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HIGHWAY SAFETY DEVICE 

BACKGROUND OF THE INVENTION 

This invention relates to highway safety devices and more 
particularly to such devices for decelerating or de?ecting er 
rant vehicles as they approach an obstacle such as a bridge 
abutment adjacent to a highway. Recent investigations have 
revealed that approximately one-third of the thousands of 
deaths on the highways result from accidents involving only 
one vehicle caused by the vehicle running off the road and/or 
colliding with a hazardous ?xed object. 
There have been prior attempts to provide impact attenuat 

ing devices to be placed adjacent to such ?xed highway 
hazards, which, upon impact, decelerate the vehicle and its 
occupants at rates which minimize the damage to the vehicles 
and reduce or eliminate injuries to the occupants. 
The only such prior proposal which has been used on any 

substantial scale is the impact attenuating device disclosed in 
copending application Ser. No. 788,890 ?led Jan. 3, 1969, for 
Energy Absorbing Deceleration Barriers. The impact at 
tenuating device there disclosed comprises a grouping of 
frangible containers, usually of cylindrical con?guration hav 
ing in their lower portions a lightweight collapsible core struc 
ture, the upper portion of the frangible containers being ?lled 
with a dispersible mass such as sand. The frangible containers 
are set up in an array in front of the ?xed hazard, the units 
being of decreasing mass in a direction away from the hazard. 
Actual experience has demonstrated that this type of barrier 
will safely decelerate a vehicle which hits the barrier at speeds 
up to 60 miles an hour, with minimal damage to the vehicle 
and minimum risk of injury to the occupants. 

Despite its many advantages and its established success, the 
barrier disclosed in the aforesaid application Ser. No. 788,890 
can not be used at all hazardous sites usually because of of 
de?ection space limitations. Also the prior barrier has limited 
de?ection capability. While in many cases the absence of 
de?ection capability has a distinct advantage since it avoids 
redirecting the vehicle into the path of an oncoming vehicle or 
another vehicle moving in the same direction, nevertheless it 
is a disadvantage if the vehicle strikes the barrier assembly at a 
large angle at a point closely adjacent to the hazard. 

SUMMARY OF THE INVENTION 

It is the principal purpose and object of the present inven 
tion to provide improved impact attenuation devices which in 
corporate a substantial de?ection capability as well as a sub 
stantial deceleration capability and which are adapted for in 
stallation at sites which impose severe space limitations. 

It is another important object of the invention to provide 
improved impact attenuation devices which are particularly 
suited for use in combination with deceleration barriers, espe 
cially those disclosed in the aforesaid copending application 
Ser. No. 788,890. 

It is a further object of the present invention to provide im 
proved impact attenuation devices which require little, if any, 
site preparation, which are held in place primarily by their 
own weight and which usually require no anchoring or other 
structural backup, and which may be manufactured from 
readily available and inexpensive components. 

It is also an object of the present invention to provide an im~ 
pact attenuating device which is particularly well suited for 
sites of high impact frequency and which is capable of 
withstanding relatively minor impacts without suf?cient 
damage to require repair to the barrier itself. 
The barrier device of the present invention comprises 

primarily a sheet metal container or body, the lower portion of 
which is ?lled with a collapsible low-density core and the 
upper portion of which contains a dispersible mass, such as 
sand. The utilization of the low-density core and the high-den 
sity dispersible mass locates the center of gravity approximate 
ly at the height of the center of gravity of the impacting vehi 
cle. 
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2 
An impacting vehicle is decelerated, not only by a momen 

tum exchange between the vehicle and the dispersible sand 
mass, but also by the additional forces of metal deformation 
and by the inertia of the metal parts themselves. 

In one form, the barrier device comprises a pair of larger 
and smaller cylinders connected by spaced-apart metal walls 
or “sections” to form an enclosure, both the cylinders and the 
enclosure containing a sand mass. In a modi?ed form the bar 
rier includes an external guard rail encircling at least the for 
ward portion of the barrier unit. The guard rail may be 
secured to the sheet metal walls forming the enclosure or may 
be free-standing, i.e., unattached to the main metal body of 
the barrier unit except for ?exible cables which cause multiple 
bending of and energy dissipation by the guard rail upon 
severe impact. 

