transmitted signal and a 
resonance once more. 

By starting at the fundamental frequency and gradually increasing the frequency, the successive 
cancellations and resonances can be noted and the readings used to check the fundamental 
frequency reading. 

In some instruments, the oscillator circuit contains a motor driven capacitor which changes the 
frequency of the oscillator. In other instruments, the frequency is changed by electronic means. 

The change in frequency is synchronized with the horizontal sweep of a CRT. The horizontal axis 
thus represents a frequency range. If the frequency range contains resonances, the circuitry is 
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arranged to present these vertically. Calibrated transparent scales are then placed in front of the 
tube, and the thickness can be read directly. The instruments normally operate between 0.25 
millicycle (mc) and 10 mc in four or five bands. 

The resonance thickness instrument can be used to test the thickness of such metals as steel, cast 
iron, brass, nickel, copper, silver, lead, aluminium, and magnesium. In addition, areas of corrosion 
or wear on tanks, tubing, airplane wing skins, and other structures or products can be located and 
evaluated. 

Direct reading dial-operated units are available that measure thickness between 0.025 inch and 3 
inches with an accuracy of better than ±1 per cent. 

Ultrasonic inspection requires a skilled operator who is familiar with the equipment being used as 
well as the inspection method to be used for the many different parts being tested. 

2.1.1.7 Acoustic emissions 

Acoustic-Emission is an NDT technique that involves the placing of acoustical-emission sensors at 
various locations on the aircraft structure and then applying a load or stress. The level of stress 
applied need not reach general yielding, nor does the stress generally need to be of a specific type. 
Bending stress can be applied to beamed structures, torsional stress can be applied to rotary shafts, 
thermal stresses can be applied with heat lamps or blankets, and pressure-induced stress can be 
applied to pressure-containment systems such as the aircraft fuselage. The materials emit sound and 
stress waves that take the form of ultrasonic pulses that can be picked up by sensors. Cracks and 
areas of corrosion in the stressed airframe structure emit sound waves (different frequencies for 
different size defects) which are registered by the sensors. These acoustic-emission bursts can be 
used both to locate flaws and to evaluate their rate of growth as a function of applied stress. 
Acoustic-emission testing has an advantage over other NDT methods in that it can detect and locate 
all of the activated flaws in a structure in one test. Acoustic-emission testing does not now provide 
the capability to size flaws, but it can greatly reduce the area required to be scanned by other NDT 
methods. 

A wide variety of structures and materials, such as: wood, plastic, fiberglass, and metals can be 
inspected by the acoustic-emission technique by applying stress on the test material. The emission-
producing mechanism in each type of material may differ, but characteristic acoustic-emissions are 
produced and can be correlated to the integrity of the material. Acoustic-emission technology has 
been applied quite successfully in monitoring proof tests of pressure vessels and tests of fiber-
reinforced plastic structures of all kinds. There are standards and codes applying to its use in testing 
gas cylinders and both metal and fiber-reinforced plastic vessels, tanks, and piping. 

For a welded structure such a pressure vessel, acoustic-emission testing works well with relatively 
simple instrumentation. However, slight movement of bolted or riveted joints can also generate 
acoustic signals. Thus a complex structure may have many acoustic sources besides flaws in its 
components. These unwanted emission sources greatly complicate acoustic-emission tests of 
complex structures. The difficulties are not prohibitive, but they put a premium on the intelligent 
use of signal processing and interpretation. Therefore, because of the complexity of aircraft 
structures, application of acoustic-emission testing to aircraft has required a new level of 
sophistication, both in testing techniques and data interpretation. Research and testing programs are 
currently in progress to determine the feasibility of acoustic-emission testing on several different 
types of aircraft. 
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2.1.1.8 Thermography 

Thermography is an NDT technique that uses radiant electromagnetic thermal energy to detect 
flaws. The presence of a flaw is indicated by an abnormal temperature variant when the item is 
subjected to normal heating and cooling conditions inherent to the in-service life, and/or when 
artificially heated or cooled. The greater the material’s resistance to heat flow, the more readily the 
flow can be identified due to temperature differences caused by the flaw. 

More detail of this NDT had been included in industry maintenance. 

2.1.1.9 Holography 

Holography is an NDT technique that uses visible light waves coupled with photographic 
equipment to create a three-dimensional image. The process uses two laser beams, one 
called a reference beam and the other called an object beam. The two laser beams are directed to an 
object, between beam applications the component is stressed. The beams are then compared and 
recorded on film, or other electronic recording medium, creating a double image. Indications of 
applied stresses or defects are shown as virtual images with a system of fringe lines overlaying 
the part. Holography is most commonly used for rapid assessment of surface flaws in 
composite structures 

2.1.1.10 Shearography 

Shearography is an enhanced form of holography, which requires the part of the material to be 
analysed to be under stress. The very basic idea with Shearography is to look at the test surface of 
the specimen with a shearography camera. The camera records one interferometric photo of the 
surface. This photo can be thought of as a unique footprint of this surface, at this unloaded state, 
including surface roughness and shape. After that, the material is stressed with a small amount of 
load, for example with heat. The material tends to expand when heated up, and if it has weak spots 
it will be allowed to expand more. At the loaded state one more interferometric photo is taken and 
the interferometric footprint of the area at the deformed state is recorded. Substracting the two 
images (unloaded and loaded) material, the shearogram is created. 

This sheaogram can be thought of as the  topography of the surface, but including only gradients 
(slopes) instead of absolute heights of the hills. As a consequence, defects will be seen as “hills” 
popping out of the plane. The size of the defects (in plane size) can be quantified by measuring the 
gradients (how large the hills are). 

Therefore, the shearography technology is an interferometric test method with which damage or 
defects can be identified on components under load. This measuring technique even enables 
detection of deformations of only a few micrometers in size. Already a relatively low component 
load can thus yield unambiguous measuring results, which are mandatory, particularly for NDT 
testing. 

The test object is illuminated with laser light and observed through a CCD (Charge Coupled 
Device) camera equipped with so-called shearing optics. This shearing optics projects the object 
image onto the camera chip twice; each object point is thus represented twice on the CCD chip. 
When the test object deforms under load, the laser light, reflected by the component, changes. 
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By superimposing an image showing the unloaded object states with an image taken in the loaded 
state, the change of any given image point can be determined. The optimum test load type (thermal 
load or pressure and vacuum load) for the individual component depends on the defect type and 
defect depth and is ideally determined before serial testing by trial measurements using sample 
components. 

This technique has been used effectively in locating defects, such as disbonds and delaminations, 
through multiple bondlines. It is capable of showing the size and shape of subsurface anomalies 
when the test part is properly stressed. Shearography offers a great increase in the speed of 
inspection by allowing on-aircraft inspections of structures without their removal, as well as 
inspections of large areas in just seconds. 

Advantages of shearography are the large area testing capabilities (up to 1 m² per minute), non-
contact properties, its relative insensitivity to environmental disturbances, and its good performance 
on honeycomb materials. 

Figure 7 & 8 show the basic principle of shearography. 

 

 

Figure 7.Sshearography principle 

 

 
Figure 8. Image subtraction overcome 
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2.1.1.11 Tap testing 

Tap testing is widely used for a quick evaluation of any accessible aircraft surface to detect the 
presence of delamination or debonding. 

The tap testing procedure consists of lightly tapping the surface of the part with a coin, light special 
hammer with a maximum of 60 gr, or any other suitable object. The acoustic response is compared 
with that of a known good area. 

A “flat” or “dead” response is considered unacceptable. The acoustic response of a good part can 
vary dramatically with changes in geometry, in which case a standard of some sort is required. The 
entire area of interest must be tapped. The surface should be dry and free of oil, grease, and dirt. 
Tap testing is limited to finding relatively shallow defects in skins with a thickness less than 2 mm. 
In a honeycomb structure, for example, the far side bondline cannot be evaluated, requiring two-
side access for a complete inspection. This method is portable, but no records are produced. The 
accuracy of this test depends on the inspector’s subjective interpretation of the test response; 
therefore, only qualified personnel should perform this test. 

2.2 Organization and planning 

For the purpose of determining their overall condition, the aviation regulator law provides for the 
inspection of all civil aircraft at specific intervals, depending generally upon the type of operations 
in which they are engaged. The pilot in command of a civil aircraft is responsible for determining 
whether that aircraft is in condition for safe flight. Therefore, the aircraft must be inspected before 
each flight. More detailed inspections must be conducted by aviation maintenance technicians at 
least once each 12 calendar months, while inspection is required for others after each 100 hours of 
flight. In other instances, an aircraft may be inspected in accordance with a system set up to provide 
for total inspection of the aircraft over a calendar or flight time period. 

Aviation regulator law fixes specific inspection requirements and rules for the performance of 
inspections and maintenance of aircraft in various types of operations. 

During the service life of an aircraft, occasions may arise when something out of the ordinary care 
and use of an aircraft might happen that could possibly affect its airworthiness. When these 
situations are encountered, special inspection procedures should be followed to determine if damage 
to the aircraft structure has occurred. 

Several types of inspections are organised in aircrafts: 

2.2.1 Preflight/Postflight Inspections 

Pilots are required to follow a checklist contained within the Pilot’s Operating Handbook (POH) 
when operating aircraft. The first section of a checklist includes a section entitled Preflight 
Inspection. The preflight inspection checklist includes a “walk-around” section listing items that the 
pilot is to visually check for general condition as he or she walks around the airplane. Also, the pilot 
must ensure that fuel, oil and other items required for flight are at the proper levels and not 
contaminated. Additionally, it is the pilot’s responsibility to review the airworthiness certificate, 
maintenance records, and other required paperwork to verify that the aircraft is indeed airworthy. 
After each flight, it is recommended that the pilot or mechanic conduct a postflight inspection to 
detect any problems that might require repair or servicing before the next flight. 
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2.2.2 Annual/100-Hour Inspections 

With some exceptions, all aircraft must have a complete inspection annually. Aircraft that are used 
for commercial purposes and are likely to be used more frequently than noncommercial aircraft 
must have this complete inspection every 100 hours.  

A properly written checklist include all the items to inspect. Although the scope and detail of annual 
and 100-hour inspections is identical, there are two significant differences. One difference involves 
persons authorized to conduct them. A certified airframe and powerplant maintenance technician 
can conduct a 100- hour inspection, whereas an annual inspection must be conducted by a certified 
airframe and powerplant maintenance technician with inspection authorization (IA). The other 
difference involves authorized over-flight of the maximum 100 hours before inspection. An aircraft 
may be flown up to 10 hours beyond the 100-hour limit if necessary to fly to a destination where the 
inspection is to be conducted. 

2.2.3 Progressive Inspections 

Because the scope and detail of an annual inspection is very extensive and could keep an aircraft 
out of service for a considerable length of time, alternative inspection programs designed to 
minimize down time may be utilized. A progressive inspection program allows an aircraft to be 
inspected progressively. The scope and detail of an annual inspection is essentially divided into 
segments or phases (typically four to six). Completion of all the phases completes a cycle that 
satisfies the requirements of an annual inspection. The advantage of such a program is that any 
required segment may be completed overnight and thus enable the aircraft to fly daily without 
missing any revenue earning potential. Progressive inspection programs include routine items such 
as engine oil changes and detailed items such as flight control cable inspection. Routine items are 
accomplished each time the aircraft comes in for a phase inspection and detailed items focus on 
detailed inspection of specific areas. Detailed inspections are typically done once each cycle. A 
cycle must be completed within 12 months. If all required phases are not completed within 12 
months, the remaining phase inspections must be conducted before the end of the 12th month from 
when the first phase was completed. 

2.2.4 Continuous Inspections 

Continuous inspection programs are similar to progressive inspection programs, except that they 
apply to large or turbine-powered aircraft and are therefore more complicated. 

The maintenance program for commercially operated aircraft must be detailed in the approved 
operations specifications (OpSpecs) of the commercial certificate holder. 

Airlines utilize a continuous maintenance program that includes both routine and detailed 
inspections. However, the detailed inspections may include different levels of detail. Often referred 
to as “checks,” the A-check, B-check, C-check, and D-checks involve increasing levels of detail. A-
checks are the least comprehensive and occur frequently. D-checks, on the other hand, are 
extremely comprehensive, involving major disassembly, removal, overhaul, and inspection of 
systems and components. They might occur only three to six times during the service life of an 
aircraft. 
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2.2.5 Altimeter and Transponder Inspections 

Aircraft that are operated in controlled airspace under instrument flight rules (IFR) must have each 
altimeter and static system tested in accordance with specific procedures, within the preceding 24 
calendar months. Aircraft having an air traffic control (ATC) transponder must also have each 
transponder checked within the preceding 24 months. All these checks must be conducted by 
appropriately certified individuals. 

2.3 Database and database organization 

In order to conduct a thorough inspection, a great deal of paperwork and/or reference information 
must be accessed and studied before actually proceeding to the aircraft to conduct the inspection. 
The aircraft logbooks must be reviewed to provide background information and a maintenance 
history of the particular aircraft. The appropriate checklist or checklists must be utilized to ensure 
that no items will be forgotten or overlooked during the inspection. Also, many additional 
publications must be available, either in hard copy or in electronic format to assist in the 
inspections. These additional publications may include information provided by the aircraft and 
engine manufacturers, appliance manufacturers, parts venders, ICAO (International Civil Aviation 
Organization) and other regional regulations. 

“Aircraft logs” is an inclusive term which applies to the aircraft logbook and all supplemental 
records concerned with the aircraft. They may come in a variety of formats. For a small aircraft, the 
log may indeed be a small 5" × 8" logbook. For larger aircraft, the logbooks are often larger, in the 
form of a three-ring binder. Aircraft that have been in service for a long time are likely to have 
several logbooks. 

The aircraft logbook is the record in which all data concerning the aircraft is recorded. Information 
gathered in this log is used to determine the aircraft condition, date of inspections, time on airframe, 
engines and propellers. It reflects a history of all significant events occurring to the aircraft, its 
components, and accessories, and provides a place for indicating compliance with aviation regulator 
law airworthiness directives or manufacturers’ service bulletins. The more comprehensive the 
logbook, the easier it is to understand the aircraft’s maintenance history. 

When the inspections are completed, appropriate entries must be made in the aircraft logbook 
certifying that the aircraft is in an airworthy condition and may be returned to service. When 
making logbook entries, exercise special care to ensure that the entry can be clearly understood by 
anyone having a need to read it in the future. Also, if making a hand-written entry, use good 
penmanship and write legibly. To some degree, the organization, comprehensiveness, and 
appearance of the aircraft logbooks have an impact on the value of the aircraft. High quality 
logbooks can mean a higher value for the aircraft. 

There is a whole range of aeronautical publications for guiding aviation mechanics in the operation 
and maintenance of aircraft and related equipment. The proper use of these publications will greatly 
aid in the efficient operation and maintenance of all aircraft. These include manufacturers’ service 
bulletins, manuals, and catalogs; regulations and directives; advisory circulars; and aircraft, engine 
and propeller specifications, among others. 

2.4 Execution procedures 

The execution of maintenance and inspection task in aircraft industry is organised on exhaustive 
checklists. Following elements are example of checklist type: 
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1. Fuselage and hull group. 

a. Fabric and skin—for deterioration,distortion, other evidence of failure, and defective 
or insecure attachment of fittings. 

b. Systems and components—for proper installation, apparent defects, and satisfactory 
operation. 

c. Envelope gas bags, ballast tanks, and related parts—for condition. 

2. Cabin and cockpit group. 

a. Generally—for cleanliness and loose equipment that should be secured. 

b. Seats and safety belts—for condition and security. 

c. Windows and windshields—for deterioration and breakage. 

d. Instruments—for condition, mounting, marking, and (where practicable) for proper 
operation. 

e. Flight and engine controls—for proper installation and operation. 

f. Batteries—for proper installation and charge. 

g. All systems—for proper installation, general condition, apparent defects, and security of 
attachment. 

3. Engine and nacelle group. 

a. Engine section—for visual evidence of excessive oil, fuel, or hydraulic leaks, and sources 
of such leaks. 

b. Studs and nuts—for proper torquing and obvious defects. 

c. Internal engine—for cylinder compression and for metal particles or foreign matter on 
screens and sump drain plugs. If cylinder compression is weak, check for improper internal 
condition and improper internal tolerances. 

d. Engine mount—for cracks, looseness of mounting, and looseness of engine to mount. 

e. Flexible vibration dampeners—for condition and deterioration. 

f. Engine controls—for defects, proper travel, and proper safetying. 

g. Lines, hoses, and clamps—for leaks, condition, and looseness. 

h. Exhaust stacks—for cracks, defects, and proper attachment. 

i. Accessories—for apparent defects in security of mounting. 

j. All systems—for proper installation, general condition defects, and secure attachment. 
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k. Cowling—for cracks and defects. 

l. Ground runup and functional check—check all powerplant controls and systems for 
correct response, all instruments for proper operation and indication. 

And so on for other part of aircraft equipment. 
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3 Maintenance in industry 

3.1 Introduction 

Maintenance in industry relies on three blocks: 

i. Inspection techniques in order to evaluate the condition of the elements and items to be 
maintained. 

ii.  Optimization, organization and planning of maintenance tasks. 

iii.  Evaluation and monitoring of maintenance tasks. 

This report will analyse the two first blocks above in order to learn what techniques used in industry 
could be of applicability in the maintenance of the track, which is the scope of the ACEM-rail 
project. Regarding the third block, it is very much dependent on the field (or type of industry) and, 
therefore, it will not be considered in this report 

3.2 Inspection techniques 

There are a variety of techniques that can and should be used as part of a comprehensive predictive 
maintenance program in the industrial field. Since mechanical systems or machines account for the 
majority of plan equipment, vibration monitoring is generally the key component of inspection 
techniques in industry. However, vibration monitoring cannot provide all of the information that 
will be required for a comprehensive evaluation of plant condition as this technique is limited to 
monitoring the mechanical condition and not other critical parameters required to maintain 
reliability and efficiency of machinery. Hence, the evaluation of plant state should use the following 
inspection techniques: 

i. Vibration monitoring. It is the dominant technique for inspection and analysis of machinery 
condition. This technique uses the noise or vibration created by mechanical equipment  to 
determine its actual condition. 

ii.  Thermography. It is a predictive maintenance technique that can be used to monitor the 
condition of plant machinery, structures and systems. It uses instrumentation designed to 
monitor the emission of infrared energy, that is, temperature, to determine their operating 
condition. By detecting thermal anomalies, that is areas that are hotter or colder than they 
should be, an experienced surveyor can locate and define incipient problems within the 
plant. In next chapter these techniques will be explain. 

iii.  Tribology It is the general term that refers to design and operating dynamics of the bearing-
lubrication-rotor support structure of machinery. As it is of not use regarding rail track 
maintenance, it will not be described in this document. 

iv. Process parameters. Machinery that is not operating within acceptable efficiency 
parameters severely limits the productivity of many plants. A comprehensive predictive 
maintenance program should include routine monitoring of process parameters in order to 
detect possible malfunctioning. Process parameters monitoring should include all 
machinery and systems in the plant process that can affect its production capacity. This 
parameters include pressure, flow, temperature, voltage, intensity and so on. 
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v. Visual inspection. Regular visual inspection of the machinery and system in a plant is a 
necessary part of any maintenance program. In many cases, visual inspection will detect 
potential problem that will be missed using the other predictive maintenance techniques. 
Since the incremental cost of these visual observations are small, this techniques should be 
incorporated in all predictive maintenance program. 

vi. Ultrasonic monitoring. This technique uses principles similar to vibration analysis. Both 
techniques monitor the noise generated by plant machinery or system to determine their 
actual operating condition. Unlike vibration monitoring, ultrasonics monitors the higher 
frequency, that is, ultrasound produced by unique dynamics in process system or machines 
While vibration monitoring covers frequencies below 20 KHz, ultrasonic ranges from 20 to 
100 KHz. The main application of ultrasonic in industry is in leak detection. 

vii.  Other nondestructive testing techniques. Numerous other non-destructive techniques can be 
used to identify incipient problems in plant equipment or systems like acoustic emissions, 
eddy-current, magnetic particle, residual stress and most of the traditional non-destructive 
methods. These methods had been explained in previous chapter. 

This section will detail vibration and thermography techniques which are most valuable for railway 
system. 

3.2.1 Vibrations techniques 

Machinery vibration is the result of a series of individual vibration components that are generated 
by the movement or generated forces of mechanical or process components within the machine or 
its corresponding system. Each of these individual vibration components has a well-defined 
periodic motion. 

All machines vibrate. These vibrations are caused by the tolerances which the machine designer has 
allowed so that the machine can be built, since some dimensional variations are inherent in any 
machine's manufacture. These tolerances give a new machine a characteristic vibration "signature" 
and provide a base line against which future measurements can be compared. Similar machines in 
good operating condition will have similar vibration signatures which differ from each other only 
by their manufacturing and installation tolerances. 

A change from the base line of the vibration of a machine, assuming it is operating under normal 
conditions, indicates that an incipient defect is starting to change the mechanical condition of the 
machine. Different defects cause the vibration signature to change in different ways, thus providing 
a means of determining the source of the problem as well as warning of the problem itself 

The analysis of vibration monitoring is one of the most useful tools for predicting incipient 
mechanical, electrical, and process-related problems within plant equipment, machinery, and 
continuous process systems. Used in conjunction with other process-related measurements, such as 
flow, pressure, and temperature measurements, vibration analysis can provide the means to first 
schedule maintenance and ultimately to eliminate the need for corrective maintenance tasks. 

Vibration monitoring and analysis can be used to evaluate all mechanical and most continuous 
process equipment within a manufacturing or production plant. They are not limited to simple 
rotating machines. Until recently, slow-speed machinery, especially complex, continuous-process 
limes, were excluded from the useful range of vibration analysis. Recent technology developments 
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have removed this limitation and now permit the use of vibration analysis techniques for machinery 
with primary speeds as low as 6 rpm. 

3.2.1.1 Machinery dynamics 

In order to understand the aim of vibration analysis and his analysis procedure it, is necessary 
understand machinery dynamics, and how vibrations could be interpreted. 

All mechanical plant equipment can be broken down into four classifications: constant and variable 
speed and constant and variable load. The vibration monitoring system selected for diagnosis must 
be able to effectively handle all these combinations of machine operation. Both speed and load will 
affect the location and amplitude of the unique vibration components generated by the mechanical 
forces or motion within the machine train. 

The location or frequency of individual vibration components will maintain a fixed relationship to 
the actual running speed of the specific shaft that generated the force. As the shaft speed changes, 
so will the location or frequency of the individual vibration components generated by that shaft. For 
example, the gear-meshing-frequency component of a gear with 10 teeth mounted on a shaft turning 
at 20 Hz will be located at 200 Hz. If the shaft speed changes to 40 Hz, the gear meshing frequency 
also will move to 400 Hz. 

Load changes will not cause the location of individual vibration frequency components to change 
but will affect the amplitude or energy of each component. Change in machine load will either 
amplify or dampen the energy of individual vibration components. The variation in vibration energy 
at 100 percent load cannot be compared directly with that of the same machine operating at 50 
percent load. Therefore, a vibration-based predictive maintenance program must compensate for 
load variations. 

To establish and utilize vibration-based predictive maintenance, a complete knowledge of each 
machine component and how they interact within the machine train is absolutely necessary. Every 
phase of an inspection procedure, from implementation through anomaly detection and analysis of 
causes is driven by the dynamics and resulting vibration characteristics of each machine train. All 
rotating, reciprocating, and continuous-process machines have common components, 
characteristics, and failure modes. Each machine also has totally unique operating dynamics and failure 
modes. 

3.2.1.2 Monitoring parameters for plant machinery 

The knowledge on vibration performance in different types of machinery is important in order to be 
able to predict the state of the machine based on vibration monitoring. 

Mechanical equipment, including all rotating, reciprocating, and other plant equipment or systems 
that are comprised of moving components or process-related dynamic actions, can be evaluated 
using vibration monitoring techniques. 

Rotating Machinery 

Many vibration programs are limited to simple machine trains, such as pumps and fans. While 
appropriate for these simple rotating machines, vibration monitoring and analysis also can be used 
on complex rotating equipment and a variety of continuous-process systems. This classification 
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should include pumps, fans, compressors, motor-generators, conveyors, paper machines, and many 
other continuous-process machines. 

As illustrated in figure below, each of these forces will, in turn, generate specific vibration 
frequencies. that uniquely identify the machine component. For example, a gearset will generate a 
unique set of vibration frequencies that identifies the actual, normal meshing of the gears. Any 
degradation of the gearset will change the amplitude and spacing of the unique vibration 
frequencies generated by the gearset. Since the individual components of a machine train are 
mechanically linked, the vibration frequencies generated by each individual machine component 
will be transmitted throughout the machine train. Monitoring the vibration frequencies at specific 
points throughout the machine train can therefore isolate and identify the specific machine 
component that is degrading. 

To achieve maximum benefit and diagnostic power from a vibration monitoring program, the total 
machine train must be monitored and evaluated. Many programs have been severely limited by 
monitoring each component of a machine train separately. This approach limits the ability for early 
detection of incipient problems. Initially, a global knowledge of the operating dynamics of plant 
machinery is mandatory to successfully establish a vibration monitoring database, monitoring 
frequency, alert/alarm limits, and analysis parameters. Later, it will provide the basis for analyzing 
the vibration data to determine the degrading machine component, severity, and analysis of the 
cause of incipient machine problems. 

