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Speed Estimates for Roadway Design and 
Traffic Control 

P. N. SENEVIRATNE AND M. N. ISLAM 

Estimates of expected 85th percentile speed, E(P85), are essential 
for highway engineering and traffic control. Often, however, E(P85) 

differs from observed P85 after the facility is fully operational 
because of several reasons, including the errors stemming from 
the model and statistical uncertainty. Data from a series of spot 
speed surveys suggest that the proportion of all vehicles contra
vening the respective limits on local roads, arterials, and freeways 
is as high as 90 percent, and when heavy vehicles are considered 
separately, the exceeding proportions change little, if any. It is 
suggested that this is rendering control devices, which are in 
certain cases based on inaccurate estimates of E(P 85), inadequate 
for the prevailing operating conditions. While errors from ap
proximating speed distributions by the normal model (model un
certainty) may be easily minimized, unavailability or unreliability 
of data due to constraints surrounding transportation agencies 
and statistical uncertainty is not easily eliminated by the conven
tional practices. Bayesian estimates based on sample and prior 
(assumed or subjective) parameters are an effective method of 
reducing errors and data requirements. 

Despite the growth in traffic volumes, speeds on all classes 
of roadway in Quebec have been gradually increasing. The 
average highway speed, for example, has increased by about 
3 km/hr (2 mph) between 1987 and 1989, whereas the average 
proportion of drivers exceeding the 100-km/hr (66-mph) speed 
limit on highways has increased from approximately 70 per
cent in 1981 to 75 percent in 1989 (J). Similar trends have 
also been noted in the United States (2) and Sweden (3). 

Although the increases are not always statistically signifi
cant (J), and the likelihood of continued increases are small 
as evident from Sweden (3) and Britain ( 4), some studies have 
suggested that lower well-controlled operating speeds can re
duce accident severity and, hence, lead to large safety ben
efits. The arguments for lower speeds are based primarily on 
the premise that the existing speeds in many cases exceed 
design values by significant margins. It has been observed 
many a time that, in the absence of continued surveillance, 
most drivers adjust to a speed perceived to be in accordance 
with the prevailing environmental and roadway conditions. 
Under ideal conditions, the average speed is close to the 
original design/control speed, with or without surveillance. 
The problem, however, is that the design parameters could 
change over time, even though the speeds may not, and 
thereby expose more than the anticipated share of drivers to 
risk. Thus, it is the responsibility of the transportation agen
cies to ensure that the prevailing standards meet the standards 
demanded by the traveling public, or, if not, to take appro
priate action to change either the designs or driver behavior. 
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As far as the departments of transportation are concerned, 
such an endeavor would mean a continued assessment of speed 
profiles, requiring additional resources of equipment and per
sonnel. But when the resources are limited, the speed profile 
analyses have to be based on statistical approximations and 
sampling techniques. Transportation agencies often use ap
proximations such as control station-based expansion factors 
for forecasting traffic volumes, historic material performance 
data for estimating pavement life, and so forth. Some ap
proximations are even based on new probability concepts such 
as Bayesian approaches that use historical data, engineering 
judgment, or sample data to increase the accuracy of param
eter estimates. 

When data are too scarce for detailed analyses, the as
sumption that spot speeds at any given site are symmetrically 
distributed and the use of the .normal approximation are com
mon. They permit the estimation of a design/control speed 
for roadway geometry or traffic control devices according to 
a predetermined level of acceptable risk. In this paper, the 
widely used critical speeds, the rationale behind these speed 
values, and their estimation are discussed. The discussion is 
presented in two parts. The first examines the speed distribu
tions in three classes of urban roadway while emphasizing the 
need to periodically review facility performance in relation to 
the existing safety standards dictated by traffic control devices 
and roadway geometry. In the second part, a methodology 
that would enable transportation agencies with resource con
straints to perform the periodic reviews using random sam
pling of spot speeds is proposed. 

SIGNIFICANCE OF CRITICAL SPEED 

The critical speed in the present case refers to the speed value 
used in the computation of either the geometric variables such 
as radii of curvature· or stopping distances for traffic control 
purposes. For traffic control purposes, the standard manuals 
and handbooks (5- 7) suggest the 85th percentile speed (P 85) 

as the appropriate critical speed, which is the speed at the 
point when speeds are "dispersed" (5). In statistical terms, 
this speed limits the probabilistic risk (failure or operating 
conditions outside the safe range) to 15 percent. 

