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Highways currently being designed and constructed contain safety hazards 
resulting from a lack of detailed information concerning some environ
mental features. A continuing study of all aspects of highway collisions 
is being conducted at the University of Utah in an effort to locate and de
fine safety hazard areas in the vehicle, driver, and environment. Envi
ronmental roadway and roadside safety hazards in relation to longitudinal 
and cross-sectional elements are discussed from the collision causation 
and collision severity point of view. It was found that often the intent of 
safety standard suggestions was ignored in favor of strict standard adher
ence. It is concluded that a lack of communication exists between the 
highway designer and the safety researcher. It was also concluded that 
each highway must be designed with respect to the intent as well as the 
"letter" of suggested safety standards. The recommendation is made that 
a group of engineers and designers be created in each state for the pur
pose of coordinating and reviewing designs from a safety point of view. It 
is also recommended that this group review and make recommendations 
concerning severe collisions involving the environment on all roads with
in the state so that appropriate changes can be made. 

•HIGHWAY SAFETY is commonly considered to be a function of the vehicle, the driv
er, and the environment. Currently, of these 3 interacting variables, only the vehicle 
is under strict regulation. Few specific regulations now exist for the driver or the 
i-va.d\Y4Y, t"t tii(: ~~«.tiG~~l E:if;t ..... , .. ~j" S~f~tjT B1.!!:"e21.!, T_T. S. D':lp~:rtnit?nt nf Tr~n~rinrt~tion: 
among others, is ca1·efully stuclring the contribution of the driver and the environment 
to highway safety. 

The purpose of fais paper is to evaluate some of the highway geometric considera
tions that affect traffic collisions from both the collision prevention and the collision 
severity point of view. 

First, it should be pointed out that there is no such thing as a traffic "accident". 
Rather, there is a set of circumstances in the interaction of the vehicle, driver, and 
roadway system that creates a series of events during which a vehicle "collides" with 
another vehicle, a pedestrian, or the roadway furniture (i.e., guardrail, bridge abut
ment, and signposts). These circumstances, which could have been altered by changes 
in any one or any combination of the driver, the vehicle, or the environment, can not 
only contribute to the cause of a collision but also increase the severity of a collision. 

Although a great deal of excellent research related to highway safety design has 
been conducted by both state and private agencies, much more is needed. One of the 
major problems facing the highway researcher and designer is the lack of available 
speeific highway collision involvement detail. 

The emphasis to date has been on the vehicle with little mention of the 1·oadway 
other than brief comments in police reports and newspaper articles such as "the ve
hicle was flipped by the guardrail" or "the car ran off the road and hit a tree" or "the 
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car crossed the median" or "the car traveled too fast on a curve" or "the car rolled 
over off the road". This type of descripti_on provides little useful information toward 
geometric design improvements. 

In an effort to improve the knowledge of vehicle, occupant, and environment inter
action, the University of Utah Collision Investigation Group is now completing the first 
phase of a continuing study of the contribution of the highway environment to collision 
causation and severity. 

Since the introduction of the automobile, numerous studies have been made of in
dividual geometric characteristics and their relationships to collisions. As early as 
1937, Vey (16) suggested that highway design could eliminate 70 percent of all traffic 
collisions. Although this estimate may be high, it still remains that collisions and 
collision severity could be substantially reduced by proper highway design and con
struction. This has been demonstrated in part by the collision experience on the In
terstate system. For example, Stonex (14) has pointed out that single-vehicle, run
off-the-road collisions involving 2 or more vehicles have been caused by 1 vehicle 
wandering from its specified path and intruding into the pathway of another, both at 
intersectional and nonintersectional locations. The fact is that even with research re
sults available, such as those mentioned, many highways are still being constructed 
with inadequate attention being given to safety. The "cookbook" technique of safety 
design is too often followed, with no thought being given to the intent of the suggested 
safety design. Even the recommendations of the "Yellow Book" (6) have been ignored 
in many quarters. Many of these problems may be due to a lack of good communica
tion within some highway organizations . Adequate safety design must rely on good 
communication for a properly coordinated effort. 

