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ABSTRACT

Research was undertaken to address two issues raised by Highway Capacity Manual
(HCM) users concerning the two-lane highway operational analysis procedure in the HCM2000.
First, users noted that service volumes for two-lane highway segments tend to be lower in the
HCM2000 than in the HCM1997. This can be corrected by recommended changes to the
HCM2000 operational analysis procedure for directional segments on two-lane highways.
Second, users were concerned that the HCM procedures do not apply to developed two-lane
highways. Recommended procedures were developed concerning how existing HCM procedures
can be adapted to meet this need. Further research would be needed to address situations which
cannot be addressed by adapting existing procedures.
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SUMMARY

Research was undertaken to address two issues raised by Highway Capacity Manual
(HCM) users concerning the two-lane highway operational analysis procedures in the HCM2000.

The first concern noted by users is that service volumes for two-lane highway segments tend to
be higher in the HCM2000 than in the HCM1997. The major source of this concern is overestimation of
percent time spent following (PTSF) in the HCM2000 directional segment procedure. To correct this
problem, revised PTSF vs. flow rate curves and a revised adjustment factor for directional split and no-
passing zones were developed. Specific recommended changes to the directional segment procedure are
presented.

The second concern noted by users is that the existing HCM procedures do not appear to address
two-lane highways in developed areas. Three scenarios that the HCM does not explicitly address were
identified: a two-lane highway through a small town; a two-lane highway in a transition area between rural
and urban/suburban conditions; and a two-lane highway with continuous urban/suburban development but
with no traffic signals or widely spaced traffic signals. For two-lane highways with free-flow speed of 56
krnlh (35 mi/h) or more, posted speed limit of 64 km/h (40 mi/h) or more, left-turn lanes at all public street
intersections and major driveways and one or more traffic signals, a recommended method for adapting
existing HCM operational analysis procedures to developed two-lane highways has been developed. It is
recommended that this procedure be incorporated in HCM Chapter 15. Further research is needed for
developed two-lane roads that do not meet these specified criteria.
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CHAPTER 1

INTRODUCTION

An improved methodology for operational analysis of two-lane highway segments was
developed in NCHRP Project 3-55(3), Capacity and Quality of Service for Two-Lane Highways,
and published in the year 2000 edition of the HCM (1). The HCM2000 methodology is an update
of the previous two-lane highway segment operational analysis methodology presented in the
1997 edition of the HCM (2), which, in turn, was identical to the operational analysis
methodology developed in NCHRP Project 3-28A for the 1985 edition of the HCM (3).

The HCM2000 has now been in use for approximately two years and user feedback is beginning
to be obtained. Two concerns have been called to the attention of the Transportation Research Board
(TRB) Committee on Highway Capacity and Quality of Service (HCQS) by HCM users:

. Service volumes provided by the HCM2000 directional analysts procedure are
lower than those provided in the HCM1997

o The HCM?2000 procedures for two-lane highways do not address two-lane
highways in developed areas

The issues were discussed at the meeting of the HCQS Two-Lane Highway Subcommittee in
January 2002 in Washington, DC. The subcommittee discussions established that:

. It was not the intention of the HCQS committee to bring about any major
reduction in service volumes, except for two-lane highway facilities with lower
design speeds. A change was made to the level of service (LOS) thresholds for
percent time spent following (see HCM2000 Exhibits 20-2 and 20-4) that was
intended to raise service volumes, not lower them.

. The two-way analysis procedure in HCM Chapter 20 appears to function

properly, but there may be an error in the directional analysis procedures in HCM

Chapter 20 that results in service volumes that are lower than intended. This

difference appears to be most pronounced for two-lane highways with nearly

equal directional splits. This has led HCM users to note that they are getting
different LOS estimates from the two-way and directional analysis procedures.

o Analysis of two-lane highways in developed areas and two-lane highways with
occasional signals (signal spacing greater than 3 km or 2 mi) does not appear to
be adequately addressed by either the two-lane highway analysis procedures in
HCM Chapter 20 or the arterial analysis procedures in HCM Chapter 15. In the
HCM2000 and its predecessors, this type of facility appears to fall through the
cracks between HCM Chapters 15 and 20.

MRI-AEDIRI10252-01.doc



The research presented in this report was undertaken to investigate these concerns and to
recommend changes to the HCM2000 to better address these issues.
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CHAPTER 2

OVERESTIMA TION OF PERCENT TIME SPENT FOLLOWING FOR DIRECTIONAL
SEGMENTS

Users of the HCM2000 Chapter 20 procedure have noted that the operational analysis procedure
for directional segments provides results that indicate lower levels of service than the HCM 1997
procedure. This anomaly has been investigated and it was found that the directional analysis procedure
overestimates one of the two-lane highway segment service measures, percent time spent following
(PTSF). The other two-lane highway segment service measure, average travel speed (A TS), appears to be
estimated properly in the directional segment procedure, and both PTSF and ATS are estimated properly in
the two-way segment procedure. The following discussion indicates the nature of the overestimation of
PTSF in the directional segment procedure and recommends changes to the procedure to remove the
overestimation.

HCM OPERATIONAL ANALYSIS PROCEDURES FOR TWO-LANE HIGHWAYS

The following discussion provides a comparison of three operational analysis procedures for two-
lane highways:

. The HCM1997 procedure for two-way segments
. The HCM2000 procedure for two-way segments
. The HCM2000 procedure for directional segments

Each of these procedures is discussed below.

HCM1997 OPERATIONAL ANALYSIS PROCEDURE FOR TWO-WAY SEGIVIENTS

The HCM 1997 operational analysis procedure for two-way highway segments is unchanged from
the two-way segment operational analysis procedure in the HCM1985. The LOS for two-lane highway
segments is defined in the HCM 1997 procedure based on PTSF alone, except for specific upgrades for
which the LOS is based on average upgrade speed. PTSF was refelTed to in the HCM 1997 procedure as
percent time delay, but this represents the same measure as PTSF in the HCM2000 procedure, defined as
the percentage of their total travel time that motorists spend following in platoons behind other vehicles.
The LOS thresholds for the HCM 1997 procedure are shown in Table 1.

The HCM1997 procedure for two-way segments is based on the PTSF vs. flow rate
relationship shown in Figure 1, based on HCM 1997 Figure 8-1. Figure 1 also illustrates the speed vs.
flow rate relationship used in the HCM1997. The PTSF vs. flow rate relationship shown in Figure 1
was established from computer simulation runs with the TWOP AS model (4,5) performed during
development of the HCM 1985 chapter in NCHRP Project 3-28A (6).

MRI-AEDIRI0252-01.doc 3
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Figure 1. Relationships of percent time delay and average travel speed
to flow rate usedfor two-lane highway segments in the 1997 HCM(2,3).

TABLE 1. Level of Service Criteria for General Terrain
Segments on Two-Lane Highways in the 1997 HCM (2,3)

Level of service

Percent time delay on general
tarrain segments

A

m m O O

<30
<45
<60
<75
>75
100




The PTSF vs. flow rate relationship in Figure 1 is not represented in the HCM 1997
procedure by an explicit model. Rather, volume levels based on Figure 1 are incorporated in the
procedure in the form of volume-to-ideal-capacity ratios for specific LOS thresholds, as shown
in Table 2, as a function of terrain and percent no-passing zones. Table 2 is presented in the
HCM1997 as Table 8-1. The volume-to-ideal-capacity ratios indicate the volume level
corresponding to a specific value of PTSF. The PTSF for any given volume level can be
estimated by interpolating between the service flow rates determined from the tabulated values.

In the HCM 1997 procedure, directional split influences the capacity of the highway under ideal
conditions and, therefore, indirectly influences the service flow rates (i.e., the LOS thresholds). Table 3
shows the values of fd, the factor that represents the effect of direction split on capacity and service flow
rate, based on HCM 1997 Table 8-4.

Service flow rates are computed with Equation (1), based on Equation 8-1 in the HCM 1997,
which incorporates values from Tables 2 and 3:

SF; = 2800 x (v/c); x fa x fy X fuy (1)
where: SFi = service volume (two-way) for level of service i for prevailing roadway

and traffic conditions (pc/h)

(v/c)i = volume-to-capacity ratio for level of service i (from Table 2)

fa = adjustment factor for directional distribution of traffic (from Table 3)

it = adjustment factor for narrow lanes and restricted lateral clearance (from
HCM1997 Table 8-5)

fyuv = adjustment factor for the presence of heavy vehicles in the traffic

stream (from HCM1997 Equation 8-2 and HCM Table 8-6)

The HCM 1997 procedure applies to two-way segments only. There is no procedure for directional
segments in the HCM 1997, except for the specific upgrade procedure which is applied to directional
segments on upgrades that exceed 0.4 km (0.25 mi) in length and 3 percent grade.

HCM2000 Operational Analysis Procedure for Two-Way Segments

The LOS for two-way segments is defined in the HCM2000 procedure based on PTSF and A TS
for Class I highways and on PTSF for Class II highways. The two-way segment procedure was developed
in NCHRP Project 3-55(3) (7). Class I highways are generally arterial highways that serve long-distance
trips and on which motorists expect to travel at high speeds. Class II highways are highways that serve
shorter trips and on which motorists do not expect to travel at high speeds. The distinction between Class I
and II highways is discussed more fully in the later section of this report in developed two-lane highways.
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TABLE 2. Level of Service Criteria for Operational Analysis of General Terrain Segments on Two-Lane Highways in the

198SHCM(2,3)
v/c Ratio®
Level terrain Rolliag terrain Mountainous terain
Percent no passing zones Percent no passing zones Percent no passing zones
Percent
time Avg® vg® Avg®
LOS delay spaed 0 20 40 80 80 100 speed o 20 40 60 80 100 speed 0 20 40 60 80 100
A <30 <58 015 012 008 007 005 004 <57 015 010 007 005 004 003 <56 014 009 007 004 002 001
§ <45 <55 027 024 021 019 017 016 <54 026 023 019 037 015 013 <54 025 020 038 013 012 010
C <60 <52 043 039 036 034 033 032 <5 042 039 035 032 030 028 <49 039 033 028 023 020 016
D <75 <50 064 062 060 059 058 057 <49 062 057 052 048 046 D043 $45 058 050 045 040 037 033
E >75 £45 1.00 1.00 1.00 1.00 1.00 100 <40 0.97 0.94 092 09 0.90 090 <35 091 087 0.84 082 080 a.78
F 100 <45 = = = = = = <40 — — - = = = <35 = = = = = =

® Ratio of flow rate o an ideal capacity of 2,800 pcph in both directions.
" These speeds are provided for information only and apply to roads with design speeds of 60 mph or higher.
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TABLE 3. Adjustment Factors for Directional Distribution of
Traffic on General Terrain Segments on Two-Lane Highways
in the HCM1997(2,3)

Directional distribution  100/0  90/10 80/20 70/30 60/40 50/50

Adjustment factor, f;, 071 075 0.83 089 094 1.00
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Tables 4 and 5 present the LOS thresholds for two-lane highway segments used in the
HCM2000 for Class I and II highways, respectively. These tables are equivalent to HCM
Exhibits 20-2 and 20-4. An editorial correction to Tables 4 and 5 planned for implementation in
the HCM is included in the versions shown here. For a segment of Class I highway, both the
PTSF and A TS definitions for any LOS must be met.

The two-way segment procedure incorporates an estimation methodology for PTSF. Figure 2
illustrates the PTSF vs. flow rate relationship for two-way segments presented in HCM2000 Exhibit
12-6; this curve is very similar to the HCM1997 curve shown in Figure 1. Figure 2 also illustrates the
speed vs. flow rate relationship for two-way segments used in the HCM2000. The PTSF vs. flow rate
relationship shown in Figure 2 is represented by the following equation, based on HCM2000 Equation
(20-7):

BPTSF = 100(1 - exp (—0.000879vp)> (2)
where: BPTSF = base percent time-spent-following for both directions of travel
combined

two-way passenger-car equivalent flow rate, pc/h

Vp

The PTSF estimate provided by Equation (2) is known as the base PTSF value for a two-way segment.
This base value is adjusted to the actual PTSF estimate using Equation (3), based on HCM2000
Equation (20-6):

PTSF = BPTSF + fynp (3)

where: PTSF
fd/np

percent time spent following

adjustment for the combined effect of the directional distribution of
traffic and of the percentage of no-passing zones on percent time-
spent-following

Ii

i

The term, fdlnp, in Equation (3) represents the effect of directional split and percent no-passing zones
on PTSF for the two-way segment. Table 6 presents the values of fdlnp, based on HCM2000 Table 20-
12.

HCM2000 Operational Analysis Procedure for Directional Segments
The two-lane highway operational analysis procedure for directional segments is similar to the

two-way procedure described above, except that a modified equation is used to determine the base PTSF
value and the term fdlnp is replaced by fnp, for which a table specific to directional segments is provided.

MRI-AEDIRII0252-01.doc



TABLE 4. LOS Criteria for Two-Lane Highway

Segments in Class 1(1)
LOS Percent time  Average travel speed (km/h)
A <35 > 90
B <50 >80
C <65 >70
D <80 > 60
E >80 <60

Note: LOS F applies whenever the flow rate exceeds the
segment capacity.

TABLE 5. LOS Criteria for Two-Lane Highway

Segments in Class II(1)
LOS Percent time-spent-following
A <40
B <55
C <70
D <85
E > 85

Note: LOS F applies whenever the flow rate exceeds the
segment capacity.

MRI-AED\R110252-01.doc



TABLE 6. Adjustment (fgp) for Combined Effect of Directional Distribution of Traffic
and Percentage of No-Passing Zones on Percent Time-Spent-Following on Two-Way
Segments(])

Increase in percent time-spent-following (%)

No-passing zones (%)

Two-way flow

rate, v, (pc/h) Y 20 40 60 80 100
Directional split = 50/50

<200 0.0 10.1 17.2 20.2 21.0 21.8

400 0.0 12.4 19.0 22.7 23.8 248

600 0.0 11.2 16.0 18.7 19.7 20.5

800 0.0 9.0 12.3 141 14.5 15.4

1400 0.0 3.6 5.5 6.7 7.3 7.9

2000 0.0 1.8 29 3.7 4.1 4.4

2600 0.0 1.1 1.8 2.0 2.3 2.4

3200 0.0 0.7 0.9 1.1 1.2 1.4
Directional split = 60/40

<200 1.6 11.8 17.2 225 231 237

400 0.5 11.7 16.2 20.7 215 222

600 0.0 115 152 18.9 19.8 20.7

800 0.0 7.6 10.3 13.0 13.7 144

1400 0.0 3.7 54 71 7.6 8.1

2000 0.0 23 34 3.6 4.0 43

> 2600 0.0 0.9 1.4 1.9 2.1 2.2
Directional split = 70/30

<200 2.8 13.4 19.1 248 25.2 255

400 1.1 125 17.3 22.0 2286 23.2

600 0.0 11.6 15.4 19.1 20.0 20.9

800 0.0 7.7 10.5 13.3 14.0 14.6

1400 0.0 3.8 5.8 7.4 7.9 8.3

= 2000 0.0 1.4 4.9 3.5 3.9 4.2
Directional split = 80/20

<200 5.1 175 243 31.0 313 31.6

400 2.5 15.8 21.5 271 2786 28.0

600 0.0 14.0 18.6 23.2 23.9 245

800 0.0 9.3 12.7 16.0 16.5 17.0

1400 0.0 48 6.7 8.7 9.1 9.5

> 2000 0.0 2.4 3.4 4.5 4.7 4.9
Directional split = 90/10

<200 5.6 2186 294 37.2 37.4 37.6

400 2.4 19.0 256 322 325 32.8

600 0.0 16.3 21.8 272 27.6 28.0

800 0.0 10.9 14.8 18.8 19.0 19.4

= 1400 0.0 5.5 7.8 10.0 10.4 10.7

MRI-AEDIRI10252-01.doc.
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The base PTSF value for directional segments is determined with the following equation,
which appears as Equation 20-17 in the HCM2000:

BPTSF, = 100(1 - exp (avy?)) (4)

where: BPTSFEy
Yd

base percent time-spent-following in the direction analyzed
directional passenger-car equivalent flow rate, pc/h

]

Equation (4) serves the same function for directional segments as Equation (2) serves for two-way
segments. The values used for coefficients a and b in Equation (4) are presented in Table 7, which appears
in the HCM2000 as Exhibit 20-21. Figure 3, based on HCM2000 Exhibit 12-7, illustrates these
relationships.