 
Figure 9.Measurement and analysis of vibration in machine 

 

Reciprocating Machinery 

Vibration analysis is directly applicable to reciprocating machinery; however, modified diagnostic 
logic must be used to evaluate this type of machine train. Unlike pure rotating machines, the 
vibration patterns generated by reciprocating machines may not be simple harmonics of a rotating 
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shaft. For example, two-cycle reciprocating engines will complete all actions as the crankshaft 
completes one full complete revolution. This type of action will generate simple harmonics, that is, 
all forces and their corresponding vibration components, of the crankshaft rotating speed. However, 
the extra forces created by combustion during the firing cycles or as machine components reverse 
direction will generate much stronger vibration components at the second harmonic (2X) of the 
crankshaft speed. 

Complete analysis of reciprocating machinery will require the addition of time-domain analysis. 
Both time and frequency-domain data should be evaluated in relation to the phase angle of die 
crankshaft. By evaluating exactly when specific vibration components occur in relation to the 
crankshaft phase angle, the source of each vibration component can be readily identified. 

Linear-Motion Machinery 

Linear-motion machinery, such as indexing machines, also have a repeatable pattern of motion and 
forces. Vibration analysis also can be used to evaluate these machines and systems. Timing of 
vibration patterns in relation to die stroke or linear movement is key to the evaluation of linear-
motion equipment. All data should be recorded and evaluated with an accurate reference to time 
sequence of the repetitive pattern of movement. 

Time-domain vibration data are usually more suitable for this type of analysis. Since the forces and 
vibration patterns generated by most linear motion do not recur with every rotation of a shaft, 
frequency-domain data are not necessary for accurate evaluation 

3.2.1.3 Uses of vibration analysis 

The use of vibration analysis should not be restricted to inspection for maintenance purposes. The 
diagnostic capability of this analysis technique has an abundance of useful applications. Some of its 
other areas of use are as follows. 

Acceptance Testing 

Vibration analysis is a proven means of verifying the actual performance versus design parameters 
of new mechanical, process, and manufacturing equipment. Tests performed at the factory and 
immediately following installation will ensure that new equipment will perform at optimal 
efficiency and achieve anticipated life-cycle costs before final acceptance. Design problems, as well 
as possible damage during shipment or installation, can be corrected before long-term damage can 
occur. 

Quality Control 

Vibration checks on a production line are an effective method of ensuring product quality. Where 
machine tools are involved, vibration checks can provide advanced warning that the surface finish 
on parts is nearing the reject level. On continuous-process fines, such as paper machines, steel 
finishing fines, and rolling mills, vibration analysis can prevent abnormal oscillation of line 
components that would result in loss of product quality. 

 

 



                  ACEM-Rail  −−−−  265954                        D1.2 Best practice in other industries 
 

[2011/05/31]   Page 38 of 143 
 
 

Loose Parts Detection 

Vibration analysis can be used as a diagnostic tool that will locate loose or foreign objects within 
critical plant process fines or vessels. This technique has been used with great success within the 
nuclear power industry and has similar industrial applications. 

Noise Control 

Federal, state, and local noise-control regulations require serious attention to noise levels within 
plants. Vibration analysis can be used to isolate the source of both airborne and machine-generated 
noise. The ability to isolate the source of abnormal noise will permit cost-effective corrective 
action. 

Leak Detection 

Leaks in process vessels, such as valves, are a serious problem in many integrated-process 
industries. A variation of vibration monitoring and analysis can be used to detect leakage and isolate 
its source. Leak-detection systems, such as the valve-flow system, use an accelerometer that is 
attached to the exterior of a process pipe. The noise or vibration pattern is then monitored to detect 
the unique frequencies that are generated by flow or leakage. 

Aircraft Engine Analyzers 

Vibration analysis techniques have been adapted for a variety of specialty instruments. For 
example, vibration monitoring and analysis techniques have been used to develop portable 
analyzers for turboprop and jet engines. These instruments are normally programmed with logic 
modules that use traditional vibration data to automatically evaluate the engine's condition and 
report any deviation from optimal operating condition. 

Machine Design and Engineering 

Vibration data have become a critical part of the design and engineering of new machines and 
process systems. Data derived from similar or existing machinery is extrapolated to form the basis 
of the new design. Prototype testing of new machinery and systems also provides invaluable design 
data. 

Production Optimization 

The operating dynamics data derived from vibration analysis can provide the means to increase 
machine capacity without increasing maintenance or production costs or reducing product quality. 
Such data can be used to isolate operator-related problems as well as design or operating procedure 
restrictions that limit capacity. This is especially beneficial for integrated- or continuous-process 
systems that rely on the effective interaction of multiple mechanical and electrical components. 

3.2.1.4 Common failure modes 

Below most frequent failure modes that can be detected using vibrations techniques are detailed. 
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Imbalance 

Imbalance is probably the most common failure mode in mechanical equipment. The assumption 
that actual mechanical imbalance must exist to create an imbalanced condition within the machine 
is incorrect. Aerodynamic or hydraulic instability also can create massive imbalance in a machine. 
In fact, all failure modes will create some form of imbalance in a machine. When all failures are 
considered, the number of machine problems that are the result of actual mechanical imbalance of 
the rotating element is relatively small. 

Imbalance will take many forms in the vibration signature. In almost every case the fundamental or 
running-speed component will be excited and is the dominant amplitude. However, this condition 
also can excite multiple harmonics or multiples of running speed. The numbers of harmonics and 
their amplitude have a direct correlation with the number of planes of mechanical imbalance and 
their phase relationship. 

Misalignment 

This condition is virtually always present in machine trains. Generally, we assume that 
misalignment exists between two shafts connected by a coupling, V-belts, or other intermediate 
driver. Misalignment also can exist between the bearings of a solid shaft and at other points within 
the machine. 

The presentation of misalignment in the vibration signature will depend on the type of 
misalignment. There are two major classifications of misalignment: parallel and angular. 

• Parallel misalignment is present when two shafts are parallel to each other but are not in the 
same plane. This type of misalignment will generate a radial vibration and will duplicate the 
second mode shape. In other words, it will generate a radial vibration at two times (2x) the 
true running speed of the shafts. 

• Angular misalignment exists when the shafts are not parallel to each other. This type of 
misalignment will generate axial vibration (i.e., parallel to the shaft). Since this form of 
misalignment can duplicate any of the mode shapes, the resultant vibration frequency can be 
at the true running speed of the shaft, two times (2x) running speed, or three times (3x) 
running speed. The key indicator will be an increase in axial vibration. 

Bent Shaft 

A bent shaft creates an imbalance or misaligned condition within the machine train and should be 
treated in the same manner as the common failure modes. 

Mechanical Looseness 

Looseness can create a variety of patterns in the vibration signature. It will most often create a 
primary frequency component at 50 percent of running speed and will generate multiple harmonics 
of this primary component. In other words, there will be a frequency component at 50, 150, 250 
percent, and so on. In other cases, the fundamental or true-running-speed component (1x) will he 
excited. In almost all cases, there will be multiple harmonics with almost identical amplitudes. 
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Mechanical Rub 

Many machine trains are susceptible to mechanical rub. This failure mode may be a shaft grinding 
against the babbitt of a sleeve bearing, the rollers in a rolling-element bearing grinding against the 
races, or some part of the rotor grinding against the machine housing. In each case, the vibration 
signature will display a low-amplitude peak, normally between 1.0 and 10.0 Hz. This extremely low 
frequency peak will have high amplitude and will be accompanied by a lesser set of peaks at about 
25 and 40 percent of the shaft's running speed. Machine failure, when the defect is present, is highly 
probable. Note that not all vibration-monitoring systems can detect this defect. Many have a low 
frequency cutoff at 10.0 Hz and will not capture any frequencies below this level. 

Failure Modes of Common Machines 

In addition to the common characteristics and failure modes, each machine type will have unique 
requirements for monitoring its operating condition. The next step is to determine where and how to 
monitor specific plant machinery. To maintain continuity and simplify monitoring and analysis, it is 
suggested to set up each machine train using a consistent, common-shaft approach to locating 
measurement points and establishing analysis parameter sets. 

Measurement points should be numbered sequentially starting with the outboard driver bearing and 
ending with the final outboard bearing of the driven machine component. In addition, a consistent 
numbering sequence that identifies the orientation (i.e., vertical, horizontal, axial, and so on) also 
should be used. 

The term common shaft refers to each continuous shaft in the machine train. For example, in an 
electric motor-driven single-reduction gearbox, the motor and gearbox input shaft is considered a 
common shaft. Even though the shaft is coupled, all forces acting on the extended shaft, as well as 
any resulting vibration, will be transmitted throughout the shaft. This approach to setting up a data-
base, monitoring operating conditions, and analyzing incipient problems will provide two benefits: 
(1) immediate identification of the location of a particular data point during acquisition and analysis 
of a machine train and (2) the ability to evaluate all parameters that affect each component of the 
machine. 

Understanding the specific location and orientation of each measurement point is critical to the 
diagnosis of incipient machine problems. The vibration signature is a graphic representation of the 
actual dynamic forces within the machine. Without knowing the location and orientation, it will be 
difficult, if not impossible, to identify the incipient problem correctly. The orientation of each 
measurement point also should be considered carefully during the database setup. There is an 
optimal orientation for each measurement point on every machine train in your program. In almost 
all cases, each bearing cap will require two radial measurements, that is, perpendicular to the shaft, 
to properly monitor the machine's operating condition. There also should be at least one axial 
measurement, that is, parallel to the shaft, on every common shaft. 

These measurement points should be oriented to monitor the worst possible dynamic force and 
vibration. For example, a belt-driven fan will have a dominant force created by the belt tension. 
Therefore, the worst vibration should be in the radial direction of the belt drive. To monitor the 
worst vibration and gain the earliest possible detection of an incipient problem, the primary radial 
measurement point should be between the shaft and the opposite side of the belt drive. A secondary 
radial measurement should be taken at 90° to the primary. The secondary measurement will provide 
comparative energy and will help the analyst determine the actual force vector within the machine. 
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In this example, axial readings on both the motor and fan shafts are also very important. A common 
failure mode of belt-driven units is misalignment. If the sheaves are not in the same plane, the belt 
tension will attempt to self-align. This will create axial movement in the two shafts. The axial 
measurement will detect these abnormal forces and identify the alignment problem. 

Continuous-Process Lines 

Most manufacturing and process plants use a variety of complex, continuous-process mechanical 
systems that should be included in the program. Included in this classification are paper machines, 
rolling mills, can lines, printing presses, dyeing lines, and many more. These systems can be set up, 
monitored, and analyzed in the same manner as simple (i.e., pumps, fans, and so on) machine trains. 
The initial database setup will require more effort, but the same principles apply. Each system 
should be evaluated to determine the common shafts that make up the total machine train. Using the 
common-shaft data, evaluate each shaft to determine the unique mechanical motions and dynamic 
forces that each one generates, the direction of each force, and the anticipated failure modes. This 
information can then be used to determine measurement point location and the narrowbands that are 
required to routinely monitor the machine's operating condition. 

Narrowband selection will depend on the operating dynamics of each machine. The same methods 
used for simple machines should be used. It is important to treat each shaft as the basic unit for 
establishing the narrowbands. 

3.2.1.5 Data base for the analysis of vibration monitoring 

Vibration monitoring produces a large amount of data that requires the creation of a comprehensive 
database. The conception of this data base has to take into account issues such as the data 
acquisition frequency, the selection of most appropriate analysis parameters, the definition of 
signature boundaries in order to define alert and alarm limits.  

Data-Acquisition Frequency 

During the implementation stage of a predictive maintenance program, all classes of machinery 
should be monitored to establish a valid baseline data set. Full vibration signatures should be 
acquired to verify the accuracy of the database setup and determine the initial operating condition of 
the machinery. 

Since a comprehensive program will include trending and projected time to failure, multiple 
readings are required on all machines to provide sufficient data for the microprocessor to develop 
trend statistics. Normally, during this phase, measurements are acquired every 2 weeks. 

After the initial or baseline analysis of the machinery, the frequency of data collection will vary 
depending on the classification of the machine trains, between 2-10 week cycle depending of 
machine importance. 

This frequency can and should be adjusted for the actual condition of specific machine trains. If the 
rate of change of a specific machine indicates rapid degradation, you should either repair it or at 
least increase the monitoring frequency to prevent catastrophic failure. 

The recommended data-acquisition frequencies are the maximum that will ensure prevention of 
most catastrophic failures. Less frequency monitoring will limit the ability of the program to detect 
and prevent unscheduled machine outages. 
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To augment the vibration-based program, the nonvibration tasks should also be scheduled. Bearing 
cap measurements, point-of-use infrared measurements, visual inspections, and process parameters 
monitoring should be conducted in conjunction with the vibration data acquisition. 

Analysis Parameters 

The next step in establishing the program's database is to set up the analysis parameters that will be 
used to routinely monitor plant equipment. Each of these parameters will be based on the specific 
machine-train requirements that we have just developed. 

Normally, for nonmechanical equipment, the analysis parameter set will consist of the calculated 
values derived from measuring the thermal profile or process parameters. Each classification of 
equipment or system will have its own unique analysis parameter set. 

Signature Analysis Boundaries 

All vibration-monitoring systems have finite limits on resolution, or the ability to graphically 
display the unique frequency components that make up a machine's vibration signature. The upper 
limit for signature analysis should be set high enough to capture and display enough data that the 
analyst can determine the operating condition of the machine train but no higher. 

Alert and Alarm Limits 

The method of establishing and using alert/alarm limits varies depending on the particular vibration 
monitoring system that you select. Normally, these systems use either static or dynamic limits to 
monitor, trend, and alarm measured vibration. 

3.2.1.6 Instrumentation for vibration measurement 

The selection of most adequate transducers and data-acquisition techniques is a critical factor that 
can determine the success or failure of the inspection and monitoring process. Their accuracy, 
proper application, and appropriate mounting will determine whether or not valid data will be 
collected. 

The optimal inspection program is predicated on vibration analysis as the principal technique for the 
program. It is also the most sensitive to problems created by the use of the wrong transducer or 
mounting technique. 

There are three basic types of vibration transducers that can be used for monitoring the mechanical 
condition of plant machinery: displacement probe, velocity transducer, and accelerometers. Each 
has specific applications within the plant. Each also has limitations. 

Displacement Probes 

Displacement or eddy-current probes are designed to measure the actual movement (i.e., 
displacement) of a machine's shaft relative to the probe. Therefore, the displacement probe must be 
rigidly mounted to a stationary structure to gain accurate, repeatable data. 

Permanently mounted displacement probes will provide the most accurate data on machines with a 
low (relative to the casing and support structure) rotor weight. Turbines, large process compressors, 
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and other plant equipment should have displacement transducers permanently mounted at key 
measurement locations to acquire data for the program. 

The useful frequency range for displacement probes is from 10 to 1000 Hz or 600 to 60,000 rpm. 
Frequency components below or above this range will be distorted and therefore unreliable for 
determining machine condition. 

Displacement data are normally recorded in terms of micros peak-to-peak. This value expresses the 
maximum deflection or displacement off the true centerline of a machine's shaft. 

Velocity Transducers 

Velocity transducers are electromechanical sensors designed to monitor casing or relative vibration. 
Unlike the displacement probe, velocity transducers measure the rate of displacement, not actual 
movement. Velocity data are normally expressed in terms of mm/s peak and are perhaps the best 
method of expressing the energy created by machine vibration. 

Velocity transducers, like displacement probes, have an effective frequency range of about 10 to 
1000 Hz. They should not be used to monitor frequencies below or above this range. 

The major limitation of velocity transducers is their sensitivity to mechanical and thermal damage. 
Normal plant use can cause a loss of calibration, and therefore, a strict recalibration program must 
be used to prevent distortion of data. At a minimum, velocity transducers should be recalibrated at 
least every 6 months. Even with periodic recalibration, programs using velocity transducers are 
prone to bad or distorted data that result from loss of calibration. 

Accelerometers 

Accelerometers use a piezoelectric crystal to convert mechanical energy into electrical signals. Data 
acquired with this type of transducer are relative vibration, not actual displacement, and are 
expressed in terms of g. Acceleration is perhaps the best method of determining the force created by 
machine vibration 

Accelerometers are susceptible to thermal damage. 1f sufficient heat is allowed to radiate into the 
crystal, it can be damaged or destroyed. However, since the data acquisition time, using temporary 
mounting techniques, is relatively short, that is, less than 30s, thermal damage is rare. 
Accelerometers do not require a calibration program to ensure accuracy. 

The effective range of general-purpose accelerometers is from about 1 to 10,000 Hz. Ultrasonic 
accelerometers are available for frequencies up to 1 MHz. 

Machine data above 1000 Hz or 60,000 rpm should be taken and analyzed in acceleration or g. 

Mounting techniques 

Predictive maintenance programs using vibration analysis must have accurate, repeatable data to 
determine the operating condition of plant machinery. In addition to the transducer, three factors 
will affect data quality: measurement point, orientation, and compressive load. 

Key measurement point locations and orientation to the machine's shaft were selected as part of the 
database setup to provide the best possible detection of incipient machine-train problems. Deviation 
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from the exact point or orientation will affect the accuracy of acquired data. Therefore, it is 
important that every measurement throughout the life of the program he acquired at exactly the 
same point and orientation. In addition, the compressive load or downward force applied to the 
transducer also should be exactly the same for each measurement. For accuracy of data, a direct 
mechanical link to the machine's casing or hearing cap is absolutely necessary. Slight deviations in 
this load will induce errors in the amplitude of vibration and also may create false frequency 
components that have nothing to do with the machine. 

The best method of ensuring that these three factors are exactly the same each time is to hard-mount 
vibration transducers to the selected measurement points. This will guarantee accuracy and 
repeatability of the acquired data. It also will increase the initial cost of the program. 

Vibration Meters 

A number of different portable instruments are available for making vibration measurements. The 
basic instrument for a vibration-based predictive maintenance program is a small microprocessor 
that is specifically designed to acquire, condition, and store both time- and frequency domain 
vibration data. 

Vibration Analyzer 

As was indicated, the function of a vibration meter is to determine the mechanical condition of 
critical plant machinery. When a mechanical defect is detected, the meter is not capable of 
pinpointing the specific problem or its ¡pot cause. This is the purpose of the vibration analyzer 

There are a variety of vibration analyzers commercially available. Most are microprocessor-based 
and combine the capabilities of a vibration meter and vibration analyzer into a single, light-weight 
unit. The major difference between a meter and analyzer is the ability to acquire, store, and trend 
complete time-domain, frequency-domain, and synchronous vibration data as well as process 
variables such as pressure, flow, and temperature. This ability provides the analyst with all the data 
required to resolve incipient machine or process-system problems 

Installed Systems 

A total plant program may require the inclusion of installed vibration-monitoring systems to 
achieve maximum benefits. There are two principal reasons for this need: (1) recurring costs of data 
acquisition using portable instruments and (2) financial impact of failures on some critical plant 
equipment. 

3.2.2 Thermography 

Thermography is a predictive maintenance technique that can be used to monitor the condition of 
plant machinery, structures and systems. It uses instrumentation designed to monitor the emission 
of infrared energy, that is, temperature, to determine their operating condition. By detecting thermal 
anomalies, that is, areas that are hotter or colder than they should be, an experienced surveyor can 
locate and define incipient problems within the plant. 

An infrared inspection is a nondestructive technique for detecting thermal differences that indicates 
equipment defects. Infrared surveys are conducted with the plant equipment in operation, so 
production need not be interrupted. The comprehensive information can then be used to prepare 
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repair time/cost estimates, evaluate the scope of the problem, plan to have repair materials available 
and perform repairs effectively. 

Basic Infrared Theory 

Infrared energy is light that functions outside the dynamic range of the human eye. Infrared imagers 
were developed to see and measure this heat. This data is transformed into digital data and 
processed into video images that are called thermograms. Each pixel of a thermogram has a 
temperature value and the image's contrast is derived from the differences in surface temperature.  

Electromagnetic Spectrum 

All objects when heated emits electromagnetic energy. The amount of energy is related to the 
temperature. The higher the temperature, the more electromagnetic energy it emits. The 
electromagnetic spectrum contains various forms of radiated energy including x-ray, ultraviolet, 
infrared, and radio. Infrared energy covers the spectrum of 0.7 to 100 pm. 

Heat Transfer Concepts 

Heat is a form of thermal energy. The first law of thermodynamics states that the amount of heat 
given up by one object must equal that taken up by another. The second law is that the transfer of 
heat Cakes place from the hotter system to the colder system. If the object is cold, it absorbs rather 
than emits energy. All objects emit thermal energy or infrared energy through three different types 
or modes. The three modes are conduction, convection, and radiation. 

Radiation is the transfer of heat by wavelengths of electromagnetic energy. The most common type 
of radiation is solar energy. Only radiated energy is detected by an infrared imager 

3.2.2.1 Infrared technology 

Infrared technology is predicated on the fact that all objects having a temperature above absolute 
zero emit energy or radiation. Infrared radiation is one form of this emitted energy. Infrared 
emissions, or below red, are the shortest wavelengths of all radiated energy and are invisible 
without special instrumentation. The intensity of infrared radiation from an object is a function of 
its surface temperature. However, temperature measurement using infrared methods is complicated 
because there are three sources of thermal energy that can be detected from any object: energy 
emitted from the object itself, energy reflected from the object, and energy transmitted by the 
object. Only the emitted energy is important in an inspection program. Reflected and transmitted 
energies will distort raw infrared data. Therefore, the reflected and transmitted energies must be 
filtered out of acquired data before a meaningful analysis can be completed. 

Variations in surface condition, paint or other protective coatings and many other variables can 
affect the actual emissivity factor for plant equipment. In addition to reflected and transmitted 
energy, the use of thermography techniques must also consider the atmosphere between the object 
and the measurement instrument. Water, vapor and other gases absorb infrared radiation. Airborne 
dust, some lighting and other variables in the surrounding atmosphere can distort measured infrared 
radiation. Since the atmospheric environment is constantly changing, using thermographic 
techniques requires extreme care each time infrared data is acquired. 
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3.2.2.2 Infrared equipment 

Most infrared monitoring systems or instruments provide special filters that can be used to avoid the 
negative effects of atmospheric attenuation of infrared data. However the plant user must recognize 
the specific factors that will affect the accuracy of the infrared data and apply the correct filters or 
other signal conditioning required to counteract negate that specific attenuating factor or factors. 

Collecting optics, radiation detectors, and some form of indicator are the basic elements of an 
industrial infrared instrument. The optical system collects radiant energy and focuses it upon a 
detector, which converts it into an electrical signal. The instrument's electronics amplifies the output 
signal and process it into a form which can be displayed. There are three general types of 
instruments that can be used for predictive maintenance: infrared thermometers or spot radiometers, 
line scanners, and imaging systems. They are brieftly introduced below. 

Infrared Thermometers. Infrared thermometers or spot radiometers are designed to provide the 
actual surface temperature at a single, relatively small point on a machine or surface. Within a 
predictive maintenance program, the point-of-use infrared thermometer can be used in conjunction 
with many of the microprocessor-based vibration instruments to monitor the temperature at critical 
points on plant machinery or equipment. This technique is typically used to monitor bearing cap 
temperatures, motor winding temperatures, spot checks of process piping temperatures, and similar 
applications. It is limited in that the temperature represents a single point on the machine or 
structure. However when used in conjunction with vibration data, point-of-use infrared data can be 
a valuable tool. 

Line Scanners. This type of infrared instrument provides a single-dimensional scan or line of 
comparative radiation. While this type of instrument provides a somewhat larger field of view, that 
is, area of machine surface, it is limited in predictive maintenance applications. 

Infrared Imaging  Unlike other infrared techniques, thermal or infrared imaging provides the 
means to scan the infrared emissions of complete machines, process, or equipment in a very short 
time. Most of the imaging systems function much like a video camera. The user can view the 
thermal emission profile of a wide area by simply looking through the instrument's optics. There are 
a variety of thermal imaging instruments on the market ranging from relatively inexpensive, black 
and white scanners to full color, microprocessor-based systems. Many of the less expensive units 
are designed strictly as scanners and do not provide the capability of store and recall thermal 
images. The inability of store and recall previous thermal data will limit a long-term predictive 
maintenance program. 

Inclusion of thermography into a predictive maintenance program will enable you to monitor the 
thermal efficiency of critical process systems that rely on heat transfer or retention; electrical 
equipment; and other parameters that will improve both the reliability and efficiency of plant 
systems. Infrared techniques can be used to detect problems in a variety of plant systems and 
equipment, including electrical switchgear, gearboxes, electrical substations, transmissions, circuit-
breaker panels, motors, building envelopes, bearings, steam limes, and process systems that rely on 
heat retention or transfer. 

3.3 Anomaly detection: Roof cause analysis. 

One important issue are inspection techniques but the main goal of such techniques is to be able to 
detect defects or failures. It is important to mention that, on occasions, the analysis of measurements 
will clearly show a failure or defect and its cause but, in other cases it won’t be easy to derive the 
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cause of such failure or defect. In these situations, other techniques should be used to gather more 
information and analyse the cause of the problem. 

Industry has gravitated to quick, simple solutions to symptoms of problems rather than attempt to 
identify and resolve the real reason or root that caused the problem. Instead, we ignore these 
problems or simply swap parts or implement random changes until the symptoms of the problem go 
away. As a result, these problems tend to recur and the negative impact of these problems confirms 
to plague our business lives. Asset reliability and optimum life cycle cost are essential for world-
class performance, as well as survival in today's highly competitive, worldwide economy. Many 
factors contribute to the loss of asset reliability and inflated life cycle cost. Historically, the myriad 
of problems can be classified by the primary functional source of the problems. 

