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headway require more frequent attention than has been given to 
this matter. 

From the discussion just presented it is recommended that a 
systematic framework of research needs on entering headways 
be drawn that specifies frequency, location, and factors to be 
studied in a coordinated and comprehensive manner. This 
framework would then be made known to universities and 
other research institutions so that research efforts to advance 
the state of the art on entering headways could be guided in an 
organized and useful manner. 
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Traffic Operation on Busy TlAJo-Lane Rural 
Roads in The Netherlands 

HEIN BoTMA 

In the framework of updating standards for describing the 
quality of traffic How on two-lane rural roads, research into the 
behavior of the traffic How on relatively high-volume roads 
was carried out. Presented in this paper are findings about the 
relation between the volume and traffic composition as explan­
atory factors for speeds, headways, and platooning. It was 
found that mean speed was only marginally inftuenced by 
volume and truck percentage, whereas the standard deviation 
of speeds decreased substantially with increasing volume. An 
exponential tail model for headways, large enough to be rele­
vant for passing opportunities, was used and its parameters 
were successfully related to volume. This model fits reality 
much better than the assumption that headways have a nega­
tive exponential distribution, which leads to severe under­
estimation of passing opportunities. Simple models were 
developed that relate the proportion or vehicles following in a 
platoon and the maximum platoon length in S min to volume 
and truck percentage. A comparison Is made with results in the 
proposed Chapter 8 on Two-Lane Highways of the 1985 High­
way CapaciJy Manual. 

Transportation Research Laboratory, Department of Civil Engineering, 
Delft University of Technology, P.O. Box 5048, 2600 GA Delft, The 
Netherlands. 

In The Netherlands, as in many other countries, traffic engi­
neers have used information from the 1965 Highway Capacity 
Manual (HCM) to a considerable extent. However, it was 
increasingly believed that the procedures and data in the HCM 
were not always applicable. Some factors were clearly different 
in the United States and The Netherlands, for example, 
capabilities of automobiles and trucks. Moreover, some data in 
the HCM appeared to be outdated, as was probably realized 
first in the United States. 

As part of determining and updating standards for design of 
all types of rural roads, the Transportation and Traffic Engi­
neering Division of the Dutch Ministry of Transport and Public 
Works has given attention to two-lane rural roads for motor 
vehicles, t.l:lat is, roads without bicycles or !ow-speed motor­
bikes (mopeds) on the carriageway. Given in this paper are 
some results of research into the behavior of the traffic flow at 
relatively high volumes. This behavior is relevant for determin­
ing the service volumes that define the levels of service. 

As is generally accepted, speed is no longer the only most 
suitable criterion on which to base level of service because 
speeds do not depend on volume that much any more. Speed 
was replaced by a general criterion that can best be described as 
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freedom to maneuver, a concept that was translated into opera­
tional quantities such as passing possibilities, waiting time 
before a passing can be carried out, proportion of vehicles in a 
platoon, and platoon length. Based on partly known and partly 
estimated relations of several quantities with volume, prelimin­
ary service volumes were chosen that should be applicable for 
road sections with ideal geometrics and with 100-percent per­
son cars. 

To provide a stronger base for the procedure, answers were 
needed to questions about assumptions, relations, and values of 
parameters used. Goals of the study were formulated by a 
committee in which several Dutch road administrators partici­
pated; this study was carried out under contract by a Dutch 
consultant, Bureau Goudappel Coffeng B.V. at Deventer, and 
the Transportation Research Laboratory of the Delft University 
of Technology. This paper is restricted to a part of the research 
carried out by the Transportation Research Laboratory and 
does not address any consequences of the procedure used to 
determine the service volumes. 

RESEARCH GOALS AND METHODS 

Briefly, the goals of the research are to determine the relation 
between volume and vehicle composition and the following: 
speeds, headways, and platoons. This should be done on two­
lane rural roads with ideal geometrics, that is, 

• Level and straight sections with sufficient sight distance 
over at least 0.6 mi (1 km). 

•Lane width between the lines of 10.2 to 10.7 ft (3.1 to 
3.25 m) and clear shoulders; [the total pavement width is 23 to 
25 ft (7 to 7 .5 m); hence, no paved shoulders that make easy 
passing maneuvers possible are present]. 

