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Even though cross-median crashes are rare events, evidence has shown 
that this type of crash tends to be severe in terms of vehicular damages 
and extent of personal injuries. Because these crashes occur so infre
quently, detailed study exclusively utilizing empirical techniques would be 
time-consuming and expensive. For this reason, computer simulation was 
selected for an investigation of this problem. The simulation model de
scribed a 4-lane expressway in which cars were randomly released to 
cross the median at a right angle and at a constant speed. No provision 
was made for the driver to brake or regain control of the car. Opposing 
vehicles were generated by the negative exponential distribution. The 
effects of the following variables on probability of crash and average im -
pact speed were studied: lane volume, speed of opposing vehicles, speed 
of crossing vehicles, median width, perception-reaction time, and skid 
resistance. It was found that, for those vehicles crossing the median, the 
probability of a crash was significantly increased by (a) increase in lane 
volume, (b) decrease in median width, (c) decrease in vehicle speeds, and 
(d) increase in reaction time. Skid resistance was of least importance in 
reducing crash probabilities. It was further found that average impact 
speed was significantly increased by (a) increase in vehicle speeds, (b) in
crease in reaction time, and (c) decrease in median width. Impact speed 
was little influenced by skid resistance and lane volume. 

•THE ENCROACHMENT of vehicles on medians of divided 4-lane highways is relatively 
rare. Hutchinson and Kennedy (!J found frequencies that ranged trom LU to 14.1 en
croachments per mile per year. The latter figure corresponds to the period of obser
vation and test section having the highest traffic volume (31,253 vehicles per day). It 
was further found that the rate for 4-lane highways ranged from 47 to 561 encroach
ments per 100 million vehicle-miles (1). 

In a study of accidents that occurred on Atlanta's 47. 6 miles of expressways in 1968, 
the authors found that median encroachment crashes were also rare events. A study of 
1,100 police reports (a 50 percent sample) of 1968 expressway accidents revealed that 
only about 11.6 percent involved one or more vehicles that entered the median or struck 
a median barrier. This would indicate a median encroachment accident frequency of 
5.4 accidents per mile per year, a figure consistent with the previously quoted range. 
Only 4. 0 percent of the total expressway crashes involved vehicles that actually crossed 
the median into opposing traffic lanes. 

In vehicular collision research (2) for the National Highway Safety Bureau over the 
past 2 years, the authors have had fiie opportunity to observe first-hand vehicular col
lisions in general and cross-median crashes in particular. These observations have 
led to the conviction that despite their relative rarity, the cross-median type of crash 
is a serious roadway problem. Ancillary study of these crashes has strengthened this 
belief. 

The seriousness of this problem is shown by the fact that there were 10 fatal cross
median crashes on Atlanta's expressway system in 1968 resulting in 13 deaths, con
stituting 54 percent of the total expressway deaths. It was found that crashes involving 
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Figure 1. Number of persons injured in median 
encroaching crashes involving (a) vehicles that 
crossed the median, and (bl vehicles that did 

not cross the median. 
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Figure 2. Simulated roadway and vehicles. 

a vehicle that crossed the median 
tended to be more severe in terms of 
injuries and vehicle damages than 
those involving a vehicle striking a 
a median barrier . 

Frequency diagrams for the number of occupants injured in each crash are shown in 
Figure 1. These diagrams indicate that 54. 5 percent of the cross-median crashes had 
one or more inj uries. In comparison, only 29. 8 percent of those crashes involving non
crossing vehicles had one or more injuries. 

The study of police reports further indicated that the cross-median crashes involved 
an average of 2.40 vehicles per accident, whereas those striking a guar drail or other 
median barrier involved only 1.23 vehicles per accident. 

Because· of inadequate information on the police reports, it is not possible to make 
conclusive statements regarding the relative severity of cross-median crashes and 
crashes involving vehicles stopped by a median barrier. One question left unanswered, 
for example , is, Would the vehicle that was stopped by a median barrier have encroached 
into opposing traffic lanes had the barrier not been present? The evidence from the 
police reports does, however, lend credence to the authors' concern regarding the ser
iousness of cross-median encroachments. 

SIMULATION STUDY 

How severe are cross-median crashes? Ar e these crashes characterized by high 
impact speeds as observations would suggest? What is the probability of a crash oc
cur1·ing once a vehicle encroaches into oppos ing traffic lanes? Seeking an answer to 
these and similar questions, the authors undertook further study of this problem. Be
cause of the relative rarity of these crashes and the inadequacy of police records, it 
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was decided to study this problem by computer simulation, using the Burroughs B-5500 
computer and ALGOL language. 