In another form especially adapted for use adjacent to very 
narrow ?xed objects with traf?c exposure on one side only, 
the main body of the barrier is equipped with a guard rail on 
one side only. 
Any of the foregoing units are capable of absorbing impacts 

at vehicle speeds up to about 40 miles an hour. Where higher 
speeds are anticipated and where space permits, the barrier 
unit of the present invention is preferably used in conjunction 
with the frangible deceleration barrier units of the aforesaid 
application Ser. No. 788,890. 

Additional objects and advantages will become apparent as 
the description proceeds in connection with the accompany 
ing drawings. 

THE DRAWINGS 

FIGS. 1 and 2 are, respectively, a top plan view and a side 
elevation of one form of highway barrier constructed in ac 
cordance with the present invention; 

FIGS. 3 and 4 are, respectively, a top plan view and a side 
elevation of a modi?cation of the barrier unit of FIGS. 1 and 2 
incorporating an attached external guard rail; 

FIG. 5 is a fragmentary enlarged section taken along line 
5-5 of FIG. 3 showing details of construction; 

FIGS. 6 and 7 are, respectively, a top plan view and a side 
elevation of a further modi?cation of the invention including 
an external free-standing guard rail; 

FIG. 8 is a vertical section taken along line'8—-8 of FIG. 6 
showing details of the guard rail and guard rail support; 

FIGS. 9, 10, and 11 are top plan views of the barrier of 
FIGS. 6-8 as it may appear after impact; 

FIGS. 12 and 13 are, respectively, a top plan view and a side 
elevation of a further modi?cation of the invention particu 
larly adapted for'installation adjacent to a very narrow ob 
struction; 

FIG. 14 is/a fragmentary section taken along line 14—14 of 
FIG. 12; and ‘ 

FIGS. 15 and 16 are, respectively, semidiagrammatic top 
plan views of the units of FIGS. 1 and 12 forming part of a bar 
rier assembly including barrier units of the type disclosed in 
the aforesaid copending application Ser. No. 788,890. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Typically, the barrier unit of the present invention, in 
dicated generally 20, is installed at the side of the highway 
(not shown) in position to intercept an errant vehicle as it ap 
proaches a ?xed obstruction such as a bridge abutment shown 
partially at 22. 
The principal structural components of the unit 20 are a 

pair of cylinders 24 and 26 connected by walls or sections 28 
and 30. Preferably the cylinders 24 and 26 as well as the walls 
28 and 30 are formed of corrugated sheet metal which is 
deformable, yet which possesses suf?cient rigidity to permit 
fabrication to the designed shape, transportation to the site 
and retention of shape when loaded. For example, the cylin 
ders 24 and 26 may be standard riveted culvert pipes of I6 
gauge steel having 3 inch by 1 inch corrugations. The wall por 
tions 28 and 30 are similarly corrugated, the corrugations in 
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the wall portions as well as in the cylinders extending horizon 
tally to permit nesting of the corrugations of the wall portions 
with the corrugations of the cylinders. Preferably, the wall 
portions 28 and 30 terminate at the points of contact with the 
cylinders and are welded, riveted, bolted or otherwise at 
tached thereto. 

In a typical case, the cylinder 24 will be 48 inches in diame 
ter, the cylinder 26 will be 18 inches in diameter, the height of 
the cylinders and the wall portions will be 42 inches and the 
overall length of the unit will be 1 1 feet. 
The assembled barrier unit is installed by simply placing it in 

