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within the ballast of the railroad beds. In particular, the ties
are provided with a pattern of indentations within a surface
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bed on which the ties lie. Due to their smooth surfaces, these

ties tend to slip within the ballast as a result of the forces
imposed on the ties.
This effect is most pronounced in curves. In such cases,
there are two primary factors which can cause the ties to slip
or push out of the ballast. First, as a result of high tempera
tures, thermal expansion of the rails and/or the ties can cause
slippage, on sharp curves, especially in the case of the newer
welded rails. Second, the centripetal acceleration of a train
when traversing a curve imposes additional force on rails.
These two factors tend to force or push the ties out of the

that contacts the ballast which increases the ties resistance to

sliding, especially in the direction along the longitudinal
axis. These indentations are preferably designed to inhibit
such sliding while minimizing stress within the ties so as to
avoid stress raisers. The indentations have a depth of at least
10

ballast towards the outside of the curve. Most of the serious

single train accidents in the past century can be blamed on
these effects.
New wooden ties and ties made from alternative materials

possess smooth surfaces and thus exhibit this disadvantage
of low resistance to lateral movement. For example, plastic/
plastic composite ties with smooth surfaces exhibit a single
tie push test value of about 1000 pounds. This test is a
railroad industry standard test for measuring a tie’s resis
tance to lateral sliding when installed in ballast. A value of
1000 pounds is comparable to that of new wooden ties.
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between the tie and the ballast while at the same time

However, as wooden ties are worked into the ballast, their

single tie push test values increase. After the passage of

about 15 million gross tons (MGT) of rail traffic, the single

25

tie push test values for wooden ties increases to 2500–3000
pounds. Conversely, smooth plastic ties do not exhibit any
appreciable increase in single tie push test values even after
significant traffic has passed over them.
There is a cost which the railroads pay for the fact that

30

new wooden ties have low mechanical interaction with the

ballast (reflected by low single tie push test results) imme

diately upon installation. This price is that for safety reasons
they necessarily require the trains to use lower speeds
whenever new wooden ties are installed, especially around
curves. This cost is particularly high in locations where the
tracks go over passes in high mountain ranges. In some
instances, at certain times of the year, trains cannot safely
traverse these passes at all during the day. This disadvantage
is associated not only with new wooden ties but also ties
made from alternative materials such as plastic composites

SUMMARY OF THE INVENTION

BRIEF DESCRIPTION OF THE DRAWING
35

The present invention will be more fully appreciated as
the same becomes better understood when considered in

40

used in the invention are preferably plastic or plastic com
posite ties, ties made from wood or concrete or reinforced

FIG. 1 illustrates a cross section of truncated cone inden

FIG. 2 illustrates another shape and arrangement variation
of indentations; and
45

FIG. 3 illustrates a further shape and arrangement varia
tion of indentations.
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The shapes of the indentations can vary. For example, the
shapes can be diamond, oval, square, rectangular, hemi
spherical, octagonal, etc., having angled sidewalls. Prefer
ably, the shapes of the indentations are either a truncated
cone or a truncated pyramid. The impressions within a
particular tie can be all the same or can be different. For
example, a tie can exhibit both truncated cone indentations

(as shown in, for example, FIG. 1) and truncated pyramid

55

indentations.

60

These shapes are repeated, regularly or irregularly, pref
erably regularly, along the bottom and/or the sides of the tie.
The locations of the shapes can be regular such as rows and
columns. See, e.g., FIG. 2. Alternatively, the pattern can be
staggered or the indentations can be randomly distributed.

concrete can also be used.