For a more detailed examination of environmental factors contributing to or in
creasing the severity of collisions, the roadway will be separated into 2 broad classi
fications: longitudinal elements and cross-sectional elements. 

LONGITUDINAL ELEMENTS 

The most common longitudinal elements include tangents, horizontal curves, transi
tion curves, and intersections. Historically the early road builders considered the 
tangent to be the ideal geometric design not only for ease of construction and right-of
way acquisition but also for safety, because curves were undesirable hazards for early 
motorists. Horizontal curves have long been considered a collision-producing feature, 
especially on the older rural secondary and primary system. Billion and Stohner (1) 
found that, on 2-lane highways with 20-ft pavements, curves greater than 5 deg had-
4.35 times as many collisions as the average section of highway. On newer highways 
the design speed of the curves has been significantly increased with an accompanying 
reduction of the degree of curvature, thus the collision rate on curves has been de
creased. Some comments on the interaction of tangents and circular curves will be 
made after the other longitudinal elements are discussed. 

Unless the degree of curve is very small, a spiral or parabolic transition curve is 
generally used by most states to link the curve ends with the adjoining tangents. If 
transitions were not used in sharper curves, the driver would have to make abrupt 
steering corrections on entering the curve if he desires to maintain his lane position. 
Also, transitional curves prove useful in introducing superelevation, which will be 
discussed later. 

Intersections can best be defined as points where merging, diverging, or crossing 
traffic streams interact. These include freeway interchange ramps as well as the 
common nonfreeway intersections. Intersections are always points of conflict and, 
as such, are high-collision-rate locations. 

Ideally the driver should have to make only 1 decision at a time. If he has to make 
more than 1 decision, his efficiency decreases and more driver errors can be expected. 
Preliminary studies indicate that the merging and diverging of traffic at interchanges 
represents the weakest link in modern freeway design. The problem is further com
plicated by the fact that, while on-ramp collisions frequently involve 2 or more vehi
cles, many off-ramp collisions involve only 1 vehicle. These on-ramp, off-ramp 
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movements are so dissimilar that different studies of collision occurrence are neces
sary for each type. The freeway ramp location and design also have a profound effect 
on intersectional collision. Off ramp gores that are PJ.dden behind an overp~ssing 
structure, hidden out of sight over the crest of a vertical curve, or hidden around a 
curve by an embankment or structure are prime potential collision locations. Also, 
the ramp-end location with r espect to grades is important. 

Smith (15) located the ramp areas of highest collision frequency on vertical align
ment. He Tound that the worst locations were just beyond the crests of vertical curves, 
because of poor sight distance, and near the top of an upgrade, because of reduction 
in acceleration ability of merging traffic. Another ramp location that is prevalent in 
many states is the left-lane or high-speed-lane entrance or exit ramp. In 1961 Fisher 
(4) showed that 6 left-hand ramps had considerably higher collision rates in all cases 
than comparable right-hand facilities. Yet left-hand ramps are still accepted design 
features in some states. 

Careful consideration must also be given to ramp-end location with respect to other 
roads. For example, Figure 1 shows a situation where a freeway exit ramp butts head
on into the main road leading out of a small town. Several fatal head-on collisions have 
occurred downstream of this intersection in the last 6 years because drivers continued 
down the exit ramp onto the freeway in the wrong direction. 

