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Highway Economic Analysis
Experiences with the 1985
Highway Capacity Manual

SATISH C. SHARMA, PAWAN J. LINGRAS, AND AL WERNER

Implications of some of the changes suggested in the 1985
Highway Capacity Manual are investigated. The study uses
statistics from Alberta Transportation, Edmonton, Canada, as
the data base and compares cost-volume curves obtained from
the 1965 and the 1985 Highway Capacity Manual. The main
conclusion of this investigation is that the application of data
and capacity analysis procedures from the 1985 manual pro-
duces cost-volume relationships that could conflict with the
current practice of designing rural highways when used with
the traditional values of other variables, such as vehicle run-
ning cost and value of travel time. It is suggested that, In order
to reflect the cost of deterioration in service with increasing
traffic volume on two-lane roads, a cost of comfort and conve-
nience should be computed and added to the other components
of the user cost. Also examined and discussed is the impact of
such new features of the 1985 manual as the driver population
factor for multilane roads and the directional split of traffic on
two-lane roads.

The first edition of the Highway Capacity Manual (HCM) was
published by the Bureau of Public Roads (1) in 1950. Despite
the fact that the manual was based on a sparse data base and
had some well recognized shortcomings, it continued to
provide a practical guide to highway capacity analysis until the
publication of a second edition in 1965. The 1965 HCM (2),
published by the Highway Research Board, reflected vastly
improved data bases and procedures, and became widely used
throughout the world as the standard for highway capacity and
level of service analysis. The latest edition of the manual is a
1985 publication by the Transportation Research Board (3).
The procedures for planning, design, and operational analysis
included in the 1985 HCM are based on several years of
extensive research carried out in the United States and other
countries.

Among the new or updated features in the 1985 HCM, which
are likely to influence the results of such economic analysis as
that carried out in this paper, is information on estimating
highway capacity for two-lane and multilane rural highways.
Three features of the 1985 manual are considered in this inves-
tigation: (a) the driver population factor (f,) for computing the
capacity of freeways and multilane highways; (b) the new
speed-volume curves for two-lane roads; and (c) the increase in
the ideal capacity of two-lane highways to a maximum of 2,800
passenger cars per hour (pcph), which is a-total for both
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directions—a substantial change from the 1965 HCM’s value
of 2,000 pcph. It may be noted that the term “driver popula-
tion” in the 1985 HCM and other recent literature (4) refers to
traffic stream characteristics, such as trip purpose and trip
length distribution.

The main objective of the analysis presented in this paper is
to carry out an economic analysis for investigating the influ-
ence of the previously mentioned features of the 1985 HCM.
The other objectives of this study are (a) to demonstrate the
effect of the driver population or road use type on establishing
priorities of highway improvement programming; and (b) to
describe a proposed model for the cost of user comfort and
convenience, which could be useful in highway economic
analysis using the 1985 manual.

HIGHWAY CAPACITY ADJUSTMENT FOR
DRIVER POPULATION

The general structure of the capacity analysis procedures for
multilane highways in the 1985 HCM remains the same as in
the 1965 HCM. A maximum service flow rate can be selected
from a table of level of service (LOS) criteria and modifications
can be made to reflect any prevailing conditions that are other
than ideal. The computation of service flow rate is accom-
plished by using the following formula:

SF; = MSF; x other factors x L D
where

SF; =

; service flow rate under prevailing

roadway and traffic conditions;
maximum service flow rate for LOS
i under ideal conditions;

factors to adjust for number of
lanes, width of lanes, heavy
vehicles, and so on; and

adjustment factor for driver
population.

