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When a vehicle, traveling at a high speed, leaves the road­
way and strikes a guardrail, a hazardous situation obviously 
exists. It is also hazardous when there is no guardrail and the 
vehicle must traverse the ditch. Neither event is desirable. 
Nevertheless, for a given type of guardrail, a given ditch or 
embankment configuration, and given vehicle encroachment 
conditions, one situation will be less severe than the other. The 
primary objective of this study was to develop criteria from 
which the less severe condition can be selected. 

Highway engineers have had only meager amounts of in­
formation to make an objective decision regarding the need and 
location of guardrail. In many cases criteria are based on the 
results of a particular statistical analysis of accident informa­
tion, compiled by the California Division of Highways in 1966.1 

The results of that study, while of significance for the specific 
guardrails used in California during the period of the accident 
records (bG!ore 1966), should be used with discretion on other 
guardrail designs. The guardrail, used in California during this 
period, was mounted on posts spaced either on 10 foot centers 
or on 121/z foot centers. As the post spacing decreases the lat­
eral stiffness of the guardrail increases. In general, as the lateral 
stiffness of guardrail increases its resistance to impact deforma­
tion increases, and as a consequence the collision severity in­
creases. In Texas, most of the guardrail is supported on posts 
spaced on 6 foot-3 inch centers. 

To determine the severity of an automobile traversing an 
embankment the HVOSM computer program2 was used. The 
orientation and accelerations of the automobile were computed 
as it traversed the embankment. A combination of mathemati­
cal simulations and full-scale test data was used to determine 
the severity of an automobile in collision with a guardrail. Ac­
celerations at the center of gravity of the automobile served as 
the indicator or measure of severity. 

Guardrail should be used for conditions in which the sever­
ity of an errant automobile redirected by the guardrail would 

'Glennon, L C., and Tamburri, T. N., "Objective Criteria for Guardrail In­
stallation," Highway Research Record 174, 1967, p. 192. 

'HVOSM: Highway-Vehicle-Object-Simulation-Model, a computer program 
which was developed at the Cornell Aeronautical Laboratories and modi­
fied for specific problem studies at TT!. 
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Figure 1. Warrant for guardrail on embankments. 
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be less than the severity of the automobile traversing the un­
protected embankment. For an automobile leaving the roadway 
at 60 mph with a 25 degree encroachment angle, criteria were 
established for selecting the less severe alternative, i.e., guard­
rail versus no guardrail. The criteria are developed for a steel 
W-beam guardrail with 6 ft.-3 in. post spacing. This is the pri­
mary type guardrail used by the Texas Highway Department. 

The criteria, shown in Figure 1, is in graphical form for 
ease of application. The dotted line represents the best estimate 
or average Equal-Severity-Curve If a given combination of side 
s lope and ditch depth falls below the curve, guardrail is not 
recommended, and vice-versa for combinations above the curve . 
Discretion would obviously be necessary for those configurations 
below the curve where obstacles exist along or at the bottom 
of the side slope. In those cases, guardrail in the immediate 
vicinity of the hazard would probably be needed If adopted, 
the criteria developed in this study would result in the use of 
less guardrail for embankment protection than now required 
by present criteria. 



It should be noted that the safer option ( guardrail versus 
no guardrail) determined by use of this criteria will not neces­
sarily insure a "safe" situation, i.e., severe injuries may still 
occur. This approach will, however, provide an objective means 
of selecting the safer of two hazardous situations. 

In another phase of this study, an investigation was made 
to determine the relative severity between the W-beam guard­
rail with 6 ft.-3 in. post spacing and no for a 3:1 em­
bankment, 20 feet in depth with a flat-bottom ditch, and various 
automobile encroachrncmt conditions (50 60 mph, and 70 
mph in combination with encroachment of 10 degrees, 
17.5 degrees, and 25 degrees). It was that for shal-
low angles, a guardrail collision is higher in severity than tra­
versing the 3:1 embankment. However, as the speed and angle 
of departure increases, the severity of traversing the embank­
ment approaches that of striking a guardrail. 

In terrain where large fill heights are required, a 6:1 slope 
is often provided up to 20 feet off the shoulder's edge and a 
llfz:l slope from that point to the bottom of the fill. Guardrail 
protection is usually provided for the steeper ] lh:l slope. The 
final phase of this study was addressed to the question: If the 
rail is placed on the 6: 1 slope, how fm off the shoulder should 
it be located to minimize the possibility of an automobile vault­
ing it? It was concluded that the rail should be 12 feet or further 
from the shoulder's edge. 

The published version of this report (two volumes) may be 
obtained by addressing your request as follows: 

R. L. Lewis, Chairman 
Research & Development Committee 
Texas Highway Department-File D-8 
11th and Brazos 
Austin, Texas 78701 
(Phone 512-475-2971) 




