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ABSTRACT

The comparison of Nordic highway capacity calculation methods is part of the Nordic
capacity cooperation project NORDKAP. This report presents a comparison of Nordic
capacity calculation methods for uninterrupted flow facilities (highway segments).

The Norwegian method follows the 1985 HCM most closely. In Finland the 1985
HCM is followed on freeways and four-lane highways. For two-lane highways the
method is modified so that the parameters can be obtained from the Finnra highway
database. In Denmark new methods have been documented in draft guidelines. These
follow roughly the 1994 HCM, but with a slightly modified logic and locally adjusted
parameters. The Swedish method is also under development. The structure of the
model is similar to the 1985 HCM, but many adjustment factors are still undefined.

For two-lane highways the ideal capacity is 2,800pc/h in all Nordic countries. For
freeways and multilane highways the ideal capacity 2,000 pc/h/lane of the 1985 HCM
is used in Finland and Norway. In Denmark and Sweden higher ideal capacities are
used, which reflect more recent results.

The capacities obtained by the Finnish and Norwegian methods are practically the
same as the 1985 HCM capacities. The adjustment factors in the Danish method cause
a steeper capacity reduction than in the 1985 HCM as the conditions become less ideal.
The Swedish method, on the other hand, uses the 1985 HCM adjustment factors for the
roadway width, but other adjustments are mostly omitted. Consequently, the Swedish
method gives high capacity estimates under unfavorable conditions.

In many countries calculations are performed by special computer software. These
software have not been used here, but the calculations and descriptions are based on
reported capacity models. The parameters of Finnish IVAR software are, however,
briefly discussed.



PREFACE

In 1996 the road administrations in Denmark, Finland, Norway and Sweden started
a cooperation project called NORDKAP (NORDiskt KAPacitetssamarbete, Nordic
Capacity Cooperation). The project has three objectives:

1. to compare calculation methods for capacity and level of service
2. to coordinate R&D efforts

3. to coordinate the development of national highway capacity manuals.

This report presents a comparison of Nordic capacity calculation methods for uninter-
rupted flow facilities (highway segments).

There is an extensive development effort going on in all Nordic countries. This fact
emphasises the need for a methodological comparison, but also makes it difficult to
define the methods to be compared. In Finland and Norway the “handbook” methods
have been presented. The Danish and Swedish methods presented are based on current
draft guidelines. It is assumed that the reader is familiar with the basic concepts of
capacity and level-of-service analysis.

The report has been prepared by Dr. R. Tapio Luttinen from TL Consulting Engi-
neers Ltd. and M.Sc.(Tech) Satu Innamaa from Helsinki University of Technology,
Laboratory of Transportation Engineering. This project has been part of the Finnra
strategic project S12 (Improvement solutions for main roads). The work has been co-
ordinated by deputy director Pauli Velhonoja from Finnra Traffic and Road Engineering
and M.Sc.(Tech) Jukka Ristikartano from Finnra Consulting. M.Sc.(Tech) Asa Enberg
from Helsinki University of Technology, Laboratory of Transportation Engineering has
provided very useful comments.

Hopefully, the results presented will be helpful in the development of national guide-
lines, improve our understanding of highway capacity, and lead to better traffic perfor-
mance in Nordic highway networks.

Helsinki, June 2000

Finnish National Road Administration

Traffic and Road Engineering
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INTRODUCTION

1 INTRODUCTION

1.1 Highway Capacity Manual

In 1950 théfirst editionof Highway Capacity ManualBureau of Public Roads 1950),
HCM for short, defined three capacity measures for highways:

 Basic capacitys “the maximum number of passenger cars that can pass a given
point on a lane or roadway during one hour under the most nearly ideal roadway
and traffic conditions which can possibly be attained”.

* Possible capacitys “the maximum number of vehicles that can pass a given
point on a lane or a roadway during one hour, under the prevailing roadway and
traffic conditions”.

« Practical capacityis “the maximum number of vehicles that can pass a given point
on a roadway or in a designated lane during one hour without the traffic density
being so great as to cause unreasonable delay, hazard, or restriction to the drivers’
freedom to maneuver under the prevailing roadway and traffic conditions”.

The second editiorof HCM (Highway Research Board 1965) developed the idea of
practical capacity by defining sievels of servicd A—F). “The maximum number of
vehicles which has a reasonable expectation of passing over a given section of a lane or
roadway in one direction on multilane highways (or in both directions on a two- or three-
lane highway) during a specified time period while operating conditions are maintained
corresponding to the selected or specified level of service” was cadieite volume
Capacitywas defined as “the maximum number of vehicles which has a reasonable
expectation of passing over a given section of a lane or a roadway in one direction (or
in both directions for a two-lane or a three-lane highway) during a given time period
under prevailing roadway and traffic conditions”. The definition was similar to the
possible capacity of HCM 1950 (Bureau of Public Roads 1950).

Level of service A described traffic and roadway conditions with “little or no restriction

in maneuverability due to the presence of other vehicles, and drivers can maintain
their desired speeds with little or no delay”. Levels of service B, C, and D described
conditions with increasing restrictions in maneuverability. Level of service E described
traffic flow at or near capacity. Level of service F described forced flow operation at
low speeds, where volumes were below capacity.

The third edition of HCM (Transportation Research Board 1985) was published 20
years later. It extended the scope of the manual to freeway systems, arterial streets,
transit, pedestrians and bicycles. The methods were updated to reflect the current
research. The third edition has been further updated in 1992 (Transportation Research
Board 1992), 1994 (Transportation Research Board 1994), and 1997 (Transportation
Research Board 1998).

A slightly revised definition otapacitywas given in HCM 1985. Capacity is

the maximum rate of flow at which persons or vehicles can be reasonably
expected to traverse a point or uniform segment of a lane or roadway
during a specified time period under prevailing roadway, traffic, and control
conditions, usually expressed as vehicles per hour or persons per hour.

Capacity was now defined in terms of ‘maximum rate of flow'—not ‘the maximum
number of vehicles’ as in the 1965 HCM. Reflecting this change, the ‘service volume’
concept in the 1965 HCM was now replaced vwstrvice flow ratewhich was
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the maximum hourly rate at which persons or vehicles can reasonably be
expected to traverse a point or uniform section of a lane or roadway during
a given period under prevailing roadway, traffic, and control conditions
while maintaining a designated level of service.

