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EXECUTIVE SUMMARY

The Transportation Planning Branch (TPB) of the North Carolina Department of
Transportation (NCDOT) desired a user-friendly tool for determining highway capacity
for various facilities based upon the specific conditions present in North Carolina for use
in planning applications. The tool was to be based upon the methodology and theory
already present in the 2000 Highway Capacity Manual (HCM), but it would be geared
specifically to North Carolina. The tool would include a graphical interface that would
allow for various planning scenarios to be examined in an efficient, yet accurate manner.

The software program developed in this project allows the user to examine one of
four primary facility types: freeways, multilane highways, arterials, and two-lane
highways. The tool includes various conditions, such as the region of the state in which
the facility is located (Coastal, Piedmont, and Mountains) and the environment
surrounding the facility (urban, rural, suburban etc.), among others, as user inputs.
Default values are provided for each of the facility types that are specific to that
particular region and environment and that are based upon collected data and the
guidance and experience of the TPB staff. In particular, detailed vehicle classification
data provided for the project by the Traffic Surveys Unit of NCDOT allowed for specific
default truck percentages to be developed for the various regions and environments
present throughout the state. Users are able to employ the assigned default values for
their analysis, or change the values in lieu of more specific or current information for
their particular project, in calculating service volumes and capacity for the highway being
examined.

Furthermore, to determine which characteristics resulted in a high degree of
change in highway capacity, a thorough sensitivity analysis was carried out on all of the
inputs required by the 2000 HCM methodology for each highway type addressed in the
study. From this analysis of 21 inputs, four (4) inputs had high sensitivity, eleven (11)
inputs had medium sensitivity, and six (6) inputs had low sensitivity. For inputs where
existing data is not being collected, future collection efforts can be designed to
comprehensively address establishing better default values for those specific inputs.
Additionally, the results of the analysis can be exported to TransCAD® in a manner that
facilitates easy use by the TPB staff for future projects located throughout the state.
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INTRODUCTION

The Transportation Planning Branch is responsible for working with outside
planning agencies in providing engineering and planning assistance for the current,
proposed, and potential highway network in North Carolina. This branch is charged with
identifying future highway needs through the transportation planning process. This
process requires the use of modeling and forecasting techniques to determine potential
needs and opportunities in the transportation system. Accurate travel demand modeling
requires appropriate values for roadway capacities and service volumes at various levels
of service (LOS).

Tools such as the 2000 Highway Capacity Manual (HCM) are very valuable for
performing detailed analyses of facilities and corridors given a series of input data.
However, the paucity of information typically available at the planning stages coupled
with the relative complexity of the HCM product make direct use of the HCM impractical
or inefficient for forecasting applications. The HCM is primarily designed for
operational analyses; it 1s not particularly well suited to the reverse process of
determining acceptable roadway demands for various maximum service volumes or
capacities at LOS thresholds.

The Transportation Planning Branch does not currently possess a consistent
method for determining expected service volumes and capacities for a given set of
roadway, geographic, traffic, or other characteristics. Current methods use only a few
variables and are not consistent across the State. The Florida Department of
Transportation (FDOT) has developed a means to anticipate these critical planning
values. The FDOT computer software provides users with LOS standards and
methodologies. This project proposes to develop a similar user-friendly computer
program that will provide users with accurate, consistent expected hourly service
volumes and expected daily traffic for various facilities, tailored to North Carolina
conditions. The product will allow for appropriate variation among geographic, terrain,
traffic, and other differences that may affect facility performance apart from roadway
characteristics.

Introduction 1



RESULTS OF LITERATURE REVIEW

2000 Highway Capacity Manual Review

The 2000 Highway Capacity Manual provides methodologies for estimating the
level of service and capacity for both uninterrupted and interrupted transportation
facilities. For each facility there are one or more performance measures, or measures of
effectiveness (MOEs), which characterize the user’s perception of the operating
conditions of that facility. It is critical to understand at the outset that users, not facilities,
experience the travel characterized by LOS in the 2000 HCM. By implication, there are
different levels of service for each user, and indeed even within a travel mode there are
different service qualities possible by approach or direction, as well as by time of day.
For simplicity, this study focuses solely on LOS from the perspective of drivers of motor
vehicles. However, regardless of user mode, approach, or direction, each LOS represents
a range of values for that facility’s MOE. This range varies by a lettering system ‘A’
through ‘F’. LOS ‘A’ represents a user perception of the MOE as being excellent, with
‘F’ denoting a breakdown in the facility.