• No intersections or other disturbances over at least 1.2 mi 
(2 km). 

The roads should be busy, that is, with annual average daily 
traffic (AADT) greater that 10,000 vehicles, and weather condi­
tions should be good. 

Consequently, the explanatory factors are volume and traffic 
composition. Because there are two flows on a two-lane road, it 
was decided to define four factors in relation to volume and 
traffic composition in each direction. Only two types of vehi­
cles were considered: person cars and trucks. Although it was 
recognized that there is a wide range of types of trucks that 
differ in size and power, because road authorities have data 
mostly on one general truck percentage, it was not considered 
relevant to differentiate further. 

In U.S. literature, much attention is paid to the presence of 
recreational vehicles. Although there are roads in The Nether­
lands that have a high percentage of automobiles towing car­
avans in certain seasons, this problem did not have sufficient 
importance to be addressed in this rather general research. 

The four factors defined in relation to volume and traffic 
composition in each direction were speeds, headways, pla­
toons, and homogeneousness. Each of these factors will be 
discussed further. 
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Speeds 

It was decided to represent speeds by their mean and standard 
deviation. Although it was known in advance that mean speed 
is not influenced much by volume, it was considered worth­
while to check this point again. The standard deviation of 
speeds was considered to be relevant for passing demand and 
as a measure of homogeneousness of the speeds. It was 
expected that it would decrease with volume, but the size of the 
decrease was unknowIL 

Headways 

Passing opportunities on a two-lane road, given the sight dis­
tance is sufficient, are determined by the distribution of head­
ways of the opposing flow. A well-known and much-used 
assumption is that headways have a negative exponential dis­
tribution (NED). It is then simple to calculate the proportion of 
headways greater than, for example, 20 sec, that can be consid­
ered to represent passing opportunities. It is also known that the 
NED assumption is valid only for low volumes; however, up to 
which volume is it applicable and what is the error for higher 
volumes? The goal of the research, therefore, was to determine 
if the NED assumption is a useful approximation, and, if not, to 
indicate its error when calculating the frequency of large head­
ways. 

Platoons 

When passing demand exceeds passing opportunities, vehicles 
will have to be driven in platoons. Consequently, the level of 
platooning can be considered to represent an aspect of the 
quality of the traffic flow as experienced by the drivers. The 
problems are as follows: 

• Determining when a vehicle belongs to a platoon, and 
• Defining simple parameters that represent the level of 

platooning. 

Concerning the first problem, to keep things simple, it was 
decided to define a platoon leader as a vehicle with a headway 
greater that ho sec; hence, followers in a platoon have a head­
way smaller than b0 • In a preliminary analysis of the data, h0 

was given the values of 4, 5, and 6 sec. It was found that results 
with these three values were congruent and no preference could 
be deduced. Nor did speed differences between a follower in a 
platoon and his predecessor make it possible to discriminate 
among the three values. Finally, a value of 5 sec was chosen, in 
accordance with a proposal of the Organisation for Economic 
Cooperation and Development (2) and based on a detailed 
research of following behavior on a two-lane road by Botma et 
al. (3). The same value was later chosen for the proposed 1985 
HCM (4). 

Concerning the second problem, the level of platooning-as 
experienced by the drivers-<:an be well represented by the 
proportion of drivers that are following in a platoon. Given the 
platoon definition used, this proportion of hindered drivers 
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equals the proportion of headways less than 5 sec. To gain 
insight into the size of large platoons, the maximum platoon 
length that passed in 5 min was also analyzed 

Homogeneousness 

In most research of traffic flow on homogeneous two-lane 
roads, it is tacitly assumed that the properties of the flow are 
also homogeneous. However, when passing demand exceeds 
passing possibilities it can be expected that, moving in the 
direction of the traffic stream on a lane, the speeds will 
decrease and the platooning will increase. 

In preliminary research, this expectation was confirmed with 
respect to platooning; however, with respect to speed, results 
were inconclusive. To obtain more knowledge of this phe­
nomenon, it was decided to collect data simultaneously at three 
cross sections of homogeneous road sections at distances of 0.3 
mi (0.5 km). 

