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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Systematic, well-designed research provides the most 
effective approach to the solution of many problems facing 
highway administrators and engineers. Often, highway 

. problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their state universities and others. However, the accelerat­
ing growth of highway transportation develops increasingly 
complex problems of wide interest to highway authorities . 
These problems are best studied through a coordinated 
program of cooperative research. 

In recognition of these needs, the highway administrators 
of the American Association of State Highway Officials 
initiated in 1962 an objective national highway research 
program employing modern scientific techniques. This 
program is supported on a continuing basis by funds from 
participating member states of the Association and it re­
ceives the full cooperation and support of the Bureau of 
Public Roads, United States Department of Transportation. 

The Highway Research Board of the National Academy 
of Sciences-National Research Council was requested by 
the Association to administer the research program because 
of the Board's recognized objectivity and understanding of 
modern research practices. The Board is uniquely suited 
for this purpose as : i( maintains an extensive committee 
structure from which authorities on any highway transpor­
tation subject may be drawn; it possesses avenues of com­
munkations and cooperation with federal, state, and local 
governmental agencies, universities, and industry; its rela­
tionship to its parent organization, the National Academy 
of Sciences, a private, nonprofit institution, is an insurance 
of objectivity; it maintains a full-time research correlation 
staff of specialists in highway transportation matters to 
bring the findings of research directly to those who are in 
a position to use them. 

The program is developed on the basis of research needs 
identified by chief administrators of the highway depart­
ments and by committees of AASHO. Each year, specific 
areas of research needs to be included in the program are 
proposed to the Academy and the Board by the American 
Association of State Highway Officials. Research projects 
to fulfill these needs are defined by the Board, and qualified 
research agencies are selected from those that have sub­
mitted proposals. Administration and surveillance of re­
search contracts are responsibilities of the Academy and 
its Highway Research Board. 

The needs for highway research are many, and the 
National Cooperative Highway Research Program can 
make significant contributions to the solution of highway 
transportation problems of mutual concern to many re­
sponsible groups. The program, however, is intended to 
complement rather than to substitute for or duplicate other 
highway research programs. 

This report is one of n Serie.~ of reports issued from n cont inuing 
rescnrch program conducled 11ndcr a 1hrec-way ngrccmcnl entered 
into in June 1962 by and nmong the Nationul Academy of Scicnces­
Nntional Research Co uncil, the American Association o f to te High­
way Ofilcials, nnd the U. S. Bureau of Public Roads. Individua l fiscn l 
agreement arc exceutccl annually by the Acndcmy-Rese.1 r h Counc il, 
the Bureau of Publ ic Road , and por ricipniing stole highway depart­
ment~. member o f the American Association o f State Highway 
Officials. 

This nmort w11s prepared by the cont roc ting resea rch ui;cncy. IL hos 
been rc,•iewcd by the appropriate A<l vi ory !',,net fo r cla rity, docu­
me11tation and ful fi llment o f the cont ract. It has been ncccptcd by 
the High,~ay Research Bon rd and published In the interest of an 
cffccurnl d issemination o( fi ndings ~nd lhcir npplica tion in lhe for­
mulation o r policies, procedures, a nd prnctice in the ubjcc t 
problem area. 

The opinions and .:onclusions expressed r implied in these reports 
urc tho e o f the resea rch ugcncics th ut performed the re. earch. They 
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FOREWORD 
By Staff 

Highway Research Board 

Engineers concerned with guardrail design and accident prevention will be those 
having most interest in this report. The research stemmed from a need for pro­
viding design engineers with a choice of effective guardrail systems and with warrants 
for their use. Toward this end, approximately six man-months of effort were 
devoted to an evaluation of existing data on the current state-of-the-art of guardrail 
design and warranting criteria with a view toward defining additional needed re­
search. The results of the study are useful in providing both information essential 
to the conduct of additional research and a concise statement of national and in­
ternational practices and current research. 

Design engineers have been at a disadvantage for lack of a suitable basis 
for choice of effective guardrail systems (including median installations) and 
warrants for their use. Although a number of tests have been conducted on 
various systems, there has been a need for a comparison and appraisal of the result­
ing data in terms of structural stability of the systems, damage to vehicles, injury to 
occupants, maintenance and repairs, interference with roadway maintenance opera­
tions, visibility, etc. Similarly, a review of the basis for warrants has been needed. 

The Cornell Aeronautical Laboratory has researched this problem by means 
of a combination of literature search and direct inquiries to numerous individuals 
and agencies in the United States and foreign countries. A review, summary, and 
evaluation of the present state-of-the-art has resulted and an extensive annotated 
bibliography of the reports and articles reviewed in the study has been developed. 
Throughout the review, primary attention was given to the consideration of three 
aspects pertaining to guardrails; i.e., ( 1) technical or factual basis for warrants, 
(2) prevailing conditions of off-road vehicle motions and guardrail impacts, and 
(3) criteria for guardrail structural design. Conclusions have been drawn con­
cerning present gaps in the technology and recommendations have been made for 
the research considered necessary to fill these gaps. With the increasing emphasis 
being placed on highway safety, this compilation of pertinent information should 
be of considerable interest to both designers and other researchers. 

This document constitutes a final report on the first phase of the research, 
which was intended to critically analyze past and current research and to define 
additional needed research. The second phase of the research will be under contract 
in June 1967. 
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SUMMARY 

CHAPTER ONE 

INTRODUCTION 

HIGHWAY GUARDRAILS­
A REVIEW OF 

CURRENT PRACTICE 

This final report presents the results of a study to review, summarize and evaluate 
the current state of the art of guardrail design and warranting criteria. Information 
necessary for the conduct of the investigation was secured from a search of the 
technical literature and by correspondence with individuals and agencies both in • 
the United States and abroad. The report presents and discusses data and informa­
tion concerning present warranting practices, prevailing conditions of off-road 
vehicle motions, and guardrail performance as determined from accident studies, 
structural and physical characteristics of various types of guardrails in current use, 
results of full-scale barrier tests, and research programs currently in progress. 

It is concluded that there is a need for additional research in the areas of ( 1 ) 
more comprehensive accident data specifically aimed at providing a realistic assess­
ment of performance of current barrier installations by relating unsuccessful barrier 
performance to the over-all contact experience, identifying predominant failure 
modes and impact conditions, and obtaining measures of relative hazards of road­
side obstacles and guardrails; ( 2) development of standardized test procedures, 
measurements, and reporting of results; and (3) development and application of 
validated analytical techniques for studying and evaluating guardrail collision dy­
namics to determine the relative importance of barrier design parameters and to 
provide guidance for design modifications. A preliminary proposal for conducting 
the additional needed research is outlined. 

An extensive annotated bibliography of reports and articles reviewed in the study 
is presented in an appendix. 

There is a need to provide highway design engineers with 
a choice of effective guardrail systems (including median 
installations) and warrants for their use. Although a num­
ber of agencies have conducted tests of various ystems 
the resulting data need to be compared and appraised in 
terms of structmal stability, damage lo vehicles, injury lo 
occupants, maintenance and repair interference with road­
way maintenance operation, visibility, etc. A similar re­
view of the ba is for warrants is needed. 

the Phase I studies of NCHRP Project 15-1 performed by 
the Cornell Aeronautical Laboratory. The results, con­
sisting of a review, summary and evaluation of the present 
state of the art of highway guardrail design and warranting 
criteria, are presented in this report. The scope of this in­
vestigation was limited primarily to considerations of three 
aspects of guardrails: (1) technical or factual basis for 
warrants, (2) prevailing conditions of off-road vehicle mo­
tions and guardrail impacts, and (3) criteria for guardrail 

The foregoing paragraph is the problem statement for tructural de ign. The primary objectives of the study were 
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(1) to search for, summarize and critically evaluate exist­
ing data on guardrail design, performance, and warrants, 
and (2) to define needs for additional research effort. 

To obtain the information required to present and assess 
the current state of the art of guardrails, a literature search 
was made and letters of inquiry were sent to more than 
150 individuals and agencies, both in the United States and 
in foreign countries, asking for statistical and experimental 
data, descriptions of past and current research, bibliogra­
phies, and expert opinions related to the aforementioned 
three aspects of guardrails. A large amount of material 
was obtained through approximately 100 responses to the 
request for information, much of it being drawings show­
ing guardrail standards and details of current warranting 

CHAPTER TWO 

RESULTS OF THE STUDY 

FACTUAL BASIS FOR GUARDRAIL WARRANTS 

There is considerable agreement among highway engineers 
concerning the considerations that are involved in estab­
lishing the need for guardrail installation. The primary 
factors usually considered are embankment height, fill 
slope, shoulder width, steepness of grade, horizontal cur­
vature, roadside conditions (such as fixed objects, bodies 
of water, rocks, and boulders), climatic conditions, traffic 
characteristics (speed and volume) of the highway, and 
accident experience. It is also universally recognized that, 
insofar as possible, roads should be designed so as to mini­
mize the need for guardrails, because guardrails are them­
selves hazardous and may be more dangerous than the 
hazard they are designed to protect against (J, 2) . 

In the United States, many of the States have adopted the 
procedure outlined in HRB Special Report 81 (3), or some 
variation thereof, as a guide for warrants. This procedure 
is based on the current practice of most of the States in 
dealing with the need for guardrails on embankments; 
there is widespread agreement that no guardrail is needed 
if the fill slope is flatter than 4: 1 and no other hazards are 
present. To each combination of embankment height and 
steepness of the side slope (less than 4: 1) a value of basic 
"need index" is assigned. Adjustment factors are then 
applied to the basic need index to account for the other 
factors that affect the need as listed previously. The re­
sulting adjusted need index is then compared to an appro­
priate warranting value assigned to the highway that should 
take into consideration the type of highway (primary or 
secondary) and the associated speed and volume of traffic. 
The need for a guardrail is indicated if the numerical value 
of the adjusted need index is larger than the warranting 
value. A nomograph that was developed to simplify the 
procedure is presented in Figure 1 (3, p. 7). 

practice. Because the study program was not intended to 
include a treatment of the many detailed differences in 
current design practice among the various States and 
foreign countries, no attempt was made to catalogue or 
evaluate all of this type of information. 

This report presents as complete a review of data con­
cerned with guardrail design and performance, warrants, 
vehicle impact conditions, and research currently in prog­
ress as was possible to achieve within the time period per­
mitted for the study. In addition to the material presented 
in the main body of the report, an annotated bibliography 
of reports and articles related to the subject of guardrails is 
given in the Appendix. 

The procedure has merit in that it attempts to account 
properly for the many variables that affect the determina­
tion of need. Despite the fact that the appropriateness of 
the values assigned to both the basic need index and the 
adjustment factors (which in effect define the relative 
hazard relationships within and among the variables) may 
be subject to question, the method reflects both the best 
available knowledge and the judgment of experienced de­
signers for guidance in determining when a guardrail is 
needed. The report also points out the need for protection 
against such potential hazards as bridge abutments, piers, 
and light poles, and presents recommendations as to how 
guardrails should be installed geometrically to reduce the 
danger from these and other hazardous conditions. 

The relatively sparse applicable information that was 
obtained from foreign countries also indicates the need 
for a more specific, valid definition of when guardrail in­
stallation is warranted. A brief review of practice in the 
United Kingdom, Japan, Canada, and Switzerland follows. 