the desired position. Since the unit is not anchored and is held 
in position primarily by its own weight, little, if any, site 
preparation is ordinarily required. After the unit is in position, 
a collapsible, lightweight, low-density core member 32 is in 
stalled at the lower end of cylinder 26. A suitably shaped 
similar core member 34 is also installed at the base of the en 
closure formed by the wall portions 28 and 30 and the ad 
jacent portions of the cylinders 24 and 26. A third core 
member 36 is also installed in the base of the cylinder 24. The 
assembly is completed by ?lling the space in the cylinders 24 
and 26 and the space between the walls 28 and 30 with a 
dispersible mass such as sand indicated at 37. The core 
member may be fabricated from any number of suitable 
materials such as waterproof paper products, foam plastic or 
the like. It is essential however, that the core members be of 
low density and be crushable or collapsible on impact and yet 
possess suf?cient strength in the vertical direction to support 
the sand mass above them. In a typical unit having the dimen 
sions described above, the height of the core members will be 
approximately 1 foot. The low-density core structure has the 
effect of arti?cially elevating the center of gravity of the entire 
barrier unit both statically and dynamically. Preferably the 
center of gravity of the barrier unit is slightly above the center 
of gravity of the impacting vehicle. Despite wide variations in 
vehicle construction the center of gravity of most vehicles is 
approximately 21 inches above ground level. The positioning 
of the center of gravity of the barrier unit slightly above this 
level offsets the tendency of the deformable metal walls of the 
barrier to impart a lifting moment to the nose of the vehicle 
because of ground friction, etc., which would cause the vehi 
cle to ramp over the barrier with little or no deceleration or 
de?ection, or possibly to induce overturning. 
The modified form of the invention, illustrated in FIGS. 3, 4 

and 5, comprises a primary unit 20 preferably identical to the 
unit of FIGS. 1 and 2. In addition, the barrier unit includes an 
external attached guard rail assembly, comprising opposed 
guard rail members 40 and 42 joined at their forward ends by 
a terminal piece 44. The guard rail members are secured to 
the main body of the barrier unit slightly above the vertical 
midpoint thereof by a plurality of Z-shaped spacers 46. 
Preferably the guard rail members 40 and 42 are of W con 
?guration and are centrally bolted to the spacers 46. The 
guard rail assembly also includes a straight member 47 extend 
ing across the rear of the unit tangentially of the cylinder 24 
and suitably secured at its opposite ends to the ends of the 
guard rail members 40 and 42. The guard rail assembly is pro 
vided with rearwardly projecting extensions 48 and 49 suf? 
ciently spaced apart to embrace the adjacent abutment 22. 
The assembly is completed by a steel cable 50 extending 

transversely across the barrier and secured at its outer ends to 
gusset plates 52 and 54 carried by the guard rail members 40 
and 42, respectively. The guard rail increases the de?ection 
capability of the assembly and guards the main body of the 
barrier unit against nuisance damage caused by relatively light 
impact. The cable 50 signi?cantly increases the performance 
of the unit since on direct longitudinal impact the unit will 
tend to assume a FIG. 8 con?guration. On severe impact both 
of the guard rails 40 and 42 as well as the side members 28 and 
30 will bow outwardly both ahead of the cable and to the rear 
of the cableproducing a greater amount of metal deformation 
than would otherwise occur and thereby increasing the force 
available to decelerate the vehicle as desired. 
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4 l 
The modi?cation of the barrier unit illustrated in FIGS. 6 

and 7 again includes the basic barrier unit 20 and includes an 
external guard rail. However, in this form of the invention the 
guard rail is free-standing. More speci?cally, the guard rail as 
sembly comprises an inner strap 56 of one or more pieces 
which extends essentially around the forward portion of the 
barrier unit 20 and is generally of the same con?guration as 
the barrier 20. The main guard rail members 58 and 60 are 
secured to the strap 56 by Z-shaped spacers 62 which extend 
to the ground and support the guard rail frame. The terminal 
piece 64 extends around the forward portion of the unit and is 
suitably secured to the forward ends of the guard rail members 
58 and 60. 
The spacer posts 62 position the guard rail assembly at the 

desired elevation, which is somewhat above the vertical mid 
point of the barrier, and at their lower ends are secured to U 
channel sheet metal skid shoes 68. The spacing between the 
guard rail assembly and the body of the main barrier unit 20 is, 
in a typical case, 1 foot along the sides of the barrier assembly 
and 2 feet at the front of the barrier assembly. A cable 72 ex 
tends across the barrier unit 20, the outer ends of the cable 
being attached to ?exible cables 74 and 76 which are secured 
at their outer ends to gusset plates 78 and 80 carried by op 
posite sides of the guard rail assembly. 
The assembly of FIGS. 6 and 7 is preferred for installations 