Based on historical data, 15 percent of all asset reliability and life cycle cost problems can be 
directly attributed to failures within the sales function of plants. These deficiencies are driven by the 
methods that are used to obtain new or continued business from the marketplace. Like many other 
facets of business and society, this function has lost sight of proven methods required to properly 
load plants with high volume, standard products that are needed to facilitate effective asset 
utilization and support reliability and optimum life cycle cost. Instead, plants are loaded with small, 
accelerated delivery, and in many cases nonstandard products. As a result, the plant must vio-late 
best practices in production planning and scheduling; maintenance must forego required preventive 
maintenance; and profits disappear. In effect, the entire plant becomes reactive to the unrealistic 
demands imposed by an ineffective sales function. 

In part because of the failures within the sales function, 22 percent of all reliability and life cycle 
cost problems are from failures within the production or manufacturing function. In addition to the 
restrictions imposed by improper loading or backlog, failures in planning and scheduling, as well as 
the procedures and practices used to product or manufacture product create serious problems. 

The predominant areas that result in problems that could be resolved using ROOT CAUSE 
ANALYSIS include: 

• Failures to properly utilize the installed assets or capacity of the plant 

• Outdated or ineffective standard operating procedures (SOPs) 

• Production practices those are contrary to best practices 

• Operator errors caused by lack of training, proper supervision, or morale problems 

• Improperly adjusted and calibrated production or manufacturing systems 

3.3.1 Concept and methodology 

The concept and methodology of root cause analysis (RCA) are designed to provide a cost-effective 
means to isolate all factors that directly or indirectly result in the myriad of problems that we face in 
plants and facilities. This process is not limited to equipment or system failures; but can be 
effectively used to resolve any problem that has serious, negative impact on effective management, 
operation, maintenance, and support of plants and facilities. It has the capability to identify incipient 
problems; isolate the actual cause or forcing function that directly resulted in the problem, as well 
as identifies all factors that directly or indirectly contributed to the problem. 
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3.3.2 The RCA process 

The first premise of RCA is that there are always one or more reasons that a deviation from an 
established or acceptable norm, including equipment or system failure, occurs. Therefore, the first 
task that is required for effective root cause analysis is the ability to differential between normal and 
abnormal. 

The second premise of RCA is that these problems or deviations from acceptable norm do not just 
happen, something changed and that change caused the deviation or failure. Therefore, a process 
must be developed and followed that will permit accurate, effective identification of the change or 
changes that resulted in the observed deviation, problem, or failure. That process is called RCA. 

Root cause analysis takes many forms. It can range from simple, visual inspection of failed parts to 
a comprehensive process designed to identify; quantify the impact of; develop cost-effective 
solutions; and implementation of corrective actions for complex capacity, quality, cost, and 
reliability problems. Regardless of the form, RCA is a systematic process that is based on factual 
data. 

3.3.3 Formal process 

More complex problems, such as restricted capacity, product quality, or complex production system 
failures, require the use of a comprehensive, methodical investigation that evaluates all of the 
interactions that may have contributed to the deviation or failure. A formal root cause failure 
analysis will require an investment in both time and manpower. Typically, a formal analysis will 
require a two to four-person team between 5 and 15 days to complete. If plant personnel cannot 
resolve the problem within this timeframe, it is unlikely that it will ever be solved without expert 
assistance. 

Purpose of the analysis 

The purpose of RCA is to resolve problems that negatively impact safety, environmental 
compliance, asset reliability, and plant performance, not to fix blame. Too many companies fixate 
on finding someone to blame for any failure or deviation from an accepted norm rather than solve 
the problem. For example, operator error is the most often perceived reason for production system 
failures. In many cases, the actual reason the accident or failure occurred is because the operator did 
the wrong thing, but is operator error the real reason for the failure? With the exception of 
intentional sabotage, the majority of the failures were the result of a failure or failures in the 
infrastructure not human error. 

Those involved in the failure or deviation that is being investigated will generally adopt a self-
preservation attitude and assume that the investigation is intended to find and punish the person or 
persons responsible. Therefore, it is important for the investigators to dispel this fear and replace it 
with the positive team effort that is required to resolve the problem. 

Effective use of the analysis 

Root cause analysis cannot be performed sitting in a conference room, office, or in front of a 
computer. While the RCA process does require working group meetings, as well as individual and 
group interviews, the heart of the process is gathering factual data that can be used to isolate, 
identify, and quantify the real reason or reasons that resulted in the abnormal behavior that is being 
investigated. To do this, the investigator or team must roll up their sleeves and get dirty. 
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The RCA process requires a hands-on process of interviews, inspections, testing, and evaluations 
that can only be done in the plant or field. 

Personnel requirement 

Anyone, from the newest craft employee to specially trained engineers, can perform RCA. The 
number of people required is dependent on the complexity of the specific event, deviation, or failure 
that is being investigated. In rare cases, the personnel required to properly perform a RCA can be 
substantial; but in most cases will require a three to four person, multidiscipline team. For example, 
failure of a complex production or manufacturing system might require a three person team 
consisting of: an engineer with the requisite knowledge of the system's design characteristics, an 
operator who is familiar with the system or similar systems, and a skilled craftsperson who has 
experience with the system. This combination provides the ability to view the problem from three 
critical perspectives: engineering, operations, and maintenance. With this three-way view, most 
problems can be quickly and cost-effectively resolved. Without it, the probability of identifying the 
true causes of the problem will be elusive and may never be found. 

3.3.4 Root cause analysis methodology 

Root cause analysis follows a logical sequence or methodology, which is designed to facilitate the 
solution of the investigated problem, deviation, or event. 

3.3.5 Identifying a potential RCA event 

There are two primary sources of potential problems. The first and preferred method is through 
regular analysis of key performance indicators (KPI) and asset history to detect deviations from 
normal conditions. This function is an integral part of the reliability engineering function and 
should account for 90 percent of the RCA that will be performed in a typical year. 

The second source for potential analysis is request from one or more members of the plant's 
workforce. The concept of total employee involvement is a fundamental requirement of Reliability 
Excellence™, as well as any effective continuous improvement program. Therefore, any employee 
is expected to identify problems or events that may warrant an analysis. 

Reporting an incident or problem 

The investigator is seldom present when an incident or problem occurs. Therefore, the first step is 
the initial notification that an incident or problem has taken place. Typically, this report will be 
verbal, a brief written note, or a notation in the production logbook. In most cases, the 
communication will not contain a complete description of the problem. Rather, it will be a very 
brief description of the perceived symptoms observed by the person reporting the problem. 

Symptoms and Boundaries. The most effective means of problem or event definition is to determine 
its real symptoms and establish limits that bound the event. At this stage of the investigation, the 
task can be accomplished by an interview with the person who first observed the problem. 

Perceived Causes of Problem. At this point, each person interviewed will have a definite opinion 
about the incident, and will have his or her description of the event and an absolute reason for the 
occurrence. In many cases, these perceptions are totally wrong, but they cannot be discounted. Even 
though many of the opinions expressed by the people involved with or reporting an event may be 
invalid, do not discount them without investigation. Each of these opinions should be recorded and 
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used as part of the investigation. In many cases, one or more of the opinions will hold the key to 
resolution of the event. 

Event-Reporting Formal. One factor that severely limits the effectiveness of RCA is the absence of 
a formal event-reporting format. The use of a format that completely bounds the potential problem 
or event greatly reduces the level of effort required to complete an analysis. 

3.3.6 Clarify the problem 

The logical first step in any problem-solving effort is to fully understand the problem. In too many 
cases, a RCA is requested without a clear, concise definition of the problem. As a result, much time 
can be wasted trying to solve a problem that does not really exist or pursuing the wrong problem. 

3.3.7 Confirm the facts 

Root cause analysis should not be based on opinions or assumptions. Before starting an analysis, the 
investigators must confirm that a problem truly exists and that it warrants a formal investigation. 
Therefore, all of the information obtained in the initial interview must be confirmed or refuted. If a 
problem truly exists, there should be data in the Computer-Based Maintenance Management System 
(CMMS) or other records-keeping systems that supports it. The investigators should compile these 
data to confirm the reported problem. 

This step in the process should include sufficient detail to validate the problem, as well as quantify 
its actual impact on the plant. The impact should include lost capacity, incremental operating and 
maintenance costs, the potential for accidents or regulatory noncompliance and any other 
measurable value. 

3.3.8 Is root cause analysis required? 

Not all problems whether real or perceived justify a formal RCA. Therefore, the clarified and 
confirmed problem should be evaluated to determine if its impact is sufficient to warrant further 
investigation. If the initial steps appear to justify a RCA, the next step in the process is to perform a 
top-level cost-benefit analysis. 

3.4 Optimization and planning 

3.4.1 Optimization 

3.4.1.1 Economic analysis 

The practice of reliability and maintenance engineering involves selecting alternative designs, 
procedures, plans, and methods that consider time and economy restrictions in their 
implementation. The satisfaction of the engineer's sense of perfection does not necessarily assure 
the best alternative. Preferred rational approaches to the selection of alternatives are based on 
methods of engineering economy that are concerned only with alternatives that already have been 
established as technically feasible and providing economic analysis of their prospective differences. 
The word "prospective" indicates that the analysis looks into the future and cannot be viewed as an 
absolute prediction because of the always-present element of uncertainty associated with time, 
uncontrolled variations in the value of parameters considered, and imperfections in cost estimation 
methods. The need for engineering economy comes from the fact that engineers and managers do 
not work in an economic vacuum but are under strong impact from the processes that managers use 
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to allocate limited resources to produce and distribute various products. Because engineers are 
basically trained as physical scientists, it is necessary repetitively to stress that economics, which 
studies these processes, is an empirical social science that provides us with the conceptual 
framework known as a theory of choice. 

Economic models then represent the purely logical aspects of these theories and serve as tools for 
decision making, behaviour or consequence predictions, and testing or refutation of underlying 
assumptions and propositions based upon economic rather than physical consequences. 

Given the frequent conflicts of requirements, the different relative position of quality and reliability, 
as opposed to product performance, project schedule, cost, and their potential impact on business 
success, the economic aspects of reliability alternatives with their consequences should be studied 
in detail and well understood. Considering the power and availability of current methods of 
economic analysis, the principal difficulty in accomplishing this task is in the low availability of 
valid and detailed reliability cost data and lack of good reliability models. We just do not know well 
enough the reliability dependencies on design effort, testing, quality control, application 
environments, and so on. Current trends in all major manufacturing industries, emphasizing the 
importance of quality and its associated attributes, present a significant driving force to alleviate 
this problem. 

A word of caution is in order. Excessive use of reliability cost models can be a pedantic and 
fruitless exercise. Modelling works best in steady-state conditions, when the state of the art is not 
being changed. The less quantifiable aspects of industrial processes, for example, workers' attitudes, 
levels of standardization, sales practices, are usually left out of the models altogether. And we often 
fail to recognize that results of our logical arguments, applicable to models, might be irrelevant to 
the real situation. Experience and common sense help in deciding where to put the effort and how to 
set realistic expectations. 

3.4.1.1.1 Reliability and value 

The task of economic science is to devise optimal ways of allocating scarce resources among 
competing proposals for their use. One of the schemes studied many times in detail, and historically 
proven as effective in free markets, is based on the price of a given product or service. The concept 
of price can represent buyers' and sellers' convictions, willingness to pay, personal preferences, 
efforts to obtain favours, and so on, but fundamentally, it refers to the value of the item concerned 
and its relationships to market situation (described in terms of supply and demand) and to 
manufacturing cost. 

Relative importance of reliability, price and performance. 

The wealth of data about customer behaviour, values, beliefs, and attitudes often confirms reliability 
as the most important product quality attribute, and by that, its impact on the value in exchange, 
expressed by price, and value in use, expressed, for example, in terms of users' return on 
investment. 

The knowledge of relative position of reliability versus other product characteristics, expressed in 
quantitative weight factors, is important for both formal and practical considerations and can 
significantly improve the rationality of many decision processes. 
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Reliability as a capital investment. 

Considering the relationship of reliability to value and its impact on price, product can be analysed 
for its attractiveness as a capital investment convenient measure of this attractiveness is return on 
investment (ROI). Other measures of capital investment effectiveness can be easily derived from 
ROI. 

The ROI without consideration of the time value of money is an approximation that assumes 
indefinite life of the project, and the payback method ignores the desired profit or "interest" on the 
investment. These approximations can be used for "quick-and-dirty" analysis of proposed 
investments in reliability programs to prevent or reduce the number of costly failures of the 
products. It is highly recommended that the more accurate methods involving the use of present 
worth or equivalent uniform annual payments and returns be used. 

Reliability impact on product positioning. 

The communicated and perceived reliability levels have a strong impact on the total perceived value 
of the product and acceptability of its price. The clarity of the communication about product 
reliability depends objectively on the published data and subjectively on the position of the product 
reliability in the mind of a prospective buyer. 

Successful positioning allows for higher-profit pricing strategy and for advertising that is more 
effective. 

3.4.1.1.2 Reliability and cost 

The study of product reliability impact on cost usually runs into problems of technical nature: cost 
estimation, lack of data, analysis complexity, optimization methods sensitivity, and so on. A wide 
variety of economic tools exist to help in solving problems of reliability cost modelling. 

Manufactured point of view. 

The concept of cost of reliability (COR), the total cost a manufacturer incurs during the design, 
manufacture, and warranty period of a product of a given reliability, can be developed around the 
generally accepted notion of cost of quality (COQ). The principles of COQ, established in the 
1950s, have been verified and found valid in all segments of the manufacturing industry. COQ is 
applied to measure economic state of quality, to identify opportunities for quality improvement, to 
verify effectiveness, and to document impact of quality improvement programs. The accounting for 
COQ tries to identify all the cost items associated with defects in products and processes and then 
set them in contrast with the cost of doing and staying in business. 

User point of view. 

LCC (life cycle cost) has evolved into a costing discipline, a procurement technique, an acquisition 
consideration, and a design trade-off tool. LCC requires the identification of all potential system 
costs through all the phases of the product life cycle: conceptual, development, manufacturing, 
installation, operation, support, and retirement, which is obviously a very difficult task. During its 
history, LCC also often tended to degrade into a method for accumulating and reporting cost, but 
formalization and computerization of models used are changing LCC into an integrated part of the 
decision support analysis based on relevant, user-oriented concepts of utility and cost. 
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In application of the LCC methodology, the design trade-offs usually start with attempts to balance 
acquisition cost with cost of ownership for maximum system capability and affordable total cost. 
During the planning phase, these trade-offs will propagate through all system levels down to 
component selection for hardware implementation. 

The customer has to find balance between the contemplated mission requirements and the budgeted 
resources, while taking into account the internal constraints in available: 

• Internal acquisition logistics, reflecting, for example, status of incoming inspection and 
testing facilities, installation opportunity, asset management system and procedures 

• Support system, which will impact the actual application environment stresses, maintenance 
strategy, and so on 

The vendor, who wants to satisfy the proposed mission requirements, must perform many analyses 
to gain insight into available implementation alternatives to find the one that guarantees minimum 
cost. Major constraints for this activity depend on available: 

• Tools, skills, information, and resources for accurate analysis 

• Creative design implementation alternatives 

• Cost-estimating skills and completeness of historical cost database 

The magnitude of the LCC formulation problem and cost estimation difficulties is reflected by the 
large number of cost-influencing variables. The complexity of the LCC process warrants continued 
monitoring to provide management with the ability to assess progress. Effective local applications 
of LCC methodology usually start by acceptance and experimentation with existing systems. 

Constantly increasing requirements for LCC minimization motivate program managers to use 
computerized methods to optimize cost by varying cost elements; to consider design alternatives, 
new concepts, or implementation strategies; and to account for uncertainties. 

In profit-oriented environments, the minimization of some cost is not necessarily the best solution 
available, so LCC models must be developed to assure strategies for net profit maximization. 

3.4.1.1.3 Particular issues 

Economic aspects of product safety 

The close relationship of reliability to issues of product safety is evident from a simple definition of 
risk: 

Risk = probability of a failure x exposure x consequence 

Results obtained by techniques of fault-tree analysis, failure modes and effects analysis, or hazard 
analysis can be interpreted in terms of negative utility, event probabilities, and severity (criticality), 
which are standard subjects of cost-benefit studies. The cost factor, strongly dependent on the 
criticality level, must take into account cost of design for safety, manufacturing for safety, and 
losses caused by complaints, claims, suits, legal cost, unfavorable publicity, government 
intervention, and so on. The best investments usually result from the lowest cost-benefit ratio, but 
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implementation alternatives must be selected carefully because cost can significantly increase on 
both probability extremes: 

1. Low probability requirements could result in over-design. 

2. Accepted high probability of occurrence could be simply perceived as negligence. 

Economics of incoming inspections 

The testing objectives may differ from manufacturer to manufacturer (e.g., improved process 
control, minimized number of field failures, and so on) but are always combined with the basic 
tendency to minimize production cost. Four basic incoming inspection (I.I.) techniques are available 
to implement these objectives: 

 100 percent test-stress-retest. 

 100 percent test only. 

 Buying pre-burned and tested parts. 

 No I.I. 

To determine the most suitable alternative, numerous details of all strategies need to be examined 
and a composite picture formed I.I. is often difficult to justify on purely economic terms, especially 
for low volumes. For high component volumes, the cost benefit of I.I. is unquestionable in most 
industrial situations. Also, let us not underestimate the importance of I.I. information feedback to 
vendors. 

3.4.1.1.4 Review of economic tools 

Methods of economic evaluation 

In a majority of manufacturing industries, money will not be allocated to a project or spent unless a 
good argument is presented to the management that this particular investment will assist in reaching 
company financial goals. To apply this criterion rationally, technical and economic evaluations of 
proposed projects are performed. Sometimes these judgments are intuitive, based on experience; in 
other situations, formal detailed analyses are required. 

The general concepts forming the framework of sound decisions are quite simple. In the cases of 
economic decisions, they evolve around notions of profit, growth rate, return on investment, cost-
benefit ratio, cash flow, value of money, and so on. 

The fundamental step in any economic analysis is the selection of decision criteria or figures of 
merit, which may significantly vary between the private sector (motivated by profit) and public 
sector (driven by social benefits or possibly by political motives). The strictly economic-benefit-
driven situations are much easier to subject to formalized analyses, and usually define figure of 
merit in maximal profitability, maximal ROI, or in minimal time required to recover investment. 
But even in obvious situations of highly favourable cost-benefit ratios, it is necessary to assess 
possible changes in assumed conditions to assure stability of expected benefits. We need to 
understand the risks associated with inflation rates, interest rates, business cycles, errors in cost 
estimates, effects of obsolescence, depreciation, taxation, and sometimes even social cost 



                  ACEM-Rail  −−−−  265954                        D1.2 Best practice in other industries 
 

[2011/05/31]   Page 55 of 143 
 
 

Cost estimation methods 

Accurate cost estimation of competing engineering design alternatives is essential for project 
planning and budgeting decisions by both equipment manufacturer and user. Traditionally, systems 
cost estimates have been prepared using industrial engineering techniques involving detailed studies 
of necessary operations and materials. These costly estimates, accompanied by volumes of 
supporting documentation, were subject to frequent extensive revisions in case of even small design 
changes. Publicized evidence of frequent cost overruns in highly visible government projects 
indicates their questionable accuracy. These shortcomings resulted in increased interest in statistical 
and other approaches to cost estimation. 

All cost estimating is done by means of analogies and always reflects the future cost of a new 
system by relating it to some known past experience. Historical cost data incorporate experience 
with setbacks, design requirements changes, and other difficult to identify and control 
circumstances in opposition to industrial engineering methods, which tend to be optimistic and not 
allowing for unforeseen problems. 

Cost accounting 

To assure a reasonable rate of diffusion of methods of economic analysis to support rational 
decision making about reliability, a system of actual cost data feedback is necessary to allow 
evaluation of prediction accuracy, cost estimates, and effectiveness of analytical methods used. In 
the first-time attempt to identify and measure cost of reliability, it is highly probable that our cost 
data requirements will not match the established cost accounting system. In this situation the 
decision, to start with a single project study usually prevents deadlock and allows development of 
information for both reliability improvement program and identification of reliability categories of 
key importance. Data collection will be manual, necessary forms will be designed separately for this 
particular study, data compression and interpretation will be done, most probably, on reliability 
engineers' personal computers. 

3.4.1.2 Work measurement 

The end objective of the various techniques for work measurement is to supply standard data for 
determining the time required to complete specific segments of work. Whether the resulting 
standards are used for labor control on a straight time basis or for labor control and wage incentives, 
the techniques are the same. The principal techniques for establishing standards for work 
measurement are discussed as to principles, procedures, advantages, and disadvantages; examples 
of development and application are given. 

3.4.1.3 Estimate repair and maintenance costs 

A maintenance cost estimate is based on two areas of information: the type or classification of the 
job and the end use to which the estimate will be put. 

Classifying the job and obtaining full information about its specifications is the first prerequisite. It 
is necessary to know the job priority or urgency, work content, and general conditions under which 
the work will be performed. 
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How the estimate will be used is the second prerequisite. Together, these major factors will 
determine who will do the estimating, how the estimate will be made, the amount of detail required, 
and specific techniques to be followed. 

What the estimator knows about the job is determined by the degree to which the job is or can be 
planned before the work is started. Where there is more information, there can be better planning, 
better estimates, and, usually, better costs. In many cases an important benefit derived from having 
thorough estimating procedures is more effective management when the work is carried out because 
the work has to be clearly defined and planned to be accurately estimated. 

Maintenance supervisors often feel that all their work is emergency work and that consequently 
both planning and estimating are impractical. In order to avoid the obvious limitations which result 
from this position, it is important to have a realistic appraisal of the classifications of work in each 
individual plant. This means that the real emergencies must be separated from the work which can 
be planned. Careful consideration of each of the following general classifications will show that at 
least some of the maintenance work in every plant can be considered as "planned or repetitive." 
These items can be planned and estimated as accurately as the end use of the estimate requires 

Emergency Service: While different techniques may be required, estimating procedures may be 
applied profitably too many emergency service situations as well. Generally the key to accurate 
estimates here is having repetition of the same or similar problems. In classifying these jobs it is 
necessary to identify first the highly repetitive items and then the high-cost items which may be 
expected to repeat after long intervals. 

3.4.1.3.1 Estimate techniques for labour cost 

The initial task for the estimator, regardless of which of the following techniques will be used, is a 
thorough analysis of the job. Analysis literally means resolution into elements or constituent parts. 
This is the most important tool the estimator can use. The most complex major project becomes 
merely a series of typical jobs when it is divided into its component parts. Without proper analysis, 
most estimating procedures would be useless. 

In a typical application of detailed estimating of machine-shop repair work, breaking the job down 
into operations requires 90 percent of the estimator's time, whereas actually estimating time values 
requires only 10 percent. Therefore, it is essential that the degree of analysis for a particular job be 
in accord with other phases of the estimating method for that job, such as material estimating, and 
with the end use of the estimate and the scope of available information. 

3.4.1.3.2 Estimating techniques for material cost 

Estimating material cost for maintenance and repair work is relatively more precise and 
straightforward than estimating labor cost. As a result, we frequently find extremely fine details and 
absolute accuracy in material estimates, oven where the vague nature of accompanying labor 
estimates places the combination of both factors in a rough approximation class. While the savings 
potential involved in controls which are based on accurate estimates of labor is nearly always 
substantial, the potential for reducing material cost is usually much less. 
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3.4.2 Planning 

Computerization of any management function has become possible and in some cases relatively 
common. Computerization has yielded significant benefits, but it has also yielded disasters. Thus, if 
we are to be successful in computerizing maintenance management, it is necessary to know the 
components of the function The components described here are appropriate for the various types or 
levels of maintenance work including routine, preventive, corrective, shutdown, facility, and the 
like. 

o Work Request. A document that instructs the maintenance department that work is required. 
It identifies the equipment number, a unique job number, the work requested, any approvals 
required, and the priority of the work 

o Work Order. A document that instructs the maintenance person in what is to be done. It 
identifies crafts, if appropriate, materials, special tools, critical times, and provides other 
necessary information to accomplish the job. The format for the work order must be agreed 
upon at the beginning of the computerization process. It is the key to definition of the job, 
planning, scheduling, and control of the work, plus developing histories for future analysis. 
Although no database is preloaded, one is rapidly generated. 

o Prioritizing. The act of determining which jobs have precedent. Since the function of 
maintenance has limited resources available at any given time, this act is always performed 
in a formal or informal manner. 

o Work Plan. The asking of why, what, who, where, when, and how the maintenance group 
will respond to a work request. It provides logical answers to these questions. 

o Job Sequence. Frequently called scheduling. It recognizes priorities and resource availability 
and can be done at several levels. 

o Total Backlog. A listing of all work in the computerized maintenance management system 
(CMMS) that is yet to be done. 

o Ready Backlog. A listing of all work in the CMMS that is ready to be scheduled. 

o Control Reports. An after-the-fact record, or accounting, or what has been done and some 
form of measurement. 

o Computerization inherently means organization. In the case of maintenance management it 
means an organized database. The components of the maintenance management function 
determine what the elements of the database are and include assignment of costs, equipment 
identification, employee lists, and so on. 

o Assignment of Costs. This usually follows the patterns established by accounting procedures 
used at a particular facility. It generally recognizes cost centers, departments, divisions, and 
so on, and frequently, but not necessarily, is geographically oriented. Although a variety of 
approaches can be used to develop sort levels or to accumulate costs, a clear definition of 
the approach is critical at the start of a program to computerize maintenance management. 

o Equipment Identification. This normally takes the form of equipment numbering and 
includes physical assets or functions on which maintenance resources will be expended. 
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Careful consideration should be given here as to how finely equipment should be identified. 
For example, should each door in a facility be numbered or should all doors of a certain type 
be grouped together as one equipment? A case can be made for both approaches depending 
upon the type of facility and its needs. 

o Employee Lists. Those people who will be charging time to maintenance work have to be 
identified. In many cases this will involve the development of a trades or crafts list. In the 
case of multicraft facilities it may include several levels within the maintenance multicraft 
category. Trades or crafts are then associated with employee lists for time and cost analysis. 
Employee lists should be reconcilable to payroll but not necessarily generate or drive 
payroll. 

o Priorities. The type of priority approach must be agreed upon when building the database for 
a computerized maintenance management system. 

o Stores Catalog. In a complete maintenance planning and management control system, 
materials play an important role. Thus, a parts list or catalog for stocked material is 
necessary. These should be numbered, categorized, quantified, located, and priced when 
loading the database. In addition, provisions should be made for purchased parts that are not 
stocked. 

o Equipment Bill of Materials. The listing of all parts in stores inventory that are associated 
with a specific equipment number. The list includes both stocked and non-stocked parts. The 
list should include the part description, manufacturer, vendor, unit cost, delivery lead time 
and how many are required on the equipment. 

o Cause Codes. Standardized identification of the basic causes of the work generated. This 
may be the basis for preventive maintenance (PM) programs or schedules that are part of the 
system. Cause codes provide a means for analyzing work and developing a corrective 
maintenance program. 

o Action Codes. Standardized identifications of what was done to respond to a work request. 
This is basically used to identify what level of "fix" was done and again can initiate a 
corrective maintenance program. 