Upon further study of the specification and appended
claims, further objects and advantages of the invention will
become readily apparent to those skilled in the art.
These objects are achieved in accordance with the inven
tion by providing the plastic and/or plastic composite ties
with a textured surface which aids in anchoring the ties

conjunction with the accompanying drawings, in which like
reference characters designate the same or similar parts
throughout the several views, and wherein:
tations on a tie;

An object of the invention is to provide railroad ties,
preferably plastic or plastic composite ties, which increase
the resistance of the ties to resist sliding within the ballast of

the railroad bed, for example, sliding lengthwise (in the
direction of the longitudinal axis of the tie) and/or sideways
(in the direction perpendicular to the longitudinal axis, i.e.,
in the direction of the latitudinal axis). While the railroad ties

minimizing the internal stress within the tie itself. This
assures that the tie will maintain its strength and integrity
over a long time period. It also allows the tie to be removed
during maintenance of the rails and then replaced upon
completion of the rail maintenance.
Generally, the indentation pattern comprises two struc
tural aspects: the size and shape of the concave impressions
placed in the tie surface, and the relative location of each
indentation.

which have smooth surfaces.

Previous attempts have been made to texturize a surface
of a railroad tie. These attempts involved scoring the surface
with wavy line patterns, box patterns, or checkerboard
patterns. However, these patterns do not provide an effective
texture for interacting with the ballast of the railroad bed to
inhibit sliding.

% of an inch (e.g. "/8 to 1 inch) and the indentations are
inclined at an angle of less than 90°.
The pattern is molded into the ties so as to mechanically
interact with the ballast (rocks) and provide as much resis
tance to sliding as possible, especially along the longitudinal
axis of the tie but also in the direction perpendicular to the
longitudinal axis. Providing the pattern of indentation is
preferably performed in a manner which does not compro
mise: (1) the overall tie dimensions (typically 7"x9" or
6"x8" in cross-section in the U.S., but could be adjusted for
other dimensions); (2) the mechanical integrity of the tie;
and/or (3) the ability of the tie to accept screw or cut spikes
while preventing penetration of the spike through the bottom
tie surface. The size, shape and positions of the indentations
are preferably selected to provide efficient transfer of stress

This pattern (the combination of size, shape and location
of the concave shapes) permits the ballast rocks to nest into

the spaces thereby enhancing mechanical interlocking
between the rocks and the tie and increasing the tie’s
65

resistance to motion within the ballast.

The angled depressions which are, cut, molded, or
embossed into the tie, preferably have sidewalls which form
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wherein the polystyrene component contains at least 90
wt % polystyrene and the polyolefin component contains at
least 75 wt % high density polyethylene, and
wherein the railroad tie has an arrangement of concave
shapes on at least one longitudinal side thereof.
In accordance with a further aspect of the invention there
is provided a method of maintaining desired spacing
between railroad rails by attachment of the rails to at least
one railroad tie, the improvement wherein the at least one
railroad tie is formed from a plastic composite material
comprising 20–50 wi 9% of a polystyrene component and
50–80 wt % of a polyolefin component
wherein the polystyrene component contains at least 90
wt % polystyrene and the polyolefin component contains at
least 75 wt % high density polyethylene, and
wherein the railroad tie has an arrangement of concave
shapes on at least one longitudinal side thereof.
In accordance with a preferred embodiment the invention,
the railroad tie is made from a polymeric composite material
consisting essentially of a polystyrene component in the
amount of 20–50 wt. 9% and a polyolefin component of
50–80 wt.%. Preferably, the composite contains about 25 to
45 wt. 9%, especially 30 to 40 wt. 9% of the polystyrene
component. Further, the composite preferably contains
about 55 to 75 wt.%, especially about 60 to 70 wt.% of the
polyolefin component. A particularly preferred embodiment
of the composite contains 35 wt. 9% of the polystyrene
component and 65 wt.% of the polyolefin component.
The polystyrene component is preferably 100 wt. 9%
polystyrene although a minor manner of impurities, organic
or inorganic, may be included such as foodstuffs. These
impurities, on a dried basis, can be present in an amount of
up to about 10 wt. 9%. The polyolefin component can be
made from a mixture of polyolefin materials, e.g., high
density polyethylene, low density polyethylene, polypropy
lene, ethylene-propylene copolymers and the like. The poly
olefin component should contain at least 75 wt. 9% high
density polyethylene to insure formation of a dual phase
co-continuous interlocking three-dimensional network
between the polystyrene component and the polyolefin com

8

10

black.