The PTSF estimate provided by Equation (4)is known as the base PTSF value for a directional
segment. This base value is adjusted to the actual PTSF estimate using Equation (5), based on HCM2000
Equation 20-16:

PTSFs = BPTSF; + fyp (5)
where: PTSFq4 = percent time-spent-following in the direction analyzed
BPTSFy = base percent time-spent-following in the direction analyzed
fop . = adjustment for percentage of no-passing zones in the analysis direction

(see Table 8)

The values of fop for use in Equation (5) are presented in Table 8, which appears as Exhibit 20-20 in the
HCM2000.

COMPARISON OF HCM TWO-LANE HIGHWAY OPERATIONAL ANALYSIS
PROCEDURES

Users have found that the HCM2000 directional procedure produces service flow rates (i.e.,
volumes corresponding to particular LOS thresholds) that are lower than those obtained from the HCM
1997 procedure. This is not what was intended because, as illustrated by the comparison of Tables 4
and 5 with Table 1, the LOS thresholds for PTSF were increased by 5 percent from the 1997 procedure
to the 2000 procedure.

MRI-AED\R110252-01.doc
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TABLE 7. Values of Coefficients Used in Estimating Percent
Time-Spent-Following for Directional Segments(1)

Opposing demand flow rate, v, (pc/h) a b
<200 -0.013 0.668
400 -0.057 0.479
600 -0.100 0.413
800 -0.173 0.349
1000 -0.320 0.276
1200 -0.430 0.242
1400 -0.522 0.225
> 1600 -0.665 0.199

a. Average Travel Spead vs.ADirecﬁcnal Flowe

110
FES = 110 kmvn

.
o
T

Average Travel Speed (kmvh)
]/ .l

T T T T T T T

T T
0 200 400 600 80C 1000 1200 1400 1600 1800 2000
Directional Flow Rate (pe/h)

b. Percant Time-Spent-Following vs. Directional Flow
100 Cpposing Flow = 16800 octh

Opposing Flow = 200 peh

Percent Time-Spent-Following

N
0 T T T

T T T T LI
a 200 400 600 800 1000 1200 1400 1600 1800 2000
Directional Flow Rate (pe/h)

Figure 3. Speed-flow and percent time-spent-following
flow relationships for directional segments with base
conditions(1).
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TABLE 8. Adjustment (f,p) to Percent Time Spent Following for Percentage of
No-Passing Zones in Directional Segments(I)

No-passing zones (%)
Opposing
demand flow <20 40 60 80 100
rate, v, (pc/h)
FFS =110 km/h
<100 10.1 17.2 20.2 21.0 21.8
200 12.4 19.0 2.7 23.8 24.8
400 9.0 123 14.1 14.4 15.4
600 53 7.7 9.2 9.7 10.4
800 3.0 4.6 5.7 6.2 6.7
1000 1.8 2.9 3.7 4.1 4.4
1200 1.3 2.0 26 2.9 3.1
1400 0.9 1.4 1.7 1.9 241
21600 0.7 0.9 1.1 1.2 1.4
FFS = 100 km/h
<100 8.4 14.9 20.9 22.8 26.6
200 11.5 18.2 24.1 26.2 29.7
400 8.6 121 14.8 15.9 18.1
600 51 75 9.6 10.6 12.1
800 28 4.5 5.9 6.7 7.7
1000 1.8 2.8 3.7 43 4.9
1200 1.2 1.9 286 3.0 3.4
1400 0.8 1.3 1.7 2.0 2.3
= 1600 0.6 0.9 1.1 1.2 1.5
FFS =90 km/h
<100 8.7 12.7 21.7 24.5 31.3
200 10.5 17.5 25.4 28.6 34.7
400 8.3 11.8 15.5 17.5 20.7
600 4.9 7.3 10.0 11.5 13.9
800 2.7 4.3 6.1 7.2 8.8
1000 1.5 27 3.8 45 5.4
1200 1.0 1.8 28 3.1 3.8
1400 0.7 1.2 1.7 2.0 2.4
= 1600 0.6 0.9 1.2 1.3 1.5
FFS =80 km/h
<100 5.0 10.4 224 26.3 36.1
200 9.6 16.7 26.8 31.0 39.6
400 7.9 116 16.2 19.0 23.4
600 4.7 7.4 10.4 12.4 15.6
800 25 42 6.3 7.7 9.8
1000 1.3 2.6 3.8 47 5.9
1200 0.9 1.7 28 3.2 4.1
1400 0.5 1.1 1.7 21 2.6
= 1600 0.5 0.9 1.2 1.3 1.6
FFS =70 km/h
<100 3.7 8.5 23.2 28.2 41.6
200 8.7 16.0 28.2 33.6 452
400 7.5 11.4 16.9 20.7 26.4
600 4.5 6.9 10.8 13.4 17.6
800 2.3 41 6.5 8.2 11.0
1000 1.2 25 3.8 4.9 6.4
1200 0.8 1.6 28 3.3 4.5
1400 0.5 1.0 1.7 2.2 2.8
21600 0.4 0.9 1.2 1.3 1.7
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Results from the HCM2000 directional procedure cannot be directly compared to the
results from the HCM 1997 procedure because the HCM 1997 results address both directions of
travel together, while the HCM2000 directional procedure, of course, represents only one
direction of travel. There are two methods, however, by which the two-way and directional
procedures can be compared. First, for cases in which there is a 50/50 directional split in traffic
volume, the service flow rates from the HCM2000 procedure can be doubled and compared to
those from the HCM 1997 procedure. In this case, the PTSF values from the two-way and
directional analyses can be compared directly. Second, for any roadway, the estimated PTSF
values from separate HCM2000 analyses of the two directions of travel can be combined as a
weighted average to obtain an estimate of the two-way PTSF and that value can be compared to
the HCM 1997 estimate of two-way PTSF. The same approach can be used to compare the two-
way and directional results from the HCM2000. 1t should be recognized that, for any two-lane
highway segment with a directional split of traffic volume other than 50/50, the LOS for the peak
direction of travel is likely to be lower than the LOS for the two directions of travel combined.

For high-speed highways, any difference in levels of service between the HCM2000 twoway and
directional procedures must necessarily arise from differences in the computed values of PTSF, because
ATS for a high-speed highway would have no impact on LOS and, because the linear nature of the speed-
flow relationship shown in Figures 2 and 3 ensures that the A TS values from the two procedures will be
consistent. The nonlinear nature of the PTSF vs. flow relationships for two-way and directional segments,
illustrated in Figures 2 and 3, respectively, introduce the possibility of differing PTSF values from the two
procedures.

Each of the three HCM procedures presented above was applied to a variety of two-lane highway
conditions to compare the results obtained. The HCM procedures that have been compared are:

. HCM1997 two-way operational analysis procedure
. HCM2000 two-way operational analysis procedure
. HCM2000 directional operational analysis procedure

Specifically, the following two-lane highway conditions were evaluated:

° Two-way flow rates from 200 to 3,200 pc/h in increments of 200 pc/h
) Directional splits of 50/50, 60/40, 70/30, 80/20, and 90/10
. Percent no-passing zones from 0 to 100 percent in increments of 20 percent

There are a total of 480 unique combinations of these conditions. Only 348 of these 480
combinations were actually evaluated because combinations of two-way flow rate and
directional split in which the heavier flow direction exceeds the directional capacity of
1,700 pclh indicated in HCM2000 Chapter 20 were not considered.

The application of the HCM2000 procedures was independent of terrain type (level vs.
rolling vs. mountainous). In the application of the HCM2000 procedure, terrain type affects the
passenger-car equivalents for heavy vehicles. Therefore, consideration of a passenger-car
equivalent flow rate of, say, 1,000 pclh could represent many different combinations of vehicle
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volume and vehicle mix. A choice of terrain type was necessary in applying the HCM 1997
procedure because the terrain type must be specified to use Table 2. Therefore, the HCM 1997
values were computed using level terrain.

Table A-I in Appendix A of this report presents the results of the comparison of the three
HCM procedures identified above for the 384 combinations of interest. The results of this
companson are:

J The PTSF results from the HCM1997 two-way segment procedure are, on the
average, 3.8 percent lower than the PTSF results from the HCM2000 two-way
segment procedure.

o The PTSF results from the HCM1997 two-way segment procedure are, on the
average, 15.5 percent lower than the combined two-way PTSF results from the
HCM2000 directional segment procedure.

. The PTSF results from the HCM2000 two-way segment procedure are, on the
average, 11.3 percent lower than the combined two-way PTSF results from the
HCM?2000 directional segment procedure.

There is substantial variation in the differences reported above among the 384 cases considered.
For example, while the average difference in computed PTSF between the HCM 1997 two-way procedure
and the HCM2000 two-way procedure is -3.8 percent, the individual differences range from -20.1 to +9.4
percent. It is natural that there should be some differences between the procedures because the
HCM2000 procedure was developed, in part, to correct perceived difficulties with the HCM 1997
procedure.

Of greater concern is the average difference in PTSF of 11.3 percent between the HCM2000 two-
way and directional procedures. A difference of this magnitude is unacceptable because the choice of one
procedure or the other is likely to estimate different levels of service. Furthermore, the individual
differences in PTSF between the HCM2000 two-way and directional procedures range from -29.3 percent
to +0.5 percent. In other words, the directional segment procedure is likely to predict PTSF values that are
consistently higher than the two-way segment procedure. The next section of the report examines changes
to the HCM2000 procedures to eliminate this unacceptably large difference.

DEVELOPMENT OF MODIFICATIONS TO THE HCM2000 OPERATIONAL
ANAL YSIS PROCEDURES

An initial review of the HCM2000 procedures found that the likely explanation for the observed
differences in PTSF between the two-way and directional segment procedures is that PTSF vs. flow rate
relationships for directional segments shown in Figure 3 and Equation (4) is inconsistent with the two-
way segment procedure. The figure shows that the PTSF vs. flow rate relationships for directional
segments rises much more steeply at low flow rates than would appear to be appropriate from the
comparable two-way PTSF vs. flow rate relationship shown in Figure 2.
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The PTSF vs. flow rate relationships for directional segments shown in Figure 3b and
Equation (4) were developed in NCHRP Project 3-55(3) (7). These curves, as shown in Figure 3b,
rise steeply at relatively low volumes. These curves were refit to have a shape more like the shape
of the two-way PTSF vs. flow relationship shown in Figure 2b. This was done by generating
additional data points for the directional 200-pc/h curve with a 50/50 directional split from the
400-pc/h two-way curve. A revised set of regression relationships incorporating these additional
data was developed using the SAS nonlinear regression procedure (PROC NLIN). These
relationships, shown in Figure 4, correct the problem noted above, but are not a satisfactory
replacement for Figure 3 because some of the curves intersect or cross. Therefore, a set of curves
nearly equivalent to Figure 3 was developed with the added constraint that the curves would not
intersect or cross within the range of flow rates of interest. These relationships, shown in Figure 5,
constitute a potential replacement for Figure 3b. The relationships illustrated in Figure 4 are
determined with Equation (4), just as those in Figure 3b are, but the relationships in Figure 4 are
based on a revised set of coefficients shown in Table 9.

A second problem found in this review was incompatibility between the adjustment factors
for two-way and directional segments shown in Tables 6 and 8, respectively. It was found that a
suitable adjustment factor for directional segments could not be as simple as
Table 8. Table 10 presents a replacement for Table 8 that is more compatible with the two-way segment
adjustments shown in Table 6. The revised adjustment factor shown in Table 10 is a function of two-way
volume, directional split, and no-passing zones. Table 8 included separate adjustment factors for various
levels of free-flow speed. There is no comparable adjustment for free-flow speed in Table 6 in the two-way
procedure; based on a review of the available data and for consistency between the two-way and
directional segment procedures, it was concluded that such an adjustment was not appropriate in the
directional segment procedure either and, therefore, Table 10 does not include adjustment factors for
separate levels of free-flow speed.

The revised adjustment factor shown in Table 10 applies to two-way traffic and must be
apportioned between the two directions of travel as follows:

£ o=f, | — (6)
A IR YA

where:  fg = adjustment factor for directional split and no-passing zones (see
Table 10)
opposing direction passenger-car equivalent flow rate (pc/h)

Il

Vo

With this addition, Equation (5) should be revised as:

v
PTSF, =BPTSF, + fadj(v :V j (7)
d 0
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Figure 4. Initial revision of percent time-spent-following flow relationships for directional
segments with base conditions.
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Figure 5. Recommended revision of percent-time-spent-following flow relationships for
directional segments with base conditions.
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TABLE 9. Revised Values of Coefficients Used in Estimating

Percent Time Spent Following for Directional Segments

Opposing demand flow rate, v, (pc/h) a b
<200 -0.0014 0.973

400 -0.0022 0.923

600 —0.0033 0.870

800 -0.0045 0.833

1000 -0.0049 0.829

1200 -0.0054 0.825

1400 —0.0058 0.821

> 1600 -0.0062 0.817

TABLE 10. Revised Adjustment (f,4;) to Percent Time Spent Following Directional Split
and Percent No-Passing Zones on Directional Segments

Two-way Increase in percent time-spent-following (%)
flow rate, No-passing zones (%)
Ve (pc/h) 0 20 40 80 80 100
Directional spiit = 50/50
<200 9.0 29.2 43.4 49.4 51.0 52.8
400 18.2 41.0 54.2 61.8 63.8 65.8
600 1741 39.5 491 54.5 56.5 58.1
800 15.8 33.8 40.4 44.0 448 46.8
1400 13.7 20.9 247 271 28.3 29.5
2000 10.0 13.6 15.8 17.4 18.2 18.8
2600 5.5 7.7 8.7 9.5 10.1 10.3
3200 3.9 5.5 6.1 8.7 6.9 7.3
Directional split = 60/40
<200 11.0 30.8 41.0 51.2 52.3 53.5
400 143 35.9 44.5 53.2 54.7 56.1
600 14.3 35.4 43.5 50.6 52.3 54.1
800 13.8 284 33.6 38.8 40.1 415
1400 11.7 18.8 22.1 25.3 26.3 27.3
2000 8.5 13.0 15.1 15.5 16.2 16.8
2600 5.0 6.8 7.7 8.7 9.1 9.3
Directional split = 70/30
<200 9.9 28.1 38.0 47.8 48.5 49.0
400 9.3 29.0 37.2 45.4 46.4 47 .4
600 7.0 27.0 : 33.6 39.9 41.5 43.0
800 71 20.4 252 30.1 31.3 32.3
1400 6.2 12.7 15.8 18.9 19.8 20.5
2000 4.0 8.4 12.4 10.0 10.7 11.2
Directional split = 80/20
<200 8.9 271 37.1 47.0 47.4 47.9
400 3.9 234 31.8 40.0 40.8 41.4
600 -1.6 18.9 25.7 325 33.5 34.4
800 -1.8 1.7 16.7 21.8 22.3 23.1
1400 -1.9 4.8 7.9 10.8 11.4 12.0
2000 -1.9 2.7 4.2 5.8 6.1 6.4
Directional split = 90/10
<200 4.6 241 33.6 431 43.4 43.6
400 -3.8 16.3 24.4 324 32.8 33.1
600 -9.7 10.1 16.8 23.3 23.8 243
800 -10.9 23 7.1 11.7 12.2 12.7
1400 ~10.9 -3.9 -1.1 1.4 1.9 2.3

MRJ-AED\RI10252-01.doc 19




The replacement of Figure 3b by Figure 5, Table 7 by Table 9, Table 8 by Table 10, and
Equation (5) by Equation (7) provides a modified operational analysis procedure for directional
segments that agrees more closely with the two-way operational analysis procedure.

ASSESSMENT OF THE REVISED OPERATIONAL ANALYSIS PROCEDURE FOR
DIRECTIONAL SEGMENTS

The modified operational analysis procedure for directional segments was compared with
the three operational analysis procedures reviewed above and the following results were obtained:

J The PTSF results from the HCM1997 two-way segment procedure are, on the
‘ average, 3.8 percent lower than the combined two-way PTSF results from the
modified HCM2000 directional segment procedure.

. The PTSF results from the HCM2000 two-way segment procedure are, on the
average, less than 0.1 percent lower than the combined two-way PTSF results
from the modified HCM2000 directional segment procedure.

