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GUARDRAIL END TERMINAL FOR 
SIDE OR FRONT IMPACT AND METHOD 

TECHNICAL FIELD OF THE INYENTION 

PCT/US98/J 4367 

The invention relates to energy-absorbing guardrail 
end terminals of the type that may be used along roadsides, 

5 and more particularly, to a guardrail end terminal for side 
or front impacts. 

BACKGROUND OF THE INYENTION 
Guardrails are traffic barriers placed along roadsides 

10 to screen errant vehicles from hazards behind the barrier. 
A common guardrail in the United States is constructed 
using a standard steel W-beam mounted on spaced wood or 
steel posts. Because the W-beam functions primarily in 
tension when redirecting impacting vehicles, a function of 

15 the end is to provide necessary anchorage for the beam to 
develop necessary tensile forces. In addition, since the 
guardrail end represents a discontinuity in the barrier 
system, it is subject to being struck "head-on" by vehicles· 
with small departure angles from the roadway. When struck 

2 0 in this manner, the end might spear the vehicle. Some 
widely used terminal designs "bury" the W-beam at the end 
to eliminate spearing, but this design may have 
shortcomings including causing problems relating to 
vaulting and rollover due to the vehicle riding up the end, 

25 and subsequently becoming airborne. 
Another type of highway safety device is the crash 

cushion device. Highway agencies have been using crash 
cushion devices at high accident locations for a number of 
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years. These devices absorb the energy of head-on impacts 
with decelerations that are not life-threatening for design 
conditions. Crash cushioning devices typically involve a 
relatively large capital investment for roadside devices. 

5 Because the number of guardrail terminals is quite large, 

and the impact probability low for most, the states do not 
have the resources to employ crash cushion devices at most 
guardrail ends because of their expense. 

Guardrail end terminals have been developed to help 
10 absorb energy during a head-on collision by a vehicle. For 

example, U.S. Patent 4,655,434 to Bronstad discloses such 
an end terminal. This type of end terminal is designed to 
interact with a front portion of a vehicle. 

Most vehicles on highways today are fairly well 
15 configured for a head-on impact with an end terminal. The 

bumper, engine, and engine compartment generally provide 
adequate structure for the end terminal to provide an 
energy absorbing force without unduly impinging on the 
·passenger compartment. The same cannot generally be said 

20 for most side impacts. 
Many vehicles on the highways today have minimal 

structure on the sides of the vehicle that may be used to 
receive an energy absorbing force from an end terminal 
without unduly impinging on the passenger compartment. The 

25 vehicle floor structure provides the most substantial 

resistance during side impacts. 

SUMMARY OF THE INVENTION 

According to an aspect of the present invention, a 

30 guardrail end terminal for side or front impacts is 
provided that addresses many shortcomings of previous end 

terminals. According to one aspect of the present 

invention, a system for transferring forces from a floor 
structure of a vehicle to beams on an energy-absorbing 

35 guardrail end terminal during a forceful side impact with 
the vehicle has a spacer channel attached between first and 
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second beams and has a force transfer member coupled to the 
spacer channel that extends in part below the guardrails to 

a position above ground level to receive ~ floor ~tructure 
of a vehicle during a forceful side impact. 

5 According to another aspect of the present invention, 
a method of manufacturing a system for transferring forces 
from a floor structure of a vehicle to beams on an energy­
absorbing guardrail end terminal during a side impact with 
the vehicle includes the steps attaching a spacer channel 

10 between first and second beams; forming a force transfer 
member; and attaching the force transfer member to the 
spacer channel with a portion of the force transfer member 
positioned above ground level to receive a floor structure 
of a vehicle during a forceful side impact. 

15 

BRIEF DESCRIPTION OF THE DRA.WINQS 

A more complete understanding of the invention and its 
advantages will be apparent from the detailed description 
taken in conjunction with the accompanying drawings in 

20 which: 
FIGURE l is a plan view of an energy-absorbing 

guardrail end terminal according to an aspect of the 
present invention; 

FIGURE 2 is a side elevation view of the structure of 

25 FIGURE 1; 
FIGURE 3 is perspective view of an enlarged portion of 

the guardrail end terminal showing a spacer channel with 

portions broken away; 
FIGURE 4 is schematic elevation view of a system or 

30 mechanism according to an aspect of the present invention 

for transferring forces from a floor structure of a vehicle 
to an energy-absorbing guardrail end terminal; 

FIGURE 5 is a schematic plan view of the system of 

FIGURE 4; 