While the composite material is described in terms of the
polystyrene/polyolefin system, it is possible, as described in
15
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commonly available forms, for example, foamed (expanded)
polystyrene, crystal polystyrene (general purpose), and high

obtained from the mixed plastics portion of recycled stream
obtained after removal of PET and unpigmented HDPE
beverage containers. The ability to utilize this mixed plastics
or commingled plastic portion provides both economic and
environmental advantages.
The polyolefin component preferably contains at least 80
wt % high-density polyethylene and especially 90 wt. 9%
high-density polyethylene. Other possible materials within
the polyolefin component include up to 25 wt.% of poly
vinyl chloride; middle, low and/or low linear polyethylene;
polypropylene; polystyrene; polyethylene terephthalate;
polyolefin copolymers; and mixtures thereof.

a composite possessing the desired dual-phase morphology
of wherein the phases intertwine such that they remain
continuous throughout the composite material.
Preferably, the composite material has a compression
modulus of at least about 172,000 psi, especially at least
about 200,000 psi. The composite material further exhibits
a compression strength of preferably at least about 3,000 psi,
especially at least about 3,500 psi, and a compression yield
stress of preferably at least about 3,000 psi, especially at
least about 3,500 psi.
The flexural modulus of the composite material is pref
erably at least about 172,000 psi, especially at least about
200,000 psi, and the flexural strength is preferably at least
about 3,000 psi, especially at least about 3,500 psi.
Compression modulus, compression strength, and com
pression yield stress are measured in accordance with ASTM
Test No. D6108. Flexural modulus, flexural strength and

yield stress (in stress) are measured in accordance with
35

Further, the composite material preferably has a coeffi

cient of thermal expansion of less than about 6.5×107°
in?in–º F., especially less than about 6.0×107° in?in–º F.

Processes for preparing railroad ties from the preferred
composite materials by both batch and continuous processes
40

are described in U.S. Pat. No. 6,191,228. Further details on

extrusion of polystyrene/polyolefin composite material are
provided in Morrow et al. U.S. Pat. No. 5,298,214.
The size of railroad ties will vary from country to country.

In the U.S., the standard railroad tie size for main rail lines
45
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impact polystyrene. Plastics for the polyolefin component
can be obtained from the recycling of PET and HDPE

beverage containers and other containers (e.g., 5 gallon pails
and 55 gallon drums). However, the polyolefin can also be

U.S. Pat. No. 6,191,228, to utilize other materials to achieve

ASTM Test No. D6109.

ponent.

While both polystyrene component and polyolefin com
ponent can be made from virgin materials, these materials
are preferably formed from recycled plastics. Sources of
recycled polystyrene include styrofoam cups and containers,
rigid styrene tableware, clothing hangers, and other contain
ers. The recycled polystyrene can be utilized in any of its

In addition to the polystyrene and polyolefin components,
the composite may contain further additives. For example,
the material used to make the composite can contain small
amounts of a blowing agent to reduce the number and size
of voids formed within the material during cooling. The
amount of can be, for example, less than 0.3 wi. 9%, e.g.,
about 0.03 wi. 9%. The blowing agent, e.g., azodicarbon
amide, can be mixed in with the resin powder. Alternatively,
other foaming agents or gases can be directly metered into
the extruder. Other additives such as pigments and UV
resistant agents can also be added, for example, carbon

55
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is about 9 inches wide by 7 inches thick by approximately
8.5 feet long. For short lines, the size of the ties is about 6
inches by 8 inches by 8.5 feet. For some freight and
passenger lines in which a third rail is used, the ties can be
7 inches by 9 inches by 10 feet or 6 inches by 8 inches by
10 feet. In fact, for switch sets of rails the ties can be even

longer, for example, up to 17 feet long.
In the foregoing and in the following example, all tem
peratures are set forth uncorrected in degrees Celsius; and,
unless otherwise indicated, all parts and percentages are by
weight.
The entire disclosure of all applications, patents and
publications, cited above and below, is hereby incorporated
by reference.
EXAMPLE