It should be noted here that a computerized maintenance management program does not, by itself, 
truly plan maintenance work. It cannot 

• Determine if the work request provides adequate information so that maintenance people 
understand what is to be done 

• Make a sketch to illustrate what is to be done 

• Decide what materials to use 

• Ascertain what time constraints exist because of production or other needs 

A computerized maintenance management system is a fine and powerful tool for assisting in 
maintenance planning. A well-conceived computerized maintenance management system should 
provide manpower backlogs, equipment histories, equipment parts lists; determine material 
availability; provide preventive maintenance schedules; and track costs. 
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It has become commonly accepted that maintenance represents a significant portion of the cost of 
doing business or providing a service. The portion of the cost that maintenance represents will 
continue to increase as the various forms of automation increase. It therefore behooves us to make 
optimum use of that resource called maintenance. 

Planning and scheduling of maintenance is one of the ways of optimizing the use of this resource. 
Normally, however, one of the problems is the amount of clerical work, or "paper shuffling," 
associated with such planning and scheduling. Computerization, if properly conceived, can 
minimize this problem. 

Computerization can provide backlog information for various types of work; availability of 
materials; costs by job, facility, or type of work, and so on, easily. It can increase effectiveness of 
planning, scheduling, and cost tracking by as much as 50 percent. In addition, it can frequently 
provide types of information not normally available, at no additional cost. 

3.4.2.1 Organizing for computerization 

This first step in computerization of maintenance management is program definition. This is 
necessary whether buying a software package in the marketplace or developing programs in-house. 
The question of what you want done is paramount. 

The ability to track costs is an obvious requirement. What costs? The computerized program should 
give information on material availability. What information? Location? Quantity on hand? Vendor? 
Should the program generate purchase orders and when? What type of equipment histories should 
be generated? Is the program to be maintenance management oriented? Should the program provide 
information to corporate headquarters and between other facilities within the corporate structure? 
These and many other questions must be addressed in order to define the program. 

Normally the definition cannot be achieved by information technology, engineering, management, 
or any other single individual. In addition, it is not normally practical for a single individual to 
implement a computerized maintenance management program. An interdisciplinary team provides 
the most workable approach for defining the program and implementing it. Heading up or 
coordinating such a group should be a high-level person responsible for the maintenance function. 
Disciplines represented on the project team include maintenance, data processing, and accounting. 
Other disciplines that are frequently helpful are industrial engineering, purchasing or material 
control, payroll, and production. The use of the latter depends upon the personality of a particular 
organization. The team should be kept to a workable size, three to six people. 

After establishing a project team and developing the program definition, technical evaluation takes 
place. Answers to questions in the technical evaluation may modify program definition, but the 
definition must be made first. Technical evaluations include hardware evaluation and make-or-buy 
software considerations. 

3.4.2.2 Implementation of a computerized maintenance management program 

Organizing for implementation of a computerized maintenance management program is one of the 
jobs of the project team. At this time of implementation, definitions of the following items should 
have been made: 

• Who is going to perform the function of maintenance planning and/or scheduling? 
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• Who is going to front-end load semipermanent information such as cost centers, employee 
lists, parts lists, equipment lists, cause codes, action codes, budgets, or other information 
that is not changed on a daily or weekly basis? Included in this is the definition of the 
sequence necessary for the loading of these data. 

• Who is going to maintain the files on a daily and weekly basis? Several persons may be 
involved, such as a planner to load work orders, a time clerk to load employee time sheets, a 
storeroom clerk to load material requisitions, or any other appropriate combination. It is 
advisable to have individual information flowcharts for each of the information flows of the 
system 

• What type of security is going to be part of the system? That is, definitions and procedures 
should be established to designate who can enter and/or modify information in each of the 
systems' various segments, who can view information, and who can call for reports. 

• Forms for data entry should be designed for data entry. They should be compatible with the 
computer's entry format and include work orders, time sheets, and material requisitions. 

Orientation of the various people concerned with the new computerized maintenance management 
program is the next step after organization. This may take place as part of organizing. Orientation 
will be necessary from the highest levels of the facilities organization to the lowest and includes 
production and staff as well as maintenance people. The details of the orientation appropriate for the 
various groups are of course different. It is also appropriate to have concise progress review 
sessions as the implementation takes place. 

Orientation and training are similar, but there is a difference. Orientation is informing people what 
is going to be done or what is being done, while training is instructing people in how to do 
something. 

Training of people is a critical aspect of the implementation of a computerized maintenance 
management program. At a minimum, one should train 

• All users to write a work request. 

• All users how to exercise the priority system. 

• All data-entry people on the necessary procedures for correct data entry. 

• Appropriate maintenance people (planners, supervisors, etc.) on how to retrieve information. 

• Maintenance management and supervision, and appropriate production management how to 
read and interpret reports and other available information. 

3.4.2.3 Operating characteristics of a system 

On-Line Inquiry. A typical complaint made about computerized systems is that they generate too 
much paper. Thus one of the prime requirements of a good computerized maintenance management 
system is that it have on-line inquiry and provides screen viewing for the areas of work orders, 
material, and equipment. 
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Work Orders. The work order is the controlling document in any maintenance management control 
program. When viewing a work order on a screen in a computerized program, the following 
information should be readily available: 

• Equipment the work is to be done on. 
• Description of the work to be done. 
• Priority of work. 
• Charging centers to assign costs incurred. 
• Date of work order, date it was last worked on, and date it was completed. 
• Current backlog status of the work. 
• Estimates of how much time by craft will be needed to perform the work. 
• Costs, both labor and material, charged against the work order. 

Other information may be desired but the foregoing is necessary for good maintenance 
management. 

In addition, the program should be able to selectively bring up work orders for observation. The 
selection criteria should include 

• Cost areas 
• Equipment numbers 
• Dates written, issued, completed, or last worked 
• Priority level 
• Backlog status 
• Cause or action taken 
• Trade 
• Supervisor 
• Planner 

Through the use of any one or combination of the above selection criteria, file search time by the 
viewer is greatly reduced. 

Material. A good storeroom is necessary in optimum equipment and manpower utilization. Screen 
viewing of material in that stockroom should include 

• Parts catalog by part number 
• Parts catalog by location 
• Parts status summary 
• Open purchase orders 
• Parts issued and returned 

Included in this section should be the ability to view 

• Vendors 
• Maximum and minimum quantities 
• Costs 
• Reorder quantities 
• Usage information on a periodic basis 
• Delivery lead time on parts not kept in stock 

Equipment. The third leg of a good maintenance management program concerns equipment. Screen 
viewing for this section should include 

• An equipment list by hierarchy 
• A work order list for the piece of equipment 
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• A parts list or bill of materials for the piece of equipment 
• Maintenance expenditures (labor and materials) for the piece of equipment 

Custom Report Generation. A second characteristic of a good computerized maintenance 
management system is the ability to generate specific reports on demand. The selection criteria 
should be similar to those for screen viewing and include the following reports: 

Work Orders 

• Work order status 
• Backlog status 
• Closed jobs 
• Equipment downtime 
• PM schedule 
• Time sheet transactions 
• Preventive Maintenance compliance 

Materials 

• Parts catalog 
• Inventory status 
• Inventory usage 
• Reorder report 
• Physical inventory reports 
• Location catalog 
• Parts activity list 
• Vendor names and addresses 
• Purchase order lists Equipment 
• Equipment lists 
• Equipment status 
• Equipment parts list 
• Equipment parts usage 

Performance Reports. The third characteristic that a good system should have is measured 
performance against some type of target or budget. These reports should be brief yet meaningful for 
maintenance management and should include 

• Hours analysis 
• Backlog summary both total and ready 
• Closed job summary 
• Schedule compliance by hours 
• Preventive Maintenance compliance 

The most important characteristic is that the program be user-friendly. This means that users 
needing information can get it easily, usually by means of a series of menus and questions asked by 
the computer. 

Teaching the user to respond to menus and questions is easier than teaching the user how to query 
the computer in its own language. The program should be able to efficiently handle huge amounts 
of information and many kinds of input and output, yet be understandable at its interface by the 
least skilled operator, clerk, and maintenance worker. 
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3.4.2.4 Priority system 

Purpose. In general, it can be said that there is never enough time, money, or manpower to perform 
all of the maintenance work that is needed and/or desired. 

The decision as to what maintenance work is performed and when, if not systematized, will be 
made according to the subjective judgment of one or several persons. 

If the intent is to perform the most needed and important work first (and it generally is), then it is 
desirable to have a reasonably objective system to identify priorities for maintenance work that can 
serve as a guide for the maintenance department. 

It is important, therefore, to develop a relative priority ranking system for maintenance work based 
on the collective judgment of those responsible for the operation of the facility. 

The best method of achieving this is one which produces a quantitative index of the relative 
importance of a job at the time that the need for the job occurs. Thus, personal judgments are less 
likely to influence the resultant ranking of jobs by priority. 
Scope. The system for establishing priority values is called Ranking Index for Maintenance 
Expenditures (RIME). This system, which provides a wide range of priority numbers, will best pro-
vide a true ranking of all the varied jobs which maintenance must perform. 

To establish a sound priority system, the following three elements are essential. Without them, the 
system will function improperly. 

1. The priority system must encompass everything within the plant. 

2. All production and maintenance personnel involved must understand and respect the 
priority system. 

3. The priority system must be based on profit. 

The computing of job priority indexes considers the equipment and facilities (equipment criticality) 
in conjunction with the importance of the work (work class). These two considerations pro-vide 
multiples which establish the value of the work requested. The higher this value, the more important 
the request. 

3.4.2.5 Scheduling procedure defined 

Scheduling is a distinct process from planning but is closely tied to planning. Scheduling is when to 
do the job: Scheduling is the process by which required resources are allocated to specific jobs at a 
time the internal partners can make the associated equipment or job site accessible. Accordingly, the 
preferred reference is scheduling and coordination. It is the marketing arm of a successful 
maintenance management installation. Planned work orders are scheduled: The work order is pulled 
from the backlog file and given to the supervisor with the weekly schedule. Work scheduling is the 
vehicle which facilitates the ability of maintenance to meet the challenge of the plants needs. The 
goal of scheduling is to ensure that resources are available at a specific time when the equipment is 
available. 

The objectives of maintenance are shown in the form of schedules. The schedule should represent 

a. The best utilization of craftpersons 
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b. A statement of priorities acceptable to both maintenance and operations 
c. A means of communicating those commitments 

Weekly preliminary schedule requirements: 

a. Meet with maintenance supervisors to determine labor availability for the coming week. 
Schedule work for all available labor hours. 

b. Review all predictive maintenance and ready-to-schedule work orders.  

c. Determine downtime requirements and review priorities. 

d. Prepare a preliminary schedule for each supervisor/area listing jobs in descending order of 
priority for the entire week by day. This preliminary schedule is the maintenance 
organization's priority list for the week. 

To ensure that all departments have input to the schedule and to allow for a statement of priorities 
that all parties will agree to and take ownership of a final schedule meeting is required. Before the 
final schedule meeting the preliminary schedule should be distributed to the operations department 
for review and markup. 

Weekly final schedule requirements: 

a. Meet with operations representative and maintenance supervision. 

b. With the operations representative and the maintenance supervision, determine the final 
schedule of priorities for the week. 

c. Verify all parts and special tools are on hand. 

d. Prepare the final schedule for each supervisor in descending order of priority for the entire 
week by day and distribute to all parties. 

3.4.2.6 Planning follow-up 

Effective planning requires observing preplanned job progress to eliminate potential delays or 
problems that may arise. The planner should occasionally observe planned work in progress with 
the intention of improving preplanning expertise. 

During the follow-up process, the planner may address problem areas which are common to 
planning functions. These areas are: 

• clear and adequate communications for all personnel involved on the job. 

• adequate timing. 

When work orders are completed they should be returned to the planner for review. During this part 
of the process the planner should review any comments listed on the order with the intent of 
improving the job plan. This feedback is a critical step necessary for planner improvement, along 
with improvement of the job plans. 
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Remember, the goal of planning is to eliminate delay in work execution. To repair quickly is not the 
basic goal. To repair correctly and efficiently without delays is the ultimate goal of planning. 
Constant work order audit and review is the method used to drive this goal 

3.4.2.7 Analysis and reports 

Work order 

The work order system contains information pertaining to specific work for a piece of equipment or 
facility. This work could be corrective or preventive maintenance, emergency, routine, or standing 
orders. The data collected provide answers to the standard questions of what, when, where, why, 
who, how much, and how often 

Work control 

The work order section provides control of the first key element in an effective system: what has to 
be done. Maintenance is controlled by controlling the backlog of work requested. 

Some examples of reports that a computerized system should provide for effective control are 

• Work order status report 
• Backlog status report, both total and ready 
• Closed job status report 
• Work order craft list 
• Preventive maintenance master schedule 
• Preventive maintenance compliance report 
• Equipment downtime report 
• Work order cost report 
• Hours analysis 
• Report of scheduled compliance 
• Backlog job summary 
• Closed job summary 
• Time sheet transaction list 

Parts inventory 

The parts inventory system provides control over the second key element in an effective 
maintenance system 

Some examples of reports that a computerized system should provide are 

• Inventory status report 
• Inventory reorder report 
• Vendor name and address list 
• Physical inventory listing 
• Parts activity transaction list 

Equipment 

The equipment section contains data used to identify individual pieces of equipment or physical 
locations and to track history on labour and material costs. 
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4 Maintenance in roads 

4.1 Introduction 

Maintaining a road infrastructure facility is a challenge which requires a significant attention. Any 
infrastructure facility is subject to failure when it reaches its service life. However this threshold 
time can be increased significantly by ensuring timely system maintenance. 

The expected benefits of a maintenance operation program are: 

• Increased user satisfaction 

• Better informed maintenance decisions 

• Improved maintenance strategies and techniques 

• Improved infrastructure conditions 

• Cost savings 

• Increased safety 

4.1.1 Road Infrastructure Data Needs 

Different types of data are used for road management. Data collection technologies and data needs 
vary depending on which infrastructure element is evaluated. Generally, elements such as roads, 
pavements, structures and traffic element require two types of data: inventory and condition. 

Inventory data describe the physical elements of the road system together with location information. 
These do not change essentially over time. Condition data describe the state of elements that can be 
expected to change over time because of degradation or failure. 

According to [DCT, 2007], the decision of what data is to be recorded should be based on the 
following questions: 

• What is the required decision to manage the network? 

• What data are needed to support these decisions? 

• Is it affordable to collect these data initially? 

• Is it affordable to keep the data over a long time period? 

Several data types are used by different groups of users for different functions. Some of these data 
are employed by different uses and functions, but the level of detail, precision and scale may differ 
between applications. The information needed for decisions or assessments on infrastructure 
elements depends, first of all, on the issue itself but also on the managerial level at which the 
decision is being taken. Data are usually grouped according different criteria. 
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Excessive data collection is a frequent cause of road management systems to get abandoned. The 
systems are seen as too data intensive and too expensive to maintain. To avoid this situation, three 
guiding principles should be considered when deciding which data to collect: 

• Collect only the data which are needed; 

• Collect data to the lowest level of detail sufficient to make appropriate decisions; 

• Collect data only when they are needed. 

Different applications need different data and different details of the described subjects and 
processes. To avoid redundant data and redundant data collection resources, information quality 
levels were defined in [PetSc, 1990] and further developed in [Ben, 2000] related to the amount of 
details. It is evident that the collection of the data would require more intensive implementation or 
more sophisticated methods to gather the greater amount of detail for each unit of information. In 
the Information Quality Levels concept, very detailed information at a low level (low-level data) 
can be condensed or aggregated into progressively fewer items at successively higher levels of IQL 
(high-level data) as shown below. 

 

Figure 10. Information Quality Level Concept 

In road management, five levels have been identified: 

• IQL-1 Represents the following fundamental type of data: 

o Research 

o Laboratory 

o Theoretical 
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o Electronic     

• IQL-2 Represents a level of detail typical of many engineering analyses for a project-level 
decision. 

• IQL-3 A simple level of detail (simpler than IQL 1 or IQL 2), typically two or three 
attributes, which might be used for large production uses like network-level survey or where 
simpler data collection methods are appropriate. 

• IQL-4 A summary or key attribute used in planning, senior management reports, or 
alternatively in low effort data collection. 

• IQL-5 Represents a top level such as key performance indicators, which typically might 
combine key attributes from several pieces of information. Still higher levels can be defined 
when necessary. 

This concept allows structuring road management information so that it suit the needs of different 
levels of decision making and the variety of effort and methods for collecting and processing data.  

Data should be collected as frequently as required to ensure proper management of the road 
network. A survey frequency is recommended in [DCT, 2007]: 

• Road inventory data are typically collected in a once-off exercise. They are then updated 
when changes are made to the road. It is common to verify/update the data every five years 
or so. 

• Pavement condition data are usually collected at different frequencies, depending on the 
road class. Main roads and major highways are monitored at frequent intervals, often 1-2 
years, while minor roads may be monitored at 2 – 5 year intervals. The frequency needs to 
be sufficient to identify major changes which will influence road maintenance decisions. 

• Bridge condition data tend to be collected in two cycles. Regular surveys are conducted at 
1 – 2 year intervals for collecting general data on bridge conditions. More intensive 
investigations are done at longer intervals, typically on the order of five years. 

• Traffic data are usually collected through a set of permanent traffic count stations around 
the country, supplemented by short term counts (typically seven days for traffic volumes) at 
other locations. 

Needless to say that an important parameter on the inventory of infrastructure elements is their 
location. 

The objective of referencing is to identify a location on a road. It is a means by which details of a 
location can be communicated. Location referencing is of key importance for any data collection 
and further analysis. An important analysis is show in [HTC, 2001]. 

They give two definitions associated with location referencing: 

• The location is the point on the road; 
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• The address is a string of characters used in a management system, which uniquely and 
unambiguously defines a location 

The underlying principle is that every location on the road should have an unique address. Unless 
the data are properly referenced, they will be of limited use in making management decisions.  

Location reference methods are used in the field to ensure that the proper address is used to describe 
a location and that a given location can be found using its address [DCT, 2007]. The reference 
needs to be well documented and designed to accommodate all situations.  

The location referencing methods have the following components:  

• Identification of a known point (e.g., kilometer post); 

• Direction (e.g., increasing or decreasing); 

• Distance measurement (i.e., a displacement or offset). 

There are two common location referencing methods: 

• Linear : gives an address consisting of a distance and direction from a known point,  

• Spatial: gives an address consisting of a set of coordinates. This is commonly done using 
Global Positioning System (GPS) data. 

It is important that one location can have many addresses. 

Linear referencing is the most commonly used referencing method for road data. 

4.2 Inspection techniques 

Inspection techniques in roads can be classified as follows:  

• Visual Inspection Rating: This evaluation method is most used. The data, such as distress 
types, severity level, and extent for pavements as an example, are measured and collected to 
analyze the existing condition of roads. Measurements can be either objective or subjective, 
but should include some type of rating system. Visual inspection can be accomplished in 
two fundamental manners: 

1. Manual Visual Inspection: Manual visual inspection of all road elements is usually 
performed by one or two people either driving at a slow speed and stopping occasionally 
or walking through selected segments. These inspections can be performed depending on 
budget and level of detail necessary. Walking provides more accurate and more detailed 
data than driving. The accuracy and consistency of the data also depend on the 
experience of the inspectors who perform the survey. 

2. Automated Visual Inspection: Automated visual inspection is generally performed by 
using vehicles and cameras, ultrasonic sensors, or laser technology with recording 
equipment to record pavement condition for further processing. 
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• Nondestructive Testing: This evaluation method is mainly used in the road design and for 
project level information to enhance the data collected through the visual rating method. 

• Destructive testing: This evaluation method is primarily used to support design analyses in 
identifying roadway structure, analyze reasons for the facility failure, and evaluate solutions 
for facility improvement. 

• Others: In addition to the above classes of evaluation methods, other methods have been 
developed and used in the field such as ride quality, roughness, and skid resistance to 
evaluate roadway quality. 

4.2.1 Visual Inspections 

Data Collection 

There are a wide range of technologies available for measuring attributes of the road network. The 
issue is to select the appropriate equipment, at given local conditions and the way in which the data 
are expected to be used. 

In [PetSc, 1990] and [DCT, 2007] data acquisition methods are discussed for the following five 
information groups: 

• Road Inventory Data; 

• Pavement Structural Evaluation; 

• Pavement Condition Evaluations; 

• Traffic Data;  

• Accident Data. 

Only Road Inventory data will be considered here because of the relevance to the ACEM subject 
and scope. 

The resources required for data collection are considered amongst the largest component of running 
costs of a road management system, which are continually subject to budgetary scrutiny. Therefore 
it is important to select data collection technologies which are appropriate to the objectives, 
resources and organization of operations. 

Manual Recording Methods 

Most items are recorded by code indicating the presence, location and attributes of the item [PetSc, 
1990]. The precision of location and length attributes depend on the information quality level being 
sought. 

Various formats have been used for the paper form used by an observer to record the field data, 
each format being tailored to the individual agency's approach. There is no standard to be 
recommended, but the following features have been found particularly useful: 

a. the form should be preprinted, containing identified fields for each item to be recorded; 
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b. the use of codes for the values of the item attributes to be recorded is valuable for reducing 
writing time and space - the best codes are recognizable and few enough that an observer 
learns them rapidly, they can be summarized on a simple checklist, and they do not require 
the observer to spend a lot of time cross-referring; 

c. the format should be suitable for direct computer encoding without further transcription; 

d. the form should be a handy size ready for filing, and the number to be completed should be 
convenient depending on the IQL of the data to be collected, e.g., 

IQL-IV: one form per road link; 

IQL-III: one form per 10 km; 

IQL-II : one form per km; 

IQL-I : as required. 

Transcription of the field data to computer records should be made as soon as possible after data 
collection, and preferably should proceed in parallel to the field surveys. 

Some methods have been developed in order to data collection automatization: 

• Field Computer Encoding 

• Computerized Solutions  

• Brigde component inspection 

Field Computer Encoding 

A popular modification of the manual recording method is direct entry of the data into electronic 
format in the field, whereby eliminating the need for later transcription and also improving the 
practical logistics of handling papers, codes, etc.  

Commercially available hand-held computers which are programmed by application specific 
software have the advantage that many units can be purchased to equip many different observers in 
the field for either pedestrian or moving observer surveys. They may also serve more than one 
purpose, for example road, bridge and pavement inventory surveys, pavement and bridge condition 
inspections, and so on.  

Commercial microcomputer keyboards, carrying a template to indicate special functions assigned to 
the keys, allow for a wider range of types of entry and comments than hand-held computers, but are 
used only with moving observer methods because they require an on-board microcomputer or 
laptop computer. 

A laptop with templates to serve different applications is a particularly user-friendly device for 
moving observer methods, combining the capability for many different items without the need to 
remember codes or keys. It works in conjunction with a laptop or other type of microcomputer. 

The use of a voice-recognition device for data entry is particularly useful for multifunction surveys 
where the observer is performing several functions simultaneously. The device recognizes specific 
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terms (calibrated to the individual observer's voice), and records those digitally in whatever codes 
are assigned to the item and its attributes. Used in conjunction with photo logging, the method 
provides an immediate electronic file of data which can be automatically processed with 
conventional methods.  

Computerized Solutions 

A Mobile inspection system, presented in [Biz, 2010] has been built for ease of use while on the job 
away from office. Designed around off the shelf handheld devices running Microsoft Windows 
Mobile®, phone and inspection capabilities have been integrated in one device.  

With touch screen based interface and on-device camera integration, inspectors can quickly note 
down events and activities as they occur and also capture images of work done. The mobile client 
also allows review/ redlining of the images and inspectors can create freehand drawings and 
indicators on top of the image to convey their inspection findings. The data is sent at the click of a 
button using the regular mobile wireless network (GSM, GPRS). Once data is sent from the device, 
the reports are automatically created and formatted by the report server in form of well structured 
PDF documents and sent across to the office as regular emails with attachments. 

  

Figure 11 shows an example used by a company 
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Figure 12: display example 

The reports were instantly available as printable PDF documents with rich information including 
images of the work in progress and hand drawn illustrations, cutting down documentation time and 
presenting a clear picture of the project activities.  

A small road administrator (County council) has implemented a new mobile data collection system 
to improve the management of highways maintenance [BrE, 
2006]. Inspectors no longer need to spend time writing up their 
reports and it makes their work considerably quicker. 

