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Introduction
MRail is a system that measures vertical track deflection. The purpose of this Dossier is to explain
what vertical track deflection is, and why it is so important for safe train operation and reducing track
maintenance costs.

5.7 Strengthening of Track: Bad and yielding formations are a cause for track geometry
being vitiated creating a safety risk as well as enormously adding to the permanent way
maintenance cost.
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MRail
Executive Summary: Measurement of vertical track deflection or track structure stiffness
caused by loaded axles and wheels is of significant interest to Civil Engineers as a major factor
in determining the safety of the track structure. Analytical track measurements have been
made over the years, but there has never been a convenient and economical method to
measure track deflection until the development of MRail.
Instead of approximate mathematical modeling, and the laborious and slow method of
measuring track stiffness/deflection with surveyor’s transits and loaded axles sitting statically
on the rail, MRail accurately measures vertical track deflection at speeds of 100 kilometers per
hour. MRail is the first, and only, system that can perform this task at high speed.
Knowing the deflection of the total track structure is a critical tool in creating the safest railway
track possible which is of primary fundamental interest to Railways. Knowing track deflection
not only locates areas that need formation maintenance attention, but it also provides for the
more efficient use of track machines and track occupancy time. Currently, on all railways that
do not have track formation deflection data, a significant amount of track maintenance is being
performed that is not needed, and also, track maintenance is not being conducted where it is
needed. MRail solves this problem.
How MRail Works: MRail is a patented and unique system which is simple in principle and
operation. It can be installed on a standard loaded hopper wagon, and it can operate
unattended in a regularly scheduled train, or it can work on a manned track geometry car, or in
a track geometry measurement train.
MRail is not intended to replace the existing track geometry and accelerometer-based systems
that Railways are already using. MRail is complementary to these existing systems, by
providing track deflection data.
The easiest way to understand the principle of MRail vertical track deflection measurement is
to consider the following example. Assume that Figure 1 is the profile of the top surface of a
rail from point A to point B, and that this section of rail is not loaded by any axles or wheels.
B

A

Figure 1
Railways have no method to measure this profile (red line) unless it is done statically with a
surveyor’s transit and level.

Now assume that the green line below is the loaded profile of the same track or rail from the
same point A to point B. Railways do have methods to measure this loaded profile which is
also known as the space curve from point A to point B.
A
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Figure 2
Now what we would like to know is: How far vertically did the track move from the unloaded
red line profile to the loaded green line profile or space curve? Railways cannot calculate the
vertical movements of the track because:
1. Railways have no practical method to measure and record the unloaded red profile.
2. Railways have no method to establish the distance between the red unloaded space
curve and the loaded green space curve. See Figure 3.

A

Length of blue arrow anywhere along the
track is unknown.

B

Figure 3
But because MRail measures the unloaded space curve and the loaded space curve on the
same vehicle it can determine the vertical distance or vertical deflection between the red
unloaded zero load space curve and the green loaded space curve. See Figure 4.
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Figure 4
MRail can determine and record the length of all the blue arrows in Figure 4 at 100 kph.
Figure 5 is a photograph shot along the rail with a loaded hopper wagon on the track. Figure 5
helps to explain how MRail can measure the blue arrows:

Loaded Rail

Unloaded Rail

Figure 5
The most important point about Figure 5 is that the unloaded rail and the loaded rail can be
seen and measured on the same car.
The principle of measurement can be seen diagrammatically in Figure 6.
6

Point A

Distance “D”
Measured by Laser

Figure 6
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Because we know very accurately the Distance “D” in Figure 6, and because we know the
geometry and dimensions of the bogie and the red cantilever beam, we know the deflection of
the rail which is named Yrel in Figure 6.
Figure 7 shows with an actual picture of the working system. Note that the cantilever beam in
the diagram of Figure 6 is also colored red in the picture of Figure 7.

Cantilever Beam Attached
to Bogie Side Frame

Figure 7
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Next it is important to note that in Figure 6 at the point along the track where the Yrel
dimension is shown and measured is labeled “Point A.” In Figure 6 we are assuming that the
deflected track position is the same as at the wheel labeled Axle 3. Based on our experience
with MRail this turns out to be a fairly good assumption, but of course it is not theoretically
correct. The space curve elevation at Point A is not necessarily the same as the space curve
at Axle 3. If there is a track geometry system in use along the same track we can correct for
this error, and make the deflection theoretically correct. This calculation is designated “end of
chord offset,” and this geometry is shown in Figure 8.

