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ELASTOMERIC RAILWAY TIE PAD

the resulting transition impact may be transmitted along the

BACKGROUND OF THE INVENTION

the boundary. An additional problem With existing solutions

length of a train When each rail car in the train passes over

to reduce rail car vibrations in tunnels is that the soft

material used for cushioning Wears signi?cantly after

The present invention pertains to an elastomeric tie pad
for a railroad track.

repeated de?ections, either hardening to the point Where

When railcars travel over railroad track, they are often
subjected to an undesirable amount of vibration and periodic

vibration once again becomes problematical, or failing alto

impacts that tend to dislodge cargo, damage railroad ties and
railcar structures, such as Wheels, degrade railroad track,

What is desired, therefore, is an improved system for
reducing vibrations and/or periodic impacts encountered as

and/ or annoy passengers. Accordingly, much effort has been
expended to design railroad tracks in such a Way that

a railroad car travels over transitions betWeen open track and
structures such as bridges or tunnels.

minimiZes these vibrations and impacts.
Railroad track typically include tWo parallel metal rails

BRIEF DESCRIPTION OF THE DRAWINGS

gether.

mounted on a plurality of transverse railroad ties, typically
made of plastic, concrete, Wood, or a combination thereof.

FIG. 1 shoWs a section of a railroad track laid over a

The ties, in turn, are usually supported by ballast that
typically comprises rock or other similar material and is laid
over subgrade or other type of underlayment. In the case of

“open track”, the subgrade is simply the ground, While in the

20

case of track laid over a bridge, tunnel, or other structure, the

subgrade may be concrete, Wood, or other such material. In
addition, it is often desirable to include an impermeable

layer of subballast betWeen the ballast and the subgrade,

typically comprising compacted ?ne gravel.

25

Excessive rail car vibration can result from too little track
de?ection as a railcar moves over the track. Though metal

rails and concrete ties Will de?ect someWhat under the
Weight of a passing rail car, the amount of de?ection each
contributes to the total track de?ection needed for a smooth

30

ride is relatively insigni?cant. Of the materials that comprise
the railroad track (i.e., the rails, the ties, and the ballast),
most of the de?ection is provided by the ballast. Open
ground can also contribute a relatively signi?cant amount of
de?ection under the Weight of a passing rail car. The amount

bridge and an adjacent approach Where the track on the
bridge includes an elastomeric pad.
FIG. 2 shoWs the modulus provided by track laid over
various surfaces.
FIG. 3 shoWs a perspective vieW of the pad of FIG. 1.
FIG. 3A shoWs an exemplary stress-strain chart for pads
of various durometers.
FIG. 4 shoWs sections of several embodiments of the pad
of FIG. 1.
FIG. 5 shoWs the de?ection characteristics of each of the
pad embodiments shoWn in FIG. 3
DETAILED DESCRIPTION

In this speci?cation, unless otherwise speci?cally noted,
the term “railroad track” is intended to encompass a parallel
35

set of railsiusually but not necessarily metalialong With
the railroad ties, ballast, and any sub-ballast that support the

of open ground de?ection varies signi?cantly depending

rails. The term “modulus” or “elastomeric modulus” refers

upon the type of terrain.
The total de?ection of track laid over open ground is
usually su?icient to provide an adequately smooth ride. In

to the amount of linear pressure (i.e., pounds per inch of
track) required to de?ect a track by one inch. The unit
associated With the “elastomeric modulus” is pounds/inch/
inch. The term “underlayment” is intended to refer to the

instances Where this is not the case, such as Where the

40

ground is particularly rocky, additional ballast may be

material over Which ballast of a railroad track is laid Where

provided, or Wood ties may be used, Which de?ect more than

this material is open ground, the underlayment Will be

concrete ties.
Railroad track must often be laid over structures such as

referred to as “subgrade.” The term “approach” is intended
to refer to the section of railroad track positioned adjacent a
structure, such as a bridge or tunnel, and includes the
sub-ballast over Which the track is laid. The term “durom

tunnels, bridges, and the like that have signi?cantly less
de?ection than open ground. Further, tunnels often have

45

eter” used in reference to a material refers to the Shore A

insufficient clearance to include an appropriate amount of
ballast. Thus, a rail car that travels over or through such
structures Will be subjected to undesirable vibrations due to

the loss of the de?ection otherWise provided by the ballast
and/or the open ground.

hardness of that material.

