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ENERGY ABSORBING BARRIER

The present invention relates to an energy ab-
sorbing barrier, and more particularly to an energy
absorbing barrier adapted for dissipating kinetic
energy upon impact by a moving vehicle.

Energy absorbing barriers are in common use
for many vehicular traffic applications. Those of a
semipermanent nature are heavy, difficult to install
or are expensive to maintain. Barriers of this type
include fixed guard rails, concrete median barriers,
and special structures located in a protective array
around highway signs, bridge abutments and the
like. Lighter, more portable structures are less like-
ly to absorb as much impact energy, but they are
more easily installable for defining temporary traffic
lanes, closing off highway construction sites, estab-
lishing pedestrian walkways, etc.

A typical highway barrier comprises elongated,
blocks of concrete arranged end-to-end to intercept
vehicles leaving a defined traffic lane. They phys-
ically redirect the path of the vehicle and can
develop severe impact forces on the vehicle oc-
cupants. Further, the side walls of the barrier slope
downwardly and outwardly to provide a relatively
wide base to make the barrier difficult to overturn,
but this also provides a climbing surface for the
vehicle tires and a vehicie has a tendency to climb
and vault the barrier and pass into oncoming traffic
lanes or into other resiricted areas.

Regardless of their shape or construction, most
such barriers are made non-resilient, massive and
heavy in order to positively stop vehicles. Of
course, this is potentially very dangerous to the
vehicle occupants. There are some barriers of the
prior art designed to progressively absorb kinetic
energy and thereby gradually decelerate a vehicle,
but such barriers are typically relatively complex or
expensive. Some are characterized by internal
chambers filled with gas, liquids or other fluent
materials. Others depend upon springs or internal
shock absorbers. Regardless of their construction,
such barriers are usually not readily adapted for
interconnection to- define a vehicle lane, or are
characterized by side walls undesirably providing
sufficient tire traction that vehicles can climb and
vault such a barrier.

According to the present invention, an energy
absorbing barrier is provided for dissipating kinetic
energy upon impact by a moving vehicle. The
barrier includes walls defining an interior chamber
adapted to be filled with water. The unfilled barrier
is relatively light and easy to transport to and from
the place of use, while the filled barrier is suffi-
ciently heavy to resist overturning on vehicle im-

pact. The end walls include fittings for end coupling -

one barrier to another in a sfring to define a traffic
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lane, and also render the assembly virtually impos-
sible to overturn.

The barrier side walls are made of a material
having a relatively low coefficient of friction. The
walls are resiliently deformable for resumption of
their normal shape after being struck and deformed
by a moving vehicle, and are characterized by a
pattern of deformation which tends to trap and slow
vehicle tires.

The barrier may be provided with fencing or
similar suppiemental structures to define a higher
barrier, it can be provided with transverse or elon-"
gated reinforcing elements for reinforcement
against undue flexure, and it can be provided with
auxiliary bias means such as springs to further
assist in absorbing vehicle impact and the like.

Certain embodiments of the barrier are config-
ured to mount on one or both sides of usual
median barriers. This provides supplemental ve-
hicle impact protection, rather than providing a
substitute for the existing median barriers.

Other objects and features of the invention will
become apparent from consideration of the follow-
ing description taken in connection with the accom-
panying drawings.

FIG. 1 is a perspective view of an energy
absorbing barrier according to the present inven-
tion, the barrier being illustrated as connected at
one end to a like barrier to define a race course;

FIG. 2 is a side elevational view of the bar-
rier of FIG. 1:

FIG. 3 is a view taken along the line 3-3 of
FIG. 2;

FIG. 4 is a detail longitudinal cross-sectional
view of the pin coupled portions of adjacent bar-
riers;

FIG. 5 is a partially diagrammatic top plan
view of barriers connected by couplers to form one
side of a race course turn;

FIG. 6 is a view similar to FIG. 5, but illus-
trating use of differently configured couplers to
orient the barriers in a generally serpentine, zigzag
configuration;

FIG. 7 is a view similar to FIG. 6, but illus-
trating use of yet another configuration of coupler
to orient the barriers in adjacent, "stacked" relation;

FIG. 8 is a perspective view of a typical
coupler;

FIG. 9 is a generally diagrammatic side
elevational view, on a reduced scale, of a barrier
fitted with an overflow compartment or diaphragm;

FIG. 10 is a view similar to FIG. 9, but
illustrating a barrier fitted with a means for using
the contained liquid for fire fighting or the like;
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FIG. 11 is a side elevational view of end
coupled barriers provided with expanded metal
screening surmounting the liquid fillable portion of
the structurs;

FIG. 12 is a view similar to FIG. 11, but

illustrating utilization of poles and interconnecting

barrier wires instead of metal screening;

FiG. 13 is an enlarged cross-sectional view
taken along the line 13-13 of FIG. 11;

FIG. 14 is an eniarged view taken along the
line 14-14 of FIG. 12;

FIG. 15 is a view similar to FIG. 14, but
illustrating an I-beam form of longitudinal connec-
tor, rather than the strap connector illustrated in
FIG. 14;

FIG. 16 is an enlarged view taken along the
lines 16-16 of FIG. 11, and particularly illustrating
employment of a metal drain plug in the plastic
material of the barrier;

FIG. 17 illustrates a form of filler cap adapt-
ed to store a collapsible bag which is outwardly
deployabie by liquid driven from the barrier;

FIG. 18 is another embodiment of the barrier
of FIG. 1, but provided with an overlying thin sheet
metal covering to resist tearing of -a barrier made of
plastic material;

FIG. 19 is an end elevational view of a
protective cover like that of FIG. 18, but adapted to
overlie both sides of the barrier;

FIG. 20 is an enlarged view taken along the
line 20-20 of FIG. 18;

FIG. 21 is an end perspective view of a pair
of barriers like that of FIG. 1, and coupled together
for common movement by a special end fitting or
coupling;

FIG. 22 is a top plan view schematically
illustrating end connection of three barriers by the
end fittings of FIG. 21;

FIG. 23 is a view similar to FIG. 21, but
illustrating a pair of end couplings spaced apart by
biasing means;

FIG. 24 is a view similar to FIG. 22, but
illustrating the end fitlings or couplings shown in
FIG. 23;

