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Abstract

The mean free-flow speed and its variability across drivers are considered important safety factors.  Despite a large 
body of past research on operating speeds, there is still much to learn about the factors of free-flow speeds, 
especially on tangent segments of two-lane rural highways.  The roadway factors of speed dispersion across drivers 
are largely unknown.  Also, the use of the entire free-flow speed distribution suggested by other authors has not been 
yet addressed. Consequently, the existing models are not aimed to evaluate the speed variability at a site. 

This paper presents free-flow speed models that identify factors of mean speed and speed dispersion on tangent 
segments and horizontal curves of two-lane rural highways. Ten different highway variables, six of them 
functioning as both mean speed and speed dispersion factors, were identified as speed factors on tangent segments.  
Four different highway and curve variables, two of them functioning as both mean speed and speed dispersion 
factors, were identified as speed factors on horizontal curves.

The developed free-flow speed models have the same prediction capabilities as traditional ordinary least squares 
models developed for specific percentile speeds.  The advantages of the developed models include predicting any 
user-specified percentile, involving more highway characteristics as speed factors than traditional regression models, 
and separating the impacts on mean speed from the impacts on speed dispersion.

Key words: speed factors, free-flow speed prediction, two-lane rural highways, panel data modeling
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INTRODUCTION

The mean free-flow speed and variability speeds across drivers are considered important safety factors in setting 
speed limits and designing roadways.  Despite a large body of past research on speeds, there is still much to learn 
about the factors of free-flow speeds.  The existing models estimate a specific speed percentile and they do not 
distinguish between the mean speed factors and the speed dispersion factors., which leads to results that are 
sometimes difficult to interpret. It is possible that a road with a high mean speed and low speed variability has the 
same 85th speed percentile as a road with a much lower mean speed but higher speed variability.  Such a case is 
shown in Figure 1.  Modeling the entire free-flow speed distribution suggested by some authors (1, 2) might rectify 
this problem.  

The relationship between speed and crashes has been studied with no irrefutable link.  There is ongoing discussion 
as to which factor - the mean speed or the speed dispersion - has an impact on safety. Either opinion is defendable.  
An increase in mean speed increases the crash severity, while an increase in speed variability increases the 
frequency of interactions between vehicles. Studies have shown that an increase in the deviation between a 
motorist’s speed and the average speed of traffic is related to a greater chance of involvement in a crash.  Garber and 
Gadiraju (3) found that crash rates from different highway types increased with an increase in the speed variance 
and that an increase in mean speeds is not necessarily related to an increase in accident rates.  They also found that 
speeds increased with better geometric conditions, regardless of the speed limit.  Collins et al. (4) found low speed 
dispersion on horizontal curves with radii values of less than 328 ft (100 m), and that as the radii increased, the 
range of speed dispersion also increased.  The speed dispersion decreased with increasing pavement width in 
segments where the speed limit exceeded the design speed or where design inconsistencies were present.  

These findings demonstrate the potential importance of highway design components on speed distribution and 
justify developing a model that includes the road geometry factors of both the mean speed and speed dispersion. 
This paper presents free-flow speed models that identify the factors of mean speed and speed dispersion for tangents 
and horizontal curves of two-lane rural roads.  

REVIEW OF SPEED FACTORS

Many studies have dealt with roadway characteristics as speed factors on two-lane rural highways.  Yagar and Van 
Aerde (5) studied the effects of the geometric and environmental conditions on mean speeds. Mean speeds were 
found to be related to the roadway grade, the lane width, the land use, the highway access, and the speed limit. 
Yagar (6) included the negative effect of the traffic volume on the 10th, 50th, and 90th percentile speeds. The models 
shared the same speed factors, although the magnitude of their coefficients varied for each speed.

Polus et al. (7) found that 85th percentile speeds on tangents depend primarily on the tangent length and the radii of 
the curves preceding and following the tangent segment.  Other elements like spirals, the speed limit, the 
enforcement level, the cross-section width, the longitudinal slope, the side slope, the general terrain, the driver’s
attitude, and the vehicle’s acceleration and deceleration capabilities were identified as less important factors.  
Prediction models of the 85th percentile speeds were developed for different combinations of tangent length and 
curve radius.