As stated previously, an existing problem associated With
50

and impacts that result from the loss of de?ection of open
ground. The existing solution of placing a soft elastomeric

One prior art suggestion to reduce rail car vibrations in
tunnels, or further reduce rail car vibrations over open

ground, is to include soft elastomeric material beneath either
the rails or the ties. For example, Sonneville, US. Pat. No.
3,289,941 suggests that a sheath of gas-injected elastomeric

55

a rail car passing over the boundary Where the track sub

grade changes from de?ectable open ground of the approach

de?ection, even Where the tunnel does not permit ballast.

20 to less de?ectable underlayment of the structure 22.

One problem encountered With these solutions is that,
even Where the de?ection of the track on a structure such as 60

a tunnel or a bridge is su?icient to dampen vibrations, a rail
car traveling over a bridge or tunnel may nonetheless receive

Upon consideration of these problems, the present inven
tors ?rst realiZed that, although counterintuitive, vibration
dampening over a track laid on a manmade structure might

better be achieved With hard, or stilf, elastomeric pad
positioned beneath a railroad tie. The added de?ection

a signi?cant transition impact or shock. This transition

impact results not from the steady vibrations caused by
insufficient cushioning over the length of the bridge or

pad beneath the railroad track is frequently inadequate
because the pad stilfens signi?cantly over time, losing its
ability to dampen vibrations. Furthermore, such a pad does
not su?iciently reduce the transition impact that results from

material beneath concrete ties in a tunnel can increase track

tunnel, but instead from the boundary betWeen the bridge,
tunnel, or other structure and its adjacent approach. Further,

railroad track laid over structures is the excessive vibrations

65

provided by such a pad could be primarily achieved, not by
the relative softness of the material, but instead by the shape
of the pad. Further, because the pad itself is hard, rather than

US 7,278,588 B2
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soft, it Will stilfen less over time and Will be far more durable
than a soft pad or other material used for a similar purpose.

Without the disclosed pad 10 Would ordinarily have a
modulus of over 8000, i.e., it Would take more than 8000
pounds per linear inch of track to de?ect that track an inch.

The present inventors also realized that using an elasto

meric pad, of any particular sti?fness, to simply reduce

The corresponding approach, hoWever, has a modulus of
around 5000ia difference that Would ordinarily impart a

vibration (achieve a track de?ection that approximates that
of open ground) Will often not be su?icient to reduce the
aforementioned transition impact. Instead, Where it is
desired to reduce the transition impact, the elastomeric pad,

substantial impact to a passing rail car. To correct this

preferable in that it Will tend to be more durable than a

differential, a pad 10 may be positioned beneath the concrete
ties on the bridge Where the pad 10 has a modulus that
reduces the total track modulus of the concrete tie bridge,
preferably to betWeen 5000 and 6000. Likewise, With a
Wood tie bridge and a Wood tie approach, a corresponding
pad 10 positioned beneath the Wood ties on the bridge Would
preferably reduce the modulus of the track from about 6800

corresponding soft elastomeric pad.