where space permits. The free-standing guard rail reduces the 
initial impact force by permitting the entire guard rail as 
sembly to move up to 2 feet longitudinally or 1 foot laterally 
before contact is made with the barrier body. The cables 74 
and 76 are installed with suf?cient slack to permit this move 
ment. Damage to the barrier by minor nuisance hits will be 
substantially reduced. Upon minor impact the guard rail frame 
will be displaced by sliding rather than by being deformed by 
compression against the sand ?lled body of the main barrier 
unit. In many instances “repair” of the unit can be effected by 
simply restoring the guard rail assembly to its initial position. 
The barriers thus far described are high density, high G 

force barriers having a deflection capability for angle impacts, 
which will also perform efficiently upon direct impact. They 
are intended for use at guard rail ends, narrow bridge abut 
ments, piers, large poles and the like. 
The selection of the appropriate barrier for use at a given 

site is dictated by three factors; the space available, the 
requirements for vehicle de?ection and, the requirement for 
barrier damage control at sites where multiple nuisance im 
pacts are anticipated. 
The barrier of FIGS. 1 and 2, the smallest, consists of the 

sand container only and may be used where space (particu 
larly width) is limited, positive de?ection is not required and 
repeated minor “hits” are not expected. The exposed thin cor 
rugated cylinders and walls will be deformed by light or heavy 
impacts from any angle. 
The barrier of FIGS. 3 and 4 is some 2 ft. wider and 1 ft. 

longer and provides the substantial vehicle de?ecting capabili 
ty typical of such guard rails, increased measurably by the “ 
back-up" or support of the sand container and its contents, 
against which the guard rail is mounted. Its resistance to direct 
or near direct impact is increased by the forces required to 
bend the guard rails. The cable 50 insures that each rail 40 and 
42 will absorb energy by bending at the cable attachment 
points and at points approximately half way between the cable 
attachment points and both ends of the barrier on each side. 
The energy of minor angle impacts will be absorbed by 

bending of the Z-spacers 46 without major damage to the 
main sand container 20, but the Z-spacers will collapse and 
the sand container will be damaged by major impacts from any 
angle. 
The barrier of FIGS. 6-9 has the same qualities and opera 

tional characteristics as the barrier of FIGS. 3 and 4 except 
that the guard rail frame is free-standing (requiring some 2 ft. 
more width and 2 ft. more length), further reducing barrier 
damage due to minor or nuisance impacts because of the dis 
placement of the frame by sliding on the ground surface. The 
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slack in the cables permits the frame to move backwards until 
it contacts the sand container before the cables become taut 
and deform the sand container. The sliding movement of the 
guard rail frame has another advantage in that the initial barri 
er resistance to impact is reduced because the inertia of the 
frame is absorbed before the frame contacts the sand con 
tainer, the principal vehicle-decelerating mass. 

Reactivation after minor impacts is accomplished by 
dragging the frame back into its original position. 
The performance of the barrier of FIGS. 6-8 in typical im 

pact situations is illustrated in FIGS. 9, 10, and 11. 
FIG. 9 illustrates the barrier as it appears after direct high 

speed impact. The vehicle is decelerated by deformation of 
the metal components as well as by a momentum exchange 
between the vehicle, on the one hand, and the sand mass on 
the other. The cable 72 insures maximum energy absorption 
by metal deformation in that the guard rails are each bent for 
wardly of the point of cable attachment, at the point of cable 
attachment, and rearwardly of the cable attachment, the 
guard rails each thus assuming an M or W con?guration, as 
shown in FIG. 9. The force level produced through the sand 
displacement will be relatively high because of the contain 
ment of sand within the metal components which must be 
deformed before the sand can be dispersed or displaced. 