Curvature is widely documented as a primary speed factor.  Islam and Seneviratne (8) investigated the relationships
between the 85th percentile speed at the beginning, middle, and ending points of horizontal curves and the degree of 
curvature and its squared term. McFadden and Elefteriadou (9) developed a model that estimates the 85th percentile 
maximum speed reduction into horizontal curves as a function of the radius, the approach tangent length, and the 
85th percentile speed on the approach tangent. Fitzpatrick et al. (10) developed 85th percentile speed models for
different combinations of horizontal and vertical alignments conditions using the radius or the rate of vertical 
curvature as explanatory variables.  However, the study failed to identify cross-section dimensions and other 
important highway elements as speed factors.

The modeling approach typically used in most studies focused on the effects of isolated or restricted alignment 
conditions on a specific percentile speed, typically the 85th percentile.  Although the 85th percentile speed is widely 
used to approximate operating speeds, other percentiles have been suggested to represent a high percentage of 
drivers in highway design (11-12).  Further refinement is needed to develop models with the capability of predicting 
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speeds along a roadway segment, considering the entire free-flow speed distribution and based on multiple roadway 
factors rather than just a set of horizontal and vertical alignment combinations.

PROPOSED METHODOLOGY

Most of the existing speed models have the following form: 

ε+=∑
k

ikki XbV (1)

where Vi is the mean or a specific percentile speed at site i, Xik is the value of the k exogenous variable at site i,  bk is 
the regression parameter associated with variable k, and ε the normally distributed disturbance term.  One limitation 
of these models is that they cannot predict any percentile other than the specific one for which they were developed.  
Another significant limitation of these models is their inability to evaluate the speed variability at a site.  

Let us assume that the mean speed and the standard deviation of free-flowing vehicles in a segment are affected by 
some road characteristics. With the assumption of normally distributed speeds at a site i, any pth percentile speed at 
the site (Vip) can be calculated by multiplying the corresponding Zp value with the standard deviation of individual 
speeds (σi) and adding that product to the mean speed value (mi).  The Zp value is the standardized normal variable 
corresponding to a selected percentile; for example, Z50 = 0 and Z85 = 1.036.  This function can be represented as a 
statistical model by adding an iid normal disturbance term (ε).  The percentile speed model has the following form:

εεσ +⋅⋅+⋅=+⋅+= ∑∑
k

ikpk
j

ijjipiip )X(ZbXaZmV , (2) 

where the aj coefficient represents the effect of the Xj parameter on the mean speed and the bk coefficient represents 
the effect of the Xk parameter on the standard deviation of individual speeds.  Medical studies (13-14) have used 
comparable modeling approaches with panel data to obtain percentile estimates.  In the first work,  the mean total 
body water was modeled as a function of patient characteristics while the standard deviation of the individual 
observations was assumed constant.  The second approach used two-step regression to model the mean value and the 
standard deviation of hearing thresholds separately.  The approach proposed in our study goes a step further by 
calibrating the mean and standard deviation terms in a single step.

The model in Equation 2 is denoted as OLS-PD to emphasize that ordinary least squares regression is applied to 
panel data.  The panel data approach is frequently used for econometric applications when multiple observations on 
each individual are available.  Percentile speeds from the 5th to the 95th percentile, in increments of five, were 
calculated for all spots and the panel was created by multiplying all explanatory variables by the Zp value
corresponding to a respective percentile. By having a higher number of observations than typical cross-sectional 
data sets, the panels have more degrees of freedom, thereby reducing collinearity between the explanatory variables 
and improving the efficiency of the parameter estimates (15).  

The OLS-PD model can be further improved by adding site-specific and percentile-specific random effects to avoid 
bias in estimating the model parameters caused by unknown factors not incorporated in the regression model (16).
Poe and Mason, Jr. (17) used a mixed-effects model to account for the random effect from the observation sites 
while modeling the fixed geometric effects on the 85th percentile speeds. Tarris et al. (1) applied a random-effects 
model by cross-sectioning individual drivers as a group and the location of different speed sensors as a time period.

DATA COLLECTION

Highway maps were used to identify candidate segments based on their alignment characteristics. Table 1 presents 
the general criteria used to identify candidate segments. Collected data included the free-flow speeds and geometry 
characteristics of highway segments with diverse configurations, cross-section dimensions, roadside clear zones, 
sight distances, curvature, and other features.  