The four facilities of interest for this project are freeways, multilane highways,
two-lane highways and urban streets (also known as arterials). A brief description of
each of these facility’s MOE and LOS follows. A detailed summary of the HCM
procedures for determining the LOS of each facility type can be found in Appendix A.

Freeways

A freeway is an uninterrupted flow facility comprised of two or more lanes per
direction with complete access control and no signals or at-grade intersections involving
mainline (through) traffic. A basic freeway segment is not influenced by ramp or
weaving segments and operates under uniform conditions. Pedestrians and bicycles are
not permitted to travel on freeways in North Carolina.

The measure of effectiveness for a basic freeway segment is density, in units of
passenger-cars per mile per lane (pc/mi/ln). It is a function of flow rate and average
passenger-car speed. This is shown as a graphical representation in the HCM in Exhibit
23-3, which is seen below in Figure 1. The various LOS can be seen as breaking points,
or thresholds, on the basis of density boundary values.

Results of Literature Review 2



BD 7 l -
Free-Flow Speed| FES=75mith_ |, _ i

70 0 mih_ I=JLTD' Bl ,,’

. 65 mi/ty 4 I Dt -7
7 hd -

E 60 60 mifh < 1600 ~
= 5 mi/h P . 1750 ,-«\\’\
2 o 10S A" B C.” D7 [~
% !f ’ ‘ I g A - _ -7
T W F— > < —
@ a5 ’ - oy e -
g & - ‘ -7 - -7
2 % T =
. o Yy - B - -~
- v Lt G‘\I"' L. .
g 207 @f}_\/ r[f()"“:?qi gl:_,lﬁ\ I\‘\l\“ - =
§ c,g': /,,. 3’5 Rﬁ'lm\

L T i

f{é:’.’- =
0
0 400 800 1200 1600 2000 2400
Flow Rate (pc/h/in)

Mote:

Capacity varies by free-flow speed. Capacity is 2400, 2350, 2300, and 2250 pefh/In at free-flow speeds of 70 and greater, 65,
B0, and 55 mifh, respectively.

Figure 1. Speed Flow Curves and LOS for Basic Freeway Segments
(HCM Exhibit 23-2)

The specific LOS thresholds for a freeway facility are shown below in Table 1.

LOS Density Range (pc/mi/ln) |
A 0-11
B >11-18
C > 18 — 26
D > 26 — 35
E >35-45
F > 45

Table 1. LOS Thresholds for a Freeway Facility

Density is the preferred MOE because it is easily measured in the field and is
more sensitive to the level of comfort and convenience that freeway users are
experiencing than is speed or travel time. In fact, as volumes increase, LOS can decrease
dramatically on a freeway with speed remaining constant or decreasing minimally.
Additionally, because thresholds have been established, it is important to note that actual
densities vary throughout each LOS range. Therefore, when calculating a specific
freeway density, the analyst should recognize that a density of 26 pc/mi/In (LOS C) and
27 pc/mi/ln (LOS D) are really not that different even though the designated letter
indicates to most analysts a large difference. This is true for all four facility types. For
further explanation of the methodology and calculations for obtaining the LOS for the
freeway facility, see Appendix A.

Results of Literature Review 3




Multilane Highways

A multilane highway consists of four to six lanes with or without a median or
two-way left-turn lane (TWLTL). These highways differ from freeways mainly based on
access control and signalized intersections. Where freeways allow access only at grade-
separated interchanges, multilane highways allow access at driveways and at-grade
intersections, some of which are signalized. In the HCM, signalized intersections are
spaced no closer than two miles apart on facilities considered to be multilane highways.
Routes with signalized intersection spacing closer than one every two miles are treated in
the urban streets chapter.

The MOE for a multilane highway is the same as that of a freeway facility, which
is density in passenger-cars per mile per lane (pc/mi/ln). In fact, although there are
differences in allowable access and the use of signalized intersections, the LOS of the
facility is calculated in a similar fashion. Of course, the discrepancies in these two
facilities cause a decrease in the capacity of a multilane highway verses a freeway. As
with freeways, a graphical representation is a common way of depicting LOS thresholds.
This is shown below in Figure 2.
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Mazirmurn densities for LOS E accur at a v/ ratio of 1.0, Thew are 40, 41, 42, and 45
pefmidin at FFS of 60, 55, 50, and 45 mifh, respectively. Capacity varies by FFS.
Capacity iz 2,200, 2,100, 2,000, and 1,900 pc/h/in at FFS of 60, 55, 50, and 45 mith,
respectively.