Capacity and service flow rates were generally based on 15-minute time periods.

Thefourth edition(HCM 2000) will be published by the year 2000. The methods for
freeways and multilane highways will be very similar to the HCM 1997 (Transportation
Research Board 1998), but the two-lane highway methodology will be totally revised
(Harwood, May, Anderson, Leiman, & Archilla 1999).

1.2 Nordic capacity methods

All Nordic methods for calculating capacity on highway segments are based on the
Highway Capacity ManualFinland, Norway and Sweden have used the 1985 HCM
(Transportation Research Board 1985). The current Danish method is based onthe 1965
HCM (Highway Research Board 1965), but the new draft guidelines (Vejdirektoratet
1999a) follow more closely the 1994 update of HCM (Transportation Research Board
1994). All these methods have been adjusted to local conditions.

In Denmarkgreat attention has been paid to freeways because traffic volumes on the
Danish freeway network has increased substantially, and capacity is expected to be
reached in several locations (Sgrensen & Rysgaard 1997). The present Danish method
to calculate the capacity in highway segments is presented in the guidéimegler

from 1981. Correction factors for freeways were revised in 1996 (Vejdirektoratet 1996).
New guidelines for capacity and level of service are under development. The discussion
below is based on the draft capacity manual (Vejdirektoratet 1999a). Levels of service
are expressed in terms of volume-to-capacity ratigg) and average travel speeds,
without any classification, such as A—F used in the HCM.

In Finland, capacity is seldom a problem, and it is not considered as important as in
other Nordic countries. Capacity problems occur only on certain major highways dur-
ing summer weekends and on bigger radial highways in the Helsinki metropolitan area.
Calculation methods for highway capacity are based on the 1985 HCM (Transportation
Research Board 1985) with minor modifications (Pursula & Ristikartano 1987). The
Finnish National Road Administration (Finnra) has published guidelines for two-lane
highways (Tiensuunnittelutoimisto 1986). Capacity calculations can also be performed
with the IVAR (Investment Impact Analysis Softwammputer software (Tie- ja li-
ikennetekniikka 1998b). IVAR applies the results of HCM (Transportation Research
Board 1985), the guidelines for two-lane highways (Tiensuunnittelutoimisto 1986), and
an unpublished report for multilane highways (Kehittdmiskeskus 1990).

The 1985 HCM level-of-service classification is used in Finland. The adjustment factors
for two-lane highways have been adjusted to the Finnish terrain type classification. In
the IVAR software (Tie- ja likennetekniikka 1998a) the level of service is based on
speeds and volume-to-capacity ratios specified for 20 facility types.

The Norwegianhandbook covers one-lane and two-lane highways outside built-up
areas, multilane highways, arterials in built-up areas, and weaving sections and ramps.
The method does not take into account the correlation of different quality parameters
that are included in HCM (level of service, traffic density, speed,gadatio). Levels

of service are based on the 1985 HCM. (Gisever 1997)

The Swedishcapacity manuaBerdkning av kapacitet, kélangd, férdréjning i vag-
trafikanlaggningamwas published in 1977 (Statens Vagverk 1977). Nowadays capacity
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calculations are based on the EVA model (Carlsson 1997). It has speed-flow diagrams
defined for every highway type and speed limit. The model was updated in the begin-
ning of the 1990’s by using data from a traffic monitoring system of 80 fixed measuring
points (Carlsson 1992). In addition, simulation was used for two-lane highways. A
traffic flow model for four-lane highways is under development. The results of the draft
report (Carlsson & Cedersund 1998) have been used below.

In Sweden no methods are presented to evaluate the level of service, but according to the
highway design guidelines (Statens Vagverk 1994) new highways should be designed
so that the following quality-of-service requirements apply for the design hour:

* Mean travel speed should not be more than 10km/h lower than the speed limit
(20km/h for lower standard).

» Mean delay should not be larger than five minutes in rural areas.

» The volume-to-capacity ratio should meet the requirements in table 1.1.

Table 1.1: Level-of-service standards in Sweden (Statens Vagverk 1994)

Standard Suburban Rural
High v/c < 0.7 v/c <05
Medium Q7 <wv/c <08 05<v/c<07
Low v/c > 0.8 v/c > 0.7
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2 CAPACITY
2.1 Capacity models

2.1.1 General description

Capacity is the maximum rate of flow at which persons or vehicles can be reasonably
expected to traverse a point or uniform segment of a lane or roadway during a specified
time period under prevailing roadway, traffic, and control conditions, usually expressed
as vehicles per hour or persons per hour (Transportation Research Board 1998). The
calculation methods are based on capaaify 4t ideal conditions. The prevailing
traffic and roadway conditions are considered by multiplying the ideal capacity with
adjustment factors for the width of the roadway, the portion of heavy vehicles, the
directional distribution of the traffic, etc. Under ideal conditions the adjustment factors
are equal to unity.

2.1.2 Two-lane highways

The calculation methods in the 1985 HCM (Transportation Research Board 1985) are
based on the level-of-service concept. Capacity is the service flow rate at level of
service E. On two-lane highways the capacityi¢

¢ = ¢j(v/c)efwfnv fa, (2.1)

wherec; is the capacity under ideal conditiory, is an adjustment factor for roadway
width, fuy is an adjustment factor for the percentage of heavy vehicles farsdan
adjustment factor for the directional distribution. The maximum volume-to-capacity
ratio at level-of-service Ewp/c)g, is adjusted for terrain type and percent no passing
zones. The 1985 HCM model structure is applie&imand (Tiensuunnittelutoimisto
1986) andNorway(Gieever 1997).

TheDanishmethod (Vejdirektoratet 1999a)

¢ = ijwaVfdfs (2.2)

does not have any adjustment for terrain type. The effect of vertical highway geometry
is included in the adjustment factor for heavy vehiclgg() only. There is also an
additional adjustment factof; for slow vehicles, such as tractors or harvesters.

The Swedishmethod (Carlsson 1997) follows the 1985 HCM method (equation (2.1))
but without adjustments for heavy vehicles, terrain type or directional distribution:

¢ =¢fw- (2.3)

The capacity is independent of speed limit and sight class. In Sweden sight class is
used as a highway classification measure instead of grade and curvature.