FIG. 25 is a schematic top plan view illustrat-
ing a form of T-connector adapted to couple to-
gether a pair of longitudinally oriented barriers with
a transversely oriented barrier;

FIG. 26 is a schematic plan view of a plural-
ity of end connected barriers, the end one of which
is provided with a protective end cap for absorbing
the force of an end impacting vehicle, for example;

FIG. 27 is a view similar to FiG. 26, but
employing a protective end cap attached to the
ends of a pair of divergent strings of end con-
nected barriers;
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FIGS. 28, 29 and 30 are end elevational
views of different end connectors for connecting
together barriers to accommodaie a slope of a
supporting surface, or to enable a reversal of the
lateral orientation of the barriers;

FIG. 31 is a perspective view of a conven-
tional concrete median barrier and a barrier of the
present invention which includes an attachment
connector for end coupling of the two, the compo-
nents being shown in exploded relationship for
clarity;

FIG. 32 is a transverse cross-sectional view
of a conventional concrete median barrier provided
with another embodiment of the present barrier,
this embodiment constituting a form of half section
to overlie one side of the concrete barrier;

FIG. 33 is an enlarged view taken along the
line 33-33 of FIG 32;

FIG. 34 is a view similar to FIG. 32, but
illustrating a pair of the half barriers of the embodi-
ment of FIG. 32, and overlying both sides of con-
crete barrier; '

FIG. 35 is a top plan view of yet another
embodiment of the barrier of the present invention,
the barriers of FIG. 35 being characterized by a
dovetailed end connection and speciaily tapered
end barrier;

FIG. 36 is a view taken along the line 36-36
of FIG. 34;

FIG 37 is a view taken along the line 37-37
of FiG. 37-37 of FIG. 35;

FIG. 38 is a view similar to FIG. 13, but
fllustrating an integrally molded reinforcement of
the barrier which serves as a substitute for the
cable of FIG. 13;

FIG. 39 is a perspective view of the ends of
a pair of laterally spaced apart barriers, such as
those shown in FIG. 23, but showing another form
of end connector or coupling;

FiG. 40 is an enlarged view taken along the
line 40-40 of FIG. 39;

FIG. 41 is a view similar to FiG. 13, but
illustrating another embodiment of the barrier, and
which is characterized by a vertically extending
central core fillable with concrete, earth or the like;

FIG. 42 is a perspective view of yet another
embodiment of the present barrier, the barrier of
FIG. 42 being characterized by sloping sides ab-
sent the traction spoiler channels seen in the em-
bodiment of FIG. 1;

FIG. 43 is a view similar fo FIG. 27, but
itlustrating employment of the T-fitting of FIG. 25;

FIG. 44 is a view similar to that of FiG. 25,
but illustrating end connected barriers spaced apart
and connected together by end connected trans-
verse barriers;
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FIG. 45 is a perspective view of a hanger
bracket for attachment to a barrier for suspending a
protective covering or sign or the like adjacent the
barrier side;

FIG. 46 is a perspective view of a typical
dolly for transporting a barrier, as shown in side
elevation in FIG. 47;

FIG. 48 is a view similar to FIG. 34, but
utilizing a different form of half barrier not requiring
the support pedestal of the embodiment of FIG. 34;

FIG. 49 is a perspective view similar to FIG.
1, but employing superjacent upper barriers sur-
mounting the main or lower barriers;

FIG. 50 is an end elevational view of the
barrier of FIG. 1, diagrammatically illustrating the
successive losses of iraction by a vehicle tire as it
encounters the vertically spaced apart {raction
spoiler channsis;

FIG. 51 is a view similar to FIG. 50, illustrat-
ing a vehicle tire in full line and phantom line
positions, the phantom position illustrating the loss
of traction at the lowermost fraction spoiler channel;

FIG. 52 is a view similar to FIG. 51, illustrat-
ing deformation of the barrier of FIG. 1 by an
essentially laterally travelling vehicle tire;

FIG. 53 is an enlarged view taken along the
line 53-53 of FIG. 52;

FIG. 54 is a view similar to FIG. 52, and
fllustrating the manner of deformation of the barrier
of FIG. 1 by a vehicle tire travelling approximately
at a right angle to the barrier side; and

FIG. 55 is a fransverse cross sectional view
of a further embodiment of the present barrier, with
a different side wall and upper portion configura-
tion;

FIG. 56 is a view similar to FIG. 35, but
illustrating a different barrier configuration; and

FIGS. 57-60 are partial transverse cross sec-
tional views of yet other embodiments of the
present barrier, each illustrating a different barrier
configuration.

Referring now to the drawings, and particularly
to FIG. 1, there is illusirated a barrier 10 according
to the present invention and comprising, generally,
an eiongate container having a flat base 12, a top
14, a pair of end walls 16 and 18, and a pair of
side walls 20 defining an interior chamber 22, as
best seen in the cutaway showing in FIG. 3.

The barrier container includes a fill opening
which is normally closed by a bung or cap 24, as
generally indicated in FIG. 1. Ballast such as water
26 or other fluent material can be admitted through
the fill opening to partially or completely fill the
interior chamber 22, as will be seen. Suitable-drain
openings closed by threaded plugs 28 or the like
are located at the bottom of the chamber 22 adja-
cent the base 12.

The base 12 is adapted to be placed upon any
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suitable supporting surface such as the ground or
pavement, It can be fixed to the ground, as will be
seen, or fixed to a structure embedded in pave-
ment, such as to the cylindrical receptacle shown
in dotted outfine at 30 in FIG. 1.

The barrier 10 is widest at its base 12, and the
side walls 20 slope upwardly and inwardly to form
a generaily horizontally oriented and narrow top 14.

The barrier 10 is preferably molded of a plastic
material characterized by high strength, resilience.
and resistance {0 permanent deformation, such as
a cross-linked polyethylene material. A very impor-
tant characteristic of this plastic material is its low
coefficient of friction or slipperiness, as will be
seen. A suitable material for the barrier 10 is avail-
able under the trademark MARLEX CL-100 from
Phillips Chemical Company of Bartlesville, Okla-
homa. It provides high impact resistance at cold
temperatures, excellent tensile strength, and resis-
tance to weathering because of included antiox-
idants and ultraviolet stabilizers.