to someWhere betWeen 3000 and 5000. It should be noted

Referring to FIG. 1, an elastomeric pad 10 may be
positioned Within a railroad track 12, Where the railroad
track 12 also includes rails 14, a plurality of ties 16, and
ballast 18. The elastomeric pad 10 may be placed betWeen

that although the problem to be corrected typically involves

in combination With a railroad track over a structure, should

achieve a track de?ection that approximates the terrain of
the particular approach to that structure. The use of a

relatively stilf elastomeric pad for this purpose Will also be

one or more ties 16 and the ballast 18. The railroad track 12
is shoWn as being laid over a transition from an approach 20

a track de?ection on the structure that is too high in relation

to the surrounding approach, care should be taken that the
modi?ed track modulus, With the pad 10, is not too loW, as
this also Would create an undesirable impact or vibration.
20

comprising a subgrade of natural ground to a structure 22
such as a bridge or tunnel having an underlayment of
concrete, Wood, or other more rigid material. The ties 16
may be of any desired material such as concrete, Wood, or

plastic for example. Though the exemplary track 12 includes

25

The particular values shoWn in FIG. 2 for the respective
track modulus of the concrete and Wood tie bridges and
approaches are exemplary only, and may vary for each

particular bridge and approach depending on the construc
tion of the bridge and the type of surrounding terrain.
As stated previously, if the pad 10 is made of a relatively

ballast 18 positioned over the structure 22, other railroad

hard material, e.g., has a durometer greater than about 65,

tracks may exclude the ballast 18, With the pad 10 being

the pad 10 Will not tend to stiffen much over time as it is

inserted betWeen the one or more ties 16 and the structure

used. HoWever, though less so than corresponding softer

pads, the pad 10 Will likely stiffen slightly. Therefore, it may

22.

The modulus of the elastomeric pad 10 Will preferably

30

also be of a value that dampens vibrations of a passing rail
car. This value Will usually be such that the total track
de?ection is generally Within the range of 3000 to 6500. The
difference in the track de?ection betWeen the approach 20

and the structure 22 Will typically be large enough that,

35

uncorrected, a rail car passing onto or off the bridge Will be

subjected to a signi?cant impact. Accordingly, the elasto
meric pad 10 has a modulus that reduces the difference in
40

approach.

45

Referring to FIG. 3, the hard material that provides the
elastomeric pad 10 With its durability Will also tend to resist
vertical de?ection. The desired de?ection is therefore
achieved by the selection of an appropriate shape factor for
the pad 10. The term “shape factor” as used in this speci

The elastomeric pad 10 shoWn in FIG. 1 has unique

features different from corresponding prior art pads. First,
the modulus of the elastomeric pad 10 is preferably calcu
lated, not merely to bring the total track de?ection to Within
a desired range for vibrational dampening, but also to

closely match the particular de?ection of the surrounding

?cation means the ratio of the cross-sectional area of the
loaded faces to the cross-sectional areas of the faces free to

approach. Second, unlike corresponding prior art pads,

expand laterally.

Which are only designed for vibrational dampening, the
elastomeric pad 10 may preferably be made of a material
that has a durometer of at least about 65, or greater. An

Shape factor:loaded area/free area
50

The shape factor of an elastomeric pad, along With

elastomeric pad having a high durometer helps ensure that
the additional de?ection provided by the pad does not
diminish signi?cantly over time. For example, the present
inventors have discovered that respective pads 10 having
durometers Within the range of about 65 to about 75 have

methods to calculate its value, are Well knoWn and described
in many textbooks such as The Handbook of Molded and
55

su?icient durability to provide the desired track de?ection

Extruded Rubber, 2nd Ed., The Goodyear Tire and Rubber
Co. (1959). A desired shape factor of the elastomeric pad 10
may be achieved by the appropriate design of the pad’s
thickness and the siZe and shape of a plurality of cavities 26
With Which to provide the desired expansion. Each of the

over a substantial duration. It also may be desirable in some

circumstances to use a pad 10 having a durometer higher

than 75. Though the pad 10 shoWn in FIG. 1 includes both
of the aforementioned unique features, i.e., has a durometer

about 1000 less than the corresponding modulus of the
approach. For example, if the pad 10 is used in combination
With a concrete tie bridge, and using the exemplary values
shoWn in FIG. 2, it may be desirable that the pad 10 initially
bring the track modulus of the bridge doWn to about 4000.
Over time, as the pad 10 stilfens slightly through use, the
track modulus Will gradually increase and level off at a value
that more closely matches the modulus of the surrounding

track de?ection and thereby reduces the attendant impact
transmitted to a passing rail car.