The Computer Model 

Basically, the simulation model described a 4-lane, 2-way highway with an unpro
tected center median. Some of the features of the model were as follows: 

1. The highway had lane widths of 12 ft and a variable median wi dth. 
2. A crossing car was released at a rand m instant at the far median edge and per

mitted to cross the median at a right angle and a constant s peed. Each vehi cl e thus 
released encroached into the opposing traffic lanes, and no provision was made in the 
program to brake vehicle or to recover contr ol of it. 

3. Oncoming vehicles in each of the opposing lanes were generated by the negative 
exponential distribution and, for a given run, were as urned to be traveling at equal 
constant speeds. 

4. A crash was defined as occurring when the crossing vehicle and one of the op
posing vehicles attempted to occupy the same space, called the collision zone , at the 
same time. This space was a squaxe with 6. 5-ft sides that represented the width of the 
vehicles. The time the collision zone was occupied by a vehicle was computed from 
the vehicle speed and length, assumed to be 17. 5 ft (Fig. 2). 

5. For a given run, a constant perception-reaction time was used, and, after a delay 
equal to this value, the driver of the opposing vehicle was allowed to apply his brakes 
and attempt to skid to a stop. Neither vehicle was allowed to change directions of travel. 

6. The computer program kept account of the number of crashes and the speed of 
impact and computed the probability of crash and the average speed of opposing vehicle 
at time of impact. 

7. A run consisted of 500 independent trials. For a given run, vehicle speeds, me
dian width, skid resistance , and reaction time wer e ass umed to be const ru1t. A total of 
432 runs were made, consisting of all possible combina tions of the following variables: 

Notation 

B 
C 
A 
D 
F 
E 

Source of Variation 

T.ane volume: vehicles per hour 
Speed of opposing vehicles, mph 
Speed of crossing vehicles, mph 
Median width, ft 
Perception -reaction time, sec 
Skid resistance 

Amount 

400, 800, 1,200, 1,600 
50, 60, 70 
20, 30, 40 
10, 20, 30 
0.50, 1.0 
0.50, 0.65 

To facilitate the analysis of variance, 2 replications of each run were made. A gen
eral flow diagram for the computer program is shown in Figure 3. 

RESULTS 

In order to better understand the output of the computer simulation, an analysis of 
variance was performed whereby the effect of the previously mentioned variables on the 
probability of a crash and the aver age i mpact speed of the opposing vehicle was ex
a mined. The analysis of variance was designed as a completely factorial experiment 
consider ing the 6 variables as being fixed. It was felt t hat for the purpose of the anal 
ysis 2 observations per combination was s ufficient , giving a total of 864 observations. 

There was strong a priori belief that the main vuiables would s ignificantly affect 
probability of crash and average impact spei?d. Indeed , this was the basis on which the 
main variables were chosen. The principal value of the analysis of variance was there
fore to rank the main variables in order of significance and to provide a quantitative 
evaluation of the effect of interactions. 
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Figure 3. A general flow diagram for the computer program. 

Probability of a Crash 
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All main variables and 12 interactions had a significant effect on the probability of 
a crash. These are given in decreasing order of significance in Table 1. The effect 
of the main variables, averaged over all the possible observations, is shown in Figure 
4 and is discussed in the following terms of interesting interactions. 

Lane Volume-As expected, probability of crash was most closely affected by the 
volume of traffic in opposing lanes. Crash probabilities ranged from about 0. 3 5 for 
low lane volumes (400 vph) to as high as 0. 75 at high lane volumes (1,600 vph). This 
relationship is shown in Figure 5. 

Median Width-Increasing median width caused a significant but relatively small de
crease in crash probability. This is shown in Figure 5 and also in Figure 6. It should 
be remembered that there was no opportunity to stop or to regain control of crossing 
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Figure 4. Average effect of main variables on probability of crash. 

vehicles. The decrease in crash probabilities noted were principally due to the ability 
of certain of the opposing vehicles to, stop. 

Perception-Reaction Time-Perception-reaction time had only slight effect on the 
probability of crash. As expected, small perception-reaction times were accompanied 
by low crash probabilities. This is shown in Figures 6 and 7. 