2.1.3 Freeways and multilane highways

Onfreewaysno adjustment for directional distribution or no-passing zones is needed.
The ideal capacity in the 1985 HCM is calculated on a per lane basis and the ideal
roadway capacity is obtained by multiplying the lane capacity by the number of lanes
(n). A new adjustment factorf{,) makes a correction for the character of traffic stream
(weekday, commuter or other). The freeway capacity according to the 1985 HCM is

¢ = Cjnfwapr- (2.4)
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For multilane highwayshe 1985 HCM (Transportation Research Board 1985) intro-
duced an additional adjustment factgg, for the type of the highway (divided or
undivided) and the development environment (rural or suburban). Accordingly, the
capacity equation is:

¢ = gnfufiv fofe. (2.5)

The distance between signalized intersections should be greater than 2 miles (3.2 km),
otherwise the method for arterial streets should be applied.

In Finland (Pursula & Ristikartano 1987) aridorway(Gisever 1997) the equation for
freeway capacity (2.4) is used for both freeways and multilane highways. There is,
however, no practical difference, becayse= 1 for freeways.

TheDanishmethod (Vejdirektoratet 1999a) does not use adjustment fagi@nsd fe.
The capacity equation for freeways and multilane highways is

¢ = cinfwfrv. (2.6)

The Swedishmethod calculates the capacity separately for each lane. No adjustment
factors are used (Carlsson 1997). The draft report for four-lane highways (Carlsson &
Cedersund 1998), however, defines adjustment factors for heavy vehicles. The capacity
equation is

¢i = ¢ji frv, (2.7)

wherec; andcj are the capacity and the ideal capacity for laneespectively. No
adjustment factor for lane widtff,,) could be obtained from the available data. The
adjustment factor for terrain type will be analysed later using microscopic models.

2.2 Capacity under ideal conditions
2.2.1 Ideal conditions

The ideal conditions are defined in the 1985 HCM (Transportation Research Board
1985) as follows:

1. Twelve-feet (3.65 m) minimum lane widths.

2. Six-feet (1.8 m) minimum lateral clearance between the edge of the travel lanes
and the nearest obstacle or object on the roadside or in the median.

3. Only passenger cars in the traffic stream.
4. Level terrain.

5. The design speed is 70mi/h (113km/h) or more on multilane highways and
60 mi/h (97 km/h) or more on two-lane highways.

6. On freeways the driver characteristics are assumed to be typical of weekday
commuter streams in urban areas, or regular users in other areas.

7. Multilane highways are divided with no direct access points along the roadway.

8. Two-lane highways have a 50/50 directional split of traffic and no ‘no-passing
zones’.

9. No impediments to through traffic due to traffic control or turning vehicles.

Under these conditions, the adjustment factors are equal to unity.
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2.2.2 Ideal capacity

Inthe 1985 HCM (Transportation Research Board 1985) the ideal capacity (capacity un-
der ideal conditions) on freeways and multilane highways is 2,000 pc/h/lane. This was
the capacity under ideal conditions already in the 1965 HCM (Highway Research Board
1965). If the design speed is 50 mi/h (80 km/h), the ideal capacity is 1,900 pc/h/lane.
The ideal capacity of a two-lane highway is 2,800 pc/h in both directions together.
These are also the ideal capacities used in Finland and Norway (tables 2.1 and 2.2).

Inthe 1997 update of the HCM (Transportation Research Board 1998), the ideal capacity
on freeways is 2,250-2,400 pc/h/lane, depending on free flow speed. On multilane
highways the ideal capacity can reach 2,200 pc/h/lane.

Table 2.1: Ideal capacities on multilane highways
Ideal capacity (pc/h/lane)

Highway type Denmark Finland Norway Sweden
Four-lane freeways 2,300 2,000 2,000 2300
Six-lane freeways 2,300 2,000 2,000 2,_2333

Four-lane or six-lane highways 2,300 2,600 2,000 2,10
D 1,900pc/hilane, if design speed<i80 km/h.
2) Average lane capacity (Carlsson 1992).

Table 2.2: Ideal capacities on two-lane and three-lane highways, both directions together

Ideal capacity (pc/h)

Highway type Denmark Finland Norway Sweden
Two-lane highway 2,800 2,8éb 2,800 2,800
Three-lane highway 2,660 2,600

D 3,080 pc/h on semi-motorways.

All Nordic countries have adopted the 1985 HCM estimate (2,800 pc/h) for ideal ca-
pacity ontwo-lane highwaysWide two-lane highways in Denmark and Sweden have,
however, higher ideal capacities (see section 3.2.2). A higher ideal capacity for wide
two-lane highways is also defined in the Finnish IVAR software (Tie- ja liikennetekni-
ikka 1998a). For Finnish semi-motorwayhke capacity is estimated as 3,080 pc/h. The
HCM 2000 capacity estimate for two-lane highways will be 1,700 pc/h in one direction,
but total capacity does not exceed 3,200 pc/h (Harwood, May, Anderson, Leiman, &
Archilla 1999). There will be no adjustment for roadway conditions.

In Denmark and Sweden the ideal capacityttoke-lane highwaygs lower than the
capacity of two-lane highways. In Finland ‘no outstanding increase’ in capacity has
been found due to the three-lane design (Enberg 1997).

In Denmark, the ideal capacity of three-lane (2+1) highways is 1,900 pc/h per direction,
which gives two-way capacity of 2,660 pc/h, when the effect of directional distribution
(section 3.4) is considered. Passing lanes are assumed to be 900-1,400m long.

For freeways and multilane highwai#nland and Norway follow the 1985 HCM. The
Finnish IVAR software (Tie- ja liikennetekniikka 1998a), however, defiage)g =

0.95 for multilane highways (facility types 13 and 14), which gives a capacity estimate
of 1,900 pc/h/lane. (See, however, the discussion about heavy vehicle adjustment in

1A semi-motorway is a high-class two-lane rural highway with full access control and motorised traffic
only.
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IVAR in section 3.3.) Denmark and Sweden use higher ideal capacities, which are
more in line with the current HCM update (Transportation Research Board 1998). It
is possible that in the final Danish guidelines six-lane freeways will have a higher
capacity-per-lane estimate than four-lane freeways (Vejdirektoratet 1999b).