Figures 2 and 3 show another poor ramp location . When the fr eeway was constructed, 
the existing 2-lane roadway was converted into t he eastbound fr eeway lane. As tile free
way approached a small town, it veered to the south in a bypass maneuver. This al
lowed the existing roadway to be used not only for the eastbound lanes but also for the 
westbound exit ramp tangent to a circular curve in the westbound freeway lanes. This 
provided an economic advantage by eliminating the need for constructing a new ramp. 
The basic problem is that the westbound off-ramp is colinear with the eastbound free
way lanes. The visual impact of this situation is very evident in Figure 3. Note that 
even the directional sign upstream from the gore contributes to the visual impact by 
an arrow pointing straight ahead" Figure 4 shows the gore area. At this particular 
location the red WRONG WAY sign placed in the gore is completely hidden from view 
by a large reflector sign placed in front of it. Needless to say, wrong-way movements 
on the ramp are common at this location. Additional large WRONG WAY signs have 
recently been installed that should help. The ultimate solution, however, would be to 
mnvP thP r::im:r Pnrl northward to destroy the colinear effect. Because the right-of-way 
in this area extends 120 ft north of the existing ramp centerline, such an improvement 
would involve a minimum of effort. 

Nonfreeway intersections come in such varied shapes and sizes that only a few com
ments can be made about them. The majority of nonfreeway intersections are either 

Figure 1. Poor exit ramp terminal location . 
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Figure 2. Plan view of the east Baker freeway interchange where existing roadway was used for the 
exit ramp. 

Figure 3. Visual impact of coli near effect of eastbound freeway lanes and frontage 
road near the east Baker interchange. 

Figure 4. Gore area of east Baker interchange. 
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Figure 5 . Intersection STOP sign hidden by a tree. Figure 6 . Intersection STOP sign after tree had been 
trimmed. 

4-way or T-type. Marks (10), in a study of subdivision layouts comparing noncon
trolled 4-way intersections with noncontrolled T-intersections, found a collision ratio 
of 14 to 1 for limited-access subdivisions and 41 to 1 for gridiron subdivisions. Other 
studies have shown similar results for arterial street intersections. The current 
study at the University of Utah indicates that, in many cases, at controlled intersec
tions the control devices are partially or completely hidden by landscaping. Figures 5 
and 6 show such a situation before and after a fatal collision. Before the tree was 
trimmed the STOP sign was not visible to drivers more than 60 ft from the intersection . 

VERTICAL ELEMENTS 

Now that the basic horizontal design elements have been described, vertical ele
ments of grade and vertical curves should be considered. 

It is important to consider grades and their impact on highway safety. Although our 
modern highways have stringent grade limitations, grade still plays an important role 
in collision causation. Bowman (2), in a study of collisions on the Ohio Turnpike, 
found that collisions were related t o grade even though the upgrades were held to 2 per
cent and downgrades to 3.14 percent. Likewise, vertical curves have been cited as 
vui.t::ui..ictl (;LJ:i.lioiu11 ouui·cco. IIiotu:ri~a.lly ...., .. ~~ti~:;.! ::~:-"',"~= h~"'.,.~ ~ee~ p!"!!!!e ~0!li~i0!! !0-
cations because of the lack of sight distance. Even on modern freeways, with sepa
rated opposing traffic, vertical curves have high collision rates, particularly at inter
sections , as previous ly dis cussed. The presence of a very s mall and rapid 1cces s ion 
of sag and crest vertical curves (roller-coas ter effec t) on s econdary roads has proved 
to be an important hazard. If these rapid changes in grade occur at specific intervals, 
suspension systems at certain speeds can be excited that may lead to loss of steering 
ability resulting from long periods of front wheel unweighting. 

LONGITUDINAL AND VERTICAL ELEMENT INTERACTION 

Now that the basic longitudinal and vertical elements have been described, a review 
of their interaction will give a better insight into their relation with collision occur
rence. The use of broken-back and compound curves is well known to be poor design 
practice . Both of these design types create undue stress on the driver by causing him 
to make steering corrections at a time when he may be unsure of this stability of the 
outcome. For example, the broken-back curve creates the need for a sudden change 
in direction. The compound curve can be an even more dangerous design feature be
cause there is usually no advanced warning of a change in radius. Yet these geometric 
forms are still being constructed on the freeway system. Figure 7 shows a diagram 
of such a location on the Interstate system that is further complicated by entrance and 
exit ramps. This type of safety hazard must be recognized in the initial design phases 
and eliminated at that time. 
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Figure 7. Multiple-curve design combined with entrance and exit ramps. 