The material is characterized by a relatively
low coefficient of friction and good flexure. Con-
sequently, in wall thicknesses such as are prefer-
ably used in the barrier 10 and its variants, a tire
will typically deform the barrier and stide along its
length, developing a bulge or traveling wave of side
wall material which tends to trap, capture and siow
the vehicle tire. This phenomenon permits more
gradual slowing of the vehicle, while the siippery
quality of the barrier side wail tends to prevent the
tire from climbing out of its captured state. As will
be seen, various barrier side wall configurations are
hereinafter set forth to best capitalize on this char-
acteristic.

A barrier made of such material is refatively
light in weight, an empty or unfilled barrier 10
approximately 33 inches high, 60 inches long, and
measuring 24 inches at the base, weighing approxi-
mately 100 pounds. Two men can easily lift such a
barrier and arrange a number of the barriers in
end-to-end relation to form pedestrian lanes at
movies, amusement parks, or wherever people
must line up for some purpose.

A barrier of the above dimensions completely
filled with water weighs approximately 1250
pounds. This weight, plus the truncated configura-
tion of certain embodiments of the barrier, makes it
very difficult to overturn.

The barrier is transportable by a forklift or the
like, the lift fork being receivable within recesses
32 molded into the base 12, as best seen in FIGS.
1 and 2.

The energy absorption properties of the barrier
10 is adjustable varying the materials of which it is
made, or by varying its configuration or dimen-
sions, including its wall thicknesses. Such prop-
erties are aiso affected by the type of fluid filling
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material, and the degree of filling, that is, the
proportion of liquid to air. A barrier partially filled
with water includes a relatively large air space
within which the water may flow on impact, and the
air acts in the manner of a gas accumuiator. A
completely filled barrier is relatively incompressible
except through liquid escape through the fili open-
ing, and deformation of the barrier structure.

The dimensions of the fill opening can be ar-
ranged to provide a relatively rapid escape of wa-
ter, or a metering arrangement can be provided to
more gradually dissipate impact kinetic energy, as
will be apparent. The manner of empirically adjust-
ing these factors to provide a desired rate of en-
ergy dissipation will be immediately apparent to
those skilled in the art and a discussion thereof is
omitted for brevity.

The relative resilience of the FIG. 10 barrier is
important. 1t must retain its shape when filled, it
must be resilient enough to resume its shape after
it has been deformed by a moving vehicle or the
like, and it should be resilient enough to form a
deformation bulge ahead of an impacting vehicle
tire to slow its progress and prevent it from climb-
ing the barrier.

An important feature of the side walls 20 of the
embodiment of FIG. 1 is the inclusion of integral or
molded-in traction spoiler channels 34. The longitu-
dinally extending channels 34 extend are vertically
spaced apart to reduce the area of potential con-
tact between the side walls 20 and the tire of the
vehicle. For example, assuming a typical 30 inch
diameter vehicle tire, and the 33 inch high barrier
10 above described, a tire will hit a rib 35 defined
between the pair of uppermost channels 34. This
rib 35 has a small surface area compared to the
tire tread area presented by the sloping flat side
walls of prior art concrete barriers. In the barrier 10
the area of tire traction is only that presented by
the ribs remaining after formation of the recessed
channels 34. As a consequence, it is much less
likely that a tire will climb up a side wall 20 and
vault the vehicle over the barrier.

The deformability and low coefficient of friction
of the material of the barrier 10 are surprisingly
effective in resisting the tendency of a vehicle tire
66 to climb and vault the barrier 10. More specifi-
cally, as seen in FIGS. 50 and 51, the lateral
component of movement of the vehicle tire 66 is
shown by the arrow 68. The lower inward periphery
of the tire 66 is seen to initially engage the lower-
most rib 35, thereafter climbing upwardly from the
full line position to the phantom line position.

Upon attaining the phantom line position, the
tire suffers an immediate loss of traction in the area
of the lowermost traction spoiler channel 34. This
loss of traction, and consequent resistance to fur-
ther upward climbing, is denoted in FiG. 50 by the
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curved arrow 70. As the lower edge periphery of
the tire 66 engages or comes into alignment with
successive channels 34, the successive losses of
traction are represented by the other arrows 70.

[t has been found that the loss of traction
provided by the spoiler channels, coupled with the
slipperiness of the barrier material, substantiaily
prevents undesirable climbing and vaulting of the
barrier 10.

As previously mentioned, there is another char-
acteristic of the barrier 10 which further acts to
slow the travel of a vehicle tire 66 and prevent it
from vaulting the barrier 10. This characteristic is
present regardless of the configuration of the bar-
rier side wall.

More particularly, FIG. 52 schematically shows
the dynamics of a tire 66 striking the barrier 10 at a
relatively shallow angle of convergence, but with
severe force so that it penetrates rather deeply into
the barrier. The material of the barrier 10 deforms
to absorb the impact energy developed by the tire
66, but the deformation is such that the upper
portion of the barrier 10, particularly including the
uppermost rib 35, defines an overhang which tends
to entrap or capture the tire to prevent it from
climbing. The low coefficient of friction of the ma-
terial of the barrier also aids in this respect, provid-
ing scrubbing or slowing engagement with the tire
to slow its forward movement.

As seen in FIG. 53, there is also a dynamically
formed traveling wave or bulge 72 located in ad-
vance of the vehicle tire 66. This is caused by
deformation of the resilient material of the barrier
10 and it tends to move in advance of the leading
portion of the tire 66, scrubbing against it and
slowing its forward progress.

The barrier resilience and low coefficient of
friction are also important in a situation where the
vehicle tire 66 is travelling at substantially a right
angle to the barrier 10. In this eventuality, as seen
in FIG. 54, the barrier side wall deforms in some-
what the same manner as described in connection
with FIG. 52, but to a much greater extent. Con-
sequently, the undeformed upper rib 35 overlies
more of the tire. Again, the low coefficient of fric-
tion of the material of the barrier 10 acts to reduce
the tendency of the tire 66 to climb upwardly upon
the barrier side wall 35. )

Although the channel 34 and rib 35 configura-
tion of the barrier 10 of FIG. 1 is preferred because
of the tire traction losses described in connection
with the showing of FIG. 50, in certain applications
the deformation capability and low coefficient of
friction of material of the barrier are sufficient for
certain barrier applications. Such a modified con-
figuration is illustrated in FIG. 42. The modified
barrier 74 is like the barrier 10 in all respects
except that it is characterized by, generally planar
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upwardly and inwardly sloping side walis 20a. The
walls 20a deform in the manner shown in FIGS. 52
and 53.