The critical speed for geometric design, on the other hand, 
is not as well defined as for traffic control. Yet, it is implied 
in the design manuals that it should be set in relation to the 
expected operating speed of the design vehicle ( 6). In some 
instances, it may be the highest expected speed or a speed 
that reflects the acceptable probabilistic risk (5 or 10 percent). 
Thus, it is imperative that speeds be routinely monitored to 
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ensure that they fall within the limits dictated by prevailing 
roadway geometry and various traffic control devices, and to 
take appropriate steps to either regulate the speeds or alter 
the designs. 

Unfortunately, most transportation agencies are limited by 
resources to perform the periodic analyses and, where nec
essary, to calibrate the system elements to accommodate the 
demand at the specified level of safety. As mentioned hith
erto, the normal approximation permits the estimation of E(P85) 

or the critical design speed at the desired level of significance 
directly from statistical tables. However, if traffic streams do 
not have symmetrically distributed speeds or the distribution 
parameters are estimated from small samples, such an ap
proximation would introduce a certain bias into the estimates, 
which in turn could impair one's judgment on the adequacy 
of a control device in relation to safety. This issue is discussed 
in the following section as it relates to the metropolitan Mon
treal area in Quebec. 

DATA 

The discussions and examples in this paper are based on sur
veys of spot speeds on several urban arterials, freeways, and 
local (residential) streets in Montreal. Spot speeds were mea
sured using radars during off-peak hours over a period of 3 
years between 1989 and 1991. The survey sites consisted of 
29 school/residential zones, 10 sites on divided six-lane ar
terials, and 5 sites on six-lane freeways. The weather during 
all survey periods was fine, and the surfaces were dry with 
no irregularities in the traffic streams. 

To ensure that the samples are homogeneous, sites in each 
class of road were chosen at random but have similar char
acteristics in terms of adjacent lane use, traffic volume, ge
ometry, and average intersection spacing. For instance, the 
arterials were similar in that the divisions were all low me
dians, and the adjacent land use was either mixed residential 
and recreational or mainly residential, but with no direct ac
cess to the arteries. The arterial lane widths differed slightly 
in that some had 3.5-m lanes whereas others had 3.75-m lanes. 
However, this was not considered sufficient to cause signifi
cant differences in speeds. All freeways, on the other hand, 
had 3.75-m lanes, and the residential streets were all two-lane 
streets in the vicinity of schools. All sites were tangent sec
tions, with no curves in the immediate vicinity that would 
influence speeds. 

The sample freeway sections included one speed zone of 
80 km/hr, two zones of 90 km/hr, and two 100-km/hr speed 
zones. The arterial and school zone speed limits were 50 and 
30 km/hr, respectively. The posted limits were clear and within 
500 m of the sample sites. 

STATISTICAL TESTS 

A random sample of recorded spot speeds was chosen, and 
the relative frequency distribution at each site was plotted. 
Three probability distribution functions (normal, log-normal, 
and shifted-gamma) were then fitted to the observed data at 
each site, and a chi-square goodness-of-fit test was performed. 
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All three distributions fitted the observed data at most sites, 
and -one could have accepted any of them at the 5 percent 
level of significance. The critical level of significance (the level 
of significance at which a particular distribution could be re
jected), however, varied from site to site, with log-normal 
fitting the distributions of local streets best and the normal 
distribution showing the best fit in the other two types of 
roadway. Despite this slight difference, the normal distribu
tion was assumed to be a reasonable approximation in all 
cases. A summary of the statistical analyses at selected sample 
sites is given in Table 1. 

Statistics in Table 1 also point to some disting4ishable char
acteristics of speed distributions of the different types of road
way. First, the freeways have generally lower coefficients of 
variation and a standard error of mean than local roads. Ac
cording to the statistical tests, the mean speeds of the sample 
sites are also normally distributed. The small standard error 
of mean speed when sections with the same speed limit and 
roadway conditions are grouped together is an indication that 
drivers in the freeways behave much the same way throughout 
the study region. The standard deviations of speed, on the 
other hand, are almost invariable from one site to another, 
and the statistical tests indicated that the differences are in
significant at the 5 percent level. Hence, the population stan
dard deviation could be considered equivalent to the standard 
deviation at a given site. 

The population means of the other two classes of roadway 
have much wider distributions, as evident from the standard 
errors of mean. Here too, the differences in standard devia
tions were insignificant, and the standard deviation of the 
local street population and arterial population can be ap
proximated by that of any particular site. 