CROSS-SECTIONAL ELEMENTS 
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The collision potential of most of the longitudinal and vertical elements just dis
cussed are fairly well known. The hard-line design of these elements can be readily 
checked by highway engineers for safety flaws. The effects of vertical cross-sectional 
elements on highway safety, however, are still relatively unknown as far as design is 
concerned. Moreover, cross-sectional design outside the shoulder is a virtually un
known design quantity from the safety standpoint. This is principally due to the lack 
of specific information about the roadside as mentioned previously. 

Super elevation 

First, the cross-sectional elevation characteristics of the roadway itself will be re
viewed. In any discussion of superelevation, pavement crown must also be considered. 
Crown by itself has had little reported effect on collisions. When crown and superele
vation interact, however, some safety questions arise. If the crown is phased out dur
ing the introduction of superelevation, proper drainage is preserved with a constant 
transverse slope. In some states, however, the crown is maintained through the transi
tion and circular curve. This leads to slightly easier construction because the crown 
form would not have to be removed from the paver. The presence of a crowned section 
may create a problem in short-radius curves because only one point on the cross sec
tion would have the correct superelevation. If the curve is a right-hand curve and the 
crown is maintained throughout the curve, the high-speed left-hand lane that needs the 
maximum superelevation may not have it. Even though the limit of side coefficient of 
friction for the design speed would not be approached, the feeling of instability has been 
reported by drivers on such curves. This feeling of insecurity could lead to a driver 
error resulting in a collision. 

Another possible problem with superelevation lies in its method of introduction. In 
the parabolic transition or circular curves with no transition, the superelevation is 
partially introduced in the tangent section. This forces the driver who wants to main
tain his lane position to make a steering correction in the opposite direction of the up
coming curve. There is evidence that this type of maneuver on sharp curves has led 
to serious collisions. 

Side Slopes 

Side slopes and roadside elevation characteristics are highly variable even on the 
Interstate system. This roadside area has also been the focus of a great deal of at
tention recently because of the "clear roadside" campaign. 

The suggested unprotected side slope on modern highways should not exceed 6 to L 
It is very easy to find side slopes that exceed this criterion. Figure 8 shows a high 
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embankment with a slope greater than 6 
to 1. The token protection of thP. guard
rail would be of little use to a vehicle 
running off the road upstream of the slope. 
Side slopes also have a first order in
fluence on the probability of an out-of
control vehicle rolling over after leaving 
the roadway. Even though modern auto
mobiles with their low center of gravity 
have a margin of safety with respect to 
stability, this margin can be quickly dis
sipated by surface roughness, softness, 
imbedded stones, tree roots or stumps, 
gulleys, and so forth, in addition to the 

Figure 8. Inadequate side slope protection . 

grade of the side slope. Ideally, if not protected by barriers, the side slopes, drain
age control, and roadside environment should be designed in such a way that a vehicle 
could traverse them without being tripped into a roll-over or stopped abruptly. The 
currently popular idea of maintaining a 30-ft-clear area is only valid in the absence of 
features that would encourage vehicles to venture further than 30 ft. For example, a 
side slope extending 30 ft would encourage a vehicle to travel down the slope beyond the 
30-ft-clear area. If this fact is not taken into account in the design process, a situa
tion similar to that shown in Figure 9 can occur. In this case the side slope is well 
designed and the 30-ft-clear area is maintained, but any vehicle leaving the roadway 
would be encouraged to continue into the trees at the bottom of the slope. 

