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A permitted turning movement is made through a conflicting pedestrian or bicycle
flow or opposing vehicle flow. Thus, a lett-turn movement concurrent with the opposing
through movement is considered to be permitted, as is a right-turn movement concurrent
with pedestrian crossings in a conflicting crosswalk. Protected turns are those made
without these conflicts, such as turns made during an exclusive left-turn phase or a
right-turn phase during which conflicting pedestrian movements are prohibited.
Permitted turns experience the friction of selecting and passing through gaps in a
conflicting vehicle or pedestrian flow. Thus, a single permitted turn often consumes
more of the available green time than a single protected turn. Either permitted or
protected turning phases may be more efficient in a given situation, depending on the
turning and opposing velumes, intersection geometry, and other factors.

" Turning movements that are not opposed do not receive a dedicated left-turn phase
(i.e., a green arrow), but because of the nature of the intersection, they are never in
conflict with through traffic. This condition occurs on one-way streets, at T-intersections,
and with signal phasing plans that provide complete separation between all movements in
opposite directions (i.e., split-phase operation). Such movements must be treated
differently in some cases because they can be accommodated in shared lanes without
impeding the through traffic. Left turns that are not opposed at any time should be
distinguished from those that may be unopposed during part of the signal cycle and
opposed during another part. Left turns that are opposed during any part of the sequence
will impede through traffic in shared lanes,

SATURATION FLOW RATE

Saturation flow rate is a basic parameter used to derive capacny It is defined in
Exhibits 10-8 and 10-9. It is essentially determined on the basis of the minimum
headway that the lane group can sustain across the stop line as the vehicles depart the
intersection. Saturation flow rate is computed for each of the lane groups established for
the analysis. A saturation flow rate for prevailing conditions can be determined directly -
from field measurement and can be used as the rate for the site without adjustment. If a
default value is selected for base saturation flow rate, it must be adjusted for a variety of
factors that reflect geometric, traffic, and env1ronmental conditions specific to the site

under study.

SIGNALIZED INTERSECTION CAPACITY ‘

Capacity at intersections is defined for each lane group. The lane group capacity is
the maximum hourly rate at which vehicles can reasonably be expected to pass through -

the intersection under prevailing traffic, roadway, and signalization conditions. The flow

rate is generally measured or projected for a 15-min penod and capacity is stated m
vehicles per hour (veh/h).

Traffic conditions include volumes on each approach the distribution of vehicles by
movement (left, through, and right), the vehicle type distribution within each movement,
the location and use of bus stops within the intersection area, pedestrian crossing flows,
and parking movements on approaches to the intersection. Roadway conditions include
the basic geometrics of the intersection, including the number and width of lanes, grades,
and lane use allocations (including parking lanes). Signalization conditions include a full
definition of the signal phasing, timing, and type of control, and an evaluation of signal
progression for each lane group. The analysis of capacity at signalized intersections
(Chapter 16) focuses on the computation of saturation flow rates, capacities, v/c ratios,
and level of service for lane groups.

Level of service for signalized intersections is defined in terms of control delay,
which is a measure of driver discomfort, frustration, fuel consumption, and increased
travel time. The delay experienced by a motorist is made up of a number of factors that

Permitted turning movement

l

‘\

Protected turning movement

!
)

Lane group capacity defined

Conirol deiay is the service
measurs that defines LOS

10-15 Chapter 10 - Urban Street Concepvtg

Signalized Intersections
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Back of queue defined

Cycle failure occurs
when a glven green
phase does ot serve
queued vehicles, and
overflows occur

relate to control, geometrics, traffic, and incidents. Total delay is the difference between
the travel time actually experienced and the reference travel time that would result during
base conditions: in the absence of traffic control, geometric delay, any incidents, and any
other vehicles. Specifically, LOS criteria for traffic signals are stated in terms of the
average control delay per vehicle, typicaily for a 15-min analysis period. Delay is a
complex measure and depends on a number of variables, including the quality of
progression, the cycle length, the green ratio, and the v/c ratio for the lane group.

The critical v/c ratio is an approximate indicator of the overall sufficiency of an
intersection. The critical v/c ratio depends on the conflicting critical lane flow rates and
the signal phasing. The computation of the critical v/c ratio is described in detail in
Appendix A and in Chapter 16.