MSF, =

other factors

£ =

The adjustment factor f, is used in the 1985 HCM to reflect
the influence of driver population on the capacity of freeways
and multilane rural highways. It is based on the belief that
traffic streams with different characteristics (weekend, recrea-



tional, perhaps even midday) use facilities less efficiently than
weekday commuter or other regular traffic. An adjustment
factor f, of 1.0 is suggested in the manual for weekdays or
commulter type of highway traffic. An f, range of 0.75-0.90 is
suggested for other types of traffic streams. In a recent article,
Sharma et al. (4) elaborate on the factor f, and recommend a
finer and more objective classification of roads according to
driver population, which can provide a good basis for making
an engineering judgment regarding the selection of a particular
[, value from the range given in the 1985 HCM.

NEW SPEED CURVES AND CAPACITY OF
TWO-LANE ROADS

The 1985 HCM'’s speed-volume curves for two-lane highways
are substantially different from those given in the 1965 HCM.
A set of the average speed versus volume-to-capacity (V/C)
ratio curves obtained from the 1965 and 1985 manuals are
shown in Figure 1. In the 1985 manual, the speed is much less
sensitive to the volume of traffic, compared to the 1965

manual.
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FIGURE 1 Relationship between average speed
and V/C ratio on two-lane highways.

According to the 1985 HCM, under ideal conditions, the
capacity of lwo-lane roads is a total of 2,800 pcph in both
directions, which is a substantial increase irom the 1963
HCM’s 2,000 value. The ideal conditions in the 1985 manual
include a 50/50 directional distribution of traffic. As given in
Table 1, the capacity of two-lane rural highways varies with
directional distribution, and reduces as the split moves away
from 50/50 to a minimum value of 2,000 pcph when the split is
100/0.
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TABLE 1 CAPACITY OF TWO-LANE ROADS
AS A FUNCTION OF DIRECTIONAL SPLIT

Total

Directional Capacity Ratio of Capacity
Split (pcph) to Ideal Capacity

50/50 2,800 1.00

60/40 2,650 0.94

70/30 2,500 0.89

80/20 2,300 0.83

90/10 2,100 0.75
100/0 2,000 0.71

STUDY DATA AND METHOD OF ANALYSIS

Some of the major critical elements that need to be considered
in the road sizing and improvement programming (the subject
area of the present analysis) are (a) traffic variables, such as
traffic stream characteristics, volume of traffic, vehicle classi-
fication, and average travel speed; (b) geometric design vari-
ables, such as road standard type, design speed, percentage of
no-passing zones, and capacity; (c) economic variables, such as
cost of highway construction, maintenance, travel time, acci-
dents, and vehicle running costs; and (d) sociopolitical vari-
ables, such as community goals and objectives, and user prefer-
ences. All of these factors are considered in this analysis using
Alberta Transportation (the highway agency for the Province of
Alberta, Canada) statistics as the data base. For the purpose of a
comparative cost analysis, the speed-volume curves and capac-
ity calculations, which are prerequisites to the determination of
the road user costs, are based on both the 1985 and the 1965
HCMs.

Highway Traffic Data

The road user’s perspective or road use variable—the terms
“road use” and “driver population” are used interchangeably
to reflect the traffic stream characteristics—was included in the
present analysis by grouping the roads using a previously
developed method (4), which is based on temporal volume
variations and the traffic strearn characteristics of trip purpose
and trip length distribution. The road system under investiga-
tion was classified into six main types; however, for the sake of
simplicity, the analyses for (a) regional commuter, (b) rural
long distance, and (c) long distance/recreational types of routes
are included in this paper. The typical sites representing these
three road classes in Alberta are as follows:

1. ‘The pemmanent-iraffic-counter (PTC)-site CO located ona
regional commuter segment of Highway 3 east of Lethbridge;
2. The PTC site C243 located on a rural long distance
portion of the Trans-Canada Highway west of Brooks; and
3. The PTC site C249 located on a rural long distance/
recreational portion of the Trans-Canada Highway in the Banff

National Park.
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TABLE 2 TRAFFIC STREAM CHARACTERISTICS AT THE INVESTIGATION SITES

Vehicle and Trip Purpose Classification (%)