. The PTSF results from the existing HCM2000 directional segment procedure are,
on the average, 11.4 percent higher than the combined two-way PTSF results
from the modified HCM2000 directional segment procedure.

To summarize, the modified directional segment procedure provides PTSF estimates that are very
similar to those from current HCM2000 two-way segment procedure (i.e., the average difference is less
than 0.1 percent). This accomplishes an important goal because differences between the two-way and
directional segment procedures are undesirable. While the two procedures agree on the average, there are
still differences; in more than 90 percent of the cases evaluated, the two procedures agree within 0.3
percent. The largest observed difference is
2.2 percent.

Appendix B summarizes the specific proposed changes to existing HCM2000
Chapters 12 and 20 to implement the modified procedure described above. These changes are expected
to result in a typical difference of less than 0.1 percent and a maximum difference of 2.2 percent
between the PTSFestimates from the HCM2000 two-way and directional segment procedures. This will,
in turn, result in nearly identical service volumes from the two
procedures.
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CHAPTER 3

LEVEL-OF-SERVICE ESTIMATION FOR DEVELOPED TWO-LANE HIGHWAYS

Users of HCM2000 Chapter 20 have noted that the operational analysis procedures do
not appear to adequately address two-lane highways in developed areas. The two classes into
which two-lane highways are classified appear to be appropriate for highways in undeveloped
areas, but not for highways in more developed areas. The following discussion reviews the
classes into which two-lane highways are currently classified in the HCM, identifies scenarios
for which the current two-lane highway classes may not apply, and suggests potential
modification to HCM operational analysis procedures to better address those scenarios.

Chapters 12 and 20 of the HCM2000 address two classes of two-lane highways:

. Class I—Two-lane highways on which motorists expect to travel at relatively
high speeds. Two-lane highways that are major intercity routes, primary arterials
connecting major traffic generators, daily commuter routes, or primary links in
state or national highway networks generally are assigned to Class I. Class I
facilities most often serve long-distance trips or provide connecting links between
facilities that serve long-distance trips.

. Class II—Two-lane highways on which motorists do not necessarily expect to
travel at high speeds. Two-lane highways that function as access routes to Class I
facilities, serve as scenic or recreational routes that are not primary arterials, or
pass through rugged terrain are generally assigned to Class II. Class II facilities
most often serve relatively short trips, the beginning and ending portion of longer
trips, or trips for which sightseeing plays a significant role.

The HCM?2000 states that the classes of two-lane highways closely relate to their functions-most
arterials are considered Class I, and most collectors and local roads are considered Class II. However, the
primary determinant of a highway's classification in an operational analysis is the motorist's expectation
concerning the ability to travel at high speeds, which might not agree with the functional classification.
For example, an intercity route that passes through rugged mountainous terrain might be described as
Class 11, instead of Class I, if motorists recognize that a high-speed route is not feasible in that corridor.

The class of a two-lane highway influences the selection of performance measures used in the
HCM?2000 to determine its LOS. On Class I highways, for which efficient mobility is paramount, the
LOS is defined in terms of both PTSF and ATS. On Class II facilities, mobility is less critical, and LOS is
defined only in terms of PTSF. Drivers generally tolerate higher levels of PTSF on a Class II facility than
on a Class I facility, because Class Il highways usually serve shorter trips and different trip purposes.

Tables 4 and 5 present the LOS criteria used in the HCM2000 for Class I and 11
highways, respectively. The LOS criteria for Class I highways were chosen to accommodate a
broad range of two-lane highway design speeds. On a high-speed two-lane highway, the LOS is
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generally defined by PSTF alone. On a Class I highway with a lower design speed, the ATS
criteria in Table 4 lead to lower levels of service. Where the HCM user's assessment is that
travel speed is less important to motorists, the LOS criteria for Class II highways, presented in
Table 5, are used.

SCENARIOS WHERE CURRENT TWO-LANE HIGHWAY CLASSES MAY NOT
APPLY

HCM users have questioned whether the current HCM classes for two-lane highways are
appropriate for two-lane highways in developed areas. The following types of two-lane highways represent
situations in which motorists do not expect to travel at speeds of 89 kmlh (55 mi/h) or more, as they do on
rural highways in open country:

L a two-lane highway through a small town with a reduced speed limit located
along a major rural route that generally has speeds of §9 km/h (55 mi/h) or more

e atwo-lane highway in a transition area between rural and urban/suburban
conditions with reduced speeds and low- to medium-density development

. a two-lane highway with continuous urban/suburban development but with no

traffic signals or with traffic signals spaced at intervals greater than 3 km (2 mi).
Such a facility does not meet the definition of an urban street for consideration
with the procedures of HCM Chapter 15.

Each of these types of two-lane highways is discussed below.
Two-Lane Highway Through a Small Town

There is a question about how best to treat a small-town on a major intercity two-lane highway.
The rural portions of such a highway that operate at speeds of 89 kmlh (55 mi/h) or more under low-
flow conditions would generally be analyzed as a Class I highway using the HCM Chapter 20
procedures. The LOS on a Class [ highway segment defined by considering both PTSF and A TS.

Isolated small towns on such a highway generally extend along the road for distances of 0.8 to 3.2
kID (0.5 to 2 mi), have continuous development along both sides of the road, and have a reduced speed
limit in the range from 32 to 72 kmlh (20 to 45 mi/h). The presence of the reduced speed limit, and its
obvious justification by the presence of continuous development, is an indication that it is reasonable to
presume that motorists do not expect to travel at high speeds. Thus, the highway through a small town
would not be considered a Class I highway segment.

Under the current HCM2000 procedures, the two-lane highway through a small town
would, therefore, be considered a Class II highway and its LOS would be defined by PTSF
alone. This may be reasonable from the perspective of long-distance travelers, but it does not
directly represent the viewpoint of motorists who live in or near the town. Local residents may
be more sensitive to speed as a service measure.
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Transitions Between Rural and Urban/Suburban Areas

Where a highway transitions from a rural to an urban/suburban area, or a rural highway
travels along the fringe of an urban/suburban area, there may be sections of the road with
reduced speed limits due to the presence of low- to medium-density development. The reduced
speed limit may have been introduced by the responsible highway agency in response to the
presence of traffic turning on and off the road.

As in the case of the small town, the presence of the reduced speed limit related to development
and turning activity clearly indicates that motorists would not expect to travel at high speeds. Therefore,
under the current HCM definitions, this transition-area roadway would be considered a Class 11
highway, rather than a Class I highway, and the LOS would be defined by PTSF alone. As in the case of
the small town, PTSF is a good indicator of the service provided to the through motorist, but may not be
a good indicator of the service provided to the motorists who live in or near the transition area and use
the roadway in question for local circulation.

Two-Lane Highway with Continuous Development But Widely Spaced Signals

The final scenario of interest is a two-lane highway with continuous urban/suburban
development but either no traffic signals or signals spaced at intervals greater than 3 Ian (2 mi).
Typically such roadways have speeds in the range from 32 to 72 km/h (20 to 45 milh). Such roadways
may be urban extensions of rural highways or may simply be arterials that serve an urban or suburban
area.

If such a highway has no signals or widely spaced signals, it does not meet the definition of an
urban street for analysis using the procedures of HCM Chapter 15. Such a roadway is clearly not a Class
I two-lane highway, because motorists would not reasonably expect to travel at high speed. However, it
does not appear to be a Class Il highway either, because PTSF is a service measure that is most
applicable to through traffic that expects to return to high-speed travel after a short interruption.

FIELD REVIEWS OF SPECIFIC ROADWAYS FOR WHICH CURRENT TWO-LANE
ROAD CLASSES MAY NOT APPLY

As part of the current research, field reviews were conducted of two highways in Florida to
which the current two-lane road classes are difficult to apply. These facilities are State Route 997 (Krome
Avenue) in Miami-Dade County and US 1 in Momoe County. Each of these facilities is discussed below.

State Route 997 (Krome Avenue) in Miami-Dade County, Florida

The site of interest on Krome A venue extends for 53 Ian (33 mi) from US 27 to Avocado
Drive in Miami-Dade County, Florida. This site divides itself logically into three subsections
within which quite different operational conditions are present.
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The northernmost 23 km (14 mi) of the site is a two-lane highway that is primarily rural
in character with a speed limit of 89 km/h (55 mi/h). The current ADT is approximately 9,000
veh/day. The average running speed was recently measured as 84.5 krn/h (52.5 mi/h). There is
only one signal on the entire 23-km (14-mi) roadway section. Field review found this portion of
the site to be a Class I highway for which PTSF and ATS are very logical service measures.

The middle 19 km (12 mi) of the site is a two-lane highway that is generally rural with intermittent
low- and medium-density development. The speed limit is generally 72 km/h
(45 mph) and the current ADT is approximately 14,500 to 14,800 veh/day. The driveway density is about 8
driveways per km (5 driveways per mi) and there is a moderate level of turning activity. There is
approximately one signal every 8 km (5 mi). This middle section of the site is very much a transition area
between rural and suburban conditions.

The field review noted that speeds in this middle section are definitely affected by the
development and turning activity. The development along this highway, even though it is low to medium
density, may reduce motorists' expectations about the ability to travel at high speeds. The traffic using the
highway appeared to be a mix of through traffic (e.g., relatively long work trips) and local trips with
origins or destinations along the roadway. The transition nature of this site makes it difficult to decide
whether it should be classified as a Class I two-lane highway, a Class IT two-lane highway, or some other
type of highway altogether.

The southernmost 11 km (7 mi) of the site has continuous suburban development and a speed
limit of 72 kmlh (45 milh). The current ADT is approximately 14,100 to 14,600 veh/day. The spacing
between signals is approximately 1.6 km (1 mi). There is substantial turning traffic at the signals and at
driveways between signals.

This southernmost section of the site, despite its rural two-lane highway cross section, is in nearly
all respects a suburban arterial, rather than a two-lane highway. The field review concluded that it would
not be appropriate to analyze this southernmost section of the facility as either a Class I or Class IT two-
lane highway. Instead, this portion of the site should be analyzed as a two-lane suburban arterial, using the
procedures of HCM Chapter 15.

On the same day as the field visit by the research team, the SR 997 (Krome Avenue) site was
reviewed in the field by FDOT traffic engineers and planners from several districts in Florida. The FDOT
staff who conducted the field review included a representative of the district office with responsibility for
the site who travels the road on a weekly basis and representatives from other districts who were seeing the
road for the first time. At a debriefing meeting following the field review, the FDOT reviewers agreed that
the three portions of the site were operationally distinct, that motorist expectations on the three areas were
different, and that it would be justifiable to use different service measures and LOS definitions for the three
portions of the site. One member of the field review team noted that the HCM has a hard time dealing with
rural roadways that have development, like the middle section of SR 997, but drivers have a hard time
dealing with them as well.
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US 1 in Monroe County, Florida

US 1 in Monroe County, Florida, is the main highway through the Florida Keys. The
facility reviewed for this research includes the 164-km (102-mi) section from Key Largo to Stock
Island Gust short of the bridge to Key West), excluding limited sections of multilane highway.
The two-lane portions of US 1 alternate between rural areas on uninhabited or sparsely developed
keys, bridges between keys, and developed areas with medium to high development densities.

The rural areas of US 1 appear to meet the definition of a Class I two-lane highway. The
traffic consists primarily of through trips, including trips to and from Miami and points north and
circulation within the Keys, which, as shown above, can include trips up to 160 km (100 mi) in
length. Speed limits in the rural areas were generally 89 km/h (55 mi/h) and motorists clearly
expect to travel at those speeds, at least under low-flow conditions.

The bridges between Keys vary in length from extremely short to 11 km (7 mi). Bridges are not
addressed explicitly by HCM procedures, but the bridges are in effect a special case of rural conditions
with no development or turning traffic. The HCM procedures for Class I twolane highways can clearly be
applied to the bridges as well as to the rural or sparsely developed areas.

Sections of US 1 with medium- to high-density development look and operate much like
suburban arterials, with the exception that there are very few signals. As an example, the US 1 roadway
through Big Pine Key is 5.6 km (3.5 mi) in length with continuous development and direct driveway
access, but there is only one signal on the island. The speed limit is 72 kmlh (45 milh) and the current
ADT is approximately 20,000 veh/day. It does not appear that either the Class I two-lane highway
procedures in HCM Chapter 20, the Class n two-lane highway procedures in Chapter 20, or the
procedures for urban streets in HCM Chapter 15 apply to this section of US 1. The roadway through Big
Pine Key meets the criteria for application of the HCM Chapter 15 procedures in all respects other than
signal spacing.

FDOT has made an assessment that traffic operations on US 1 in Monroe County are sufficiently
different than other two-lane highways that the procedures of HCM Chapter 20 (and its predecessor
Chapter 8 of the 1985 HCM) should not be applied. Instead, FDOT has developed and applied the
following LOS criteria for US 1 based on the ATS ranges shown (8):

. LOS A 82 km/h (51 mi/h) or above
o LOS B 81.9 to 77.2 km/h (50.9 to 48 mi/h)
. LOSC 77.1 to 72.4 km/h (47.9 to 45 mi/h)
. LOSD 72.3 to 67.6 km/h (44.9 to 42 mi/h)
. LOSE 67.5t0 57.9 kmv/h (41.9 to 36 mi/h)
. LOSF below 57.9 km/h (36 mi/h)

These criteria have been applied to all portions of US 1 in Monroe County, including rural
areas, bridges, and developed areas, regardless of the density of development or posted speed. A
separate LOS procedure for speeds of individual segments has been developed. In
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areas of unintel TUpted flow, LOS is defined by comparison of the ATS to the posted speed limit
as follows (8,9):

. LOS A 2.4 km/h (1.5 mi/h) above posted speed limit

o LOS B 2.4 km/h (1.5 mi/h) below posted speed limit

o LOS C 7.2 km/h (4.5 mi/h) below posted speed limit

. LOSD 12.1 km/h (7.5 mi/h) below posted speed limit

. LOSE 21.7 km/h (13.5 mi/h) below posted speed limit

. LOSF more than 21.7 km/h (13.5 mi/h) below posted speed limit

It raises a concern that an agency that generally uses the HCM has found it appropriate to use
alternative non-HCM procedures to determine the LOS for one particular type of two-lane highway. It is a
greater concern that some LOS criteria for this class are based on comparison of the ATS to the posted
speed limit. It is not desirable to have a situation in which the LOS of roadway can be changed by
changing the posted speed limit, even if actual operating conditions on the roadway remain the same.
FDOT has shown interest in using an A TS-based LOS procedure using LOS thresholds based on
percentages of free-flow speed (FFS). Such LOS definitions would be very similar to the LOS definitions
used for urban streets in HCM Chapter 15.

CANDIDA TE PROCEDURES TO ADDRESS DEVELOPED TWO-LANE HIGHWAY
FACILITIES

The preceding discussion has identified one situation which current HCM procedures do not
appear to address at all (two-lane highways with continuous development with no signals or widely
spaced signals) and two situations for which the current HCM procedures for LOS
analysis seem only partially suited (small towns and transition areas). This section of the report explores
candidate procedures to deal with these types of facilities.

Two-Lane Highways With Continuous Development and Widely Spaced Signals

Two-lane highways with continuous development, direct driveway access, speeds below 89 km/h
(55 milh), and no signals or signal spacing greater than 3 km (2 mi) do not appear to be addressed by any
procedure in the current HCM. In order for the HCM to be complete, a
procedure should be provided for such facilities or, at a minimum, the HCM should provide advice
for the user on how to evaluate the LOS for such facilities.

Service Measure

The research team reviewed the potential service measures for two-lane roads with
continuous development including:

. PTSF
. ATS
) PTSF and ATS combined
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The research team's assessment is that ATS is the most appropriate service measure for
developed two-lane highways where speeds are reduced and there is a substantial local traffic
component. PTSF is a more appropriate measure when a large proportion of the traffic volume
is through traffic and motorist expectations are more in line with a rural facility. On a major
intercity facility, such as a Class I two-lane road, it still appears that the combination of PTSF
and ATS is the most appropriate service measure.

LOS Thresholds

Except for the absence or wide spacing of signals, two-lane highways with continuous
development are identical to urban and suburban arterials that are addressed with the HCM Chapter 15.
It seems logical that the appropriate service measure for such facilities should be ATS and that LOS
thresholds be the same as those used in Chapter 15 (see Table 11). These LOS thresholds are
essentially percentages of the free-flow speed, as shown in Table 12.