A lower case letter, such as the "a" in 20a is
used throughout this specification to denote struc-
tures which are essentially the same in function but
not in construction.

The modified configuration of FIG. 42 also in-
cludes, as shown in phantom outline at 76, a con-
cave molded-in configuration which iends to pro-
vide a straight wall when the barrier is filled. Water
or other filling material tends to bulge or outwardly
deform the barrier side walls. By starting with a
molded-in concave shape, outward bulging of the
sides of the filled barrier is avoided.

Further resistance to outward bulging can be
provided by molding a cable 65 into the material of
the barrier, as seen in FIGS. 1-3. One such cable
65 is located in each barrier side wall approxi-
mately half way between the top 14 and base 12.
Although each cable 85 is tensioned to resist out-
ward bulging, it can move inwardly or outwardly on
deformation of the barrier 10 by an impacting ve-
hicle.

FIG. 13 illustrates another arrangement to pro-
vide side wall resistance to outward bulging. In this
embodiment one or more transverse cables 78 are
connected between the side walls 20, each being
collapsibie on inward deformation of a side wall 20.

FIG. 38 is yet another embodiment to eliminate
side wall bulging. A modified barrier 80 includes an
integral, molded-in, transversely disposed wall or
web 78a which extends between the opposite bar-
rier side walls. The web 78a may be made continu-
ous along the length of the barrier 80 or it can be
moided in discontinuous sections at longitudinaily
spaced intervals. It is preferably flexible or resilient
so that it can collapse upon vehicle impact against
the barrier.

The energy dissipation properties of the barrier
10 can be further modified by end coupling a
plurality of barriers. Depending upon how the bar-
riers are oriented, the assembled barriers are
adapted to define a straight or curvilinear traffic
lane, a race course, a median barrier, or stacked
barrier for absorbing relatively high velocity impact
forces.

Although various means may be visualized for
end coupling the barriers, one suitable arrangement
comprises the hinge pin assembly seen in FIG. 1.
The end wall 16 includes three vertically aligned,
integrally molded knuckles or protuberances 36
separated by intervening recesses 38. The op-
posite end wall 18, as best seen in FIGS. 2 and 4,
includes two protuberances 36 and ihree recesses
38, the two protuberances being adapted to fit
within the pair of recesses 38 of the end wall 16 of
an adjacent barrier 10.
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A section of aluminum tubing or the like is
integrally molded or press fitted within a suitable
vertical opening in each of the protuberances 36 to
form pin bushings 40. The bushings 40 are verti-
cally aligned to receive a pipe or connecting pin
42.

If desired, each pin 42 can be made long
enough to extend down into a receptacte 30 which
is located in the underlying pavement or ground, or
it can be driven into the ground or other supporting
surface.

Flag poles 44 can be inserted into the upper
open ends of each pin 42, as seen in FIG. 1, to
better identify the location of a race course, for
example. Alternatively, longer pins 42a, as seen in
FIGS. 11 and 12, can be employed, the portions
projecting above the barrier tops 14 providing sup-
ports for shielding or protective fencing 82 to pro-
vide a visual barrier, to isolate peopie from a re-
stricted area, to offer protection against vehicle
parts or debris flying across the tops of the barriers
10, or to add additional protection against vauiting
or ramping of vehicles over the barriers.

Instead of the fencing 82 illustrated in FIG. 11,
longitudinally disposed cables 84 can be employed
to further protect against vaulting or ramping ve-
hicles, the cables 84 being strung between and
connected to the upwardly projecting portions of
the rods or pins 42a, as seen in FIG. 12.

FIGS. 11, 12, 14 and 15 illustrate other optional
features which can employed with the barriers 10.
Thus, a plurality of elongated bars or straps 88
overlie respective barriers 10, the bars 86 being
long enough so that their ends overlap. In addition,
the bar ends are provided with apertures for receiv-
ing the pins 42a to integrally fix the bars 86 in
position on top of the barrier tops 14. The bars 86
bear a portion of the impact forces developed upon
the hinge knuckles or protuberances 36 by the pins
42a upon vehicle impact. By reason of this func-
tion, the bars 86 substantially prevent any struc-
tural failure of the protuberances 36 which might
otherwise occur when the pins 42a act upon the
protuberances 36. For additional strength the
siraps 86 can be made in channel form 86a, as
illustrated in FIG. 15, the channel shape providing
even more resistance to longitudinal bending.

FIGS. 11 and 12 also illustrate a modified form
of filler cap 24c, as best seen in FIG. 17. The cap
24c is characterized by an upwardly open cylin-
drical body 88 which is threadably associated at its
upper extremity with the barrier top 14. The hollow
interior of the body 88 includes a normally open
vent plug 90 in its base. A flexible container or bag
92 is carried or housed within the body 88 and is
fluid coupled to the vent plug 90. With this arrange-
ment, water expuision from the barrier 10 upon
vehicle impact will pass through the plug 90, fill the
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bag 92 and thrust it upwardly and outwardly of the
barrier top by popping off a disk 94 which normally

overlies and closes the hollow interior of the body

88. The bag 92 is preferably made of resilient
material so that it will force the expelled fluid back
into the barrier 10 subsequent to vehicle impact.

FIG. 16 illustrates another feature of the barrier
10 of FIGS. 11 and 12. More particularly, the drain
28 is characterized by a threaded shank 96 pro-
vided with a blind bore 98. If after long service the
drain 28 cannot be removed, the bore 98 can be
threaded to receive a replacement plug.

End connected barriers 10 are preferably rela-
tively movable to a certain extent to conform to
uneven terrain. For this purpose a predetermined,
relatively generous clearance is provided between
the adjacent horizontal surfaces of the intercon-
nected protuberances 36, between the protuberan-
ces 36 and the adjacent vertical walls of the reces-
ses 38, between the surfaces of the adjacent end
walls 16 and 18 of the end coupled barriers 10, and
also between the pin 42 and the bushings 40. Such
clearances enable the barriers to be arranged
slightly out of longitudinal alignment to define a
gradual curve of relatively great radius, or to fit
closer together at their bottoms than at their tops
for gentle terrain rises, or to be vertically offset to
also accommodate terrain unevenness.