The data collection took place from May to August 2002.  A total of 158 spots were selected on two-lane rural 
highway segments. More than one spot was selected for most of the segments. The only restriction imposed in the 
spot location was that speeds must not be affected by any traffic signal or stop sign. Spots were located at various
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distances from horizontal curves and also inside horizontal curves.  The same approach was used with respect to 
vertical curves and intersections.  The distance from the spot to the different highway features varied from segment 
to segment to observe higher variability in driver behavior. When multiple spots were identified in a segment, they 
were located at least 300 ft (91.44 m) apart from each other.

The following highway characteristics and geometric features were collected for each spot location:
• General characteristics: terrain type, pavement surface, residential development, and posted speed limit
• Tangents: grade, sight distance, cross-section dimensions, and roadside obstruction
• Horizontal curves: radius, maximum superelevation rate, length, and advisory speed
• Intersections: intersection type and presence of channelization and auxiliary lanes
• Distance from the spot to the beginning of horizontal curves and the middle of intersections, if present

The cross-section was divided into the traveled way and three traversable shoulder surface types: paved, gravel, and 
untreated.  The shoulder width represents the obstruction-free clearance distance from the edge of the traveled way 
to the roadside obstruction.  Any local or isolated feature was ignored. A measuring wheel with a one-inch precision 
was used to obtain all dimensions.  A ranging laser with a 0.1 ft precision was used to measure the sight distance at 
each spot according to the AASHTO standard for stopping sight distance (18).  An electronic level with a 0.1 ft/ft 
precision was used to measure the grade and the superelevation rate. 

Free-flow speeds were measured on weekdays during daylight hours and favorable weather conditions.  Time 
headways of five seconds or more were used to identify free-flow vehicles.  The average number of speed 
observations made was 360 with at least 100 observations at each spot. Speeds were collected with a Laser Atlanta 
laser gun or with rubber tubes 16 ft (4.9 m) apart and connected to PEEK ADR-2000 traffic classifiers.  The laser 
gun was used only at locations where the gun could be easily concealed from the drivers’ sight and the angle 
between the laser and the vehicle travel path was no more than 20 degrees.  Speeds collected with the laser gun were 
adjusted to account for the angle correction.

SUMMARY OF OBSERVED HIGHWAY CHARACTERISTICS AND SPEEDS

The data set is composed of highway characteristics and free-flow speeds for 158 spots.  Table 2 presents descriptive 
statistics for some of the observed characteristics.  Only segments with posted speed limits of 50 or 55 mph (80 or 
90 km/h) were included.  Speed limits lower than 50 mph were present on very short segments that serve as 
transitions to small towns and were not included.  Straight highway segments, as well as segments containing 
horizontal curves, vertical curves, and intersections, were included.  Segments containing sharp horizontal curves 
showing advisory speed signs from 35 to 50 mph (55 to 80 km/h) were also included.

The mean speed has a range of 23 mph (37 km/h) even though the selected segments have speed limits of 50 and 55 
mph.  The 85th percentile speed has a similar range of 22 mph (35.4 km/h).  The large variability in speed, compared 
to the small range in speed limit, might be an indication of the potential significance of the geometric components as
speed factors.

A large range of 1,954 ft (595.6 m) in sight distance was observed.  The available sight distance is of the utmost 
importance in the safe and efficient operation of a vehicle on a highway and is a function of the terrain type and the 
change in the horizontal and vertical alignments.  Most of the spots were located on flat terrain; although 16 spots 
were located in a semi-mountainous terrain and 48 spots were located in a rolling terrain.  The highway grade
displayed an absolute range of 13.4 percent.  Although the grade length was not recorded, none of the upgrades 
seemed to have the length necessary to make trucks reduce their speeds.

The intensity of the residential development in the segment was recorded by counting the number of driveways
located a quarter mile before and after each spot.  Thirty-four spots were located in segments having more than 10 
residential driveways per mile.

There is large diversity in cross-section dimensions, especially for the three traversable shoulder types.  The range in 
lane width is 4.05 ft (1.23 m) and the range in clear zone distance, composed of the width of the three shoulders, is 
74.4 ft (22.7 m).  Diverse configurations of shoulder widths and types were included; varying from segments having 

TRB 2005 Annual Meeting CD-ROM                                                                              Paper revised from original submittal. 



Alberto M. Figueroa and Andrew P. Tarko 5

all three shoulder types and a clear zone of more than 37 ft (11 m) in each direction to segments containing a narrow 
shoulder of 4.8 ft (1.5 m) followed by a guardrail in each direction.