United Kingdom 

According to Jehu ( 4), of the Road Research Laboratory : 

At the moment the warrant for roadside bar­
riers on motorways in the U.K. is an embank­
ment height of 20 ft or more, embankments 10 ft 
or more in height on curves with a radius of 
2,800 ft or less, and at points of special danger 
(e.g., on all bridges carrying a motorway and 
on all bridges carrying vehicular traffic over a 
motorway). Warrants for median barrier are 
under investigation by comparing accident rec­
ords at two 9-mile sites with barrier with equal 
length controls on the same road without barrier, 
the median width being 15 ft. 
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Japan 

Members of a committee of the Japan Road Association 
have prepared a guidebook (5) that is similar to HRB Spe­
cial Report 81 in that it provides a guide for the determina­
tion of need, installation recommendations, and the classes 
of roads where various types of guardrail may be used. The 
following excerpts of definitive conditions for guardrail 
warrants are quoted from an incomplete copy of this docu­
ment. 

In general, guardfence is to be erected at each 
of the sections stated below to prevent cars from 
running off roads by taking into consideration the 
conditions of and the traffic situation on the road . 

(3) Section where the height of embankment is 
more than 2 m in city districts. 

( 4) Section where the height of embankment is 
more than 2 m and the radius of curvature 
is less than 300 m in flat and mountainous 
districts. 

( 6) Seeton where the surface of the road is less 
than 1.5 m lower than that of a railway or 
another road and net clearance ( clearance 
between the outer edge of the construction 
gauge on the road and that of the railway 
or other way) is less than 5 m and there is 
danger that a car may run off the road onto 
the railway or other way. 

(9) Section where an S-shape curve exists on a 
road with radius of curvature less than 
300m. 

(10) Section where less than 4% down slope 
exists and guardfence can be used effec­
tively for such a place. 

( 13) Section where bridge, elevated bridge or 
tunnel begins or ends and guardfence may 
be considered as especially needed. 

• (14) Section where guardfence is considered es­
pecially as needed for the protection of, for 
instance, the pillars of an overhead bridge. 

(16) Section where the width of the central 
separating zone is less than 3 m and guard­
fence may be considered as needed. 

Canada 

The Department of Highways of the Province of Saskatche­
wan, Canada, employs the nomograph shown in Figure 2 as 
a guideline for warrants. The similarity to the nomograph 
developed by the HRB Committee may be seen. It may 
also be noted that this nomograph provides for considera­
tion of design speed of the highway and the length of fill. 

Switzerland 

In Switzerland, the Institute of Road and Underground 
Construction of the Swiss Federal Institute of Technology 
has recommended warrants based on the existing road and 
traffic conditions in that country. According to Balz (6): 

I. Guardrail is not required: 
(a) On embankments shorter than 150 ft. 
(b) On roadways where the traffic volume is Jess than 

10,000 ADT or where driving conditions are good 
without risk below an average speed of 40-45 
mph unless there is a situation described in 2 ( d). 

2. Crash barriers are (with reference to the general re-

quirement of need) only to be installed in cases de­
scribed as follows: 
(a) On retaining walls and bridges, if their height ex­

ceeds 6 ft. 
(b) On roadways located along railway Jines or water­

courses with depths of more than 3 ft, if the dis­
tance between them is Jess than 30 ft. If the rail­
way line or the watercourse is at the bottom of a 
fill with a slope steeper than 3 : 1, guardrails should 
be installed, even though the distance exceeds 30 ft. 

( c) Large-size obstacles (like houses) closer than 30 
ft to the roadway, fills and cuts and also water­
courses (if more than 3 ft deep) running perpen­
dicularly to the roadway, need to be screened 150-
200 ft before the obstacle commences. 
Single small-size obstances, like trees, semaphores, 
sign supports, are not to be protected by crash 
barriers. Trees should not be closer than 30 ft to 
the roadway and sign supports should be designed 
so that they may be easily knocked down ( change­
able supports). 

( d) On curves 
if the radius of a curve is smaller than the pre­
scribed minimum for the design-speed, 
if the curve is exceptionally Jong, 
if the roadway is covered with sleet. 

(e) Along median strips of divided highways. 
(f) Along fills on divided highways when the height 

of fill exceeds 12 ft or the slopes are steeper than 
3:2. 

From the foregoing discussion of warrant practices, it is 
clear that the need for guardrail is, of necessity, based 
primarily on judgment that is tempered by practical ex­
perience gained over the years and hence there are many 
and varied opinions as to the conditions that justify the 
installation of a guardrail. This will undoubtedly always 
be the case, for there is usually no clearcut "yes" or "no" 
answer. 

The crux of the problem faced by the highway engineer 
when posed the question, "When is the installation of 
guardrail warranted?" lies in the answer that basically de­
fines its purpose. The answer, at least in part, may be cor­
rectly stated as: "Whenever the consequences of vehicles 
leaving the roadway are hazardous and would be more 
severe or damaging than those that would prevail if guard­
rail were to be installed." The key words are "whenever" 
and "hazardous" and the foregoing statement implies that 
as guardrail performance is improved, the need for guard­
rails increases; i.e., hazards that formerly did not warrant 
the installation of a guardrail become relatively more haz­
ardous as better guardrails are developed. 

At the present time there. is a need for a more factual or 
scientific basis for warrants. Such a basis for warrants must 
include consideration of the relative hazards of specific 
roadside features and the various configurations of barriers 
under the prevailing conditions of vehicle operation (i.e., 
speed, density, probable frequency of accidents, etc.) and 
in view of the mixture of vehicle weights and sizes. It would 
seem that this problem could be approached from the view-
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points of ( 1) accident statistics and the results of staged 
accidents (i.e., statistical and experimental measures of 
hazards), and (2) analysis of the dynamics of vehicles that 
(a) encounter roadside objects, and (b) impact guardrails. 

ACCIDENT STUDIES 

Many different types or classes of highway are in use today, 
ranging from the low- to medimum-speed rural and urban 
roads to multiple-lane divided or undivided high-speed 
highways and expressways found in the Interstate System 
and in metropolitan areas. Clearly, the guardrail perform­
ance requirements as related to the different traffic and 
geometric characteristics of the various types of roads are 
variable and establishment of guardrail design criteria re­
quires a definition of the prevailing conditions of vehicle off­
road movement for the various types of road. 

A number of investigations of actual accidents have been 
conducted for the purpose of gathering statistical data on 
accident causation, frequency of occurrence, injury and 
fatality rates, median encroachments, etc. These reported 
studies were reviewed for information on the prevailing 
conditions of off-road vehicle motions and actual barrier 
impacts (i.e., speed, path angle, and heading angle of the 
vehicle) , and also on the performance of existing guardrails 
to determine the predominant modes of failure. In addition, 
some data were extracted from a limited survey of the Auto­
motive Crash Injury Research (ACIR) files of the Cornell 
Aeronautical Laboratory. 

Data from the ACIR files are shown in Figure 3 for 
about 120 accidents involving guardrails on two-lane roads 
and four-lane divided highways. The impact speed and 
angles shown are based on information from accident re­
ports and photographs of the accident scene obtained from 
law enforcement officers in the various States cooperating 
with the Cornell Aeronautical Laboratory by furnishing 
data on injury-producing accidents. 

For a vehicle initially traveling parallel to a guardrail 
there is a maximum angle at which the vehicle can impact 

TABLE I 
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it (i.e., the angle between the direction of motion of the 
center of gravity of the vehicle, as opposed to its direction 
of heading, and the longitudinal centerline of the unde­
flected barrier) that depends on the vehicle speed, the 
friction coefficient between the tires and the road surface, 
and the lateral distance from the barrier. 

This relationship, derived elsewhere (7, 8, 9), is 

"'= cos-1 [ 1 - gy(µv~ 4>)] (1) 

in which 

"1 = impact angle, in degrees; 

y = initial lateral distance from the barrier, in feet; 

V = vehicle speed in feet per second; 

g = acceleration of gravity, in feet per second per second; 

µ = friction coefficient between tires and road; and 

<f, = road camber or superelevation, in radius. 

Eq. 1 is based on the assumption that the vehicle is ini­
tially traveling parallel to the barrier on a straight road and 
subsequently turns into the barrier on a constant minimum 
radius path (at the speed being considered) that is deter­
mined by equilibrium of lateral forces on the vehicle (cen­
trifugal and tire friction forces) for incipient skidding. 

The curve depicting this speed-impact angle relationship 
for values of µ, + 4> = 0.8 and y = 25 ft is also shown in 
Figure 3. These values are representative for a dry two­
lane road or four-lane divided highway on which the vehicle 
might cross one lane and a wide shoulder before striking 
the guardrail. It may be seen that this theoretical curve 
fairly well defines the envelope of ACIR data points. The 
majority of the points above and to the right of the curve 
may be explained on the basis of factors for which the 
theoretical curve does not apply, such as lateral offsets 
greater than 25 ft, curved road, impact with guardrail at 
an intersection, rebound from prior impacts, and blowouts. 

A summary of guardrail performance for the ACIR 

BARRIER PERFORMANCE FROM SAMPLE ACIR DATA FOR TWO-LANE AND 
FOUR-LANE-DIVIDED HIGHWAYS 

BARRIER PERFORMANCE 

NUMBER OF COLLISIONS WITH 

2-CABLE 

TYPE 

3-CABLE 

TYPE 

Successfr I 4 
Principal Mode of Failure: 

End impact" 
Penetrated 
Pocketed 
Snagged vehicle 
Vehicle roll-over 
High reflection 

" With or without vehicle roll-over. 

I 
2 
I 
l 
I 
I 

2 
0 
I 
I 
0 
2 

4-CABLE 

TYPE 

3 

I 
0 
0 
2 
0 
0 

W-SEC-

TION 
TYPE OTHER ALL 

11 II 30 

33 13 50 
2 11 15 
5 0 7 
2 0 6 
2 I 4 
6 5 14 
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cases is given in Table 1, which indicates that a surprisingly 
large number of impacts (50 percent of the total failures) 
occurred on the end of the guardrail. The next most preva­
lent failure modes were vehicles penetrating or vaulting 
over the guardrail or being reflected back onto the highway 
at high angles. However, a comparison of the number of 
times the barriers performed successfully versus the num­
ber of failures is, as in all data found in the literature in 
this regard, not a valid indication of the present state of the 
art of guardrail performance because the number of times 
vehicles strike guardrails and are successfully returned to 

TABLE 2 

1964 NEW YORK STATE THRUWAY REPORTED 
GUARDRAIL ACCIDENTS• 

ITEM 
NO.OF 
ACCIDENTS 

Type of rail: 

Guiderail: 
Cable 45 ~= lffl 
Blocked-out beam 9 
Unreported or other 2 

Median barrier: 
Single post, double beam 10 
Single post, blocked-out double beam 44 
Double post, beam 5 

All types 265 

Lanes crossed in approach to barrier: 
Right turn into barrier 167 
Cross one lane right 5 
Cross two or more lanes right 3 
Left turn into barrier 3 
Cross one lane left 76 
Cross two or more lanes left 11 

All types 265 

Vehicle reaction: 
Vehicle hits end of barrier 10 
Vehicle goes through barrier 20 
Vehicle goes over barrier 22 
Vehicle rolls over outside of barrier 7 
Vehicle rebounds off barrier 119 
Vehicle slides to stop along barrier 41 
Vehicle rotates but does not roll over after 

striking barrier 37 
Vehicle straddles rail 4 
Unreported or other 5 

All types 265 

Vehicle speed:" 
0-34 mph 

35-49 mph 
50-64 mph 
65 mph or more 
Unreported 

All 

57 
77 

105 
14 
12 

265 

" Data provided by Bureau of Physical Research, New York State Dept , 
of Public Work. 