The average back of queue is another performance measure that is used to analyze a
signalized intersection. The back of queue is the number of vehicles that are queued
depending on arrival patterns of vehicles and vehicles that do not clear the intersection
during a given green phase. The computation of average back of queue is explained in
Appendix G of Chapter 16.

Levels of service are defined to represent reasonable ranges in control delay.

- ;.OS A _escnbes operations with low control delay, up to 10 s/veh. This LOS occurs
when progression is extremely favorable and most vehicles arrive during the green phase.
Many vehicles do not stop at all. Short cycle lengths may tend to contribute to low delay
values.

LOS descrlbes operations with control delay greater than 10 and up to 20 s/veh.
Tﬁrséfi eve generally occurs with good progression, short cycle lengths, or both. More
vehicles stop than with LOS A causmg higher levels of delay.

"fesa ‘ 1g 'r delays may result from only fair progression, longer cycle lengths, or both
Individual cycle failures may begin to appear at this level. Cycle failure occurs when a
given green phase does not serve queued vehicles, and overflows occur. The number of
vehicles stopping is significant at this level, though many still pass through the
intersection without stopping.

L.OS.D.describes operations with control delay greater than 35 and up to 55 s/veh.
AFTOS D, the influence of congestion becomes more noticeable. Longer delays may
result from some combination of unfavorable progression, long cycle lengths, and high
v/c ratios. Many vehicles stop, and the proportion of vehicles not stopping declines.
Ind1v1dual cycle failures are noticeable.

escribis operations with control delay greater than 55 and up to 80 s/veh,
These igh delay values generally indicate poor progression, long cycle lengths, and high
v/c ratios. Individual cycle failures are frequent.

LOS:E describes operations with control delay in excess of 80 s/veh, This level,
const ered unacceptable to most drivers, often occurs with oversaturation, that is, when
arrival flow rates exceed the capacity of lane groups. It may also occur at high v/c ratios
with many individual cycle failures. Poor progression and long cycle lengths may also
contribute significantly to high delay levels.

Delays in the range of LOS F (unacceptable) can occur while the v/c ratio is below
1.0, Very high delays can occur at such v/c ratios when some combination of the
following conditions exists: the cycle length is long, the lane group in question is
disadvantaged by the signal timing (has a long red time), and the signal progression for
the subject movements is poor. The reverse is also possible (for a limited duration): a
saturated lane group (i.e., v/c ratio greater than 1.0) may have low delays if the cycle
length is short or the signal progression is favorable, or both.

Thus, the designation LOS F does not automatically imply that the intersection,
approach, or lane group is over capacity, nor does an LOS better than E automatically
imply that unused capacity is available.

Chapter 10 - Urban Strest Concepts 10-16

Signalized Intersections
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6 requires the analysis of both capacity and
fa 51 nallzed:mtersecnon

The method in this chapter and,
LOS conditions to fully evaluate the operationo

REQUIRED INPUT DATA AND ESTIMATED VALUES

Exhibit 10-12 gives default values for input parameters in the absence of local data.
If intersection saturation flow is to be estimated as well, then additional saturation flow
adjustment data are required. The analyst should note that taking field measurements for
use as inputs to an analysis is the most reliable means of generating parameter values.
Default values should be considered only when this is not feasible.

EXHIBIT 10-12. REQUIRED DATA FOR SIGNALIZED INTERSECTIONS

tem | Default
e Geometric Data :
Exclusive turn lanes ] Exhibit 10-13
' Demand Data
Intersection turning movements ' -
PHF 0.42
Lehasth-of analysis:period : 0:25h
. Intersection Data
Control type ' -
Cycle : Exhibit 10-16
Lost time Exhibit 10-17
g/C -
Arrival type (AT) ) ‘ 3 uncoordinated, 4 coordinated
Unit extension time (UE) ' 30s
Actuated control adjustment factor (k) 0.40 (planning)
Upstream filtering adjustment factor (1) . 1.00
:Adjusied saturation fiow rate . . Exhibit 10-19
) ’ Saturation Flow Data
Base saturation flow rate ’ ' 1900 pe/h/in
Lane widths 121t
Heawy vehicles 2%
Grades 0%
Parking maneuvers : ' Exhibit 10-20
Local bus o . Exhibit 10-21
Pedestrians _ Exhibit 10-22
Area type o -
Lane utilization Exhibit 10-23

Lane Additions and Drops at Intersections

Short through-lane additions on the approaches to an intersection and short through-
lane drops exiting the intersection may not function as full through lanes. The analyst
should take this into consideration in determining the equivalent number of through lanes
for the approach and in selecting the lane utilization factor for the approach.