It is recommended that the preceding LOS criteria, which are consistent with HCM Chapter
15 be used as the LOS criteria for developed two-lane highways.

Estimation Methodology

A methodology is needed for estimating ATS on developed two-lane highways for comparison to
the LOS thresholds presented above. It is recommended that this methodology be adapted from the HCM
Chapter 15 methodology.

In the HCM Chapter 15 methodology, ATS for segments between signals is estimated from
HCM Exhibit 15-3, presented here as Table 13. The table shows that ATS on an urban street is a
function of FFS and segment length (i.e., signal spacing). When signals are at least 1600 m (1 mi)
apart, the ATS between signals is equal to the FFS.

For a two-lane highway, it has been demonstrated that ATS decreases directly as flow rate
increases, asshown in Equation (8) based on HCM Equation (20-15):

ATS; = FFSq — 0.0125(vq + Vo) — fpp (8)
where:  ATS4 =  average travel speed in the analysis direction (km/h)

FFS4 = free-flow speed in the analysis direction (km/h)

Vg =  passenger-car equivalent flow rate for the peak 15-min period in the
analysis direction (pc/h)

Vo =  passenger-car equivalent flow rate for the peak 15-min period in the
opposing direction (pc/h), determined from Equation (20-13)

o =  adjustment for percentage of no-passing zones in the analysis direction

(see Exhibit 20-19)
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TABLE 11. Urban Street LOS by Class

Urban street class | i Il v
Ras"pgeig;f(rggsﬂ)ow 90 to 70 km/h 70 to 55 km/h 55 to 50 km/h 55 to 40 km/h
Typical FFS 80 km/h 65 km/h 55 km/h 45 km/h

LOS Average travel speed (km/h)
A >72 > 59 > 50 > 41
B > 56-72 > 46-59 > 39-50 > 32-41
C > 40-56 > 33-46 > 28-39 > 23-32
D > 32-40 > 26-33 > 22-28 > 18-23
E > 26-32 >21-26 >17-22 > 14-18
F <26 <21 <17 <14

TABLE 12. Level-of-Service Thresholds as a
Percentage of Free-Flow Speed Used in

HCM Chapter 15 (1)
Threshold value for
percentage of
LOS boundary free-flow speed
Boundary between LOS Aand B 90%
Boundary between LOS B and C 70%
Boundary between LOS C and D 50%
Boundary between LOS D and E 40%
Boundary between LOS E and F 30%

TABLE 13. Segment Running Time per Kilometer for Urban Streets in HCM

Chapter 15 (1)
Urban street class i Il i 1\
FFS (km/h) 90° | 80® | 70° 70" | 658° | 55° 55° | s0° 55° [ 50° | 40°
Average segment
length (m) Running time per kilometer (s/km)
100 b b b b b b - - - 129 | 159
200 b b b b b b 88 91 97 99 125
400 59 83 67 66 68 75 75 78 77 81 96
600 52 55 61 60 61 67 d d d d d
800 45 49 57 58 58 65 d d d d d
1000 44 48 56 55 57 65 d d d d d
1200 43 47 54 54 57 65 d d d d d
1400 41 46 53 53 56 85 d d d d d
1600 40° 45° | 51° 51° | 55° 65° d d d d d
Notes:

It is best to have an estimate of FFS. If there is none, use the table above, assuming the following default
values:

For Class FFS (km/h)
I 80
1 65
I 55
v 45

If a Class | or Il urban street has a segment length less than 400 m, (a) reevaluate the class and (b) if it
remains a distinct segment, use the values for 400 m.

For long segment lengths on Class | or il urban streets (1600 m or longer), FFS may be used to compute
running time per kilometer. These times are shown in the entries for a 1600-m segment.

. Likewise, Class It or IV urban streets with segment lengths greater than 400 m should first be reevaluated

(i.e., the classification shouid be confirmed). If necessary, the values above 400 m can be extrapolated.

Although this table does not show it, segment running time depends on traffic flow rates; however, the
dependence of intersection delay on traffic flow rate is greater and dominates in the computation of travel
speed.
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The HCM Chapter 15 methodology does not incorporate an effect oftraffic flow rate on speed for
urban streets similar to that shown for two-lane highways in Equation (8). Such an effect was not
deemed necessary because (1) the procedure for rural and suburban multilane highways in HCM
Chapter 21 shows no decrease in speed with increasing flow rate until the flow rate reaches 1,400
pc/h/lane and (2) the delay resulting from the effect of flow rate on midblock speeds is assumed to
be small relative to the control delay at signals.

It is recommended that, for developed two-lane arterials, a speed prediction methodology be
based on a combination of Table 13 and Equation (8). Specifically:

. If the developed two-lane highway has no signals, segment length is not
meaningful, so Table 13 is not necessary and Equation (8) should be applied
directly to determine the ATS.

| If the developed two-lane highway has signals spaced more than 1600 m (1 mi)
apart, Table 13 is not needed because the running speed between signals equal to
the FFS and is not affected by segment length. In this case, Table 13 is not
needed, Equation (8) should be applied directly, and the HCM Chapter 15
methodology should be used to combine the average running speed between
signals computed with Equation (8) and the control delay at the signals computed
with the HCM Chapter 16 procedure.

. If the developed two-lane highway has signals spaced less than 1600 m (1 mi)
apart, then determine the average running speed between signals based on
Table 13 and the average running speed between signals based on Equation (8),
and use the lower of the two speeds as the average running speed between signals.
Then, combine the average running speed between signals and the control delay at
the signals in the same manner as the current HCM Chapter 15 procedure.

Incorporation of the Revised Methodology in the HCM

The preceding discussion indicates that the HCM lacks procedures to address developed two-
lane highways. The incorporation in the HCM of procedures for such developed highways is desirable.

HCM procedures generally address three types of analysis units: point locations, highway
segments, and highway facilities. The LOS for point locations such as signalized and unsignalized
intersections can be addressed with the procedures in HCM Chapters 16 and 17, respectively. Driveways
are another type of point locations that influences traffic operations. There are no explicit HCM
procedures to address driveways, although an unsignalized driveway could be evaluated as an
unsignalized intersection. Highway segments are sections of roadway without signals, that are generally
treated as having uninterrupted flow. However, on highway types other than freeways, there are usually
interruptions between signals (such as at driveways and unsignalized intersections) that delay traffic,
slowing vehicle speeds and promoting the fonnation of platoons. Highway facilities are extended sections
of highway that combine point locations and segments. The only complete facilities procedure in the
HCM is the freeway
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facilities procedure in HCM Chapter 22, which combines consideration of basic freeway
segments, ramps, ramp junctions, and weaving areas. The urban streets procedure in HCM
Chapter 15 can assess the LOS for an arterial facility that includes an urban/suburban arterial
highway segment less than or equal to 3 Ian (2 mi) in length and a signalized intersection at the
end of the segment. However, the HCM Chapter 15 procedure is not a complete facilities
procedure because it does not address the effects of development or unsignalized intersections
between signals.

The challenges in addressing developed two-lane highways in the HCM are (1) which
chapter should incorporate such a procedure and (2) whether such a procedure can be developed
with existing concepts and knowledge or whether new concepts and new knowledge are required.
A procedure for evaluating developed two-lane highways can be incorporated in the HCM in one
of three ways:

e  anew class of two-lane highways (e.g., Class III) could be added to HCM
’ ‘Chapter 20 representing developed two-lane highways and the procedures for
estimating the free-flow speed and ATS and evaluating the LOS could be
provided

o HCM Chapter 15 could be expanded to include procedures for all developed
arterial highways whether or not they have signals

. a new chapter could be added to the HCM for developed arterials with no signals
or with widely spaced signals

This research has developed a procedure for analysis of developed two-lane highways that
combines concepts from HCM Chapters 15 and 20 and can assess the LOS for some, but not all,
developed two-lane highways. The service measure for this procedure is ATS and the LOS
thresholds are defined in as percentages of the FFS. Because the service measure and LOS
thresholds are defined in the same manner as in HCM Chapter 15, it is our recommendation that
this combined procedure would fit most naturally into HCM Chapter 15. Furthermore, since the
interaction between through vehicles on a developed two-lane highway and vehicles turning onto
or off the highway may be substantial (especially at intersections) an operational analysis
procedure for developed two-lane highways most naturally fits in an interrupted flow chapter.

We do not recommend that a procedure be incorporated in the HCM as a Class ill facility
in HCM Chapter 20 because the service measure, LOS thresholds, and analysis procedures are
unlike anything in the current HCM Chapter 20. Ultimately, a choice among these alternatives will
need to be made by the TRB Committee on Highway Capacity and Quality of Service (HCQS).

General Approach to Analysis of Developed Two-Lane Highways
The research has developed an approach to traffic operational analysis of developed twolane

highways that combines concepts from HCM Chapters 15 and 20. This approach has potential for analysis
of some, but not all types of developed two-lane highways. The general
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approach used in this combined procedure is presented in this section of the report. Subsequent
sections present the more detailed procedures and discuss potential alternatives to those
procedures.

The research has considered how the existing HCM Chapter 15 methodology might be
applied to developed two-lane highways. This review began with consideration of three HCM
exhibits (HCM Exhibit 10-3, presented here as Table 14; HCM Exhibit 10-4, presented here as
Table 15; and HCM Exhibit 15-3, presented above as Table 13). The review concluded that the
current HCM Chapter 15 methodology may be directly applicable to two-lane arterials that are in
the "high speed" and "suburban" design categories defined in Table 15. Several criteria for the
"intermediate" and "urban" design categories may not be applicable to developed two-lane roads.
These include:

. access density

® arterial type (shoulders)
. parking

. signal density

. pedestrian activity

The limited range of running times in Table 13 for urban streets in Classes ill and IV (which Table 14
indicates apply to the "intermediate" and "urban" categories) also suggest that these classes may not be
applicable to developed two-lane highways.

In summary, the review suggests that the existing HCM Chapter 15 procedures may be
applicable only to developed two-lane highways that meet the following criteria:

. FFES of 56 km/h (35 mi/h) or more

. left-turn lanes (or bays) at all public street intersections and “active” driveways
(i.e., no substantial delays due to turning traffic)
° one or more traffic signals (where the traffic signal is located at the end of the

segment in question

Under these conditions, it is plausible to use Table 13 to estimate running time (and, from this, running
speed, travel speed, and LOS) for a developed two-lane highway, even if it does not satisfy the maximum
signal spacing criteria stated in Table 15 [i.e., 3 kmlsignal (2 mi/signal) for "high-speed" segments and
1.6 kmlsignal (1 mi/signal) for "suburban" segments].

It is a potential weakness of both HCM Chapters 15 and 20 that they do not incorporate
delays to through vehicles due to turning traffic at unsignalized intersections. The HCM
Chapter 15 procedure could be extended to incorporate the HCM Chapter 17 procedures for
unsignalized intersections, much as it now incorporates the HCM Chapter 16 procedures for
signalized intersections, but this would require a substantial development effort.
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TABLE 14. Urban Street Class Based on Functional and
Design Categories (1)

Functional category
Design category Principal arterial Minor arterial
High-Speed | N/A
Suburban Il Il
Intermediate I MorlV
Urban il or IV v

TABLE 15. Functional and Design Categories or Urban Streets (1)

Criterion

Functional category

Principal arterial

Minor arterial

Mobility function
Access function

Points connected

Predominant trips
served

Very important

Very minor

Freeways, important activity centers,
major traffic generators

Relatively long trips between major
points and through-trips entering,
leaving, and passing through the city

Important
Substantial

Principal arterials

Trips of moderate length within relatively
small geographical areas

Design category

Criterion High-speed Suburban Intermediate Urban
Driveway/access Very low density Low density Moderate density High density
density
Arterial type Multilane divided; Multilane divided; Multilane divided Undivided one-
undivided or two- undivided or two- or undivided; one-  way, two-way, two
lane with lane with way, two-lane or more lanes
shoulders shoulders

Parking No No Some Significant

Separate left-turn Yes Yes Usually Some

lanes

Signals/km 0.3-1.2 0.6-3.0 2-6 4-8

Speed limit 75-90 km/h 65-75 km/h 50-65 km/h 40-55 km/h

Pedestrian activity  Very little Little Some Usually

Roadside Low density Low to medium Medium to High density

development

density

moderate density
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Detailed Procedures for Analysis of Developed Two-Lane Highways

The following specific existing procedures are recommended for analysis of developed

two-lane roads:
. Developed two-lane highway segment not terminated by a signal:

— use Equation (8) to determine ATS
~ use the LOS thresholds defined in Table 12 to determine the LOS for the
segment

. Developed two-lane highway segment terminated by a signal and having a signal
spacing in excess of 1.6 km (1 mi):
— use Equation (8) to determine ATS and convert ATS to a running time, TR
— use the HCM Chapter 15 methodology to determine signal delay
— combine the signal delay and the running time
— reconvert the combined running time to an ATS
— use the LOS thresholds defined in Table 12 to determine the LOS for the
segment

. Developed two-lane highway segment terminated by a signal and having a length

of 1.6 km (1 mi) or less:

~ use Equation (8) to determine ATS and convert to a running time, TR

— if the FFS is 56 km/h (35 mi/h) or more and left-turn lanes (or bays) are
provided for all public street intersections and “active” driveways, then use
Table 13 to determine a running time, TR'. If not, then TR’ is not available.

— use the HCM Chapter 15 methodology to determine signal delay

~ combine the signal delay with the larger running time, TR or TR’

— reconvert the combined running time to an ATS

— use the LOS thresholds defined in Table 12 to determine the LOS for the
segment

The following caveats and assumptions should be noted in applying the procedures .
defined above:

. All applications of HCM Chapter 20 procedures should use the directional
segment methodology, not the two-way segment methodology.

. Equation (8) is intended primarily for segments with FFS of 72 km/h (45 mi/h) or
more; however, it can be applied to facilities with a lower FFS with caution and
provided that values in HCM2000 Exhibit 20-19 are extrapolated. In no case,
should the segment FFS be less than 56 kmv/h (35 mi/h).

. If the percentage of no-passing zones is not known for the developed two-lane
highway segment, it should be assumed to be 100 percent.

While it is recommended that the procedure presented above be incorporated in HCM
Chapter 15, it should be noted that the use of Equation (8) requires the use of HCM
Exhibit 20-19 and may require HCM Equation (20-2), Exhibit 20-5, and Exhibit 20-6, as well.
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Hence, the user of this new material in HCM Chapter 15 will have to refer to HCM Chapter 20
for portions of the methodology. However, this is not unlike the current need to refer to the
HCM Chapter 16 methodology when using HCM Chapter 15.

Alternative Approaches to Analysis of Developed Two-Lane Highways

This section discusses approaches to analysis of developed two-lane highways that may
be considered as alternatives to the approaches presented above.

The preceding section recommended the LOS thresholds shown in Table 12 for application to
developed two-lane highways. These are the same LOS thresholds currently used for urban streets in HCM
Chapter 15. An alternative set of LOS thresholds for developed twolane highways without signals
recommended by Washburn et al. (10) are shown in Table 16. The proposed LOS thresholds in Table 16
are higher than those shown in Table 12 on the grounds that motorists expect less delay on a developed
two-lane highway without signals than they would on an urban street with signals. It could also be that
motorists would accept a lower speed on an urban street because they realize that the signals that slow
them are necessary for effective traffic control. The reason that the use of Table 16 was not recommended
in this research is that it would create a situation in which a highway agency could improve the LOS of a
developed two-lane highway by installing signals and, then, analyzing it with HCM Chapter 15 (including
the LOS criteria in Table 12) to get a better LOS. The notion that the LOS can be improved by installing a
signal seems counterintuitive and is a key concern that led to the recommendation of the LOS thresholds
shown in Table 12 for application to developed two-lane highways. Nevertheless, the alternative approach
of using Table 16, or some alternative set of LOS thresholds between those shown in Tables 12 and 16,
should receive due consideration.

Another alternative to the procedures recommended above that should be considered is the
development of better speed prediction models for developed two-lane highways. Research on the HCM
Chapter 15 procedures for urban arterials by Prassas (11) has concluded that the HCM procedures predict
speeds that are approximately 10 percent lower than those predicted by nominally comparable simulation
models. The Prassas work also found a relationship between A TS and flow rate; such a relationship is
potentially needed for analysis of both urban streets and developed two-lane highways. Research to
improve speed prediction for urban arterials is planned in the upcoming NCHRP Project 3-79, Estimating
and Measuring Urban Street Traffic Speed and Level of Service. It would be desirable to address two-lane
urban streets in this research.