DATA COLLECTION 

Data were collected in 1984 at five road sections throughout the 
country, and with AADT ranging from 10,000 to 25,500 vehi­
cles (see Tabie i). Measu:remeuts were ca11ied out simul­
taneously at both lanes and three cross sections 0.3 mi (0.5 km) 
apart. From each passing vehicle, the moments that the axles 
passed a cross section were registered on magnetic tape. Using 
these moments, the following items per vehicle can be calcu­
lated: passing moment, headway, speed, wheelbases, and vehi­
cle type. The vehicle type is deduced from the number of axles 
and the distances between them. Data were collected on two 
days and during three periods per day, morning rush hours (7 to 
9 a.m.), nonrush hours (2 to 4 p.m.), and evening rush hours (4 
to 6:30 p.m.) 

TABLE 1 STUDY SITE DATA 

Site Site 
No. Name 

1 
2 
3 
4 
5 

Vinkeveen 
Hellegat 
Grouw 
Maam 
Doenkade 

Average 
AADT Truck 
(no. of veh/24 hr) Percent 

16,400 
13,900 
10,100 
25,500 
17,900 

15 
14 
12 
24 
13 

Speed Limit 
mph km/h 

50 
62 
62 
50 
50 

80 
100 
100 

80 
80 

The passing of vehicle axles is detected with fairly unobuu­
sive, thin rubber tubes of 0.2 in. (5 mm) diameter at a distance 
of 3 ft (1 m) on the road. In preliminary research, it was found 
that only during the first 24 hr after installation did there appear 
to be a small decrease in speeds. Consequently, the tubes were 
installed at least 1 day before the measurements were carried 
out, giving the regular passing driver the opportunity to 
become accustomed to them. Most drivers probably did not 
notice the tubes because all other cables and the van with 
equipment were perfectly hidden. 
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ANALYSES AND RESULTS 

Time Interval 

To analyze the relations described in the Section Research 
Goals and Methods, it was necessary to divide the measure­
ment periods of at least 2 hr into smaller time intervals. A 
5-min interval was chosen as a compromise between having a 
rate of flow that is fairly constant and having a sufficient 
number of vehicles in an interval. This interval also proved to 
be satisfactory in a recent Canadian research on two-lane roads 
(5). Care was taken that no platoons were cut into pieces and 
distributed over two neighboring intervals by shifting the 
boundary between two intervals slightly. 

Procedure 

It was found that results of the two days were not considerably 
different and consequently could be combined into one data 
set, which meant that there were 30 data sets left, from 5 
iocatlons, 3 periods, and 2 directions. Because L'ie 5-:r..i.91 ia--iter­
val was used, at least 48 data points were available per data set. 
Relations were obtained separateiy for each data set, and com­
binations were made dependent on the results. This was done 
by using statistical testing and deciding if significant dif­
ferences were relevant from a practical engineering point of 
view. 

Technique 

Linear regression was used to investigate the relations that 
were assumed to be mostly linear. Nonlinear relations were 
hypothesized only when they could be theoretically based or 
when the data gave firm evidence of nonlinearities. 

Mean Lane Speed 

The mean lane speed was related to the volume and the truck 
percentage in both directions. it was found that only volume 
and truck percentage of the same direction had a linear influ­
ence on the mean lane speed. Relations were weak, and the 
explained variance varied from 4 to 55 percent. Over the lane­
volume range of 300 to 1,100 vehicles per hour (vph), mean 
speed decreased on the average 6 mph (10 km/h). This confirms 
the expectations that the speed-volume curve is rather flat. The 
range of truck percentage was 5 to 30 percent; leading to a 
decrease in mean speed of 3 mph (5 km/h) on the average, 
which is rather small. 

Mean lane speed was rather inhomogeneous; changes over 
0.6 mi (1 km) were significant in two-thirds of all data sets. In 
most cases, the mean lane speed decreased in the direction of 
the stream, as was expected; however, in two cases it increased. 
This phenomenon is not yet understood, and it can only be 
concluded that road sections longer than 0.6 mi (1 km) are 
needed to provide additional understanding. Consequently, the 
absolute level of mean speed is somewhat unknown, its range 
being 50 to 62 mph (80 to 100 km/h). 
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Mean Two-Way Speed 

Mean two-way speed was related to the two-way volume, the 
two-way truck percentage, and the imbalance between the lane 
volumes. This imbalance was defined as (maximum lane vol­
ume/minimum lane volume) minus 1 [see, for example, Steier­
wald and Sclunidt (6)]. 