Exclusive Turn Lanes

This section summarizes suggestions for establishing the geometric design of an
intersection when it has not been defined by existing conditions or by state or local
practice (3). These suggestions may also be applied when analysis indicates intersection
deficiencies that are to be corrected by changes in geometric design. However, nothing in
this section should be construed as constituting a strict guideline or standard. This
material should not be used in place of applicable state and Iocal standards, guidelines,

10-17 Chapter 10 - Urban Street Concepts
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. INTRODUCTION

SCOPE OF THE METHODOLOGY

This chapter contains a methodology for analyzing the capacity and level of service
(LOS) of signalized intersections. The analysis must consider a wide variety of
prevailing conditions, including the amount and distribution of traffic movements, traffic
composition, geometric characteristics, and details of intersection signalization. The
methodology focuses on the determination of LOS for known or projected conditions.

The methodology addresses the capacity, LOS, and other performance measures for
lane groups and intersection approaches and the LOS for the intersection as a whole.
Capacity is evaluated in terms of the ratio of demand flow rate to capacity (v/c ratio),
whereas LOS is evaluated on the basis of control delay per vehicle (in seconds per
vehicle). Control delay is the portion of the total delay attributed to traffic signal
operation for signalized intersections. Control delay includes initial deceleration delay,
queue move-up time, stopped delay, and final acceleration delay. Appendix A presents a
method for observing intersection control delay in the field. Exhibit 10-9 provides
definitions of the basic terms used in this chapter.

Each lane group is analyzed separately. Equations in this chapter use the subscript i
to indicate each lane group. The capacity of the intersection-as a whole is not addressed
because both the design and the signalization of intersections focus on the
accommodation of traffic movement on approaches to the intersection.

The capacity analysis methodology for signalized intersections is based on known or
projected signalization plans. Two procedures are available to assist the analyst in
establishing signalization plans. The first is the quick estimation method, which produces
estimates of the cycle length and green times that can be considered to constitute a
reasonable and effective signal timing plan. The quick estimation method requires
minimal field data and relies instead on default values for the required traffic and control
parameters. It is described and documented in Chapter 10.

A more detailed procedure is provided in Appendix B of this chapter for estimating
the timing plan at both pretimed and traffic-actuated signals. The procedure for pretimed
signals provides the basis for the design of signal timing plans that equalize the degree of
saturation on the critical approaches for each phase of the signal sequence. This
procedure does not, however, provide for optimal operation.

The methodology in this chapter is based in part on the results of a' National
Cooperative Highway Research Program (NCHRP) study (J, 2). Critical movement
capacity analysis techniques have been developed in the United States (3-5), Australia
(6), Great Britain (7), and Sweden (8). Background for delay estimation procedures was
developed in Great Britain (7), Australia (9, 10), and the United States (11). Updates to
the original methodology were developed subsequently (J2-24).

LIMITATIONS TO THE METHODOLOGY

The methodology does not take into account the potential impact of downstream
congestion on intersection operation. Nor does the methodology detect and adjust for the
impacts of turn-pocket overflows on through traffic and intersection operation.

il. . METHODOLOGY

Exhibit 16-1 shows the input and the basic computation order for the method. The
primary output of the method is level of service (LOS). This methodology covers a wide
range of operational configurations, including combinations of phase plans, lane

Background and underlying
concepts for this chapter are
Inghapter 10

Alane-group Isindicated in
{ormulas by the subscripti

See Chapter 101for
description of quick estimation

-.method

16-1 Chapter 16 - Signalized Intersactions

Introduction
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utilization, and left-turn treatment alternatives. It is important to note that some of these
configurations may be considered unacceptable by some operating agencies from a traffic
safety point of view. The safety aspect of signalized intersections cannot be ignored, and
the provision in this chapter of a capacity and LOS analysis methodology for a specific
operational configuration does not imply an endorsement of the suitability for application i
of such a configuration., ;

EXHIBIT 16-1. SIGNALIZED INTERSECTION METHODOLOGY

(" Input Parameters

1 - Geometric
- Traffie
- Signal

/" Lane Grouping and Demand

- Saturation Flow Rate

F"f‘” Rate - Basic equation
- Iﬁilnfs grouping - Adjustment factors

: Capacity and v/c
:| - Capacity
-vie

e Performanhe Measures
- Delay

- Progression adjustment

- 108

X_ - Back of queue

The average control delay per vehicle is estimated for each lane group and
aggregated for each approach and for the intersection as a whole, LOS is directly related
to the control delay value. The criteria are listed in Exhibit 16-2.