35 FIGURE 6 is a schematic elevation view of another 
embodiment of a system or mechanism for transferring forces 
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from a floor structure of a vehicle to an energy-absorbing 

guardrail end terminal according to an aspect of the 
present invention; 

FIGURE 7 is a schematic plan view of the system of 

5 FIGURE 6; 

FIGURE 8 is a partial perspective view of the system 

of FIGURES 6 and 7; 

FIGURE 9 is a schematic elevation view of another 

embodiment of a system or mechanism for transferring forces 

10 from a floor structure of a vehicle to an energy-absorbing 
guardrail end terminal according to an aspect of the 
present invention; and 

15 

FIGURE 10 is a schematic plan view of the system or 

mechanism of FIGURE 9. 

DETAILED PESCRIPTION OF THE INYENTION 

The preferred embodiments of the present invention and 
its advantages are best understood by referring to FIGURES 

1-10 of the drawings, like numerals being used for like and 
20 corresponding parts of the various drawings. 

The present invention includes an energy-absorbing 

guardrail end terminal that may include many features of 

known guardrails and guardrail end terminals. For example, 

the features of the guardrail end terminals shown in U.S. 

25 Patent 4, 655, 434, entitled "Energy Absorbing Guardrail 

Terminal'' and U.S. Patent 4,838,523, entitled "Energy 
Absorbing Guard Rail Terminal" may be included. u. s. 
Patents 4,655,434 and 4,838,523 are incorporated herein by 

reference for all purposes. While many of these features 

30 are discussed herein, it is to be understood that the 

present invention may be used as an aspect of many 

different types of end terminals as well. 
Referring to FIGURES l. and 2, an end terminal may 

include multiple pairs of oppositely disposed horizontally 

35 extending beams 10, 11 and 12 having overlapping ends 
supported from a plurality of longitudinally spaced 
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vertical break-away wooden posts 13 through 18. The beam 
pairs may be of any suitable rigid material, but preferably 
are of a conventional metal W-beam rail configuration. 

An impact nose section 19 is placed at the upstream, 
S vehicle-approach end of the terminal. Nose section 19 

includes a three-part wrap around construction with a 
curved end piece 20 secured to post 13 by a fastener 21. 
Oppositely disposed nose panels 22 and 23 overlap and are 
secured to the free ends of curved end piece 20 by a 

10 plurality of fasteners 24. The remaining ends of nose 
panels 22 and 23 are secured in overlapping relationship to 
the respective ends of beam pairs 10 and post 14. 

Post 13 to which nose curved piece 20 is secured has 
a main body member, which is notched inwardly of its 

15 upstanding free end reducing the effective cross-sectional 
dimension of the post at the notch by approximately 
one-half. Wood~n spacer blocks 28 may be secur~d to post 13 
by fastener 21. Each of posts 13-18 is preferably 
positioned within a metal post tube with a soil anchor 

20 plate secured to the post and post tube below ground level. 

A cable assembly 31 has a steel cable 32 extending 
through an aperture in the notch portion of post 13 as 
best shown in FIGURE 2 . The other end of cable 3 2 extends 

25 through an aperture in post 14 at 35 and a spacer channel 
36 that extends between beams 10 abutting post assembly 14 
as seen in FIGURES 1, 2, and 3. A pair of nuts 37 are 
threadably secured to the end of a stud 38 swage connected 
to the end of cable 32 as is known in the art. A post 

30 connection strut 39 extends between posts 13 and 14 just 
above the terminal end of steel post tubes and just below 
cable 32 on post 13 only. 

Cable assew.bly 31 helps define a load path during 

angular impacts down stream of the end terminal. 
35 Connection strut 39 interconnects the respective posts 13 

and 14. Notch post 13 will break-away upon an end impact 
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while the cable assembly anchored to post 13 will act as 

an anchor for cable 32 and its attached post 14 and spacer 

channel 36 which helps with downstream impacts on the 

guardrail. 
The overlapping ends of beam pairs 10, 11, and 12 are 

preferably secured to one another via shearing bolts. Slot 

configurations illustrated in FIGURES 6 and 9 of the 

drawings provide energy-absorbing shredding of the metal 

strips between a series of openings or slots in the beams 

10 upon impact. 
Referring again to FIGURE l of the drawings, 

connecting rods 44 will be seen extending transversely 

between the respective beam pairs 10 and 11 adjacent posts 

15 and 17. Each of rods 44 is fastened to the beam pairs 

15 via a keyhole opening in the beam. Downstream from each 

connecting rod 44 a box beam 45 is mounted on the upstream 

side of each posts 16 and 18 respectively. Each of the box 

beams engages, bends and releases . rod 44 upon impact as 

beam pairs 10 and 11 telescope down over one another during 

20 a forceful impact. As used herein, "forceful impact" ~~ans 

an impact by a vehicle with sufficient momentum to at least 

cause posts 13 and 14 to break away and beams 10 to 

telescope at least in part. 
An important aspect of the present invention is that 