Figure 2. Speed Flow Curves and LOS for Multilane Highways (HCM Exhibit 21-3)
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The LOS thresholds are denoted below in Table 2.

(pc/mi/in)
0—-11
>11-18
>18 — 26
>26-35
> 35 — varying
Varies (see Fig. 2, note above)

@)

MmO |w|>

Table 2. LOS Thresholds for a Multilane Facility

It is noted in the HCM that the maximum threshold for LOS E is very hard to
determine because of “highly unstable and variable traffic flow.” Therefore, the
thresholds for density at the maximum value for LOS E and F should be referred to in the
note above under Figure 2. For further explanation of the methodology and calculations
for obtaining the LOS for the multilane facility, see Appendix A.

Urban Streets (Arterials)

Urban streets differ from the previously mentioned facilities in that those facility
types are generally considered to have “uninterrupted” flow (for mainline through
movements). Urban streets, or “signalized arterials” as they are often called, typically
have increased roadside development, increased density of access points, and spacing of
signalized intersections less than two miles apart. Average travel speed is the MOE used
for determining LOS on urban streets. Speed on an urban street is affected by the street
environment, interactions between vehicles, and traffic control.

Each direction of travel is analyzed separately and the methodology does not
measure access but rather mobility. The methodology does not account for on-street
parking, access control, grades or capacity constraints between intersections, medians or
two-way left turn lanes, queues backing up into previous intersections, or cross-street
congestion blocking through traffic.

LOS is determined using Table 3 once the urban street class, range of FFS, typical
FFS, and average travel speed are known.

Results of Literature Review 5



Urban Street Class | Il 1 v

Ra;‘geee%fslee:f;g)ow e 35 — 45 mi/h 30 — 35 mi/h 25 — 35 mi/h
Typical FFS 50 mi/h 40 mi/h 35 mi/h 30 mi/h
LOS Average Travel Speed (mi/h)

A > 42 > 35 > 30 > 25
B >34-42 >28-35 >24-30 >19-25
C >27-34 >22-28 >18-24 >13-19
D >21-27 >17-22 >14-18 >9-13
E >16 — 21 >13-17 >10-14 >7-9
F <16 <13 <10 <7

Table 3. Urban Street LOS by Class (HCM Exhibit 15-2)

For further explanation of the methodology and calculations for obtaining the
LOS for the urban street (arterial) facility, see Appendix A.

Two-Lane Highways

A two-lane highway is an undivided facility with one lane in each direction of
travel. Unlike multilane highways and freeways, flow in each direction of a two-lane
highway influences flow in the opposing direction. The two service measures for two-
lane highways are percent time-spent-following and average travel speed. Percent time-
spent-following is the average percentage of travel time that a vehicle spends behind a
slower vehicle waiting to pass and represents freedom to maneuver, comfort and
convenience. Since this MOE cannot be easily measured in the field, its surrogate is the
percentage of vehicles traveling with less than 3-second headways. Average travel speed
is the length of a segment divided by the average travel time of all vehicles in both
directions during a given time interval. This MOE reflects mobility.

There are two classifications of two-lane highways based on the perceived
purpose of the facility by the highway user. Class I consists of those facilities where
mobility is the primary function. On these highways LOS is defined in terms of both
average travel speed and percent time-spent-following. Class II is comprised of
highways for which accessibility is more important than mobility. For these highways,
only percent time-spent-following is considered when determining LOS. Additionally,
users of Class II highways tolerate a higher percent time-spent-following since these
facilities tend to service shorter trips and different purposes than Class I highways.

Tables 4 and 5 give LOS criteria and thresholds for two-lane highways in Class I
and II, respectively. Because a graphical representation is frequently used, Figure 3 is
included below Table 4 and shows LOS criteria for Class I facilities graphically. Note
that both MOE criteria must be satisfied to achieve a particular LOS.