It was found that only volume and truck percentage had a 
significant and linear effect on mean speed. Relations were 
somewhat stronger than for mean lane speed, but still rather 
weak: 11 to 63 percent explained variance. Over the two-way 
volume range of 600 to 2,000 vph, mean speed decreased on 
the average 71/2 mph (12 km/h); over the truck percentage range 
of 5 to 30 percent, an average decrease of 3 mph (5 km/h) was 
found. 

Results of mean lane speed and mean two-way speed are 
fairly consistent; in both cases, volume and vehicle composi­
tion have a rather small influence. 

Standard Deviation of Lane Speeds (SIGMA) 

It was found that the data sets had a consistent behavior and 
that the inhomogeneities found did not prevent the combination 
of all data. The total result was (in mph): 

SIGMA = 8.5 - 2.3 10-3 * Qi - 1.2 10-3 * Q2 
(3.4%) (21%) (41%) 

R2 = 66% N = 30 (1) 

where Qi is lane volume in direction of SJGMA, and Q2 is the 
opposing volume. The standard errors of the coefficients are 
placed underneath in parentheses. 

Hence, in this case, lane volumes in both directions have a 
significant influence on the standard deviation. However, the 
influence of the opposing volume is relatively small and its 
standard error rather high. It may be more practicable to use a 
model with only Qi as a factor, that is, 

SIGMA = 8.3 - 2.9 10-3 * Qi R2 = 60% N = 30 (2) 
(3.4%) (15.5%) 

The latter equation means that over the range of lane volumes 
of 300 to 1,100 vph, the standard deviation decreases from 
approximately 7.5 to 5 mph (12 to 8 km/h), a substantial 
change. Moving in the direction of the flow, SIGMA decreases 
on the average by 7 percent over 0.6 mi (1 km), an inho­
mogeneousness that cannot be overlooked and can be inter­
preted as more platooning. 

Headways 

In a preliminary analysis, it was found that the NED did 
underestimate the frequency of large headways. As an alterna­
tive to the NED, an exponential tail (ET) model was used, 
taken from the family of semi-Poisson headway models [see, 
for example, Branston (7)]. In this model, it is assumed that for 
headways greater than a certain value T, vehicles do not inter­
act and the distribution is exponential. The form of the distribu-
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tion for shorter headways is not relevant for the frequencies of 
large headways. A value of 10 sec was chosen for T to ensure 
that the condition of no interaction was fulfilled. The proba­
bility that a headway h is greater than a fixed value ~ is as 
follows: 

(3) 

Parameter P 0 is the probability that headways are greater than 
T seconds and parameter A. determines the steepness of the tail. 

P 0 and A. can be estimated for each time interval and related 
to the explanation factors. It was found that only the lane 
volume of the direction considered had a significant effect and 
that II data sets could be combined. The final models were as 
follows: 

In (P 0 ) = --0.286 - 2.29 10-3 * Qi 
(5.1%) (1.0%) R2 = 86% N = 1,582 (4) 

A. = 0.0314 + 0.132 10-3 * Qi R2 = 27% N = 1,582 (5) 
(11.0%) (4.1%) 

Substituting these relations into the ET model (Equation 3) 
leads to 

In (Pi)= 0.028 - 0.97 10-3 * Qi - 31.4 10-3 * ~ 
- 0.132 10-3 * Qi * ~ (6) 

The latter formula is used to determine the proportion of 
headways greater than 14, 17, 21, and 23 sec for each 5-min 
interval and to do the same using the NED. The chosen values 
of the headways stem from a part of the study on passing 
behavior that is not described in this paper. 

It can be observed from the data in Table 2 that the mean 
difference between calculated and measured proportion is 
small for the ET model, and large and always negative for the 
NED. The standard deviation of the differences is rather high; 
however, it should be realized that the number of large head­
ways in 5 min is a highly fluctuating quantity. 