Another alternative would be to create a new facility chapter in the HCM to address developed
two-lane highways, or arterial highways with development in general, rather than incorporating a new
procedure in HCM Chapter 15 as recommended in this research. We would envision such a chapter as a
replacement for, or a supplement to, HCM Chapter 15. Such a chapter would need to account for (1)
running speeds between intersections, as affected by both traffic volume and development, (2) delays to
major-road through traffic at two-way stop controlled intersections, and (3) control delay at signalized
intersections. It is further envisioned that this procedure would consider facilities that were more extensive
than a single segment and a single downstream intersection. The development of such a facility procedure
would require a
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TABLE 16. Level-of-Service Thresholds as a
Percentage of Free-Flow Speed Recommended
for Developed Two-Lane Highways by

Washburn et al. (10)

LOS boundary

Threshold value for
percentage of
free-flow speed

Boundary between LOS Aand B
Boundary between LOS Band C
Boundary between LOS C and D
Boundary between LOS D and E
Boundary between LOS E and F

91.7%
83.3%
75.0%
66.7%
58.3%
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major research effort. It is recommended that this facility procedure be capable of addressing any
developed urban or suburban nonfreeway facility. The improved facilities procedure should
address developed two-lane and multilane facilities and should consider facilities with signal
spacing less than 3 kIn (2 mi), facilities with more widely spaced signals, and facilities with no
signals.

Two-Lane Highways in Small Towns and Transition Areas

Two-lane highways in small towns and transition areas share some of the characteristics of two-
lane highways with continuous development. The presence of reduced speeds and continuous
development may change motorists' expectations about the feasibility or desirability of traveling at high
speeds.

There are two factors that make these situations different from the continuously developed two-
lane highways discussed above. First, if the developed area extends for only a short distance, as in the
case of a small town or a highway that touches a fringe area and then departs, motorists on a Class I two-
lane highway may have a reasonable expectation of being able to return to Class I conditions in a short
distance along the road. In this situation, the analysis of the small town or transition area as a Class IT
highway makes sense. However, when the developed area is extended in length or the transition area leads
shortly to an urban or suburban arterial, it may be most appropriate to analyze the segment using the
procedure presented above for a two-lane highway with continuous development.

Second, if there is, within the small town or transition area, a substantial proportion of local
traffic that is circulating within the developed area or generated within a few iniles outside of that area,
motorists expectations may be more appropriately evaluated like an urban street (with ATS) than like a
two-lane highway (with PTSF).

For these reasons, it is recommended that the HCM present the following
recommendations:

o a two-lane highway in an undeveloped area should be evaluated with the
procedures of HCM Chapter 20; the highway should be analyzed as either a
Class I or Class I highway based on the existing criteria in HCM Chapter 20

. a two-lane highway in a small town or a transition area with reduced speeds
should be evaluated as a Class I highway if the developed conditions with
reduced speeds extend for a distance of 3 km (2 mi) or less and if the vast
majority of the traffic is through traffic that will soon depart the developed area
and return to a Class I highway. However, if the developed area extends for more
than 3 km (2 mi) or if there is a substantial proportion of local circulating traffic
within the developed area, then the modified HCM Chapter 15 procedures
described above for two-lane highways with continuous development should be
applied.
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CHAPTER 4

CONCLUSIONS AND RECOMMENDATIONS

The findings, conclusions, and recommendations of the research are presented below.

1. The PTSF results from the HCM1997 procedure are, on the average, 3.9 percent
lower than PTSF results from the HCM2000 two-way procedure. This difference
results from revision to the HCM2000 procedures that appear to make it fit field
data better than in the HCM 1997 procedure.

2. The LOS thresholds in the HCM2000 procedure were increased by 5 percent for
Class I highways and 10 percent for Class II highways in comparison to the
comparable thresholds in the HCM1997 procedure.
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in the HCM for the first time. Caution should be exercised in comparing the
results of the HCM2000 directional segment procedure to results obtained with
previous or current two-way segment procedures. It should be recognized that,
for any two-lane highway with a directional split of traffic volume other than
50/50, the LOS in the peak direction of travel is likely to be lower than the LOS
for the two directions of travel combined.

w

4. The PTSF results from the HCM 1997 two-way segment procedure are, on the
average, 15.6 percent lower than the combined two-way PTSF results from the
HCM2000 directional segment procedure.

5. The PTSF results from the HCM2002 two-way segment procedure are, on the
average, 11.4 percent lower than the combined two-way PTSF results from the
HCM2000 directional segment procedure.

6. Conclusions 4 and 5 suggest that the HCM2000 directional segment procedure
overestimates PTSF. Investigations in this research have confirmed that this is
the case.

7. Revised figures, tables, and equations have been developed for use in the

HCM?2000 direction segment procedure.

8. The revised directional segment procedure agrees with the HCM2000 two-way
segment procedure within 0.1 percent, on the average. In 90 percent of cases, the
two procedures differ by less than 0.3 percent. The maximum difference found
was 2.2 percent. Thus, the revised directional segment procedure will provide
PTSF and service volume estimates that are in close agreement with those from
the HCM2000 two-way segment procedure. The revised directional segment
procedure will still provide PTSF estimates that are, on the average, 3.8 percent
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Existing HCM procedures for directional segments on two-lane highways should
be revised as discussed in Chapter 2 and as summarized in Appendix B.

In situations where a two-lane highway has continuous development to the point
that PTSF is no longer an appropriate service measure, it is recommended that the
site be considered an urban street rather than a two-lane highway. Analysis
procedures for developed two-lane highways fall more naturally in HCM

Chapter 15 or in a new arterial facilities chapter than in HCM Chapter 20.

The addition to HCM Chapter 15 of a procedure to address two-lane highways
with continuous development but widely spaced signals or no signals is
recommended. Recommendations for a portion of this procedure that can be
based on existing HCM procedures are discussed in Chapter 3 and summarized in
Appendix C. The remainder of this procedure will require further research.

As an alternative to Recommendation 3, the analysis of developed two-lane
highways with and without signals and the development of developed multilane
arterials could be addressed in a new arterial facilities chapter in the HCM. Such
a chapter should be capable of addressing traffic operations for facilities
composed of highway segments between intersections (including the operational
effects of driveways), unsignalized intersections, and signalized intersections.

A two-lane highway segment in a small town or a transition area with reduced
speeds should be evaluated as a Class II highway if the developed conditions with
reduced speeds extend for a distance of 3 km (2 mi) or less and if the vast
majority of the traffic is through traffic that will soon depart the developed area
and return to a Class I highway. However, if the developed area extends for more
than 3 km (2 mi) or if there is a substantial proportion of local circulating traffic
within the developed area, then the modified HCM Chapter 15 procedures

38



MRI-AEDIR110252-01.doc

described in Recommendation 3 for two-lane highways with continuous
development or a new arterial facilities procedure described in Recommendation
4 should be applied.

As noted in Recommendation 5, there are situations in small towns and transition
areas where the perception of LOS by through motorists and local circulating
motorists may differ. Most analysts assume that on a major intercity highway the
viewpoint of the through motorist should take precedence; but, where the through
highway is also a major local thoroughfare, the local perspective has merit as
well. This issue of differing viewpoints toward LOS, and the possibility of
assessing the LOS of a given facility from more than one viewpoint, should be
considered.

Research to develop a comprehensive operational analysis procedure for
developed two-lane highways is recommended. Such a procedure could be based
on either Recommendation 3 or 4 presented above, or some combination of both
concepts. NCHRP Project 3-79, Estimating and Measuring Urban Traffic Speed
and Level of Service, is about to begin, and this research may contribute to a
better understanding of speeds on two-lane urban streets. A major research effort
that specifically addresses operational analysis procedures for developed two-lane
highways is also recommended.
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APPEND IX A

COMPARISON OF EXISTING AND REVISED HCM PROCEDURE
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Table A-1 presents a comparison of the PTSF values for existing and revised procedures
including:

10252-01.00¢

the two-way segment operational analysis procedure from the HCM1997 (2,3)
the two-way segment operational analysis procedure from the HCM2000 (1)

the combined two-way results of the directional segment operational analysis
procedure in the HCM2000 (1)

the combined two-way results of the revised directional segment operational
analysis procedure developed for this report



TABLE A-1. Comparison of PTSF Estimates With Existing and Revised HCM Procedures

Differences in PTSF for both directions of travel combined
Two-way Parcont  Directional flow  HCM1897 HCM2000 HCM2000 (Directional) Aavised HCM2000 (Directional) “{iGM18G7 vs. HCM 1997 vs,  HOM1897 vs,  HCM2000 HCMZ0DD  HCMZG00
flow rate Directional no-passing rate (peh) PTSF PTSF PTSF PTSF FTSF PTSF PTSF PTSF  HCM2000 HCM2000  Revised HCM2000 {two-way vs. {two-way vs. {directional vs.
(poh) _ spiit zones Direcfion | PYSF (d3) (Two-way) (Two-way) Disection t Direclion 2 Combined _Direction 1 Dicection 2 Combined _{iwo way) i iracii revisad) tevised)
200 50 0 100 100 143 18.1 330 330 330 16.1 16,1 6.1 18 07 18 169 0.0 -16.9
200 60 0 120 80 152 1.7 387 306 307 20.3 139 1.7 25 185 25 160 0.0 -15.9
200 7 [ 140 60 16.1 189 381 278 350 27 102 189 28 189 28 16.1 00 -161
200 80 [ 160 40 17.2 212 404 244 372 249 67 212 40 20.0 40 160 0.0 160
200 %0 0 160 20 120 217 425 20,0 403 23.8 30 217 27 213 27 188 oc 185
400 50 0 200 200 286 206 476 476 478 296 296 296 1.9 19.0 1.0 180 0o -18.0
400 60 [} 240 180 302 0.1 50.0 52.3 509 46 235 301 0.1 207 0.1 208 0.0 ~208
400 70 0 260 120 314 207 519 510 516 368 165 307 0.6 203 -0.6 209 0.0 ~20.9
400 80 [} 320 B0 328 321 542 458 525 a7 103 322 -07 197 -06 20.4 0.1 -203
400 90 [ 360 40 3t 20 56.9 369 54.9 382 46 32 -a1 198 ~30 229 0.1 ~228
600 50 0 300 300 8.0 41.0 703 70.3 703 41.0 41.0 41.0 3.0 32.3 3.0 283 0.0 -28.3
600 60 o 360 240 9.7 41.0 899 651 68.0 47.2 3.7 41.0 13 283 13 270 0.0 —27.0
600 70 0 420 180 413 410 52.9 59.2 618 492 218 410 0.3 205 0.3 208 00 -208
600 80 0 480 120 435 410 64.2 549 523 a8 134 41.0 28 188 -25 213 00 -213
600 90 0 540 60 465 41.0 665 482 545 45.0 63 41 -55 180 5.4 235 o1 -23.4
00 50 0 400 400 465 50.5 720 720 720 505 505 505 4.0 255 40 215 00 -215
800 60 0 480 320 48.2 §0.5 798 708 76.8 575 40.1 50.5 23 281 23 258 0o -287
800 70 0 560 240 49.8 505 801 688 76.1 60.1 28.1 505 0.7 263 0.7 256 0.0 ~25.7
00 80 0 640 160 520 505 725 62.9 706 589 174 506 -15 18.6 -14 20.1 01 -20.0
800 9 [ 720 80 554 505 735 56.1 718 552 84 506 48 164 4.8 21.3 01 -21.2
1000 50 0 500 500 £3.2 5B.5 78.3 78.3 78.3 58.3 58.3 58.8 53 25.1 5.1 198 02 ~20.0
1000 60 0 500 400 553 585 9.1 746 773 65.8 478 585 32 220 22 188 0.0 -188
1000 70 [} 700 30 57.3 58.5 87.7 70.8 835 68.7 345 58.4 12 262 1.1 250 0.1 ~25.1
1000 80 [ 800 200 600 585 79.2 695 778 67.8 212 585 -5 17.3 15 188 0.0 -18.8
1000 80 0 500 100 63.3 58.5 790 668 778 §4.0 105 58.6 -4.8 14.5 4.7 19.3 0.1 —-19.2
1200 50 0 500 600 599 85.2 805 805 805 85.0 65.0 §5.0 53 206 5.1 153 ~02 155
1200 60 0 720 480 618 652 839 80.9 825 725 542 652 13 206 33 17.3 00 -17.3
1200 20 0 B840 360 63.7 852 88.3 7941 85.5 75.7 40.6 65.1 1.5 218 14 203 ~0.1 =204
1200 80 ° 960 240 662 652 917 778 289 7 26 640 -1.0 27 -3 237 -03 ~240
1200 90 [ 1080 20 701 85.2 8.9 736 829 708 1“7 $5.3 4.9 128 4.8 177 0.1 176
1400 50 [} 700 700 650 708 849 849 849 708 708 708 58 199 58 141 0.0 141
1400 60 0 840 560 6.3 708 85.8 839 850 781 50.8 708 35 1”7 35 142 oo ~142
1400 70 [ 980 420 594 708 878 833 85 814 462 708 1.4 171 14 157 0.0 -15.7




TABLE A-1. Comparison of PTSF Estimates With Existing and Revised HICM Procedures (Continued)

Differences in PTSF for both diractions of iravel combinagd
Two-way Percent  Directional flow  HCM1997 HCM2000 HCM2000 {Diractional) Rovised HCMR000 (Directional) "Hch1ag7 vs. HCM 1997vs.  HCM1887vs,  HOM2000  HCM2000  HCM2000
flow sate Disactional no-passing rata {poth) PTSF PTSF PTSF PTSF PTSF FTSF PTSF PTSF HCM2000 HCM2000  Ravised HCM200D (two-way vs. (two-way vs. {directional vs.
[{ spiit zones  Dhgclion 1 PTSF {g2) (Two-way) {Two-way) Dicestion 1 Direction 2 Comhined Direclion 1 Direction 2 Combined  {two way) reviswu) rovised)
1400 80 o 1120 280 723 708 96.2 818 933 80.6 318 709 15 210 -14 225 01 -225
1400 50 0 1260 140 76.9 70.8 88.0 782 87.0 763 1.7 70.7 6.1 101 -6.2 162 -0 -16.4
1600 50 [ 800 80D 0.t 755 86.0 86.0 86.0 755 755 755 5.4 15.9 5.4 105 0.0 -105
1600 60 ] 960 840 727 785 879 869 87.5 626 846 5.4 28 148 27 2.0 -0 -12.1
1600 70 [ 1120 480 75.1 755 90.3 86.0 89.0 6.0 50.7 754 04 139 03 135 -0.1 -136
1600 80 [ 1280 320 78.4 755 973 847 948 85.1 39.1 759 -29 16.4 -25 19.3 04 -18.9
1600 %0 [ 1440 160 835 755 915 821 906 80.1 226 744 -80 71 -9.2 15.1 12 -16.3
1800 50 ) 900 900 75.2 79.4 895 895 895 794 794 78.4 42 143 42 10.1 00 -10.1
1800 60 [ 1080 720 78.0 79.4 89.7 885 89.2 8.5 68.4 79.3 14 1.2 1.3 98 -0 -9.9
1800 70 0 1260 540 80.7 794 914 8.0 90.4 89.4 579 80.0 ~13 2.7 -0.7 1.0 06 -104
1800 a0 0 1440 360 84.3 794 9.5 873 947 463 434 794 -9 104 4.9 153 0.0 -15.3
2000 50 0 1000 1000 80.2 828 90.0 900 20.0 828 628 828 26 9.8 26 72 60 -7.2
2000 60 0 1200 800 833 82,8 90.0 898 89.9 897 722 827 -05 66 -06 71 -01 -7.2
2000 70 0 1400 600 86.3 (2] 915 487 810 919 814 828 -35 47 -3.5 8.2 0.0 -8.2
2000 80 o 1600 400 %03 828 944 894 934 90.8 46.7 820 -7.5 31 -8.3 106 ~08 -114
2200 50 [} 1100 1100 851 855 81.4 91.4 914 85.7 857 857 04 63 06 59 02 -5.7
2200 80 o 1320 880 886 85.5 92.4 91.3 92.0 91.9 774 86.0 -3 34 -2.8 55 05 -6.0
2200 0 o 1540 660 91y 455 933 914 92y 943 656 85.7 -6.4 i) -2 2 02 -71
2400 50 [ 1200 1200 90.1 87.9 920 920 920 881 88,1 80.1 -22 1.9 ~2.0 41 0.2 -39
2400 80 [ 1440 960 9319 878 928 925 927 936 801 882 6.0 -2 -5.7 a8 03 -5
2600 50 o 1300 1300 95.0 89.8 831 931 931 848 59.8 59.8 -52 -te -52 a3 0.0 -33
2600 60 [ 1560 1040 99.2 89.8 231 834 932 948 823 89.8 -94 .0 -4 34 0.0 -24
2800 50 0 1400 1400 100.0 9.5 93.8 938 938 916 9.6 916 -85 -6.2 -84 23 ot -22
3000 50 [ 1500 1500 928 %46 94.6 46 931 93.1 939 18 0.3 -15
3200 50 [ 1600 1600 94.0 95.0 95.0 950 94.0 24.0 94.0 1.0 0.0 -1.0
200 50 20 100 100 179 26.2 30.0 330 330 262 26.2 262 83 151 8.3 68 0.0 68
200 80 20 120 80 19.0 27.9 37 306 337 321 217 279 B9 147 89 58 0.0 -57
200 70 20 140 80 201 295 38.1 278 5.0 354 157 295 9.4 148 94 55 0.0 ~5.5
200 80 20 180 40 215 33.6 404 244 312 304 104 338 121 157 121 36 0.0 -36
200 S0 20 180 20 238 377 25 200 40.3 414 5.0 ar7 139 165 139 26 0.0 -25
400 50 20 200 200 a2.9 420 178 476 476 420 420 az0 91 137 91 56 0.0 -56
400 60 20 240 160 34.0 41.3 500 52.3 50.9 475 321 41.4 7.3 169 74 96 ot -9.6
400 70 20 280 120 as.4 421 519 510 516 506 224 42.2 70 185 7.1 95 01 ~95
400 80 20 320 80 6.5 45.4 542 458 525 53 142 45.4 89 16.0 89 7 0.0 -7
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TABLE A-1. Comparison of PTSF Estimates With Existing and Revised HCM Procedures (Continued)