AASHTO (18) suggests that the design of horizontal curves should be based on an appropriate relationship between 
the design speed and the curvature and their joint relationships with the superelevation rate and the side friction.  
Although the difference in speed limit is only 5 mph (10 km/h), the range in curvature values is very large.  The 
degree of curvature has a range of 15.48 degrees, equivalent to a range in radii of 6,326.9 ft (1,928.4 m).  The range 
in maximum superelevation rate and curve length is also large, 10.55 percent and 2,752 ft (838.8 m), respectively.  
The selection of the maximum superelevation rate depends on the climate and terrain conditions, the area type, and 
the frequency of slow vehicles.  AASHTO recommends a maximum superelevation rate of eight percent when snow 
and ice are present.  Although both factors are present in Indiana, five curves exceed the recommended maximum 
superelevation rate.

CORRELATION BETWEEN MODEL VARIABLES

The cross-section components show some correlation between each other, as expected.  The gravel shoulder width is 
negatively correlated with the paved (r = - 0.52) and the untreated (r = - 0.70) shoulder widths.  In contrast, the 
paved shoulder width is positively correlated with the traveled way (r = 0.70) and the untreated shoulder (r = 0.48) 
widths.  The traveled way width is also positively correlated with the untreated shoulder width (r = 0.41).  The 
traveled way width and the paved shoulder width were combined as the pavement width variable, which has a lower 
correlation with the gravel shoulder width (r < 0.43) and no significant correlation with the untreated shoulder 
width. 

In terms of other variables, the high residential development variable is negatively correlated to the pavement and 
gravel shoulder widths (r < - 0.38) and positively correlated to the speed limit variable (r = 0.71).  In other words, 
tangent segments having high residential development generally have narrower cross-sections and a 50 mph (80 
km/h) speed limit.  In addition, tangents with a 50 mph speed limit generally have a narrower traveled way and 
gravel shoulder widths (r = 0.53 between speed limit and shoulder width), but wider untreated shoulder widths (r = -
0.35 between speed limit and untreated shoulder width).  

In spite of the considerable correlation between model variables, there was no multicolinearity between the variables 
and no variables have to be removed to enable the model estimation. It has to be stressed that strong correlation 
between explanatory variables (but not multicollinearity) increases the standard deviation of parameter estimates but 
does not prevent obtaining a best fit to the data, nor does it affect inferences on mean responses or new observations
(19). In other words, the presence of strong correlation between explanatory variables does not cause any systematic 
bias of estimation as long as all the correlated variables are present in the model and the inferences are made within 
the region of observations. The only consequence of a strong correlation between variables in the model is 
sometimes a need for a larger sample to improve the model precision in estimating individual impacts. 

FREE-FLOW SPEED MODELS

Figure 2 presents a model of a speed profile in the vicinity of a horizontal curve. The road section is divided from 
the speed point of view into four segment types: tangents, deceleration segments, effective curves, and acceleration 
segments. The deceleration and acceleration segments are used by drivers to change speed between the tangent and 
curve speeds. Separate models have bee developed for each type of segment. The models developed for the 
deceleration and acceleration segments allowed determining the points where an average driver starts and ends 
changing speed. This information was used to assign the 158 observation spots to the four types of segments. An 
iterative procedure was involved. The details of the calibration process are presented elsewhere (16). Due to the 
space limitations, only the models for tangent segments and for effective curves are presented here.  

To improve the fit of the tangent and curve models to the data, horizontal curves were divided into flat and sharp 
curves.  Flat curves were identified as those curves having a radius of more than 1700 ft.  Speeds on the flat curves
are significantly dependent on the cross-section elements. They are estimated using the model for tangent segments 
with a fixed adjustment for the curve presence. Speeds on pronounced curves are strongly dependent on the curve 
sharpness but do not depend on the cross-section. 
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The models were estimated with observations for 85 spots located on tangents and flat curves and for 14 spots 
located on pronounced horizontal curves.  The speed models were calibrated using the SAS software.  All the 
parameters included in the models are significant with a 95 percent confidence level.  Table 3 presents the 
calibration results for the tangent model.  Table 4 presents the calibration results for the curve model.  The 
performance of the models was evaluated by analyzing the coefficient of determination, the mean speed estimates 
and the residuals.