- : EXHIBIT 16-2. LOS CRITERIAFOR [TERSECTIONS
OSerteria LOS _ 1 Control Delay per Vehicle'{sfveh) -
: ] <10
> 10-20
>20-35
> 35-55
> 55-80
>80

Mmoo W >

Chapter 16 - Signalized Intersections 16-2 _ -
Methodology :
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PREFACE

OVERVIEW

The procedures in this chapter can be used to analyze the capacity and level of
service, lane requirements, and effects of traffic and design features of two-way
stop-controlled (TWSC) and all-way stop-controlled (AWSC) intersections. In addition,
a procedure for estimating capacity of roundabouts is presented.

Each type of unsignalized intersection (TWSC, AWSC, and roundabout) is addressed
in a separate part of this chapter. TWSC intersections are covered in Part A, AWSC
intersections are covered in Part B, and information on roundabouts is provided in Part C.
References for all parts are found in Part D, Example problems that demonstrate the
calculations and results achieved by applying the procedures are also found in Part D.

LIMITATIONS OF THE METHODOLOGY

This chapter does not include a detailed method for estimating delay for yield sign—
controlled intersections. However, with appropriate changes in the values of key
parameters, the analyst could apply the TWSC method to yield-controlled intersections.

All of the methods are for steady-state conditions (i.e., the demand and capacity
conditions are constant during the analysis period); the methods are not designed to
evaluate how fast or how often the facility transitions from one demand/capacity state to
another. Analysts interested in that kind of information should consider applying
simulation models.

PART A. TWO-WAY STOP-CONTROLLED INTERSECTIONS

. INTRODUCTION - PART A

In this section a methodology for analyzing capacity and level of service of two-way
stop-controlled (TWSC) intersections is presented.

II. METHODOLOGY - PARTA

Capacity analysis at TWSC intersections depends on a clear description and
understanding of the interaction of drivers on the minor or stop-controlled approach with
drivers on the major street. Both gap acceptance and empirical models have been
developed to describe this interaction. Procedures described in this chapter rely on a gap
acceptance model developed and refined in Germany (7). The concepts from this model
are described in Chapter 10. Exhibit 17-1 illustrates input to and the basic computation
order of the method described in this chapter.

LEVEL-OF-SERVICE CRITERIA

Background and concepts for
EWSO intersections are in
et} 1 & e oos b W,

REE

Both theoretical and empirical
approaches have been used
to arrive at a methodology

Level of service (LOS) for a TWSC intersection is determined by the computed or évoei{ﬁ lfl’"t’;geafgt’i%ﬂ for the
measured control delay and is defined for each minor movement. LOS is not defined for
the intersection as a whole. LOS criteria are given in Exhibit 17-2.
17-1 Chapter 17 - Unsignalized Intersections

Introduction - TWSC intersections
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EXHIBIT 17-1. TWSC UNSIGNALIZED INTERSECTION METHODOLOGY
" Input

- Geometric data )

- Hourly turning movement volumes
- .Heavy vehicle percentages

- Pedestrian data

- Upstream signal data

flow

- Compute flow rate
| = Identify conflicting traffic:

» Compute gap times
- Critical gap times
- Follow-up times

R———

Compute potential capacity )

b 4

"Adjust potential capacity and compute movement capaciﬂ‘

N

- Impedance effects

- Shared-lane operation

- Effects of upstream signals

- Two-stage gap acceptance process
- Flared minor-street approaches

T

Compute queue lengths )

( Compute control defays 4 )

|

( Determine levels of service )

EXHIBIT 17-2. LE

Level of Servic

Average Conirol. Delay (s/vel

A

Mmoo

0-10
> 10-15
>15-25
>25-35
> 35-50

>50

Chapter 17 - Unsignalized Intersections
Methodelogy - TWSC Intersections

17-2
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The LOS criteria for TWSC intersections are somewhat different from the criteria
used in Chapter 16 for signalized intersections primarily because different transportation
facilities create different driver perceptions. The expectation is that a signalized
intersection is designed to carry higher traffic volumes and experience greater delay than
an unsignalized intersection.