11 Estimate of driver or reporting officer. 

the highway or otherwise go unreported is unknown. It 
should be noted that the ACIR data include only injury­
producing accidents. 

Results of accident investigations of 70 collisions with 
metal guardrails in Switzerland are reported by Baiz (JO, 
11). Limiting conditions of speed and impact angles de­
termined from these studies are also shown in Figure 3, 
but the type of road(s) for which the accident data were 
obtained is not reported. Of the 70 accidents, 15 were end 
impacts, 52 were lateral collisions with the rail, and 3 were 
impacts in which the vehicles got behind and struck the 
rear side of the rail. Of the 52 lateral coJlisions, 33 vehicles 
were deflected normally and the others either spun out, 
rolled over, or stopped astride the rail. 

Data indicating how often guardrails may be expected 
to be struck within a given impact angle range are reported 
by Bitz! (12), and may be inferred from the median en­
croachment studies of Hutchinson and Kennedy (13). 
According to Bitz!, approximately 28 percent of the guard­
rail accidents investigated on the Frankfort-Mannheim sec­
tion of the Autobahn occurred with impact angles greater 
than 20 degrees. The median encroachment data reported 
by Hutchinson and Kennedy for rural FAI routes 74 and 
57, although not solely for guardrail accidents, show that 
vehicles left the roadway at angles greater than 20 degrees 
about 15 to 20 percent of the time. 

Some information from a survey of all reported guard­
rail accidents in 1964 on the New York State Thruway, a 
four-lane divided highway forming a part of the Interstate 
System, is given in Table 2. From the descriptions of the 
vehicle reactions after impacting the guardrails or median 
barriers, it can be concluded that in a large number of 
these accidents the performance of the barrier was not 
completely satisfactory. 

Operational experience with cable-chain link fence and 
double blocked-out beam median barriers reported by the 
State of California (14, 15) shows that although both types 
have been effective in reducing the frequency of cross­
median accidents, the rate of accidents involving the me­
dian has increased at locations where barriers have been 
installed. An increase in accident frequency after median 
barrier installation was also revealed in before-and-after 
studies in Pennsylvania (16). The California studies re­
vealed that, for the most part, both types of barriers were 
performing effectively, but that the cable-chain link fence 
median barriers were sometimes penetrated or vaulted in 
areas where it was installed on sawtooth-type medians. 
Another observed undesirable characteristic of the cable­
chain link median barrier is that the impacting vehicles 
frequently undergo rather violent spinouts that can cause 
the occupants to be ejected and to thereby be exposed to 
greater danger. 

Although the foregoing discussion permits some insight 
as to the impact conditions and barrier performance de­
rived from actual field experience, it is evident that the 
available data are quite meager and fragmentary. It would 
appear that an accident experience study in which an at­
tempt was made to get detailed and complete information 
as to how many times the guardrail was impacted, what 
the impact conditiops were, how the barriers performed, 



vehicle and barrier damage, etc., would be of great benefit. 
If such studies were made for the most commonly used 
guardrails and median barriers presently employed, a much 
more comprehensive and accurate knowledge of the degree 
to which guardrails are performing their intended function, 
and in which manner and under what conditions they fail, 
would be gained. 

TYPES OF GUARDRAILS IN CURRENT USE 

Although numerous types and designs of guardrails are in 
use today, they are commonly divided into three broad 
classifications according to the stiffness of the barrier longi­
tudinal elements or the relative amount of lateral deflection 
that results when impacted by a vehicle. These classifica­
tions are as follows: 

1. Rigid barriers, in which little or no deflection is 
allowed. 

2. Semi-rigid barriers with small to moderate deflections. 
3. Flexible barriers that permit relatively large deflec­

tions. 

Some of the physical characteristics and important di­
mensions of the more commonly used barriers as they are 
appropriate to each of these rather loosely defined classi­
fications are presented in the following. 

Rigid Barriers 

Rigid barriers are generally used only where the space 
available for deflection is limited, as on very narrow me­
dians and bridge structures. Because they must essentially 
be made unyielding, these barriers are often constructed of 
reinforced concrete. 

Excluding bridge railing designs,* very little information 
was found pertaining to rigid barriers and few in the United 
States have been subjected to full-scale dynamic tests. Per­
haps the best-known rigid barrier design in the United 
States is the so-called New Jersey concrete median barrier 
shown in Figure 4a. This barrier is approximately 24 in. 
wide at the base, 32 to 34 in. high, and has sloped sides 
that taper to a 6-in. thickness at the top. 

Another rigid median barrier, called "Isle-Guard" (Fig. 
4b), has been in use for a number of years in at least one 
installation in New York City. The effectiveness of this 
patented design has been demonstrated by the inventor on 
several occasions by deliberate impacts, and also by the 
reduction of accidents since the barrier was installed. The 
barrier is 22½ in. wide at the base, 26 in. high, 4 in. thick 
at the neck, 6½ in. thick at the head, and has sloping sides 
at an angle of about 66 degrees with the horizontal. One 
significant difference between this barrier and the New 
Jersey median barrier is the thin steel sheath on the ex­
terior surface, which, by virtue of the smaller friction 
coefficient, is believed to facilitate a smooth redirecting 
action of the vehicle as the wheels momentarily ride up the 
sloped side. The shapes of both barriers are designed to 
minimize contact and damage to vehicles in shallow-angle 
impacts. 

• Bride:e rails. as distinguished from roadside and median guardraPs, are 
not treated in this report. 
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In Europe, several types of rigid guardrails and median 
barriers known as "DAV" (Dansk Auto-Vaern) Safety 
Guard Rails are commonly used; one of these is shown in 
Figure 4c. The rails are reinforced concrete beams about 
6.5 ft long connected together and supported on special 
8x9-in. concrete posts placed in the ground to a depth of 
30 to 39 in. Rail height above the road surface is about 
25 in. Specifications for these guardrails include (17): 

1. Concrete ultimate stress 4,250 psi 
2. Maximum load applied to middle of 

beam when supported on post at either 
end 3.5 tons 

3. Ultimate tensile strength of the con-
necting members 8.0 tons 

On the basis of presently available information, the ad­
vantages of rigid barriers, particularly of the solid wall 
type, would seem to be: ( l) they can be designed to with­
stand the most severe impact without penetration or pocket­
ing; (2) there are no posts upon which a vehicle can be­
come snagged; ( 3) they can be designed so as to cause little 
or no vehicle damage for impacts of low severity; ( 4) re­
flection angles of impacting vehicles are low (18); and ( 5) 
they are not easily damaged, hence are easy to maintain. 
Among the disadvantages are: ( l) being unyielding, they 
absorb little kinetic energy of the vehicle and tend to ag­
gravate the acceleration environment of the vehicle occu­
pants; (2) they perhaps are not as aesthetically attractive as 
some of the other types of barriers; ( 3) in some climates, 
they may intensify the snow removal problem; and ( 4) 
although no substantiating information has been found, they 
would appear to have a higher installation cost. 

Semi-Rigid Barriers 

CORRUGATED BEAM 

By far the most prevalent type of semi-rigid barrier pres­
ently used is the longitudinally corrugated metal rail 
mounted on posts. Typical roadside guardrail and median 
barrier configurations are shown in Figure 5a. The rails 
are frequently attached directly to the posts, but the bar­
rier performance is improved when they are blocked-out 
away from the posts because the possibility of snagging 
the vehicle is reduced. In the United States, the mounting 
height of the top of the rail generally varies between 24 and 
27 in, above the ground and the standard post spacing is 
12.5 ft. For median barrier installations, a mounting height 
of 30 in. and a reduced post spacing to 6 ft 3 in., with the 
addition of an auxiliary lower rubbing rail to prevent 
snagging, has been found to be an effective design (19, 20). 

Although some of the lateral force to restrain and re­
direct impacting vehicles is produced by beam bending, 
the major portion is obtained through the tension forces 
developed because of local flattening of the rail at or near 
. the point of impact. These forces stretch the rail as it is 
deflected laterally and are distributed among several posts 
in reaction with the ground. The profile and physical 
properties of a rail that is more or less standard in the 
United States are compared in Table 3 with some of those 
used by other countries. Besides the minimum tensile 
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Figure 4. Rigid harriers. 

strength given in the table for the W-section beam, the 
specifications for rail strength are based on allowable 
deflections when loaded as a simply supported beam with 
a concentrated load at mid-span. Typical requirements for 
steel and aluminum W-section guardrail of various thick­
nesses are presented in Table 4. 

Many different types of posts are used for beam guard­
rail construction, the most common being 6x4-in. 8.5# and 
6x6-i n. 15 .5 # steel, and wooden and concrete posts usually 
6x8-in., 8x8-in., or 8-in. in diameter. Post depth in the 

(b ) ISLE GUARD 

soil normally is between 40 in . and 48 in. Generally simi­
lar sizes are employed in Europe, where sometimes channel 
and railroad rail sections also are used for posts (2 /). That 
so many different types and sizes of posts and post materials 
are used, with guardrail detail plans often indicating that 
any one of several post types is acceptable, indicates that 
the required post properties are essentially quantitatively 
undefined because the dynamic load-deflection characteris­
tics of these various posts placed in the ground must cer­
tainly vary over a wide range. Few load-deflection data 
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on posts in soil under dynamic conditions are currently 
available to the design engineer to enable him to design 
barrier structures with components of compatible strength 
that will yield or deflect in a predictable manner under 
impact loads. 

The suitability of a particular post has largely been 
judged on the basis of results of strength tests under static 
loads performed either in the laboratory (1, 22) 9r with 
posts in soil (], 23) and full-scale tests in which the posts 
are an integral part of a complete barrier system. General 
Motors (]) and the State of California (19) have con-

(d) BOX BEAM 

(c) 

VIANINI-AUTOSTRADE {ITALY) 
MEDIAN 
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eluded that 6x8-in. and 8x8-in. wooden posts exhibit the 
most desirable properties. More recently, New York State 
obtained some data on the behavior of 6x4x4-in . 8.5 # 
steel and 6x8-in. wood posts under impact conditions dur­
ing a post-in-soil test program. These force data (Fig. 6) 
were obtained by measuring the load on the bumper of a 
truck as it was driven into a line of posts, making contact 
with each post at a height of 19 in. above the ground. The 
differences between the load-deflection characteristics of the 
two types of posts and effects of different types of soil as 
obtained in these tests may be readily seen. 
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TABLE 3 

PHYSICAL CHARACTERISTICS OF CORRUGATED STEEL BEAMS FOR GUARDRAILS 

(a) (b) (c) (d) (e) 

TYPE CROSS-

THICK- SECT. MOM. OF SECTION TENSILE 
DESIG- HEIGHT WIDTH 
NATION PROFILE (IN.) (IN.) 

a W-section, USA 12 3 
b Profilafroid, France 11.8 3.15 
C Alpine, Austria 10.6 3 
d NKK Type 5, Japan 13.8 2.33 
e Swedish profile 6.3 1.65 

:i Minimum, 

STANDARD CABLE 

The standard cable guardrail, one configuration of which 
is shown in Figure 5b, is classified as a semi-rigid barrier 
bec·ause the heavy posts employed supposedly limit the 
deflections to moderate amounts when impacted. Again, 
many variations of this type of barrier are used. The cables 
are ¾-in. diameter wire rope with a minimum tensile 
strength of 25,000 lb. The number of cables usually varies 

TABLE 4 

NESS WEIGHT AREA INERTIA MODULUS STRENGTH 

(IN.) (LB/FT) (SQ IN.) (IN.4) (IN.°) (TONS) 

0.105 6.82 2.01 2.34 1.39 40 • 
0.118 8.05 2.39 3.13 1.89 62.5 
0.157 9.0 2.48 2.02 1.22 123 
0.126 2.23 1.44 1.11 
0.236 7.86 2.31 2.12 0.67 60 

between 2 and 4 and they most frequently are mounted on 
offset spring brackets that hold the cables at a separation 
of 4 to 6 in. In some installations, however, the cables are 
attached directly to the posts. The posts are generally of 
the types previously described, but post spacing varies 
considerably (between 10 and 16 ft) among the States using 
this type of barrier. 