It is remarkable that although the relation of A. with Qi 
(Equation 5) is rather weak, the end results are satisfying. It 

TABLE 2 MEAN AND STANDARD DEVIATION OF 
PROPORTIONAL DIFFERENCES BE1WEEN 
CALCULATED AND MEASURED PROPORTION OF 
HEADWAYS GREATER mAN 14, 17, 21, AND 23 SEC 
ACCORDING TO EXPONENTIAL TAIL (ET) MODEL 
AND NEGATIVE EXPONENTIAL DISTRIBUTED 
(NED) HEADWAYS 

Standard 
Mean Deviation 

Headway Differences (%) Differences (%) 

(sec) ET NED ET NED 

14 1.4 -15.9 34 31 
17 0.4 -26.0 42 36 
21 0.0 -39.4 51 41 
23 -1.2 -39.0 53 41 
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should be added that the ET model should not be used for lane 
volumes less than 300 to 400 vph, in which case preference 
should be given to the NED. This point is shown in Figure 1, in 
which the number of headways greater than 21 sec is given as a 
function of the lane volume according to the ET model and the 
NED. 

To investigate the homogeneousness of the headways, the 
standard deviation was analyzed It was found that it increased 
moving with the flow, corresponding to more large headways 
and larger platoons. 

Platooning 

IHEAO~Ars > 21 SJ/H 
60 

ijQ 

20 

o ;-~~~~~~~~.....,:::=:o--. 

0 2 ij 6 8 10 12 
LANE VOLUME 1100 VPHJ 

FIGURE 1 Relationship between 
number of headways greater than 
21 sec and lane Dow according to 
exponential tail model and 
negative exponential distributed 
headways. 

The proportion of hindered vehicles in platoons (PRHIN) and 
the maximum platoon length in 5 min (expressed in number of 
vehicles and denoted by MAXLEN) were related to the explan­
atory factors. It was found that the lane volume (QI) and the 
truck percentage (TPI) of the flow considered gave the most 
satisfying models. 

All data sets could be combined, leadfug to the following: 

PRHIN = 1 - exp[-1.70 10-3 * QI - 6.69 10-3 * TPI] 
(1.3%) (8.5%) 

R2 = 77% N = 1,582 (7) 

MAXLEN = 2.90 * exp[l.84 10-3 * QI + 4.02 10-3 * TPI] 
(2.6%) (1.9%) (25.4%) 

R2 = 64% N = 1,582 (8) 

It can easily be derived that according to an NED and a 
platoon criterion of 5 sec, Equation 7 would have been 

PRHIN = 1 - exp[-5 * QI/3,600] (9) 

T1'.Js can be compared with Equation 7 with TPi set at 0, 
leading to 

PRHIN = 1 - exp[-6.12 * QI/3,600] (10) 

Consequently, one needs to replace 5 sec with 6.12 to com­
pensate for the facts that the NED is not valid and that the real 
level of platooning is higher. The inhomogeneousness of 
PRHIM and MAXLEN was consistent with that of the standard 
deviations of the speeds and headways. Moving in the direction 
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of the flow, on the average PRHIN increased by 2.6 percent and 
MAXLEN by 0.7 vehicle over 0.6 mi (1 km). The extra repre­
sentation of the platooning by MAXLEN does not lead to much 
independent information because PRHIN and MAXLEN have 
a correlation coefficient of 0.76, and the logarithms of both 
variables correlate even with 0.88. 

COMPARISON WITH PROPOSED 1985 HCM 

At the end of this project, the proposed Chapter 8 on Two-Lane 
Highways of the 1985 HCM became available (4). In this 
proposal, two relations are given that can be compared with 
results of this research, that is, mean two-way speed and the 
percent time delay as a function of two-way volume. 

In Figure 2, the relationship between average speed and 
volume is given according to the proposed 1985 HCM and the 
corresponding data found in this research, corrected to a truck 
percentage of zero by means of the regression equations found. 
It can be concluded that mean speeds on two-lane roads with 
ideal geometrics found in this research are 3 to 6 mph (5 to 10 
km/h) higher than the average result obtained in the United 
States. 