INPUT DATA REQUIREMENTS

Data requirements for the TWSC intersection methodology are similar to those for
other capacity analysis techniques. Detailed descriptions of the geometrics, control, and
volumes at the intersection are needed.

Key geometric factors include number and use of lanes, channelization, two-way
left-turn lane (TWLTL) or raised or striped median storage (or both), approach grade, and
existence of flared approaches on the minor street.

The number and use of lanes are critical factors. Vehicles in adjacent lanes can use
the same gap in the traffic stream simultaneously (unless impeded by a conflicting user of
the gap). When movements share lanes, only one vehicle from those movements can use
each gap. A TWLTL or araised or striped median (or both) allows a minor-stream
vehicle to cross one major traffic stream at a time. The grade of the approach has a direct
and measurable effect on the capacity of each minor movement. Compared with a level
approach, downgrades increase capacity and upgrades decrease capacity. A flared
approach on the minor street increases the capacity by allowing more vehicles to be
served simultaneously.

Volumes must be specified by movement. For the analysis to reflect conditions
during the peak 15 min, the analyst must divide the full hour volumes by the peak-hour
factor (PHF) before beginning computations, If the analyst has peak 15-min flow rates,
they can be entered directly with the PHF set to 1.0. The adjusted flow rate for
movement x is designated as v, in this chapter.

By convention, subscripts 1 to 6 define vehicle movements on the major street, and
subscripts 7 to 12 define movements on the minor street. Pedestrian flows impede all
minor-street movements. Pedestrian volumes must be specified by movement.
Subscripts 13 to 16 define the pedestrian movements.

The presence of traffic signals upstreafn from the intersection on the major street will
produce nonrandom flows and affect the capacity of the minor-street approaches if the
signal is within 0.25 mi of the intersection. The basic capacity model assumes that the
headways on the major street are exponentially distributed. To assess the effect on
capacity, a separate analysis is provided that requires the signalized intersection data
(cycle length, green time), the saturation flow rate, and information on platooned flow.

PRIORITY OF STREAMS

In using the methodology, the priority of right-of-way given to each traffic stream
must be identified. Some streams have absolute priority, whereas others have to give way
or yield to higher-order streams. Exhibit 17-3 shows the relative priority of streams at
both T- and four-leg intersections.

Movements of Rank 1 (denoted by the subscript i) include through traffic on the
major street and right-turning traffic from the major street. Movements of Rank 2
(subordinate to 1 and denoted by the subscript j) include left-turning traffic from the
major street and right-turning traffic onto the major street.

Movements of Rank 3 (subordinate to 1 and 2 and denoted by the subscript k)
include through traffic on the minor street (in the case of a four-leg intersection) and left-
turning traffic from the minor street (in the case of a T-intersection). Movements of Rank
4 (subordinate to all others and denoted by the subscript 1) include left-turning traffic
from the minor street. Rank 4 movements only occur at four-leg intersections.

LOS thresholds differ from
those for signalizad
intersections to reflect
different driver expectations

Rank Subscript
f

i
k
!

AN =

17-3 Chapter 17 - Unsignalized Intersections
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-Background:and

coricepls for AWSC

.inrefovtzpns'a{e\.g:‘ven'jn
pler: o

LOS thresholds for
AWSC intersections
differ from those for
signalized intersections
lo reflect different driver
expectations

» Worksheet 8 is used to compute shared-lane capacities, if more than one
movement shares the same minor-street approach,

» Worksheet 9 is not used, since the effect of flared minor-street approaches is
generally not included. ‘

» Worksheet 10 is not used, since the impedance and delay for the major through
movements are not accounted for in a planning analysis.

o Worksheet 11 is used to compute capacity, delay, and LOS.