The best specification of the OLS-PD model of speeds on tangents, in mph, is the following:

( ) ( ) ( )
( ) ( )CLRZPAVZ

INTZGRAZPSLZZ

FCUSWGSWPAVINTSD

SDRESGRAPSLTRV

pp

pppp

p

××−××−

××+××+××+×+
×−×+×+×+×−××−

××+×−×−×−×−=
−

−

012.0038.0

292.0061.0428.1982.5

233.2054.0394.0040.0422.01067.1

1038.2034.1131.0082.3071.0137.57

50

26

3
50

(3) 

where:
TR = percent of trucks;
PSL50 = equal to 1 if the posted speed limit is 50 mph; equal to 0 if the posted speed limit is 55 mph;
GRA = highway grade, percent;
RES = equal to 1 if the segment has 10 or more residential driveways per mile; 0 otherwise;
SD = sight distance, feet;
INT = equal to 1 if an intersection is located 350 ft before or after the spot; 0 otherwise;
PAV = pavement width, includes the traveled way and both paved shoulder widths, feet;
GSW = total gravel shoulder width, feet;
USW = total untreated shoulder width, feet;
CLR = clearance distance, includes the width of the total gravel and total untreated shoulders, feet;
FC = equal to 1 if the spot is located on a flat curve (radius larger than 1700 ft); 0 otherwise;
Zp = standardized normal variable corresponding to a selected percentile.

The adjusted coefficient of determination (R2) of the tangent model is high, indicating that 84.4 percent of the 
variability is explained.  It must be admitted, however, that generating panel data along the percentile dimension 
creates speed data variability, which is principally explained with the Zp factor (the higher the Zp value, the higher
the speed). The model standard deviation is 2.11 mph (3.38 km/h).  Sixty-six percent of the mean speed estimates 
have residuals lower than 2.11 mph and only three percent of the mean estimates have residuals higher than 4.22
mph.  This simple evaluation helped us to conclude that the model provides reasonable estimates.

The best specification of the OLS-PD model to calculate speeds on horizontal curves, in mph, is the following:

( ) ( )SEZDCZZ

SESEDCRESSDV

ppp

p

××−××+×+

×−×+×−×−××+= −

199.0236.0158.4

624.0954.7541.2639.21044.3664.47 23

(4) 

where:
DC = degree of curvature, degrees;
SE = maximum superelevation rate, percent.

The adjusted R2 value of the curve model is also high, indicating that 93.2 percent of the variability is explained. 
The model standard deviation is 1.7 mph (2.8 km/h).  Eleven estimates have residuals lower than 1.7 mph and only 
one estimate has a residual higher than 3.4 mph.  This helped us to conclude that this model also provides reasonable
estimates. Figure 3 shows the performance of the mean speed estimates for both models.  The models seem to 
provide reasonable mean speed estimates with no apparent bias.

MEAN SPEED AND SPEED DISPERSION FACTORS

The tangent model in Equation 3 includes ten different variables, six of them representing mean speed and speed 
dispersion factors.  The first intercept term and the following eleven variables apply to the mean speed, while the 
second intercept Zp and the five variables whose names start with Zp apply to the standard deviation.  A positive sign 
of a regression parameter in the first group of variables indicates that the variable increases the mean speed, while a 
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positive sign of a regression parameter in the second group of variables indicates that the variable increases the 
variability of individual speeds.

The speed limit binary variable is the strongest mean speed factor and speed standard deviation factor.  The 55-mph 
speed limit was set as the base condition.  As expected, the speed limit of 50 mph is associated with a lower mean 
speed, but at the same time, with a higher variability of the individual speeds.  The second finding may indicate that 
some drivers follow the speed limit closer than others and this difference in compliance further differentiates the 
individual speeds.  

An increase in sight distance in the tangent increases the mean speed up to a specific value, as bounded by the linear 
and quadratic terms in the equation.  Sight distances higher than 712.6 ft will not provide any additional increase in 
the tangent mean speed.

As expected, the increase in any of the lateral dimensions of the cross-section increases the mean speed.  It is 
surprising that the gravel shoulder has the strongest impact.  This might be explained with the strong visual contrast 
between the gravel and blacktop pavement, which improves the roadway delineation.  Reducing the distance 
between the roadside obstructions and the travel lanes increases the spread of individual speeds.  One possible 
interpretation is that cautious and slow drivers respond to the extra risk (narrow clear zone) stronger than fast and 
aggressive drivers.