Ditferencas in PTSF for heth directions of travel combinad

Two-way Percent Directional flow  HCM1987 HCM2000 HCM2000 (Directional) Revisad HOM2000 (Directiona') [iop1997 vs. HOM 1987 vs.  HOM1997 vs.  HCM2000  HCM2000  HCM2000
flow sate Directional no-passing rate {porn) PTSF  PTSF ~ PTSF _ PTSF __ PTSF BYSF  PISF  PTSF  HOM2000  HCM2000  Revisad HOM2000 (two-way vs. (two-way vs. (direotional vs
{poh) __ splt_ zones “Direchion 1 PTSF (d2) (Two-way) (Two-way) Direction 1 Direction 2 Combined _Direction 1 Dirsction 2 Combingd (1w way) i i revisod) __ revised)
400 %0 20 360 40 388 486 869 6.9 540 533 66 486 98 16.1 58 63 a0 -6.3
600 s0 20 300 00 418 s2.2 703 703 103 52.2 522 522 104 285 10.4 16.1 0o —1E
600 50 20 360 200 435 525 699 65,1 680 605 405 525 50 245 8.0 155 00 -15.5
600 70 20 420 180 451 52.6 629 59.2 618 682 278 2.6 75 16.7 75 92 00 -a.2
600 80 20 480 120 468 5.0 642 549 62.3 643 s 55.0 8.2 155 82 73 0o E
500 %0 20 540 60 498 679 66.5 462 845 628 83 57.3 77 149 7.7 72 00 -7
800 50 20 400 400 496 59.5 720 720 720 595 595 595 9.9 224 99 125 0.0 -125
800 50 20 480 320 514 58.1 799 708 763 663 459 s8.1 67 249 67 18.2 00 ~18.1
800 70 20 560 20 533 56.2 80.1 669 76.1 60.4 a2t 58.2 5.4 230 51 17.8 00 -180
800 80 20 640 180 554 59.8 725 529 706 697 20,1 58.8 44 152 44 10.8 00 -10.8
800 Y 20 720 B0 se. 61.4 735 56.1 ne 671 a7 614 23 127 23 10.4 00 -10.4
1000 50 20 500 500 567 657 783 8.3 783 655 655 655 80 216 88 126 -02 -12.8
1000 &0 20 600 400 59.0 64.8 kAl 746 773 72.9 52.7 84.8 58 18.3 58 125 0.0 -12.5
1000 70 20 700 0 607 649 a7 738 835 764 are 548 42 228 41 186 -0.1 -18.7
1000 80 20 80D 200 626 66.2 782 69.5 73 76.8 23.4 66.1 36 14.7 a5 nia =01 -11.2
1000 80 20 900 100 656 676 79.0 66.8 778 74.0 1.6 §7.7 20 122 21 ) 0.2 01 =101
1200 50 20 600 600G 625 700 805 80.5 BO5 704 70.4 704 75 18.0 78 105 0.4 =10.1
1200 60 20 720 480 643 702 838 80.3 625 783 58.0 702 59 182 59 123 0.0 -12.3
1200 70 20 840 3,0 880 203 8.3 791 855 81.8 432 702 43 195 42 5.2 0.1 -153
1200 80 20 960 240 682 714 97 78 8.9 819 27.4 710 32 207 28 175 04 178
1200 [0 20 1080 120 718 725 838 736 82,9 79.0 15.6 27 0.7 11 0.9 10.4 0.2 -10.2
1400 50 20 700 700 87.2 74.4 B4 84.8 B4.9 74.4 74.4 74.4 72 177 72 105 oo -10.5
1400 50 20 B840 s60 693 745 85.8 839 8.0 824 62.6 745 52 t57 52 105 00 -106
1400 70 20 980 420 nz 746 878 833 86.5 85.9 481 746 34 153 34 119 60 -119
1400 80 20 120 280 739 754 %6.2 ate 9.3 86.0 3.2 754 15 194 15 179 0.0 -17.9
1400 %0 20 1260 oo 783 763 88.0 782 670 826 204 764 -18 89 -17 107 0 ~10.8
1600 50 20 BOO aoe s 785 BE.O 86.0 BE.O 785 7.5 78.5 8.7 4.2 6.7 7.5 0.0 -15
1600 60 20 960 640 742 787 87.9 8.9 875 86.4 67.1 87 45 133 45 88 00 -88
1600 70 20 1120 430 76.5 785 903 B6.0 890 295 52.2 183 20 125 1.8 10.5 ~0.2 -10.7
1600 80 20 1280 320 795 79.4 673 B47 948 899 40.3 80.0 0.1 183 05 15.4 08 ~14.8
1600 % 20 1440 160 843 810 915 82,1 906 864 233 80.0 -3 63 43 96 -10 -105
1800 50 20 900 500 765 818 895 895 89S 818 8.8 81.8 53 1.0 53 7.7 00 -7
1800 60 20 1080 720 792 8.2 807 B85 89.2 8.7 708 2.0 30 16,0 28 7.0 02 72

1800 70 20 1260 540 1.7 818 914 68.0 90.4 921 59.0 822 0.1 a7 05 8.8 06 -82




TABLE A-1. Comparison of PTSF Estimates With Existing and Revised HCM Procedures (Continued)

Ditterences in PTSF tor both directions of travel combined
Two-way Percent Dirpctional low HCM1897 HCM2000 HCMZ2000 (Directional) Aevised HCM2000 {Directional) “1eM1697 va.  HOM 1997 ve. HCM1967 v, HCM2000  HCM2000 HCM2000
flow rate Uiractional no-passing a6 (pch) HTS) vise PTSF BISF  PISF BTSF  PTSF _PTSF ~ HCM2000  HCM2000  Revisad HCM2000 (wo-way vs. (two-way vs. (directional vs.
{pern) split 20085 Diraction 1 PTSF (d2) {Two-way) {Two-way) Diraction ! Direction 2 Combined _Dicection 1 Dirsction 2 Cormbined __(iwo way) i rovisad) rovised)
1800 B0 20 1440 360 B5.2 825 96.5 87.3 94.7 926 44.5 830 2.7 95 -22 12.2 05 -11.7
2000 50 20 1000 1000 812 B4.6 90.0 900 20.0 846 848 848 a4 88 34 54 0.0 5.4
2000 &0 20 1200 B0O B84.2 85.1 80.0 89.8 B9.8 924 74.0 85.1 [13:] 57 0.8 48 0.0 ~4.8
2000 70 20 1400 800 87.0 B4.2 915 89.7 2.0 936 2.1 ad.2 ~2.8 4.0 28 6.8 00 68
2000 BO 20 1600 400 920.8 86.2 844 89.4 934 94.5 47.6 85.1 5.6 28 5.7 8.2 0.1 —-8.3
2200 B 20 130U 1100 LA ] ¥ 414 914 Y14 sz yrz yrz 1.2 55 1.3 4.3 ua -4.2
2200 &0 20 1320 880 89.2 87.3 924 813 820 940 788 87.8 -8 28 -1.4 4.7 05 ~4.1
2200 70 20 1540 860 923 B69 933 9.4 927 86.0 66.3 87.1 -5.4 04 52 58 8.2 5.7
2400 50 20 1200 1200 90.6 89.2 92.0 820 929 89.6 69.5 89.5 -1.4 14 =11 28 0.3 =25
2400 60 20 1440 980 94.2 89.3 928 925 927 852 812 89.6 -4.9 -1.5 -4.6 34 0.3 -3.1
2600 50 20 1300 1300 95.3 80.9 083.1 931 g31 80.9 90.9 %09 ~4.4 -2.2 4.4 22 0.0 ~2.2
2600 60 20 1580 1040 99.2 90.7 93.1 834 932 959 831 50.7 -85 6.0 -85 25 0.0 -2.5
2800 80 20 1400 1400 100.0 92.8 938 93.8 91.8 92.6 926 92.6 -75 -6.2 74 1.3 01 -1.2
3000 50 20 1500 1500 936 846 94.6 946 84.0 84.0 84.0 1.0 04 -0.6
3200 50 20 1800 1600 947 95.0 95.0 950 947 947 947 03 0.0 ~0.3
200 50 40 100 100 238 333 38.5 395 395 333 333 333 8.5 157 2.5 6.2 0.0 —6.2
200 80 40 120 80 253 333 422 371 40.2 383 259 a3 80 14.9 8.0 6.9 0o -6.8
200 70 40 140 60 268 36.2 446 844 41.5 42.4 186 352 8.4 14.7 84 6.3 o0 -£3
200 B8O 40 150 40 287 40.4 46.9 $1.e 437 4/.4 124 404 ./ 0 n.s 33 uo 4.3
200 80 40 180 20 307 458 49.0 267 46.8 499 5.9 455 148 163 14.8 13 0.6 -13
400 50 40 200 200 366 486 543 543 54.3 486 48.6 486 12.0 177 120 57 a0 -57
400 60 40 240 160 377 45.8 56.6 58.4 57.3 52,7 355 45.8 8.1 196 8.1 1.5 0.0 =115
400 70 40 280 120 388 46.8 58.5 56.4 57.9 564 248 46.9 a1 19.1 &t 1.0 0.0 -11.0
400 80 40 320 B0 40.3 51.1 60.7 50.6 58.7 80.0 16.8 511 108 .4 108 7.6 0.0 -75
400 90 40 360 40 426 £5.2 63.4 41.0 61.2 60.6 7.4 653 126 186 127 6.0 01 59
600 50 40 300 300 454 57.0 754 754 754 510 57.0 570 ne 3e.0 11.6 184 0.0 -18.4
600 &0 40 360 240 468 56.2 759 69.2 732 64.7 434 562 2.4 26.4 94 17.0 00 -17.0
600 70 40 420 180 481 56.4 69.6 626 67.5 87.8 258 56.4 8.3 19.4 8.3 i 0.0 =113
600 80 40 480 120 498 59.6 70.8 §7.9 68.2 69.8 189 56.6 9.8 18.4 98 8.8 0.0 -86
600 90 40 540 60 52,6 628 73.0 49.0 7086 68.8 8.9 62.8 102 18.0 10.2 7.8 0.0 -7.8
800 50 40 400 400 526 628 75.6 7556 %5 6528 628 628 10.2 229 0.2 127 a.0 -12.7
800 80 40 480 320 544 808 84.7 738 80.3 649.4 48.0 60.8 64 259 8.4 195 0.0 =165
800 70 40 560 240 56.1 610 86.1 69.5 811 727 335 61.0 4.9 25.0 49 20.1 0.0 -20.1
820 B8O 40 640 160 56.4 632 79.1 65.2 76.3 77 a1t 63.2 48 129 4.8 13.1 0.0 -13.1
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TABLE A-1. Comparison of PTSF Estimates With Existing and Revised HICM Procedures (Continued)

Differances in PTSF for both diraclions of travel combined

Two-way Porcent  Directional flow  HCM1997 HCM2000 _____HCM2000 (Directional) Revised HCM2000 (Ditectionsl) "ricm1697 ve, HCM 1967 va. | HCM1897vs,  HCM2000 HCM2000  HOM2000 |
flow rate Directional no-passing rate (porh) PISF  PTSF T~ BISF  PTSF  PISF PTISF  PISGF  PISF  HOM2000  HCM2000  Revised HCM200U (two-way vs. (two-way V. {diractional vs.
{perhy split zones  Direction 1 PTSF (d2) (YTwo-way) ({Two-way) Diraction 1 Direction 2 Combinad Direction 1 Direction 2 Combined  (two way) i i revisad) revisad)
800 90 40 720 8 613 653 200 58.1 778 74 102 65.3 40 165 40 LERS G -12:5
1000 50 40 500 500 597 685 819 813 813 683 68.3 68.3 2.8 216 86 28 e -1340
1000 B0 40 600 400 61.2 67.2 B25 77.0 80.4 756 54.5 87.2 6.0 198.2 6.0 b b
1000 70 40 700 300 626 67.4 Y 75.9 877 79.4 201 67.3 48 25.1 47 23 -4 -204
1000 80 40 800 200 644 692 85.9 T2 83.0 8.3 243 69.1 48 186 47 138 S ~18.9
1000 90 40 900 100 7.3 7.0 855 66.3 8.8 777 121 ne a7 165 39 i Ok -128
1200 S0 an 600 500 643 730 82.9 829 82.9 727 727 727 67 186 84 29 ikl -102
1200 60 a 720 460 650 722 870 823 851 806 59.6 722 62 191 62 == Ll -128
1200 70 10 840 3 676 72.4 92.4 80.7 8.9 84.4 443 723 a8 213 47 i Sl -166
j200 80 40 960 240 £98 739 97.8 79.2 941 84.9 281 735 44 243 37 202 e ~20.6
1200 90 40 1080 120 73.2 75.3 90.4 746 88.8 822 159 756 21 166 2.4 135 03 -133
1400 50 40 700 700 68.8 76.3 86.9 86.9 86.9 76.3 76.3 76.3 75 18.1 75 106 a0 -10.6
1400 60 40 840 560 0.7 762 885 8.5 87.3 844 639 762 55 166 55 Uikl 0.0 -1t
1400 70 40 980 420 726 76.4 91.2 84.5 892 aa.1 49.1 764 3e 16.6 38 L) e Sl
1400 80 10 1120 280 75.2 775 1000 827 965 88.4 339 775 23 213 23 190 00 -18.0
1400 90 40 1260 140 792 786 946 78.9 9.0 85.1 207 787 -06 138 -05 144 03 ~143
1600 50 40 800 800 732 60.1 a7 8.7 87.7 801 80.1 80.1 69 145 59 i ee -6
1600 60 40 960 840 755 802 30.2 892 894 881 68.3 802 47 139 47 92 L2 ~8.2
1600 70 40 120 480 7786 50.9 93.4 86.9 915 92.4 535 80.7 33 138 31 108 - 02 -107
1600 80 40 1280 320 80.5 810 1000 5.3 971 92,0 40.9 817 08 166 1.2 e Ce —15.3
1600 90 40 1440 60 851 813 9.1 826 96.6 8.9 236 623 -18 115 -28 L) ol -2
1800 S0 40 00 s0 717 83.2 1.0 910 91.0 836 836 836 55 133 59 e (U T4
1800 60 40 1080 720 80.2 834 97 895 90.8 91.2 716 83.3 32 106 a1 74 03 -75
1800 70 40 1260 540 826 845 949 886 925 9.6 605 85.1 18 29 26 LR oe -74
1800 80 40 1440 360 859 839 1000 878 9756 94.2 449 B44 -2.0 1.7 -1.5 Lk D -182
2000 50 40 1000 1000 82.1 85.7 9.2 9.2 912 857 857 8.7 36 9.1 36 58 0.0 =55
2000 60 40 1200 800 85.0 86.2 917 90.5 912 937 74.9 86.2 12 82 12 50 LRV -5.0
2000 70 40 1400 600 87.7 87.7 939 902 928 97.8 63.9 ar7 00 51 00 Gl 0o -51
2000 80 40 1600 w913 862 97.9 897 9.3 957 479 86.2 51 5.0 -51 Lt e -10.t
2200 50 40 100 1100 866 88.0 823 523 923 88.1 88.1 68.1 14 57 15 4.3 Gl ~4.2
2200 60 40 1320 880 BO7 8.2 019 o1e a1 95.1 792 887 -15 34 -to 49 05 44
200 70 40 1540 860 927 90.4 9.5 918 94.4 100.2 88,1 90.5 -23 7 22 L 8.1 -38
2400 0 40 1200 1200 911 899 02.7 027 927 0.2 502 0.2 -1.2 16 -08 = 03 -25