Road Site Work® Busy? Rec® RV ¥ HT 30HV DS 8

9 9.3 39.5 35.2 5.0 6.0 5.0 10 60/40  0.95
C243 223 18.9 26.8 12.0 6.0 14.0 19 60/40  0.85
C249 37.2 10.3 24.5 20 4.0 4.0 25 7030  0.80

Note: Work = work trips; busy = business trips; rec = recreational trips; RV = recreational vehicles; SV = sin-
gle unit trucks; HT = heavy trucks; 30HV = 30th highest hour volume (percentage of AADT); DS = directional

split; and f, = driver population factor.
9Passenger cars.

The traffic stream characteristics, such as hourly volume
patterns, vehicle classification, and trip purpose information for
the typical sites used in this analysis, are based on past Alberta
Transportation studies. Vehicle and trip purpose classification
at the typical road sites are given in Table 2. Also included are
the 30th highest hour volume, directional split, and the driver
population factor for the study sites.

Highway Cost Data

In the analysis presented here, the following cost factors are
used: construction/reconstruction, maintenance, motor vehicle
running cost, and travel time; cost of comfort and convenience
is also considered. While comparing an existing alternative
with a proposed alternative, the construction cost for the exist-
ing alternative is considered as a “sunk” cost. It can also be
noted that the major part of economic analysis in this study is a
break-even type of comparison that deals with an existing two-
lane rural facility with a proposed divided four-lane highway.
The existing facility is an RAU-211—a rural arterial, un-
divided two-lane facility with a total pavement width of 11 m,
which is assumed to be located in a level terrain with 100 km/hr
average highway speed (AHS) and 20 percent no-passing
zones. The proposed alternative is an upgraded highway that is
reconstructed from an existing two-way facility, and that is a
four-lane rural freeway divided (RFD) with an “ideal” geo-
metric design.

The highway cost data that follow are based on past Alberta
Transportation Studies (5, 6) and expressed in 1985 Canadian
dollars.

1. Capital costs: The capital cost in this study consists of
right-of-way costs, grading costs, and paving costs. The values
used in this analysis are (a) $393,000 per kilometer for a two-
lane (RAU-211) highway, and (b) $600,000 per kilometer for
upgrading a two-lane (RAU-211) to a four-lane (RFD) facility.

2. Annual maintenance costs: $2,100 per kilometer for the
two-lane highway, and $4,200 per kilometer for the four-lane
highway.

3. Discount rate: 8 percent over a 20-year (design) life of a
facility.

4. Vehicle running costs: Previous running costs (3, 6) were
updated to 1985 dollars.

5. The values of travel time used for passenger vehicles
are: $11.70 per hour per occupant for a business trip; $2.93 per
hour per occupant for a nonwork trip; and $3.80 per hour per
occupant, for a joumey-to-work trip. The light trucks and
heavy trucks are valued at $22.94 per hour per vehicle and
$24.80 per hour per vehicle, respectively.

Development of Cost-Volume Curves

It can be observed from these data that the fixed capital costs
for roads are high, and annual maintenance costs are also
significant. If the road carries little traffic, the unit agency cost
of providing the roadway is very high; however, as volume
increases, unit cost decreases.

For road user costs (time plus running costs), lower traffic
volumes usually provide the least unit cost, and as volume
increases, the cost to the user increases because of congestion.
Adding the agency cost curve (construction cost plus the main-
tenance cost) and the road user cost curve should result in a
relationship in which, at some volume of traffic, a minimum
total cost of travel will occur.

To compute the total cost relationship as a function of the
volume of traffic, it is necessary to relate capital and mainte-
nance costs and road user costs to a common base. Because
agency costs are a function of volume and road user costs are a
function of travel speed, the speed-volume relationships pre-
sented in the 1965 and 1985 HCMs were used to determine the
user costs as a function of volume and were expressed in terms
of cents per vehicle kilometer.