Results of Literature Review 6




Percent Time-Spent- Average Travel Speed

Following (mi/h)
A 0-35 > 55
B >35-50 >50-55
C >50-65 >45-50
D > 65 - 80 >40-45
E > 80 <40
F Applies whenever the flow rate exceeds the segment capacity

Table 4. LOS Criteria for Two-Lane Highways in Class | (HCM Exhibit 20-2)
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Figure 3. LOS Criteria for Two-Lane Highways in Class | (HCM Exhibit 20-3)

A <40

B >40-55

C >55-70

D >70-85

E > 85

F Applies whenever the flow rate exceeds the segment capacity

Table 5. LOS Criteria for Two-Lane Highways in Class Il (HCM Exhibit 20-4)

For further explanation of the methodology and calculations for obtaining the
LOS for two-lane highways, see Appendix A.
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Current Practices

The four facilities discussed in our review of the 2000 HCM each have particular
different unknown factors. Note that most analyses in the HCM typically use the peak
15-min. flow rate converted to an hourly flow rate in the analysis. Because there is no
standard method for determining LOS based on predicted AADT and several unknowns
in North Carolina, a review was conducted on NCDOT’s current practices for predicting
LOS. Each method used was based on the 2000 HCM; however, as will be seen, there
was no unified standard means of using the HCM.

NCDOT Transportation Planning Branch and Asheville, North Carolina

Presently, the Transportation Planning Branch of NCDOT is responsible for
“identifying long range transportation needs through the transportation planning process”
(NCDOT Purpose and Needs Guidelines, 8/29/00). The transportation planning process
sometimes reveals that new roads must be built or old roads altered to relieve congestion
and/or increase capacity. The ultimate result of this process is to secure all permits and
let the project construction. The Transportation Planning Branch initiates this process by
developing what is known as a “Purpose and Needs” statement, which outlines the
following:

= why the proposed action needs to be taken

* how much the action will cost

= how the action will impact the environment

= why alternatives are not practicable

= what problems will arise if the action is not taken

One important aspect of the Purpose and Needs statement for any project is the
comparison between the existing roadway conditions and the projected roadway
conditions which would exist if the action were taken. When making this comparison,
engineers must present data depicting the current and projected AADT, peak hour
characteristics, truck percentages, capacity, volume to capacity ratios, and LOS of the
road.

Generation of this data for the projected roadway is currently developed in many
different ways around the state because there is not one standard method accepted and
employed by NCDOT. For instance, NCDOT developed a set of tables, charts, and
practices specifically for dealing with capacity and level of service for the town of
Asheville. The Asheville model is based upon the concept of ultimate capacity, which
refers to the number of vehicles per hour that can be serviced by a roadway at the
boundary between LOS E and LOS F. The Asheville model uses this as the maximum
acceptable number of vehicles that a roadway should support, rather than using the more
traditional concept of target volume as the boundary between LOS C and LOS D, or
some other approved design threshold.

Results of Literature Review 8



This model also utilizes a corridor and area-wide analysis method based on the
procedures presented in Chapter 30 of the HCM. The area-wide analysis chapter of the
HCM is designed to provide a less iterative, more simplistic approach to estimating
speed, delay, travel time, and other performance measures for large-scale analysis. The
methodologies in Chapter 30 are derived from the more complex procedures in previous
HCM chapters. These area-wide methodologies are only valid when applied to a large
number of facilities and are not designed to provide results as accurate and reliable as
those for a single point, segment, or facility given in earlier HCM chapters. There are
procedures in Chapter 30 for highway and transit systems but not for pedestrian or
bicycle facilities. The highway procedures are designed for use with freeway, arterial,
and rural highway systems.

The methodology for all highway facilities involves five steps. The first of these
steps is to input all facility data, divide the area into the appropriate links and nodes, and
identify the facility type of each link. Facility data may include daily traffic, peak-hour
volume, turning movements, facility type, speed limit, signal data, number of lanes,
percent trucks, and terrain. Links are defined as segments where demand and capacity do
not vary by more than ten percent and do not contain a major intersection or a merge or
diverge point. Table 6 can be of assistance in assigning facility type to each link.

Functional Class Subsystem Facility Type
Freeway Freeway Basic
On-ramp Arterial Class IlI°
Off-ramp Arterial Class lll
Expressway® Arterial Class |
Divided arterial® Arterial Class I, II, llI
Undivided arterial® Arterial Class I, Ill
Collector® Arterial Class llI
Local® Arterial Class IV
Centroid connector None” None”

Notes:
a. Analyze as rural highway subsystem (multilane or two-lane facility, as
appropriate) if there are no signals or signal are spaced more than 3 km apart.
b. Centroid connectors typically have near-infinite capacity and a fixed travel
speed. They do not fit any HCM facility type.
c. Treat on-ramp as arterial with 100-percent green time.

