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This is an interim report on a long-term aceident study designed to relate 
accident experience on the Interstate System to its various geometric de
sign characteristics. The study investigates the effect of guardrails on 
accident severity at bridge structures and signposts and the effect of lateral 
clearance at bridge structures on accident occurrence and severity. Data 
usedin these analyses were collected by 16 state highway departments and 
represent approximately 2, 000 miles of interstate highway. Mileage was 
computed for both directions of travel. The results of a statistical analysis 
of property damage costs indicate that the presence of guardrails at over
passes, bridges, underpasses, and signposts reduces the property damage 
costs of single-vehicle accidents and that increased minimum lateral clear
ances at overpasses and bridges reduce accident rates and property damage 
costs. 

•IN 1961, Interstate System accident research began as a joint effort of the several 
state highway departments and the U.S. Bureau of Public Roads. The research en
compasses two studies: Study I, a general evaluative study· comparing the safety record 
of the Interstate System with older existing highways that formerly accommodated inter
state traffic, and Study II, the present study. The objective of Study II is to relate ac
cident experience on the Interstate System to its geometric design characteristics. 

A report on Study I by S. R. Byington has been published (1) and a second report on 
Study I will be available in the near future. This report presents the results of the in
itial analysis of data collected for Study II. More specifically, this report contains an 
analysis of the effectiveness of. guru:drails at bridge structures and signposts on acci
dent severity, and the effectiveness of lateral clearance at bridge structures on acci
dent incidence and severity. 

Traffic, geometric, and accident data used in these analyses were collected by 16 
state highway departments (Fig. 1). Only data available prior to February 1, 1965 
were used. Other data submitted had not been processed prior to this date. These data 
represent approximately 2000 miles of the Interstate System. Mileage was computed 
for both directions of travel with no distinction being made between urban and rural 
sections, or year of data. The majority of data submitted was for years 1961, 1962 
and 1963. However, · small portions were also submitted for 1959, 1960 and 1964. The 
number of years of data available varied from state to state. 

In both analyses only main-line Interstate study units were used. For this study, a 
main-line study unit is defined as any section on the Interstate highway less than 10, 000 
ft long and homogeneous throughout with respect to its geometric characteristics. 
Speed change lanes, although classified as separate units, are included in this category. 
All other units, such as ramps, collector-distributor roadways, and crossroads were 
not included in these analyses in an effort to reduce the variability in study section type 
and data. 

All accident data on main-line units were utilized. To obtain the largest possible 
sample size, no distinction was made between daytime or nighttime accidents. For the 

Paper sponsored by Committee on Operational Effects of Geometrics and presented at the 46th Annual 
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Figure 1. States participating in Interstate System Accident Research Study II, Jan. 1, 1966. 

guardrail analysis only single-vehicle accidents were utilized, but for the minimum 
lateral clearance analysis both single and multivehicle accidents were considered. 

A measure of the severity of collisions with fixed objects in terms .of property dam
age costs was found to be useful in these analyses. Property damage costs include 
damage to vehicles, contents, and other objects damaged in the collision. An attempt 
to use the nwnber of injuries and/or fatalities proved to be infeasible since the nwnber 
of such occurrences in the available data was scant. 

The results reported for minimum lateral clearance are limited to clearances less 
than 13 ft and structures shorter than 500 ft. In this analysis, structures were defined 
as bridges or overpasses; in the guardrail analysis, structures encompass overpasses 
or bridges and underpasses . 

GUARDRAILS REDUCE ACCIDENT SEVERITY 

The results of the analysis on the effectiveness of protective guardrail indicate that 
with regard to structures the presence of guardrail is beneficial in terms of accident 
costs. 

Speed as a Factor 

Where data on the speed of the vehicle just prior to collision were available, all 
single-vehicle accidents were grouped as (a) less than 40 mph, (b) 40 to 60 mph, and 
(c) over 60 mph. Due to the small sample size, a finer subgrouping was not possible. 

Within each speed group, accidents were classified according to the object hit, with 
emphasis on the absence or presence of protective guardrail . Overpass or bridge and 
underpass accident data were combined into one group. Speed data wer e lacking in 
many of the accident records and this combination was necessary to have a meaningful 
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TABLE 1 

COST PER ACCIDENT BY SPEED AND OBJECT HIT, SINGLE-VEHICLE ACCIDENTS 

Object Hit Speed Number of Total Cost Cost per Accident 
(mph) Accidents ($) ($) 

End of overpass or Less Than 40 10 8,500 850 
underpass pier or 40-60 48 66,550 1,390 
abutment not protected Over 60 15 21,300 1, 420 
by guardrail Total 73 96,350 1,320 

Guardrail protecting end of Less Than 40 7 3,490 500 
overpass or underpass 40-60 39 21,380 550 
pier of abutment Over 60 13 13, 190 1,020 

Total 59 38,060 650 

End of overpass or Less Than 40 2b 2, 250 1,130b 
underpass pier of 40-60 10 5,900 590 
abutment, although Over 60 4 2, 950 740 
protected by guardraila 