Two types of cost-volume relationships were computed for
the purpose of this study: unit cost (in cents per vehicle kilome-
ter) versus volume-to-capacity (V/C) ratio, and unit cost versus
average annual daily traffic (AADT).

The agency cost for a particular volume of hourly traffic was
calculated by using the following relationship (7):

AC = [100(CC x CRF;, + MC)]/8760 Vol 2)
where

AC = agency cost (cents per vehicle kilometer),



CC = capital cost (dollars per kilometer),
CRF;, = capital recovery factor for interest rate i
and useful facility life of n years,
MC = annual maintenance cost (dollars per
kilometer), and
Vol = volume of traffic (vehicles per hour).

The first step in determining the vehicle running cost was to
calculate the V/C ratio for a particular hourly volume of travel
and the existing road traffic and design conditions. The speed
of travel was then estimated from the speed-volume curves
presented in the 1965 and 1985 HCMs (2, 3). Finally, the
vehicle running costs were obtained from the empirically de-
rived tables of running costs at various speeds (3, 6).

The denominator of the V/C ratio [e.g., the capacity (C) of a
road facility] was calculated by using the methods given in the
1965 and 1985 HCMs.

The travel time cost for a given traffic strcam was calculated
by using the following relationship (7):
TC =100 TW[(1/S) — (1/AHS)] 3
where
TC = t(ravel time cost (cents per vehicle kilometer),
TW = weighted mean travel time cost for the
various types of vehicles in the traffic stream
(dollars per hour),
AHS the average highway speed or the desired
speed of travel (kilometers per hour), and
§ = space mean speed of travel possible at a
given volume of travel (kilometers per hour).
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FIGURE 2 Cost versus V/C ratio for the two-lane
(RAU-211) highway with traffic characteristics
similar to site C243.
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RESULTS AND DISCUSSION
Cost Versus V/C Ratio

The total unit cost (agency plus user) versus V/C ratio for the
two-lane (RAU-211) and four-lane (RFD) facilities conforming
to the design standards mentioned earlier is shown in Figures 2
and 3. It is evident that when the 1965 HCM is used in the
analysis, the total unit cost for the example two-lane site C243
(and the other typical sites that are not included in the figures)
is minimum at a V/C range of 0.3 to 0.4. Such a cost-volume
curve in which costs are minimum at a moderate V/C ratio and
rapidly increase at higher V/C ratio might appear credible when
considering the fact that highway agencies attempt to provide
Level of Service B as a design criterion for rural highways. It is
also shown by Figure 2 that, with the 1985 HCM, the minimum
cost corresponds to a V/C value in the range of 0.6 and 0.7, and
the total unit cost does not increase appreciably even up to a
V/C of 1.0. This indicates that for a cost-effective design of a
rural two-lane facility, a V/C value of 1.0 could be used. This,
indeed, might conflict with the existing concept of level of
service because, in practice, Alberta Transportation and many
other highway agencies have been observed to provide a Level
of Service B for rural roads. The effects of directional split
(denoted by DS in Figure 2) for two-lane roads and the driver
population factor f, appear to be insignificant in the context of
cost versus V/C ratio analysis for rural highways.

Break-Even Comparisons: Cost
Versus AADT Curves

The cost-volume curves shown in Figures 4-6 represent a
break-even type of economic comparison of the existing two-
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FIGURE 3 Cost versus V/C ratio for the four-lane
(RFD) highway with traffic characteristics similar to
site C243.
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lane facility and the proposed four-lane alternative. In all these
figures, the x-axis is the volume of traffic (AADT) in vehicles
per day, and the y-axis is the unit cost (cents per vehicle
kilometer) corresponding to the 30th highest hour volume for
an AADT volume shown on the x-axis. Usually, in the case of
break-even comparisons, the x-axis represents the level of