Where it is desired to arrange the barriers in a
more pronounced change of direction, that is, one
of short radius, the specially configured coupler 48
of FIG. 5 can be used. The coupler 48 is preferably
an empty, easily movable hollow body molded of
the same material as the barrier 10, although it
could aiso be made for filling, as will be apparent.
its end faces or walls correspond to the barrier end
walls and are characterized by a complemental
configuration and arrangement of protuberances
and recesses. Lower case letters are employed in
FIG. 8 to show this correspondence.

The coupler 48 can be made with its end faces
or walls 16a and 18a defining any desired included
angle. In FIG. 5 the end faces are arranged at an
angle of approximately 30 degrees, the single cou-
pler 48 being connected between the ends of adja-
cent barriers 10 by a connecting pin 42. The resul-
tant curve has a radius of approximately 52 feet.

FIG. 6 illustrates yet another form of coupler,
the end faces of the pair of couplers 50 defining an
included angle of somewhat less than 90 degrees.
Each pair of couplers 50 are connected to each
other and to the ends of adjacent barriers 10 by
three pins 42. This orients the connected barriers
in a serpentine, zigzag or loosely stacked arrange-
ment such that impacting vehicles are gradually
decelerated by successive collapsing or closing
movement of the barriers against each other. As-
suming the vehicle is approaching from the top, as
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seen by the viewer in FIG. 6, the first barrier 10
would absorb a portion of the kinetic energy, swing
toward the second barrier 10, that barrier would
further dissipate kinetic energy, and so on as the
stack collapses to a closed configuration.

FIG. 7 illustrates an arrangement of connected
barriers and couplers 52 in which the coupler end
faces define an included angle of approximately 90
degrees, a pair of couplers 52 being used between
the ends of each pair of adjacent barriers. With this
arrangement the barriers 10 are placed with the
side margins of their bases 12 closely adjacent.
The resuiting barrier stack provides a concentrated
mass able to absorb very high impact forces and
prevent even large vehicles from passing through
the barrier stack.

In addition to the described different barriers
and different orientations to alter the character and
degree of kinetic'energy absorption, further adijust-
ments in kinetic energy absorption are possible by
filling the successive barriers 10 with successively
greater quantities of water, the nearest barrier 10
being filled with less water and the last barrier 10
being completely filled. Many variations are possi-
ble, as will be apparent. -

The construction of the barrier 10 suits it for
highway use, but it also is suited for use in defining
a vehicle race course. As compared with barriers of
the prior art, the barriers 10 are relatively inexpen-
sive, easily transportabie in their unfilled state,
quickly connectable in a variety of arrangements,
as above described, and fillable with water to var-
ious degrees. Disassembly and movement of the
barriers to other sites is easy, the drain fittings 28
being opened to empty the barriers prior to their
removal.

FIG. 18 illustrates yet another embodiment
100, the barrier 100 being identical in substantially
every respect to the barrier 10 of FIG. t, except
that the end wall 16a is modified to provide im-
proved resistance o bending under vehicle impact
and thereby reduce consequent loading of the
knuckles or protuberances 36 by the pin 42 (not
shown in FIG. 18). Such improved resistance to
bending is provided by integrally molding on op-
posite sides of each protuberance 36 a rectan-
gularly shaped recess or box section 102 whose
walls resist such bending. The number of prot-
uberances is increased to four in the barrier 100 to
better distribute the forces imparted to the end wall
16a by the action of the pin 42 (not shown) against
the protuberances 36.

FIG. 18 also illustrates use of a thin side sheet
of shield 101 of metal or tear resistant rubber or
the like to protect the barrier side wall 20 from
gouging and tearing by the action of an impacting
vehicle. The shield 101 is configured to com-
plementally fit the configuration of the barrier side
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wall 20. The side shield 101 is supported in posi-
tion by any suitable means, such as by a piurality
of self-tapping screws 104 disposed through an
elongated bar 106 overlying the upper, inwardly
formed margin of the shield 101. The screws 104
self-tap into the barrier 100.

FIG. 19 iilustrates another form of side shield
101a similar to the shield 101, except that the
shield 101a is an integral or one piece shield to
overlie the barrier top 14 and both side walls 20.

Referring now to FIG. 21, an end coupler 108
is illustrated which is similar in function to the
couplers 52 illustrated in FIG. 7. The coupier 108
includes at its opposite margins complemental
protuberances and recesses for mating with the
protuberances and recesses in the end wall 16a of
side abutting barriers 100. A similar end coupler
108 is located at the opposite ends of the barriers
100 so that the end couplers 108 connect together
the adjacent barriers 100 as an integral unit to
resist impact forces beyond the capability of a
single barrier 100.

FiG. 22 illustrates a schematic coupling of
three barriers 100, it being apparent that as many
barriers 100 can be coupled together as needed for
the particular application.

FIGS. 23 and 24 illustrate another form of end
coupler 110. A pair of such couplers 110 are shown
mounted to the ends of a pair of lateraily spaced
apart barriers 100. The couplers 110 are secured in
position by the pins 42 which pass through the
protuberances 36 (not shown), the pins 42 also
passing through suitable openings in the couplers
110. In addition, each coupler 110 includes three
transverse openings which receive a corresponding
pluraiity of transverse tubes 112. The tubes 112 of
each coupler 110 are transversely aligned, and
three compression springs 114 are disposed be-
tween the confronting tubes 112 at each end of the
pair of couplers. Three rods (not shown) are dis-
posed through the tubes 112 and the springs 114
at each end. With this arrangement, a plurality of
laterally spaced apart couplers 110 are adapted to
serially absorb and pass on the impact forces
developed when the outermost coupler 110 is
struck by a vehicle, the springs 114 compressing
as this occurs.

FIG. 25 illustrates another form of fitting or T-
coupler 116 adapted to be connected to three
barriers 100 by three pins 42 so that one trans-
verse barrier 100 can be joined at right angles to a
string of longitudinally arranged barriers 100. Such
an arrangement could be used to more strongly
constrain the transverse barrier 100 against move-
ment upon vehicle impact, or it could be used to
define right angular paths for pedestrian traffic.

The barrier of the present invention is adapted
to incorporate various improvements and modifica-
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tions for a variety of special applications. in FIG.
26, a pair of barriers 100 connected in end-to-end
relationship by pins 42 are provided with a hemi-
spherical end cap 118 connected by a pin 42 to
the end one of the barriers 100. The end cap is
adapted to deflect a vehicle impacting against the
end of the string of barriers 100 and absorb a
portion of the impact forces.