Shoulders 

Shoulders, besides providing an emergency parking area for disabled vehicles, have 
been found to have an effect on collisions. Billion and Stohner (1) have shown the effect 
of shoulder width linked with a variety of alignments on a collision index. As a result 
of this and other studies, it has been suggested that shoulders on freeways be paved in 
order to provide a wide, firm surface for stopping. It has been indicated by experi
ence, however, that paving the shoulder in the same material as the roadway surface 
ij_J.Q..)'· l~ud t~ ~G~C ~::;c 8f tb.~ ::h8"..!ld~~ f~~ t.~~~1..!g~ !~?-,££:!.~. Thi~ p0~~i~ilit~,r ~n11lrl hP rP

duced by edge-marking, coloring, or constructing the shoulder with different material 
than that used on the through lanes. 

Lane Width 

Historically the effect of lane width on highway safety has been studied. Lane width 
presents no real safety problem to freeways and new highways of all types built since 

the basic lane width used for design has 
been standardized at 12 ft. With the pos

Figure 9. Trees left at the base of a side slope. 

sibility of wider commercial vehicles, 
however, lane width may again become a 
primary safety consideration and should 
not be ignored. 

Medians 

Medians can best be defined as devices 
for separating opposing flows of traffic. 
The current Interstate design standard 
specifies a minimum median width of 30 ft 
with certain explicit exceptions. It is not 
uncommon to see medians less than 30 ft 
in width, however, even in rural areas. 
As would be expected, the cross-median 
collision rate goes down as the median 
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width is increased. Hurd (7) has shown that very few cars traverse a median 50 ft 
wide or wider. In urban areas where the median width decreases because of high 
right-of-way costs, median barriers have been successfully used to reduce the possi
bility of cross-median collision. On some of the older rural freeways this technique 
has also been used with success. 

Each median situation should be considered separately during the design phase. For 
example, if 1 set of freeway lanes is located below the opposing lanes, a sloping me
dian 30 ft wide may allow a high rate of cross-median events. In a situation such as 
this, the designer must use the minimum standards as an indication of intent rather 
than the hard design standards. 

Right-of-Way 

Right-of-way width is primarily important from a lateral obstruction standpoint. 
Historically there have been serious legal problems involved in having dangerous ob
stacles removed from private land adjacent to narrow rights-of-way, a situation gen
erally typical of rural roads and many portions of the old primary highway system. 

Lateral Obstructions 

Lateral obstructions or highway furniture are perhaps the least understood and most 
important contributors to collision severity on modern highways. Lateral obstructions 
can best be defined as discontinuities in the cross-sectional surface. These discon
tinuities include control and information devices, highway service structures, nonhigh
way service structures, and the landscape. Stonex (13) has shown that a level obstacle
cleared roadside of approximately 33 ft would providesafety for at least 80 percent of 
the drivers leaving the road, and that a 50-ft obstacle-free roadside area would ensure 
safety for 90 percent of the drivers. As indicated earlier, rural roads and freeways 
are particularly susceptible to single-car, run-off-the road collisions. The roadside 
is one area where a great deal of detailed collision-involvement information is needed. 
Before better design standards are created, information must be obtained to indicate 
the types of discontinuities that are and are not acceptable. 

Unfortunately, the bulk of the discontinuities, especially on freeways, are man
made and man-placed. These include control and information devices, highway service 
structures, and nonhighway service structures. Control and information devices can 
further be considered in 3 classes-regulatory devices, highway information devices, 
and additional information devices. 

Signs 

With the exception of pavement striping and channelization islands, most of the other 
control and information devices are supported on posts. These support posts may or 
may not look like barriers to an impacting vehicle depending on the size of the vehicle, 
the size and material of the post, the design of the support post and anchorage inter
face, and the speed at impact. Far too often on new freeways, signs are so large that 
heavy support post construction is necessary. Some effort has been made to protect 
vehicles from these posts by guardrail or other barrier installations. Extensive tests 
of breakaway poles (3) have been conducted at Texas A&M University, in cooperation 
with the the Texas Highway Department and the Highway Research Board. This work 
is well known, and the recommendations of these programs are now being applied 
widely. 