Few test data on the performance of this type of barrier 
were found in the literature. Of the two tests reported by 

STRENGTH REQUIREMENTS FOR W-SECTION STEEL AND ALUMINUM RAILS 

BEAM STRENGTH" 

TRAFFIC FACE UP TRAFFIC FACE DOWN 
MIN. TENS. 

NOMINAL STRENGTH MAX. MAX. 
THICKNESS OF JOINT LOAD DEFL. LOAD DEFL. 

METAL (IN.) (LB) (LB) (IN.) (LB) (IN.) 

Steel 0.105 80.000 1,500 2¾ 1,200 2¾ 
2,000 5½ 1.600 5½ 

0.135 100.000 2.000 2¾ 1.600 2¾ 
3,000 5Y1 1,400 5½ 

Aluminum 0.105 65,000 1,200 3½ 1.000 3½ 
1.800 5½ 1,400 5½ 

0.125 80,000 1,500 3½ 1,200 3½ 
2,000 5'/2 1,600 51/2 

0.156 100.000 2,000 4 1,600 4 
3,000 6 2.400 6 

• With rail element freely supported on a 12-ft 0-in. clear span and the load applied through a 3-in flat surface 
at the center of the span. 
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Figure 6. Dynamic force-def/ectio11 characteristics of posts in soil. 

General Motors (1 ) , only one could be considered a suc­
cessful barrier performance. The results of the test by Cor­
nell Aeronautical Laboratory (9) were catastrophic-the 
vehicle became pocketed in the barrier and stopped 
abruptly. Aside from its unknown performance by test, 
the advantages of this type of barrier appear to be primarily 
economic. Certainly the combination of flexible rail ele­
ments and heavy rigid posts would seem to be incompatible 
and conducive to vehicles penetrating sufficiently to become 
pocketed or snagged, except for very shallow angle impacts. 

BOX BEAM 

Relatively recently New York State developed and adopted 
as standard a semi-rigid box-beam barrier of the type shown 
in Figure 5d. This barrier consists of a 6x6x¾s-in., hollow, 
steel-tube horizontal railing ( 8x6x¼ -in. in the case of 
median barriers) weakly attached or supported on 3-in. I 

5. 7 # steel posts spaced 6 ft apart. A spade plate, whose 
optimum dimensions were determined in the post test pro­
gram previously mentioned, is welded to the bottom of each 
post in order to obtain proper soil reactions over a range of 
variable soil conditions. The posts are sunk into the ground 
to a minimum depth of 36 in. and the top of the box-beam 
rail is nominally 27 in. above the ground. 

The operating principle of this barrier design is quite 
different from those previously described in that the forces 
of impact are resisted by the beam strength of the rail and 
are distributed over a large number of relatively weak posts. 
Unlike the other barriers, which have large variations in 
load-deflection characteristics, depending upon whether the 
load is applied between posts or at a post location, hence 
produce a "lumpy" type of reaction to the impacting vehicle 
as it slides along the rail, the more uniform deflection char­
acteristics provided by the box-beam barrier minimize the 
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possibility of the vehicle becoming pocketed between or 
snagging on posts. In addition, design of the posts to always 
yield above the ground line, results in barrier performance 
that is much less likely to be affected by variations in soil 
conditions. 

INERTIA BARRIER 

A type of semi-rigid barrier embodying still another operat­
ing principle is the Vianini-Autostrade Safety Barrier, de­
veloped in Italy (24, 25) and shown iri Figure 5c. Opera­
tion of this barrier depends largely on the inertia of massive 
concrete elements simply placed on the ground end-to-end 
and prevented from separating by two prestressed steel 
wires passing longitudinally through them. The elements, 
similar in cross section to a railroad rail, are approximately 
24 in. high, 18 in. wide, 39 in. long, and weigh about 880 
lb. each. The end faces of each element are shaped to 
allow rotation between adjacent elements as the barrier is 
deflected laterally. In this barrier, the deflection and the 
number of elements principally affected by an impacting 
vehicle depend on the friction developed between the 
barrier and the ground, and the amount of prestress set up 
in the wires that hold the elements together. By selection of 
the proper prestress, the barrier stiffness best suited for the 
particular conditions at hand may be readily obtained. The 
absence of posts on which to snag impacting vehicles and 
the ease of maintenance (it is not easily damaged and 
needs only to be pushed back into alignment if deflected) 
are also advantages of this barrier design. 

Flexible Barriers 

Flexible barriers, by allowing large deflections in compari­
son to the other types previously described, are advan­
tageous because they redirect or stop offending vehicles 
more gradually and thereby subject the occupants to lower, 
more tolerable acceleration levels for the same impact 
conditions. One such barrier design, investigated quite 
thoroughly by the California Division of Highways (14, 
19, 26, 27), is the cable-chain link fence median barrier 
shown in Figure 7. The barrier consists of two ¾ -in. di­
ameter wire rope cables fastened by U-bolts to 2¼-in. 
4.1 # H-section fence posts, at a height between 27 in. and 
30 in. above the ground. In addition, a 48-in. chain-link 
fence is attached to the posts by steel wire ties. The posts, 
spaced on 8 ft centers, are embedded in 10-in. diameter 
concrete post footings extending about 30 in. into the 
ground. When a vehicle impacts this barrier, the wire 
cables are stripped off the posts, which bend over as the 
barrier deflects, and the wire mesh is gathered up in a 
bundle ahead of the vehicle as it comes to a stop. This type 
of barrier has been recommended for use on California 
medians having a minimum width of 22 ft to provide safe 
allowance for cable deflection during impact and to permit 
maintenance to be performed completely off the traffic 
lanes (27). 

Similar cable barriers without the chain-link fence have 
been designed by the British Road Research Laboratory 
(28) and New York State. In the British design, two ¾-in. 

diameter cables, each with a breaking strength of 17 tons, 
are arranged one above the other in slots cut into the web 
at the tops of 2½xlx¼-in. steel H-section posts so that the 
center of the lower cable is 27 in. above the level of the 
median. The posts, on 8-ft centers, stand in rectangular 
sockets 18 in. deep formed in either 6-in. or 12-in. diameter 
concrete post footings buried to a depth of 24 in. The 
barrier is designed primarily for use on high-speed roads 
having a median width of at least 15 ft. 

The New York design consists of three ¾-in. cables 
spaced 3 in. apart, with the top cable at a height of 27 in. 
above the ground, and attached by small hook or J bolts to 
the same type of post used for the box-beam barrier. Post 
spacing for this barrier is normally 16 ft. Another type of 
flexible barrier design, recently adopted by New York State, 
employs a standard W-section steel beam instead of the 
three cables. This latter design is believed to result in less 
vehicle and barrier damage for the less severe, low-speed, 
brushing-type impacts. Depending on the space available 
for deflection, post spacing may vary between 6 and 26 ft. 

The flexible barriers resist and redirect impacting vehicles 
by tension forces developed in the cables as they are de­
flected laterally. Therefore, these barriers must be termi­
nated securely by end anchorages in the ground. In long 
installations, additional intermediate anchorages may be 
necessary. The barriers are designed to permit large de­
flections under impact so that vehicles are not turned 
abruptly with high accelerations, as is the case with the 
more rigid barriers. For this reason, relatively weak posts, 
from which the cables are readily stripped and which are 
easily knocked over to prevent snagging, are employed. 
Because of the large deflections and the long distances that 
impacting vehicles remain in contact with this type of 
barrier, relatively more damage results, which increases 
the cost of maintenance. However, a California study (J 5) 
indicates that the lower installation cost of the cable-chain 
link median barriers, compared to that of the double 
blocked-out beam median design, greatly offsets the higher 
costs of maintaining them. 

FULL-SCALE BARRIER TESTS 

Although research has been performed with the objective of 
predicting barrier performance from model tests and appli­
cation of analytical techniques, with some success (e.g., 7, 
29), the mechanics of the collision process are so compli­
cated that it generally has been necessary to determine 
actual barrier performance on the basis of results 
obtained from full-scale dynamic tests. The performance 
is judged primarily on how well the barrier satisfies the. 
following three criteria that define the general barrier re­
quirements: 

1. Is the barrier positive; that is, does it prevent the 
vehicle from entering the hazardous area? 

2. Is the impacting vehicle redirected parallel to the 
barrier in a way that it does not become a hazard to other 
traffic? 

3. Is the vehicle-barrier interaction such as to produce 
minimum injury to the occupants? 



Other considerations, such as damage to the vehicle or 
to the barrier, although not to be discounted completely, are 
nevertheless of secondary importance. 

The results of full-scale dynamic tests on many barrier 
designs are reported and described in the literature in 
varying detail. However, it is not always possible to rate 
barrier performance in a particular test as being either a 
success or a failure with respect to the previously stated 
criteria, principally because of the lack of a specific or 
absolute scale for measuring the degree of compliance with 
the last two requirements. Clearly, if the vehicle peqetrates 
the barrier, is abruptly stopped as a result of having become 
pocketed or snagged, or rolls over after impact, the barrier 
does not function as intended and must be deemed unsuc­
cessful. On the other hand, whether the vehicle response is 
such as to produce no hazard to other traffic or to the 
occupants is more often than not largely a subjective judg­
ment of the investigator based on measured accelerations of 
the vehicle or dummy occupants and/ or the observed 
motions and trajectory of the vehicle during the following 
impact. 

Summaries of the full-scale dynamic tests reported in 
the literautre reviewed in this study are presented in Tables 
5 and 6 for tests conducted in the United States on semi­
rigid and flexible barriers, respectively, and in Table 7 for 
foreign tests. From these tables it may be seen that many 
barrier configurations have been tested under widely vary­
ing test conditions and with equally variable degrees of 
success. It is difficult to make valid direct comparisons of 
barrier performance and to correlate the results obtained 
for each class of barrier in an attempt to establish limiting 
conditions for which satisfactory performance is achieved. 
This is true primarily because of the many different vari­
ables in the test conditions that can have a significant influ­
ence on the observed performance of the barrier. These 
include, for example, vehicles having different physical 
properties (mass, moment of inertia, center of gravity loca­
tion, bumper height, deformation properties, etc.), different 
combinations of speed and impact angles, differences in 
barrier installation (rail height, length of test installation, 
soil conditions, anchored and unanchored, etc.), and dif­
ferences in the point of contact with the barrier (i.e., be­
tween posts, at a post location, at a given distance from 
the end of the barrier) . It also seems logical that vehicle 
response may be greatly dependent on whether the vehicle 
is coasted into the barrier or impacts while under power, 
and also by whether or not the brakes are applied after 
impact. 