FIG. 27 shows an arrangement similar to that of
FIG. 26, but two pairs of end connected barriers
100 are employed, the two strings converging and
being joined together by a protective end coupler
or end cap 120 connected to the adjacent barriers
100 by pins 42. The V-shape barrier assembly is

"disposed in advance or ahead of an object 122,

such as a highway lighting standard, bridge abut-
ment, or the like. A pair of tension springs 124 are
connected at their outer ends to a pair of the pins
42 of the oppositely located strings of barriers 100.
The inner ends of the springs 124 are fixed to rods
126 which are fixed or otherwise anchored to the
underlying highway pavement. When a vehicle im-
pacts against the end cap 120, the V-shape barrier
assembly will be driven toward the object 122,
extending the springs 124. Thus, impact energy is
absorbed by the resistance of the barriers 100 to
sliding movement over the pavement, as well as by
energy absorption upon elongation of the springs
124, :

FIGS. 28 through 30 show different end con-
nectors 48a, 48b and 48c. They are similar to the
end connectors of FIG. 5, except that the prot-
uberances 36 are oriented so that they will dispose
the barrier to which they are connected at an angle
of approximately two and a half degrees to the
supporting surface for the barrier. The protuberan-
ces 36b are similarly arranged, but at a greater
angle, such as approximately five degrees. Differ-
ences in terrain elevation are thersby accommo-
dated. The protuberances 36¢ of FIG. 30 are sub-
stantially the same on both sides, rather than com-
plemental, as was the case in FIGS. 28 and 29.
With the arrangement of FIG. 30, the direction of
orientation or curvature of the assembled barriers
can be reversed, compared to the direction shown
in FIG. 5, so as to form an "S" configuration.

FIG. 31 is illustrative of the means by which a
barrier 100 can be end connected to a typical
concrete median barrier 128.

An attachment connector 130 having a configu-
ration approximating that of the configuration of the
concrete barrier 128 includes a back wall which
incorporates a plurality of hinge knuckies 132
adapted to receive a pin 42, which aiso passes
through a suitable opening in the top of the con-
nector 130.

The barrier 100 and the end connector 130 are
than longitudinally moved until the connector 130



15 EP 0 297 182 A1 16

overlies the end of the concrete barrier 128. In this
position suitable openings 134 in the connector are
aligned with lead anchors 136 located in suitable
openings provided in the concrete barrier 128. Fas-
teners (not shown) can then be used to secure the
barrier 100 in position adjacent the concrete barrier
128.

FIGS. 32 and 33 illustrate a half barrier 138
having the channels 34 and ribs 35 of the barrier
10 of FIG. 1, but only constituting a fillable outer
shell for a concrete barrier 128. The half barrier
138 includes upper and lower flanges 140 and 142
adapted to be connected fo the top and base of the
concrete barrier 128 by suitable fasteners disposed
into lead anchors 136.

The half barrier 138 is closed at its opposite
ends so that the half barrier 138 can hold water or
the like. Since the half barriers 138 are supported
in position by the concrete barrier 128, their abut-
ting ends can be secured together by dovetail
projections 144 or the like on one end of a barrier
100 which fit into dovetail recesses 146 in the end
of the adjacent half barrier 138. Preferably the end
one of the half barriers 138, designated by the
numeral 148, is convergent, as seen in FIG. 33,
terminating in an end 150 approximating the con-
figuration of the adjacent portion of the concrete
barrier 128. This arrangement permits deflection
and gradual absorption of the impacting force of a
vehicle striking the end 150 of the half barrier 148.

FIGS. 34 and 36 are illustrative of the use of
two half barriers 138, one located on either side of
the concrete median 128. In addition, if the size of
the half barrier 138 is to be made greater, such as
is indicated in phantom outline at 138a in FIG. 34,
the base of the half barrier 138a can conveniently
be supported by a pedestal 152 underlying the half
barrier 138a and resting upon the highway pave-
ment 154.

FIGS. 35 and 37 illustrate a similar arrange-
ment, this time the two half barriers 138 of FIGS.
34 and 36 being replaced by a unitary shell barrier
156 of inverted U-shape which is fluid fillable and
which rests of its own weight upon the top and
sides of a concrete barrier 128, shown in phantom
outline, without any necessity for fasteners. in addi-
tion, the shell barrier 156 is aiso adapted to overlie
a typical elongated guard rail 158 supported upon
a series of posts 160, as shown in phantom outline.
In this application, the pavement would be located
as shown at 154a in phantom outline, and the shell
barrier 156 would rest of its own weight upon the
pavement 154a. Thus, the barrier 156 is uniquely
adapted for use with either the conventional con-
crete barrier 128 or the conventional, widely used
guard rail 158,

FIGS. 39 and 40 show a variation on the ar-
rangement of FIGS. 23 and 24. In the embodiment
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of FIGS. 39 and 40, the end couplers 110a not onily
include hinge protuberances and recesses on one
side, as in the case of the end couplers 110, but

“include them on both sides so that the pins 42 can

be used to end connect adjacent barriers 100.
Further, as best seen in FIG. 40, the transverse
rods in the arrangement of FIGS. 23 and 24, seen
in FIGS. 39 and 40 as rods 160, extend through the
springs 114 as before, but the tubes 112 are elimi-
nated and circular recesses or seats 162 are pro-
vided in the sides of the end couplers 110a to seat
the adjacent ends of the springs 114.

FIG. 41 illustrates a modified form of barrier
100a which is substantially identical to the barrier
100 except for the inciusion in the barrier 100a of
an integral, vertically oriented and longitudinaily
extending central core 164. The core 164 is upwar-
dly open so that it can be filled with concrete or the
like, if it is desired to add more mass, or it can be
filled with earth for plantings to suit the barrier to
decorative applications.

FIG. 43 is a variation on the embodiment of
FIG. 27, and is characterized by an end cap 120
attached to the adjacent ends of strings of end
connected barriers 100 arranged in divergent, V-
shaped configuration, the adjacent ends of each
string of barriers 100 being connected together by
a coupler 116 like that iliustrated in FIG. 25. A
specially sized and configured barrier 166 is pin
connected to the confronting T-shape couplers 1186.