Another consideration is the height at which signs, especially small signs, are at
tached to their supporting posts. Some evidence has been gathered indicating that small 
signs are breaking loose from their supports on impact and are penetrating the wind
shields of passenger cars, edge first. Also, if the support post breaks, the same 
phenomenon has been observed to occur, as shown in Figure 10. 

Figure 11 shows another safety hazard that seems to be very common, even on the 
newest highways. Not only the vehicles being served by the type of sign shown in Fig
ure 11 must be protected from the sign support, but also the vehicles traveling in the 
opposite direction. This is just another example of a case where safety design from 
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Figure 10. Small roadside sign that penetrated vehi
cle when struck. 

Figure 11. Sign bridge foundation exposed to oppos
ing traffic. 

the book was applied without consideration 
of the intent of the suggested standard. 

Control and information devices ideally should be placed so that the driver is re
quired to make only one decision at a time. Too often signs and signals are closely 
spaced or partially hidden, which forces the driver to spend more time looking for in
formation and to make faster decisions, both of which may lead to a reduction in driver 
efficiency. Notation of spacing and distribution of signs is important to consider, par
ticularly in freeway collisions where strangers are involved. The high rate at which 
information is transmitted to the driver on some highways makes it very difficult to 
perceive, analyze, and reject all of the unnecessary information. In a very short dis
tance the driver can be exposed to regulatory controls consisting of signs, signals, 
channelization islands, and pavement striping as well as highway information devices 
consisting of signs of varying sizes and brilliance, and additional information devices 
such as billboards. In too many cases it appears that the Manual on Uniform Traffic 
Control Devices for Streets and Highways (9) is the most disregarded publication deal-
ing with highway construction. -

Barriers 

With the possible exception of guardrails, highway service structures present the 
greatest hazard to single-car collisions. The design of bridges, bridge abutments, 
light poles, and drainage structures deserves much more consideration from the safety 
point of view. 

Guardrails, where installed, have been effective in preventing impacts against high
way structures as well as reducing cross-median events. However, guardrails have 
also been misused. One common misconception of guardrail use must be clarified 
before any meaningful discussion of guardrails can take place. Guardrails are not in
stalled to protect roadside objects, as is often implied, but rather to protect vehicle 
occupants from possible serious injury due to vehicle impact with roadside objects. 
In order to justify the installation of a guardrail or other barrier, the severity of stri~
ing the barrier must be less than the predicted severity of hitting the obstruction from 
which the vehicle is being protected. Also, the type of barrier to be used must be 
considered carefully because a wide variety of barriers is available with differing 
characteristics. 

The functional design of the barrier for each individual application is a necessary 
consideration. The bridge approach guardrail shown in Figure 12 would not be expected 
to redirect a vehicle properly, but would pocket the vehicle with subsequent possible 
barrier penetration. It the barrier is assumed to be strong enough to resist penetra
tion, the basic problem is to prevent roll-over and provide redirection. This is prin
cipally a problem with W-section guardrail installed 24 in. high and attached directly 
to the supporting post. When a car impacts this type of installation, the supporting 



posts begin to rotate, which effectively 
lowers the rail height and imparts, through 
the rotating rail, a rotating motion to the 
vehicle. The vehicle wheels also become 
entrapped in the posts and vehicle-tripping 
takes place. This primary rotation can 
be reduced by ensuring that the support
ing posts do not rotate at initial contact. 
It can be accomplished by blocking out the 
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W-section rail from the supporting posts• Figure 12. Bridge approach guardrail installation. 
The resulting effect is that the blocks al-
low the rail to translate horizontally with 
little rotation. The possibility of vehicle-
wheel entrapment is reduced by the off-
set or often by the use of a lower secondary rubbing rail. Eventually, the rail does be
gin to rotate, but, by the time the supporting posts do begin to rotate, the vehicle has 
traveled farther down the rail. 