25 structure is included to transfer forces from a vehicle's 

floor or floor structure during forceful impacts with a 

side of a vehicle as well as being able to accommodate head 

on impacts. Referring to FIGURES 4 and 5, a force transfer 

mechanism or system 100 for transferring forces from a side 

30 floor structure 7 of a vehicle 9 (FIGURE 1) to a portion of 

the guardrail during a side impact (as suggested in FIGURE 

1) is presented. 
As described more fully in connection with reference 

numeral 36 of FIGURES 1-3, a spacer channel 136 (FIGURES 4 

35 and 5) is attached to beam 110 at one end and the other 

beam 112 on the other end of channel 136. Spacer channel 
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136 is preferably secured near a downstream portion of post 
114. Spacer channel 136 may be bolted or welded about its 
ends to beams 110 and 112. Attached to a portion of spacer. 
channel 136 is a force transfer member 102. 

Force transfer member 102 may include support members 
116 and one or more gusset plates, such as gusset plates 
118. A reactor plate 120 may be attached to force transfer 
member 102. A deflector plate 122 may also be attached on 
a portion of support member 116. support members 116 may 

1 O be angled towards one another as shown in FIGURE 5 • 

15 

Additional strengthening plates, such as plate 124, may be · 
attached. The attachments of components noted herein may 
be by fasteners, welding, or by other techniques known in 
the art. 

Reactor plate 120 and/or a lower portion of force 
transfer member 102 are positioned low enough to ground 126 

to engage the floor panel or floor structure of most 
vehicles. System 100 is thus operable to engage the floor 
structure during a side impact and transfer forces to 

20 spacer channel 136 of the guardrail system. 
For one embodiment, a bottom portion of reactor plate 

120 and force transfer member 102 are preferably 
approximately 3" above ground 126 as indicated by 
dimension reference number 128. For this specific 

25 embodiment (shown in FIGURES 4 and 5), the reactor plate is 
shown approximately 3" behind post 114 as is indicated by 
dimension reference number 130. Reactor plate 120 is 

preferably positioned and sized to allow post 114 to break 
away during a forceful impact by vehicle and engage the 

30 floor structure if the impact is on a side portion of the 
car. 

According to aspects of · the present invention, 
numerous designs may be utilized to engage the floor 
structure of a side impacting vehicle and transfer forces 

35 to beams 110 and 112. Another example of a system or 
mechanism 200 according to an aspect of the present 
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invention is shown in FIGURES 6-8. In this embodiment, a 

torsion bar 250 is secured, preferably by welding, to 

internal surfaces of spacer channel 236. Spacer_ channel 

236 is located adjacent to post 214. A force transfer 

5 member 202 has a first member 216 and a second member 217. 

Members 216 and 217 have a first and a second lateral edge 

(or end). On the second lateral edges, a third member 219 

may be attached to members 216 and 217 for additional 

strength and stability. On a portion of the first lateral 

10 ·edges of members 216 and 217 of transfer member 202, a 

reactor plate 220 may be attached. An additional plate 221 

may be attached on another portion of the first lateral 

edges of members 216 and 217 as shown if FIGURE 6. 

As with the previous embodiment, force transfer member 

15 202 ?nd/or reactor plate 220 are positioned to engage the 

floor structure of a vehicle having a forceful side impact 

with the guardrail end terminal. Additional plates and 

reinforcements may be added to force transferring mechanism 

or system 200. As with the previous embodiment, post-214 

20 is designed to break away upon impact and force transfer 

member 202 will transfer forces from a side floor structure 

of a vehicle to an approximate centroid of the beams, e.g. 

beam 210. 
Referring now to FIGURES 9 and 10, another embodiment 

25 of a system for transferring forces is shown. Force 

transfer mechanism or system 300 is attached to spacer 

channel 336.- A torsion bar 350 is attached, preferably by 

welding, to spacer channel 336. A force transfer member 

302 transfers forces to spacer channel 336 during forceful 

30 side impacts. Force transfer member 302 has a first member 

316, a second member 317, a third member 319, and a fourth 

member 321. Each member 316-321 may be welded to a portion 

of torsion bar 350 and/or spacer channel 336. As shown in 

FIGURE 9, a number of additional support plates, such as 

35 plate 323, may be attached to the members. 



