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•AS has been pointed out in the articles by Stonex (1-5) and others (6-10), proper 
highway design could save 10,000 lives each year by preventing single car, off-road 
accidents. In addition, approximately 6, 000 lives could be saved annually by prevent
ing head-on collisions. Thus, 16,000 lives could be saved each year by improved high
ways and adjacent areas. These authors have indicated that trees, ditches, roadside 
slopes, guardrails of poor design, sign and light posts, bridge abutments, and other 
features are the problem, in that all too often they are left near the roadway or are 
placed close to the roadway and left exposed. Stonex (1) has shown that an obstacle
cleared roadside of approximately 33 ft would provide safety for at least 80 percent of 
the drivers leaving the road, and that a 50-ft obstacle-free roadside area would assure 
safety for 90 percent. 

There are many reasons why a vehicle will leave the roadway or cross into the 
opposite lane. A few of the causes of accidents are driving too fast for existing condi
tions, falling asleep, drinking, roadway hazards, mechanical failure of the vehicle, 
and driver inattentiveness. Seldom can only one of these factors be blamed for the 
accident, but most all can be categorized as "driver misjudgment. " 

Since November 1961, we have been studying fatal automobile accidents in and about 
Washtenaw County, Michigan. The purpose is to determine the causes of death of the 
occupants-the body areas injured, as well as the structures which were impacted to 
produce lethal injuries. The p,:>lice of the area call us to all on-scene fatalities anytime 
of the day or night. Photographs of the vehicles, roadway, and victims are taken 
using 35-mm color film. As of January 1, 1965, we investigated 111 accidents in which 
146 automobile occupants were killed. No pedestrians, cyclists, car-train, or truck
truck accidents are included in the data. 

In studying each case certain conditions become important. The occupant would have 
lived-if he was not driving too fast, if he had not fallen asleep, if he had not been 
drinking, if he had worn a seat belt, if the interior of the vehicle had been designed 
for safety, if the roadway had been better designed, if no roadside obstacles had been 
present, etc. We contend that there will always be the possibility of an automobile ac
cident when there is a man-machine combination. Thus, in addition to attempting to 
decrease accidents by driver education, vehicle inspection, etc. , the only alternatives 
are improvement in vehicular design for crash attenuation (especially the interior), 
and by proper roadway design and clearance of roadside obstacles. If an individual is 
going to lose control of his vehicle for any reason, the roadway must be designed to 
prevent cross-median accidents, and obstacles must be removed from the roadside 
so that serious or fatal injuries will not occur. 

In this study 84 percent of the accidents were non-intersectional collisions with the 
majority (60 percent) being single car, off-road collisions (Table 1). In one of five 
accidents (18 percent), a vehicle invaded the roadway of another by crossing the center
line or median, or traveled in the wrong lane on an expressway. 
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In 21 cases, more than one roadway hazard could be considered important ~Table 2). 
The most obvious hazard is indicated first; however, other obstacles or design factors 
played an important part in the fatal accident. For example, a tree-ditch combination 

TABLE 1 

TYPE OF FATAL ACCIDENT AND OBJECT 
CA USING FATALITY 

Single Car Collisions 

Tree or utility polea 
Bridge abutment 
Guardrail or post 
Earth embankment 
Rollover (due to): 

Ditch 
Slope or embankment 
Lost control on roadway 

Subtotal 

Car-to-Car Collisions 

Intersectional 
Crossed medianb 
Crossed centerline 
Rear endC 

Subtotal 

'l'ot::i l 

Number 

35 
5 
4 
4 

8 
6 
5 

67 

18 
10 
10 
6 

44 

111 

0 in two crossed median cases the vehicle was going the 
wrong way on the expressway. 

cone case the struck vehicle went through guard posts and 
down a slope. 