2400 60 40 1440 260 945 809 94.1 929 936 96.0 817 203 45 08 42 £ o8 =




TABLE A-1. Comparison of PTSF Estimates With Existing and Revised HCM Procedures {Continued)

o Differences in PTSF for hoth directions of travel combined
Two-way Parcant  Directional flow  HCM1997 HCM2000 HCM2000 (Directional) Revised HCM2000 (Directionsl) iomios? va, HOM 1997 v, HCMI997 ve,  HOM2000  HCM2000  HOM2000
flow rate Dirsuliviel na-passing rate (poh) PYSF PTSF PTSF PTSE PTSF PTSF PTSF FTSF HOGM2000 HOM20UO  Revisad HOMZUOU (lwo-way vs. (wo-way vs. (dirsctional vs.
(pe/n} split zones _irection 1 PISF (02} (Two-way) (Two-way) Direction 1 Direction 2 Combined _Diraction 1 Direction 2 Combined _(iwo way) revisad) revised)
2600 50 40 1300 1300 955 914 93.7 937 937 914 914 91.4 -4 ~1.8 41 23 0.0 -23
2600 80 40 1560 1040 99.2 912 942 938 94.0 26.4 B34 912 -8.0 -52 8.0 28 Q.0 -28
2800 50 40 1400 1400 1000 %29 943 943 943 “ea0 93.0 93.0 -71 -5.7 -70 14 01 -13
3000 50 4 1500 1500 939 95.0 95.0 6.0 944 944 944 11 05 06
3200 50 40 1600 1600 94.9 9.3 95.3 9.3 9.9 94.9 949 04 0.0 -04
w6 60 100 100 302 363 455 455 455 36.3 6.4 36.3 61 1.3 61 9.2 0.0 -9.2
200 60 50 120 80 307 386 48.2 431 462 444 300 386 7.9 155 79 76 0.0 -5
200 70 60 140 50 313 408 506 403 475 492 216 409 96 162 96 6.6 0.0 -8
200 80 80 160 40 520 471 529 370 497 553 143 471 151 177 15.1 26 00 ~2.6
200 80 60 180 20 332 533 56.0 a2 s2.8 58.5 64 53.8 201 1956 201 0.5 0.0 05
400 S0 &0 200 200 39t 523 0.2 §0.2 60.2 523 523 523 132 211 132 78 0.0 -79
400 €0 80 240 160 40.2 50.3 625 636 829 57.9 39.0 50.3 10.1 227 101 1256 0.0 -126
400 70 60 280 120 413 516 645 610 63.5 621 273 517 103 222 104 19 Q1 ~118
400 80 60 320 80 428 56.7 66.7 54.6 64.3 66.5 1.6 56.7 139 215 139 7.6 0.0 -78
400 90 60 360 40 45.0 818 68.4 444 6.9 878 82 618 16.8 219 168 51 0.0 -5.1
600 50 80 300 300 474 597 97 797 79.7 597 587 50.7 123 323 12.8 20.0 0.0 -20.0
600 60 80 360 240 838 59.9 81.2 726 778 £9.0 46.2 58.9 1.1 280 1A 178 Q.0 -179
500 70 50 420 180 50.1 60.1 755 65.2 724 722 I1s 0.1 100 223 10.0 12.3 00 -123
800 80 60 480 120 51.8 642 6.8 60.4 735 752 202 842 124 217 124 93 00 -9.3
600 90 80 540 60 546 68.2 742 1a 67.9 747 9.6 8.2 136 133 136 -0 00 03
800 50 80 400 400 54.6 646 78.2 8.2 782 846 84.6 546 100 236 10.0 136 00 -136
800 60 50 480 320 56.4 635 88.7 764 837 7256 50.1 635 71 273 7.1 202 00 -20.2
800 70 60 560 240 58.1 63.8 914 78 5.5 %2 350 838 57 274 57 2.7 0.0 -217
800 80 60 640 160 60.3 66.5 851 67.1 815 776 221 66.5 52 212 62 15.0 0.0 ~15.0
800 90 0 720 80 825 691 86.0 59.8 83.4 756 106 69.1 66 209 66 143 0.0 -14.3
1000 50 60 500 500 61.0 76.1 837 837 837 879 §7.9 87.9 91 22.7 69 136 -2.2 -15.8
1000 60 60 500 400 624 895 85.3 79.1 828 78.3 56.3 695 71 204 7.1 13.8 0.0 -18.3
1000 70 50 700 00 63.7 69.8 97.1 7756 91.3 824 404 89.8 6.1 278 61 215 0.0 -216
1000 80 650 800 200 65.4 721 91.8 726 880 636 251 718 87 225 65 159 02 -16.0
1000 90 0 900 w00 682 742 915 59.4 893 81.2 125 744 8.0 2t 62 15.1 02 -149
1200 50 0 00 600 5.3 744 85.0 B5.0 85.0 741 741 741 81 197 a8 108 -0.4 -10.9
1200 80 60 720 480 67.0 743 89.4 84.0 872 829 811 742 7.3 202 72 129 -0 ~13.0
1200 70 60 810 360 68.5 745 96.7 820 916 86.9 454 745 81 23.4 60 7.0 01 ~17.1
1200 80 60 960 246 706 763 1000 802 96.0 a7 289 750 57 25.4 5.4 197 -03 —20.1
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TABLE A-1. Comparison of PTSF Estimates With Existing and Revised HCM Procedures (Continued)

Difierences in PTSE {or both directions of travel combined
Two-way Peceni  Ditectional fow  HCM1997 HCM2000 HOM2000 {Directional) Revised HOM2000 (Oirectional) "CM1997 vs. HCM 1807 v, HCM1967vs.  HCM2000  HCM2000  HCM2000
flow rate Diractional no-passing cate (pchh) PTSF  PTSF ~ pISF _ PISF _PTSF PISF  PISF  PISF  HCM2000  HCM2000  Rlevised HCM2000 (two-way vs. (two-way vs. (directional vs
{pc/h} split zones  Diraction 1 PTSF (d2) (Two-way) (Two-way) Direction t Direclion 2 Combined Direction 1 Direction 2 Combined  {iwo way) ievised) revised)
1200 90 60 1080 2o 79 781 96.4 75.4 943 85.1 16.3 782 42 204 44 16.2 01 -16.1
W0 50 60 700 700 696 75 887 887 887 775 7.5 75 79 191 79 12 a0 -112
1400 60 80 840 560 s 779 807 86.8 891 863 652 179 64 17.6 6.4 1.2 0.0 -113
1400 7 80 980 420 733 782 928 855 913 202 500 8.2 49 180 29 13.9 a0 -13.1
1400 80 80 1120 280 758 798 1000 834 96.7 80.8 344 79.5 37 209 37 172 oa -172
oo @ 80 1260 ue 797 a8 1000 705 9.0 874 210 80.7 11 w3 10 172 -01 -172
1600 50 80 800 800 739 1.2 3.1 891 89.1 B1.2 812 81.2 78 15.2 73 7.9 00 -79
1600 60 80 960 840 761 814 922 802 9.0 894 0.1 81.3 53 149 52 96 -01 -97
1800 70 60 1120 480 78.2 816 5.9 87.6 93.4 932 538 81.4 34 15.2 3.2 1.8 0.2 120
1600 80 60 12680 a0 810 828 1000 859 972 939 413 834 18 162 24 14.4 06 -138
1600 90 &0 1440 160 855 855 1000 82.9 9.3 911 238 84.4 00 128 -11 128 -11 ~13.9
1800 50 60 900 %00 782 841 921 921 521 84.1 84.1 841 59 138 59 80 00 -80
1800 60 60 1080 20 807 842 934 903 922 920 721 8.1 15 115 3.4 8.0 -0 -8.1
1800 70 60 1260 540 831 84,2 96.4 B89.2 942 95.2 60.4 84.8 1.1 1 1.7 10.0 0.6 -9.5
1800 80 60 1440 360 86.3 853 100.0 88.2 976 95.9 45.3 85.7 -1.0 1.3 -0.6 123 04 -11.8
2000 80 80 1000 1000 826 86.5 92.1 921 921 865 865 865 a9 o5 39 56 00 5.6
2000 60 60 1200 800 854 86.4 93.1 91.2 923 939 5.0 86.4 1.0 6.9 Lo 58 00 -6.0
2000 70 80 1400 600 880 863 96.0 9086 944 9.1 632 86.3 -17 84 -17 81 0.0 -B1
2000 80 80 1600 400 915 873 1000 8.9 98.0 97.0 482 7.2 -z 65 43 107 -0.1 -107
200 50 60 1100 1100 869 86 93.1 a1 3.1 808 8.8 88.8 17 62 19 45 02 43
2200 80 80 1320 880 90.0 885 851 924 94.0 85.4 79.5 83.0 -15 4.0 -1.0 5.5 0.5 -5.0
200 70 60 1540 660 929 8.0 97.3 920 95.7 985 67.4 8.2 -39 28 -a7 67 0.2 6.6
2400 s0 60 1200 1200 913 9.5 93.4 934 93.4 50.7 s0.7 %07 -8 21 05 28 02 -27
2400 60 60 1440 %60 946 90.4 95,1 933 844 %6 821 208 -42 -02 28 4.0 0.4 -36
2600 50 80 1300 1300 956 91.8 94.3 943 94.3 91.8 1.8 918 -3.8 -1.3 -38 2.5 0.0 -5
200 60 60 1560 040 893 9.7 95.1 94.0 9.7 97.0 83.8 917 756 46 -8 a0 00 29
2000 50 60 1400 1400 100.0 932 54.7 947 94.7 934 214 934 68 -5 66 15 a2 -1.3
3000 50 80 1500 1500 912 953 5.3 9.3 847 847 847 iR 05 -08
w0 50 s w1800 951 955 955 955 9.1 954 95,1 2.4 00 04
200 50 80 100 100 827 ara 474 474 474 a7 a7 ary 44 147 44 103 a0 -10.3
200 60 80 120 80 a2 .2 50.1 450 4.1 451 204 9.2 60 149 50 89 00 -88
200 70 80 140 60 998 a3 525 423 49.4 497 21.8 413 75 156 75 a1 00 -84
200 80 80 160 0 s 474 548 8.0 516 55.7 14.4 474 129 11 28 42 0o 42
200 90 80 180 0 37 535 6.9 347 54.7 8.7 89 535 17.8 190 17.8 12 00 -1t
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TABLE A-1. Comparison of PTSFK Lstimates With Existing and Revised HCM Procedures (Continued)

Differenceas in PTSF tor both direclions of travel combined

Two-way Parcent  Directional flow  HCM1997 HCM2000 HCM2000 (Diractional) Revisad HCM2000 (Directional] 1iCR1997 ve, HCM 1957 va.  HOM1997 vs.  HCM2000 HCM2000  HOMZ000
flow 7ats Directional no-passing rate {pcrh) PTSF PTSF PTSF PTSF PTSF PISF PTSF PTSF  HCM2000 HCHM2000  Revised HCM2000 (two-way vs. (lwo-way vs. {directional vs.
{peh) split zon8s _iretion | PTSE (d2) (Two-way) (Two-way) Direction 1 Direction 2 Combined _Direction ¥ Diraction 2 Combined _ (two way) ireci iracti revised) covised)
400 50 80 200 200 416 53.4 62.9 62.3 823 534 53.4 534 ne 207 e 49 00 -89
400 60 80 240 1606 427 51.1 845 855 B4.9 58.8 9.6 511 B.4 222 84 138 0.8 ~13.8
w0 70 0 280 120 38 522 664 627 53 528 776 23 B4 705 85 kA o1 —130
400 80 80 320 80 452 572 68.6 561 86.1 672 17.6 513 120 209 121 89 ot -88
400 90 80 60 40 46.9 62 7.3 45.7 687 68.2 az 62.2 15.2 218 15.3 6.6 0.1 66
600 50 80 300 300 492 80.7 81.3 813 813 60.7 50.7 60.7 s 321 15 206 0.0 -206
600 60 20 360 240 504 508 831 738 79.4 700 469 50.8 104 200 104 186 0.0 ~18.7
600 70 80 420 180 516 §1.0 776 66.9 742 734 2.1 51.0 94 226 9.4 132 0.0 ~132
500 80 80 480 120 533 849 787 615 753 76.0 204 649 16 22,0 16 104 0.0 104
600 kL BO 540 60 55.8 8.6 80.9 52.3 780 751 96 68.6 128 22 128 9.4 0.0 -9.5
800 50 BO 400 400 56.8 65.0 793 79.3 793 65.0 65.0 65.0 9.2 235 9.2 14.3 0.0 -14.3
800 60 80 480 320 576 542 9.2 774 65.1 733 506 642 6.6 275 66 20.9 00 -209
800 70 80 560 240 592 545 933 728 67.2 77.0 354 645 53 280 53 22.7 00 ~226
800 80 60 640 160 60.9 870 7.1 8.1 82.3 782 222 67.0 8.1 224 6.1 163 0.0 -16.3
800 80 80 720 B0 3.1 80.5 87.9 80.7 85.2 76.0 107 69.5 6.4 22.1 8.4 157 0.0 -15.7
1000 50 80 500 500 61.6 708 847 847 847 704 70.4 704 9.0 234 B8 141 -0.2 -143
1000 60 an 600 400 63.0 702 86.4 80.1 838 791 56.8 0.2 72 209 72 137 00 -137
1000 70 80 700 200 643 705 987 785 926 832 407 70.4 6.2 283 6.1 221 0.1 222
1000 B0 as 800 200 66.0 725 93.9 734 B9.8 4.1 253 72.3 6.5 238 63 17.3 ~0.2 -17.5
1000 90 8 900 100 688 746 93.4 701 911 017 125 74.8 5.8 25 60 185 02 ~16.3
1200 50 80 800 600 659 749 86.0 86.0 860 747 747 747 2.0 20.0 88 11 -0.2 -3
1200 60 80 720 480 67.6 748 905 849 86.3 836 616 74.8 72 207 72 1a.56 0.0 ~13.8
0 70 80 840 60 69.1 75 97.0 827 927 876 457 751 80 236 60 176 0.0 “176
1200 B0 a0 960 240 7.2 76.8 100.0 80.8 962 883 290 765 56 25.0 53 194 0.3 -19.7
1200 90 80 1080 120 745 785 98.4 759 98.2 B35 16.3 78.6 4.0 vy 43 17.7 0.1 =176
1400 50 80 700 700 70.2 78.4 89.6 896 896 781 781 78.1 79 19.4 79 15 0.0 ~115
1400 60 80 840 560 72.% 784 a7 87.6 801 86.9 65.6 78.4 6.3 168.0 63 n7 00 -11.7
1“0 70 80 980 420 799 787 9.9 86.1 923 20.9 50.3 787 4.8 184 48 136 00 -136
1400 80 80 1120 280 76.3 8.4 100.0 839 96.8 91.2 34.6 79.9 3.8 205 a6 16.9 0.0 -16.9
400 90 80 1260 140 802 812 1000 79.8 98.0 878 210 812 10 178 10 168 0.0 -16.8
1600 50 80 800 800 745 817 899 89.9 809 817 18] 817 72 154 7.2 82 00 -82
1600 60 80 260 840 767 819 931 83.8 918 90.0 695 814 52 154 51 99 0.1 ~100
1600 70 80 1120 480 787 821 96.9 88.1 943 939 54,1 819 2.4 156 32 12.2 0.2 -12.3