 Using HP 5550 iPAQ handheld devices, the system has replaced 
paper forms with an electronic solution that links to a highway 
services management system. Used for highway inspections, the 
system uses optimized schedules and routes calculated in the 
management system which are loaded onto the iPAQs for use by 
highways inspectors in the field. Screens guide the inspectors 
from location to location, with electronic forms prompting for 
information to be recorded. This system has cleaned up all of the 
existing records, providing consistent data, from which accurate 
information and statistics can be generated. Complete and 
professional reports can be done to demonstrate what inspections 
have been undertaken.  

Figure 13 iPaq 

Bridge Component inspection 

Currently, bridge data collection is component-specific. Visual inspections are normally used for all 
bridge components, but other applicable physical inspection techniques vary with the material of 
bridge components. 

The use of data loggers and digital cameras can significantly improve the quality of data collected 
with visual inspections. These allow for control over the data entered and the application of various 
validation rules. Hand held computers and PDA are very convenient tools for bridge surveys [DCT, 
2007]. 
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This is an example of data entry forms. 

 

Figure 14: bridge form 

4.2.2 Nondestructive Testing (NDT) 

Non Destructive Testing (NDT) have been recently developed and applied to many sectors of 
engineering and environmental protection. NDTs are efficient, effective and reliable; moreover they 
are very significant if compared to traditional measurements and tests. In the field of road 
engineering NDTs are becoming always more distributed and utilized. In many cases they are 
accepted as a current standard for testing and monitoring of road condition. 

The most usual non destructive testing techniques in roads are: 

• Acoustic methods 

• Laser scanner 

• Ground penetrating radar 

• Others 

4.2.2.1 Acoustic Methods 

Acoustic methods include the impact echo and the ultrasonic methods. 

Impact Echo 

Impact-echo is one of the most successfully applied methods for determining the geometry of a 
concrete structure. It has also been proven to be a reliable method for locating a variety of defects in 
concrete structures. The method is most suitable for quality control applications such as measuring 
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the thickness of new road pavements or for preventive maintenance programs such as routine 
checks on bridge decks but does not provide information about strength and other properties of 
concrete. 

Impact-echo, as being one of the acoustic methods, is based on the use of stress waves generated by 
an elastic impact. Low frequency waves are produced by tapping the surface with a small steel 
sphere. 

By using steel spheres of different diameters, the magnitude of the impact and the contact time of 
the sphere can be controlled. By locating the initial time of impact and the arrival of the echoing P-
wave, the total travel duration can be determined. Besides this, the wave speed in that concrete 
section could be predetermined. By knowing these two, we can understand at which point the stress 
wave has encountered an acoustic impedance difference and has returned back. By comparing this 
experimental value with the observable thickness it can be concluded that the section is compact 
and flawless if the results are the same. If the output thickness value is shorter than what it should 
be, then this means that the stress wave has returned from some depth before encountering the 
bottom surface and is an indication of an internal problem at that thickness level. [Aktaş 2007] 

These mechanical impacts should be of short duration so that the transducer which is located near 
the impact point can differentiate between the outgoing and incoming waves. The transducer 
records the surface displacement caused by the incoming waves. These are then transformed into 
the frequency domain and finally into plots of frequency versus amplitude graphs by using Fast 
Fourier Transform (FFT) analysis [DMRB 2006]. 

 

Figure 15. Schematic diagram, the principle of Impact Echo method 

The fundamental equation of impact-echo is d = C/(2f), where d is the depth from which the stress 
waves are reflected (the depth of a flaw or the thickness of a solid structure), C is the wave speed, 
and f is the dominant frequency of the signal. The frequency f is obtained from the results of a test. 
To determine thickness or depth of a flaw, the wave speed C must be known. It can be measured by 
observing the travel time of a stress wave between two transducers held a fixed distance apart on 
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the concrete surface or by performing a test on a solid slab of known thickness and observing the 
dominant frequency.  

The impact-echo method has three basic components: 

• Different sized mechanical impactors to produce short-duration impacts, the duration of 
which is proportional to size, 

• A sensitive transducer to measure the surface response, 

• Data acquisition system to receive, process, and transmit the waveforms to the computer as 
output data. 

 

Figure 16. The main components for an impact-echo instrument 

The Impact Echo method offers significant advantages. It is nondestructive and requires only one 
surface of the structure to be exposed. Because of the speed of Impact Echo measurements, a larger 
area can be tested at greater resolution and lower cost than others (invasive) methods. 

Ultrasonic  

Ultrasonic sensors are the lowest cost sensors and are used in systems like ROMDAS and ARAN. 
These have sensors at approximately 100 mm intervals which measure up to 3 m across the 
pavement. Due to the speed of ultrasonic these systems typically sample at 2.5 – 5 m along the road. 
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Figure 17. Ultrasonic Profilometer 

4.2.2.2 Laser Scanner  

Profilometers 

Point Lasers Profilometer. A point laser provides the elevation at a point. The number of lasers 
varies between 10 to 40. Much faster than ultrasonic, these record the transverse profile at intervals 
as low as 10 mm along the road. Laser profilers have their own unique configurations for the 
positioning of the elevation sensors. Figure 18 shows the positioning of scanners of one multilaser 
profilometer, where the sensors are positioned at different spacing, unlike others profilometers were 
sensors are at 100 mm equal spacing. 

 

 

Figure 18. Multilaser Profilometer Laser Positioning  

The goal of profilometers tests is to find the roughness of a stretch of road. The results will help 
determine if a road needs repair or resurfacing. It also helps when determining information for tires 
and drive systems, ensuring that a car provides maximum power and grip in a variety of road 
conditions. 

Pavement profilometers are capable of measuring and recording longitudinal profile at speeds 
ranging from 15 to 112 km/h. The laser sensors of high speed profilometers are mounted on a test 
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vehicle (commonly a van) and connected to a microcomputer and other data handling and 
processing equipment. The sensors are aligned on a rut bar that is typically attached to either the 
front or rear bumper of the test vehicle 

The data collected by a profilometer is used to calculate the International Roughness Index (IRI) 
which is expressed in units of mm/m or inches/mile. IRI values range from 0 (equivalent to driving 
on a plate of glass) upwards to several hundred mm/m (a very rough road). The IRI value is used for 
road management to monitor road safety and quality issues. 

4.2.2.3 Ground Penetrating Radar  

Ground Penetrating Radar (GPR) has been using in the pavement engineering since almost twenty 
years. The traditional and mostly diffused application is the evaluation of the thicknesses of 
pavement layers. Such a measure can be done at traffic velocity with no impact on safety and 
operability of the roads. The actual frontier is the evaluation of thickness in case of thin layers.  

The most common applications of GPR in pavement evaluation are: determining thicknesses of 
pavement layers for FWD (Falling Weight Deflectometer) back-analysis, freeze-thaw damage 
assessment, quality control of steel reinforcement bars, evaluation of subsurface condition, 
determining the existence and nature of joint spacing, full-depth asphalt patches detection, and 
evaluation of pavement voids and moisture accumulation. GPR systems can detect concrete 
pavement deterioration on exposed concrete pavements and on those with an asphalt riding surface. 
This technique is typically utilized for asphalt overlaid concrete pavements, where visual 
examination is not possible. (Bennett et. all 2007) 

Ground penetrating radar (GPR) is geophysical method which use electromagnetic wave that travels 
in a straight line through a dielectric material. It has been developed in the last decades for 
detection, distance measurement, defects and anomaly localization, and characterization of 
dielectric materials such as soil, concrete, wood etc. The frequency range of the techniques varies 
between 100 MHz to few GHz. It is nondestructive technique (NDT) based on the transmission of 
electro-magnetic energy. The wave is reflected by objectives in its path. Pulses are transmitted into 
and received through the material to be evaluated. The electromagnetic waves pass through 
dielectric media. Since the wave impedance for metals is zero, electromagnetic waves are reflected 
off metallic material. Measured arrival times depend on the dielectric constant of the material (e. g. 
in dependence of moisture and chloride content of concrete). Therefore the knowledge about 
material velocities is necessary. Measured arrival times lead to information about subsurface 
anomalies and their depth. (Kasal and Tannert (ed.) 2010), (Naumann and Haardt 2003) 

Material ∑r 

Frequenc
y in air 
(MHz) 

Frequenc
y in 

material 
(MHz) 

Velocity 
(cm/ns) 

Waveleng
th (cm) 

Resolutio
n (cm) Zmin (cm) 

Penetrati
on (cm) 

Masonry 6 1,500 1,050 12.3 11.7 5.9 3.9 Very low 

Concrete 10 1,500 1,050 9.5 9 4.5 3 Very low 

Masonry 6 900 630 12.3 19.5 9.8 6.5 Low 

Concrete 10 900 630 9.5 15.1 7.6 5 Low 

Masonry 6 500 350 12.3 35.1 17.6 11.7 Medium 
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Concrete 10 500 350 9.5 27.1 13.6 9 Medium 

Masonry 6 100 70 12.3 175.7 87.9 58.6 High 

Concrete 9 100 70 9.5 135.7 67.9 45.2 High 

Where ∑r = dielectric constant (real) 

Table 1. GPR Propagation through Concrete and Masonry  

The wave produced may be travelling through a multi-layer system: for example: fill/macadam, 
brick or stone masonry, mortar and possibly a defective zone; or concrete, voids and so on. The 
electromagnetic pulse will be partially transmitted and partially reflected at each change of interface 
represented by a change in the dielectric properties of the structure material. By recording the 
energy reflected from (or, alternatively, transmitted through) different interfaces, a representation of 
the subsurface may be built up. Surveys can consequently be performed in reflection or 
transmission mode. The data recorded are stored in the time domain and may be displayed either on 
a computer screen, printed out on a chart recorder or stored for future analysis on a computer. Since 
the energy radiated by the antenna is a divergent beam, reflections from targets (any layer or 
anomaly) may be recorded even if the antenna is not positioned directly above them, with the 
consequence that the true shape of the target appears modified and distorted on the radar plot. 
(DMBR 2006) 

As is noted above, the frequency range of radar is between 100 MHz to 5 GHz. High frequency 
radar (more than 1 GHz) is noncontacting and appropriate to high speed inspections but it has low 
penetration (few cm). Lower frequency waves can reach a depth up to one meter. The high 
frequency antennae give good spatial resolution but only shallow penetration as the signal becomes 
rapidly attenuated and may suffer from clutter. Low frequency antennae are suitable to penetrate 
deeper as they emit more powerful signals, but their longer wavelength is a detriment to spatial 
resolution. Also, targets of “small dimensions” or “small thickness” can be missed.  
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Figure 19: Basic principles and components of Ground Penetrating Radar  

GPR can be employed both for structural monitoring in time and for checking the outcome of repair 
interventions. Moreover, its feature of providing a 2-D plot of the section or element investigated 
makes this technique appropriate for detecting “hidden” features and construction characteristics 
(which may provide a reserve of strength when assessing masonry arch bridges). A more 
sophisticated computer reconstruction can provide 3-D images. (DMBR 2006) 

 

Figure 20. GPR Data Display: Line 

Scan Image in Grey Tones; 

 

Figure 21. GPR Data Display: Wiggle Plot 

 

GPR measurements for pavement evaluation can be done manually or using vehicle mounted 
equipment Manual GPR systems are relatively low cost and tend to be used for project level data 
collection.  
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Figure 22. Manual use of GPR 

 

Figure 23. Vehicle mounted GPR 

In conclusion, the Ground Penetrating Radar can provide very useful data for the structural status of 
both the road pavement and the bridges from the road system. 

Regarding pavement structure, GPR data can be used to evaluate 

• Pavement layer thickness 

• Pavement layers de-bonding 

• Voids or sinkholes 

• Presence of underground utilities 

Regarding bridge decks, GPR can help achieve information on: 

• Delamination 

• Rebar mesh depth and condition 

• De-bonding 

• Overlay thickness 

4.2.3 Others 

Profilograph 

The profilograph is used to measure the longitudinal profile of a concrete pavement. Its principle 
use has been for the construction control of pavements. The use of the profilographs is for 
measuring smoothness, the profile index has become a standard index for smoothness measurement 
in construction specifications. 

Two basic types of profilographs have evolved, each with different support wheel configuration, the 
California type profilograph, and the Rainhart type profilograph. The profilographs are relatively 
inexpensive, simple to operate and maintain, and provides a trace of surface users can easily 
understand. Both are manually operated by one person at walking speed; however, because of its 
wheel linkage, it can not be used for high speed network pavement smoothness data collection. 



                  ACEM-Rail  −−−−  265954                        D1.2 Best practice in other industries 
 

[2011/05/31]   Page 83 of 143 
 
 

Support wheels on the California type profilograph have varied in number from four to twelve. 
These wheels are attached to the ends of a 7.6m long truss and mounted on a multiple axle carriage 
that includes four wheels spaced 432mm from the truss centerline and two wheels spaced 432mm 
on the opposite side of the truss centerline. The support wheels are commonly spaced at 0.82m 
intervals and positioned near the ends of the truss, resulting in an overall profilograph span of 
approximately 10m. 

Figure 24 & 25 show two different types of profilograph. The Rainhart profilograph operates 
similar to the California profilograph. The major difference is that the Rainhart uses twelve wheels 
arranged in four groups of three. This wheel arrangement ensures that each wheel travels a separate 
path. This allows measurement of twelve wheel paths instead of just three as with the California 
profilograph. 

With the advent of non-contact lightweight profilers, the profilograph may become most suited to 
retest short defective pavement sections for verifying the correction of such defects. Profilographs 
are also highly suited to bridge deck testing, as those jobs require only a short profile distance. 

 

 
 

Figure 24. California profilograph 
 
 

 

 

Figure 25. Rainhart profilograph 

Falling Weight Deflectometer 

Falling Weight Deflectometer (FWD) is non-destructive method to evaluate pavement deflections 
produced by the elastic deformation generated by a known vibratory or static loading applied over 
pavement surface. Deflections mainly depend on type of pavement, pavement condition, 
temperature and type of load applied. The information used from deflection testing is the peak 
rebound deflection under the applied load and the curvature of the deflection basin. Figure 26 below 
shows the principles of the falling-weight deflectometer (FWD). Deflection information is 
interpreted in order to determine pavement mechanical properties. A commonly used interpretation 
methodology is through the ‘back-calculation’ of the elastic module of the pavement structure. 



                  ACEM-Rail  −−−−  265954                        D1.2 Best practice in other industries 
 

[2011/05/31]   Page 84 of 143 
 
 

 
Figure 26. FWD principles 

FWDs are impulse loading devices that apply loadings with a frequency and magnitude very similar 
to that applied by heavy traffic. Sensors, or geophones, are used to measure deflections at several 
points of the deflection basin. These devices vary according to load application systems, which can 
be vibratory or static impulses. They can be sub-divided into three groups: traditional FWD, Light 
Weight Deflectometers, and Heavy Weight Deflectometers (HWD). 

 
   Figure 27. Falling weight deflectometer  

 

4.3 Organization, optimization and planning. Road Management System 

Maintenance in roads has only one modern approach, the Road Management System 

A Road Management System (RMS) is defined as any system that is used to store and process road 
and/or bridge inventory, condition, traffic and related data, for highway planning and programming. 
Associated with the RMS are appropriate business processes to use the RMS to execute the business 
needs of the highway agency. 

RMSs are concerned with road monitoring, planning and programming. Major activities include:  

• Needs Assessment;  

• Strategic Planning, including budgeting for new development and asset preservation;  

• Development, under budget constraints, of multi-year works expenditure programs; and,  
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• Collection of Data. All of the above activities need data. Major data items include highway 
inventory, condition, traffic, and economic data.  

The components of a Road Management System are [McPherson et 2005]:  

• Data Collection;  

• Central Database;  

• Pavement Management System (PMS);  

• Routine Maintenance Management System (RMMS);  

• Bridge Management System (BMS);  

• Traffic Monitoring System (TMS);  

• Accident Information System (AIS);  

• Environment Management System (EMS);  

• Project Monitoring; and,  

• Geographic Information System (GIS) Interface.  

 A RMS is an implementation of the Road Asset Management Process 

Road Asset Management 

Road asset management is a comprehensive and structured approach to the delivery of community 
benefits through long-term management of road networks. Road asset management has been 
described as a systematic process of maintaining, upgrading and operating physical assets cost-
effectively, combining engineering principles with sound business practices and economic theory, 
and providing tools to facilitate an organized logical approach to decision making.  

The World Road Association has defined asset management as a systematic process of effectively 
maintaining, upgrading and operating assets, combining engineering principles with sound business 
practice and economic rationale, and providing the tools to facilitate a more organized and flexible 
approach to making decisions necessary to achieve the public's expectations (AUSTROADS 2011). 

The World Road Association has adopted an OECD definition of asset management, which in turn 
was derived from a FHWA (Federal Highway Administration) definition: "A systematic process of 
effectively maintaining, upgrading and operating assets, combining engineering principles with 
sound business practice and economic rationale, and providing the tools to facilitate a more 
organized and flexible approach to making decisions necessary to achieve the public's 
expectations."  

In the light of these broad definitions, road asset management means managing a road network 
(roads, bridges, traffic facilities, etc) to satisfy the requirements of business and private road users, 
at the lowest possible cost over a long period of time.  

The main streams in asset management are:  



                  ACEM-Rail  −−−−  265954                        D1.2 Best practice in other industries 
 

[2011/05/31]   Page 86 of 143 
 
 

• identification of need for the asset, in the light of community requirements  

• provision of the asset, including its ongoing maintenance and rehabilitation to suit 
continuing needs  

• operation of the asset  

• disposal of the asset when the need no longer exists or it is no longer appropriate for the 
asset to be retained.  

Asset management comprises the elements shown in the Austroads diagram in Figure 28 all focused 
on facilitating the delivery of community benefits such as accessibility, mobility, economic 
development and social justice.  

 

Figure 28. Flow Diagram of Asset Management Process  

The concept of infrastructure management, particularly of transportation infrastructure 
management, is not new. In the second half of the 20th century, these efforts have focused on 
managing individual transportation infrastructure asset types and aspects. Various management 
systems have emerged during last decades - pavement, bridge, tunnel, traffic equipment, public 
transportation etc.  

Pavement management systems are the oldest and most abundant of these management systems 
because pavements constitute main part of the total infrastructure.  

During the last decade of the 20th century, there was a slow but consistent movement toward a 
more holistic approach to the management of these assets. Transportation agencies around the world 
have begun to acknowledge the merits of a more comprehensive methodology for managing their 
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infrastructure. The holistic approach to the management of transportation assets has led to Asset 
Management. 

4.4 Execution procedures 

Four different tasks are remarkable in Maintenance of roads: 

� Data Integration 

� Maintenace procedures 

� Maintenance and Inspections of structures 

� Managing records  

4.4.1 Data Integration 

Since transportation asset data have been collected at different times by different means using 
different methods stored in varying formats and media, there is a need for data integration. Data 
integration is essential to transform the data into information that is able to support decision 
making. Transportation agencies have to organize the available data into suitable forms for 
applications at the different organizational levels. This venture presents a significant challenge 
because of the difficulty of data integration. 

Data integration involves three different issues: 

� Database organization 

� Road inventory 

� Data integration considerations 

Database organization 

Generally, data organization alternatives include two main approaches: 

•  fused database; 

•  many interoperable databases.  

In the first case, the integration strategy leads to the creation of one database that contains all 
integrated data; in the second case existing or newly created databases are linked together, and the 
integration of the data is achieved with the use of queries that provide a view of the linked data. 

The choice between the two integration strategies depends on many factors, such as:  

• Intended use of the integrated data; 

• Characteristics of the existing databases or information systems; 

• Type and volume of the data to be integrated; 
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• Currently available information technology; 

• Level of staff and resource allocation that will be dedicated to the process; 

• Structure of the agency or organization. 

Because location is an important property of all transportation assets, it has served in many cases as 
the common platform used for data integration. GIS software and related functionalities could be 
incorporated in the databases as external software that enhances the capabilities of the system. 

Another aid for the integration and interoperability of databases is the use of commonly accepted 
data definitions and consistent formats. A data dictionary or global standard for data definition, 
representation, storage, and communication could be vital to data integration regardless of the 
integration strategy implemented. However it has been identified many challenges in developing 
and implementing data standards and converting existing legacy data to these new standards. These 
challenges include agreeing on suitable data formats, models, and protocols when the existing 
databases present extreme diversity; achieving support from the staff and getting people to conform 
to the new standards etc. 

[PetSc, 1990] presents the following typical data components (data files), which are used for 
decision making support: 

• Railway-highway crossing; 

• Traffic; 

• Traffic citation; 

• Structure; 

• Highway inventory; 

• Accident; 

• Driver; 

• Maintenance; 

• Traffic control device; 

• Vehicle. 
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Figure 29 Data components and linking reference items 

Links: 

LP - location reference    DL - driver license number 

XN - rail-highway crossing number   AN - accident number 

SN - structure number    CN - traffic citation number   

TO - traffic control device number  VIN - vehicle identification number 

 

Road Inventory 

Road inventory [PetSc, 1990] is a core file of a road database which identifies the physical 
components of the road system and describes the functional and physical characteristics. It is an 
asset list of permanent features, most of which remain essentially unchanging over a period of 
several years but which are kept current by regular updating to include additions and changes to the 
system. The features are items whose location is identified by either: a point, line or area, and 
grouped as follows: 

(i) Network Location and Function: the identification of every road link of the network by a unique, 
standardized coding and naming system, and the geographical location and spatial relationship of all 
points in the network; and assignment of the functional and administrative classifications to each 
component. 

(ii) Carriageway Geometry: The horizontal and vertical alignments of the roadway, and the 
transverse and longitudinal sectional dimensions of the carriageway and formation. This 
information is required in the planning and evaluation of improvement works. 



                  ACEM-Rail  −−−−  265954                        D1.2 Best practice in other industries 
 

[2011/05/31]   Page 90 of 143 
 
 

(iii) Pavement Structures: The primary characteristics of the travelled surface that influence the 
quality of ride, traction and load-bearing capacity provided to road users. 

(iv) Structures: Bridges, tunnels and other major structures are “point items” in the inventory that 
are listed as a separate group.  

(v) Appurtenances (or Furniture): All minor features added to the roadway to facilitate safe and 
efficient usage, and to protect the assets such as signs, barriers, lighting, drainage, utilities, etc. 

(vi) Environs: All features of the functional, topographic and climatic environment of the roadway 
and road reserve, including traffic management, access, land use, geography, and climate. 

Integrated Data Considerations 

A Highway Analysis System (HAS) [DIP, 2003] integrates traffic, accident, and road network 
information. The related components are shown in the next figure: 

 
Figure 30. Highway Analysis System (HAS) and Related Components 

The System is a multi-component, hierarchical, mainframe legacy transportation database 
implemented in the late 1980s. It uses ADABAS (Adaptable DAta BAse System) as the database 
manager and NATURAL (forth-generation programming language).  

Both HAS application software and ADABAS files reside on an IBM mainframe. Users access 
HAS through Computer Network, which is available to all state agencies and other organizations 
with a link to the state’s computer network. There is a generic user access to HAS reports and 
online queries. 

Access to batch reports, maintenance, and confidential information is user-id controlled. 

Roadlog is the linear reference component of HAS and the backbone of the system. It defines the 
linear structure of the state road network and manages the attributes for each road segment 
including roadway feature locations, and attributes (point and line features). Roadlog employs a 
route node linear reference system. Most users interact with Roadlog using a route-milepoint linear 
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reference method; each road is represented by a unique Coordinated Data System route number 
(CDS route number) and locations along a given CDS route are described either with a single 
milepoint value or from/to milepoint values. 

4.4.2 Maintenace procedures 

Maintenance processes and procedures are key operational activities of the road agencies. Most 
operations of road maintenance are executed manually and the human factor is dominant. This 
relevance to ACEM makes worth studying road maintenance principles as far as they can be found 
in open literature. 

Two broad categories and a number of subcategories could be distinguished – Planned maintenance 
and Reactive maintenance as defined by [AAS, 2010]. 

 
Figure 31. Maintenance in roads categories 

Planned maintenance a proactive approach applied while the asset is still in good condition, 
extending asset life by preventing the propagation of distress. 

• Preventive maintenance actions are those which delay or prevent the occurrence of a known 
failure modes. Two conditions are necessary for effective preventive maintenance: 

− The item must exhibit a well defined deterioration characteristic such that the chance of 
failure increases with time; 

− Some effective action must be available which will consistently delay, prevent or predict 
the occurrence of the identified failure mode. 

Preventive maintenance is intended to be performed either before an item fails or reaches the 
point where an unacceptable level of performance has occurred. The two conditions above must 
be present before effective preventive maintenance can be performed.  

• Periodic maintenance is a form of planned maintenance which relies on establishing appropriate 
tasks and frequencies. 

• Condition monitoring or assessment includes those actions that serve to determine the condition 
or correct functioning of items. They include inspection and testing. Condition monitoring tasks 
do not provide any defect prevention or status improvement. They are to establish the condition 
of an item at the time the maintenance was performed. 
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Reactive or unplanned maintenance consists of emergency repair, routine maintenance and 
corrective action. These include actions such as emergency or other unscheduled maintenance or 
repairs that are planned as a response to observed defects. 

• Repairs involve the detection and correction of a fault which has caused failure. The repair 
process involves fault isolation, restore or replace failed components and testing. 

• Routine maintenance involves maintenance activity undertaken by teams that are scheduled on a 
daily, weekly, or monthly basis. A non-critical failures found during inspection may not require 
immediate attention, but could be included to an annual maintenance plan as a periodic task. 