TABLE 1 

VARIABLES AFFECTING PROBABILITY OF A CRASH 

Source of Degree of Mean Square 
Source of Degree of Mean Square 

Variation Freedom Variation Freedom 

B 3 43,211 .72 DF 2 58.23 
D 2 9,699.60 AC ~ 51.34 
C 2 1,336.33 BF 3 29.99 
F 1 625.26 AEF 2 29.39 
A 2 521. 73 DE 2 27.23 
E 1 66.11 ACD 8 20.56 
AD 4 104.27 CF 2 20.38 
BD 6 91.84 BEF 3 20.15 
AF 2 66.92 BC 6 13.23 

Experimental 
error 432 4.35 

Notes: 
1, One percent level of significance. 
2. Four- and five-way interactions were not investigated. 
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TABLE 2 

VAilIABLES .. 1F!-'ECTING SPEED OF IMPACT 

Source of Dci;1·cc of Mean Square Source of Degree of Mean Square 
Variation Freedom Variation Freedom 

C 2 277,498,170.00 ADE 4 38,272.19 
A 2 18,960,272.00 AEF 2 31,062.13 
F I 18,332,150.00 CF 2 23,220.13 
D 2 9,470,100.90 DEF 2 23,104.50 
E l 928,463.37 AC •I 13,833.19 
B 3 46,726.92 AB G 10,095.33 
AD 4 2,181,330.10 BF 3 7,208.00 
AF 2 2,135,913 .40 CD 4 5,416.19 
AE 2 280,298.00 CEF 2 2,016.19 
EF l 273,600.37 CDE 4 1,071.28 
DE 2 151,349.44 BDF 8 912.17 
DF 2 145,698.60 Experimental 
AnF 4 42,323.91 error 432 319.05 

Notes~ 
1. One pr:n:e,u lt!VQJ of significance. 
2. Four- nnd f1vu,vr.,y interactions were not investigated . 

Skid Resistance-Figure 7 also shows that skid resistance had little effect on pro
bability of crash. Skid resistance was varied over a narrow range of 0. 50 to 0. 65. This 
increase in skid resistance produced a decrease in crash probability generally less than 
5 percentage points. 

Vehicle Speeds-Crash probabilities decreased with increasing vehicle speeds, re
flecting the smaller times the vehicles occupied the collision zone. 

~ 
~ 70 

_...V 
/ 

V 

--

t .. 
~ 60 
w 
~ 

i~:1_ [.____l.__,.I~ 
50 60 70 

SPEED OF orPOSING VEHICLE 

...-~ 

0.5 1.0 
REACTION TIME 

Q 

~ 601---I---1----1-----I---I 

t 
i 
w 
"' ffi so 1--t---+---+---+---t 
:> .. 

0.5 o.os 
SKID RESISTANCE 

w 

"' ~ !:! 
> .. 

~ 
~ 60 

t .. 
~ 
w 

"' .. 
~ 50 
;; 

~ 

I 

~ 

v~ 

20 30 

SPEED OF CROSSING VEHICLE 

-- - -- r--

1D JO 
MEDIAN WIDTH, FEET 

~ 60 t-- -t----+-- -+---t-- ---1 

t .. 
~ 
w 

"' ffi 501---t----+---+---+- -I 
> 
<C 

400 600 1200 1600 
VOLUME 

Figure 8. Average effect of main variables on average impact speed of 
opposing vehicle. 



70 

6S 

60 

:i: 

~ 
ci 55 

"' "' .. 
"' t; 
<( .. 

50 :!] 

"' <,.:, 
<( 

"' "' > 
<( 

45 

40 
fl. REACTION TIME= 1,0 SEC. 

I I 
0 REACTION TIME = 0.5 SEC. 

35 

0 10 20 30 

MEDIAN WIDTH. FEET 

Figure 9. Effect of median width on average impact speed of 
opposing vehicle-volume = 400, skid resistance = 0.65, mph 

1 = 20. 

Average Im.pact Speed 

51 

It was similarly found that all the main variables and 18 interactions had a significant 
effect on the average impact speed of the opposing vehicle. Table 2 gives the variables 
and interactions in their order of significance, and, as before, the effect of the main 
variables is shown in Figw·e 8. These are discussed in detail in the following entries. 

Median Width- Figure 9 shows the effect of median width on average impact speed. 
The decreasing impact speeds with wider median width reflect the ability of the average 
driver to slow his vehicle by braking. The principal interest in this figure, however, 
lies in the fact that such small decreases in impact speed were noted, even in the case 
of the 30-ft median width. The greatest decrease from the original speed shown by this 
figure is only about 14 mph. This dramatizes the fact that in cross-median crashes 
there is usually little time to react and slow a vehicle to tolerable impact speeds by 
braking. These results are consistent with the previously reported observation that 
cross-median crashes tend to have high impact speeds. 