A secondary source of rotation comes from the car itself. If the moment between a 
low guardrail and a higher center of gravity is large enough to overcome the moment 
between the vehicle center of gravity and the wheel, then roll-over will occur. The 
best solution is to design the guardrail to contact the vehicle at a point near or ideally 
above its center of gravity. AASHO has suggested a guardrail design that meets this 
criterion. However, as mentioned earlier, each installation should be considered in
dividually. 

Cable-reinforced, chain-link barriers, if properly installed, have performed a 
reasonably effective job of reducing collision severity in California. The drawbacks 
of the cable-reinforced, chain-link barriers include the large amount of deflection 
room needed as well as the extensive repair costs. During a recent study, it was noted 
that the cable height of the reinforced chain-link median barrier tends to override the 
hood and contact the vehicle's A-pillar. If the vehicle remains in contact with the cable 
for more than 200 ft, there is a good chance that the A-pillar will saw through, allow
ing the cable to enter the vehicle. This phenomenon has been observed many times. 
Figure 13 shows an example of A-pillar damage. 

Both the box-beam guardrail developed in New York and the New Jersey concrete 
median barrier have proved to be effective when installed in appropriate locations. Be
cause each barrier design has its advantages and disadvantages, a variety of barrier 
systems should be available for use . This would allow the designer to specify the bar
rier best suited to any particular location. 

Barrier-end treatment is also an important safety consideration. The need for 
strengthening guardrail ends to prevent excess deflection is well known. This has been 

most often accomplished by the "Texas 
twist" technique, and more recently the 
cable tie-down technique introduced by 
Nordlin, Field, and Folsom (12). These 
techniques will hold the rail end in place 
so that the rail will function properly near 
its ends and prevent the possibility of the 
rail end penetrating the vehicle occupant 
compartment. 

Collision testing of barrier-end treat
ments by Nordlin, Field, and Folsom (12) 
and Michie and Bronstad (11), among
others, has indicated that barrier ends 
must be flared well away from the trav
eled way to prevent vehicles from striking 
the anchored ends with the resulting over

Figure 13. Vehicle underride of cable-reinforced, ride or roll-over. Figure 14 shows a pro-
chain-link fence median barrier. perly designed guardrail in which an end 
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Figure 15. Exposed median bridge abutment. 

anchor technique is used that disregards 
the necessity of being flared away from 
the roadside. 

Roadside Objects 

The remaining highway service struc
tures of bridges, bridge abutments, light 

Figure 14. Guardrail-end treatment. poles, and drainage structures provide 
favorite targets for run-off-the-road ve
hicles. Figure 15 shows a median bridge 
support that has no protection for vehicles 

placed around it. Moreover, the channel in the median tends to direct a vehicle into 
the support. 

Drainage structures may be the greatest safety design offenders because of the fre
quency of their occurrence. The highway engineer has very sophisticated empirical 
techniques for determining the size and location of drainage needs. The interaction of 
these needs with safe roadside design, however, has been virtually ignored. Drainage 
ditch cross sections are often designed in such a way that a vehicle cannot traverse 
them. Culverts and headwalls are constructed as vehicle barriers rather than vehicle 
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drainage ditches both at the roadside and in the median catch vehicles and lead them 
into other roadside obstructions such as trees, bridge abutments, or headwalls. Fig-
11.-0 1 R shrnv<: " rnhro.-t hoad•vall <>t th<> onil nf <> il.-<>in<>g<> dHrh. 'T'hi" h1><>dw<> 11 wrn1lil 

act as a solid barrier to any vehicle that impacted it. Drainage structures can and 
should be designed so that they perform their drainage function and at the same time 
allow vehicles to traverse them safely. 

Nonhighway service structures include utility poles and structures needed by various 
other forms of transportation such as railroad signals, airport approach lights, or ele

vated railway supports. Most railroad 
signaling devices are rigidly mounted near 
the traveled way and thus are often struck. 