Table 6. Example Functional Class-Facility Type Correlation (HCM Exhibit 30-1)

The second and third steps are to determine the FFS and capacity of each link.
Since an area-wide analysis involves too many segments to feasibly measure FFS in the
field, the procedures used for each specific facility type in Part III of the HCM should be
used. The procedures for capacity found in these sections should also be used; however,
the capacities in passenger cars per hour must be converted to vehicles per hour for the
purpose of queue and delay calculations. HCM equations 30-1, 30-2, and 30-3 below can
be used to calculate the mixed-vehicle capacity of a freeway link, a rural highway link,

Results of Literature Review 9



and an arterial link, respectively. Default tables specific to a given region may be
developed to simplify the process of determining FFS and capacity for each link.

c=Q*N*f,, *f *PHF (30-1)

where
C = capacity (veh/h),
Q = PCE capacity from HCM Chapter 23 (pc/h/In),

N = number of through lanes (ignoring auxiliary and exit-only lanes),
fuv = heavy-vehicle adjustment factor,
f, = driver population adjustment factor, and

PHF = peak-hour factor.

c=Q* va (30-2)

where
c = capacity (veh/h),
Q =1700 (pc/h/In), and
fuv = heavy-vehicle adjustment factor.

C=S, *N * fw* fHV * fg * fp * fbb * fa * fLU * f|_'r * fRT * f|_pb * prb * PHF * g/C (30-3)
where
c = capacity (veh/hr)

PHF = peak hour factor
g/C = effective green time per cycle

So = base saturation flow rate per lane (pc/h/In)
N =number of lanes in lane group
fw = adjustment factor for lane width

fuv = adjustment factor for heavy vehicles in traffic stream

f, = adjustment factor for approach grade

f,  =adjustment factor for existence of a parking land and parking activity adjacent
to lane group

fob = adjustment factor for block effect of local buses that stop within intersection
area

f, = adjustment factor for an area type

fru = adjustment factor for lane utilization

fir = adjustment factor for left turns in lane group

frr = adjustment factor for right turns in lane group
fipy = pedestrian adjustment factor for left-turn movements
frpp = pedestrian-bicycle adjustment factor for right-turn movements
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The fourth step is to determine the vehicle speed for each link. This step can be
accomplished using HCM Equation 30-4. This portion of the chapter also contains
equations for computing link traversal time (Equation 30-5), link traversal time for free-
flow conditions (Equation 30-6), zero-flow control delay for signalized intersections
(Equation 30-7), and a calibration parameter which enables the traversal time equation to
predict the mean speed of traffic when demand is equal to capacity (Equation 30-8).

L

S=——— (30-4)
R +(D/3600)

where

S =link speed (mi/h),

L  =link length (mi),

R =link traversal time (h), and

D  =node delay for link (s).

16J * X *°
R=R,+D, + D, +0.25T{(X—l)+\/(x _1)2+W (30-5)

where

R =link traversal time (h),

Ro = link traversal time at link FFS (h),

Dy = zero-flow control delay at signalized intersection (h),

Dp = segment delay between signals (equals zero if no signals)(h),

N  =number of signals (equals zero if no signals)

T = expected duration of demand (typically 1 h) (h),

X  =link demand to capacity ratio,

J = calibration parameter, and

L  =link length (mi).

L
R, =— 30-6
sy (30-6)

where

Ry =FFS link traversal time (h),
L  =link length (mi), and
So  =link FFS (mi/h).
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D, = (N /3600) * DF *(C/2)[1-(g/C)[ (30-7)

where
Dy = zero-flow control delay at signal (h),
N = number of signals on link,

3600 = conversion from seconds to hours,

g/C = average effective green time per cycle for signals on link (s)

C  =average cycle length for all signals on link (s), and

DF = adjustment factor to compute zero-flow control delay (0.9 for uncoordinated
traffic-actuated signals, 1.0 for uncoordinated fixed-time signals, 1.2 for
coordinated signals with unfavorable progression, 0.90 for coordinated signals
with favorable progression, and 0.60 for coordinated signals with highly
favorable progression).

[(Rc — Ro — Do — DM )2]

J= E (30-8)
where
J = calibration parameter,
Rc  =link traversal time when demand equals capacity (h),

Ry = FFS link traversal time (h), and

Dy = zero flow control delay (h)

Dy = segment delay between signals (h), and
L  =link length (mi).