The presence of an intersection within 350 ft (106.7 m) of any spot on the tangent slightly reduces the mean speed
and slightly increases the speed dispersion.  One interpretation for this impact is that cautious drivers respond to the 
extra risk presented by the vehicles entering and exiting the intersection stronger than fast and aggressive drivers.  
An analogous interpretation applies to the reduction in mean speeds due to a high residential driveway density.

The effect on the speeds of the remaining variables in the model is easy to explain.  As expected, an increase in the 
truck percentage reduces the mean speeds and an upgrade reduces the mean speed and increases the dispersion while 
a downgrade increases the mean speed and reduces the dispersion.  The model provides an adjustment in mean 
speed when the spot is located on a flat curve.

The curve model in Equation 4 includes four different variables; two of them represent the mean speed and the 
speed dispersion factors.  The first intercept term and the following five variables apply to the mean speed, while the 
second intercept Zp and the two variables whose names start with Zp apply to the standard deviation.

All the curves evaluated for the model have a 55 mph speed limit; therefore the speed limit could not be included as 
a factor.  However, the 55 mph limit is the highest posted speed limit allowed for two-lane rural highways in 
Indiana; therefore, any speed reduction forced by adverse curvature conditions in the sample can be considered to be 
the highest.  In other words, a curve with sharp radii in a segment with a 55 mph posted speed limit is expected to 
compel a larger speed reduction to negotiate it than a comparable curve in a segment with a 40 mph posted speed 
limit.

The curve represented by the degree of curvature and the supperelevation rate is a strong factor of both the mean 
speed and the speed deviation.  As expected, an increase in the degree of the curve reduces the mean speed and 
increases the speed dispersion.  The impact mechanism for the superelevation rate is not as obvious.  A linear and a 
quadratic factor for the superelevation rate were included in the model.  Superelevation rates higher than 6.4 percent 
will reduce the mean speed although the net impact has to consider the effect of the degree of the curve.  The 
correlation analysis showed that the degree and the superelevation rate were positively correlated.  Therefore, any 
change in the superelevation rate used to evaluate its impact on curve speeds needs to include the corresponding 
change in the degree of curve.

An increase in the curve sight distance increases the mean speed.  The increase in speed, in this case, is not restricted
as in the tangent model.  A reduction in mean speed occurs on curves due to high residential development in the
segment.  The impact mechanism is the same as the one found in the tangent model, but stronger.
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CONCLUSIONS

The mean free-flow speed and its variability across drivers are important safety factors.  Most of the existing models 
present the factors of the 85th percentile speed and do not distinguish the mean speed factors from the speed 
dispersion factors.  Furthermore, the existing models are not able to estimate the entire range of speed variability at a 
site.  The entire speed distribution has been utilized as an innovative approach to develop speed models instead of 
focusing on a particular percentile.  This has been accomplished by representing the percentile speed as a linear 
combination of the mean and the standard deviation.  

Free-flow speed measurements and two-lane rural highway characteristics were used to develop the speed models.  
The models demonstrated their efficiency in identifying relationships between diverse road characteristics and 
speeds.  One important contribution is the fact that the impact of the cross-section dimensions is present in the 
tangent speed model.  In addition, it is equally easy to quantify the impacts of the variables on mean speed and on 
speed standard deviation.  

The tangent speed model includes ten different variables, six of them as both mean speed and speed dispersion 
factors.  The curve model includes four different variables, with the degree of curve and superelevation rate 
representing the mean speed and speed dispersion factors.  The advantages of the models developed in this study,
over the traditional OLS models, include predicting any user-specified percentile, involving more design variables 
than traditional OLS models, and separating the impacts on mean speed from the impacts on speed dispersion. 
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TABLE 1 General selection criteria for two-lane rural highway segments

  Segment characteristic   Criteria
  Terrain   All types
  Location   Rural
  Roadway type   U.S. and state highways (no interstate or local roads)
  Highway functional classification   Arterial to collector
  Development type Preferably no development
  Pavement surface type   Portland cement concrete to asphalt concrete
  Pavement condition   Pavement surface and markings in good condition
  Traffic control   No stop sign or traffic signal within 0.5 mile
  Posted speed limit   55 mph preferred, at least 40 mph
  Segment length   At least 1 mile
  Annual Average Daily Traffic   Higher than 1000 vpd
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TABLE 2 Descriptive statistics for characteristics measured in two-lane rural highways