------····--·-·-···- ..... . 

W099/0l781 PCT/US98/l4367 

9 

With this embodiment, reaction plate 320 may have 
three distinct members 400, 325, and 327 as shown best in 
FIGURE 10. Support members 316, 317, 319, and 321 have a 
first lateral edge and a second lateral edge. Attached to 

5 a portion of the first lateral edge of members 316 and 317 
is first reaction plate member 400.· Similarly, attached 
to the first lateral edge of members 319 and 321 is third 
reaction plate member 327. Middle or second reaction plate 
member 325 is attached to an intermediate surface portion 

10 of support members 317 and 319. Second reaction plate 
member 325 may further be reinforced in position by 
supports or blocks 329 and 331. 

As with the previous embodiments, system 300 is 
designed to engage a portion of the floor structure of a 

15 vehicle during a forceful side impact with the end terminal 
and to transfer the forces from the floor structure to a 
portion of the guardrails; such as the centroid of beam 
310. With the embodiment shown in FIGURES 9 and 10, 

reaction plate 320 is divided into distinct members 400, 

20 325, and 327 which are sized and configured to allow post 
314 to break away and be forced into channel 360 (FIGURE 
10) with a portion of post 314 resting against second 
reaction plate 325. As shown by dimension reference numeral 
364, first and third plate members 400 and 327 are located 

25 upstream of a back side of post 314 by approximately 2 1/4n 

to 2 M" or as necessary to allow post 314 to break and be 
received within cavity 360. With post 314 in channel 360, 
first reaction plate 400, a surface 362 of post 314, and 
third reaction plate nu~er 327 present a substantially 

- 30 flush surface for bearing against the floor structure of 
the vehicle which is impacting from a side angle. Because 
combined surface areas 400, 362, and 327 are larger than 
other embodiments, the resultant force experienced by a 
portion of the floor structure engaged by system 300 is 

35 smaller than with other designs. 
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Although the present invention and its advantages have 
been described in detail, it should be understood that 
various changes, substitutions, and alterations can be made 
therein without departing from the spirit and scope of the 

5 invention as defined by the appended claims. 
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WHAT IS CLAIMED IS: 

1. A system for transferring forces from a floor 
structure of a vehicle to beams on an energy-abs.orbing 

guardrail end terminal during a side impact by the vehicle, 
5 the guardrail end terminal having a first beam and a second 

beam, the system for transferring forces comprising: 
a spacer channel attached between the first and second 

beams; and 
a force transfer member having a first end and a 

10 second end, the first end coupled to the spacer channel and 
the second end extending below the first and second beams 
to a position above ground level to engage a floor 
structure of a vehicle during a forceful side impact. 

15 2. The system of claim 1 further comprising a 

20 

reactor plate attached to the second end of a force 
transfer member, the reactor plate positioned 3 11 to 9 11 

above ground level for receiving a floor structure of 
vehicle during forceful side impact. 

3. The system of claim 1 wherein the force transfer 
member comprises a first and second support members, the 
first and second support members coupled at a first end to 

the spacer channel; and 
25 a reactor plate coupled to a portion of the first and 

second support members proximate a second end of the first 
and second support members. 

4 . The system of claim 3 further comprising: 
30 a first gusset plate coupled to a portion of the 

35 

spacer channel and a portion of the first support member; 
and 

a second gusset plate coupled to the spacer channel 

and a portion of the second support member. 

This S~t Uas..lk~.ll R!:lpla..ced 
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5. The system of claim l further comprising a 
torsion bar coupled to the spacer channel, and wherein the 
force transfer member comprises: 

a first member having a first and second end and a 
S first and second lateral edge, the first end of first 

member coupled to the spacer channel and the torsion bar; 
a second member having a first and second end and a 

first and second lateral edge, the first end of the second 
member coupled to the spacer channel and torsion bar; and 

10 a reactor plate coupled on the first lateral edge of 
the first member and the first lateral edge of second 
member. 

6 • The system of claim 5 wherein the force transfer 
15 member further comprises a third member coupled to the 

second lateral edge of the first member and the second 
lateral edge of the second member. 

7. The system of claim 1 wherein the force transfer 
20 member comprises: 

a first member having a first and second end and a 
first and second lateral edge, the first end of the first 
member coupled to the spacer channel; 

a second member having a first and second end and a 
25 first and second lateral edge, the first end of the second 

member coupled to the spacer channel; and 

30 

a reactor plate coupled on the first lateral edge of 
the first membe:: and the first lateral edge of second 
member .. 