The final step of this methodology is to determine several performance measures.
The intensity, duration, extent, and variability of congestion as well as the accessibility of
a facility can be found using the procedures in this HCM chapter and Equations 30-9
through 30-15. Every roadway is classified by facility type as a freeway, multilane
highway, two-lane highway, arterial, collector, or local road. Then, the following input
factors, which Asheville examines in determining the capacity of a specific roadway, are
assigned values: posted speed, free flow speed, grade, number of through lanes, area type
(urban or rural), truck percentage, left-turn bays, one-way or two-way traffic flow, and
median presence. The input factors and facility type are then coupled together to form a
specific set of “capacity-related variables” for the particular roadway. These variables
are then input into the appropriate table (out of a possible 50 tables in the Asheville
model) that gives the expected capacity for a roadway having any combination of these
variables. This capacity is the ultimate capacity for the roadway (boundary between LOS
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E and LOS F); thus, the maximum allowable number of vehicles that the roadway can
service during a given hour is known.

Triangle Regional Model

NCDOT developed a different model for calculating the theoretical capacity of
any roadway within the Triangle region. The Triangle Regional Model for Travel
Demand Forecasting identifies four classes of roadways: freeway/expressway, rural
arterial, suburban arterial and urban arterial. Within the freeway/expressway category, a
road is further classified according to whether it is an interstate, suburban freeway, urban
freeway, or rural highway, the number of lanes in one direction of travel, and the posted
speed limit. Once a value has been recorded for all of these variables, a chart is
examined which reveals the projected service volumes for the particular roadway at LOS
D, along with the LOS E peak hour capacity. If the roadway is an arterial, it is classified
according to the number of lanes in one direction of travel, whether or not it has a median
and turn bays, traffic signal density (number per mile), and the posted speed limit. Once
a value has been recorded for each of these variables, a chart is examined which reveals
the projected capacity for the particular roadway at LOS D and at LOS E, along with the
LOS E peak hour capacity. Overall, there are 99 different possible combinations of these
variables in the Triangle model, leading to 99 possible different values for a roadway’s
“ultimate capacity”. As is the case in the Asheville model, a roadway in the Triangle
model should be able to handle up to the ultimate capacity value for vehicles per hour and
still provide an acceptable level of service to its users.

Cherryville, North Carolina

Recently, NCDOT used Q/LOS software developed by the Florida Department of
Transportation to establish a relationship between LOS and capacity for roadways in the
Cherryville community. The FDOT software is one current method for determining the
LOS thresholds for a given roadway, although some of the assumptions made in the
model may not be appropriate for use in states other than Florida. Nonetheless,
Cherryville’s roadways are classified as either rural arterial, suburban arterial, or urban
arterial. The various types of roads are then further stratified according to number of
lanes, presence of a median and assumed speed. Using these input variables, the FDOT
software can produce a projected AADT and peak hour LOS for any roadway in the
Cherryville area.

Various methods for calculating the capacity and LOS have been employed across
the state of North Carolina; however, the need for a more unified method is critical.
Because predicting capacity and LOS is such a new concept in the transportation field,
there were not many avenues found for standardized methods in use throughout the
United States. FDOT is the only known state to have such a standardized method;
therefore, the research team investigated how their model predicts traffic flow quantities.
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Florida Department of Transportation Practice

The Florida Department of Transportation (FDOT) has developed an up-to-date
handbook and accompanying software for the analysis of the quality and level of service
for any roadway under its jurisdiction. Quality of Service (QOS) is “a traveler-based
perception of how well a transportation service or facility operates”, where level of
service (LOS) is simply “a quantitative stratification of quality of service into six letter
grades” (A through F with F being the worst). The handbook and software that FDOT
has developed are the first successful, comprehensive, multimodal analysis tools of their
kind. However, it is important to note that the FDOT LOS Handbook and Software are
intended for use only in planning and preliminary design because they do not contain the
tools necessary for operational analysis or final design. Many other documents and
methods exist which are more appropriate for such analysis.