TABLE 2 

MULTIPLE ROADSIDE OBSTACLES OR DESIGN FACTORS 
CONTRIBUTING TO FATAL ACCIDENT 

Brki!!;e auui.rueuL a.ml !!;Uard1·all 
Earth embankment and guardrail 
Three (and): 

Ditch 
Slope 
Ditch and slope 
Guardrail 

Slope (and): 
Ditch 
Guardrail 
Tree 
End of culvert 

Rear-end collisions and guard posts 
and slope 

') 

" 
1 

7 
2 
1 
1 

1 
2 
1 
1 

1 



105 

Figure 1. Vehicle went off left side of road and struck tree stump 10 ft from edge of road. 
Driver killed. 

indicates that the tree was struck by the vehicle but the ditch kept the car "on track" to 
the impact point. The rear-end collision was not the real cause of the fatalities in the 
case in Table 2, but the struck car went through guard posts and down a steep slope 

Figure 2. Vehicle left roadway on right side of 
curve and struck tree (center) 15 ft from edge of 

road. Dri ver ki I led. 

causing the ejection of two occupants. 
Had the vehicle been stopped by a guard
rail of proper design these fatalities 
would not have occurred. 

Figures 1 to 5 illustrate accidents 
where the vehicles left the roadway and 
impacted trees. The trees were less than 
15 ft from the roadw::i.y. In the case il
lustrated by Figure 5, the owner of the 
adjacent property had asked for removal 
of the tree in the roadway several times 
before the fatal accident, but the tree re
mains 3 years afterwards. This tree is 
now marked for removal, not because of 
its location, but because of Dutch Elm 
disease. Trees, or less often utility 
poles, account for one-third of our fatali
ties. 

Improper ditch design led to at least 
eight fatal accidents in this study. Fig
ure 6 illustrates a deep ditch adjacent to 
a curve in the road. The vehicle went off 
the roadway and traveled in the ditch some 
30 ft. It then rocketed out the far side of 
the ditch r.nd flew 50 ft through the air. 
The vehicle landed on its front end and, 
in the upright position, continued for 10 
ft striking a tree with the roof, hood, and 
trunk, killing the driver. Here, two 
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Figure 3. Off-road tree impact on a curve; tree 15 ft from roadway. Three ki I led. In this and 
Figure 2, trees are just beyond apex of curve, the point where a vehicle would strike if it left roadway. 

Figure 4. Photograph of car-tree impact. 

roadside hazards are apparent-the deep ditch along the roadway, and the tree located 
on the convex side of the curve, :n ft from the edge of the road. 

In Figures 7 and 8, impacts of vehicles against earthen embankments adjacent to the 
roadway caused the fatalities. An example of two poorly designed roadside factors 
playing a part in the fatal collision course of the vehicle is shown in Figures 9 and 10, 
where there is a narrow drainage ditch adjacent to the embankment. The vehicle left 
the roadway and the right wheels caught in the ditch. The slope then increases mark
edly, preventing the vehicle from returning to the roadway. The vehicle struck the 
trees and the driver was killed. 

Approximately 9 percent of our cases are cross-median accidents. In Figure 11 
(showing widely separated expressway lanes) the vehicle was traveling from right to 
left, failed to navigate the curve, crossed the median and struck another car. Tire 
tracks are evident in the median. 
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Figure 5. A tree in the road-the scene of accident shown in Figure 4. In Figure 20, this case was 
plotted at zero feet from road edge. 

Narrow medians contributing to fatal accidents are shown in Figures 12 to 15. The 
vehicle in Figure 13 crossed the median shown in Figure 12, and was struck by a semi
trailer. Figure 14 shows the tracks of a vehicle which crossed a median. The right 
front tire hit the bottom of the drainage ditch in the center of the median; the vehicle 

Figure 6. Deep ditch adjacent to road. Vehicle 
traversed ditch, flew 50 ft and impacted the roof, 
hood, and trunk against tree located 31 ft from 

roadside. 

rolled over and struck an oncoming car. 
This was a roof-to-roof contact (Fig. 15). 
Figure 16 illustrates a case where a flat
bed trailer broke loose, crossed the me
dian, and struck a car head-on, killing 
the passenger. 