output for the alternatives to be compared. The AADT is used
in the present context because it is the most commonly used
and easily understood measure of traffic volume. As mentioned
earlier, the capital cost for the existing two-lane alternative is
considered as a *“sunk’ cost; the only agency cost in this case is
the maintenance cost.
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It is apparent that the break-even points derived from the
application of the 1985 manual occur at a much higher value of
AADT as compared to the 1965 manual. For example, in the
case of the regional commuter site C9, a break-even in the costs
for the two study alternatives results in an AADT value of
18,500 vehicles per day using the 1985 manual as compared to
an AADT value of 7,000 for the 1965 manual. The generally
insensitive nature of the new speed curves (3), with respect to
the volume of traffic, and a substantial increase in the ‘“‘ideal”
capacity for two-lane roads in the 1985 manual are mainly
responsible for such a wide difference in the break-even points.

Another observation that can be made from Figures 4-6 is
the effect of road type on cost-volume curves and the resulting
break-even points. Because of their differences in the 30th
highest hourly volume (expressed in percent of AADT), the
study sites C9, C243, and C249 exhibit different rates of cost
increase beyond the AADT range where the total cost minimi-
zation occurs.

The study results pertaining to the value of AADT yielding a
break-even situation between the two alternatives were tested

by comparing them with the actual practice of upgrading two-
lane roads in Alberta. It may be noted that upgrading of two-
lane roads to three- or four-lane facilities has not been defini-
tive under Alberta Transportation policy to date. In the past,
facilities have been reconstructed on the basis of need, as
dictated by traffic demand and safety. In one report (8), Alberta
Transportation indicated that “expansion to four-lancs will not
be undertaken until volumes reach the 6,000 to 8,000 AADT
range.” However, since the time of that report, the province has
received a large number of user complaints about the poor level
of service provided by some of the two-lane roads carrying
volumes in the AADT ranges of 2,000 to 4,000 vehicles per
day. In many such cases, requests were made to upgrade these
roads to the four-lane standard.

Table 3 includes AADT estimates for upgrading two-lane
roads and compares the actual practice by Alberta Transporta-
tion and the break-even analysis results from Figures 4-6. The
theoretical results correctly indicate the difference in the needs
for upgrading the various types of roads at different AADT
levels. It is interesting to note that the actual practice followed

TABLE 3 AADT ESTIMATES FOR UPGRADING TWO-LANE ROADS:
ALBERTA PRACTICE VERSUS THEORETICAL RESULTS

Theoretical Results

Actual Alberta
Road Type Practice 1965 HCM 1985 HCM
Regional commuter 9,000-10,000 7,000 18,500
Rural long distance 4,000-5,000 5,500 13,000
Long distance/recreational ~ 3,000-4,000 3,250 9,000
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by Alberta Transportation is much closer to the results obtained
for the 1965 manual as compared to the results for the 1985
manual. The data given in Table 3 imply that, with a cost model
such as that used in this study, a project justifiable from the
point of view of the 1965 manual can be found unacceptable
using the 1985 manual. In fact, it can be said that the break-
even points or AADT values derived from the use of 1985
HCM are too high, and, as such, the analysis cannot be used as
an appropriate model for highway improvement programming.

Cost of Comfort and Convenience

The apparent underestimation of the road user costs for two-
lane roads, and the overestimation of break-even points associ-
ated with the 1985 HCM can be easily understood by consider-
ing the use of “percent time delay’ in this manual as the
primary measure of service quality for two-lane highways—the
other two being average travel speed and capacity utilization.
The computations of economic costs shown in Figure 2 and
Figures 4 through 6 take into account only speed of travel and
capacity utilization (or V/C ratio) in the manner used before the
publication of the 1985 HCM. The “percent time delay” aspect
of the level-of-service analysis is not considered in the eco-
nomic cost calculations. It is because of this exclusion of
“percent time delay”” consideration from the economic calcula-
tions and the new speed-volume relationship that the cost-
volume curves obtained from the 1985 HCM are insensitive to
traffic volume and do not seem to properly reflect the deteriora-
tion in level of service with increases in traffic volume or V/C
ratio.