It was originally hoped that barrier thresholds of failure 
might be indicated by relating successful and unsuccessful 
performances (as best as could be determined from the 
reported test results) to the lateral component of total mo­
mentum of the impacting vehicle in each case, similar to 
the approach taken by Jehu (JO) , who attempted to estab­
lish critical velocities and impact angles for various barrier 
types. This attempt to correlate the test results to determine 
successful barrier performance limits is shown in Figures 
8, 9, and 10. As may be seen from these plots, a division 
of successful and unsuccessful barrier performances on the 
basis of constant lateral momentum is not satisfactorily in-
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Figure 7. California cable-chain link fence flexible median 
barrier. 

dicated. To what extent this may be due to differences in 
barrier construction cannot be ascertained, but these plots 
do indicate that barriers on the whole are more likely to 
fail as the impact angle increases, even if the speed of the 
vehicle is reduced so that the lateral momentum is constant. 
It appears, therefore, that a high-speed, low-angle test con­
dition and one of lower speed and higher angle are not of 
comparable impact severity insofar as the effect on barrier 
performance is concerned. 

Another interesting point to be noted from the tabulated 
data and these plots, especially Figure 8, is an indication 
that for the same angle of impact better barrier performance 
might result, even at much higher values of lateral momen­
tum, if heavy vehicles, such as trucks or buses, are used as 
the test vehicles rather than standard automobiles. This 
may result, at least in part, because the rigid posts used in 
the construction of corrugated beam-type guardrails become 
relatively weaker and of less rigidity to vehicles of large 
mass and hence are less likely to snag the vehicle or cause 
it to be bounced off the rail. Furthermore, differences in 
the values of the moments of inertia about the yaw axis 
will affect the yaw responses of the vehicles and hence will 
result in differences in redirection after impact. In any 
case, the foregoing observations point out the need for 
standardization of test conditions and procedures if barrier 
designs are to be evaluated and valid conclusions reached in 
a comparison of their relative performance capabilities. 

Inasmuch as it is impractical in a report of this scope to 
discuss the detailed results of individual tests reported in 
the literature, the principal findings obtained for some of 
the different types of barriers tested by various investigators 
are briefly summarized in the following. 
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Concrete Guardrails 

Except for tests on various bridge rail designs and a single 
test of a straight-sided concrete wall, which did not truly 

function as a rigid barrier (19), the only reported rigid 
guardrail tests found have been those of the DAV type. In 
general, the performance of these barriers has not been 
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found to be satisfactory except for impacts of relatively 
low severity; i.e., low speeds and / or angles (34, 35, 38) . 
In tests where the barrier failed , either the concrete rails 
have broken, allowing the vehicles to penetrate, or the vehi­
cles have tended to overturn laterally toward the rail. 
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Corrugated Beam G uardrail and Median Barriers 

The general conclusions reached by various investigators 
as to the behavior of corrugated beam guardrails are much 
in agreement and many design improvements have evolved 
as a consequence of the results obtained from full-scale 
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dynamic tests. The test by General Motors (1) howed 
the importance of anchoring the ends of the rail and of 
making the barriers long enough to enable the [ull tensile 
strength of the rail to be developed . Based on the re ults 
of these tests, it was concluded that adequate beaming 
strengLh was not obtainable at post spacings of 12½ ft 
under severe impact conditions and a spacing of one-half 
that amount was recommended. 

Test results obtained by California researchers (19, 20), 
who, like General Motors, favor wooden posts to support 
the rails (because they appear to be more re ilient in earth 
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under dynamic loading and less variable in strength with 
direction of loading than steel H-section posts), also showed 
the need for compatibility between beam height and post 
spacing to achieve good barrier performance. It was con­
cluded that long spans ( 12½ ft) result in inadequate lateral 
and torsional stability of the beams, causing them to twist 
or to be pushed over to form a ramp that permits the 
vehicle to penetrate or vault over the rail when impacted by 
vehicles having a speed of about 60 mph and approaching 
at an angle of 25 degrees. For this reason, a beam height 
of 26 to 27 in . above the ground and a post spacing of 
6¼ ft was recommended for guardrail installations. 

The double blocked-out beam median barrier design de­
veloped by California has been found to be very effective. 
In this design, the rails are offset from the posts approxi­
mately 8 in. and are mounted at a height of 30 in. above 
the ground on wooden posts on 6¼-ft centers . An auxiliary 
rubbing rail attached directly to the posts beneath the cor­
rugated beam prevents the wheels or parts of the body 
forced under the beam from snagging on the posts. Block­
ing out the rails not only increases the clearance between 
the vehicle and the posts but also tends to maintain or 
slightly increase the height of the rail when the posts are 
forced back. This latter effect, combined with the increased 
initial height of the rail, helps to prevent rollover of the 
impacting vehicle. British and European versions of the 
blocked-out median barrier are somewhat different from 
the California configuration. The one described by Moore 
and Jehu (32) consists of rails blocked out 9 in. from the 
posts and mounted at a 27-in. height, which obviates the 
need for a lower rubbing rail. Midway between the posts, 
wh\ch are located on 10½-ft centers, wooden spacer blocks 
are bolted between the two rails to increase their stiffness 
without recourse to additional posts. This latter scheme has 
also been employed successfully in designs tested in Ger­
many (34), where relatively light steel posts (smaller than 
6-in. x 4-in. 8.5#) spaced on 13-ft centers were used. 

Little information was found in the literature concerning 
relative performance of barriers with beams of different 
materials. Comparative tests of steel and aluminum rails 
reported by Reynolds Metal Company (30) indicated that 
barrier performance with aluminum rails was comparable 
to or somewhat better than that observed for steel rails. 
On the other hand, Field and Prysock (20) concluded from 
tests of greater severity (both higher speeds and impact 
angles) that aluminum alloy 2024-T3 in 0.125-in. thick­
ness is unacceptable and in 0.156-in. thickness is question­
able as a substitute for 12-gage steel in W-section beams 
of California double blocked-out median barriers. From 
their tests on guardrails, they also concluded that aluminum 
is an unacceptable alternate for steel beam rails. These 
conclusions were based on the finding that aluminum beams 
failed under the stresses produced by the impact, whereas 
the steel beams did not. Similar results of comparative 
tests at large ( 30°) approach angles to the barriers are 
reported by Boehringer (34). Consideration of all of these 
results leads to the conclusion that standard aluminum 
beams may be adequate in installations where impacts of a 
severity less than that corresponding to 60 mph and 15 
degrees are assured. 

Box-Beam Barriers 

The results of only four tests of experimental box-beam 
median barriers have thus far been published (7), although 
many more unreported tests on guardrail, median, and 
bridge rail configurations based on this concept, have been 
conducted by researchers in New York, California, and 
at the University of Miami. In the four reported tests, two 
basic configurations were investigated. One was designed 
to resist vehicle penetration by its bending strength; the 
other had a much lower bending resistance and restrained 
the impacting vehicle by developing tension in the rail, 
which was connected to end anchors by cables. In each 
case the beam was supported on closely spaced weak posts 
in U-shaped saddles. Successful performance was observed 
in three of the four tests; the single failure resulted from 
a faulty cable splice in one test with the tension-box beam. 
Although it has been stated (39) that "to choose a steel 
rail of great strength and fix it to a rather weak post would 
not make seme," the results obtained in these tests prove 
to the contrary. The design allows the beam to deflect 
without pocketing and the weak· posts are easily bent over 
if contacted by the vehicle, which prevents abrupt stops 
due to snagging. Reported reflection angles are also very 
small, thus preventing the impacting vehicle from becoming 
a hazard to other traffic. 

Cable-Type Flexible Barriers 

California has done considerable developmental testing of 
the cable-chain link flexible barrier. The behavior of this 
type of median barrier under various impact conditions 
has been fairly well established. In the original design, this 
barrier consisted of two ¾-in. steel cables at a height of 30 
in. above the ground and a single cable at 9-in. elevation, 
all held to light steel posts by U bolts, and a chain link 
fence contained under the cables and additionally sup­
ported by tie wires. Initial tests of this barrier design (19) 
were conducted primarily at high approach angles and the 
results obtained were encouraging. However, operational 
experience with this design indicated that at small approach 
angles and high speed the combination of the lower cable 
and the firmly secured fence, contained under one of the 
upper cables, served as a ramp. The impacting vehicles were 
in danger of penetrating the barrier and tended to ride the 
barrier down (14). 

Some tests to correct some of the deficiencies in the de­
sign showed that, if the cables were not stripped from the 
posts easily or if the fence, which gathers ahead of the 
vehicle, becomes jammed at a turnbuckle, the impacting 
vehicle is abruptly decelerated and undergoes a violent spin­
out. This condition was also observed in tests by General 
Motors ( 1) and the British Road Research Laboratory 
(32). 

In further subsequent full-scale dynamic tests on revised 
designs conducted by California (26, 27), it was concluded 
that the performance of the barrier was not adversely 
affected by the deletion of the chain link fence and that 
cable height was a critical factor and should be between 
27 and 30 in. above the ground, depending on the median 
profile. 



As may be noted from Table 6 and Figure 10, one of the 
characteristic reactions of vehicles impacting barriers of 
this design is a violent spinout at the end of the collision 
process. According to Field (26), the violence of the spin­
out appears to increase with decreasing angle of approach, 
although the problem exists also at high-speed, high-angle 
impacts. This unfavorable reaction, which leads to unbelted 
occupants being ejected from the automobile in a collision 
with the barrier, has been a leading cause of injuries and 
fatalities. Another potential hazard noted from the tests; 
although not evidenced in operational experience, is that 
the vehicle is sometimes pierced by the posts, which are 
bent over ahead of the vehicle by the cables as it slides 
along the barrier, in high-speed, high-angle impacts. 

Other reported test results of cable-type flexible barriers 
are quite limited. The designs tested by Cornell Aeronau­
tical Laboratory (31) and the British Road Research Labo­
ratory (32) indicated satisfactory performance, although 
sufficient information is not available to evaluate the over­
all performance of these designs for a wide variety of im­
pact conditions. The results of tests reported by Kummer 
(33) of a guardrail configuration employing light post 
structures that resist the forces of impact by means of 
anchor cables clamped to each post show marginal per­
formance even under relatively mild impact conditions. 

CURRENT RESEARCH PROGRAMS 

There are several different approaches represented in cur­
rent programs of research related to guardrails. Included 
are full-scale crash tests, collection of accident data, physi­
cal scale-modeling, and mathematical modeling (i.e., com­
puter simulation). 

In the following, specific programs are discussed briefly. 
It should be noted that these brief discussions and any 
opinions expressed by the authors are, in most cases, based 
on fragmentary information. 