In Sweden (Carlsson 1992) the capacity of four-lane freeways in one direction is

5,000 pc/h (2,100 pc/h on the right lane and 2,900 pc/h on the left lane). The capacity
of six-lane freeways is 6,400 pc/h per direction. The estimated speed at capacity on
freeways is 76 km/h. On four-lane highways the capacity is 4,200 pc/h per direction,

and the speed at capacity is 72km/h. The draft report for four-lane highways (Carlsson
& Cedersund 1998) gives lower and upper limits for capacities on left and right lanes

(table 2.3).

Table 2.3: Capacity on Swedish four-lane highways (Carlsson & Cedersund 1998)

Speed limit Left lane Right lane
(km/h) (pcrh) (pc/h)
70 2,000-2,300 1,700-1,900
90 to CBD 2,300-2,500 1,700-2,000
90 from CBD 2,500-2,800 2,000-2,300
110 2,200-2,700 1,700-2,000

CBD = Central business district.
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3 ADJUSTMENT FACTORS
3.1 Adjustment for terrain type

The 1985 HCM defines three terrain types (Transportation Research Board 1985):

1. Level terrainr—Any combination of grades and horizontal and vertical alignment
permitting heavy vehicles to maintain approximately the same speed as passenger cars;
this generally includes short grades of no more than 1 to 2 percent.

2. Rolling terrainr—Any combination of grades and horizontal or vertical alignment
causing heavy vehicles to reduce their speeds substantially below those of passenger
cars, bunotcausing heavy vehicles to operate at crawl speeds for any significant length
of time.

3. Mountainous terrair—Any combination of grades and horizontal and vertical align-
ment causing vehicles to operate at crawl speeds for significant distances or at frequent
intervals.

These terrain types are used to determine the passenger-car equivalents for heavy ve-
hicles (see section 3.3). On two-lane highways the terrain types in conjunction with
percent no-passing zones are also used to determine the volume-to-capacity/tatio (
ratio) for each level of service. Ao-passing zoné a roadway along which sight
distance is less than 1500 ft (460 m), or passing is prohibited. This adjustment is
considered here.

Table 3.1 displays the adjustment factargc)e for terrain type on two-lane highways.

This procedure takes into account that capacities vary depending on terrain and the
degree of passing restrictions (Transportation Research Board 1985). On level terrain
no adjustment is made for passing restrictions. For extended specific grades the 1985
HCM has a separate analysis method.

Table 3.1: Adjustment facto(®/c)g for terrain type on two-lane highways in the 1985 HCM
(Transportation Research Board 1985)

Percent no-passing zones

Terrain 0 20 40 60 80 100
Level 1.00 100 100 100 1.00 1.00
Rolling 097 094 092 091 0.90 0.90

Mountainous 091 087 084 082 0.80 0.78

TheDanishguidelines define four (I-1V) grade categoristigningskategojibased on

the average gradient and grade length (figure 3.1). The guidelines do n@t/uge

but the grade categories are applied in the estimation of passenger-car equivalents for
heavy vehicles.

In Finland the adjustment for terrain type is based on hilliness classes (HC) according
to table 3.2. HC1 corresponds to level terrain and HC3 to rolling terrain in the 1985
HCM. HC4 does not reduce capacity as much as mountainous terrain. Hilliness classes
are based on the hilliness index (table 3.3).

The 1985 HCM adjustment factors (table 3.1) are usdddrway. The definitions of
terrain types are, however, slightly modified: On level terrfiat (erreng the grades

are shorter than one kilometer or not steeper than three percent. Rolling tkeyaémt(
terreng has 1-2 km long grades of 5-6 percent. Otherwise the definitions are similar
to the definitions in 1985 HCM.
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stigning promiile

0 200 400 600 800 1000 1200 1400 1600 1800 2000

stigningsl@ngde meter

Figure 3.1: Danish grade categories by grade length (meters) and gradient (per mill) (Vejdi-
rektoratet 1999a)

Table 3.2: The adjustment factgp/c)e for terrain type on two lane highways in Finland
(Tiensuunnittelutoimisto 1986)

Hilliness Percent no-passing zones
class 0 20 40 60 80 100
HC1 1.00 1.00 1.00 1.00 1.00 1.00
HC2 098 097 096 096 095 0.95
HC3 097 094 092 091 090 0.90
HC4 094 091 088 0.87 085 0.84

The Swedishmethod does not use adjustment for terrain type. Neither is terrain type
used in heavy vehicle adjustment.

Considering the different criteria for terrain type, the comparison of the methods is
problematic. The Swedish method does not have a correction for terrain type. In
Norway the definitions are similar to the HCM, but with some quantitative definitions
added. These definitions can be used to compare the Norwegian method with the Danish
method. The Danish and Norwegian methods are based on grade length and gradient,
whereas the Finnish method is based on hilliness classes. In Finland and Denmark
there are no mountains and, consequently, no adjustment for mountainous terrain is
defined.

The Finnish hilliness class HC3 has the same adjustment factors as the rolling terrain
in HCM. The Norwegian method defines rolling terrain as a highway section which
has 1-2 km long grades of 5—6 percent. According to figure 3.1 this corresponds to
Danish grade category IV. In terms of heavy vehicle adjustment (see section 3.3) the
HCM rolling terrain is, however, more like Danish grade category lll.

The capacities adjusted for the rolling terrain type are given in table 3.4. Itis assumed
that the Finnish hilliness class HC3 is equivalent to the Norwegian rolling terrain. The
Danish and Swedish methods do not have any terrain type adjustment.

3.2 Adjustment for lane width

3.2.1 Freeways and multilane highways

In Finland (Pursula & Ristikartano 1987) the 1985 HCM adjustment factgy3 for
restricted lane width and lateral clearance on freeways and multilane highways are fol-
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Table 3.3: Hilliness classes in Finland

Hilliness Hilliness
class index (m/km)
HC1 <9
HC2 10-16
HC3 17-22
HC4 >23

Source: Pursula & Ristikartano (1987)

Table 3.4: Capacity on a two-lane highway on rolling terrain in Finland and Norway (other
conditions ideal)

Percent no-passing zones 0 20 40 60 80 100

Capacity (pc/h) 2,716 2,632 2,576 2548 2,520 2,520

Sources: Tiensuunnittelutoimisto (1986), Gieever (1997)

lowed. Table 3.5 displays adjustment factors for 4-lane freeways. The adjustment fac-
tors for 6-lane freeways are slightly higher (Pursula & Ristikartano 1987) as presented
in the 1985 HCM (Transportation Research Board 1985). For multilane highways the
adjustment factors in table 3.5 are supplemented by a further adjustment(fgotas
described in section 3.5.