Improper guardrail design was a factor 
in a single car accident (Fig. 17). The 
vehicle traveled across the narrow median 
(9 ft), recrossed the median and struck 
the guardrail head-on. The guardrail 
deformed in such a manner that it caused 
the vehicle to roll over, and the driver 
was killed. In another accident a vehicle 
struck the guardrail with the right front 
bumper, which caught on the posts causing 
the vehicle to spin; the left rear door of 
the car then hit the end of a bridge rail 
(Fig. 18). 

There are also several cases where 
exit ramps of expressways have been used 
to enter the wrong lane of traffic. In one, 
the driver became confused at a triple
overpass complex, went the wrong way on 
the expressway, and struck another car 
(Fig. 19). Two passengers were killed. 
At a court trial, the judge indicated that 
the defendant could not be charged with 
criminal negligence because there were no 
road signs giving notice that the one-way 
expressway was ahead. 
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Figure 7. Vehicle "missed the curve" knocking down several guard posts and hit earth embankment in 
the distance. Proper guordrai I design \1vould have prevented o straight- on course to embankment which 

should hove been removed. Impact point location 20 ft from road edge. 

Figure 8. Attempt to return to roadway by broking turned vehicle into embankment on opposite side of 
road. Driver ki lied-embankment JO ft from roadway. 
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Figure 9. Entrapment of vehicle by drainage ditch next to embankment led it to distant trees. Ditch 
10 ft from roadside. 

Figure 10. Steep slope prevented return of car to roadway before impact, Trees are 25 ft from road 
edge. 
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Figure 11. Aerial view of wide median at o curve in an expressway. Vehicle crossed median as indi
cated by marks in turf. Three killed. Path of vehicle across median was approximately 95 ft. 

Figure 12. Narrow (28 ft) median at point of crossover, Car-truck collision, one killed. 
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Figure 13. Vehicle involved in cross-medicm accident shown in Figure 12. 

Figure 14. Narrow (26 ft) median at point of crossover. Vehicle hit drainage ditch in center of 
median, rolled over striking another car. 
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Figure 15. Roof-to-roof impact due to deep drainage ditch in center of median shown in Figure 14. 
Four ki I led. 

Figure 16. Narrow (27 ft) median allowing flat bed trailer to cross and strike a car . 

Figure 17. Vehicle crossed narrow median, attempted to return to proper lane by recrossing median 
and struck guardrai I head-on, causing a ro I lover. Driver ki lied. 
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Figure 18. Vehicle "snagged" by guardrail, spinning it into bridge railing. Shown is the point of im
pact, left rear door. One killed. 

Figure 19. Area where vehicle traveling the wrong way on an expressway struck another car (arrow). 
Entrance ramp from which the driver turned toward on-coming traffic is on the left. 

Figure 20 plots the distance from the roadway of the object of impact. All data of 
single car collisions are presented except the 5 cases of rollover in the roadway. Of 
the car-car collisions only the rear-end accident, where the struck vehicle went through 
guard posts, is used. Cross-median accidents, intersectional, and cross-centerline 
accidents have been omitted. Therefore, Figure 20 shows 63 cases where the roadway 
or roadside design, obstacles, etc., are conside:red one of the leading factors in the 
fatal accident. All of the hazards are no more than 32 ft from the edge of the road. 

Obviously, one need not travel too far off the roadway to strike an obstacle. If, as 
has been shown (1), the roadside is cleared of obstacles for 33 ft from the edge of the 
road, probably 80 percent of the accidents would not have occurred. In this distance 
the driver could have regained control of the vehicle. 