FIG. 10, illustrates the unit after low-speed impact in the re 
gion A, at an angle of about 20 degrees. It will be noted that 
the guard rail frame assembly is moved back toward the ob 
struction 22 and yet is kept in alignment by the nesting of the 
nose of the guard rail assembly against the front cylinder 26 
and by the guiding action of the rear extensions 48 and 49. 
The length of the cable sections 74 and 76 is so selected as to 
permit this movement, without placing the cables in substan 
tial tension. Upon an impact of this type the damage may not 
be suf?cient to require replacement or repair of the barrier as 
sembly, which may be reactivated by simply restoring the 
guard rail assembly to its original position. 

FIG. 11 illustrates the barrier after a low-speed impact in 
the region B near the rear of the barrier at a relatively large 
angle. Such an impact will produce lateral displacement of the 
guard rail assembly into contact with the main barrier unit 20. 
Again the length of the cable sections 74 and 76 is sufficient to 
permit this type of lateral displacement of the guard rail as 
sembly. In many cases the barrier can be reactivated after the 
relatively minor impact simply by restoring the guard rail as 
sembly to its initial position. In most cases the resistance of the 
walls to deformation, together with the inertia of the guard rail 
assembly, will be suf?cient to de?ect the vehicle away from 
the obstruction 22. 

In all cases the arti?cial elevation of the center of gravity 
minimizes the likelihood that the nose of the vehicle will be 
de?ected either upwardly or downwardly causing the vehicle 
to ramp over the barrier or to nose down under it or to over 

turn. ~ 

The modi?ed barrier unit of FIGS. 12, 13 and 14, to which 
detailed reference will now be made, is particularly suited for 
installation adjacent to very narrow ?xed objects with traf?c 
exposure on one side only. The main body of the barrier unit 
84 is of essentially the same construction as the barrier unit of 
FIGS. I and 2 except that it is asymmetrical. Typically, the 
cylinders 86 and 88 are somewhat smaller than the previously 
described units, with cylinder 86 having a diameter of 30 
inches and cylinder 88 having a typical diameter of l8 inches. 
Secured to the traffic side of the barrier body 84 is a guard rail 
assembly indicated generally at 90. To mount the guard rail, 
one wall of the barrier body 84 is provided with a reinforcing 
strap 92 which extends between the cylinders 86 and 88 
slightly above the midpoint of the barrier body. The W-shaped 
main guard rail member 94 is bolted to‘the strap 92 and ex 
tends from a point just ahead of the forward cylinder 88 to a 
point substantially to the rearward of the cylinder 86. At its 
forward end the guard rail member supports a curved sheet 
metal terminal member 96. To increase the rigidity of the 
guard rail assembly, an outer guard rail member 98 is bolted to 
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6 
the inner guard rail and extends from the rearward end of the 
inner guard rail member to a point substantially midway 
between the cylinders 86 and 88. Preferably the rearwardly 
extending portion of the guard rail assembly is suitably 
secured as by bolts 100 and a mounting plate 102 ?xed to the 
structure such as 104 which the barrier protects. Alternately, 
the barrier may be attached to conventional guard rail struc 
ture or to other ?xed structure. 

Because of the heavy guard rail construction and the 
anchoring of the entire assembly to the ?xed structure the bar 
rier of FIGS. 12-14 will have an unusually large de?ection 
capability. 
The barriers described herein may be used in unique com 

bination with the deceleration barriers of Ser. No. 788,890, a 
typical installation of this kind being shown in FIG. 15. 
As more fully disclosed in Ser. No. 788,890, the barrier 

units 106 comprise frangible containers which are usually of 
cylindrical con?guration and are fabricated from a breakable 
plastic having a lightweight collapsible core structure and 
?lled with sand. The barrier units 106 are sacri?cial, that is 
they are destroyed upon impact and decelerate the vehicle by 
a momentum exchange between the vehicle and the dispersi 
ble sand mass. While they have proved to be unusually effec 
tive in predicably decelerating vehicles striking them at high 
speeds, they lose their effectiveness to a certain extent in the 
?nal stages of vehicle deceleration unless they are of extreme 
ly large mass. The use of the barrier unit such as those 
described in FIGS. 1 through 8, together with the barrier units 
106 improves the performance of both units and tends to 
maintain a constant G-level of deceleration particularly in the 
?nal phase of vehicle deceleration. This combination permits 
a substantial reduction of the number of units 106 which are 
required at any given installation and accordingly reduces the 
overall size of the barrier system and permits it installation in 
sites which impose relatively severe space limitations. 
The barriers of FIGS. 1 and 2 in combination with units 106 