• Maintenance response may involve specific changes to an item to improve its status and 
characteristics or to add new ones. This may occur when preventive or condition monitoring 
tasks identify the need. For example, when road edge deterioration is detected repairs such as 
edge stabilization may need to be undertaken to prevent further deterioration. 

4.4.3 Maintenance and Inspections of structures 

Inspection of highway structures standard [DMR, 2007] has set out requirements for inspection of 
its highway structures as respected in UK, Spain, France, Italy and Germany. 

Guiding principles [DMR, 2007] which align with Management of Highway Structures are: 

• To detect in good time any defect that may cause an unacceptable safety or serviceability 
risk or a serious maintenance requirement in order to safeguard the public, the structure 
and the environment and to enable appropriate remedial action to be taken; 

•  To provide information that enables the management and maintenance of a stock of 
structures to be planned on a rational basis in a systematic manner; 

• To ensure that inspections are undertaken by suitably experienced and competent staff. 

Top priority of inspections is avoidance of Immediate Risk to Public Safety. A procedure must be 
established, which is common to all maintenance inspections, whereby inspection staff have a 
clearly defined duty to inform the Supervising authority or designated staff, at the earliest possible 
opportunity, of any defect that may represent an immediate risk to public safety and/or structural 
stability. 

Maintenance work should be followed by appropriate records or records updates to reflect 
adequately all modifications and new facts. 

Routine maintenance comprises tasks, generally undertaken on a 12 monthly basis. Many of the 
tasks are minor, but skipping them could lead to gradual deterioration of the structure and the need 
for more costly repair operations in the future. Routine maintenance is considered to be cost 
effective in whole life terms. 

For new structures, reconstructions and modifications designers must identify and provide details of 
those items of routine maintenance which are appropriate. Then this information is used to prepare 
schedules of routine maintenance activities. 
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If maintenance schedule does not exist for an existing structure, it must be prepared and agreed with 
the overseeing institution. There have to identified the items of routine maintenance which are 
appropriate for the structure and prepare a schedule of activities.  

Routine maintenance schedules must be maintained and updated if necessary, by the responsible 
agency with respect to the new information and experience gained from maintaining the structure. 

Five types of maintenance inspection should be used for highway structures. These are: 

a. Safety Inspection; 

b. General Inspection; 

c. Principal Inspection; 

d. Special Inspection; 

e. Inspection for Assessment. 

They are described below: 

Safety Inspection 

The purpose of a Safety Inspection is to identify obvious deficiencies which represent, or might lead 
to, a danger to the public and, therefore, require immediate or urgent attention. They are not specific 
to highway structures and generally cover all fixed assets on the highway network.  

Safety Inspections are normally carried out by trained highway maintenance staff from a slow 
moving vehicle, though in certain circumstances staff may need to proceed on foot either to confirm 
suspected defects. For example, some bridges may require a weekly or monthly walkover. 

The inspections must be carried out at frequencies which ensure the timely identification of safety 
related defects and reflect the importance of a particular route or asset. The frequencies must adhere 
to any specific requirements set down by the overseeing institution and also give regard to any 
special considerations.  

In addition to planned Safety Inspections, Agents have a corporate responsibility to safety that 
requires all staff to report anything on the network needing urgent attention, including defects on 
highway structures. Staff must be encouraged to be vigilant at all times when moving around the 
network. 

Appropriate follow-up action for a highway structure in response to a concern raised by a Safety 
Inspection normally includes a visit of member of the highway structures team to the site to 
determine whether or not further action is required., e.g. close structure to traffic, carry out a 
Special Inspection, undertake detailed testing, and schedule remedial works. 

General Inspection 

The purpose of a General Inspection is to provide information on the physical condition of all 
visible elements on a highway structure. A General Inspection comprises a visual inspection of all 
parts of the structure that can be inspected without the need for special access equipment or traffic 
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management arrangements. This should include adjacent earthworks and waterways where relevant 
to the behavior or stability of the structure. Riverbanks, for example, in the vicinity of a bridge 
should be examined for evidence of scour or flooding or for conditions, such as the deposition of 
debris or blockages to the waterway, which could lead to scour of bridge supports or flooding. 

General Inspections must be scheduled for 24 month intervals and carried out at the scheduled 
dates. In certain circumstances more frequent inspections may be required, for example, when a 
structure is known or suspected to be subject to a rapid change in condition or circumstances. Then 
other activities could be supplemented, like special inspections on specific parts of the structure to 
ascertain condition, or periodic or continuous monitoring may be appropriate to check against a 
specific problem from worsening.  

Principal Inspection 

The purpose of a Principal Inspection is to provide information on the physical condition of all 
inspectable parts of a highway structure. This inspection is more comprehensive and provides more 
detailed information than a General Inspection. It comprises a close examination, within touching 
distance, of all parts of a structure. This should include adjacent earthworks and waterways where 
relevant to the behavior or stability of the structure. A Principal Inspection should utilize as 
necessary suitable inspection techniques, access and/or traffic management works. Suitable 
inspection techniques that should be considered for a Principal Inspection include hammer tapping 
to detect loose concrete cover and paint thickness measurements.  

When planning Principal Inspections, opportunities that make effective use of resources should be 
sought, i.e. combining a Principal Inspection with other activities in order to share special access 
equipment and/or traffic management works. A Principal Inspection may be combined with a 
Special Inspection, monitoring activities, detailed testing work or routine/planned maintenance, 
when appropriate. 

Prior to undertaking a Principal Inspection, the inspector/engineer should review all the structure 
records. A method statement should be prepared, and agreed by the Supervising Engineer, before 
undertaking the inspection. The Inspection Manual for Highway Structures provides details of a 
suitable review and method statement for a Principal Inspection. 

Principal Inspections must be carried out at six year intervals, as a replacement of a due General 
Inspection. In certain circumstances more frequent inspections may be required, for example, when 
a structure is known or suspected to be subject to a rapid change in condition or circumstances and a 
General Inspection is not sufficient to provide the required information. 

Special Inspection 

The purpose of a Special Inspection is to provide detailed information on a particular part, area or 
defect that is causing concern, or inspection of which is beyond the requirements of the 
General/Principal Inspection regime. It may comprise a close visual inspection, testing and/or 
monitoring and may involve a one-off inspection, a series of inspections or an ongoing program of 
inspections. These inspections are tailored to specific needs and can be a specific tool for 
continuous monitoring. 

Underwater Inspection is a specific type of Special Inspection concerned with parts of highway 
structures that are below water level. 
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Inspection for Assessment 

The purpose of this type of inspections is to provide information required to undertake a structural 
assessment. It is recommended inspection of assessment to be done in conjunction with a Principal 
Inspection. 

4.4.4 Managing Records 

Operational and maintenance Records for highway structures [DMRa, 2007] is a standard, which 
describes certain records required for highway structures and also identifies how the records should 
be held, and the parties responsible for creating, maintaining, reviewing and updating records. 

These records are specifically identified to support the business needs and processes for managing 
highway structures. They provide information that is required to hold; information that supports the 
management of highway structures, e.g. inspection scheduling, maintenance planning, structural 
reviews and assessments. Procedures have to ensure that records remain current and accurate, that 
records are held in the required format and that records are created, maintained and managed by the 
relevant personnel. 

Records can be held in different formats, but are typically held as electronic or hard copy. The 
Overseeing Organizations in the described case have computerized Asset Management Systems for 
highway structures. These systems hold records, assist the creation and maintenance of records, and 
support management processes. These systems have associated User Manuals and Help Files, which 
are periodically updated to provide additional guidance to users and/or to reflect changes and 
improvements to the system. Designers, Contractors, Agents and other relevant parties must use the 
Asset Management System, and associated User Manuals and Help Files, specified by the 
overseeing institution. 

Basic/standard records are required for the whole life management of highway structures. 

These records are described under the following headings: 

• Inventory; 

− Drawings; 
− Design; 
− Construction and demolition; 
− Materials, components and treatments; 
− Certification and tests; 
− Operation; 

• Inspection; 

• Maintenance; 

• Structural assessment and load management; 

• Legal; 

• Environmental; 

• Supplementary records. 
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Inventory, inspection and maintenance records are further detailed below. 

Inventory 

These records provide general information on each structure, which typically include: 

• General inventory details – may include structure name, structure reference, location, 
construction year, Designer, Agent, dimensions, headroom, restrictions, high/heavy load 
route, road carried/ obstacle crossed or obstacle carried/road crossed, and historic listing; 

• Structure type details – may include, for bridges for example, the number of spans and 
construction form; 

• Structure summary – a summary of the key features of the structure, plus section drawings 
and location plan. 

Inspection 

In case of new structures, reconstructions and modifications, acceptance inspections must be carried 
out and the corresponding records have to be provided, including details of any special inspection 
and/or monitoring requirements. 

For existing structures, inspection schedules and records must be provided in accordance with 
appropriate standard – Inspection of Highway Structures. Condition information from previous 
inspections should be retained as the change of condition over time gives an indication of the rate of 
deterioration and, in some cases, remaining service life. This information can be used to inform 
lifecycle maintenance planning. 

Maintenance 

Maintenance records should be held that provide a full view of the maintenance cycle, including, 
but not restricted to:  

• List of maintenance needs – records should include details of the maintenance needs that 
have been identified, and to show  how the need has been identified; 

• Needs assessment – records should include the priority/importance of doing the work. 
Records should also describe how the needs are assessed; 

• Scheme/project development – records should provide details of the schemes/projects that 
have been developed around the maintenance needs. These records should provide a link 
between the maintenance needs and the subsequent scheme/project; 

• Work tracking and completion – records should include details of progress (against agreed 
milestones) and completion details, e.g. completion date, work acceptance and any 
problems encountered; 

• Lifecycle maintenance plan – an optimized lifecycle maintenance plan, based on the 
expected future (60 years) maintenance needs, should be provided for each structure. The 
plan should take account of how the structure behaves and deteriorates, the life expectancy 
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of materials, treatments and components, the required condition/performance, and 
optimized whole life costs. 

Maintenance records should be retained as the details on maintenance needs, intervention 
frequencies and service lives can be used to support maintenance planning. 
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5 Maintenance in electric energy system 

5.1 Inspection techniques 

The inspection techniques in electric energy system are totally different in infrastructure condition 
(electric towers foundations…) and electric system (wire, power transformer…). The infrastructure 
inspection is, almost today, a very manual one while the electric system inspection is heavily 
automated. In fact, the system is so instrumented and the amount f data is so high that that the 
current technological problem is not the collection of data but the technologies to process data and 
to detect anomalies.  

5.1.1 Visual inspection 

The infrastructure inspection is mostly visual, by human operators or by remote control helicopters 
carrying digital cameras.  

 

Figure 32: operator’s inspection 

Works which are made today by humans operators include: 

o Measurement of grounding resistance 

o Measurement of soil resistivity 

o Inventory of infrastructure and information processing 

o Felling and pruning of trees in areas of electrical easements 

o Isolation of guard cable for measuring grounding 

o Topographic control of stability of structures 

o Change suspension insulators and retention 

o Clean insulators 

o Repair joint conductor, shield and sleeve 
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o Repair ground wire with piecing and shielding 

o Improvement of grounding resistance 

o Paint of towers and poles 

o Transportation towers and poles 

o Construction of foundations for poles, towers 

o Change suspension and retention hardware 

o Tower assembly 

5.1.2 Inspection of electrical variables 

Obviously all of the important electrical variables are easily measured, sent and monitored in the 
control centres. These include currents and energy flows in all branches and voltages in all nodes of 
the system. Electrical energy systems are complex and nonlinear systems. Technology in this field 
is deeply developed but it is not the scope of the ACEM-Rail project and will not be included in this 
report. 

5.1.3 Temperature measurement 

Apart from electrical parameters, another parameter that is often measured is temperature. Electric 
systems are heated by intensity and very high temperature could damage the system. 

Temperature can be measured traditionally by contact thermometers or infrared rays. Contact 
thermometers have been built which utilize a range of physical effects to measure temperature. 
Temperature sensors are used in a wide variety of scientific and engineering applications, especially 
measurement systems. Temperature systems are primarily either electrical or mechanical 

Infrared thermometers infer temperature using a portion of the thermal radiation sometimes called 
blackbody radiation emitted by the object of measurement. By knowing the amount of infrared 
energy emitted by the object and its emissivity, the object's temperature can be determined most of 
the time. Infrared thermometers can measure temperature not only of one point since a picture. 

To study log long electric lines infrared thermometers can fly in small remote control helicopters 
taking continuous thermal pictures. 
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Figure 33: infrared picture and remote control helicopter which take the picture 

 

5.1.4 Ultraviolet rays 

The ultraviolet rays are used in preventive maintenance to detect the beginning of Corona discharge 
problem. Corona discharge is an electrical discharge brought on by the ionization of a fluid 
surrounding a conductor, which occurs when the potential gradient (the change in the strength of the 
electric field) exceeds a certain value, but conditions are insufficient to cause complete electrical 
breakdown or arcing. 

 
Figure 34: corona discharge in laboratory 

Coronas can generate audible and radio-frequency noise, particularly near electric power 
transmission lines. They also represent a power loss, and their action on atmospheric particulates, 
along with associated ozone and NOx production, can also be disadvantageous to human health 
where power lines run through built-up areas. Therefore, power transmission equipment is designed 
to minimise the formation of corona discharge inside electrical components such as transformers, 
capacitors, electric motors and generators. Corona progressively damages the insulation inside these 
devices, leading to premature equipment failure.  

Coronas can be suppressed by corona rings, toroid devices that serve to spread the electric field 
over larger area and decrease the field gradient below the corona threshold. When those rings fail 
the corona discharge begin. At first stage corona discharge produces only UV rays by the partial air 
ionization. 

Ultraviolet cameras can detect those initial stages and let practise preventive maintenance. 
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Figure 35: UV camera and UV image of a initial stage of corona discharge 

 

5.2 Anomaly detection 

As the monitoring in electrical energy networks is widely develop and the availability of data is 
usually large enough, the technology focuses on diagnosis techniques to process and extract 
conclusions on the system performance. 

 The whole process of fault diagnosis consists of two steps:  

� Symptoms detection. It consists on data collection data and elaboration of proper 
information regarding the target state or conditon.. The outputs of the fault detector are 
called symptoms. The outputs of this step are the symptoms that characterizes the state of 
the infrastructure target. 

� Fault determination. It consists of taking a decision whether a fault has occurred and 
determining its characteristics on the basis of information provided by the symptoms and 
some a priori knowledge on the process. 

All diagnostic techniques need some knowledge in order to evaluate the information provided by 
the symptoms detection unit. In general, this knowledge can come from physical properties of the 
process (given in quantitative or qualitative form), heuristic knowledge acquired by experience, or it 
may consist of knowledge obtained from data. A survey of diagnostic methods can be found in 
[Brighenti 2011]. There are two different kinds of methods: model based methods and data based 
methods. 

Model based methods use mathematical models of the monitored system [Chen 1999], [Gertler 
1991], [Huang 2009] and [Brighenti 2011]. The purpose of these approaches is checking the actual 
behavior of the monitored process with respect to the behavior estimated by the mathematical 
model describing the normal operating conditions of the process.  

Data based methods only rely on data information, and do not need any normal condition estimation 
from a model. These methods make use of historical process knowledge to generate references of 
fault-free conditions without the need of a mathematical model of the system. A large amount of 
historical process data is required; on the other hand, robustness issues treated in this context only 
refer to noise, since no model of the process is considered. 

There are mainly two general fault detection methods: 
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� Pattern recognition 

� Feature extraction 

5.3 Optimization, organization and planning 

Electric energy systems are very complex systems. Generation, transport and distribution of energy 
were the traditional business in this field. Companies were vertically integrated so that a central 
operator owned and managed generation, transport and distribution of electrical energy. As a 
consequence the system to manage was of a very large size. The optimization problems to solve 
were large scale non-differentiable. For that reason, important developments in the field of large 
scale non-differentiable optimization were made by electrical engineers. Since the late 1990’s, the 
generation and commercialization of electrical energy is a liberalized market while transport and 
distribution is an oligopoly. 

Focusing on maintenance, optimization and artificial intelligence in the field of electrical energy 
system can be found in the literature [Andrade Vieira 2009] [Brighenti C. 2011] [M. Yazdani] 
[Velasquez J.L. 2009] [Cassel G., 2007] [Bretthauer G., 1998] [Hilber P., 2004].  

Some interesting approaches are described below. 

[Hilbert P., 2004] presents a method to optimize maintenance in distribution networks. It is based 
on the definition of an “Importance Index” as a function as the damage probability and its 
associated cost (damage cost) which include the reparation and the interruption cost. Final goal is 
the optimization of maintenance investment. 

Multicriterial analysis and fuzzy logic has been applied in other to automate the priority of 
maintenance planning. [Cassel 2007] shows an example with both qualitative and quantitative 
parameters applied to decide on feeder maintenance in a small grid in Brazil.  

On the other hand, an interesting software tool has been recently developed by SIEMENS to 
provide a comprehensive view on all electricity network equipment. The tool is called the Grid 
Asset Management Suite (GAMS) and is based on Service-Oriented Architecture. GAMS integrates 
ERP, SCADA and GIS tools with the help of its Asset Register which also helps ensure 
synchronization of the assets within the individual systems. GAMS allows  to plan, operate, 
analyze, and simulate assets and their maintenance according to operational and economic 
parameters in the field of electricity networks. All critical data can be made available at any time 
via the Asset Information Center. 

By making use of key performance indicators and best practices, alternative scenarios can be 
evaluated and optimized, as well as forecasts improved. This way, a high level of planning 
reliability can be reached. 

The Grid Asset Management Suite supports three basic scenarios: 

• Asset Management Monitoring System: Information center for assets, asset groups, and 
network sections; 

• Reliability Centered Asset Management: Integrated, state based business scenarios serving 
to optimize investment planning as well as repair and maintenance; 
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• Optimized Asset Management: Integrated business scenarios serving to optimize network 
structure and expansion. 

 

 
Figure 36. GAMS portal 

 

5.4 Execution procedure 

In the late 1990’s, there was the deregulation of the industry in most countries including EU and 
USA, leading to many utilities dropping their vertical orientation — providing both power and 
power delivery — to become horizontal organizations, providing one or the other. At this time the 
emergence of the “smart grid” had also come. Distribution automation systems became the key to 
providing bi-directional communication with field elements, as well as to identifying and isolating 
faults, and restoring service. 

After an evolution from a vertical to a horizontal utility, enterprises began preparing experimenting 
with wireless technology to provide communications with field devices. The challenge was the 
needed the ability to communicate with devices from a wide range of manufacturers and using a 
number of different protocols including 2179, DNP 3.0, ASCII and ModBus RTU (Remote 
Terminal Unit).  

These are activities in which the human factor dominates. Application oriented tools and 
instrumentation are used, but real field force automation is achieved by mobile computing.  

According to field service and job scheduling solutions allow companies performing works in the 
field utilities to eliminate data handling costs, reduce response times, and improve cost allocation. 
Maintenance and outage management solutions try to ensure optimal allocation of field crews to 
jobs and dispatch of these jobs.  

Examples of the use of mobile technologies to help operators on field and example of mobile 
software tools are presented below.  
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5.4.1 Examples of the use of mobile tools to help operator in the field 

Collecting data from various subjects located on the field is a key business process in many 
industries. Mobile computing substitutes paperwork because has proven many advantages. Some 
examples describing the improvement in the execution of maintenance tasks in the electric energy 
systems thanks to the use of mobile technologies for data collection can be found in the literature. 
Some of them are briefly introduced below. 

Inspecting poles and recording the results manually is a time-consuming, expensive, and error-
prone process. Inspectors could generally collect about 15 data points per pole before the process 
became too cumbersome to be feasible. Processing thousands of poles by paperwork is already hard 
and error prone job. An efficient solution is presented in [Asur, 2009] which doubles productivity 
and guarantees accuracy of the operations. Software runs on a mobile device, which is equipped 
with GPS receiver and camera. Pole positions are read automatically and pictures are taken of the 
defects. Up to 100 data fields are captured about a pole. Large amount of data are collected and 
stored on mobile database. At the end of the day, the mobiles devices are docked and data are 
uploaded over the Internet to a SQL server. Collected data is available through a web based 
reporting portal. 

Quality-control agents use laptops on the field to check random samples and enter correction if 
necessary. Reported benefits are: twice more data for twice less time, accuracy improved up to 97% 
– 99%, less administrative costs and much better confidence. 

                         
 

Figure 37: Poles inspection 

[TiNord, 2007] presents an interesting case where the use of mobile computing together with a 
computerised system to administrative and plan work to be done in field (using a Workflow 
Management System) has reduced cost and increased customer satisfaction. 

[TiVal, 2010] provides another example of the use of mobile technologies by an energy supplier 
company. Data regarding energy consumption are introduced by the operator using mobile 
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terminals. All information is then automatically transferred to the applications that need it. The 
system structure consists of: 

• EDM (Energy Data Management) - Stores and processes energy data in a central database; 

• ComC (Communication Centre) - Links internal and external systems for data exchange. A 
change of data in one system entails an update in all connected systems; 

• CIS (Customer Information System) - The customer database and billing system. 

Improved control over power distribution and the customer register also makes it easier for the 
company to assess the need for reinforcement in the power grid to avoid overloading without over-
investing. 

Another solution offers enhanced mobile functionality via built in modules – GPRS, printer, card 
reader. The staff downloads the assignment charts to their terminals via GPRS when they are in the 
field. While reading the meters, they enter the meter number in the handy terminal. Depending on 
that number, the information is automatically downloaded and the current meter reading is entered 
in the handy terminal. Then the information (consumption, tariff, price, etc.) is processed by the 
server in real time and the invoice is printed. If GPRS coverage is not available, data is collected on 
the terminal, and as soon as the connection is established, the calculation is made.  

The meter reading itself can be done in a few modes: entry via keypad or via touch screen [MRE, 
2010]; entry via reading head (probe), which can be connected through wired interface (RS 232, 
USB) or through wireless interface (Blue Tooth); short distance remote reading (up to a few 
hundred meters) via 400-450 MHz radio or ZigBee etc. Field staff does not need to go to the head 
quarter to transfer the data to the handy terminal from the server or vice versa. This saves time for 
both staff in the field and for the company. Also the staff in the field is monitored in real time.  
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Figure 38: GPRS SYSTEM 

 

Figure 39: MRE 

[TelSc, 2010] describes another interesting tool to help operators in field performed by Scottish 
Power Company in the UK. A flexible and cost-effective mobile solution has been launched to help 
1,200 engineers meeting its customer service targets: fix faults as soon as possible  through getting 
the staff onsite quickly, even in far locations. The project has been based on the tri-band GSM Xda 
Argon with Sat Nav program installed on it and ability to remotely wipe information from any lost 
devices. Because of security concerns both the Xda device and the SD card inside have been 
encrypted. The devices could also be controlled remotely for additional security. All data could be 
encrypted from a central point or head office, as could the installation and monitoring of 
applications.  

On receiving notification of an issue with the network, the engineers are polled to determine who is 
the nearest to the fault. Once the engineer accepts the job, the co-ordinates of the fault are 
automatically downloaded onto the device itself and the route is planned for them. In case of lost 
device, it can't be used by someone who isn't authorized to do so. And should that device be found 
again, the Xda can be remotely rebuilt and its setting restored. Real benefits have been seen in the 
response times to system faults, which resulted in improved customer service and satisfaction. 

5.4.2 Examples of tools based on mobile technologies 

Below two tools based on mobile technologies are presented. 

5.4.2.1 mDrover 

mDrover Mobile Maintenance product mobilizes the full range of processes using SAP 
PM/PS/EAM: 
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• Planned inspection (preventive) maintenance work orders. In this case, the maintainer is 
provided with equipment history, standard procedures, equipment diagrams and material 
lists. Feedback includes labor and materials, measurement points and cause codes; 

• Unplanned (corrective) maintenance work orders. The maintainer is able to convert 
notifications to work order for immediate completion when off-line. He receives unplanned 
work dispatched in real-time and provides feedback on the asset, crew and safety status;  

• Raise notifications in the field (including text and cause codes) for upload to SAP PM and 
subsequent release as work orders. The maintainer is able to convert notifications to work 
order for immediate completion when out of coverage. 

Remote field teams manage job status and send feedback. The engineers have also can use 
information about the grid and technical drawings stored on plug in modules. 

Interesting feature of this case is a transfer of switching instructions to field engineers who operate 
remote devices of transmission and distribution grids. Feedback is returned and fed into SCADA, 
ERP or other real time systems. 

5.4.2.2 Stratum Global 

Stratum Global [StGlob, 2011] is a tool suitable for Inspection Reporting. 

The rules engine resides on the server and enables the administrator to configure a specific 
workflow of questions for an inspector to act upon, while working on an specific asset. Thus, a 
given response to a prompt, can trigger further questions to the inspector. Based upon the inspection 
responses, Inspection Reporting will invoke a proper action.  

 
Figure 40: display example Stratum Global 

Having visibility to fixed assets, inventory or any other object readily available on a mobile device 
can provide valuable information. Via real time alert function, the management team can be notified 
depending on the level of alert while the inspection is taking place. 
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This tool also features GPS and Google mapping Interface, which enables the Inspector to visualize 
location of assets relative to their position.  

The Inspection Reporting enables RFID identification with prompted inspection questions based on 
asset type. It supports free form notes as well as image association taken during the inspection 
process. Previous inspection reports can be called up to compare with current conditions. Inspection 
Reporting operates in offline mode and synchronizes with wirelessly or via a docking station. 

The software vendor MobileDataforce [MobDF, 2006] provides many inspection applications, 
based upon a mobile platform, which provides full two-way database synchronization from the 
mobile handheld computer in the field to the enterprise database application. Platform’s 
components provide a flexible and powerful environment that extends enterprise operations to the 
field with a short development cycle.  