Analysis of a small sampling of the Cornell ACIR data by Stonex indicates that 80 
percent of the vehicles struck an object within 12 ft of the roadway. Our data indicate 
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Figure 20. Distribution of impacted roadside obstacles vs distance from edge of roadway (63 cases). 

that of 63 cases, 80 percent struck an object within 27 ft of the road's edge. Although 
the General Motors Proving Ground data indicate that control of 80 percent of the vehi
cles can be regained within 33 ft of the pavement's edge, this is true only if proper 
roadside clearance has been carried out. In our cases, ditches, embankments and 

..... ..., ................................. .t' ..... "'J ............ ..,......,_.._. .......... _ 0- .... .-.------- ---·--- -- ------- -- - -- ---0 

courses have been presented. If these were to be removed by slight modification and 
maintenance of the roadside, it would be a minimum and practical first step toward 
the total elimination of roadside obstacles. 

Hutchinson (8), studying a 40-ft wide median, has shown that only 20 percent of the 
vehicles entering the median traveled more than 33 ft. He believes that the slope 
characteristics play an important role in the distance traveled. In addition to the two 
accidents where a vehicle was traveling the wrong-way on the expressway, we have 
found that most of eight cross -median accidents were due to the narrow width of the 
medians. Median widths in five cases were 26 ft, 28 ft, 32 ft, 40 ft, and 95 ft. In 
three cases they were 27 ft. 

Can roadways be designed with adequate clearance and characteristics to prevent 
fatal accidents? Recently a new bypass has been opened in the Ann Arbor area which 
exemplifies some exceilent roadside design features. .r 1gure .<.l shows au enl1·au(;t:: 
ramp to the expressway, with an obstacle-clear, off-road area, and a smooth, gentle 
slope. In sharp contrast is Figure 22, where a steep slope is protected by only the 
guard posts and cables. At expressway speeds, this type of guardrail could be pene
trated and a vehicle could roll down the slope. Figure 23 shows another example of 
good roadside design, but the lone large tree in the distance is a definite hazard. 

Clear roadside areas are often hazardous because of open drainage ditches or 
earthen mounds close to the roadside (Figs. 24, 25). Open ditches should be closed 
over or constructed farther from the edge of the road; earthen embankments should 
also be eliminated. 

Figure 26 shows a partially protected man-made obstacle. The relatively flat off
road area is hazardous because the support post of the sign is unprotected. Extension 
of the guardrail around the front of the sign would offer protection. 
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Figure 21. Expressway entrance ramp. Note obstacle clear, off-road area. 

Figure 22. Steep slope and inadequate guardrail adjacent to expressway. 

Figure 23. Clear area off roadway except for large tree. 
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Figure 24. Deep drainage ditch near expressway. 
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Figure 25. Earthen embankment approximately 25 ft from edge of road. 

Figure 26. Expressway sign with support completely unprotected by guardrai I. 



Figure 27. Unprotected bridge abutment-a definite hazard on expressways. 

Bridge pillars (Fig. 27) or the ends of bridges should be protected by energy
dissipating and vehicle-decelerating guardrails of adequate design. 
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Expressway overpasses are often inadequate from the standpoint of safety. Figure 
28 shows a sidewalk adjacent to a bridge rail. This type of design is very inadequate 
in respect to crash attenuation. Parenthetically, it is illegal to walk on expressways 
in most states so that sidewalks are not needed. Better bridge rail configurations 
have been designed and crash tested in California, and more recently, by the General 
Motors Corporation (Fig. 29). The GM bridge rail design will not snag the vehicle 
and allows controlled return to the roadway (10). 

The importance of roadside design cannot be overemphasized for its life savi)1g 
benefits and injury reducing potential. We have discussed how roadside clearance can 

Figure 28. Typical bridge rail design with sidewalk. 
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Fioure 29. Prototype bridi:ie rail designed to allow controlled return of vehicle to roadway (courtesy 

be instituted. More thought must be given to the concept of roadside clearence as a 
· definitive-step-toward-reducfog-the number- of highway fatalities .and injuries. 
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