be desirable for the pad 10 to have a modulus calculated to
bring the track modulus of the bridge or other structure to

60

cavities 26, for example, may be bounded by a generally
oval inWardly directed surface, the material of Which is free

over about 65 and a modulus calculated to equalize the

to expand in a direction outWardly normal to the surface. A

de?ection betWeen the structure and the surrounding
approach, various embodiments of the disclosed pad 10 may
include only one of these features.
Referring to FIG. 2, the use of the disclosed pad 10 may
be used in conjunction With a variety of railroad track types

generally oval surface is advantageous in that it distributes

and structures. For example, track over a concrete tie bridge,

stress. Other shapes of the cavities 26 may be selected as
65

desired, hoWever, such as rectangular or triangular.
Preferably, the pad 10 has a relatively small thickness,
such as in the range of betWeen about 3/8 of an inch to about
3A of an inch. This small thickness serves tWo purposes.

US 7,278,588 B2
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First, given that the pad 10 Will stilfen over time, albeit to a

use. The approximate Width “W” of each cavity 26 is 0.75

degree less than softer pads, the resulting loss of de?ection

inches and the approximate height “h” of each cavity is 0.25
inches. With these dimensions, the shape factor of the pad

is directly related to the thickness of the pad, i.e., the more
material there is to stiffen, the greater the loss of de?ection.

10, as de?ned above is approximately 1.16.

The pad 10 may include plural protruding portions 30 that

Thus by minimizing the thickness of the pad, the loss of
de?ection through use is also minimiZed. Second, the pad 10

facilitate the attachment of the pad 10 to the concrete tie. The

protruding portion or portions 30 may be generally arroW

may be used in track laid through tunnels in Which clearance
is an issue. Because the thickness of the pad is preferably
small, the contribution to the shape factor of the edges of the
pad 10 may be both relatively small and relatively constant
if a thin pad is used. Therefore, assuming that the design of

shaped, as seen in FIGS. 3 and 4, or alternatively, may be

mushroom-shaped or have any other desired shape. The pad
10 may be secured to a concrete tie as the tie is cast in a mold

by positioning the pad 10 over the tie such that the protrud
ing portions 30 are face doWn into the tie before the tie

a pad for a particular track over a structure calls for a

particular shape factor, it is desirable to provide that shape

solidi?es in the mold. The pad 10 as seen in FIG. 4a is also

factor by altering the siZe and shape of the cavities 26 rather
than increasing the thickness of the pad 10.
The pad 10 is preferably designed to achieve a total track

shoWn as having lateral Wing portions 38 that assist in
holding the pad 10 in place over the mold that casts the
concrete ties. The lateral Wing portions 38 are con?gured
such that they rest on the edges of the mold When the pad is
placed upside doWn over the mold so that the protruding

modulus in the track Within Which it is placed Within a
desired range, i.e., track over a bridge or other structure may

be formed With an elastomeric pad 10 having elastomeric
properties such that the total track modulus over the struc
ture approximates the total track modulus of the approach to

20

portions 30 are held Within the concrete While it hardens.
The pad 40 shoWn in FIG. 4b shoWs a second exemplary
pad 40 that also has a Width of about 10.5 inches and has a

the structure to Within a desired variance. Because the type

length (into the page) of approximately 8.5 feet, Which also

of terrain over Which track is laid varies considerably, the

corresponds to the standard length of a concrete tie. The pad

elastomeric properties of the pad 10, such as the pad’s
thickness, the number of cavities 26, and the shape and siZe
of the cavities 26 Will also vary considerably, largely
depending upon the particular terrain Within Which the