11/1DJ1J11~1u1 
• 

--

THIS SHEET HAS BEEN 
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8. The system of claim l wherein the force transfer 
member comprises: 

a first plate member having a first and second e.!1~- and 
a first and second lateral edge; 

5 a second plate member having a first and second end 
and a first and second lateral edge; 

a third plate member having a first and second end and 
a first and second lateral edge; 

a fourth plate member having a first and second end 
10 and a first and second lateral edge; 

the first end of the first, second, third, and fourth 
plate members attached to the spacer channel; 

a first reactor plate member coupled to the first 
lateral edge of the first and second plate members; 

15 a second reactor plate member coupled to an 

20 

25 

intermediate plate surf ace of the second and third plate 
members; and 

a third reactor plate member coupled to the first 
lateral edge of the third and fourth plate members. 

9 . The system of claim 7 wherein the second reactor 
plate and a portion of the second and third plate members 
form a post-receiving cavity. 

I IHI HI mtll lllll lllll II lllJ 
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10. A system for transferring forces from a floor 
structure of a vehicle to beams on an energy-absorbing 
guardrail end terminal during a forceful side impact, the 
system comprising: 

5 a plurality of break-away posts; 
a first and second beam coupled to the plurality of 

posts; 
a spacer channel coupled between the first and second 

beams; and 
10 means for transferring forces from a floor structure 

of a vehicle to the spacer channel during a forceful side 
impact by a vehicle. 

-------
/~I/If II~ llf!l I/I/I /1111/ 
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11 . A method of manufacturing a system for 
transferring forces from a floor structure of a vehicle to 

beams on an energy-absorbing guardrail end terminal during 
a side impact with the vehicle, the guardrail end terminal 

5 having a first beam and a second beam, the method 
comprising the steps of: 

attaching a_ spacer channel between the first and 

second beams; 

forming a force transfer member; and 
10 attaching the force transfer member to the spacer 

channel with a portion of the force transfer member 
positioned above ground level to receive a floor structure 
of a vehicle during a forceful side impact. 

15 12. The method of Claim 11 wherein the step of 
attaching the force transfer member further comprises 
attaching a reactor plate attached to the second end of a 
force transfer member 3n to 9 11 above ground level for 

receiving a floor structure of vehicle during forceful side 
20 impact. 

25 

13 . The method ·of Claim 11 wherein the step of 

forming a force transfer member comprises: 
forming a first and second support members; and 
attaching a reactor plate to a portion of the first 

and second support members proximat·e a second end of the 
first and second support members. 

14. The method of Claim 13 wherein the step of 

30 forming a force transfer member further comprises: 
attaching a first gusset plate to a portion of the 

spacer channel and a portion of the first support member; 

and 
attaching a second gusset plate to the spacer channel 

35 and a portion of the second support member. ------
I If lllll llllll lllll lllll ll /llJ 

C L M s * 

Thi s Sheet !Ias Been .R. 1 -

I If l"ll /111 mt iod1 
L- ... _:···· 



·--- --------·-·--""' ______ ,. ...... 

W099/02781 PCT/US98/14367 

16 

15. The method of Claim 11 further comprising 
providing a torsion bar, coupling the torsion bar to spacer 
channel, and wherein the steps of forming the force 
transfer member and attaching comprise: 

5 forming a first member having a first and second end 
and a first and second lateral edge; 

coupling the first end of first member to the spacer 
channel and the torsion bar; 

forming a second member having a first and second end 
10 and a first and second lateral edge; 

coupling the first end of the first member to the 
spacer channel and torsion bar; and 

coupling a reactor plate on the first lateral edge of 
the first member and the first lateral edge of second 

15 member. 

16 . The method of claim 11 wherein the steps of 
forming and attaching the force transfer member comprise: 

forming a first plate member having a first and second 
20 end and a first and second lateral edge; 

farming a second plate member having a first and 
second end and a first and second lateral edge; 

forming a third plate member having a first and second 
end and a first and second lateral edge; 

25 forming a fourth plate member having a first and 
second end and a first and second lateral edge; 

attaching the first end of the first, second, third, 
and fourth plate members to the spacer channel; 

attaching a first reactor plate member to the first 
30 lateral edge of the first and second plate members; 

attaching a second reactor plate member to an 
intermediate plate surface of the second and third plate 

membersi and 

attaching a third reactor plate member to the first 
35 lateral edge of the third and fourth plate members. 
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