Figure 8
The brown colored space curve is recorded by a standard existing track geometry system. It is
the loaded rail profile or loaded space curve. Therefore the true and most accurate track
deflection is actually:
Deflection = Yrel – ECO
We make this correction automatically through software by superimposing the space curve,
recorded by a separate system, onto the Yrel data to calculate the true deflection at any point
along the track. Since this is all done by software it is only a slight complication, and it makes
the data more exact. MRail has been used successfully without this End of Chord Offset, but it
is better to use the ECO (End of Chord Offset) if the data is available.
Operating Methods: MRail can operate in train formation, and be completely unattended
during its measurement transits. In the unattended operation mode all data is stored in an
onboard computer, and this data is transmitted to the home station by cell phone network. If
the wagon is out of range of a cell phone network, the data is stored and transmitted when the
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wagon is next in a cell phone signal area. The data transmitted includes the track deflection
measurements and the location of these measurements by GPS. The system is powered by
batteries which are charged by solar panels mounted on the top of the wagon. See Figure 9
for the in train unattended mode of operation.

Unattended In-Train Wagon

Figure 9
M Rail can also operate in an attended configuration. Figure 10 shows the Federal Railway
Administration of the USA Track Geometry Car working with the MRail Wagon. Also, MRail
can be installed directly on to the Track Geometry Wagon which is the plan for the Federal
Railway Administration. MRail can also be installed on a self-powered heavy axle load utility
vehicle.

FRA Track Geometry Car

MRail Car
Figure 10
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Track Structure and MRail: The track structure is usually made up of subgrade, compacted
subgrade, sub ballast, ballast, sleeper, sleeper pad, and the rail. To fully understand the use
of MRail each of these track structure components can be considered as a spring as shown in
Figure 11.

Figure 11

Consider that each component of the track structure is a spring with varying stiffness that is
nonlinear, but they all work together to support the train. Also, consider that the rail is a
continuous beam supported by these springs as shown in Figure 12. MRail measures at a
high speed the “condition” of these springs. If there is a problem with excessive vertical
deflection of these imaginary springs, Mrail will find it. With the data gained from MRail,
markers are set so that there are places indicated to look at over a significant distance of track.
For example, MRail might find 10 locations over 100 kilometers where there are alarming
amounts of vertical track deflections. These 10 locations will then be investigated by the local
people responsible for those 100 kilometers of track. Investigating large deflections are a most
important factor in preventing derailments with injuries, deaths, and property damage. It has
also been found that track locations with large vertical deflections are also locations of weak
lateral resistance for track buckling in hot weather. This is another reason to investigate large
deflection locations. Typically a vertical track deflection equal to or greater than 12mm should
be investigated, but Railways will need to set their own trigger points for investigation based on
some early recordings and experience with the MRail program.
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Figure 12
Additional Vertical Deflection Explanation: In reality, all of the springs supporting the
continuous elastic beam (the rail) in Figure 12 are different and vary along the track. As an
illustration, and to help understand MRail better, assume for a moment what would happen if
all of these springs are the same or uniform. Next assume that all of the springs supporting
Track A are very stiff nearly rigid springs, and assume that all of the springs supporting Track
B are weak soft springs. In this visualized example the defection curves will look like those
shown in Figure 13.
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Space Curve for Track A
Rail Bending
Curve Track B

Space Curve for Track B

Rail Bending
Curve Track A

Figure 13
Notice that the space curve for Track A is a straight line. Notice that the space curve for Track
B is also a straight line. Therefore, with a standard track geometry measurement system there
is no difference between a stiff track structure and a soft track structure. Simply put: They are
both straight lines.
Also look at the bent shape of the rails on Track A compared to Track B. Obviously Track B
will have a higher rail bending stress than Track A. This shows another reason why MRail is
so important, and that it can help explain why rail breaks sometimes for no apparent reason. If
the track structure is soft the rail is subjected to higher bending stress.
The main point is that this is another method to understand that only MRail can determine
vertical track deflection.
Examples of MRail Detected Problems: It is important to understand that when MRail
detects an excessive deflection that a program is in place to communicate the defect and
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location to the local track authority so that they may inspect the track for a dangerous
condition. When inspecting the track for an excessive deflection condition it is also important
that the person doing the inspection understands that he or she, may, or may not, see the
reason for the excessive deflection. If the reason for the excessive deflection is not obvious
then further investigation will be needed to analyze the ballast and subgrade for unfavorable
conditions.
The following examples are excessive deflection defects found that had obvious causes. In all
of these cases the standard track geometry measurement systems and the standard
accelerometer systems did not find these defects.

Figure 14
Figure 14 shows a long section of broken concrete sleepers that were detected by MRail. The
number of broken sleepers was so high that this defect did not show up as an excessive
acceleration or as a significant dip in the standard space curve. However, MRail did detect
these sleepers as an excessive deflection. The MRail defection curves for this case are shown
in Figure 15.
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Notice the large deflection on the South rail.