The second point of interest is the difference in observed 
P85 speed and the expected 85th percentile speed, E(P85N), 

computed from normal tables, particularly if the distribution 
showed signs of skewness. In most cases, the difference was 
less than 3 km/hr, which is an indication that the normal 
approximation does not result in large errors. 

To illustrate this case, consider the computation of the ex
pected 85th percentile speed on the basis of the normal ap
proximation: 

E(P ssN) = mean speed 

+ 1.04 (standard deviation of speed) (1) 

However, as seen from the root mean square error of 1. 83 
percent and Figure 1, certain factors other than skewness seem 
to cause the marginal differences in observed and expected 
values. Although a relation between error and any other sta
tistic was not evident in the present case, it was felt that such 
modeling uncertainty can be minimized if Expression 1 can 
be calibrated to fit the observed data. 

A multiple regression analysis of the disaggregate data (for 
each type of road) was performed in this regard. The disag
gregate models demonstrated the same high degree of cor
relation between P85 and the distribution parameters (mean 
and standard deviation) as the aggregate model. Thus, the 
discussion is based on the aggregate model (valid for all classes 
of road) below, which was derived after dropping the insig
nificant regression constant from the original expression. 



TABLE 1 Speed Statistics of All Vehicles for Different Classes of Roadway 

Site µ O' y coeff.of Pss obs. E(PssN) speed %over 
mean s.d. skewness var. limit limit 

Local Roads 

Mcgregor 54 8.5 0.15 0.16 64 63 30 92 

Ramzey 43 5.8 .17 0.13 48 49 30 90 

Simpson 44 6.8 .04 0.15 52 51 30 100 

Douglas 48 7.5 .34 0.16 56 56 30 100 

29 sites 48 8.0 

Std. error of mean of all sites= 6.0 
Arterials 

Sources 67 7.1 .24 0.11 74 74 50 100 

St. Jean 65 7.9 .22 0.12 
~ 

73 73 50 95 

St. Charles 58 7.4 -.12 0.13 66 66 50 82 

10 sites 66 7.5 

Std. error of mean of all sites = 4.5 
Freewa)'.§ 

A. 20 #1 94 11.5 .48 0.12 106 106 80 89 

A. 20 #2 94 11.9 1.33 0.13 106 106 80 89 

A. 40 #2 106 11.0 .47 0.10 114 117 100 65 

A. 13 #1 107 10.1 .48 0.09 115 118 100 78 I 
A. 13 #2 107 9.33 .31 0.09 115 117 100 76 

H. 217 94 n/a n/a n/a 104 105 90 62 

8 sites 105 10.8 

Std. error of mean of all sites = 2.2 

y = 2.2791 + 0.96582x R"2 = 0.999 
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FIGURE 1 Relation between observed and expected critical speed. 
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E(P85) = 0.996(meanspeed) + l.16(st.dev.ofspeed) 

(se = 0.016) (se = 0.187) (2) 

The coefficient of determination (r2) of 0.998 and the small 
· standard errors of the coefficients suggest that the observed 
85th percentile speed is approximately equivalent to E(P 88N), 

or the 88th percentile speed on the basis of normal tables. 
Thus, given accurate estimates of the two speed distribution 
parameters (mean and standard deviation), errors due to 
normal approximation could by and large be reduced to a 
fraction. 

The relationship may not necessarily be valid over both 
time and space. Yet, where there are data that permit the 
estimation of population distribution parameters for a given 
roadway type, such a model can be extremely useful in spot 
speed analyses for safety studies. 

CRITICAL SPEED IN RELATION TO CONTROL 
SPEED 

As alluded to earlier, P 85N speed is currently the critical (de
cision) speed in Quebec for posting limits and determining 
clearance times in traffic signal design and sight distance cal
culations for street signing and marking. However, the pre
vailing P 85 in all classes of roadway differs significantly from 
the posted limits. Although there is no documented evidence, 
a limited survey of clearance times and sight distances at a 
few selected sites indicated that they are based on the posted 
speed. 

The critical speeds used in the original geometric design of 
arterials and local streets (70 and 50 km/hr, respectively), on 
the other hand, differed from P85 by a somewhat lesser margin 
than P85 from the posted limits. For instance, the study found 
the share of vehicles exceeding the posted speed limit on 
freeways during daytime to be approximately 75 percent, which 
is similar to that reported by Guimont (J) following a detailed 
study of more than 118 locations in the same region. The 
exceedance probabilities on local streets and arteries consid
ered were even greater at 90 and 92 percent, respectively. 
The respective percentages of vehicles traveling at speeds 
greater than the geometric design speed, on the other hand, 
are comparatively less, but much higher than the preferred 5 
to 10 percent in the local streets and arterials. 