FIG. 44 is illustrative of yet another arrange-
ment of previously described components. In this
case the barriers 100 are end connected in two
paralle! strings of barriers 100. A transverse string
of barriers 100 is connected io the first pair of
strings by a pair of the T-shaped couplers 116.
Such an arrangement could be utilized as a barrier
for runaway trucks traveling in the direction of the
arrow 188. The truck impacting the transverse
string of barriers 100 not only must deform and
move the transverse barriers 100, but must aiso
progressively drag the parallel strings of barriers
100, whereby a very great impact force can be
progressively absorbed and dissipated.

FIG. 45 illustrates a protective bar 169 which
could be used as a sign support or in place of the
protective side shield 102 of FIG. 18, the bar 169
including lateral arms which can be pin connected
to the adjacent barrier 100 by the usual pins 42
(not shown).

FIG. 46 shows a form of dolly 170 which can
be used to underlie a barrier 100. The barrier is
supported upon the cross members 172 of the
dolly for roiling back and forth upon the dolly
wheels 174. As seen in FIG. 47, this arrangement
can be used to provide a form of movable gate, the
movable barrier 100 being moved between open
and closed positions to open or close off a pro-
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tected area.

FIG. 49 illustrates how a plurality of extension
barriers 176 can be end connected and stacked on
top of the basic barriers 100 to provide a relatively
high composite barrier especiaily suited to inter-
cept flying debris or like objects, or to block un-
wanted viewers or traffic sounds or the like. The
extension barriers 176 are essentially identical in
every respect to the previously described barriers
100, except for their generally vertically oriented
side configuration. They may or may not be filled
with fluid, as desired. .

FIG. 48 illustrates an enlarged half barrier 178
similar to the eniarged half barrier 138 of FIG. 34. It
is mounted to a concrete barrier 128 by fasteners
180 and 182 passing into lead anchors 136 in the
barrier 128. The lower portion of the half barrier
178 includes an integral, molded-in passage 184 to
permit installation of the fastener 182. The portion
of the barrier 178 adjacent the outer end of the
passage 184 slopes downwardly and inwardly to
form a support portion 186 which rests against the
base of the barrier 128 to transmit the weight of the
filled half barrier 178, thus eliminating any need for
the pedestal 152 of the embodiment of FIG. 34.

The side configuration of the barrier can be
varied to suit special situations. For example, in
FIG. 55, a barrier 188 is provided which more
closely spaced channels 34a and protuberances
35a, with the plane within which the outer faces of
the ribs 35a lies being generally inwardly and up-
wardly directed, and intercepting a laterally projec-
ting, overhanging capture portion 180. The portion
190 overlies all of the subjacent ribs 35a and forms
an overhang which aids in preventing vaulting or
leaping of the barrier 188 by a vehicle tire. The
capture portion 190 is similar to the upwardly lo-
cated rib 35 illustrated in FIG. 52 for consiraining
upward movement of the vehicle tire 66.

FIG. 57 illustrates a barrier 188 provided with a
protective strip 192 of metal, rubber or fiberglass to
protect the plastic material of the barrier 188 from
tearing, gouging or similar damage by an impacting
vehicle.

The connecting portion 194 extending between
the mouth of the upper recess 34a and the capiure
portion 190 of the barrier 188 is generally curvilin-
ear. In contrast, the barrier of FIG. 58 includes a
connecting portion characterized by a generally
inwardly directed face 196 merging with a gen-
erally downwardly directed face 198, which merges
with a generally inwardly directed face 200, there-
by forming longitudinally extending bends or
seams 202 and 204. These form a box section
more resistant to bending, as compared with the
curvilinear connecting portion 194 of FIGS. 55 and
57.

FIG. 59 illustrates a barrier 188 like that of FIG.
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55, except that the box section is defined by con-
figuring the outer face of the upper portion 190 to
form an inwardly directed channel 206 which is
resistant to deformation or bending, and thereby is
better able {0 maintain its shape and constrain a
vehicle tire against upward travel.

FIG. 56 illustrates a barrier 208 having side
configurations like that of the barrier 188 of FIG.
55, except that it is adapted to rest of its own
weight on a concrete barrier 128 in a manner like
the shell barrier 156 of FIG. 35.

FIG. 60 is another embodiment of the barrier of
the present invention, in this case a barrier particu-
larly adapted to absorb the impact of a motor
vehicle striking it at substantially a right angle. At
this angle a vehicle barrier is prone to tip over,
especially if the vehicle climbs up or tends to vault
upwardly and over the barrier. To prevent this the
barrier 210 is characterized by generally horizon-
tally directed portions defining superposed ribs 35b
projecting to a lesser and lesser degree from top to
bottom. In addition, a bottom portion 212 of the
barrier 210 extends outwardly considerably beyond
the ribs 35b to provide a very wide and stable
base, the outer face of the bottom portion 212
including a box shape or channel 214 for improved
resistance to bending.

The configuration of the barrier 210 is designed
such that when the barrier 210 is struck at approxi-
mately a 90 degree angle by the usual passenger
vehicle, the bumper goes over the lowermost por-
tion 212 and impacts and comgpresses the lower-,
most, shortest rib 35b. The vehicle hood will go
over the lowermost rib 35b, will impact against and
compress the next highest rib 35b, and will slide
under the topmost rib 35b. The topmost rib 35b
thus acts like an overhang to trap the hood and
thereby prevent the vehicle from vaulting or leaping
the barrier 210.

The barrier 210 is prevented from tipping over
away from the vehicle by reason of the "hooking"
engagement of the portion 212 with the bottom of
the vehicle bumper.

Energy absorption is provided initially by com-
pression of the lowermost rib 35b by the bumper,
the next higher rib 35b by the hood, and the
bottom portion 212 by the vehicle tires. As vehicle
movement proceeds, the entire barrier aids in ab-
sorbing the impact energy.

FIGS. 9 and 10 diagrammatically illustrate fill-
ing and emptying arrangements for the barrier 10
of FIG. 1.

FIG. 9 illustrates a fill cap 24a associated with
a conduit 54 extending from the bottom of the
barrier interior chamber to a bladder or overflow
container 56 located on top of the barrier. The
container 56 is similar to the previously described
bag 92, except that it is normally always externally
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located. On impact, water forced out of the barrier
fill opening flows into the container 56, from which
it can run back down by gravity into the barrier 10
after the impacting vehicle moves away.