40 has a thickness t of 0.75 inches, measured from the loWer
25

structure is located as Well as the construction of the

structure itself, i.e., concrete, Wood, etc.
A preferred method for designing an appropriate pad 10

use. The approximate Width “W” of each cavity 26 is 0.75
30

for use in track over a particular structure is to ?rst deter

mine the total track modulus of the track over the structure
Without the pad 10 as Well as the total track modulus of the
35

approach, respectively, may be approximated by tables or
Once a desired modulus of the pad 10 is calculated, a
stress-strain chart such as the one shoWn in FIG. 3A may be
40

lus (the slopes of the lines 28) for each of a plurality of shape
factors. Once the initial shape factor is determined, a pad
may be fabricated and tested on the applicable structure to

determine Whether the pad 10 achieves the desired total
track modulus. If not, a second shape factor may be calcu
lated based on the tested total track modulus and a pad 10
fabricated based on the second shape factor. This iterative
process may be repeated until the desired total track modu

inner, sloped surfaces of the cavities 26 Will expand outWard
45

50

Referring to FIGS. 4A-4C, three exemplary pads 10 are

10 has a length (into the page) of approximately 8.5 feet,

55

in response to an applied load or Will instead boW inWard.

The elastomeric properties of the pads 10, 40, and 50 are
primarily determined by three variables in addition to the
material of the respective pads. First is the Shore A hardness
of the material; the harder the material the less resilient the
respective pad Will be. Second is the shape factor of the pad;
the loWer the shape factor, the more resilient the respective
pad Will be. Third is the thickness of the material; the thicker
the material, the more resilient the respective pad Will be.
One advantage of the pads 10, 40, and 50 is that the
relatively loW shape factor (i.e., a large expandable area in

proportion to the load area) permits the pads 10, 40, and 50
to have a relatively small thickness, Which is advantageous
in that the respective pads are less likely to affect the
clearance of tunnels and are more durable. Thus the respec
60

Which also corresponds to the standard length of a concrete
tie. The pad 10 has a thickness t of 0.5 inches, measured
from the loWer surface 32 to the upper surface 34.

The pad 10 shoWn in FIG. 411 includes eight cavities 26,
each of a generally rectangular shape, but having rounded
edges. The rounded edges provide increased durability over
squared edges, Which Would tend to ?ssure through repeated

of a generally isosceles triangular shape Where each side 56
of each triangle measures approximately 0.188 inches.
Because of the triangular cross section of the cavities 26,
hoWever, the shape factor of the pad 50 may not be easily
calculated because it cannot be determined Whether the

lus is achieved to Within a desired range of accuracy, such
as 2000, 1500, 1000, or 500.

shoWn, each designed to achieve a different track modulus
as appropriate. FIG. 4a shoWs a preferred embodiment of the
pad 10 that has a Width of about 10.5 inches, Which is the
Width of a concrete tie. Where the pad 10 is intended for use
With Wooden or other type ties having different dimensions
than a concrete tie, the Width may vary accordingly. The pad

Width of about 10.5 inches and a length (into the page) of
approximately 8.5 feet, Which also corresponds to the stan
dard length of a concrete tie. The pad 50 has a thickness t of
0.375 inches, measured from the loWer surface 52 to the
upper surface 54. The pad 50 includes 51 cavities 26, each

industry data, or more preferably, may be actually measured.
used to determine an initial shape factor for the pad 10. The
stress-strain chart shoWn in FIG. 3A is for an elastomeric
pad of a chosen durometer and shoWs the respective modu

inches and the approximate height “h” of each cavity is
0.375 inches. With these dimensions, the shape factor of the
pad 40, as de?ned above is approximately 0.57.
FIG. 4c shows a third exemplary pad 50 that also has a

approach, the difference being the desired modulus of the
pad 10. The total track modulus of the structure and the

surface 42 to the upper surface 44. The pad 40 includes eight

cavities 26, each of a generally rectangular shape, but having
rounded edges that provide increased durability over
squared edges, Which Would tend to ?ssure through repeated