Stevens Institute of Technology 

A research program carried out at Stevens Institute of 
Technology concerning the safety and collision dynamics 
aspects of the New Jersey concrete center barrier is nearing 
completion. The scope of the work in this program in­
cludes: ( 1) studying the effects of existing barriers on 
traffic safety; (2) collecting available accident and traffic 
data and analyzing these data by statistical techniques to 
develop conclusions relative to the probable influence of 
the barrier on traffic safety; ( 3) studying structural aspects 
of the barriers, including materials, placement, and struc­
tural adequacy; ( 4) studying the dynamics of collisions 
with barriers both by scale-model tests and mathematical 
simulation, and validating the mathematical models by cor­
relation with the scale-model and known full-scale infor­
mation; and (5) establishing recommended guidelines for 
the design of future barriers. A unique aspect of the re­
search has been the use of physical scale-modeling tech­
niques to study the detailed effects of variations in the size 
and profile of a rigid barrier. 

In the view of the authors, the merit of physical scale­
modeling of automobiles and guardrails in this instance is 
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somewhat doubtful. In those cases where significant struc­
tural deformation occurs in the vehicle, a realistic scale­
model of the vehicle, including an adequate simulation of 
the full-scale sheet-metal structure as well as the running 
gear and suspension, would appear to be a more expensive 
test device than a full-scale automobile (i.e., an automobile 
that is four or five years old and is purchased in small 
quantities). In cases where there is little or no structural 
deformation in the vehicle, the scale-modeling task is Jess 
difficult. On the other hand, there is also the possibility, in 
this instance, of repeated use of a single automobile in full­
scale testing. 

As far as the guardrail itself is concerned, it would seem 
that a realistic scale-model would necessarily be · subjected 
to structural damage equivalent to that of its full-scale 
counterpart. The reduced material costs for construction 
and repairs would tend to be offset by a need, in metal 
structures, for special (i.e., nonstandard) structural shapes. 
fn concrete median barriers, the occurrence of barrier dam­
age in either full-scale or model scale would be infrequent. 

With respect to instrumentation problems, the model­
scale approach should be less costly than the full-scale ap­
proach in terms of ancillary equipment needs (i.e., wiring, 
test stations, etc.) and field operations costs. It should also 
offer the advantage of convenience, being performed in the 
laboratory. On the other hand, if it is desired to measure 
such things as force, deflection, acceleration, etc., at local­
ized points on the scale model, the need for miniaturized 
sensors becomes obvious. 

Aside from considerations of cost and convenience of test 
operations, the fundamental question raised with any kind 
of model testing is the question of scaling laws. Judging 
from experience in other fields, notably aerodynamics and 
hydrodynamics, the validity of the scaling techniques de­
veloped is often a result of a considerable effort involving 
modifications to the scaling laws and test practices by direct 
comparison with full-scale results. 

It would be premature at this time to offer an over-all 
judgment of the merits of scale-modeling techniques in 
research related to guardrail design. Perhaps the final re­
port on the Stevens research program will clarify some of 
the questions raised here and reveal unrecognized advan­
tages in physical scale-modeling of guardrails and automo­
biles. 

New York State Department of Public Works 

The current program by the New York State Department 
of Public Works is a continuation of the research reported 
in May 1963 (7). The objectives are consistent with the 
recommendations of the previous report (i.e., modifica­
tions to improve the performance of existing guardrail and 
bridge rail designs, investigation of construction and main­
tenance problems in the new designs developed during this 
research, dynamic testing of posts in soil, etc.) 

The recent portion of this program has included full-scale 
crash tests, collection and analysis of data from guardrail 
accidents, and mathematical modeling (i.e., computer simu­
lation of vehicle-guardrail collisions). 

A highly significant aspect of the recent work is the re-
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search related to the properties of posts in soil. Post prop­
erties are, of course, a fundamental aspect of guardrail 
properties and performance. Yet, there has been little 
known definitive work performed previously to establish 
post properties in varieties of soil types and climatic con­
ditions. A part of the NYS work has been aimed at the 
development of post designs with minimum sensitivity to 
soil properties and climatic conditions (e.g., spade ends on 
posts with relatively low yield loads in bending). 

The mathematical modeling work has consisted essen­
tially of additional applications of the previously reported 
simulation program. 

Cornell Aeronautical Laboratory 

A new program of related research has recently been 
started, entitled "Determination of Physical Criteria for an 
Energy Conversion System" (sponsored by the Traffic Sys­
tems Division, Bureau of Public Roads). The specific ob­
jective of this research project is to develop analytical pro­
cedures (i.e., computer simulations) with which the energy 
conversion characteristics of various forms of roadside 
cross sections and structures can be compared and can be 
related to vehicle property damage. The over-all objective 
of the research program "Single-Vehicle Accident Minimi­
zation, Rural Highways," of which this project is a begin­
ning, is to reduce both the incidence of injury-producing 
accidents and the economic loss due to property damage 
that occur in collisions between single vehicles and fixed 
objects on or near the roadway in existing rural highways. 
The eventual means by which this over-all objective is to 
be accomplished is the modification of highway and vehicle 
elements so that the kinetic energy of the moving vehicle is 
converted into redirected motions and/ or dissipated in a 
controlled fashion. 

A particular difficulty with purely experimental ap­
proaches to guardrail development stems from the preva­
lence of nonlinearities and the over-all complexity of the 
systems, which preclude extrapolations and becloud inter­
pretations of test results. A validated analytical simulation, 
such as that to be developed in this research program, can 
provide a unifying theoretical framework for correlating 
the results of experimental studies that have utilized diverse 
test procedures. It will also have specific advantages over 
other approaches in the forms of ( 1) the capability of rela­
tively rapid and inexpensive exploratory variation of 
idealized parameters for the establishment of optimum 
system characteristics, (2) the ability to repeat identical 
impact conditions while changing a single system param­
eter, and (3) the ease of obtaining comprehensive output 
information to clarify dynamic interactions that occur 
within the complex, nonlinear system and thereby provide 
insight for developing system improvements. 

California Division of Highways 

The California Division of Highways has recently com­
pleted a study of freeway accident data with the objective 
of relating accident rates and severity to fill height, steep­
ness of side slope, frequency of fixed objects, clearance to 

fixed objects, and presence of guardrail. A report* present­
ing the results of this research has been prepared but has 
not yet been released for public distribution. Some full­
scale dynamic tests on the New York box-beam barrier 
design have recently been carried out, but the results are as 
yet unpublished. 

University of Miami 

A testing program is currently being carried out at the Uni­
versity of Miami in a cooperative effort with aluminum 
manufacturers to develop an aluminum box-beam barrier 
patterned after the New York design. The aluminum beam 
rails, mounted on 3-in. I steel posts are being tested at 
speeds of 65 mph and approach angles of 25 degrees. No 
results have yet been reported. 

Another series of tests is to be conducted to obtain data 
on impacts with aluminum, steel, and concrete light stan­
dards and poles. The data will provide information useful 
in showing the relative hazard of these fixed objects for 
guardrail warranting considerations. 

Texas Transportation Institute, Texas A & M University 

Research related to the safety aspects of fixed objects along 
the roadway is currently in progress in a program of de­
velopment of design criteria for break-away-type sign sup­
ports. In other phases of the reseach program, investiga­
tions are being made of the impact behavior of various types 
of lighting standards and the feasibility of impact attenua­
tion systems to be used in conjunction with fixed objects 
which cannot be permitted to yield or break away. The 
latter phases of this research have only recently begun. 

Pennsylvania Highway Department 

The Bureau of Traffic of the Pennsylvania Highway De­
partment is engaged in a study with the objective of evalu­
ating the performance of double blocked-out steel rail me­
dian barriers installed on the Schuylkill Expressway with 
respect to prevention of median crossings, damage sustained 
in major and minor vehicular contacts, and the reduction 
of both the frequency and severity of accidents. Data are 
acquired by photographing the rails periodically to evaluate 
and classify the various types of rail damage ( e.g., "brush 
hits," dents, moderate or severe damage, or penetration), 
and from analysis of maintenance records and accident 
reports. Progress to date is unreported. 

The Warnock Hersey Company, Montreal, Canada 

In correspondence received from this company, it was 
stated that they are preparing two research programs but 
are not certain that they will be carried out. The first would 
be an analysis of the use of precast concrete sections as a 
median barrier for divided highways with a narrow median. 
The study would involve the determination of the size of 
key necessary between each section, the type of anchor 
and the depth at which it must be embedded in the soil to 

• "An Objective Basis for Determining Guard Rail Need at Embankment 
and Freeway Fixed Object Locations," by J. C. Glennon and T. N. 
Tamburri. • 



hold the section in place, and a cost analysis of the system 
for comparison with other type median barriers. 

The second program being considered is a study to obtain 
a safe traffic nose (gore) for elevated highways. In this 
study, various systems now in a preliminary design stage 
would be tested to evaluate their performance in reducing 
the hazards that are found in existing gores. 

Organization for Economic Cooperation and 
Development (OECD) 

In early 1965, the OECD organized a Crash Barrier Group 
comprised of representatives from 12 countries for the pur­
pose of increasing international cooperation for the im­
provement of crash barriers (guardrail, median barriers, 
and bridge railing) and thereby make a broad and mu­
tually productive contribution to highway safety. Chairman 
of this group is C. W. Prisk, Deputy Director, Office of 
Highway Safety, Bureau of Public Roads. The work of 
this group, being done in three stages, is very similar to 
that performed under the study reported herein. The three 
stages of the OECD Crash Barrier Group effort are (40): 
"( 1) Assembly of technical information on the current 
practices, standards and specifications, warrants for use, and 
available research findings or reports of current research; 
(2) Sharing and comparing of laboratory and field tests 
among the participating countries; and (3) Evaluation of 
the needed lines of inquiry and the design and conduct of 
a cooperative international research and development pro­
gram." 

The results of the OECD study should provide a more 
comprehensive and definitive picture of the present state 
of the art of barriers than was possible to achieve under the 

CHAPTER THREE 

25 

program reported herein, because the international repre­
sentation in the group establishes a more direct line of 
communication with the agencies performing guardrail re­
search in the various countries for obtaining the needed 
information. A report on the first stage of the work is in 
preparation. 

Foreign Current Research Programs 

Although correspondence with individuals and agencies in 
foreign countries indicated that research pertaining to high­
way barriers was being conducted, no descriptions of these 
investigations as to the scope and objectives of the investi­
gations or the current status were supplied. However, in­
formation was obtained ( 40) on two investigations being 
performed by the Institut fiir Strassen- und Untertagbau of 
Zurich, Switzerland. One program is concerned with the 
development and validation of a mathematical model(s) for 
investigating the dynamics of barrier collisions analytically. 
The second program is aimed at obtaining more accurate 
and factual data on the usefulness of guardrails under dif­
ferent conditions (i.e., determining the difference between 
the consequences of hitting a guardrail or allowing the 
vehicle to encounter various obstacles and other hazardous 
situations). Data obtained from accident investigations for 
accidents occurring on different types of roads having dif­
ferent traffic speed and volume characteristics and roadway 
geometry will be analyzed for the required information. 
Because of the great number of similar accidents involving 
collisions with each type of obstacle (slopes, watercourses, 
buildings, poles and trees, and guardrails) that must be 
evaluated to obtain results of statistical value, the program 
is expected to require several years to complete. 