Table 3.5: Adjustment factor for restricted lane width and lateral clearance on four-lane free-
ways highways in Finland

Lane Distance to obstruction Distance to obstruction
width on one side (m) on both sides (m)

(m) 1.8 1.2 0.6 0 1.8 1.2 0.6 0
365 1.00 099 097 090 1.00 098 094 0.81
335 097 096 094 087 097 095 091 0.79
305 091 090 088 082 091 0.89 0.86 0.74
275 081 080 079 073 091 0.79 0.76 0.66
Source: Pursula & Ristikartano (1987)

In Norway (Gisever 1997) the same (HCM) adjustment factors are used as in Finland,
but the widths are lower. The Norwegian method also has separate adjustment factors
for undivided multilane highways (table 3.6). In addition, a further adjustment factor
(fe) for divided/undivided multilane highways is used as described in section 3.5.

The Danish adjustment factors for multilane highways and freeways (tables 3.7 and
3.8) are slightly modified from the 1985 HCM. Bwedeny,, is not defined.

Capacities adjusted for distance to obstruction on four-lane freeways and highways are
presented in figures 3.2, 3.3, and 3.4. Cubic spline interpolation was used to calculate
intermediate values.

3.2.2 Two-lane highways

Table 3.9 displays the adjustment factors for lane and shoulder wigjhn(the 1985
HCM. These factors are used in Denmark and Norway, but lane widths are 3.50, 3.25,
3.00 and 2.75 meters.

In Denmarkthe shoulder widths are 1.8, 1.2, 0.6 and 0 meters. Wide Danish two-lane
highways have a capacity of 3,200 pc/h, but this estimate is not considered accurate
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Figure 3.2: Capacity on four-lane freeways as a function of the distance to obstruction on one
side of the highway (lane width 3.5m, other conditions ideal)
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Figure 3.3: Capacity on divided four-lane highways as a function of the distance to obstruction
on one side of the highway (lane width 3.5m, other conditions ideal)
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Table 3.6: The adjustment factor for restricted lane width and lateral clearance on freeways
and multilane highways in Norway

Type of Lane Distance to obstruction Distance to obstruction
Cross width on one side (m) on both sides (m)
section (m) 15 1.0 0.5 0 15 1.0 0.5 0
350 1.00 0.99 0.97 0.90 1.00 0.98 0.94 0.81
Divided 325 097 096 094 0.87 0.97 0.95 091 0.79
3.00 091 090 0.88 0.82 0.91 0.89 0.86 0.74
275 081 080 0.79 0.73 0.91 0.79 0.76 0.66
350 1.00 098 095 0.88 Not Not 094 0381
Undivided 3.25 0.95 094 0.92 0.85 of of 091 0.79
300 089 088 0.86 0.80 current current 0.86 0.74
275 0.77 076 0.75 0.70 interest interest 0.66

Source: Gieever (1997)

Table 3.7: Adjustment factor for restricted lane width and lateral clearance on undivided
highways in Denmark

Lane Distance to obstruction
width (m)
(m) 1.8 1.2 0.6 0
>3.50 1.00 0.97 0.93 0.88
325 094 092 0.88 0.82
3.00 087 085 081 0.75
275 076 074 0.70 0.66

Source: Vejdirektoratet (1999a)

(Vejdirektoratet 1999b). In one direction the maximum flow rate on Danish wide two-
lane highways is 2,300 pc/h.

In Norway lower values for shoulder widths are used: 1.5, 1.0, 0.5 and 0 meters.
These modifications slightly increase the capacity estimates on some highways when
compared to the 1985 HCM. This effect can also be observed by comparing the Finnish
and Norwegian capacity estimates for multilane highways in figures 3.3, and 3.4.

The adjustment factors iRinland (table 3.10) ancsweder(table 3.11) are based on

the 1985 HCM, but are expressed in terms of standard cross sections. Both tables have
adjustment some factors greater than unity, which indicates capacities greater than
2,800 pc/h on some high-class two-lane highways.

In Finland (Tiensuunnittelutoimisto 1986) the ideal capacity for semi-motorways is
3,080 pc/h. The IVAR software (Tie- ja likennetekniikka 1998a) applies 2,800 pc/h for
semi-motorways also, but givel, = 1.30 for two-lane highways having a wide lanes
and pavement wider than 13 meters. The resulting capacity estimate is 3,640 pc/h at
ideal conditions. On highways having 6.5-9.5m wide pavements the Finnish adjust-
ment factors are slightly below the 1985 HCM factors.

In Sweden (Carlsson 1997) the capacity estimate for semi-motorways is 3,000 pc/h,
which is also the ideal capacity for 13 meters wide highways. Otherwise, the Swedish
adjustment factors follow the 1985 HCM very closely. Table 3.12 displays a comparison
of Nordic adjustment factors for roadway width.
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Table 3.8: Adjustment factor for restricted lane width and lateral clearance on divided highways
and freeways in Denmark

Capacity (pc/h/lane)

Lane Distance to obstruction Distance to obstruction
width on one side (m) on both sides (m)
(m) 1.8 1.2 0.6 0 1.8 1.2 0.6 0
>350m 100 099 097 092 100 098 095 0.86
325m 095 094 092 088 0.95 093 090 0.82
300m 090 089 088 084 090 0.88 0.8 0.78
Source: Vejdirektoratet (1999a)
2600
Denmark
2400+ —— Finland
------ Norway
-=- Sweden
2200 .
20001 e .
1800 v S i = - ettt ittt beieees =
1600 = .
1400+ s
1200 .
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0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Distance to obstruction (m)

Figure 3.4: Capacity on divided four-lane highways as a function of the distance to obstruction
on one side of the highway (lane width 3.0m, other conditions ideal)

Table 3.9: Adjustment factor for the combined effect of narrow lanes and restricted shoulder
width (f) atlevel of service E on two-lane highways in the 1985 HCM (Transportation Research

Board 1997)

Usable shoulder width

Lanewidth 1.8m 15m 12m

09m 06m Om

3.6m
3.3m
3.0m
2.7m

1.00 0.99 0.97
0.94 0.93 0.92
0.87 0.86 0.85
0.76 0.75 0.74

0.95
0.90
0.83
0.72

0.93 0.88
0.88 0.82
0.81 0.75

0.70 0.66
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Table 3.10: Adjustment factor for the width of two-lane highways in Finland

Cross section

Pavement width (m) fw

Type

Semi-motorway 12.0 1.10
12.5/7.5 12.0 1.00
11.5/7.5 11.0 1.00
10.5/7.5 10.0 0.97
10/7 9.5 0.95
9/7 8.5 0.91
8/7 7.5 0.85
7 6.5 0.77
6.5 6.0 0.74
6 55 0.66
5.5 5.0 0.58
5 4.5 0.50

Source: Tiensuunnittelutoimisto (1986).