~Guardrail was penetrated and protected object was hi t. 
One accident involved a 3-axle truck accounting for $1500 property damage. 

sample size. Table 1 gives the cost per accident by speed and object hit. As expected, 
results show for each different object hit that increased speed increases the severity of 
the accident. In the under 40 mph category where the vehicle penetrated the guardrail 
and hit the protected object, the cost per accident is higher than in other speed cate
gories. However, one accident involved a truck and accounted for $1500 property dam
age and the sample size (two accidents) is so small that this result is meaningless. In 
every other category, however, the cost per accident increases with speed. 
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Figure 2. Cost per accident by speed and object hit for single-vehicle accidents. 
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For any one speed group (Fig. 2), the results indicate that protective guardrails 
decrease the severity of accidents. Because of tbe small sample size, these results 
could have been due to chance alone. To elicit trends and learn from the data how the 
chance factors may be operating, various levels at which the observed differences were 
significant were computed. The difference in average cost between accidents involving 
the protective guardrail and accidents involving an unprotected object was tested by 
means of a "t test." Due to small sample size, accidents where the guardrail was pene
trated were not considered. The null hypothesis Ho : U1 - U2 = d was compared 
against the alternate hypothesis Ha : Ui. - U2 :f d where U1 = average cost per acci
dent without guardrail, U2 = average cost per accident with guardrail, and d = O. 

If the null hypothesis is a.ccepted, we can conclude that there is no difference in 
average accident costs between single-vehicle accidents wit!) unprotected structures 
and single -vehicle accidents with structures protected by guardrail. However, if the 
null hypothesis is rejected, then the alternate hypothesis is accepted, and we can con
clude that there is a difference between the two categories being tested (3) (i.e., pro-
tected structures vs unprotected structures). -

In the less than 40 mph group the null hypothesis must be rejected at the O. 20 level 
of significance; in the 40 to 60 mph group at the O. 01 level of significance, and in the 
over 60 mph. group at the o. 10 to 0. 15 level of significance. If a vehicle is traveling 
under 40 mph prior to a collision with a structure, 80 percent of tlie time proteclive 
guardrail will help to reduce property damage costs of the accident. Similarly, at 40 
to 60 mph 99 percent of the time, and over 60 mph 85 to 90 percent of the time protec
live ~ucu·ch'a:il w.i.ll h.slp ;;educe p.rcpe!·ty d.."l.m::igi;> r.osts of the accident. 

The null hypothesis is rejected at the 0. 05 level when all accidents are grouped re
gardless of prior speed for both accidents involving protective guardrail and accidents 
where no guardrail was present; i.e. , 95 percent of the time guardrail reduces the 
severity of a single-vehicle accident with a structu1·e. Thus, we can conclude that 
protective guardrail helps to reduce accident severity. These results demonstrate that 
there is a significant difference between the average property damage costs for acci
dents involving protective guardrail and accidents with no guardrail present. We can
not, however, conclude that this difference will offset the cost of the guardrail. 

Although the findings of this analysis show that the presence of guardrails signifi
cantly i·educes the cost of accidents in terms of pr.operty damage, it is not possible, 
due tb the scarcity of data on injuries and fatalities, to infer a comparable reduction of 
injures and/or fatalities . Although injuries and fatalities account for approximately 
half of the total accident cost (2), the lack of data prohibits a benefit-cost analysis at 
this time. In tile event larger samples become available, the reduction in total acci
dent costs can be compared to costs of installing and maintaining guardrail. At that 
time, it should also be possible to analyze the nwnber and cost of injuries and fatalities 
which occurred in those accidents where guardrails failed to prevent the vehicle from 
hitting the protected objects . Although in most cases these accidents are less costly 
in terms of property damage, they might be more costly in terms of lives lost. 

Speed Data Not Considered 

A direct comparison was made for all single -vehicle accidents regardless of speed 
prior to collision considering the cost per accident with regard to object hit and the 
presence 01· absence of guardrail protecting the object. This comparison eliminated 
consideration of the speed of the vehicle prior to collision, which was considered in the 
previous analysis. Since a much larger sample was available than when speed prior to 
collision was considered, the combination of overpasses or bridges and underpasses i11-
to one category was not necessary. It can be seen in Table 2 that accidents where no 
guardrail was present were more costly than accidents where guardrail was present. 
Thus, in terms of property damage savings per ac.cident, guardrails appear to be bene
ficial regardless of whether the guardrail is protecting a bridge structure or a signpost. 