A simple regression analysis was performed to verify the 
correlation between observed P 85 speed and posted speed limit 
as well as design speed. In both cases, simple linear functions 
seemed to best describe the relations: 

E(P85) = 28.76 + 0.88(speed limit) 

(se of regression coeff. = 0.058) (r2 = 0.91) (3) 

E(P85) = 16.0 + 0.88(design speed) 

(se of regression coeff. = 0.04) (r2 = 0.96) (4) 

The U.S. national speed trends quoted in the Highway 
Capacity Manual (8) and data from several recent speed sur
veys conducted by numerous states (9) indicate levels of ex
ceedance similar to the ievel given by Expression 3 at certain 
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speed limits. Therefore, it may be reasonable to suggest that, 
if the existing posted limits are the underlying design or con
trol speeds, the probabilistic risk at all surveyed sites is cur
rently well below the desired 5 to 10 percent. 

On the other hand, if the limits are established indepen
dently of critical control and design speeds, for example, to 
be in accordance with the road class, to maintain uniformity, 
or to reduce energy, the posted limits may need to be justified 
with more vigor. Otherwise, in the absence of continued en
forcement, one can expect operating speeds of vehicles under 
normal conditions to be close to the design speed, as suggested 
by Expression 4. 

Evidence of such diversions has been reported by several 
others. For instance, Spitz (10) suggests that speed limit rarely 
has any effect on vehicle operating speeds. Statistics are cited 
to demonstrate that both raising and lowering speed limits 
have very little effect on the P85 speed. British experience has 
shown that there is only a V2-km/hr drop in average speed for 
every 1-km/hr reduction in speed limit (11). However, the P85 

speed was always found to remain greater than the posted 
limit, suggesting that speed is a function of the perception of 
safety as opposed to theoretical safety. 

The relations between design speed, posted limit, and E(P 85) 

(i.e., Expressions 3 and 4) have certain noteworthy features. 
First, it is apparent that the difference between the limit and 
E(P 85 ) as well as design speed and E(P 85) is less significant at 
higher speeds than at lower speeds. This characteristic sup
ports what Spitz (10) has noted; increases in limits may not 
necessarily result in proportionate increases in operating speeds. 
Second, either relationship may serve as a rule of thumb for 
design purposes. For instance, despite the design speed def
initions in the standards manuals (12), the ideal posted limit 
and design speed for a given P 85 speed may be computed from 
a relation of the form of Expression 3 or 4. These expressions 
suggest that the control speed and the design speed, respec
tively, should be approximately 15 percent and 25 percent 
greater than the speed limit, as shown in Figure 2. 

SPEED DISTRIBUTIONS OF HEAVY VEHICLES 

The study also examined the speed characteristics of heavy 
vehicles in relation to automobiles in two of the three classes 
of roadway. The examination confirmed the revelations of 
Transport Quebec's study (J) that the difference between the 
mean speed of heavy vehicles and automobiles on freeways 
and arterials is less than 3 km/hr. Even the P 85 speeds are not 
significant at the 5 percent level. Heavy vehicle speed statistics 
from the present study are given in Table 2. 

In view of the larger decision sight distances required, what 
was noted in the previous section under speed limits and 
prevailing speeds is of even greater significance to heavy ve
hicles. With the percentage of heavy vehicles traveling above 
the posted limit being over 80 percent on certain freeways 
and 90 percent on arterials, there is all the more reason to 
be concerned about safety. 

BAYESIAN APPROACH 

From the point of view of both traffic control and geometric 
design, the results of the preceding analyses raise some serious 
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FIGURE 2 Approximate percentages exceeding design speeds and speed limits. 

safety concerns. Since the exceedance probabilities are far 
greater than the originally anticipated levels, it may now be 
~ime to reexamine traffic control devices and geometry and 
make necessary adjustments where there are significant dif
ferences. The cost of data gathering through conventional 
techniques, however, still remains the fundamental deterrent. 
It is unlikely that all transportation agencies will soon have 
access to the high-tech data gathering and reducing equipment 
that would permit fast and inexpensive treatment of large data 
samples. Under the circumstances, the Bayesian approach is 
an effective means of addressing statistical uncertainty in pa
rameter estimates. 