Table 3.11: Adjustment factor for roadway width in Sweden

Roadway width (m)  fw

Semi-motorway 1.07
13 1.07

11 1.00

8-9 0.93

7-7.5 0.89

6-6.5 0.79

5-5.5 0.64

Source: Carlsson (1997).

Table 3.12: Adjustment factors for the width of two-lane highways

Cross section

Type Pavement width (m) Finland Denmark Norway Sweden HCM
Semi-motorway 12.0 1.10 1.00 1.00 1.07 1.00
12.5/7.5 12.0 1.00 1.00 1.00 1.04 1.00
11.5/7.5 11.0 1.00 1.00 1.00 1.00 1.00
10.5/7.5 10.0 0.97 0.97 0.99 0.97 0.97
10/7 9.5 0.95 0.97 0.99 0.95 0.96
97 8.5 0.91 0.94 0.95 0.93 0.92
8/7 7.5 0.85 0.90 0.91 0.89 0.89
7 6.5 0.77 0.82 0.82 0.79 0.81
6.5 6.0 0.74 0.75 0.75 0.79 0.75
6 5.5 0.66 0.66 0.66 0.64 0.68
5.5 5.0 0.58 — — 0.64 —

5 4.5 0.50 — — — —

Type: Width of lanes+shoulders / lanes
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3.3 Adjustment for heavy vehicles

Inthe 1985 HCM (Transportation Research Board 1985) the adjustment factor for heavy
vehicles (fyyv) is obtained from the following equation:

100

o = 1005 Pr(Er = 1) & PrEn—1) + Po(Es—1)'

(3.1)

wherePr, Pr and Pg are the percentages of trucks, recreational vehicles and busses in
the traffic. Et, Er andEg (table 3.13) are the corresponding equivalent values for three
terrain types described in section 3.1. Adjustment factors are the same for freeways and
multilane highways. For specific grades the 1985 HCM has an extended calculation
method, which is not discussed here. The 1985 HCM (Transportation Research Board
1985) method is used iNorway(Gisever 1997).

Table 3.13: Equivalent values for trucks, recreation vehicles and buses at level of service E
on freeways, multilane highways, and two-lane highways in the 1985 HCM (Transportation
Research Board 1985)

Fway & multilane Two-lane
Terraintype Et ERrR Ep ET ErR Eg
Level 1.7 16 1.5 20 16 16
Rolling 40 3.0 30 50 33 29

Mountainous 8.0 4.0 5.0 120 52 65

In Finland passenger-car equivalents on both multilane and two-lane highways (table
3.14) are based on hilliness classes (see table 3.3 on page 15). On two-lane highways
the equivalence values for hilliness classes HC1 and HC3 are equal to the equivalence
values for level and rolling terrains in the 1985 HCM, correspondingly (Tiensuunnitte-
lutoimisto 1986).

Table 3.14: Equivalent values for trucks, recreation vehicles and buses at level of service E in
Finland

Hilliness Multilane) Two-lane
class Er ER Eg ET Er EB
HC1 1.7 16 15 20 16 1.6
HC2 20 20 16 35 24 22
HC3 30 20 16 50 33 29
HC4 50 3.0 20 85 42 47

1) Used in IVAR software.

Sources: Tiensuunnittelutoimisto (1986) and Kehittamiskeskus (1990).

The HCM method is used for Finnish freeways and multilane highways (Pursula &
Ristikartano 1987). The IVAR software (Tie- ja likennetekniikka 1998a), however,
uses the passenger-car equivalents presented in an unpublished report of multilane
highways (Kehittamiskeskus 1990). Because the effect of heavy vehicles was measured
atnonideal conditions, equation (3.1) was modified as follows (KehittAmiskeskus 1990):

1052

fav = To07 Pr(Er—1) + Pa(Er — 1) + Pa(Eg — 1)

(3.2)

In IVAR the base conditions had two percent buses and five percent recreational vehi-
cles. In data input trucks and buses are combiifggd = Pr + Pg). The adjustment
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is accordingly:

100

I = 100+ B(ER—1) 1 2(Es — D) & Py — 2 (Er — 1)’

(3.3)

IVAR uses the same modification (3.3) for two-lane highways also. If the assumptions
about the percentages of buses and recreational vehicles are not valid, the model has a
bias.

The Danish guidelines use two categories of heavy vehicles. Categancludes
5.8-12 meters long vehicles. Categdryncludes vehicles longer than 12 meters.
Accordingly, the adjustment factor for heavy vehicles is

100

v = 1005 PAE. — D 1 PyE, — D)

(3.4)

The passenger-car equivalents (table 3.15) for heavy vehicle categaaigdd are
defined according to the grade categories in figure 3.1 on page 14.

Table 3.15: Equivalent values for heavy vehicles in Denmark

Grade Multilane  Two-lane
category E, E, E; Ep
| 20 25 25 3.0
1 30 40 35 4.5
I 45 6.0 5.0 7.0
\ 60 75 80 100
Source: Vejdirektoratet (1999a)

The ideal capacity in th&wedishmethod is expressed in vehicles per hour—not in
passenger car units. Consequently, no equivalence values are used. Currently the
Swedish method does not have any heavy vehicle adjustment. The draft report for
four-lane highways (Carlsson & Cedersund 1998) has, however, proposed adjustment
factors, which are presented in table 3.16. For lower (0-5) percentages the adjustment
factors are different for left and right lanes. At higher heavy vehicle percentages the
adjustment factors are the same for both lanes, because there have not been sufficient
field data to define separate values for different lanes.