Figure 15
Figure 15 also shows another case of finding broken sleepers with MRail. There were no high
accelerations in this area, but a large deflection was detected by MRail.
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Figure 16
Figure 16 is a mud spot detected by MRail. Again, in this case, there were no alarming
accelerations, but MRail detected an excessive vertical track deflection.

Figure 17
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Figure 17 is a different from the previous cases. This low joint did not show an excessive
deflection, but obviously from the picture the joint is low. This means that the ballast and
subgrade formation supporting this joint is satisfactory. From this it is concluded that if this
joint is raised it will stay in position because it has a sound foundation supporting it. This is
most likely a low joint that can be raised with confidence that it will stay corrected.
Trending: One of the most beneficial uses of MRail is for following trends. If a spot along the
track has a vertical deflection on the borderline of being excessive, MRail can be used to
check the same spot a few months later to see if the situation is getting worse. Figure 18
shows an example of trending analysis.
This data was taken in the USA so the dimensions are in miles and inches. Notice how the
trend in this case is alarming. From January to June the deflection at this location almost
doubled.

Figure 18
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Figure 19
Figure 19 shows a joint and the deflection trend over a 20 week period. Obviously this joint
and maybe the area under the adjacent sleepers have a foundation problem.
Track Maintenance Planning: Another important use of MRail is in the planning of track work.
Track Machines and especially track time are factors that are limited, and have to be
budgeted. MRail helps planners determine where and how these limited resources can best
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Average Yrel Over 200 ft

be used to improve safety. Figure 20 is an example of how MRail can be used to effectively
plan surfacing, ballast cleaning, track renewal, and subgrade work. The graphs show the
deflection difference between concrete and timber sleepers.

Track Miles
Figure 20
Performance of Tampers and Dynamic Track Stabilizers: With use of MRail before and
after tamping the effectiveness of Tampers and Dynamic Track Stabilizers can be measured.
Additionally comparison of the equivalence of Dynamic Track Stabilizers compared to ballast
settlement and compaction from train traffic can be measured. This is a new area of track
maintenance optimization that can be implemented with MRail. With the use of MRail the rules
for use of Tampers and Dynamic Track Stabilizers may be improved with a corresponding
improvement in safety.
Severe Deflection: In a case during the development of MRail, data from MRail could have
prevented a derailment as shown in Figure 21. Notice in Figure 21 that the vertical track
deflection in December was significant. By February the deflection exceeded safety limits and
was off the chart. A derailment occurred at this site in March. This data was taken during the
development of MRail, and MRail was not being used by the railway at that time in their normal
reporting system. After the derailment it was seen that MRail had shown a very alarming
condition, and as a result, MRail was implemented by this railroad as an important part of their
safety program. After the derailment the track structure was corrected, and by April the vertical
track deflection was normal.
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Ground Penetrating Radar: Ground Penetrating Radar is starting to be used on some
Figure 21
railways to analyze ballast and subgrade formation conditions. The disadvantage with Ground
Penetrating Radar is that it is slow, and that it creates tremendous amounts of data to be
analyzed. Using Ground Penetrating Radar with MRail is a good match. MRail can record
vertical track deflection at 100 KPH, and find the spots where Ground Penetrating Radar can
be used to analyze ballast and subgrade. A typical example would be that MRail could
measure 200 kilometers of track in two hours, and from this data there may be 10 spots to
check with Ground Penetrating Radar. In this way Ground Penetrating Radar can be used
more efficiency, and improve safety much more effectively. Figure 22 shows some MRail data
that pinpoints a location to use Ground Penetrating Radar.
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Figure 22

Summary of Benefits of MRail:
1. MRail finds areas of large vertical track deflections that lead to differential settlement.
Differential settlement leads to vertical dynamic action, harmonic roll, bounce, and poor ride.
2. MRail finds areas of large vertical track deflection that also have lower lateral support for
prevention of sun kinks.
3. MRail finds large vertical track deflections that put more bending stress on rail leading to rail
fractures especially at welds.
4. MRail finds areas of large vertical track deflection that put sleepers in high bending stress.
5. MRail vertical track deflection measurement finds:
a. Fouled ballast
b. Failed subgrade
c. Weak or missing sleepers
d. Collapsed culverts
6. There is evidence that areas of large vertical deflection cause increased fuel consumption.
21

7. MRail can be used to establish trends over time. Potential problems can be accurately
monitored.
8. MRail supports planning for:
a. Surfacing
b. Dynamic Track Stabilizing
c. Ballast Cleaning
d. Undercutting
e. Joint Maintenance
f. De-stressing
9. MRail reduces the cost of track maintenance because it can quantify the track formation
condition. From this information track maintenance planners can better decide where to
conduct track maintenance and where not to conduct track maintenance.
10. MRail can be used to pinpoint the areas for use of Ground Penetrating Radar.
11. MRail enhances the use of NUCARS dynamic modeling and simulations.
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