CONCLUSIONS AND RECOMMENDATIONS 

During the course of the reported research, certain gaps 
have become apparent in the available data related to the 
actual performance of guardrail installations. Also, short­
comings have been found in reported data from staged col­
lisions when direct comparisons of test results were at­
tempted. A need has been seen for more factual evidence 
regarding the hazards of roadside obstacles and terrain 
features, in order that the relative hazards of guardrails can 
be evaluated and warrants can be issued that are based on 
scientific comparisons. That is, warranting methods should 
be developed that are designed to improve on accepted prac­
tice and/ or engineering judgment. With the exception of a 
New York State research program, guardrail design and 
development has been found to be essentially an empirical 
process that has persisted in an age of technology. A need is 

seen to convert existing research findings into directly 
usable design techniques. Finally, a need is seen for a 
continuing program of analysis and testing of unconven­
tional concepts, for the purpose of providing objective 
evaluations of specific concepts as well as guidance for 
future developments. 

These topics are discussed in more detail in the following 
sections. 

THE NEED FOR MORE COMPREHENSIVE ACCIDENT DATA 

A definitive evaluation of the state of the art of guardrail 
design must include measures of the performance of actual 
highway installations. Although there are some limited 
data available on accident experience with rural guardrails, 
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it is generally believed that many low-severity contacts go 
unreported. It is therefore impossible, on the basis of 
available data, to assess over-all performance. 

The unreported impacts could logically be categorized as 
"successful" cases, or "good" performances, where vehicle 
damage was presumably of a sufficiently minor nature to 
permit the vehicle to be driven away from the scene. In 
general, the reported cases include relatively large percen­
tages of "unsuccessful" impacts, or "unsatisfactory" per­
formances, where major damage and serous injury have 
occurred. It therefore appears essential tliat a measure of 
the number of unreported minor-severity contacts be ob­
tained so that the "unsuccessful" cases can be related to 
over-all accident experience. It should be noted, however, 
that in , the case of unreported impacts the low end of the 
severity range may include many contacts in which the 
forces generated by the guardrail were not sufficiently large 
to appreciably influence the motions of the vehicle. In other 
words, the motions of the vehicle would have been essen­
tially the same in the absence of a guardrail. Therefore, it 
may be necessary in a realistic assessment of the perform­
ance of guardrails to place a lower limit on the range of 
severity to be included. 

The currently availabh! data on guardrail impacts indi­
cate a high failure rate. If the reported contacts represent 
a large percentage of the total contacts in which the guard­
rail appreciably influenced vehicle motions, the state of the 
art must be viewed as less than satisfactory. 

STANDARD TEST PROCEDURES FOR GUARDRAILS 

Although there has been much excellent experimental work 
performed in connection with guardrail design, there exists 
an important need for the development of standardized test 
procedures, instrumentation, and reporting of results. Such 
standards should not, of course, limit research-type testing. 
Rather, they should provide a basis for direct comparisons 
of performance. This need becomes apparent when an 
attempt is made to compare results obtained by different 
investigators. 

The present situation in guardrail research tends to pro­
duce individualistic and sometimes fragmentary reporting 
of results that have been obtained with a variety of test 
procedures and instrumentation. In some cases the indi­
vidual selections of significant aspects of the findings re­
flect a bias toward particular designs or materials. In fact, 
a strong case can be argued for the development of a com­
pletely objective "certification" type of procedure by which 
minimum standards of performance can be assured for all 
alternative designs and/ or materials that are considered for 
new installations. 

The proposed development of a standard test procedure 
should, of course, utilize the extensive experience of or­
ganizations that have been engaged in full-scale test pro­
grams on guardrails (e.g., New York State Department of 
Public Works, California Division of Highways, General 
Motors Proving Ground, Cornell Aeronautical Labora­
tory). An attempt should be made to find a consensus on 
vehicle guidance, speed control, instrumentation, length of 
barrier sample, point of impact relative to post positions, 
post-in-soil aspects, repeatability runs, etc. It should be 

noted that in some test programs the front wheels have 
been restricted to the straight-ahead position (24, 25) or 
controlled by a form of power steering (CAL, NYSDPW, 
California). In other cases (e.g., 18), the steering angles 
of the front wheels have been unrestrained during and after 
impact. These differences in the control of the front wheels 
would appear to have significant effects on responses, par­
ticularly on the reflection angle. Another aspect of vehicle 
control which would appear to exert a strong influence on 
responses is the selection of either (a) a brake application, 
or (b) full-throttle acceleration during the time of impact 
and reflection. 

The speeds, angles, and vehicle sizes to be included could 
also be determined by consensus. However, it would ap­
pear to be highly desirable to relate the test conditions to 
real accident situations, in terms of the percentile of total 
reported off-road deviations, on a specific roadway type, 
with which the test conditions can be identified. This gen­
eral approach to the selection of speeds and angles would 
permit flexibility in the test procedure, so that it could be 
applied to guardrail configurations for urban streets as well 
as for rural roads and for the interstate system. Figure 11 
shows percentile curves of the sort that might be developed 
from more extensive and comprehensive collection of acci­
dent data. It is conceivable that the rural road case might 
be subdivided into interstate and secondary, although there 
are insufficient data available at present to establish any 
differences that may exist. It is assumed that the case of 
urban streets will be significantly different from that of 
rural roads. However, there are no known applicable data 
available for urban streets. It is proposed that boundary 
curves of the type depicted in Figure 11 could be obtained 
by applying a least-squares curve fit to points that equal or 
exceed the given percentage of reported speeds at each 
impact angle in a comprehensive collection of accident 
data. 

If the percentile curves can be established for the rural 
and the urban situations (with the rural case possibly sub­
divided into interstate and secondary roads), test conditions 
can be selected from each percentile curve. In this manner, 
an "85th percentile test series-rural, secondary" will be 
readily understood as a series of test conditions that en­
compass the impact conditions involved in 85 percent of 
reported accidents on rural secondary roads. A test series 
might consist of two or more specifically defined points on 
a given percentile curve. It would appear to be desirable 
to include repeatability runs in a "certification" test series. 
Also, an additional test of minor-severity snagging char­
acteristics would be desirable, because some barrier designs 
have been found to increase the severity of accidents where 
low-angle, low-speed brushing of the barrier occurs (1 ) . 

There are certain types of collision responses in which 
the barrier does not function as designed. These responses 
should be categorized as "failures" of the barrier, even 
though the resulting vehicle response may not be cata­
strophic. For example, no barrier is designed to "pocket" 
the vehicle, to permit penetration, or to produce rollover 
of the vehicle. Therefore, these three types of response 
should be categorized as failures. Where non~ of the de­
scribed failures occurs, there is a wide range of per-
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Figure 11. Proposed format to summarize actual experience with off-road deviations. 

formance possible. It is therefore essential that means be 
developed for directly comparing "successful" perform­
ances. It would also appear to be desirable to develop 
weighting factors for each aspect of performance in rela­
tion to particular types of installations so that a recom­
mended practice in barrier selection could be applied to 
the results of standard tests. 

Figure 12 shows a preliminary concept for a standard 
performance chart. The charts are aimed at ease of com­
parisons. The acceleration-duration plots could possibly 
be obtained from measured-time histories of accelerations 
in the manner described by Rothe, et al. ( 41). 

Presumably a new design or a design change is aimed at 
either ( 1) raising the "threshold of failure," (2) improving 

performance within the "successful" range of existing bar­
rier designs, or ( 3) reducing costs while retaining both the 
failure threshold and the performance of existing designs. 
Comparison plots of the type shown in Figure 12 would 
facilitate the proof of performance claims. A significant 
increase in the threshold of failure might permit the certi­
fication of a design configuration for a higher percentile 
curve. 

On first examination of the guardrail impact problem, it 
seems logical to assume that the fateral momentum of the 
vehicle at impact might be a good measure of the severity 
of the impact and, therefore, a constant value of lateral 
momentum would appear to define the "threshold of fail­
ure" of a particular barrier design. The findings of this 
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study indicate that the "threshold of failure" is not likely to 
follow a plot of constant lateral momentum. Application 
of the proposed standard test procedure will tend to gen­
erate well-defined "failure" data. Instances of inadvertently 
selected test conditions that are excessively severe for spe­
cific barrier designs to indicate thresholds of failure would 
also be well defined and thus of value in seeking to estab­
lish the performance limits. These data would provide a 
valuable measure of the thresholds of failure of existing 
guardrail designs as related to percentile curves. It would 
thereby provide a direct measure of t~e level of protection 
that is being provided. 

FACTUAL EVIDENCE ON ROADSIDE VS 
GUARDRAIL HAZARDS 

Logically, the hazards associated with the specific roadside 
terrain profile and obstacles should be directly compared 
with those of collisions with guardrails when a decision is 
made regarding the need for a guardrail installation. At 
the present time, of course, this sort of comparison is im­
possible for lack of applicable data. 

The Cornell Aeronautical Laboratory is currently ap­
proaching the problem by means of engineering analysis 
and computer simulation under a contract with the Bureau 
of Public Roads. The most fruitful additional research 
would appear to be a concurrent program of collection 
and analysis of applicable accident data. 

It is conceivable that existing ACIR and other data on 
single-vehicle accidents can yield preliminary measures of 
the relative severities of accidents involving roadside haz­
ards and those involving guardrails. Also, a review of the 
existing data would be expected to reveal shortcomings that 
could be remedied in a special program of data collection 
aimed specifically at measurement of relative severities and 
hazards. 

ANALYSIS OF THE DYNAMIC PROPERTIES 
OF GUARDRAIL STRUCTURES 

Analytical investigations related to guardrail design have 
been quite limited (7, 29). Nearly all of the existing de­
signs have evolved with little benefit of extensive engineer­
ing analysis. The present state of the art of guardrail tech­
nology is a result of a relatively slow evolutionary process. 
It is easy to understand how, in the past, the complexities 
of the vehicle-guardrail impacting dynamics discouraged the 
application of classical analytical methods. However, the 
development of high-speed computing techniques over the 
past two decades makes it possible to remove this stumbling 
block towards the use of more sophisticated analytical 
methods. Indeed, the use of computing techniques has 
figured prominently in several recent research programs 
(e.g., the CAL and New York State work). 

Focusing for a moment on the moving element in the 
roadway-guardrail-vehicle system-the vehicle itself-it 
can be said that little has been accomplished in vehicle 
design that reflects a "systems" approach to the problem. 
The structural portions of the modern automobile that in­
teract with a guardrail on impact have apparently been 
designed with little consideration of a potential guardrail 

collision. The required structural properties of the vehicles 
are therefore poorly defined. 

It is not intended to suggest that analytical studies can 
eliminate the need for experimental development programs. 
However it seems obvious that the time and costs of de­
velopme~t programs can be minimized by means of vali­
dated analytical techniques. 

The analytical aspects of the barrier research being per­
formed by NYSDPW have demonstrated the feasibility of 
analytically evaluating barrier designs. Such analytical 
evaluations can be used to ( 1) reduce the required number 
of full-scale crash tests, (2) determine the relative impor­
tance of barrier design parameters so that increased effi­
ciency can be achieved in the use of structural materials, 
( 3) guide design modifications for specific applications, and 
( 4) evaluate proposed barrier designs. 

It would appear to be worthwhile to pursue the analytical 
approach further from two separate points of view. In the 
first, the existing theoretical treatment should be extended 
and made more comprehensive. In the second, the findings 
of the analytical and simulation studies should be incor­
porated in directly usable design techniques. 

The latter type of analytical effort could consist of de­
fining acceptable lateral load-deflec;tion characteristics and 
acceptable ranges of deviation at various positions relative 
to posts. Standardized and validated quasi-static procedures 
of design analysis will be required to permit the designer to 
achieve the defined lateral characteristics. 