For example, a mixture of 20 wt % polystyrene and 80 wt
% polyethylene was extruded at a temperature of about 200°
C. into a mold having the dimensions of 7"x9"x8%". The
mold contained a steel embossed plate approximately the
length of the tie and slightly thinner than the sides and the
bottom dimensions of the tie. The plate has a convex pattern

US 7,011,253 B2
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HDPE and talc and/or gypsum; (5) HDPE, rubber, mineral
filler and fiber glass; (6) HDPE, polypropylene and wood
fiber; (7) HDPE and wood fiber or (8) HDPE, polystyrene,

of truncated pyramidal shapes having a depth of 38" and a
width of 1". The truncated pyramidal shapes have sidewalls
that are inclined at an angle of 45° and the indentations are
in alternating pattern of a row of two and a row of three. The
plastic flows into the mold, taking on the shape of the
embossed plate. After cooling, the tie and plate is removed

and wood fiber.

from the mold.

From the foregoing description, one skilled in the art can
easily ascertain the essential characteristics of this invention,
and without departing from the spirit and scope thereof, can
make various changes and modifications of the invention to
adapt it to various usages and conditions.
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We claim:

1. A railroad tie comprising:
a railroad tie having at least four longitudinal sides, two
end faces and a longitudinal axis, wherein at least one
longitudinal side has an arrangement of concave shapes
in the surface thereof, said shapes having a depth of at
least V8 of an inch and having sidewalls which are at an
angle of less than 90°, wherein said tie is made from
polymeric material, and
said concave shapes are in the form of truncated cones in
which the sides of the truncated cone shapes are at an
angle of 30–60 degrees with respect to said at least one
longitudinal side, or said concave shapes are truncated
pyramidal shapes in which the sides of the truncated
pyramidal shapes are at an angle of 30–60 degrees with
respect to said at least one longitudinal side,
wherein said concave shapes are in the form of truncated
COIlêS.

2. A railroad tie according to claim 1, wherein the concave
shapes at their base have a relative diameter of 3/4–2 inches.
3. A railroad tie according to claim 1, wherein the concave
shapes have a depth of V4–% inches.
4. A railroad tie according to claim 2, wherein the concave
shapes have a depth of V4–% inches.
5. A railroad tie according to claim 4, wherein the sides of
the truncated cone shapes are at an angle of 40–50 degrees
with respect to said at least one longitudinal side.
6. A railroad tie according to claim 5, wherein said tie is
formed from a plastic composite material comprising 20–50
wt % of a polystyrene component and 50–80 wt % of a
polyolefin component, and said polystyrene component con
tains at least 90 wt % polystyrene and said polyolefin
component contains at least 75 wt % high density polyeth
ylene.
7. A railroad tie according to claim 4, wherein said tie is
formed from a plastic composite material comprising 20–50
wt % of a polystyrene component and 50–80 wt % of a
polyolefin component, and said polystyrene component con
tains at least 90 wt % polystyrene and said polyolefin
component contains at least 75 wt % high density polyeth
ylene.
8. A railroad tie according to claim 4, wherein the distance
from the center of one concave shape to the center of an
adjacent concave shape is 1% to 2% inches.
9. A railroad tie according to claim 1, wherein said tie is
formed from a material comprising a polymeric component
selected from polyolefins, polystyrene, rubber and mixtures
thereof, and optionally a filler component selected from fiber
glass, mineral fillers, wood fibers, steel fibers and mixtures

15

contains: (1) HDPE and fiberglass; (2) HDPE, polystyrene
and fiberglass; (3) HDPE, polypropylene and fiberglass; (4)

railroad tie is in accordance with claim 1.