Perception-Reaction Time-Figure 9 also indicates the effect of perception-reaction 
time on average impact speed. With small perception-reaction times, a greater per
centage of the available time is devoted to braking and lower average impact speeds 
result. This effect is also shown in Figure 10. 
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Skid Resistance-A change in skid resistance 
from 0, 50 to 0. 65 had little effect on average 
impact speed. Its effect, as expected, was to 
decrease impact speeds (Fig. 10). 
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Speed of Crossing Vehicle-Average impact 
speed of the oncoming vehicle increased with 
increase in speed of t he cr ossing vehicle. Tbis 
reflects the fact that at higher speeds for the 
crossing vehicle, there was less time for the 
driver of the oncoming vehicle to react and slow 
his vehicle by braking. This is shown in Fig
ure 11 , which a lso shows that, as the speed of 
the crossing vehicle increases, larg median 
widths have less effect on decreasing average 
impact speeds. The latter finding suggests that 
median barriers are required on high-speed 
highways even where the median is wide if the 
violent and sometimes fatal cross-median 
crashes are to be reduced. This problem takes 
on greater significance when it is realized that 
as many as 20 percent of encroaching vehicles 
may cross a 40-ft median (!)-

SKID RESISTANCE 

Figure 10. Effect of perception and reaction 
time on average impact speed of opposing 

vehicle. 

EVALUATION OF THE COMPUTER MODEL 

Because the model does not permit the crossing driver to stop or regain vehicle 
control, it clearly does not accurately simulate the behavior of all median-encroaching 
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vehicles. It simulates instead those vehicles that actually trespass into opposing traf
fic lanes. It should closely represent a vehicle in which both the brakes and steering 
have failed or in whicp. the driver has "blacked out" or fallen asleep. 

The model would also be expected to most accurately simulate situations where the 
median is narrow or the crossing speed is high or both of these. In these cases, a 
crossing driver would normally have little time to brake or regain vehicle control. For 
example, the driver of a vehicle crossing a 10-ft median at a speed of only 20 mph 
would have less than 0. 5 sec to react before entering the collision zone. Similarly a 
vehicle crossing at 60 mph would require only about 0.4 sec to cross a 30 ft median 
and enter the collision zone. 

It is recognized that the provision of a 90 deg angle of crossing, although simple to 
model, is a departure from reality. Hutchinson and Kennedy (1) found that encroach
ment angles were typically 25 deg or less, and the average encroachment angle was 
about 11 deg. To test the effect of angle of crossing, preliminary simulation studies 
have been made by using an angle of 11 deg and a crossing speed of 40 mph. Higher 
crash probabilities were found for the acute angle crossings, especially for the cases 
involving narrow medians. These initial studies indicate that the angle of crossing 
has little effect on average speed of impact for the opposing vehicle. 

A more definitive analysis of crossings at acute angles will be the object of future 
research. 

SUMMARY AND CONCLUSIONS 

The computer simulation study was preceded by an empirical analysis of police re
ports of 1,100 expressway crashes that occurred in Atlanta, Georgia, in 1968. Results 
of this analysis supported the authors' belief that cross-median crashes, though rare 
in occurrence, tend to be severe in terms of vehicular damages and extent of personal 
injuries. 

The simulation model used in this study described a vehicle that crossed an unpro
tected median at a right angle to the roadway centerline. No provisions were in the 
program for the crossing driver to brake or recover control of his vehicle. Significant 
findings from the study are given in the following: 

1. For those vehicles crossing the median, probability of crash is most strongly in
fluenced by the volume of traffic in opposing traffic lanes. Average crash probabilities 
varied from about 0.35 to about 0.68 over a range of lane volumes from 400 to 1,600 vph. 

2. Probability of crash for crossing vehicles is also strongly influenced by width of 
median. However, increasing the median width from 10 to 30 ft reduced average prob
ability of crash by only 11 percent. With a 30-ft median width, an average crossing 
vehicle still has a probability of crashing of almost 0. 50. 

3. Of the 6 factors studied (volume, median width, speed of opposing vehicle, speed 
of crossing vehicle, perception-reaction time, and skid resistance), skid resistance 
was of least significance in reducing probability of crash. 

4. Average impact speeds for the opposing vehicle were high. Reductions from in
itial speed of travel were less than 5 mph on the average. This explains the observed 
tendency of cross-median crashes to be severe in terms of injuries and vehicular 
damages. 

5. Average impact speeds of opposing vehicles decreased only slightly with increase 
in median width. An average decrease of only about 5 mph in impact speed was noted 
with an increase in median width from 10 to 30 ft. The decrease that was noted is at
tributed to the slightly longer braking time available in the case of wider median widths. 
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