As previously mentioned, the former type of analytical 
effort is currently being carried on by the Cornell Aero­
nautical Laboratory. Although that program is concerned 
with roadside cross sections and structures in general, it 
will necessarily include some consideration of guardrail 
impacts. 

ANALYSIS AND TESTING OF UNCONVENTIONAL CONCEPTS 

At present there are continuing programs of guardrail de­
velopment, including full-scale crash tests, being carried on 
by the States of New York and California, and the Univer­
sity of Miami. However, these programs, for the most part, 
are concerned with relatively conventional guardrail con­
figurations, such as modifications in existing designs. This 
limitation of the programs is considered to be entirely 
proper in view of their objectives. 

There is a need for an additional program of continuing 
research that will have as its objective the exploration of 
new and unconventional concepts. Publicity is frequently 
given to unconventional concepts such as th_e "Isle Guard" 
rigid barrier, those consisting of inclined posts with integral 
hydraulic dashpots (42, 37), and the concrete "inertia 
barrier," and there is no established means for obtaining 
an objective evaluation of the claimed advantages. Although 
many such concepts may involve prohibitive installation 
and/ or maintenance costs for general use, they may offer 
performance benefits that would constitute solutions for 
special application problems. A continuing program of 
analysis and tests of unconventional concepts would also 
be expected to yield findings that would provide valuable 
guidance in future developments of the more conventional 
types of barriers. 
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CHAPTER FOUR 

AN OUTLINE OF ADDITIONAL NEEDED RESEARCH 

The contract under which the present study was performed 
requires the preparation of an outline of a tentative pro­
posal "for undertaking and conducting additional needed 
research." A general discussion of the question of needed 
research has already been given in the previous chapter. 
In the light of this discussion, it is recommended that an 
appropriate agency of the Federal Government undertake a 
long-term program of research to satisfy these needs. The 
program should be implemented in such as way as to take 
maximum advantage of the excellent work that has already 
been accomplished in several of the States and by a few 
private organizations in this country, and by both private 
and government agencies abroad. These widely diversified 
efforts point up the need for a broadly concerned program, 
carried out under Federal auspices, that is aimed at solving 
a national problem, while at the same time not inhibiting 
research programs that are currently being carried out by 
individual States. The program, in fact, should be designed 
to augment rather than to displace the research now being 
conducted by several of the States. 

The broad objectives of such a program may simply be 
stated as follows: 

l. To institute a comprehensive program of data collec­
tion that will result in better definitions of the speeds, im­
pact angles, vehicle types, and roadside hazards associated 
with single-vehicle accidents on specific roadway types. 

2. To use these data as the basis for evaluating the per­
formance of existing barrier designs and for establishing 
scientific warranting procedures. 

3. To establish a standard test procedure and reporting 
format to be used in guardrail testing. It is suggested that 
a Federal standard or a recommended practice for guard­
rail testing and test reporting should result from this effort. 
Support for such a standard should be sought from existing 
agencies (e.g., AASHO or the BPR) or a future agency 
( a Department of Transportation), with interstate author­
ity. 

4. To conduct a program of engineering anaylsis for the 
purpose of arriving at a "recommended practice" in guard­
rail design. The recommended practice would incorporate 
the best technology that the state of the art permits. It would 
be subject to periodic revision as new research findings are 
produced by the individual States and by the executors of 
the long-range program outlined herein. As in the case of 
the standard test and reporting format, the recommended 
practice should be sponsored by an organization with inter­
state authority. 

5. To conduct a · continuing program of analyses and 
full-scale testing aimed at advancing the state of the art of 
guardrail design. New and unconventional concepts should 
be explored in an effort to uncover designs and practices 
that, at any given time in the program, are not being ade­
quately investigated in State-conducted research. 

A program plan that is designed to achieve these general 
objectives is given in the following in the form of five major 
tasks. 

TASK I-COLLECTION OF SINGLE-VEHICLE 
ACCIDENT DATA 

In a special program of accident-data collection, an attempt 
should be made to obtain detailed data from nearly all 
single-vehicle accidents in areas selected for "saturation" 
coverage. The selected areas should include sections of the 
Interstate system, rural highways, and urban streets. The 
objectives of this research would consist of the following: 

1. Definition of the speeds, angles, and vehicle types 
involved in off-road deviations on specific types of road­
way. This information would be used to develop percen­
tile curves on plots of vehicle speed vs impact angle (i.e., 
curves that encompass given percentages of the total acci­
dent experience on the specific roadway type). 

2. Measures of the performance of actual guardrail in­
stallations. By obtaining more comprehensive data on bar­
rier contacts, it would be possible to relate the cases of 
"unsuccessful" barrier performance to the over-all contact 
experience. The predominant failure modes of various 
guardrail types would be identified. 

3. Supporting data for weighting factors to be used on 
the various aspects of guardrail performance, in relation to 
selections for particular types of installation. For example, 
data on secondary collisions that follow contacts with spe­
cific types of guardrail installations on the various roadway 
types would appear to be quite useful in the selection of a 
weighting factor for reflection angle when the selection of 
a guardrail design is being made. 

4. Comparison of the hazards of specific roadside terrain 
profiles and obstacles with those associated with guardrail 
impacts. It is anticipated that a relatively large sample will 
be necessary in this case to yield conclusive results, because 
of the large number of variables that can influence each 
accident. This aspect of the proposed data collection is 
aimed at the development of factual evi<;lence for use in. the 
evaluation of the need for guardrail installation. 

This phase of the research plan could begin with a review 
of existing ACIR * and other data on single-vehicle acci­
dents. The review could conceivably provide preliminary 
measures of the foregoing items. 

The ACIR files contain approximately 10,000 cases of 
single-vehicle accidents.) On the basis of the present re­
search, it appears likely that shortcomings will be revealed 
in the existing data that could be remedied in the special 
program of data collection that is proposed. 

• Automotive Crash Injury Resea rch project, Cornell Aeronautical 
Laboratory. 
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Various ideas would be reviewed for the purpose of 
achieving more comprehensive reporting. For example, it 
has been suggested that periodic photographic coverage of 
a freshly-painted railing might be an effective means of 
detecting the occurrence of unreported contacts. The feasi­
bility of developing simple sensors to detect guardrail con­
tacts and/ or off-road motions would be thoroughly investi­
gated. It would appear that toll roads might offer special 
opportunities for detection. For example, a visual inspec­
tion for vehicle damage could be made at entrances and 
exits and coded toll cards could be· provided in cases where 
damage is present at an entrance. 

The foregoing discussion is intended simply to outline the 
scope of the proposed task. The authors are fully aware of 
the complexities involved in acquiring the described infor­
mation. The task is one of considerable magnitude. Yet, 
without such information there is little in the way of a 
rational basis for providing an accurate evaluation of exist­
ing designs. 

TASK II-STANDARD TEST PROCEDURE 
AND REPORTING FORMAT 

On the basis of a review of the various test procedures 
that have been used in guardrail research, the associated in­
strumentation, and the reporting format, a standard test 
procedure should be drafted. This procedure should even­
tually be issued under the auspices of a Federally-oriented 
agency with interstate authority. A primary objective would 
be simplicity. The draft would be submitted to the various 
organizations that have performed full-scale testing for 
their comments and suggestions; a consensus would be 
sought. It should be noted that the selection of actual im­
pact · conditions may depend on analysis of data collected 
in Task I for various types of roadway. 

The developed test procedure would be applied to at 
least two types of barrier designs (e.g., W section, cable). 
The repeatability of the standard tests would be determined, 
and comparisons of performance would be presented on 
standard performance charts that would constitute a part 
of the reporting format. The results of the test series would 
be submitted to the same organizations that were previously 
consulted on the draft of the procedure. Further comments 
and suggestions would be sought. 

A summary report would be prepared in which a "rec­
ommended practice" in guardrail testing would be pre­
sented. Background information, criticism, and comments 
that led to the final recommendations would also be pre­
sented. 

As a supplement to the recommended practice in testing, 
a tentative recommended practice in "weighting factors" 
for the individual aspects of performance in relation to par­
ticular types of installation should be prepared (e.g., maxi­
mum deflection, damage to vehicle, reflection angle, etc.) 
This portion of the report would be based on accident data 
collected in Task I. 

In connection with a standard test procedure, it is antici­
pated that comparisons will be required between the front­
quarter structural and dimensional properties of a cross 
section of the automobile population in use today (i.e., 

front vs rear engines, full-size vs compact, unit vs frame 
construction) in order that the test vehicle(s) can be se­
lected. This sort of information will be generated by CAL 
under its contract with the Bureau of Public Roads. In that 
program, a special test facility is being designed to perform 
applicable measurements of the dynamic structural proper­
ties of automobiles. 

A possible output of the proposed "standard test proce­
dure" research could be the finding of significant differences 
among vehicles in relation to guardrail impact responses. 
If this turns out to be the case, it may become necessary, 
in relation to the development of improved guardrail per­
formance, to explore the feasibility of developing specifica­
tions for the interacting portions of automobiles. 

TASK Ill-ENGINEERING ANALYSIS 

The vast majority of existing guardrail designs cannot be 
viewed as "engineered" products, in the sense of having 
been subjected to engineering analysis. Yet, the feasibility 
of applying analytical techniques has been demonstrated by 
the New York State Department of Public Works (NYS­
DPW) . Also, a need is seen to summarize current research 
knowledge from testing in the form of engineering speci­
fications. 

Inasmuch as NYSDPW is actively involved in the simu­
lation of collision dynamics and also a closely related pro­
gram of research is currently being performed by CAL 
under contract with the Bureau of Public Roads, the present 
research plan is limited to the development of a "recom­
mended practice" for application of the several existing 
types of structural configurations. The recommended prac­
tice would provide options to meet specific requirements 
and also to permit substitution of equivalent components or 
materials, where possible. In other words, this task would 
be primarily an attempt to convert existing research find­
ings into a guide for engineering applications. 

To permit the development of such a "recommended 
practice," it will be necessary to develop analytical tech­
niques and procedures for extrapolation and interpolation 
of existing structural and performance data. The dynamic 
lateral load-deflection characteristics from successful tests 
would be determined and specified at a mid-span position 
and the range of deviation in the lateral characteristics for 
other positions would be examined. The findings of NYS­
DPW would be carefully reviewed, particularly the post­
in-soil research performed, and their suggestions as well as 
those of others engaged in guardrail development would be 
sought in relation to the proposed recommended practice. 
Consideration would be given to the maintenance, visibility, 
and appearance aspects of guardrail designs, where applica­
ble information is found. 

TASK IV-ANALYSIS AND FULL-SCALE TESTS 

Existing research programs are largely concerned with 
relatively minor modifications in conventional designs. The 
research on conventional designs should be continued and 
expanded, adopting a uniform test procedure and reporting 
format where possible. There is, however, no research pro­
gram currently in existence within which unconventional 



concepts in guardrail design and approach-end treatments 
are either analyzed or tested. The need for guidance of 
future developments, as well as the possibility of achieving 
the unique performance requirements of some special ap­
plications, would appear to justify a continuing program of 
research on new and unconventional concepts in barrier 
design and in approach-end treatments. 

In the proposed research outline, a periodic selection 
should be made of unconventional concepts in guardrails. 
Engineering analyses should be performed in sufficient 
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