Rapidly developed solutions bridge the gap between the office and the field by replacing field 
paperwork with automated mobile solutions. Inspections and data collection are areas where it is 
convenient to apply platform based software. Bar code and RFID can be used to identify inspected 
assets and GPS is used to check their positions. Simple graphical user interface makes field 
operations fast and easy. 

                         
 

Figure 41.Axim example 
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6 Asset Management 

 

Asset management is concept that is used in many areas of business and industry with various 
meanings. It can include from managing assets in company office to management of industrial 
assets and equipment that are territory allocated. 

Asset management, broadly defined, refers to any system whereby things that are of value to an 
entity or group are monitored and maintained.  

Other definitions of asset management include: 

- Asset management is the systematic process of maintaining, upgrading and operating 
physical assets cost-effectively. (Guler, H., M. Akad and M. Ergun, 2004) 

- Asset management is a strategic approach that identifies the optimal allocation of resources 
for the management, operation, preservation and enhancement of the highway infrastructure 
to meet the needs of current and future customers. (CSS, 2004) 

- The management of physical assets (their selection, maintenance, inspection and renewal), 
which plays a key role in determining the operational performance and profitability of 
industries that operate assets as part of their core business. Asset Management is the art and 
science of making the right decisions and optimising these processes.  

A modern approach to asset management can be accepted as series of dominoes. Each domino 
needs the momentum from previous area, and then proceeds to pass this momentum to the next 
domino in the line. Starting at any point other than the beginning will leave some dominoes 
standing. If this example is considered in asset management aspect, each of dominoes represents 
one of the important points for decision-making that are required to adequately manage assets.  

Key point for asset management is that it refers to optimizing the management of assets, which 
implies a holistic, systematic and structured approach. 

6.1 Asset management and maintenance 

Inherently asset management is not a single process. It is in direct relation to the management of 
equipment and parts, their inspection and maintenance. Actually it can be stated that asset 
management is the base on which all other processes are executed. Without adequate information 
for equipment, for example, a precise inspection and proper maintenance cannot be made. 
Therefore, asset management and maintenance activities are inseparable. 

The definition of term Enterprise Asset Management EAM (which refers to software systems) gives 
a wider view of asset management, particularly in the context of the integration of different 
technologies and solutions for maintenance. Here are two of the most appropriate descriptions of 
EAM in the aspect of this research: 

- Enterprise asset management (EAM) means the whole life optimal management of the 
physical assets of an organization to maximize value. It covers such things as the design, 
construction, commissioning, operations, maintenance and decommissioning/replacement of 
plant, equipment and facilities 
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- A system to manage the plant maintenance processes within a company to ensure equipment 
availability and to reduce asset downtime. EAM is part of an asset life-cycle management 
solution 

The focus and structure of an EAM system recognizes the strategic importance of asset 
management. 
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Inventory 
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Figure 42. EAM Areas. 

 

Figure 42 (Mather, 2003) shows all areas involved in the management of maintenance. Asset 
management is in the centre of all of them. 

An appropiate management provides substantial benefits: 

•  Whole of life asset care (from purchasing to retirement) 

• Advanced management of Predictive maintenance regimes 

• Advanced workforce planning both long range and short range, particularly in terms of 
"capacity scheduling" and "shutdown management" 

• Abilities for the management of Human Capital 

• Decision support for maintenance strategy decisions 

• EAM style inventory management algorithms (based on probability- "just-in-case" instead 
of "just-in-time") 

• Comparative life evaluations for equipment under condition monitoring regimes 
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Furthermore EAM software can provide Risk and Reliability management tools such as: 

• RCM (Reliability Centred Maintenance) 

• Support of root cause analysis 

• Vendor selection and evaluation 

• EAM style inventory recalculation functionality 

• Early identification of reliability issues in equipment 

There are many software solutions today that cover some or all of requirements for asset 
management and maintenance in an adequate manner. 

6.2 Asset tracking  

As a separate part of asset management, asset tracking can be regarded as a process with a narrower 
scope. 

Asset tracking refers to tracking the movement of physical assets. Either by scanning barcode tags 
attached to the assets or using smart tags, like RFID tags, which broadcast their location. Asset 
tracking gives all relevant information on each asset (like location, users, state, etc.). 

Figure 43 shows a hierarchy of needs for asset tracking. 

 
Figure 43. Asset tracking pyramid 

Asset management is based on asset tracking data. Without adequate and accurate information for 
each asset (including its location, who uses it, how and so on), inspections and maintenance 



                  ACEM-Rail  −−−−  265954                        D1.2 Best practice in other industries 
 

[2011/05/31]   Page 114 of 143 
 
 

operations would hardly be planned. It is therefore considered that asset tracking is in integral 
connection with assets inspections and maintenance. 

There are different software products available in the market. Some of them deal only with asset 
tracking without more complex management.  Asset management solutions represent a higher step 
with much more functions, including tracking of assets. 

6.3 Asset identification  

Asset management requires some set of identification. Among them, the most appropriate 
techniques for automated systems are barcode or RFID techniques. 

6.3.1 Barcode 

A barcode is an optical machine-readable representation of data, which shows data about the 
object to which it attaches. Originally, barcodes represented data by varying the widths and 
spacings of parallel lines, and may be referred to as linear or 1 dimensional (1D). Later they 
evolved into rectangles, dots, hexagons and other geometric patterns in 2 dimensions (2D). 
Although 2D systems use a variety of symbols, they are generally referred to as barcodes as well. 
Barcodes originally were scanned by special–optical scanners called barcode readers; scanners and 
interpretive software are available on devices including desktop printers and smartphones. 

6.3.1.1 Barcode use 

The use of barcode labels for asset tagging is readily accessible solution. However, it is not 
appropriate for all situations and industries. The barcode is extremely effective in the marking of 
office assets, documents, etc., but when it comes to industrial applications, other technologies are 
more adequate. For greater durability and reliability for marking of purely industrial assets such as 
machinery, equipment, gear is more appropriate to use RFID technology. 

6.3.1.2 Barcode benefits 

Barcode systems can provide detailed up-to-date information on the business, accelerating decisions 
and with more confidence. Barcode technology has a lot of benefits, among them: 

• Improve Operational Efficiency 
• Save Time 
• Reduce Errors 
• Cut Costs 
• Benefit from Customer or Regulatory Requirements 

6.3.2 RFID 

Radio frequency identification (RFID) is a generic term that is used to describe a system that 
transmits the identity (in the form of a unique serial number) of an object or person wirelessly, 
using radio waves. It is grouped under the broad category of automatic identification technologies. 

A typical RFID tag consists of a microchip attached to a radio antenna mounted on a substrate. The 
chip can store as much as 2 kilobytes of data. To retrieve the data stored on an RFID tag, it is 
required a reader. A typical reader is a device that has one or more antennas that emit radio waves 
and receive signals back from the tag. The reader sends the information in digital form to a 
computer system. 
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RFID technology can work in several frequencies: 

• Low Frequency (LF), between 30 and 300 kHz. Usually LF RFID systems work on 125 
kHz, rarely – on 134 kHz. LF devices have low speed exchange of data between tag and 
reader, but they signals are resistant to metal, liquids, snow, and so on.  The most typical 
application of LF frequency is access control systems. 

• High Frequency (HF), between 3 and 30 MHz.  The standard frequency for HF RFID 
system is 13.56 MHz. That type of systems is widespread. Their characteristics are regulated 
by international standards ISO 15693 and ISO 14443. 

• Ultra High Frequency (UHF), 1 GHz. is a typical frequency for passive UHF systems. 
Active UHF systems function on 315 and 433 MHz. High speed data transfer and low cost 
are important advantages of UHF. The main disadvantage is their dependence from 
environment conditions and especially the interference in the presence of metals and liquids. 
A new generation of passive UHF tags and readers offers enhanced data capacity, greater 
read distance, and reliable functionality on metal surfaces and in harsh environments. In 
addition, mobile and handheld readers also help enable RFID-based asset tracking and 
management in practically any workplace. 

• Microwave frequency, above 1 GHz. 2.45 or 5.8 GHz are usually used. Tags can be very 
small but, data transfer is faster than when using other frequencies. Metals and liquids can 
seriously affect use of microwave RFID systems. 

6.3.2.1 Advantages of RFID over barcodes 

Barcode systems useful for product information or inventory control have some drawbacks 
compared to RFID. The amount of information stored in a barcode is much less than that managed 
by RFID. RFID can store up to 1000 bytes data. With this amount of data, RFID could be 
personalized for each item unlike barcode. Barcode needs human interaction for proper information 
and to read data with an optical scanner.  

On the other hand, while the barcode label has to be replaced if the information to store has to be 
modified, the RFID tag can remain and the different information can be uploaded using the 
microchip and the reader.  

The barcode system is less accurate as compared to RFID. 

6.3.2.2 Active and Passive tags 

RFID tags can be either passive (using no battery), active (with an on-board battery that always 
broadcasts or beacons its signal) or battery assisted passive "BAP" which has a small battery on 
board that is activated in the presence of an RFID reader. 

Below the differences between active and passive tags are shown. 

• Technical Characteristics 

Passive tags contain an integrated chip or circuit to absorb radio frequency waves from reader's 
signals and to send and receive data, low frequency or high frequency antenna and a plastic or 
mylar substrate which holds the pieces of the tag together. Since there is no battery, the power is 
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supplied by the reader which draws the radio waves through the antennae creating a magnetic field. 
This allows the supply of the power to the tag which is restricted to the field of the reader. On the 
other hand, an active tag which is substantially larger than a passive tag features two additional 
components: an on board power supply and on board electronics. The power supply to an active tag 
is through battery although some may be solar power driven. 

• Communication Range 

Since passive RFID tags are constrained by the need for strong signals to power the tag and the 
small amount of power to respond to the reader, the communication range of a passive tag is limited 
to 3 meters or less. Active tags do not have the constraint of power and can thus transmit to as far as 
100 meters or more. 

• Data Storage 

Although both these varieties of RFID tags can dynamically store data, active RFID tags allow for a 
larger storage (almost 128 kilobytes) and sophisticated data search and access capabilities. In a 
passive RFID, the data storage is less than 128 bytes with no search capabilities or data 
manipulation features. 

• Sensor Capabilities 

While active RFID tags are able to continuously monitor and record sensor input, passive tags are 
able to monitor and record sensor input only when the tag is powered by the reader. 

• Multi-Tag Collection 

RFID allow multi-tag collection. Both active and passive RFID systems can collect around 100 
tags.  

The table below shows advantages and disadvantages of passive and active tag 

Disadvantages 

The tag can be read only at very short distances, typically a few meters at most. This 
greatly limits the device for certain applications. 

It may not be possible to include sensors that can use electricity for power. 

The tag remains readable for a very long time, even after the product to which the tag is 
attached has been sold and is no longer being tracked. 

Advantages 

The tag needs no battery; these tags have a useful life of twenty years or more. 

The tag is much cheaper. 

P
as

si
ve

 ta
g 

The tag is much smaller (some tags are the size of a grain of rice). These tags have almost 
unlimited applications in consumer goods and other areas 
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Disadvantages 

The tag needs a battery, which limits the lifetime of the tag. 

The tag is more expensive. 

The size is larger and it limit the possible applications 

The long-term maintenance costs for an active RFID tag is large than those of a passive 
tag if the batteries are replaced. 

Battery outages in an active tag can result in expensive misreads. 

Advantages 

It can be read at distances of thirty meters or more, greatly improving the utility of the 
device 

A
ct

iv
e 

ta
g 

It may have other sensors that can use electricity for power 

 

Active RFID tags may have all or some of the following features: 

• longest communication range of any tag 

• the capability to perform independent monitoring and control  

• the capability of initiating communications  

• the capability of performing diagnostics  

• the highest data bandwidth  

• active RFID tags may even be equipped with autonomous networking; the tags 
autonomously determine the best communication path. 

Some of the areas in which RFID is employed or evaluated within asset management are: 

- People/personnel (HF, active) 
- Fleet vehicles (active) 
- Yard assets (passive) 
- Spare parts management (passive UHF) 
- Work-in-process tracking (passive UHF, active) 
- Corporate IT equipment (passive UHF, active) 
- Library books (HF) 
- Documents (HF) 
- Reusable containers, totes, and pallets (passive UHF) 

RFID aims to improve the way assets are tracked by eliminating the manual processes associated 
with methods which include barcodes, pencil and paper, or none at all.  
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Maintenance is an emergent application that can be built onto an asset tracking system. Expensive 
machinery requires proper maintenance to maximize its life. Currently, most maintenance logs are 
recorded by hand, on paper – which leaves significant room for error.  An asset management system 
enables maintenance records and schedules to be logged automatically and electronically: the 
system logs when equipment is brought in for maintenance, any maintenance testing results, and 
when the equipment leaves. The ability to write maintenance data to the tagged item instead of 
recording the information on paper offers a significant value proposition. 

Maintenance, Repair, and Overhaul is a compelling example for asset tracking and management. 
The requirements of the MRO events (standard maintenance activities, problem resolution, and 
directives) are generally the same: 

- Identify the problem 
- Access the log book 
- Locate the required part(s) 
- Retrieve the proper documents 
- Locate appropriate or certified personnel 
- Locate the required tools 
- Complete the checklists/history log 
- Send a completion notification or obtain a release certificate 

This is where RFID comes into play, fulfilling many of these MRO event requirements by enabling 
real time track and trace and unique identification. When an RFID tag is attached to a component or 
part to record every stage of its repair work, the tagged object’s progress can be tracked from its 
removal from the aircraft or wagon, for example, to its subsequent reinstallation. By linking the 
RFID enabled system to CMMS/MRO, the system can leverage real time location information to 
enable engineers to locate it and to know exactly what type or repair work was performed, and by 
whom. 

RFID tags can also be attached to materials for their distribution to work stations, warehouses, or 
maintenance bases. Information regarding what components were sent or received, or are in transit, 
as well as their description and part/serial/lot number can be maintained and recorded and RFID 
tags can control who is using which tools for the disassembly process and when the tolls are in use. 

Though RFID technology has already been applied effectively, it has certain technological barriers 
that still need to be overcome. 

- Cost. Although there is a great potential of RFID, the major drawback is the cost of the 
RFID tag, which is higher as compared to barcode system. 

-  Security and privacy. The security and privacy of the RFID against unauthorized readers is 
in debate. There is a great challenge to the information privacy.  

- Technology. As the RFID is based on the concept of Radio Frequency, it can be interfered 
with other radio transmissions, metals, liquids, etc. the degree of interference depends on the 
frequency of the tag and the usage of environment. 

- Lack of standardization. There are many versions of RFID that operate at different 
frequencies and need different software and readers. 
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6.4 Mobile Asset Management 

Asset management requires a clear understanding of the structure, location and condition of an 
organisation’s assets. This facilitates through-life costs reductions and improvements in operational 
efficiency. Without this clarity, organisations can be forced to over maintain as a risk mitigation 
strategy. Un-targeted, reactive, or poorly planned maintenance activities can lead to an unacceptable 
number of in-service failures; reducing track or fleet availability and driving up costs. By enabling 
pro active maintenance regimes, capturing and analysing reliability information and monitoring the 
condition of assets, organisations are able to focus on the condition of key assets and maintain them 
just before they are about to fail. Organizations implement a variety of structured processes to 
operate, maintain, and track physical assets. Mobile work teams managing these job functions often 
rely on outdated or manual tools to track asset data. As a result, asset information can travel slowly 
and inefficiently throughout the organization, compromising data integrity and strategic decision-
making. 

Those problems are eliminated with the use of mobile computing technologies for asset 
management. They are based on hardware and appropriate software application. Different types of 
mobile devices can be used, including handhelds computers, PDAs, wireless notebooks, tablet PCs, 
and smart phones. A truly mobile asset management solution empowers the workforce by providing 
information flow to the point of need, provides decision support tools, and high quality transaction 
management. 

Mobile EAM application capabilities include: 

- Mobile Work Orders 
- Mobile Asset Maintenance 
- Mobile Asset Tracking 
- Mobile Asset Inspection 

Mobile Work Orders 

Mobile Software solutions provide pre-built workflows and data structures for managing mobile 
work orders on a variety of mobile devices. While online or offline from corporate networks, 
application users can update work order status, manage work order tasks and materials, and capture 
work order labor. Additional features exist allow users to track work location, verify asset status, 
capture equipment failure codes, manage work permits, and update asset measurements. 

Mobile Asset maintenance 

Similar functionality provides a solution for field maintenance environments looking to enable 
frontline personnel with new levels of automation and efficiency. Applications are designed to 
support highly-distributed mobile maintenance teams as well as shop and depot maintenance, 
including features to support mobile work orders, work requests, ad-hoc work logs, discrepancy 
reporting, condition assessments, and equipment information tracking. 

Mobile maintenance software enables field technicians and mechanics to focus on high-value; 
hands-on job functions, rather than work with cumbersome data entry applications. 
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Mobile Asset Tracking 

Maintaining accurate equipment records is often a daunting task for a complex organization. 
Applications based on mobile devices simplify and optimize this process. They work with a variety 
of auto-ID-enabled technologies to provide an integrated solution to capture and report asset 
location data. Identification options include barcode scanning, RFID, and manual input. Features 
include: asset inventories; asset transfers and location updates; asset identification; discrepancy 
reports. 

Mobile Asset inspection 

Each mobile inspection process presents unique data collection requirements, and software systems 
designed to support inspections that must offer high-levels of flexibility and configurability. Most 
of them provide a versatile mobile inspection software system that addresses these needs and 
supports inspection applications within a broader context of asset management and/or field service. 

Mobile inspection solutions are designed to match precisely the work process and to eliminate 
unnecessary steps in data collection. Applications can support fast-paced inspection activities, with 
inspectors stopping at each asset or location for only a few seconds. When routine and non-routine 
data points are observed in the inspection process, solutions ensure that inspectors are able to find 
relevant work information quickly and efficiently. 

A lot of Mobile Asset Management Benefits can be defined: Some of them are: 

− Improve the ratio of preventive to corrective maintenance. 

− Enhance the visibility of maintenance and asset status. 

− Increase equipment uptime and utilization.  

− Improve asset data integrity. 

6.5 Asset software 

This section present software tools available in the market that can be used to handle asset. 
 
ERP are compressive software tools for the management of enterprise. They include functionalities 
suitable for asset management.  
 
GIS tools include geographical information. They are suitable to when geographical information is 
a key parameter in asset control. 
 
There are also in the market some other software tool with a narrower scope than ERP or GIS but 
that are appropriate either for asset tracking or asset management. 

6.5.1 ERP 

ERP (enterprise resource planning) is an industry term for the broad set of activities that helps a 
business manage the important parts of its business. The information made available through an 
ERP system provides visibility for key performance indicators (KPIs) required for meeting 
corporate objectives. ERP software applications can be used to manage product planning, parts 
purchasing, inventories, interacting with suppliers, providing customer service, and tracking orders. 
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Functional areas of ERP system are: finance/accounting; human resources; manufacturing; supply 
chain management; project management; customer relationship management. 

ERP tools have been used to solve a number of problems that have plagued large organizations in 
the past. There are a number of processes that a company may need to integrate together. One of 
these processes is called design engineering. When a company is in the process of designing a 
product, the process of actually creating it is just as important as the end result. ERP can be useful 
in helping a company finding the best design process.  

Another area where ERP can be useful is order tracking. When a company receives orders for a 
product, being able to properly track the orders can allow the company to get detailed information 
on their customers and marketing strategies.  

Perhaps one of the most important advantages of ERP is its accounting applications. It can integrate 
the cost, profit, and revenue information of sales that are made, and it can be presented in a granular 
way. Another area where ERP can be an indispensable tool is the area of security. It can protect a 
company against crimes such as embezzlement or industrial espionage. 

However, with all the advantages that ERP offers, there are also a number of disadvantages. 
Perhaps one of the biggest disadvantages to this technology is the cost. At this time, only large 
corporations can truly take advantage of the benefits that are offered by this technology. This leaves 
most small and medium sized businesses in the dark. ERP has a number of limitations. The success 
of the system is fully dependent on how the workers utilize it. This means they must be properly 
trained, and a number of companies have attempted to save money by reducing the cost of training. 
One of the biggest problems with ERP is that it is hard to customize. 

Considering that Enterprise Asset Management is an important part of business it should be noted 
that all ERP systems have tracking and maintenance modules. They differ in their functionality and 
universality. 

ERP asset management software allows companies to track physical manufacturing assets involved 
in production. Key functions include, among others: 

• Work and maintenance management 

• Planned and unplanned maintenance activities, from initial work request and work 
order generation through completion and recording of actuals. 

• Detailed analysis of resources, inventory and equipment use and costs, helping 
decrease labor and materials costs. 

• Multiple assets, locations and configuration items can be added per work order or 
ticket. Work management also supports work order tracking, task sequencing, task 
level documents and generating work orders from asset information. 

• Work requests – identification of maintenance issue. Initiate process, notifying 
maintenance supervisor, request for resolution  

• Work orders – planning, scheduling and execution of work. That feature includes the 
identification of labor, material and equipment. Work orders can be combined into 
network through work order relationship. 
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• Work planning – maintenance planning. Initiated requested work, manage existing 
work orders, and generate forecasts based on asset actual, planned and estimated usage 
(date intervals, meter readings, preventive maintenance schedules). 

• Work scheduling – search for available employees by skill sets and competency. 
Material requests can be initiated from inventory. 

• Work visualization – that feature provides integration with web-based tools as Google 
maps and ESRI which allows view of assets and related work on maps in real time. 

• Work execution – capture of all required data (most often through handheld devices), 
including material and resource usage, notes, costs, inspections, meter readings, 
collection plans, failure information. 

• Preventive Maintenance—keeping track of preventive maintenance inspections and 
jobs, including step-by-step instructions or checklists, lists of materials required, and 
other pertinent details. 

• Inventory management 

• Know the details—plan and manage direct and parts materials. What, when, where, 
how many, how valuable—about asset-related inventory and its usage is really 
important in asset management. That functionality records material movements and 
adjustments, allowing for real-time inventory tracking, reporting and auditing. 

• Track inventory transactions to help streamline parts and materials management. 

• Help decrease costs by eliminating excess or obsolete inventory. 

• Plan inventory to more accurately meet maintenance demand, making the right parts 
available at the right location when needed. As a result, reduce stock-outs can be 
achieved, inventory shrinkage and carrying costs, as well as help foster economies of 
scale through shared resources. 

• Purchasing management – order for right parts needed for assets. 

• Warranties – track of asset warranties. 

• Maintenance Cost Management 

• Estimated Costs - The cost of maintenance work can be estimated based on material, 
labor and equipment requirements. Estimated costs provide an upfront assessment of 
the work to be performed and a comparative guideline against the costs of similar 
work, previously completed. Estimated costs can also provide the basis for work order 
approval. For example, any work with an estimated cost greater that a certain amount 
must be approved before work can begin.  

• Actual Costs - Actual costs are generated as maintenance work is executed and 
completed.  Material, labor, and equipment charges are collected, defined, charged to 
the appropriate valuation accounts. These costs can be rolled up base on Asset Parent / 
Child Hierarchies. Collected cost information enables managers to make informed 
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decisions about maintenance trends, an asset’s operational cost, and replacement 
strategies. Cost variance analysis (estimated vs. actual) provides an insight into the 
actual work performance vs. planned. 

• Cost and Work History - In addition to maintenance costs, work history is also 
captured and retained. Users can reference completed work in order to review 
operations, resources and costs. This information is helpful in understanding the scope 
of the work and the process by which it was completed. It also helps manages make 
better-informed decisions about future maintenance work.  

• Work Order Cost Billing And Capitalization - bill internal and external customers for 
costs incurred and charged to a work order.  

• Maintenance Intelligence - provides key performance indicators for management to 
evaluate its maintenance costs and operations over time. Comparative analysis is 
available. 

• Budgeting and Forecasting – generation of cost forecasts based on PM schedules 
and/or historical work order costs. Generated costs are bucketed into financial periods. 
These costs can be aggregated by accounts or work orders.  

The most popular ERP software tools available in the market are: 

- SAP Service and Asset Management 
- IBM Maximo Asset Management 
- Oracle Enterprise Asset Management 
- Infor Enterprise Asset Management 

6.5.2 GIS 

Geographical Information Systems (GIS) are computer-based systems for the capture, storage, 
manipulation, display, and analysis of geographic information. The multiple functionality afforded 
by GIS distinguishes it from older technologies. The integration of multiple functionality within one 
rather seamless environment dispenses users from mastering a collection of disparate and 
specialised technologies. As it turns out, this aspect is often held by organisations as one of the 
decisive criteria in their decision to adopt GIS technology because of its efficiency benefits. (Guler 
at 2004). 

The functional complexity of GIS is what makes it a system different from any other. Without geo-
visualisation capability, the GIS are merely a database management engine endowed with some 
power to extract meaningful relationship between data entities. Without analytical capability, GIS 
would be reduced to an automated mapping application. Without database management features, 
GIS would be unable to capture spatial and topological relationships between geo-referenced 
entities if these relationships were not pre-defined. Information is all about a geographic description 
of the surface of the Earth in a GIS. Each data record is a geographic event in the sense that it is tied 
to a unique location defined in a given referencing framework (global, national or local datum). 
With the spatial referencing of objects, topology of the data can be defined, which in turn enables a 
host of spatial query operations of objects and set of objects. 