14. In a method of providing a weight bearing support
surface for railroad rails comprising attaching said rails to at
least one railroad tie, the improvement wherein said at least
one railroad tie is in accordance with claim 1.
20

25

30
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15. A railroad tie comprising:
a railroad tie having at least four longitudinal sides, two
end faces and a longitudinal axis, wherein at least one
longitudinal side has an arrangement of concave shapes
in the surface thereof, said shapes having a depth of at
least V8 of an inch and having sidewalls which are at an
angle of less than 90°, wherein said tie is made from
polymeric material, and
said concave shapes are in the form of truncated cones in
which the sides of the truncated cone shapes are at an
angle of 30–60 degrees with respect to said at least one
longitudinal side, or said concave shapes are truncated
pyramidal shapes in which the sides of the truncated
pyramidal shapes are at an angle of 30–60 degrees with
respect to said at least one longitudinal side,
wherein said concave shapes are truncated pyramidal
shapes, and said concave shapes at their base have a
relative diameter of 3/4–2 inches.

40
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thereof.

10. A railroad tie according to claim 9, wherein said
polymer component contains HDPE.
11. A railroad tie according to claim 9, wherein said tie

12. A railroad tie according to claim 1, wherein said tie is
formed from a plastic composite material comprising 20–50
wt % of a polystyrene component and 50–80 wt % of a
polyolefin component, and said polystyrene component con
tains at least 90 wt % polystyrene and said polyolefin
component contains at least 75 wt % high density polyeth
ylene.
13. In a method of maintaining desired spacing between
railroad rails comprising attaching said rails to at least one
railroad tie, the improvement wherein said at least one

65

16. A railroad tie according to claim 15, wherein the
concave shapes have a depth of V4–% inches.
17. A railroad tie according to claim 15, wherein the
concave shapes have a depth of V4–% inches.
18. A railroad tie according to claim 17, wherein the sides
of the truncated pyramidal shapes are at an angle of 40–50
degrees with respect to said at least one longitudinal side.
19. A railroad tie according to claim 18, wherein said tie
is formed from a plastic composite material comprising
20–50 wt % of a polystyrene component and 50–80 wt % of
a polyolefin component, and said polystyrene component
contains at least 90 wt % polystyrene and said polyolefin
component contains at least 75 wt % high density polyeth
ylene.
20. A railroad tie according to claim 17, wherein the
distance from the center of one concave shape to the center
of an adjacent concave shape is 1% to 2% inches.
21. A railroad tie according to claim 17, wherein said tie
is formed from a plastic composite material comprising
20–50 wt % of a polystyrene component and 50–80 wt % of
a polyolefin component, and said polystyrene component
contains at least 90 wt % polystyrene and said polyolefin
component contains at least 75 wt % high density polyeth
ylene.
22. A railroad tie according to claim 15, wherein said tie
is formed from a material comprising a polymeric compo
ment selected from polyolefins, polystyrene, rubber and
mixtures thereof, and optionally a filler component selected

US 7,011,253 B2
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from fiberglass, mineral fillers, wood fibers, steel fibers and
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contains at least 90 wt % polystyrene and said polyolefin
component contains at least 75 wt % high density polyeth
ylene.
25. In a method of maintaining desired spacing between
railroad rails comprising attaching said rails to at least one
railroad tie, the improvement wherein said at least one

mixtures thereof.

23. A railroad tie according to claim 22, wherein said tie

contains: (1) HDPE and fiberglass; (2) HDPE, polystyrene
and fiberglass; (3) HDPE, polypropylene and fiberglass; (4)
HDPE and talc and/or gypsum; (5) HDPE, rubber, mineral
filler and fiber glass; (6) HDPE, polypropylene and wood
fiber; (7) HDPE and wood fiber or (8) HDPE, polystyrene,

railroad tie is in accordance with claim 15.

and wood fiber.

24. A railroad tie according to claim 15, wherein said tie
is formed from a plastic composite material comprising
20–50 wt % of a polystyrene component and 50–80 wt % of
a polyolefin component, and said polystyrene component

10

26. In a method of providing a weight bearing support
surface for railroad rails comprising attaching said rails to at
least one railroad tie, the improvement wherein said at least
one railroad tie is in accordance with claim 15.