Figure 16. Exposed culvert headwall at the end of a 
drainage ditch. 

Collisions at railroad crossings both with 
signals and trains account for 3 percent 
of all vehicle deaths (15). This fact has 
gained much attention recently from the 
National Highway Safety Bureau. The In
terstate Highway System prescribes that 
there shall be no at-grade railroad cross
ings. Figure 17 shows that even on the 
Interstate system design standards are 
not always followed. Similarly the pri
mary highway system has many hazardous 
railroad crossings hidden behind curves 
or, worse, located on curves that may 
lead to vehicle breakaway while cornering. 



Figure 17. Railroad crossing on the Interstate High
way System. 

Figure 19. Roadside lake and trees exposed to traffic. 
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Figure 18. Large trees adjacent to a high-speed 
freeway. 

Figure 20. Wide freeway median where trees have 
grown to a hazardous size. 

Landscaping 

Landscaping of interest includes the 
area adjacent to the shoulder or drainage 

structures and extends outward as far as vehicles may travel. Landscaping is an im
portant feature of all roadways and can provide a pleasing atmosphere, be used as an 
indicator of direction, and perform a safety function by acting as a headlight glare 
screen or even as an energy-absorbing barrier. Too often, however, landscape fea
tures such as trees or large rocks become rigid roadside obstacles. Figure 18 shows 
a series of large palm trees, some located as close as 3 ft from the pavement edge. 
These trees, which were obviously planted in a roadway beautification effort many years 
ago, have now become lethal roadside obstacles. 

Often the lack of landscaping or protection from natural landscape features creates 
a safety hazard. Figure 19 shows a lake adjacent to the Interstate system with no pro
tective barrier. As a result several drownings due to vehicles running off the road and 
into the lake have occurred near this location. Figure 20 shows a freeway constructed 
approximately 25 years ago. At the time of construction the wide, flat median was void 
of any vegetation. During the ensuing years, a large number of trees have sprouted and 
grown to a size that constitutes a substantial roadside hazard. 

CONCLUSIONS 

The intent of the preceding remarks has been to indicate some of the environmental 
problem areas contributing to highway collision causation and severity that are not 
often mentioned. Unfortunately, some of these areas are frequently ignored during 
the design and construction of highway facilities. It is encouraging, however, that an 
ever-growing compilation of safety design guidelines, including such items as the Yel
low Book (6), the National Cooperative Highway Research Program Report 54 (8), the 
Handbook of Highway Safety Design and Operating Practices (5), and many other indi-
vidual reports are being used by many design engineers. -
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The real problem seems to be one of communication, not only between the high-
,11":lly rlop..:i,-.tm0ntc:!' 'rt:tic:u:1i":ll"rf'hA,-.c;: ~nrl intA-rActt:1rl ,..;f1'7t:ionc:! hnt ~l!.:::!n ,uithin thP highn,~y rlo-

partments themselves. Also communication or "check-back" between operating and 
design departments is necessary for proper safety design. For example, until recently 
there seems to have been little communication between bridge design sections and high
way design sections concerning the interface of the bridge rail abutment with the rest 
of the environment. Strong efforts are needed to improve such communication. 

The operation of the spot improvement program has been discussed elsewhere (17). 
The spot improvement program should be only a part of any highway department's -
safety effort, but in several states it is the only program. The goal should be to de
sign and build safe highways initially so that the spot improvement program would be 
"designed out of business". 

To achieve this goal, each highway department or agency should have a group of 
engineers and designers whose sole function is to keep abreast of the latest safety de
sign features and to ensure that all highway plans incorporate these features. It is also 
recommended that this group review all severe collisions involving the highway or the 
surrounding environment before repairs are made so that necessary safety improve
ments can be recommended. This should not only be done for the primary state, fed
eral, and Interstate Highway Systems, but also for the county road systems on a free 
consulting basis. The adoption of such a program would lead to safer highway environ
ments. 
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