The FDOT describes two different levels of roadway analysis: generalized
planning and conceptual planning. Generalized planning should be utilized when a
quick, rough estimate of the LOS of a roadway is desired because this is a tool based
upon broad, statewide research and statewide default values. On the other hand,
conceptual planning should be used when it is necessary to determine a more exact,
detailed measurement of the LOS of a roadway based upon specific observed or expected
roadway variables (rather than statewide default values). Of course, even conceptual
planning is much less precise than that found in general operational analysis and design.

FDOT developed a series of Generalized Tables to aid users interested in the
general planning stage. These tables are included in their handbook and contain default
values that are generally applicable throughout the state of Florida. For more detailed,
area-specific planning processes, FDOT developed a conceptual planning software
program known as LOSPLAN, which is intended for use in applications like deciding on
a design concept or scope of a facility. The program is actually separated into three
completely separate programs: ARTPLAN for arterials and other signalized roadways,
FREEPLAN for freeways, and HIGHPLAN for uninterrupted-flow highways. Also,
while the Generalized Tables and LOSPLAN are capable of producing multimodal LOS
values (pedestrians, bicycles, buses, and automobiles), they do not produce an overall
intermodal LOS that includes all modes. The LOS for each user type is always
determined and stated separately from the LOS for the other three modes. For instance,
along a given arterial, the automobile LOS may be at level D, but the arterial may possess
adequate sidewalk coverage, sidewalk separation from vehicular traffic, and pedestrian
crossing times at signalized intersections to provide for a pedestrian LOS of level B.

The FDOT handbook also notes that the term LOS does not directly refer to
overall “quality” of trip experience. LOS is a mathematical measurement calculated by
engineers and transportation planners that does not deal with other non-numerical factors
such as neighborhood safety or appearance. LOS is intended to be a measure of the level
of effectiveness with which a roadway is serving its users, not necessarily a measurement
of the “desirability”” of a roadway.
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Figure 1-3 (not included here) of the FDOT handbook shows the distinction
between a roadway point, segment, facility, corridor, and area. Obviously, a point is the
smallest classification of a roadway, indicating just one location that is usually a
boundary between segments (e.g., a signalized intersection). The next level of
classification is that of a segment, which can be defined as a small portion of roadway
defined by two distinct endpoints. A facility is a significant length of roadway consisting
of both points and segments, and is the stratification level at which the FDOT
Generalized Tables and LOSPLAN determine LOS. The next level is the corridor, which
is a combination of generally parallel facilities in an area. Finally, an area is defined as a
large grouping of all the facilities in a particular geographic region. Because points and
segments are the building blocks of facilities, certain analyses within the Generalized
Tables and LOSPLAN are performed at these levels. But, as mentioned above, FDOT
focuses its LOS analyses on a facility-wide basis.

In keeping with standard traffic engineering practice, most aspects of the LOS
analyses conducted via the Generalized Tables and LOSPLAN are based upon the latest
industry-wide standard text, the 2000 Highway Capacity Manual. One noteworthy
deviation from this practice is that FDOT bases its analysis of two-lane uninterrupted
flow highways on results from the 1997 Highway Capacity Manual, because some of the
results concerning this particular class of roadway using the 2000 HCM do not seem to
correspond correctly to actual collected field data. The Transportation Research Board
(TRB) and the American Association of State Highway and Transportation Officials
(AASHTO) have responded by funding research to answer two specific concerns about
the HCM. First, two-lane highway service volumes have dropped by nearly 50 percent
from previous editions. Second, HCM procedures do not appear to be applicable to two
lane highways in developed areas. The Midwest Research Institute (MRI) has finished a
research project (NCHRP 20-7(160), headed by Doug Harwood) in which they
investigated and characterized issues concerning the HCM’s analysis procedures. MRI
developed recommended changes to the HCM procedures to address these issues, which
have been approved by the TRB Highway Capacity and Quality of Service Committee.
The reasoning that MRI provided is:

= The service volume issue is present in the directional segment procedure, but
not in the two-way segment procedures,

= The service volume issue can be resolved by changes to Equation 20-17 and
Exhibit 20-21 in the directional segment procedure, and

= There does not appear to be a problem with the LOS thresholds in Exhibits
20-2 and 20-4.

These findings have resulted in modifications to Equation 20-17 to represent actual
conditions for two-lane highways, and other additional minor changes were made as well.