The measure of “‘percent time delay” is difficult to obtain
directly in the field. However, as indicated in the 1985 manual,
for field studies, it can be represented in percentage of vehicles
traveling at headways of less than S sec. The 1985 HCM points
out that as volume approaches capacity on two-lane roads,
passing demand greatly exceeds passing capacity, which results
in a buildup of platoons, and motorists are delayed almost 100
percent of the time. Although the speeds may be relatively high
and near capacity, driver frustrations and strain could be intol-
erable if the platoons routinely existed for long periods of time.

It appears from the preceding discussion that, in order to
achieve cost-volume curves that are capable of appropriately
reflecting the cost of user congestion, the computations of user
costs employing the 1985 HCM should also involve some
consideration of motorists” hardship associated with platooning
and passing maneuvers on two-lane rural roads. The *‘percent
time delay” parameter in the 1985 manual is intended to be
used for level of service analysis, but other factors such as cost
of comfort and convenience may be used as a practical measure
in highway economic analysis.

A review of the existing state of opinion (3, 7, 9, 10) indi-
cates that any generalized model, in order to provide a measure
of comfort and convenience, should cover such factors as (a)
the relative importance of driving comfort as perceived by road
users, (b) the unsatisfied demand (overtaking demand minus
actual overtaking) curves (10), (c) “percent time delay” curves
(3), (d) type of road use (7), (e¢) V/C ratio (9), (f) desired
highway speed, and (g) vehicle classification. Based on these
factors, several generalized mathematical models were investi-

gated. The following model seems to encompass satisfactorily
the foregoing considerations (11):

CCC = A(V/C)? )

where CCC is the cost of comfort and convenience, and A and
B are the model parameters. A detailed description of the
model parameters and their calibration is given elsewhere (11).

For a brief interpretation of this model and its parameters,
the right-hand side of the equation can be split into two parts:
the expression (V/C)®, termed a discomfort and inconvenience
index (DII), and parameter A.

The DII can be taken to be a relative measure of discomfort
and inconvenience as perceived by an average user, and is
expressed on a scale of 0.0-1.0, 0.0 being the minimum and 1.0
being the maximum discomfort and inconvenience. Shown in
Figure 7 is a plot of the DII versus V/C curves for different
values of B greater than 0.0. The DII curves indicate that (a) the
discomfort and inconvenience as perceived by an average user
will increase with increasing traffic volume (V/C ratio) and
reach a maximum value when V/C equals 1.0, that is, at
capacity; (b) except for the value of V/C equal to 1.0, the DII
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FIGURE 7 Effect of parameter B on discomfort and
inconvenlence Index.

value for a particular value of V/C increases as the value of B
decreases; and (c¢) the DII value remains the same at 1.0 for
V/C equal to 1.0 for all values of B.

Road users making work trips of short distances are usually
presumed to have a higher degree of acceptance of congestion,
and, therefore, lower expectations of comfort and convenience.
On the other hand, users making long-distance trips presum-
ably accept congestion to a lesser degree, and, therefore, expect
higher degrees of comfort and convenience. On the basis of
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such observations, B can be interpreted as the user’s expec-
tancy of the perceived comfort and convenience attached to a
highway facility and expected driving conditions; the lower the
value of B the higher the expected conditions.

The parameter A may be considered as the maximum per-
ceived monetary value attached to the maximum discomfort
and inconvenience (in cents per vehicle kilometer) that occurs
at a V/C ratio equal to 1.0, which is the cost that a user is
willing to bear in order to achieve the level of comfort and
convenience from traveling at a desired speed. Depending on
local conditions, such as socioeconomic characteristics, atti-
tudes, perception of preferences, and expectations of the com-
munity of users or drivers using the transportation facility, the
magnitude of A can be estimated by subjectively assigning a
weight to the attribute of comfort and convenience. For exam-
ple, based on a previous household survey (12) the value of A
was made equal to 50 percent of out-of-pocket (or fuel plus oil)
cost in the case of the present investigation.