FIG. 10 illustrates yet another barrier modifica-
tion, in this case a form of filler cap 24b associated
with a pressure line 58 extending from the interior
chamber of the barrier 10 to a pressurized gas
bottle 60. The cap 24b is also associated with a
conduit 62 which extends to the bottom of the
interior chamber of the barrier 10, and terminates
in a usual fire hose 64. In the event an emergency
supply of water is necessary for fire fighting, for
example, the gas bottle 60 can be actuated to
pressurize the barrier interior and force water out of
the fire hose 64. The contained material can be
any fluid for the type of fire or other emergency
anticipated. Moreover, the fire hose 64 could aiso
be used as a fogging device to provide a protective
water spray around the driver of a ¢rashed vehicle.

From the foregoing it will be apparent that the
present barrier 10 is characterized by great versa-
tility and, most importantly, constitutes a portable,
low cost, easily transportable and effective barrier
for dissipating the kinetic energy developed upon
impact by a moving vehicle. its unique side wall
configuration is effective to reduce the tendency of
a vehicle tire to climb up the side wall and vault the

. vehicle over the barrier. When the side walis of

these barriers are struck at a shallow angle, they
tend to resiliently yield and hold the vehicle against
the wall while speed is lost by "scrubbing” of the
tire against the wall, rather than the vehicle rico-
cheting off and into adjacent traffic or into re-
stricted areas.

The barrier of the present invention, in all of its
embodiments, is best utilized when the principle of
progressive absorption of impact energy is ob-
served. If several of the barriers are arranged, end-
to-end, or stacked side-by-side, or spaced apart in
side-by-side relation, the first of the barriers struck
by the impacting vehicle should be made capable
of deforming or yieldably sliding relatively easily.
As previously explained, this can be done by only
partially filling it with liquid or other fluent material,
or it could be done by not projecting the pins 42
into the pavement or other supporting surface.

The barrier or barriers next encountered by the
vehicle preferably are filled with liquid to a greater
extent, and perhaps the pins 42 projected into the
pavement or into receptacles in the pavement. The
pins could be made of a cross-sectional thickness
and of a material adapted to shear relatively easily.
The next barrier or barriers along the vehicie path
would be even more completely filled, and perhaps
employ pins 42 having an even greater resistance
to shearing. In this way the passengers in vehicles

striking the barrier arrangement would not be sub-
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jected to high deceleration forces. The gradual
deceleration provided by the barrier arrays brings
such forces into a manageable range so that ve-
hicle occupants can survive impacts at relatively
high vehicle speeds.

An important element in such progressive ve-
hicle decelerations is the yieldability of the barrier
structure, and the progressive scrubbing and slow-
ing of the vehicle tire or tires as they push against
upper overhanging portions and forwardly located
portions dynamically formed in the flexible barrier
side walls by the impacting vehicle as it moves
along the barrier. The deformed portions present
an obstacle constraining the vehicle against vauit-
ing the barrier, and the low coefficient of iriction of
the barrier material, as well as the presence of
traction spoiler channels, reduces the ability of the
vehicle tire to develop tfraction and climb the bar-
rier.

Various modifications and changes may be
made with regard to the foregoing detailed descrip-
tion without departing from the spirit of the inven-
tion.

The features disclosed in the foregoing de-
scription, in the following claims and/or in the ac-
companying drawings may, both separately and in

" any combination thereof, be material for realising

the invention in diverse forms thereof.

Claims

1. An energy absorbing barrier having walls
defining an interior chamber for receiving fluent
material, including a side wall o receive the impact
of a moving vehicle for dissipating kinetic energy;
and end fittings for end coupling the barrier to one
or more like barriers, wherein the barrier side wail
is characterized in that:

the side wall is sufficiently resilient to resume

a normal shape after being struck and deformed by
an impacting vehicle;

the side wall is made of a plastic material
having a relatively low coefficient of friction to
reduce traction between the side wall and the tire
of the impacting vehicle; and

the side wall is made of a predetermined
thickness operative upon impact by the vehicle tire
to bulge the side wall material above the impacting
vehicle tire to partially overlie and thereby con-
strain the tire from climbing and vaulting over the
barrier, and also o buige the side wall material
beyond the tire, the predetermined side wall thick-
ness being further operative upon impact by the
vehicle tire to propagate the bulged material of the
side wall in a traveling wave ahead of the tire to
thereby continuously scrub against the tire and
slow its advance.
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2. An energy absorbing barrier according to
claim 1 wherein the plasti¢ material is a cross-
linked polyethylene plastic material.

3. An energy absorbing barrier according to
claim 1 wherein the side wall is planar and slopes
upwardly and inwardly. .

4. An energy absorbing barrier according to
claim 1 and including tension means coupled be-
tween the end fittings for absorbing a portion of the
impact forces developed by a vehicle striking the
side wall.

5. An energy absorbing barrier according to
claim 1 and including a complemental shell over-
lying the side wall for protecting the side wall
against tearing.

6. An energy absorbing barrier according to
claim 1 wherein the barrier is configured to overlie
at least one side of a highway median barrier.

7. An energy absorbing barrier according to
claim 1 wherein the barrier is configured to define
a central space for receiving a highway median
- barrier, with the side walls disposed on opposite
sides of the highway median barrier.

8. An energy absorbing barrier according to
claim 1 and including a median attachment fitting
having vertically aligned and spaced apart prot-
uberances and intervening recesses; one of the
ond fittings comprising vertically aligned and
spaced apart protuberances and recesses for com-
plementally receiving said protuberances and re-
cesses of the median attachment fitting for end
coupling the barrier to a highway median.

9. An energy absorbing barrier according to
claim 1 and including an extension barrier disposed
on top of the interior chamber and including por-
tions having vertically aligned openings aligned
with the openings in the protuberances, and elon-
gate slements disposed through the openings of
the portions and the protuberances to support the
extension barrier in position.

10. An energy absorbing barrier according to
¢claim 1 and including a base portion adapted fo
pass beneath the bumper of a vehicle siriking the
side wall.

11. An energy absorbing barrier according to
claim 1 wherein the side wall is relatively high
compared to the height of the usual passenger
vehicle tire, and includes a portion projecting out-
wardly for overlying an impacting tire.
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