Table 3.16: Adjustment factors for heavy vehicles on Swedish four-lane highways

Percent

heavy vehicles fuv
0-5 0.98 leftlane
0-5 0.99 rightlane
5-10 0.96
10-15 0.93
15-20 0.90

Source: Carlsson & Cedersund (1998)

Figure 3.5 displays the effect of heavy vehicles on the capacity of multilane highways.
The HCM methodology is applied for multilane highways in Norway. These curves
also describe the Finnish capacity estimates for hilliness classes HC1 and HC3. There
are, however, separate curves for the IVAR software. The ideal capacity in IVAR is
1,900 pc/h, whereas the HCM curves are based on ideal capacity 2,000 pc/h. Especially
on rolling terrain (HC3) the effect of heavy vehicles is lower in IVAR than in the HCM.



22 Nordic Highway Capacity
ADJUSTMENT FACTORS

The Danish method is based on different classification of both terrain types and heavy
vehicles. Assuming thatthe Danish grade categories | and 1l correspond to the level and
rolling terrain types in the HCM, the Danish adjustment factors are larger than the HCM
factors, but even adjusted capacities is higher than the HCM capacities. The Swedish
adjustment factors are those presented in the draft report by Carlsson & Cedersund
(1998) and in table 3.16.

2400

2200}
2000

1800

1600

Capacity (veh/h/lane)

—— HCM (level)
1400 | ——  HCM (rolling)
------ IVAR (HC1)
--—- IVAR (HC3)
1200k Denmark (GC 1)

R Denmark (GC IlI)
--- Sweden

1000 !
0

1 1 1
5 10 15 20 25 30
Percentage of heavy vehicles

Figure 3.5: The effect of heavy vehicles (trucks = Danish category ‘a’ vehicles) on capacity on
divided four-lane highways (other conditions ideal)

Figure 3.6 shows the effect of heavy vehicles on two-lane highway capacity. The HCM
curves for level and rolling terrain describe the results of the Norwegian method and the
Finnish method for hilliness classes HC1 and HC3. The curves for IVAR software are
also displayed, and they are slightly below the HCM curves. This is caused by the effect
of recreational vehicles in IVAR. For level terrain (CG I) the adjustment in Denmark

is larger than in the HCM. For grade category lll the Danish method has the same
passenger car equivalent for trucks as the rolling terrain in HEM= Et = 5.0),

but the capacity is higher, because the Danish method does not have any terrain type
adjustment for passenger cars. The Swedish method does not have any heavy vehicle
adjustment.

3.4 Adjustment for directional distribution

The 1985 HCM (Transportation Research Board 1985) adjustment fag§ors), for
directional distribution on two-lane highways are displayed in table 3.17. The two-way
capacity is

C = f4(P4)2800 pC/h, (35)

when the proportion of traffic in major direction &, but other conditions are ideal.
There is a slight rounding error: At directional distribution 100/0 the capacity is
1,988 pc/h, not 2,000 pc/h. The adjustment factors of HCM 1985 are ugedlamd
andNorway.

The Finnish IVAR software (Tie- ja liikennetekniikka 1998a) is based on directional
analysis. The adjustment factors (table 3.17) have been modified accordingly. The
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Figure 3.6: The effect of heavy vehicles (trucks = Danish category ‘a’ vehicles) on capacity on
two-lane highways (other conditions ideal)

Table 3.17: Adjustment factors for directional distribution for two-lane highways in HCM 1985
and IVAR

Directional distribution  50/50 60/40 70/30 80/20 90/10 100/0
HCM 1985 1.00 0.94 0.89 0.83 0.75 0.71
IVAR 0.50 0.55 0.62 0.66 0.68 0.71

Sources: Transportation Research Board (1985) and Tie- ja liikennetekniikka (1998a).

capacity adjusted for the effect of opposing flow according to IVAR is
2800

where f4(Py) is the adjustment factor for directional distributidy. For an even
directional distribution with no passing restrictions the capacity is

C = 0.50 x 2 x 2800= 2800 pc/h. (3.7)
The capacity of unidirectional traffic flow at otherwise ideal conditions is

C =0.71 x 1 x 2800= 1988 pc/h. (3.8)

The Danishadjustment for directional distribution uses the percentage of no-passing
zones as an additional parameter (Vejdirektoratet 1999a). The approach will be followed
in the HCM 2000, although the adjustment there will also depend on the two-way flow
rate (Harwood, May, Anderson, Leiman, & Archilla 1999). In the 1985 HCM the
percentage of no-passing zones is included in the volume-to-capacity(watig:,

which is not used in the Danish method.

The Danish adjustment factors in table 3.18 are applied on a directional basis. For
a two-lane highway with no passing restrictioif3,, = 0) the adjustment is, within
rounding precision, the same as in the 1985 HCM. The adjustment factor is 0.70, if
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directional distribution is 50/5QPy = 0.5), or if there are no passing zones on the
highway segment being analysed. Other adjustment factors in table 3.18 have been
derived by linear interpolation (horizontally).

Table 3.18: Adjustment factors for directional distribution on two-lane highways in Denmark

Directional Percent no-passing zon®gp

distribution 0% 20% 40% 60% 80% 100%
100/0 % 1.00 094 088 082 0.76 0.70
90/10 % 095 090 085 080 0.75 0.70
80/20 % 092 088 083 079 074 0.70
70/30 % 087 084 080 077 073 0.70
60/40 % 0.79 077 075 084 0.72 0.70
50/50 % 070 070 0.70 0.70 0.70 0.70

Source: Vejdirektoratet (1999a)

Assuming that the opposing flow does not have any effect on capacity, the capacity
in one direction is 2,000 pc/h. Without any adverse effect of the opposing flow the
two-way capacity would be

2
C= ﬂ)pc/h. (3.9)
Py

The capacity adjusted for the effect of opposing flow according to the Danish method
is

2000

0
C = fa(Pa. Prp)—
d

pc/h, (3.10)

wherefq( Py, Pnp) is the adjustment factor for directional distributiBnand proportion
of no-passing zonds,,) as displayed in table 3.18. For an even directional distribution
with no passing restrictions the capacity is

C = 0.70 x 2 x 2000= 2800 pc/h. (3.11)

The capacity of unidirectional traffic flow at ideal conditions is 2,000 pc/h. Accordingly,
this method avoids the rounding error in the 1985 HCM.