MEAN TWO-WAY SPEED IMPHl 

60 

56 

52 

0 

x 
x 

e 12 10 20 
TWO-WAY VOLUME 1100 PCPHJ 

FIGURE 2 Relationship between average 
two-way speed and two-way volume according 
to the proposed 1985 HCM and the values 
found in this research. 

The percentage time delay in the 1985 HCM is considered to 
be the most relevant criterion for level of service. It is opera­
tionally defined as the proportion of vehicles with headways 
less than 5 sec, so it is equal to the proportion of hindered 
vehicles (PRHIN) in this paper. Its dependence on volume is 
given for a two-way volume and ideal conditions, which 
includes a 50/50 directional split. Consequently, it can be 
assumed that the relation is the same for both lane flows. 

Table 3 gives a comparison for volumes equal to the service 
volumes of the HCM. It can be concluded t.liat the differences 
between both results are surprisingly small. It should be added 
that the model presented in this paper is not valid for volumes 
much greater than 1,200 vehicles per lane and hour, and that its 
exponential form makes it impossible to reach 100 percent 
hindered vehicles at capacity. 
In interpreting the conclusions reached, the general conditions 
of this study should be kept in mind. Data were collected on 
two-lane rural roads with ideal geometrics and under good 
weather conditions; lane volumes had a range of 300 to 1,100 
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TABLE 3 COMPARISON OF PERCENT TIME DELAY OF PROPOSED 
1985 HCM AND RESULTS OF THE MODEL IN THIS PAPER 

Percent Volume-to- Percent 
Level of Time Delay Capacity Service Time Delay (The 
Service (United States8

) Ratio Volume Netherland sh) 

A <30 0.15 420 30.0 
B <45 0.27 750 47.1 
c <60 0.43 1200 63.9 
D <75 0.64 1800 78.3 
E >75 1.00 2800 

•using the proposed 1985 Highway Capacity ManlUll (HCM). 
"using the results of the model in this paper. 

vph and two-way volwnes of 600 to 2,000 vph, and the truck 
percentage varied from 5 to 30 percent. 

Theoretical analysis of the traffic flow process on a two-lane 
rural road leads to expectations that the flows in both directions 
are interacting and have dependent properties. However, in this 
rather practical research it was seldom found that opposing 
volume and truck percentage substantially influenced the prop­
erties of the flow considered. Part of this lack of influence may 
be due to dependencies between explanatory factors; lane vol­
umes had a correlation of 0.37 with each other and lane truck 
percentages had a correlation of 0.36. Correlations between 
lane volwnes and truck percentages were not greater than 0.1. 

Mean lane speed decreases with lane volume and lane truck 
percentage; the decrease is relatively small. Mean two-way 
speed decreases with increasing two-way volume and two-way 
truck percentage. In accordance with mean lane speed, the 
decrease is minor. No influence of the directional split could be 
detected. Values found in this study are somewhat higher [3 to 
6 mph (5 to 10 km/h)] than mean speeds presented in the 
proposed 1985 HCM, referring to both roads and traffic with 
practically the same ideal conditions. 

Standard deviation of lane speeds decreases with lane vol­
umes in both directions but is not dependent on truck percent­
age. Over a lane volume range of 300 to 1,100 vph, the standard 
deviation decreases from approximately 71/i to 5 mph (12 to 8 
km/h). 

The frequencies of large headways that are relevant for 
passing opportunities can be predicted by a model that needs 
only lane volume as an input. The model is valid for lane 
volumes greater than 300 to 4()() vph and shows that the 
assumption of negative exponential distributed headways leads 
to a severe underestimation of the frequency of large headways. 

The level of platooning can be well represented by the 
proportion of vehicles that have to follow in a platoon. This 
proportion depends on the lane volume and truck percentage. 
There is a good similarity between this model and the relation 
presented in the proposed 1985 HCM. 

Traffic flow on homogeneous sections of two-lane rural 
roads can still be inhomogeneous, that is, properties of the flow 
change with the position along the road. Moving with the flow 

on a lane, the standard deviation of speeds decreases and that of 
headways increases. These two changes are consistent with 
larger platoons and more frequent large headways that were 
found. However, the phenomenon is only partly understood and 
requires more research over sections of roads that are substan­
tially longer than 0.6 mi (1 km), which were used in this study. 
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