As with many aspects of transportation engineering, spot 
speed analyses require engineers and analysts to make certain 
assumptions based on limited data, particularly with regard 
to the distribution parameters. However, the widely used clas
sical approach does not contain a formal process through 

which these judgmental beliefs can be incorporated in the 
estimates. One can only express the estimation error in re
lation to the sample size and population variance (i.e., a 2/n). 
The Bayesian approach, on the other hand, assumes thatthe 
parameters are random variables and permits information from 
external sources to be formally combined with the data to 
minimize the uncertainty of data due to small samples. 

In this study, we adopted the Bayesian approach that re
quires a prior knowledge (subjective judgment or experience 
with similar sites) of the speed distribution mean (µ'), the 
standard error of this mean (aµ·), and standard deviation (a') 
of speed for the class of road examined. With this approach, 
the sample distribution parameters m and s estimated (using 
the classical approach) from a few spot speed measurements 
at a site can be combined with the prior knowledge to obtain 
an estimate closer to the true mean at the site and, if nec
essary, to obtain the confidence interval for the mean. 

TABLE 2 Speed Statistics of Heavy Vehicles for Freeways 

Site µ (J y coeff.of Pss obs. E(PssN) speed %over 
mean s.d. ~kewness var. limit limit 

Freewa~s 

A. 20#1 88 7.5 .48 0.09 98 96 80 80 

A. 20#2 89 9.86 1.30 0.11 99 95 80 85 

A. 40#1 93 7.51 -0.37 0.05 102 101 100 16 

A. 40#2 99 5.95 -0.42 0.06 105 108 100 48 

A. 13 #1 95 7.81 -0.52 0.08 105 103 100 25 

5 sites 93 7.73 

Std. error of mean of all sites = 4.02 
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FIGURE 3 Difference between sample and Bayesian means. 

The newly estimated parameters, called the posterior/ 
Bayesian mean and standard deviation, are expressed as fol
lows (13): 

m(a-2 .) + µ'(a-'2/n) µ" = --''----"'-µ-'--___;---'---"-

(a-~.) + (a-'2/n) 

a-"= 
(a-~.) (a-'2/n) 

(a-~.) + (a-'2/n) 

(5) 

(6) 

where µ"and a-" are the Bayesian mean and standard deviation 
of mean, respectively. 

In the present case, prior knowledge is needed of the values 
ofµ', a-µ., and a-' for each of the three classes of road. Thus, 
if a small ·sample of speed data can be obtained for a given 
road section having characteristics similar to the constituents 

of the prior data base, the true (population) parameters of 
this road section are likely to be closer to µ" and a-'. 

The difference between the Bayesian estimate and the clas
sical estimate with different sized samples from a randomly 
chosen survey site is shown in Figure 3. It is clear that the 
Bayesian estimates are closer to the true mean speed at the 
site based on a sample of 150 readings, and the difference 
becomes smaller as the sample size increases. 

APPLICATION OF BAYESIAN APPROACH 

Consider a site in the local street network having similar char
acteristics to those in the prior data base. To illustrate the 
concept, two samples of 10 speed readings are chosen at ran
dom from a set of 100 readings. The basic statistics (mean, 

TABLE 3 Input Data for Illustrative Example 

Sample 1 Sample 2 All Data 

sample size (n) 10 10 100 

sample mean (m) 54 56 52 

sample std. dev. (s) 14 13 12 

coefficient of skew. 0.129 0.114 0.122 

coefficient of variation 0.26 0.23 _0.23 

Observed P85 66 

E(PssN) (eqn 1) 69 70 64 

E(Pss) [eqn.2] 70 71 66 

Bayesian mean 53 55 -
E(P85N)(eqn 1) Bayes 61 63 -
E(P85) [eqn.2] Bayes 62 64 -
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standard deviation, skewness coefficient, and coefficient of 
variation) are given in Table 3. 

The statistics in the "all data" column are computed on the 
basis of the 100 readings. Prior information below for local 
roads, on the other hand, is taken from Table 1: µ' = 48 km/ 
ht:, cr' = 8 km/hr, and crµ. = 6 km/hr. 

For Sample 1, the posterior (Bayesian) parameters accord
ing to Expressions 5 and 6, respectively, are approximately 
µ" = 53 km/hr and cr; = 2.33 km/hr. 