The Swedisimethod does not have any adjustment for directional distribution.

Figure 3.7 displays capacity by directional distribution and percent no-passing zones on
Danish two-lane highways. Other conditions are assumed ideal. The upper curve (0 %
no-passing zones) is approximately the same as the HCM 1985 curve used in Finland
and Norway. HCM does not have any adjustment for percent no-passing zones on
level terrain. The capacity estimate for Swedish two-lane highways is constant (2,800
veh/h).

For comparison, the HCM capacities for rolling terrain are displayed in figure 3.8.
The curves also represent the capacities on Norwegian two-lane highways with rolling
terrain and Finnish two-lane highways with hilliness class HC3.

Figure 3.9 displays rolling terrain capacities with 15 percent heavy vehicles (trucks).
The Danish capacities are calculated for grade catagory Il and type ‘a’ heavy vehicles.
The combined effect of directional distribution and percent no-passing zones is much
larger in the Danish method than in the 1985 HCM.
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Figure 3.7: Capacity on Danish two-lane highways by directional distribution and percent
no-passing zones (percentages on the right, other conditions ideal)
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Figure 3.8: HCM 1985 capacity on two-lane highways by directional distribution and percent
no-passing zones (percentages on the right, rolling terrain, other conditions ideal)
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Figure 3.9: HCM 1985 and Danish (dashed line) capacity on two-lane highways by directional
distribution and percent no-passing zones (percentages on the right, rolling terrain / grade
category lll, 15 % trucks, other conditions ideal)

3.5 Other adjustment factors

The 1985 HCM has an adjustment factgg)(for recreational and weekend traffic on

freeways and multilane highwayd he adjustment factor for work related and other
regular traffic is 1.00. For recreational trafffg is 0.75-0.90. This adjustment factor

is used inFinland (Pursula & Ristikartano 1987) aridorway(Gisever 1997).

The 1985 HCM adjustment factor€) for multilane highway standard and environ-
mental conditionss presented in table 3.19. This adjustment factor is usé&thiand
(Pursula & Ristikartano 1987) aridorway(Gisever 1997).

Table 3.19: Adjustment factor for type of multilane highway and development environinent,
in the 1985 HCM(Transportation Research Board 1985)

Environment Divided Undivided
Rural 1.00 0.95
Suburban 0.95 0.80

TheDanishguidelines have an adjustment factgy) for slow vehiclesvith a maximum

speed of 25km/h. These vehicles, such as harvesters, are usually driven as far on the
shoulder as possible. Overtaking is thus easier on wide highways. The adjustment
factor is based on lane width and the number of slow vehicles per hour in both directions
(figure 3.10).



Nordic Highway Capacity 27

ADJUSTMENT FACTORS

c
1.0
N
oS
S
SO ST Kerespors-
08 N DSo Tt bredde:
N -7 arsm
N el *=--{ 350m
~d | 1T 325m
\\
07 3,00m

5§ 10 15 20 25 30 35 40
Langsomme keretejer
pr. time

Figure 3.10: Adjustment factor for slow vehicles on Danish two-lane highways (Vejdirektoratet
1999a)
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4 CONCLUSIONS

All Nordic capacity calculation methods follow the third edition of the Highway Ca-
pacity Manual (Transportation Research Board 1985). The Norwegian guidelines are
closest to the 1985 HCM method. The Finnish method is also very close to the HCM.
The Swedish method is a simplified version of the 1985 HCM. The draft guidelines in
Denmark follow the 1994 update of HCM (Transportation Research Board 1994) and
have more originality than the other Nordic methods.

TheNorwegianmethod is almost a copy of the 1985 HCM. The only major modifica-
tion is a distinct adjustment factoy\() for restricted lane width and lateral clearance

on undivided multilane highways. This makes the capacity estimates for undivided
highways lower. Lane and shoulder widths on two-lane and multilane highways are
rounded downwards so that the same capacity is reached on narrower highways than
in the HCM.

In Finland the 1985 HCM method for freeways and multilane highways is used. For
two-lane highways the major modifications are in the classification terrain in terms of
four hilliness classes (HC1-HC4). This affects the adjustment for terrain@ypog,

and the adjustment for heavy vehiclggy. In addition, the roadway width is expressed

as standard cross sections. These modifications have been made so that the Finnish road
database would be used more easily in capacity calculations. The ideal capacity for a
semi-motorway is 3,080 pc/h. The IVAR software gives an ideal capacity of 3,640 pc/h

for two-lane highways with wide lanes.

In Denmarkthe ideal capacity on freeways and multilane highways is higher than in
the 1985 HCM, and consequently, in Finland and Norway. The Danish guidelines do
not have an adjustment factor for terrain type/k)g], for recreational and weekend
traffic on freeways and multilane highwayg), or for multilane highway standard and
environment (). The effect of percent no-passing zones is considered in the context
of the adjustment for directional distributiofi). The adjustment factors for roadway
width (f) are slightly modified, and the adjustment factors for heavy vehicles are
based on Danish classifications of terrain types and vehicle types. A distinctive feature
of the Danish method is the adjustment factor for slow vehicfgs (The estimated

ideal capacity for wide two-lane highways is 3,200 pc/h.

In Swedenthe adjustment factors for two-lane roadway widfy )(follow the 1985

HCM. No other adjustment factors are used. Consequently, the capacity estimates
for rolling or mountainous terrains with a skewed directional distribution, passing re-
strictions and high heavy vehicle percentages are much higher than in other Nordic
methods. For semi-motorways and 13 meters wide two-lane highways the ideal capac-
ity is 3,000 pc/h. On freeways and multilane highways the capacity is higher on inner
lane(s) than on outer lane(s). The overall capacity is also higher than in the 1985 HCM.
Because the analytical methods are currently under development, simulation studies
are suggested for more complicated situations.

The capacity on ideal three-lane highways has been defined in Denmark and Sweden.
The capacity estimate for Danish three-lane highways (2,660 pc/h) is a little larger than
in Sweden (2,600 pc/h).

In many countries calculations are performed by special computer software. These
software have not been used, but the calculations presented above are based on reported
capacity models. The Finnish IVAR software was, however, briefly discussed.
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