The detailed analysis procedure described earlier in this chapter is normally not used
for design purposes. However, through iteration, the analyst can use a given set of traffic
flow data to determine the number of lanes that would be required to produce a given
level of service. ‘

PART B. ALL-WAY STOP-CONTROLLED INTERSECTIONS

I. INTRODUCTION - PART B

This section of Chapter 17 presents procedures for analyzing all-way stop-controlled

~ (AWSC) intersections (/). A glossary of symbols, including those used for AWSC

intersections, is found in Chapter 6.

. METHODOLOGY - PART B

LEVEL-OF-SERVICE CRITERIA

The level-of-service criteria are given in Exhibit 17-22. The criteria for AWSC
intersections have different threshold values than do those for signalized intersections
primarily because drivers expect different levels of performance from distinct types of
transportation facilities. The expectation is that a signalized intersection is designed to
carry higher traffic volumes than an AWSC intersection. Thus a higher level of control

delay is acceptable at a signalized intersection for the same LOS.

B S0, SERVICE CRITERAFORANS
Level of Sgrwce

A 0-10
>10-16
>156-26
>25-35
> 35-50
> 50

MmO O

OVERVIEW OF METHODOLOGY

The methodology analyzes each intersection approach independently. The approach
under study is called the subject approach. The opposing approach and the conflicting
approaches create conflicts with vehicles on the subject approach.

AWSC intersections require drivers on all approaches to stop before proceeding into
the intersection. While giving priority to the driver on the right is a recognized rule in

Chapter 17 - Unsignalized Intersections : 17-32

Applications - TWSC Intersections
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CAPACITY

The capacity of a two-lane highway is 1,700 pc/h for each direction of travel, The
capacity is nearly independent of the directional distribution of traffic on the facility,
except that for extended lengths of two-lane highway, the capacity will not exceed 3,200
pc/h for both directions of travel combined. For short lengths of two-lane highway-—such
as tunnels or bridges—a capacity of 3,200 to 3,400 pc/h for both directions of travel
combined may be attained but cannot be expected for an extended length,

LEVELS OF SERVICE

The service measures for a two-lane highway are defined in Chapter 12, “Highway
Concepts.” On Class I highways, efficient mobility is paramount, and LOS is defined in
terms of both percent time-spent-following and average travel speed. On Class IT
highways, mobility is less critical, and LOS is defined only in terms of percent time-
spent-following, without consideration of average travel speed. Drivers will tolerate
higher levels of percent time-spent-following on a Class II facility than on a Class I
facility, because Class II facilities usually serve shorter trips and different trip purposes.

LOS criteria for two-lane highways in Classes I and IT are presented in Exhibits 20-2,
20-3, and 20-4. Exhibit 20-2 reflects the maximum values of percent time-spent-
following and average travel speed for each LOS for Class I highways. A segment of a
Class I highway must meet the criteria for both the percent time-spent-following and the
average travel speed shown in Exhibit 20-2 to be classified in any particular LOS.
Exhibit 20-3 illustrates the LOS criteria for Class I highways. For example, a Class I
two-lane highway with percent time-spent-following equal to 45 percent and an average
travel speed of 40 mi/h would be classified as LOS D based on Exhibit 20-2. However, a
Class II highway with the same conditions would be classified as LOS B based on
Exhibit 20-4.- The difference between these LOS assessments represents the difference in
motorist expectations for Class I and II facilities.

The LOS criteria in Exhibits 20-2 through 20-4 apply to all types of two-lane
highways, including extended two-way segments, extended directional segments, specific
upgrades, and specific downgrades.

TWO-WAY SEGMENTS

The two-way segment methodology estimates measures of traffic operation along a
section of highway, based on terrain, geometric design, and traffic conditions. Terrain is
classified as level or rolling, as described below. Mountainous terrain is addressed in the
operational analysis of specific upgrades and downgrades, presented below. This
methodology typically is applied to highway sections of at least 2,0 mi.