offer some de?ection capability. The barriers of FIGS. 3 
through 8 offer a major degree of de?ection capability near 
the ?xed object where it is usually needed, for use at those 
sites where a de?ection capability is desired. 
As shown in FIG. 16 the barrier unit of FIGS. 12-14 can 

also advantageously be used with a series of the barriers 106 to 
increase its deceleration capability. 

I claim: 
1. A deceleration barrier assembly adapted to be positioned 

adjacent to a highway hazard comprising an elongated 
deformable container of decreasing width from one end to the 
other with the wider end being positioned adjacent to said 
hazard and the narrower end facing an approaching vehicle, a 
low mass, collapsible core structure in the bottom of said con 
tainer, and a high-density dispersible mass in the upper por 
tion of said container, the density and height of said core 
structure being so related to the density and height of said 
dispersible mass to dispose the center of gravity of said barrier 
substantially at the level of the center of gravity of an impact 
ing vehicle. ‘ 

2. A deceleration barrier assembly adapted to be positioned 
adjacent to a highway hazard comprising a pair of deformable 
containers, a deformable wall structure connecting said con 
tainers, said wall structure including spaced-apart portions 
forming an enclosure with said containers positioned adjacent 
the opposite ends thereof, a collapsible core vstructure ?lling 
the bottom of said containers and said enclosure, the space 
above said core structure containing a dispersible high-density 
mass. 

3. The deceleration barrier according to claim 2 wherein 
the opposite ends of said wall portions join said containers es 
sentially tangentially thereof and wherein one of said con 
tainers is substantially larger than the other and said other 
container faces in the direction of an approaching vehicle. 

4. The deceleration barrier according to claim 2 together 
with a guard rail extending along at least one of said wall por 
tions externally of said enclosure in the region of the vertical 
midpoint of said enclosure. 
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5. The deceleration barrier according to claim 4 wherein 
said guard rail extends beyond the ends of said enclosure, one 
of said extending guard rail ends being free-standing and the 
other extending guard rail end being adapted for attachment 
to ?xed mounting structure. 

6. The deceleration barrier according to claim 2 together 
with a guard rail positioned externally of said enclosure in the 
region adjacent to the vertical midpoint of said enclosure and 
extending along the sides and around at least one end of said 
enclosure. 

7. The deceleration barrier according to claim 6 together 
with a connector extending across said enclosure and through 
said wall portions for connection to opposed portions of said 
guard rail. 

8. The deceleration barrier according to claim 2 together 
with a guard rail extending along said wall portions and 
around at least one end of said enclosure externally thereof, 
and means independent of said enclosure supporting said 
guard rail adjacent to the vertical midpoint of said enclosure. 

9. The deceleration barrier according to claim 7 together 20 

25 

30 

35 

45 

8 
with ?exible connector means extending between said guard 
rail and said enclosure for permitting free movement of said 
guard rail with respect to said enclosure through a predeter 
mined distance. 

10. A deceleration barrier assembly adapted to be posi 
tioned adjacent to a highway hazard comprising an elongated 
deformable container of essentially uniform height from end 
to end and of decreasing width from one end to the other with 
the wider end being positioned adjacent to said hazard and the 
narrower end facing an approaching vehicle, a light weight 
collapsible core structure ?lling the bottom of said container_ 
and a high-density dispersable mass in the upper portion of 
said container, and a plurality of frangible containers posi 
tioned adjacent to the narrower end of said deformable con 
tainer, each of said frangible containers having a collapsible 
light weight core structure at its lower end and the upper por 
tion of each of said frangible containers containing a high-den 
sity dispersible mass. 
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