It can be noted that the CCC model (Equation 4) is de-
veloped with the intention of using it for two-lane rural high-
ways; the cost value given by this model is assumed mainly to
be a measure of the discomfort and inconvenience caused by
the phenomena of platooning and overtaking. For this reason,
the CCC model is applied only to the existing two-lane alterna-
tive and not (o the four-lane alternative.

While keeping the value of parameter A constant (at a 50
percent level of the out-of-pocket cost), the effect of parameter
B is shown in Figure 8, which is drawn for the study site C243
using the 1985 HCM data. The value of B equal to 2.0 seems to
yield the break-even results that conform to the actual practice
of upgrading two-lane roads in Alberta, that is, a break-even
AADT range of 4,000 to 5,000 in the case of long-distance sites
(Table 3). A similar calibration for the other study sites resulted
in {a) B equal to 2.5 for the regional commuter site C9, and (b)

B equal to 1.5 for the long-distance/recreational site C249.

The cost versus V/C curves for the different road sites
obtained by the 1985 HCM, and the proposed cost of comfort
and convenience model are shown in Figure 9. It is evident
from this that the inclusion of the cost of comfort and conve-
nience in the analysis gives the desired results that seem to
conform to the practice of providing Level of Service B (or C)
in designing rural highways. As shown by Figure 9, the high-
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way cost starts increasing rapidly beyond a V/C range of 0.4 to
0.6.

Effect of the Driver Populatlon Factor

The only difference between the cost-volume curves for four-
lane highways using the 1985 and the 1965 manuals is that the
1985 manual takes into account the traffic stream characteris-
tics by applying the factor f, in capacity calculation. It can be
seen from Figures 4-6 that, le or four-lane highways, the popula-
tion factor f,, causes an upward shift in the cost-volume curve at
a high volume of traffic. But this does not seem to significantly
affect the results of break-even analysis carried out here for
upgrading of two-lane roads to four-lane standards. However,
this factor is likely to influence the results of other types of
transportation analyses involving capacity and level of service
for multilane highways.

Effect of the Directional Distribution

The 1985 HCM takes into account the effect of directional
distribution of traffic on the highway capacity analysis for two-
lane roads. The analysis carried out for this paper indicated that
a significant difference in the location of the break-even point
would result if the two extreme values of the split (100/0 and
50/50) were compared. However, the study results also showed
that a modest variation (such as a + 10 percent change) in the
directional split would not have a significant impact on high-
way economic analysis.

CONCLUSIONS
The main conclusions of this study are as follows:

1. The economic analysis of this study shows that the ap-
plication of the 1985 HCM data and capacity analysis pro-
cedure for two-lane roads would require the use of some
additional quantifiable variable reflecting the cost of deteriora-
tion in service with increasing traffic volume. It is suggested in
this paper that a cost of comfort and convenience should be
computed and added to the other components of the user cost.

2. The driver population factor f, causes an upward shift in
the cost-volume curves, and hence it is likely to influence the
results of some transportation analyses involving economic
comparisons for multilane highways.

3. The directional split of traffic is an important considera-
tion in the highway capacity analysis for two-lane roads.
However, the results of this study indicate that the variations in
the range of + 10 percent in directional split would not signifi-
cantly affect economic analysis.

4. Road use type is a significant factor that must be consid-
ered for highway improvement programming from both the
cost-effectiveness and users’ perspectives.

5. The break-even comparison curves developed in this
study and the actual practice followed by Alberta Transporta-
tion indicate that the AADT can be used as a good criterion for
cost-effective and user-oriented upgrading of two-lane roads.
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