. Traffic data needed to apply the two-way segment methodology include the two-way
hourly volume, a peak-hour factor (PHF), and the directional distribution of traffic flow.
The PHF may be computed from field data, or appropriate default values may be selected
from the tabulated values presented in Chapter 12. Traffic data also include the
proportion of trucks and recreational vehicles (RVs) in the traffic stream. The operational
analysis of extended two-way segments for a two-lane highway involves several steps,
described in the following sections,

EXHIBIT 20-2. LOS CRITERIA FOR TWO-LANE HIGHWAYS IN CLASS |

L0S Percent Time-Spent-Following Average Travel Speed (mi/h)
A <35 >55
B >35-60 > 50-55
C > 50-65 >45-50
D > B85-80 > 4045
E >80 <40

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

Capacity = 1,700 pe/h for
each djrection, and 3,200 for
both directions combined

For defintlons of the service
measures for two-lane
highways, percent time-spent-
following, and average travel
spead, see Chaptor 12,
‘Highway Concepts”

For definltions of Class ! and If
I;/gh ways, also see Chapler
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EXHIBIT 21-2. LOS CRITERIA FOR MULTILANE HIGHWAYS

LOS
Free-Flow Speed Criterfa A B C D £
60 mi/h Maximum densily (pc/mi/in) 11 18 26 35 40
Average speed (mi/h) _ 60.0 60.0 59.4 56.7 55.0
M/axlmum volume to capacily ratio 0.30 0.49 070 0.90 1.00
(v/c)
Maximum service flow rate (pc/h/in)| 660 1080 1550 1980 2200
55 mi/h Maximum density (pc/mi/in) 11 18 26 35 41
- | Average speed (mi/h) 55.0 55.0 549 52.9 51.2
Maximum v/c 0.29 047 0.68 0.88 100 .
] Maximum service flow rate (pc/h/in)| 600 990 | 1430 1850 2100
50 mi/h Maximum density (pe/mi/in) 11 18 28 35 43
Average speed (mi/h) 500 50,0 50.0 48.9 475
Maximum v/c 0.28 045 0.65 0.86 1.00
Maximum service flow rale (pc/h/n) | 5850 900 1300 -| “1710 2000
45 mi/h Maximum density (pc/mi/In) g 18 26 35 45
Average speed (mi/h) . 450 45,0 45.0 444 42.2
Maximum v/c 0.26 0.43 0.62 0.82 1.00
Maximum service flow rate (pe/h/in)| 490 . | 810 1170 | 1550 | 1900
Note:

The exact mathefnatlcal relationship between denstty and volume to capacity ratio (v/c) has not always besr maintained at LOS
boundaries bacause of the use of rounded values. Denslly Is the primary determinant of LOS. LOS F is characterized by highly
unstable and variabls traffic flow. Prediction of accurate flow rate, density, and speed at LOS F is difficult,

The LOS criteria reflect the shape of the speed-flow and density-flow curves,
particularly as speed remains relatively constant across LOS A to D but is reduced as
capacity is approached. For FFS of 60, 55, 50, and 45 mi/h, Exhibit 21-2 gives the A
average speed, the maximum value of v/c, the maximum density, and the corresponding
maximum service flow rate for each LOS.

As with other LOS criteria, the maximum service flow rates in Exhibit 21-2 are
stated in terms of flow rate based on the peak 15-min volume. Demand or forecast hourly
volumes generally are divided by the peak-hour factor (PHF) to reflect a maximum
hourly flow rate before comparison with the criteria of Exhibit 21-2. Using the basic
speed-flow curves (see Exhibit 21-3), the relationships between LOS, flow, and speed can
be analyzed.

DETERMINING FFS

FFS is measured using the mean speed of passenger cars operating in low-to-
moderate flow conditions (up to 1,400 pc/b/In). Mean speed is virtually constant across
this range of flow rates. Field measurement and estimation with guidelines provided in
this chapter are methods that can be used to determine FFS,

The field measurement procedure is for those who prefer to gather data directly or to
incorporate the measurements into a speed-monitoring program, However, field
measurements are not necessary to apply the method.

The FFS of a highway can be determined directly from a speed study conducted in
the field, If field-measured data are used, no adjustments need to be made to FFS. The
speed study should be conducted along a reasonable length of highway within the
segment under evaluation; for example, an upgrade should not be selected within a site
that is generally level. Any speed measurement technique acceptable for other types of
traffic engineering speed studies can be used.

The field study should be conducted in the more stable regime of low-to-moderate
flow conditions (up to 1,400 pc/b/In). If the speed study must be conducted at a flow rate
of more than 1,400 pc/h/In, the FFS can be found by using the model speed-flow curve,

FFS occurs at flow rates <
1,400 pc/h/in

‘assuming that data on traffic volumes are recorded at the same time.
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