Again a t test was performed to determine if any significant differences exist between 
the mean cost of the two accident categories shown in Figure 3 (i.e., object hit not pro
tected by a guardrail vs guardrail protecting object). With regard to overpasses or 
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TABLE 2 

COST PER ACCIDENT BY OBJECT HIT, SINGLE-VEHICLE ACCIDENTS 

Nwnber of Total Cost Cost per 
Object Hit 

Accidents ($) Accident 
($) 

Guardrail protecting end of overpass 
structure 146 128, 540 880 

End of overpass s tructure, although 
protected by guardrail 16 16,960 1,060 

End of overpass structure not protected 
by guardrail 36 56, 840 1,580 

Guardrail protecting underpass pier 
or abutment 17 12,560 580 

Underpass pier or abutment not 
protected by guardrail 135 133,500 990 

Under pass pier or ·abutment, although 
protected by guardrail 18 21,700 1,210 

Guardrail pr otecting highway post 24 8,380 350 
Highway signpost although protected 

by guardrail 6 2,500 420 
Highway signpost not protected by 

guardrail 115 69, 810 610 

bridges and underpasses, the mean cost of accidents with guardrail is significantly 
different from the mean cost of accidents without guardrail at the O. 05 level. For high
way signposts, the differences are significant at the O. 10 level. In general, when guard-
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Figure 3. Cost per accident by object hit for single-vehicle accidents . 
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rails are protecting structures, accideqts will be less serious 95 percent of the time 
than ll no guardrail were present. In cases involving signposts, this iigure becomes 
90 percent. Thus, again we can infer that protective guardrail will reduce the severity 
of a single-vehicle accident With a fixed object. 

INCREASED LATERAL CLEARANCE AND SAFETY 

Although the sample size in some structure length and lateral clearance categories 
is relatively small, the results of this analysis indicate, from a safety viewpoint, a 
need for wider minimum lateral clearances. This need pal'ticulaJ"ly applies where the 
length of the structure exceeds 250 ft. 

Data were submitted in coded form. Each code represented an interval for structure 
length and minimwn lateral clearance. Due to the smallness of the sample size, min
imum lateral clearances of less than 6 ft were combined into one category and only one 
case was reported for minimum lateral clearance greater than 12. 9 ft. In addition, 
very few Interstate sections with structures longer than 500 ft are presently under 
study. Because section length is used as the independent variable, the accident rate 
was computed for 100 million vehicles rather than the conventional 100 million vehicle
mile base. 

The results give1i in Table 3 indicate that for structures 150 to 199 ft long, the acci
dent rate is similar for all minimum lateral clearances. As structure length increases, 
the need for larger minimum lateral clearances is indicated by the increase in accident 
rate. For structures 200 ft or longer, the accident rate increases more rapidly for 
lower minimum lateral clearances. In fact, at leng·ths of 300 tu 499 .rt, Uie diffHe11ce 
in accident rate between clearances less than 6 ft and clearances 9 to 12. 9 ft is statis
tically significant at the O. 10 level. Ninety percent of the time a bridge 300 to 499 ft 
long will experience a lower accident rate if the minimum lateral clea1·ance is 9 to 12. 9 
ft as opposed to a clearance of less than 6 ft. These results indicate tbat wider mini
mum lateral clearances reduce accident rates. 

In addition, in most cases the cost pe1· accident for any one structure length in
creases as the minimum lateral clearance decreases. However, the difference in cost 
between any two minimum lateral clearance categories for any structure length is not 
statistically significant. 

TABLE 3 

ACCIDENT RATE BY LENGTH OF STRUCTURE (OVERPASS AND BRIDGE) 
AND MINIMUM LATERAL CLEARANCE 

Structure Minimum Lateral Number of Number of 
Accident Rate Cost per Accident 

Length Clearance Accidents Vehicles 
per 100 Million ($) 

(ft) (ft) Vehicles 

Less than 50 Less than 6 15 54,016,350 27.77 115 
Less than 50 6-8. 9 14 33,090,900 42.31 185 
Less than 50 9-12.9 5 57,845,200 8.64 64 
50-99 Less than 6 12 56, 702, 750 21. 16 955 
50-99 6-8.9 22 132, 856, 350 16.56 749 
50-99 9-12.9 25 79,683, 150 31. 37 573 
100-149 Less than 6 115 220,548,650 52. 14 985 
100-149 6-8.9 18 126,315,550 14.25 403 
100-149 9-12.9 11 44, 197,850 24. 89 492 
150-199 Less than 6 101 307,976,050 32. 79 796 
150-199 6-8. 9 28 77, 639, 153 36.06 588 
150-199 9-12.9 12 34,050,850 35. 24 588 
200-299 Less than 6 129 255,835,800 50.42 969 
200-299 6-8.9 21 83,503,350 25. 15 915 
200-299 9-12.9 17 56,038,450 30. 34 828 
300-499 Less than 6 185 172,645,000 107. 16 820 
300-499 6-8.9 26 38,398,000 67. 71 759 
300-499 9-12. 9 12 34,463,300 34. 82 728 
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CONCLUSIONS 

The results reported demonstrate that the installation of guardrail at fixed objects, 
namely overpasses, bridges, underpasses, and signposts is beneficial in terms of 
property damage savings for single-vehicle accidents. Also, increased minimum 
lateral clea,rances at overpasses and bridges reduce accident rates and property dam
age costs. 

As more data become available, more extensive analyses will be performed. We 
do feel, however, that the results reported here are important and could be of interest 
in the field. 
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