tive shape factors of the pads 10, 40, and 50 permit the pads
to have a thickness of less than about an inch, and preferably
Within the range of about 0.25 inches to 0.75 inches.
The pads 10, 40 and 50 shoWn in FIGS. 4a-4c are

preferably made of elastomeric material, Which may be
65

rubber, either natural or synthetic, or any other elastomeric
material. Preferably, the elastomeric material used has a

durometer higher than 65. The pads 10, 40, and 50 are each

US 7,278,588 B2
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made of rubber having a durometer of approximately 75.
FIG. 5 shows the performance characteristics of each of the
pads 10, 40, and 50. As can be seen from this ?gure, the
preferred pad 10, Which has a thickness of 0.5 inches, has a
de?ection of approximately 0.09 inches When subjected to
100 pounds of pressure per square inch. The pad 40, Which
has a thickness of 0.75 inches, has a de?ection of approxi
mately 0.06 inches When subjected to 100 pounds of pres
sure per square inch. The pad 50, Which has a thickness of
0.375 inches, has a de?ection of approximately 0.043 inches
When subjected to 100 pounds of pressure per square inch.
The terms and expressions that have been employed in the
foregoing speci?cation are used therein as terms of descrip

4. In combination With a section of railroad track com

prising rails, a railroad tie having a loWer surface and a
supporting rail bed having an upper surface: a single elas

tomeric tie pad for providing vertical cushioning, said tie
pad located betWeen said tie and said rail bed and having an
upper pad surface adjacent said loWer surface of said tie and
a loWer pad surface adjacent said upper surface of said rail
bed, said tie pad having a thickness of less than about 3/4 inch
and including at least tWo cavities betWeen said upper pad
surface and said loWer pad surface into Which the material

of said tie pad may expand When said pad is compressed,
said tie pad including tWo or more protrusions extending

tion and not of limitation, and there is no intention, in the use

upWardly from said upper pad surface through said loWer

of such terms and expressions, of excluding equivalents of

surface of said tie and into said tie.
5. The combination of claim 4 Wherein at least one of said
protrusions is located above at least one of said cavities.
6. The combination of claim 4 Wherein none of said

the features shoWn and described or portions thereof, it
being recogniZed that the scope of the invention is de?ned
and limited only the claims that folloW.
The invention claimed is:
1. In combination With a section of railroad track com

20

prising rails, a railroad tie having a loWer surface and a
supporting rail bed having an upper surface: a single elas

7. In combination With a section of railroad track com

tomeric tie pad for providing vertical cushioning, said tie
pad located betWeen said tie and said rail bed and having an
upper pad surface adjacent said loWer surface of said tie and
a loWer pad surface adjacent said upper surface of said rail
bed, said tie pad having a durometer of at least 65 and
de?ning at least tWo cavities betWeen said upper pad surface
and said loWer pad surface into Which the material of said tie

pad may expand When said pad is compressed, said tie pad
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protrusions.

pad located betWeen said tie and said rail bed and having an
upper pad surface adjacent said loWer surface of said tie and
a loWer pad surface adjacent said upper surface of said rail
bed, said tie pad de?ning at least tWo cavities betWeen said
upper pad surface and said loWer pad surface into Which the

material of said tie pad may expand When said pad is
compressed, said tie pad including tWo or more protrusions

2. The combination of claim 1 Wherein at least one of said

3. The combination of claim 1 Wherein none of said
cavities are positioned directly beloW at least one of said

prising rails, a railroad tie having a loWer surface and a
supporting rail bed having an upper surface: a single elas

tomeric tie pad for providing vertical cushioning, said tie

including tWo or more protrusions extending upWardly from
the upper pad surface through said loWer surface of said tie
and into said tie.
protrusions is positioned above one of said cavities.

cavities are located directly beloW at least one of said

protrusions.
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extending upWardly from said upper pad surface through
said loWer surface of said tie and into said tie.