Highway characteristic Mean
Standard
deviation

Minimum Maximum

Posted speed limit , mph 54.24 1.80 50.00 55.00

Advisory speed limit, mph 42.63 4.72 35.00 50.00

Percent trucks 13.52 5.76 3.00 30.00

Sight distance, ft 910.14 475.50 225.55 2179.70

Highway slope, percent -0.11 2.32 -7.10 6.30

Lane width, ft 11.63 0.81 9.25 13.30

Traveled way width, ft 23.27 1.42 18.75 25.67

Pavement width, ft 28.45 5.96 18.75 44.33

Paved shoulder width, ft 5.19 5.29 0.00 21.00

Gravel shoulder width, ft 2.39 2.98 0.00 8.25

Untreated shoulder width, ft 28.48 19.49 0.00 71.00

Clearance distance, ft 36.06 20.29 4.83 79.25

Degree of curvature, degrees 7.07 3.75 0.86 16.34

Curve radius, ft 1244.14 1228.11 350.70 6677.59

Maximum superelevation, percent 6.44 2.36 0.25 10.80

Curve length, ft 796.78 489.31 250.00 3002.00

Mean speed, mph 54.11 5.38 39.98 63.00

85th percentile speed, mph 59.06 5.15 46.02 68.00
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TABLE 3 OLS-PD percentile speed model for tangent segments

Variable Coefficient Standard error T-value (b/std.err.) P-value
p [|z| > z]

ONE 57.1372 0.6019 94.93 < 0.0001
TR -0.0710 0.0109 -6.54 < 0.0001
PSL50 -3.0818 0.1404 -21.96 < 0.0001
GRA -0.1307 0.0248 -5.26 < 0.0001
RES -1.0338 0.1368 -7.56 < 0.0001
SD 2.380 x 10-3 6.326 x 10-4 3.76 0.0002
SD2 -1.670 x 10-6 2.566 x 10-7 -6.51 < 0.0001
INT -0.4216 0.1234 -3.42 0.0006
PAV 0.0401 0.0095 4.23 < 0.0001
GSW 0.3941 0.0326 12.10 < 0.0001
USW 0.0544 0.0047 11.50 < 0.0001
FLC -2.2329 0.1577 -14.16 < 0.0001
Zp 5.9816 0.2786 21.47 < 0.0001
Zp-PSL50 1.4280 0.1498 9.53 < 0.0001
Zp-GRA 0.0608 0.0283 2.15 0.0319
Zp-INT 0.2917 0.1389 2.10 0.0359
Zp-PAV -0.0382 0.0083 -4.62 < 0.0001
Zp-CLR -0.0118 0.0048 -2.46 0.0140
Goodness of fit measures
R-square = 0.8458 Root mean squared error = 2.117 
Adjusted R-square = 0.8442 F-test = 515.29, p-value < 0.0001
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TABLE 4 OLS-PD percentile speed model for horizontal curves

Variable Coefficient Standard error T-value (b/std.err.) P-value
p [|z| > z]

ONE 47.6639 0.7038 67.73 < 0.0001
SD 3.4400 x 10-3 3.8581 x 10-4 8.91 < 0.0001
RES -2.6388 0.3777 -6.99 < 0.0001
DC -2.5409 0.0722 -35.17 < 0.0001
SE 7.9535 0.2564 31.02 < 0.0001
SE2 -0.6239 0.0192 -32.57 < 0.0001
Zp 4.1576 0.4049 10.27 < 0.0001
Zp-DC 0.2358 0.0670 3.52 0.0005
Zp-SE -0.1987 0.0679 -2.92 0.0038
Goodness of fit measures
R-square = 0.9343 Root mean squared error = 1.757
Adjusted R-square = 0.9322 F-test = 456.72, p-value < 0.0001

TRB 2005 Annual Meeting CD-ROM                                                                              Paper revised from original submittal. 



Alberto M. Figueroa and Andrew P. Tarko 15

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1
1.1

0 10 20 30 40 50 60 70 80 90 100

Speed (mi/h)

C
u

m
u

la
tiv

e 
D

is
tr

ib
u

tio
n

FIGURE 1 A case of two different speed distributions with the same 85th percentile.
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FIGURE 2 Model of a speed profile in the vicinity of a horizontal curve without spirals.
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FIGURE 3 Performance of model mean speed estimates
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