Likewise, for Sample 2, the posterior parameters are es
timated to be 55 and 2.33 km/hr, respectively. Thus, in both 
instances, the posterior mean is closer than the sample mean 
to the population mean (based on 100 readings) of 52 km/hr. 
Likewise, compared with E(P85N) based on sample data, the 
same computed with the Bayesian mean and population stan
dard deviation of 8 km/hr is closer to observed P 85 of 66 km/ 
hr in both cases. 

The E(P 85) obtained when Bayesian parameters are sub
stituted in Expression 2 for the two samples ( 62 and 64 km/ 
hr) are both closer to the observed P 85 than 71 and 70 km/hr 
obtained with the sample data. 

CONCLUSIONS 

Prevailing operating speed of vehicles in all three classes of 
roadway examined in this study exceeds the speed permitted 
in relation to the· existing traffic control measures such as 
signal lights, road signs, and so forth. Although the percentage 
of vehicles traveling above original design speed is less than 
the percentage traveling above the control speed (speed limit), 
it is well above the suggested value of 5 to 10 percent. Hence, 
there is an urgent need to perform an extensive survey of 
speed conditions. 

The data needed to perform such an extensive survey are 
expensive and time-consuming to collect. Thus, it was sug
gested that some statistical approximations and sampling pro
cedures be used. Uncertainty and consequent errors, which 
stem largely from approximating speed distributions by the 
normal model, are negligible if the critical speed is estimated 
as a function of the distribution parameters (e.g., Expression 
2), with coefficients estimated from observed data as opposed 
to normal tables. Expression 2 can explain 99 percent of the 
variation as compared with approximately 93 percent by 
Expression 1. The accuracy, however, is also dependent on 
the input variables to the regression model. 

For cases with small samples, it is shown that the Bayesian 
approach could be used to increase accuracy. Even in in
stances where small samples are inevitable due to problems 
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of data acquisition or time limitations, the Bayesian approach 
can be extremely useful as long as some prior information is 
available. 

ACKNOWLEDGMENTS 

The authors wish to thank Massoud Javid and Carina Persson 
for assisting with data collection and analysis during the first 
2 years of this study. This research was funded in part by the 
Natural Sciences and Engineering Research Council of Can
ada and the Utah Center for Advanced Transportation Stud
ies. 

REFERENCES 

1. L. Guimont. Re/eves des vitesse pratiquees au Quebec. Rapport 
de /'operation 1989. Socio-Economic des transports. Rapport RTQ-
90-04, 1990. 

2. W. R. McShane and R. P. Roess. Traffic Engineering. Prentice 
Hall, Englewood Cliffs, N .J., 1990. 

3. G. Nilsson and S. Rigerfalk. Follow-Up Study of Speeds on Rural 
Roads. Measurements Made During 1986. VTI Meddelande 568. 
Swedish Road and Transportation Research Institute, Linkoping, 
Sweden, 1987. 

4. J.E. Eaton and I. J. Burrow. Speeds of Cars on Motorways in 
England, 1970 and 1973. TRRL Report LR 663. Transportation 
and Road Research Laboratory, Crowthorne, 1975. 

5. W. S. Homburger (ed.). Transportation and Traffic Engineering 
Handbook. Prentice Hall, Inc., Englewood Cliffs, N.J., 1982. 

6. A Policy on Geometric Design of Highways and Streets. American 
Association of State Highway and Transportation Officials, 
Washington, D.C. 1990. 

7. Manual on Uniform Traffic Control Devices. Federal Highway 
Administration, U.S. Department of Transportation, 1988. 

8. Special Report 209: Highway Capacity Manual. TRB, National 
Research Council, Washington, D.C., 1985. 

9. Human Factors and Safety Research Related to Highway Design 
and Operation. In Transportation Research Record 1281, TRB, 
National Research Council, Washington, D.C., 1990. 

10. S. Spitz. Speed vs Speed in California Cities. /TE Journal, May 
1984, pp. 42-45. 

11. R. J. Salter. The Effects of the 50 mile/hr. Limit on Speeds and 
Headways at the Northern End of the Ml Motorway. Traffic 
Engineering and Control, Vol. 15, No. 16/17, 1974, pp. 772-773. 

12. J. A. Proudlove. Comparison of International Practices in the 
Use of No-Passing Controls. In Transportation Research Record 
1280, TRB, National Research Council, Washington, D.C., 1990, 
pp. 173-180. 

13. J. Benjamin and A. Cornell. Probability and Statistics and De
cisions for Civil Engineers. McGraw-Hill Publishers, New York, 
1970. 

Publication of this paper sponsored by Task Force on Statistical Meth
ods in Transportation. 