Inventory and condition assessment is among the important elements of modern asset management. 
Management some types of  infrastructure assets can be very difficult. This task can be more 
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manageable by the use of a geographical information system (GIS) for defining georeferenced 
locations, storing attribute data, and displaying data on maps. Nevertheless GIS on its own is not 
sufficient to provide all the tools and support necessary to create an effective asset management 
system. Additional software tools need to be integrated to create an effective system. GIS can be 
used to determine the location of an event or asset and its relationship or proximity to another event 
or asset, which may be the critical factor leading to a decision about design, construction, or 
maintenance of any asset. 

Modern GIS technologies use digital information, for which various digitized data creation methods 
are used. The most common method of data creation is digitization, where a hard copy map or 
survey plan is transferred into a digital medium through the use of a computer-aided design (CAD) 
program, and geo-referencing capabilities. With the wide availability of ortho-rectified imagery 
(both from satellite and aerial sources), heads-up digitizing is becoming the main avenue through 
which geographic data is extracted. Heads-up digitizing involves the tracing of geographic data 
directly on top of the aerial imagery instead of by the traditional method of tracing the geographic 
form on a separate digitizing tablet (heads-down digitizing). 

6.5.3 Asset tracking software 

Asset tracking refers to tracking the movement of physical assets. Either by scanning barcode tags 
attached to the assets or using smart tags, like RFID tags, which broadcast their location.  

There are different software products. Some of them deal only with asset tracking without more 
complex management.  

6.5.4 Asset management software 

CMMS (Computerized Maintenance Management System) and EAM (Enterprise Asset 
Management) are two popular tools specially designed for asset management, including tracking 
and maintenance. The table below summarises features and functions of CMMS and EAM [(Strub 
and Jakovljevic, 2004].  

Typically Found In 
Functions and features 

CMMS EAM 

Database structure and hierarchy �  �  

Repair parts availability �  �  

Manpower resource availability �  �  

Purchase requisition �  �  

Preventive maintenance scheduling �  �  

Cost accumulation and tracking �  �  

Inception recording and tracking �  �  

Standard and exception reporting �  �  
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Whole life asset care  �  

Maintenance administration  �  

Predictive maintenance analysis  �  

Maintenance alternatives analysis  �  

Physical asset risk management  �  

Reliability-centered maintenance (RCM)  �  

Root cause analysis  �  

Financial cost/life analysis  �  

Technical document change management  �  

Strategic usage analysis  �  

Strategic planning for asset management  �  

Table 2. CMMS/EAM features and functions 

Reliability-centered maintenance (RCM) is critical differentiator between a CMMS and EAM 
software. RCM is a process for defining a cost-effective schedule for each asset necessary to 
maintain reliable performance. In order to establish this schedule, reasonable expectations of 
performance, limitations, and priorities must be established for the physical asset. Instead of 
focusing on preventing an asset from failing, RCM concentrates on ensuring on its continued 
reliability. It shifts the maintenance paradigm from one of prevention to one of prediction so that 
appropriate action can be taken early on. 
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Figure 44. Asset management functionality 

 

Some other products available in the market are: 

• Avantis Enterprise Asset Management. It includes the following functionalities: i) entity 
management, ii) work management, iii) preventive maintenance, iii) reliability analysis, iv) 
MRO (Maintenance, Repair and Overhaul) inventory and v) procurement. 

• eRPortal Asset and Maintenance Management. It includes the following functionalities: i) 
asset tracking, ii) preventive maintenance, iii) maintenance management and iv)reporting 
and analysis. 

• QAD Enterprise Asset Management. It includes the following functionalities: i) project 
accounting and control, ii) plant maintenance, iii) MRO inventory and iv) MRO purchasing. 

• Lawson M3 Enterprise Asset Management. It includes the following functionalities: i) 
maintenance management, ii) diagnostic maintenance, iii) equipment and component 
control, iv) maintenance performance and costing, v) maintenance planning board, vi) 
mobility for maintenance, vii) preventive maintenance and  viii) work order processing.  

6.6 State of asset management in railway 

6.6.1 Spanish railway 

The Spanish railway infrastructure is owned and managed by the public company ADIF 
(Administrador de Infraestructuras Ferroviarias).  Traditionally the data warehouse was developed 
in DB2. Different software tools (more than 40) which weren’t very much coordinated were 
developed to manage different issues. Some information was repeated and the system was prone to 
errors. 
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In order to solve such lack of communication and to manage the infrastructure in a more efficient 
and cost-effective way, ADIF is evolving towards a new data warehouse developed in Oracle. This 
data base is managed by a new platform via web. Such platform (which is referred as a Business 
Information tool) handles all communications, data transmission and data analysis. It integrates 
different software tools including: 

• An ERP tool (SAP) to deal with human resources and economic and financial issues; 

• A GIS tool  (Smallworld developed by General Electric Energy) to manage all the elements 
in the infrastructure (17.932 Km of conventional rail network, 2.200 Km of high speed 
lines, 12.000 km of optical fibre network, 5.700 stations, communication equipment, etc) 

• Several software tools to perform different computations and tasks.  

6.6.2 German railway 

The German infrastructure is owned and managed by the public company Deutsche Bahn. As in the 
Spanish case, a platform has been developed to manage the data warehouse (Oracle) and all the 
communications and analysis tools. This Platform is managed via web. It was developed by MIS. It 
integrate several software tools including a GIS tool (Smallworld developed by General Electric 
Energy) and applications for controlling and reporting (MIS Excel Integration) or data analysis 
(MIS Deltaminer) 

6.6.3 Bulgarian railway 

The Bulgarian Infrastructure is managed by the National Railway Infrastructure Company (NRIC). 
The asset management procedure is on the process to change. In April 2011, it was announce the 
implementation of a GIS to manage the Bulgarian infrastructure (6.937 Km of rail lines, 186 tunnels 
and 1.018 bridges). 

 

Figure 45. Asset Lifecycle 
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7 Conclusions: best practices and applicability 

 

This section summarised most important developments in maintenance operations performed in 
fields such as aircrafts, industry, roads and electric energy systems, than can be useful for the 
development of the ACEM-Rail project. 

The ACEM-Rail project relies on the following important R&D blocks: 

• Inspection techniques (which are the subject of WP2 ‘Technologies and processes for the 
analysis of infrastructure condition’ ) 

• Optimization and planning of maintenance tasks (which is the subject of WP3 ‘Maintenance 
planning’) 

• Organization of the maintenance tasks (which is the subject of WP4 ‘Execution and 
monitoring of preventive maintenance’ and WP5 ‘Execution and monitoring of corrective 
maintenance’) 

• Asset management (which is the subject of WP6 ‘Infrastructure subsystem management’)  

The four blocks above have been analysed in the maintenance operations performed in mentioned 
fields (aircrafts, industry, roads and electric energy systems). Sections below gather best practises 
and applicability in track maintenance. 

7.1 Inspection techniques 

Previous sections have focuses in different inspection techniques used in several fields. Many 
inspection techniques are based on physic principles and specialised equipment has been developed 
in order to meet the inspection requirements of specific fields. 

The ACEM-Rail project will develop inspection techniques that will be integrated in an automated 
maintenance system. Therefore, inspection techniques of applicability on other fields that can be of 
interest for the ACEM-Rail project are those suitable to be automated and that can be run at an 
appropriate speed. As a consequence, manual techniques, slow techniques (running at too low 
speed) or dangerous techniques presented in previous sections are not the scope of the ACEM-Rail 
project.  

Regarding visual inspections and although these techniques are man-driven and not suitable to be 
automated, the ACEM-Rail project will establish a procedure so that  operators in field (performing 
maintenance operations) can  send inputs regarding infrastructure condition to the comprehensive 
data base that will be developed in the project. Such man-recovered information will be used to 
complement automatic received information on infrastructure condition. Therefore, it will be an 
input for predictive tools and for the optimization of maintenance operations as other automatically 
gathered measurements.   
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Examples of techniques described in previous sections that are out of the scope of this project are 
magnetic particles, penetrants, radiography or tap testing. All of them can only be applied by trained 
and qualified staff.  

With respect to inspection techniques that are used in road maintenance like profilograph and 
falling weight deflectometre, they will not be applied in the ACEM-Rail because the speed of 
inspection is slow, and therefore, not suitable to be embarked on trains.  

On the other hand, laser scanner profilometers are similar to the optical instruments embarked in 
ACEM-Rail project. Ground Penetranting Radar (GPR) is difficult to embark in a trains. It is out of 
the ACEM-Rail project. Nevertheless GPR techniques applied to the rail system are under research 
in another FP7 project: the SAFE- RAIL project. 

Inspection of electrical variables and temperature in electric energy system is also out of the scope 
of this project. On the other hand the use of ultraviolet rays applied in electricity lines to prevent 
corona discharge effect could be used for catenary inspection in alternate current networks. 

Other inspection techniques, presented in previous sections, that are being developed, or in the 
process of being applied, to railway inspection in an automated way but still without a 
comprehensive data analysis are: ultrasonic, eddy current and laser scanner. These techniques will 
be analysed and developed within the ACEM-Rail project with the goal of including data analysis 
in the automated maintenance system to be developed in this project.  

Vibration and thermography techniques are, so far, not applied in railway maintenance but their 
actual state of art and their recent history of development will made it possible its application in 
near future. These techniques are being analysed in ACEM-Rail project with the goal of 
implementing them for track inspection in an automatic maintenance system. Those techniques are 
being use already in locomotive with electric or diesel traction, engine and rolling stock. 

As explained above, holography and shearography are two techniques suitable to locate and 
evaluate cracks, disbands, voids, delamination, inhomogeneity and residual stresses in materials that 
used a laser light. Research and development in these techniques is still in progress. There are 
several commercial devices for applications to analyse compound materials. Actually there are no 
applications of these techniques for rail track inspection. Nevertheless, it could be a promising 
technique in rail system if research was invested. Unfortunately, it is out of the scope of the ACEM-
Rail project because the consortium lacks from expertise on these techniques.   

One of the outstanding characteristic of the ACEM-Rail project is that it will analyse, develop and 
apply different inspection techniques to evaluate track condition and to estimate defect evolution in 
an automated system. As different techniques will be used, some of them will detect the same 
defects while others will find out distinct failures. Furthermore, some faults may be encounter as the 
result of the data crossing from different inspection techniques. 

7.2 Anomaly detection 

Once inspection techniques are applied to analyse the state of the infrastructure or target (the track 
in the case of this project), comprehensive post-processing is required in order to analyse and 
interpret the results. Such post-processing and analysis is not an easy task. It is costly and time 
consuming. 
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In previous sections, several methods and techniques for data analysis and postprocessing in 
industrial and electric energy systems maintenance have been presented. 

Vibration analysis needs a complicated post-processing in order to interpret results and determine 
the actual condition of a specific machine. For each machine and for each vibration mode of a 
certain machine, a data base with initial state and reference data is developed. This data base is 
compared with data sheet and a trending and projected time to failure is estimated. At a later stage, 
measurement data are compared with trending data and the state of the machine is determined. 

In Section 5 (electric energy systems,) two methods for data analysis have been introduced above: 
pattern recognition and features extraction. The purpose of these methods is the same as that 
mentioned for vibration analysis: to establish a normal status and to search for signals of defect 
evolution in order to establish a trending and projected failure. In electrical energy systems, these 
methods are not based in behaviour models but in mathematical algorithms. 

ACEM Rail project will develop an automated anomaly detection system based in behaviour 
models of failures or defect evolution of rail track, similar to those used in industrial vibration 
analysis. Mathematical modelling may also be applied. 

7.3 Optimization, organization and planning 

The fields that present common characteristics regarding the optimization, organization and 
planning of the business with respect to the railway system are the Road system and the 
transmission and distribution network in electrical energy system. All of them are large scale 
system and geographically distributed. Location is an important data in order to optimise, plan and 
organise maintenance operations. 

With respect to optimization and planning of maintenance operations, the ACEM Rail will make 
use of advance optimization techniques. The optimization problem to be solved will include issues 
such as cost of maintenance operations, track possession, impact on railway service, safety, 
reliability, available resources, etc.  It will be based on two important legs: 

• The tactical planning that will deal with an appropriate selection of warnings (as a 
consequence of the inspection and evaluation of track condition) and the allocation to time 
slots (taking into account resources and rail services). 

• The operational planning which will deal with the scheduling of resources to meet defined 
maintenance tasks and the dynamic re-planning due to unknown tasks 

With respect to the organization of maintenance task, the ACEM Rail project will make use of 
mobile tools to help operator on field.  

7.4 Asset management 

With respect to asset management, the ACEM Rail project will develop a comprehensive tool to 
manage all the elements relevant for track maintenance. The project will make use of available tools 
in the market and will enhance them in order to meet all the requirements of the project.  
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ANNEX A −−−− Glossary of non-destructive testing techniques 

 
Nondestructive testing (NDT), also known as Nondestructive inspection (NDI) and Nondestructive 
evaluation (NDE) are techniques that can be classified into various methods of nondestructive 
testing, each based on a specific scientific principle. These methods are deployed into various 
techniques. Not all techniques have proved to be valid for all industrial applications. 
 
Along this document some terminology related to non-destructive techniques (NDT) for testing 
items and systems of the railway infrastructure appear. The purpose of this appendix is to provide a 
brief description of the NDT, which can also be easily found in many texts and database (Moore 
and Udpa, 2008). 
 

• Acoustic emission testing (AE or AT). Acoustical analysis can be done on a sonic or 
ultrasonic level. Ultrasonic techniques make possible to predict deterioration earlier than 
conventional techniques. AEs are commonly defined as transient elastic waves within a 
material caused by the release of localized stress energy. Hence, an event source is the 
phenomenon which releases elastic energy into the material, which then propagates as an 
elastic wave. Acoustic emissions can be detected in frequency ranges under 1 kHz, and 
have been reported at frequencies up to 100 MHz. Rapid stress-releasing events generate 
a spectrum of stress waves starting at 0 Hz and typically falling off at several MHz. Sonic 
monitoring equipment is less expensive, but it also has fewer uses than ultrasonic 
technologies. Sonic technology is useful only on mechanical equipment, while ultrasonic 
equipment can detect electrical problems and is more flexible and reliable in detecting 
mechanical problems. 

o Ultrasonic testing (UT), very short ultrasonic pulse-waves with center 
frequencies ranging from 0.1-15 MHz and occasionally up to 50 MHz are 
launched into materials to detect internal flaws or to characterize materials.  

o Electro Magnetic Acoustic Transducer (EMAT) (non-contact), is a non-contact 
inspection device that generates an ultrasonic pulse in the part or sample 
inspected, instead of the transducer. The waves reflected by the sample induce a 
varying electric current in the receiver (which can be the same EMAT used to 
generate the ultrasound, or a separate receiver). This current signal is interpreted 
by software to provide clues about the internal structure of the sample. 

o Laser ultrasonics (LUT). The generation lasers are short pulse (from tens of 
nanoseconds to femtoseconds) and high peak power lasers. The physical 
principle is of thermal expansion or ablation. In the thermoelastic regime the 
ultrasound is generated by the sudden thermal expansion due to the heating of a 
tiny surface of the material by the laser pulse. If the laser power is sufficient to 
heat the surface above the material boiling point, some material is evaporated 
(typically some nanometres) and ultrasound is generated by the recoil effect of 
the expanding material evaporated. In the ablation regime, a plasma is often 
formed above the material surface and its expansion can make a substantial 
contribution to the ultrasonic generation. consequently the emissivity patterns 
and modal content are different for the two different mechanisms. 
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o Time of flight diffraction ultrasonics (TOFD) is a very sensitive and accurate 
method for nondestructive testing of welds for defects. TOFD is a computerised 
system that was invented in the UK in the 1970s for the nuclear industry by Dr. 
Maurice Silk. The use of TOFD enabled crack sizes to be measured more 
accurately, so that expensive components could be kept in operation as long as 
possible with minimal risk of failure. 

• Electromagnetic testing (ET). In this technique electric currents or magnetic fields or both 
are induced inside a test object and observing the electromagnetic response. If the test is 
set up properly, a defect inside the test object creates a measurable response. 

o Alternating current field measurement (ACFM) is an electromagnetic technique 
for detection and sizing of surface breaking cracks. It works on all metals and, 
not requiring direct, electrical contact, works through coatings. 

o Eddy-current testing (ECT). It uses electromagnetic induction to detect flaws in 
conductive materials. It is a technique valid for conductive materials, the surface 
of the material must be accessible, It has some disadvantages as the finish of the 
material affects the accuracy, the depth of penetration into the material is limited, 
and flaws that lie parallel to the probe may be undetectable. The principle is a 
circular coil carrying current placed in proximity to the test specimen 
(electrically conductive).The alternating current in the coil generates changing 
magnetic field which interacts with test specimen and generates eddy current. 
Variations in the phase and magnitude of these eddy currents can be monitored 
using a second 'search' coil, or by measuring changes to the current flowing in 
the primary 'excitation' coil. Variations in the electrical conductivity or magnetic 
permeability of the test object, or the presence of any flaws, will cause a change 
in eddy current and a corresponding change in the phase and amplitude of the 
measured current.  

o Pulsed eddy-current. In this technique the classical sinusoidal current mode is 
substituted by a transit signal such as a pulsed current. In fact, the pulsed 
character of the electric excitation allows a high peak value of the density of 
eddy currents in the material; also the broadband signal contains optimized 
frequencies to probe the sample over a more extended depth.  

• Guided Wave testing (GWT) employs mechanical stress waves that propagate along an 
elongated structure while guided by its boundaries. This allows the waves to travel a long 
distance with little loss in energy. This technique is also known as Guided Wave 
Ultrasonic Testing (GWUT) or Long Range Ultrasonic Testing (LRUT), though it is very 
different to conventional ultrasonic techniques.  

• Infrared and thermal testing (IR). Infrared monitoring and analysis has the widest range 
of application (from high- to low-speed equipment), and it can be effective for spotting 
both mechanical and electrical failures; some consider it to currently be the most cost-
effective technology. IR is a technique that can detect internal voids, delaminations, and 
cracks in concrete structures such as bridge, decks, and other civil constructions. The 
infrared thermographic scanning system can measure and view temperature patterns based 
upon temperature differences as small as a few hundredths of a degree Celsius. It may be 
performed during day or night, depending on environmental conditions and the desired 
results. All objects emit electromagnetic radiation of a wavelength dependent on the 
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object’s temperature. The frequency of the radiation is inversely proportional to the 
temperature. In infrared thermography, the radiation is detected and measured with 
infrared imagers (radiometers). The imagers contain an infrared detector that converts the 
emitting radiation into electrical signals that are displayed on a color or black & white 
computer display monitor. A typical application for regularly available IR Thermographic 
equipment is looking for “hot spots”. There are many other terms widely used all 
referring to infrared thermography: a)  Video Thermography and Thermal Imaging draw 
attention to the fact that a sequence of images is acquired and is possible to see it as a 
movie; b)  Pulse-Echo Thermography and Thermal Wave Imaging are adopted to 
emphasize the wave nature of heat; c) Pulsed Video Thermography; d) Transient 
Thermography; e) Flash Thermography.  

• Laser testing  

o Profilometer is a measuring instrument used to measure a surface's profile, in 
order to quantify its roughness. Vertical resolution is usually in the nanometre 
level, though lateral resolution is usually poorer. An optical profilometer is a 
non-contact method for providing much of the same information as a stylus 
based profilometer. There are many different techniques which are currently 
being employed, such as laser triangulation, and confocal microscopy. The Fiber-
based optical profilometer version scans surfaces with optical probes which send 
light interference signals back to the profilometer detector via an optical fiber. 
Fiber-based probes can be physically located hundreds of meters away from the 
detector enclosure, without signal degradation. Profilometry is a technique long 
used in road pavement monitoring AASHO Road Test). It uses a distance 
measuring laser (suspended approximately 30 cm from the pavement) in 
combination with an odometer and an inertial unit (normally an accelerometer to 
detect vehicle movement in the vertical plane) that establishes a moving 
reference plane to which the laser distances are integrated. The inertial 
compensation makes the profile data more or less independent of what speed the 
profilometer vehicle had during the measurements, with the assumption that the 
vehicle does not make large speed variations and the speed is kept above 25 km/h 
or 15 mph. The profilometer system collects data at normal highway speeds, 
sampling the surface elevations at intervals of 2–15 cm (1–6 in), and requires a 
high speed data acquisition system capable of obtaining measurements in the 
kilohertz range. Many road profilers are also measuring the pavements cross 
slope, curvature, longitudinal gradient and rutting. Some profilers take digital 
photos or videos while profiling the road. Most profilers also record the position, 
using GPS technology.  

• Vibration analysis (VA) is one of the most productive on dynamic equipment and can be 
the most expensive component of an inspection  program. Vibration analysis, when 
properly done, allows the user to evaluate the condition of equipment and avoid failures. 
The latest generation of vibration analyzers comprises more capabilities and automated 
functions than its predecessors. Many units display the full vibration spectrum of three 
axes simultaneously, providing a snapshot of what is going on with a particular machine. 
But despite such capabilities, not even the most sophisticated equipment successfully 
predicts developing problems unless the operator understands and applies the basics of 
vibration analysis. 
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• In-situ Visual inspection (IVT) and Remote Visual inspection (RVI). The IVT  is a 
common method of quality control, data acquisition, and data analysis. Visual Inspection, 
used in maintenance of facilities, mean inspection of equipment and structures using 
either or all of human senses such as vision, hearing, touch and smell. Visual Inspection 
typically means inspection using raw human senses and/or any non-specialized inspection 
equipment. Inspections requiring Ultrasonic, X-Ray equipment, Infra-red, etc are not 
typically considered as Visual Inspection as these Inspection methodologies require 
specialized equipment and training. The RVI refers to a specialty branch of visual 
inspection when the operator do not enter the inspection area and takes help from visual 
remote cameras, such as video fiberscopes, Pan-Tilt-Zoom cameras and others.  
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ANNEX B −−−− Acronyms 

 
 
ACFM   Alternating Current Field Measurement  
ADABAS Adaptable Data Base System 
ADIF Administrador de Infraestructuras Ferroviarias (Spanish Administrator of 

Railway Infrastructures) 
AE or AT Acoustic emission testing 
AIS Accident Information System 
ATC Air Traffic Control 
BI Business Information 
BMS Bridge Management System 
CAD Computer aided design 
CCD Charge Coupled Device 
CDS Coordinated Data System 
CIS Customer Information System 
CMMS Computer-Based Maintenance Management System 
ComC Communication Centre 
COQ Cost of quality 
COR Cost of reliability 
CRT Cathode Ray Tube 
DIM Diagnostic Maintenance 
DOS Dedicated Observer Schemes 
DUOM Driving Units of Measure 
EAM Enterprise Asset Management 
ECT Eddy-current testing 
EDM Energy Data Management 
EMAT Electro Magnetic Acoustic Transducer 
EMS Environment Management System 
ERA European Research Area 
ERP Enterprise resource planning 
ERRAC European Rail Research Advisory Council 
ESPI Electronic Speckle Pattern Interferometry 
ET Electromagnetic testing 
FFT Fast Fourier Transform 
FHWA Federal Highway Administrator 
FOD Foreign Object Damage 
FWD Falling Weight Deflectometer 
GAMS Grid Asset Management Suite 
GIS Geographic Information System 
GOS Generalized Observer Schemes 
GPR Ground-Penetrating Radar 
GPS Global Positioning System 
GWT Guide Wave testing 
HAS Highwat nalysis System 
HWD Heavy Weight Deflectometer 
IA Inspection Authorization 
ICAO International Civil Aviation Organization 
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IFR Instrument Flight Rules 
II Incoming inspection 
IQL Information Quality Level 
IR Infrared and thermal testing 
IRI International Roughness Index 
IVT In-situ Visual Inspection 
KPI Key Performance Indicator 
LCC Life cycle cost 
Life-cycle costs include the sum of all expenditures of a specified asset throughout its 

economical life. They include all costs associated to the initial 
construction, and all expenditures invested until the replacement or 
removal (i.e. maintenances, disposal, recycle). 

LUT Laser ultrasonics 
MFL  Magnetic Flux Leakage 
MPM  Maintenance Planning Models 
MRO Maintenance, Repair and Overhaul 
MTBF Measure Mean Time Between Failure 
MTTR Mean Time To Repair 
NDE Non-Destructive Evaluation 
NDT Non-Destructive Technique 
NMR Nuclear Magnetic Resonance 
NRIC National Railway Infrastructure Company 
OpSpecs  Operations Specifications 
PCA Principal components Analysis 
PM Preventive Maintenance 
POH Pilot’s Operating Handbook 
PMS Pavement Management System 
Possession When a section of the track is required for some activities. When these 

activities correspond to maintenance, the common meaning is possession 
for maintenance or just possession. The term possession for service 
indicates the track is utilized by train services.  

Possession of the 
infrastructure 

privative use of the infrastructure 

Possession for 
maintenance 

privative use of the infrastructure for maintenance operations. 

QTA Qualitative Trend Analysis 
RAMS  Reliability, Availability, Maintainability, Safety 
RCA Root Cause Analysis 
RCF Rolling Contact Fatigue/Rail Contact Fatigue 
RCM Reliability Centered Maintenance 
RFID Radio Frequency Identification 
Right-of-way (RoW) The use of a section of the track for some activities. It is a synonymous of 

possession.  
RIME Ranking Index for Maintenance Expenditures 
RMMS Routine Maintenance Management System 
RMS Road Management System 
ROI Return on investment 
RTU Remote Terminal Unit 
SCADA Supervisory control and data acquisition 
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SME small to medium-sized enterprises 
SOA Service-oriented architecture 
SOPs Standard operating procedures 
TMS Traffic Monitoring System 
TOFD Time of flight diffraction ultrasonics 
UIO Unknown Input Observer 
UT Ultrasonic testing 
VA Vibration Analysis 
WMS Workflow Management System 
WOP Work Order Processing 
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