1600 80 80 1280 320 81.5 83.1 1000 86.3 97.3 94.3 414 83.7 16 158 22 14.2 06 -13.5




TABLE A-1. Comparison of PTSF Estimates With Existing and Revised HCM Pracedures (Continued)

Differncas in PTSF for both directions of travel combined
Two-way Porcent  Directional flow  HCMi997 HGM2000 HGM2000 (Directonal) Revised HCM2000 (Diractional) HCM1907 ve. HCM 1997 ve.  HCM1997vs.  HCM2000  HCM2000  HCM2000
How raie Directional no-passing rate (pc/h) PISF PTSF PTSF PTSF PYSF PTSF PTSE PTSF HCM2000 HOM2000  Revised HCM2000 (iwo-way vs. (two-way vs. (directional vs.
{pe/) split 20085 Dirsction 1 PTSF {2} ©2) (Two-way) (Two-way) Direction 1 Dicaction 2 Combined  Direction § Diraction 2 Combined  (two way) lirgcti irecti revised) revised)
1800 80 80 1440 180 858 859 1000 832 98.2 916 239 848 0.1 125 -1.0 124 -1 -12.5
w0 so 80 900 900 787 8456 928 92.8 92.8 B4.6 846 846 59 141 59 82 0.0 8.2
1800 60 80 1080 720 812 846 943 90.9 929 525 724 845 24 "7 33 8.3 -0t -85
1800 70 a0 1260 540 835 8456 974 896 95.1 9.7 606 852 1 116 17 105 06 -99
80 80 80 1440 360 866 856 1000 89.4 977 96.2 454 6.0 ~1.0 1 -0 124 0.4 -7
2000 50 80 1000 W0 8340 86.9 927 927 a27 869 869 869 39 97 38 58 0.0 -6.8
2000 60 80 1200 800 857 6.8 939 9.6 93.0 944 753 868 e 7.3 1.1 62 00 -2
2000 70 80 1460 500 882 86.7 97.0 90.9 952 95.6 634 867 ~15 7.0 -15 [H 0.0 -85
2000 80 80 1600 400 917 875 1000 90.0 98.0 972 483 875 42 63 -2 105 0.0 -105
2200 50 80 1100 1100 a7.2 89.0 936 936 936 892 692 892 18 64 20 4.8 02 .t
2200 60 80 1320 880 902 88.9 95.8 927 946 95.8 797 893 -1.3 44 0.8 57 04 -52
2200 70 80 1540 660 930 89.4 98.3 922 965 20.0 676 896 36 a5 -4 71 02 -8
2400 50 80 1200 1200 915 90.8 938 938 938 910 510 91.0 -07 23 05 10 0.2 -28
2400 60 80 1440 960 948 206 958 936 949 9%.6 823 910 42 [ -38 43 04 4.0
2600 50 80 1300 1300 957 92.1 94.6 94.6 945 9.1 921 921 ~36 -11 36 25 0.0 -25
2600 60 80 1560 1040 993 919 956 941 9.0 97.2 840 919 ~74 43 -4 a1 0.0 ~3.1
2800 50 80 1400 MO0 1000 934 95.0 95.0 95.0 26 236 936 -56 -50 64 1.6 02 -1.4
3000 50 80 1500 1500 944 955 955 955 94.9 849 949 11 05 06
3200 50 80 1600 1600 952 95.6 956 956 952 952 952 04 0.0 -04
200 50 100 100 100 339 379 512 512 512 a79 e 379 40 17.3 40 133 0.0 -133
206 60 100 120 80 345 39.8 53.9 488 519 458 309 8 53 174 53 121 0.0 -120
200 70 100 140 (1] 350 41.6 56.3 46.0 §3.2 50.1 21.9 416 6.6 18.2 6.6 118 0.0 -11.6
200 80 100 160 40 - 368 477 58.6 426 55.4 56.1 145 478 1.9 19.6 120 vy 0.t 76
200 90 100 180 20 368 53.7 50.7 382 585 58.9 69 537 164 216 16.8 48 0.0 —7
00 50 100 200 200 429 544 658 658 65.6 544 544 54.4 15 229 15 114 X -114
400 60 100 240 160 440 518 68.2 688 68.4 596 402 519 78 244 79 166 at -166
w00 70 100 280 120 450 528 701 857 68.8 635 279 52.8 78 238 78 160 0.0 -159
400 80 100 320 80 46t 576 724 s6.8 697 677 178 s7.7 15 238 16 121 ot -120
400 90 100 360 0 478 624 751 481 724 68.4 K] 624 145 245 145 10.0 00 -100
600 50 100 300 300 50 815 84.1 84.1 84.1 615 515 615 14 0 114 226 00 -22.6
600 60 100 360 240 81.4 B81.7 86.3 76.3 823 FARI 47.6 61.7 104 30.9 104 206 [1X5) -20.6
600 70 100 420 180 526 619 811 685 773 744 326 619 93 247 9.3 15.4 0.0 -15.5
500 80 100 480 120 542 65.5 82.4 63.4 786 767 206 655 113 244 114 131 0.0 131
800 80 100 540 60 56.8 62.0 847 54.0 818 756 97 69.0 122 24.8 2.2 12.6 0.0 -12.7
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TABLE A-1. Comparison of PTSF Estimates With Existing and Revised HCM Procedures (Continued)

Difisrences in PTSF for bath directions of travel combined

Two-way Percent Dirsctional flow  HCM1997 HCM2000 HCM2000 (Directional) Revisad HCM2000 (Directiondl) "HCM1997 vs. HOM 1997 vs.  HOM19S7vs.  HCMZ00D  HGM2000  HCM2000
flow rate Dirsciional no-passing rate {poin) PTISF  PTSF “ PTsF  PY&F  PISF PYSF PISF  PISF  HCM2000  HCM2000  Revised HGM2000 (two-way vs. (two-way vs. (directional vs
(poh) st zones  Direclion 1 FISF (i) (Two-way) (Two-way) Direction 1 Diraclion 2 Corobined Disection 1 Disection 2 Combined __(two way) i i ravisad) revisad)
a0 50 100 400 400 56.8 65.9 BLS 815 a15 65.9 65.9 859 91 247 81 156 0.0 -156
800 60 100 480 220 586 64.9 929 79.3 875 74 511 849 64 29.0 6.4 226 a.0 -225
B0 70 100 560 240 61 651 6.5 a4 899 i 3.7 65.1 50 298 50 248 00 -248
a0 80 100 840 160 615 67.5 90.7 69.5 86.5 78.8 224 875 8.0 250 6.0 19.0 0.0 ~18.9
80 90 100 720 80 83.7 69.9 917 £1.9 887 765 0.7 89.9 62 25.0 6.2 188 00 -18.8
1000 50 100 500 500 §2.2 714 B6.6 856 86.6 2 71.2 7.2 92 24.4 9.0 152 -02 ~15.4
1000 60 100 600 400 836 70.8 886 816 868 79.8 57.3 708 72 222 72 150 0.0 -150
000 70 100 700 300 649 709 1000 798 939 838 410 710 6.0 250 61 23.0 0.1 -23.0
1000 80 100 800 200 66.6 73.0 97.4 74.4 928 84.8 254 729 64 26.2 6.3 198 01 -18.9
000 90 100 00 100 694 75.0 47.2 70.9 948 B2.1 125 75.1 56 252 57 196 0.1 -195
1200 50 100 600 800 865 756 875 875 875 754 754 75.4 a1 210 89 ns -02 -12.1
1200 60 100 720 480 682 754 @24 6.1 809 843 820 75.4 72 217 72 145 0.0 -1456
1200 70 100 840 360 69.7 756 99.5 87 948 88.2 460 755 59 251 58 192 -0 -192
1200 80 100 960 240 78 772 1000 815 96.3 8.8 204 76.9 54 245 51 19.1 ~0.3 ~19.4
1200 90 100 1080 120 75.1 788 1000 765 977 86.0 164 79.0 a7 228 39 8.9 02 -186
1400 50 100 700 700 70.8 78.7 908 50.8 908 78.7 78.7 7 79 200 78 121 0.0 “12.1
1400 60 100 840 560 72.7 78.9 93.3 88.5 914 87.5 66.0 789 62 187 8.2 125 0.0 -125
1400 70 100 960 420 745 79.1 970 86.7 939 914 505 79.1 46 19.4 46 148 0.0 ~148
1400 80 100 120 280 7649 80.3 1000 844 9.9 8.7 347 8.3 34 200 a4 16.6 00 ~166
1400 90 100 1260 140 806 815 1000 802 9.0 88.2 210 815 09 174 0.9 165 0.0 -165
1600 50 100 800 800 751 82.3 908 90.9 %09 w2 822 822 72 158 74 a6 -0t -8.7
1600 B0 100 960 840 772 823 945 905 929 0.5 69.9 623 5.1 157 51 106 2.0 -10.6
1800 70 100 1120 480 79.2 824 9.8 B8.6 857 84.3 54.3 823 32 165 31 133 0.1 ~135
1600 80 100 1280 320 819 835 1000 86.6 973 94.7 495 841 16 5.4 22 3.8 0.6 ~133
1600 90 100 1440 160 86.2 82 1000 B35 984 9.8 239 851 00 122 -1 122 -1 -132
1800 50 100 00 9060 8.2 850 938 936 936 85.0 85.0 85.0 58 144 58 B& 0.0 -86
1800 60 100 1080 720 616 850 9.5 914 93.9 92.9 72.7 848 34 2.8 a2 LX) ~0.2 -8.0
1800 70 100 1260 540 838 85.0 99.1 90.0 %64 9.1 60.7 855 11 125 18 114 05 -10.8
1800 80 100 1440 60 86.9 858 100.0 88.7 977 96.5 454 86.3 -1 108 -0.6 1.9 05 -4
2000 S0 100 1000 1600 834 872 933 913 933 §7.2 872 87.2 38 2.9 a8 6.1 00 -6.1
2000 60 100 1200 a0 86.0 87.1 946 82.0 937 947 756 871 8} 77 11 66 0.0 -6.7
2000 70 100 1400 600 8.5 87.0 985 91.2 96.3 97.0 63.6 87.0 -15 78 -6 93 00 -9.3
2000 80 100 1600 400 919 8.7 1000 50.3 981 975 48.4 87.7 ~42 62 ~42 104 0.0 —104

2200 50 100 1100 1100 87.5 892 941 941 941 89.4 B9.4 8.4 17 6.6 1.8 49 0.2 4.7




TABLE A-1. Comparisen of PTSF Estimates With Existing and Revised HCM Procedures (Continued)

Diflerences in PTSF lor both direclions of traval combinad

Two-way Percenl  Direclional flow  HCM1997 HCM2000 HCM2000 (Directional) Ravisad HCMZ2000 (Directional) "{Ci1987 ve, HOM 1997 v, HCMI997 ve. . HOM2000  HCM2000  HOM2000

flow rate Dirsctional no-passing rate (pesh) PTSF PTSF PTSF PTSF PTSF PTSF PTSF PTSF HCM2000 HCM2000  Fevised HCM2000 (two-way vs. (two-way vs. {dirsclional vs.,
(poh)  splt zones _icaction 1 PTSF (d2) (Two-way) (Two-way) Diraction 3 Direction 2 Comblned Direction ) Dicaction 2 Combined _{(iwo way) revised) revised)
2200 60 100 1320 880 905 89.1 96.6 93.1 952 96.1 789 89.6 -14 a7 -0.9 6.1 05 ~5.6
2200 70 100 1540 660 932 89.7 99.6 925 9.5 99.3 677 89.9 -35 43 -33 7.8 0.2 -78
2400 50 100 1200 1200 97 910 942 942 942 91.2 912 912 -07 25 -0.5 32 02 -3.0
2400 60 100 1440 960 949 90.8 96.4 93.9 954 96.9 824 a1t A3 1% -3.8 4.6 0.3 4.3
2600 50 100 1300 1300 95.8 92.2 95.0 95.0 95.0 922 92.2 922 -38 -0.8 -6 28 0.0 ~2.8
2600 60 100 1560 1040 99.3 52.0 96.2 944 95.5 97.4 241 92.0 ~73 ~38 -7.3 35 0.0 ~3.4
2800 50 100 1400 1400 100.0 936 95.3 95.3 953 938 938 938 .4 47 -62 1.7 0.2 -15
3000 &0 100 1500 1500 945 95.8 95.8 958 95.0 95.0 95.0 1.3 05 ~0.8
3200 50 100 1600 1600 95.4 959 959 95.9 95.4 954 854 05 0.0 05
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APPEND IX B

MODIFICA TIONS TO HCM2000 CHAPTERS 12 AND 20 TO
CORRECT OVERESTIMATION OF PTSF

Based on the discussion in Chapter 2 of this report, the following changes are
recommended to HCM Chapters 12 and 20 to reduce the overestimation of PTSF:

1. Replace HCM Exhibit 12-7b with Figure 5 from this report.

2. Replace HCM Exhibit 20-20 with Table 10 from this report.

3. Replace HCM Exhibit 20-21 with Table 9 from this report.

4. Replace HCM Equation (20-16) with Equation (7) in this report.

5. To reduce the potential for misunderstanding, rewrite HCM Equations (20-7) and
(20—17) using the exp function as shown in Equations (2) and (4) of this report.

6. Revise the worksheets and examples in HCM Chapter 20 to reflect these changes.
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APPEND IX C

OPERA TIONAL ANALYSIS PROCEDURES FOR DEVELOPED
TWO-LANE HIGHWAYS

It is recommended that the following operational analysis procedures for two-lane
highways be implemented in HCM Chapter 15:

Developed two—-lane highway segment not terminated by a signal:

— use Equation (8) to determine ATS

— use the LOS thresholds defined in Table 12 to determine the LOS for the
segment

Developed two—lane highway segment terminated by a signal and having a signal

spacing in excess of 1.6 km (1 mi):

— use Equation (8) to determine ATS and convert ATS to a running time, TR

— use the HCM Chapter 15 methodology to determine signal delay

— combine the signal delay and the running time

— reconvert the combined running time to an ATS

— use the LOS thresholds defined in Table 12 to determine the LOS for the
segment

Developed two-lane highway segment terminated by a signal and having a length

of 1.6 km (1 mi) or less:

— use Equation (8) to determine ATS and convert to a running time, TR

— if the FFS is 56 km/h (35 mi/h) or more and left-tum lanes (or bays) are
provided for all public street intersections and “‘active” driveways, then use
Table 11 to determine a running time, TR’. If not, then TR’ is not available.

— use the HCM Chapter 15 methodology to determine signal delay

— combine the signal delay with the larger running time, TR or TR’

— reconvert the combined running time to an ATS

— use the LOS thresholds defined in Table 12 to determine the LOS for the
segment

The following caveats and assumptions should be noted in applying the procedures defined

above:

MRI-AEDIRI10252-01.doc

All applications of HCM Chapter 20 procedures should use the directional
segment methodology, not the two—way segment methodology.

Equation (8) is intended primarily for segments with FFS of 72 km/h (45 mi/h) or
more; however, it can be applied to facilities with a lower FFS with caution and
provided that values in HCM2000 Exhibit 20-19 are extrapolated. In no case,
should the segment FFS be less than 56 km/h (35 mi/h).
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* If the percentage of no—passing zones is not known for the developed two—lane
highway segment, it should be assumed to be 100 percent.

In addition, a two-lane highway in a small town or a transition area with reduced speeds should
be evaluated as a Class II highway if the developed conditions with reduced speeds extend for a
distance of 3 kIn (2 mi) or less and if the vast majority of the traffic is through traffic that will
soon depart the developed area and return to a Class I highway. However, if the developed area
extends for more than 3 klIn (2 mi) or if there is a substantial proportion of local circulating

traffic within the developed area, then the modified HCM Chapter 15 procedures described

above for two-lane highways with continuous development should be applied.
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