One important aspect of the analysis procedures outlined in the FDOT handbook
is that the procedures rely heavily on the use of averages. For generalized planning,
simple averages for certain traffic variables (such as daily volume) should be used when
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examining data in the Generalized Tables. On the other hand, for facility analyses at the
conceptual planning level, LOS should be determined based upon examination of
averages weighted by segment length. The primary exception to this rule lies in the
treatment of the effective green ratio (how much time, relative to the entire cycle length,
may be used for movement in a particular direction at a traffic signal) along arterials.
Because a single g/C ratio must be selected for an entire facility, FDOT uses a
“weighting” system which gives the effective green ratio at the critical intersection equal
effect on the overall g/C ratio’s along the corridor. This is achieved by averaging the
critical intersection’s g/C with the average of all the other signalized intersections along
the arterial to arrive at an overall ‘weighted average’.

When using the Generalized Tables and/or LOSPLAN, the planner should
remember the following two assumptions which were made in developing these tools: 1)
mainline non-through movements are adequately accommodated, and 2) all roadway,
traffic, and control variables are capacity adjustments, not free flow speed adjustments.
The first assumption is of great significance because of the high degree to which it
simplifies calculations using many of the input variables for LOS determination.
Although it may seem that such a simplification is detrimental to the quality of the
analyses, this assumption is necessary at the current time to generate meaningful data for
LOS calculations. The second assumption is of lesser importance and is utilized
primarily for consistency with general traffic engineering practice and the 2000 HCM
calculation processes.

Logically, the most significant aspect of the FDOT Q/LOS Handbook is the
description and relative importance of the specific input variables that are used in both
the Generalized Tables and LOSPLAN. As does the 2000 HCM, FDOT divides the input
variables into three categories: roadway variables, traffic variables, and control
(signalization) variables.

Roadway variables deal specifically with physical characteristics of the roadway
itself, which may influence user perception of travel quality. Area type refers to whether
the roadway is located in an urban area, rural area, or a transitional area (between urban
and rural). Number of through lanes is calculated in different places for different types of
roadways and certain factors such as add/drop lanes must be taken into consideration
when determining an appropriate value for this variable. Roadway class refers to whether
the roadway may be considered an arterial, freeway, or other uninterrupted flow facility
(e.g., two-lane highway, multilane highway), and must be the first variable determined
when preparing to use LOSPLAN. Posted speed is the posted speed limit. Free flow
speed is generally considered to be the posted speed plus five miles per hour, although
LOSPLAN users may alter this value when appropriate. Roadway length is self-
explanatory, although certain general minimum required lengths are suggested for
analysis of each roadway type. Left-turn lanes must be classified as either exclusive or
shared for analysis purposes. Terrain refers to whether the terrain around the segment is
level or rolling, with rolling being considered as a terrain that causes heavy vehicles to
reduce their speed below that of passenger cars. Percent no-passing zones is a variable
that affects only two-lane highways. Passing lanes refers to whether or not a passing lane
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is added to improve passing opportunities at certain points along two-lane highways.
There are also several roadway variables in the FDOT handbook that specifically relate to
bicycles, pedestrians and buses, such as pavement condition, outside lane width, and
obstacles to bus stops.

Traffic variables refer to characteristics of the users of the roadway that may
affect other users’ perception of travel quality. Traffic volume refers to the number of
vehicles passing a point on a roadway during a specific period of time. Average annual
daily traffic (AADT) refers to the total volume on a roadway segment for an entire year
divided by the number of days in the year. Obviously, volume and AADT are not only
closely related but are also extremely important in determining vehicular LOS. The
planning analysis hour factor (K) is the ratio of the traffic volume in a given hour to the
AADT and is generally used for peak hour analysis. The directional distribution factor
(D) refers to the proportion of an hour’s traffic on a roadway that is going in a particular
direction. The peak hour factor (PHF) is the peak hourly volume divided by four times
the peak 15-minute rate of flow within the peak hour. Base saturation flow rate and/or
capacity refer to the maximum possible steady flow rate of vehicles along a roadway.
Percent heavy vehicles (T) refers to the percentage of vehicles on a roadway which have
more than four wheels and often varies significantly with the time of day or day of the
week. The local adjustment factor or driver population factor allows for a distinction
between the types of drivers on the road (e.g., commuters versus tourists). Percent turns
from exclusive left turn lanes refers to the percentage of total vehicles at a signalized
intersection which are performing left or right turns from exclusive turn lanes. This can
be a very important factor in determining the LOS along some arterials. There are also a
number of other traffic variables mentioned in the FDOT handbook which do not affect
vehicular LOS.

Control variables refer to factors affecting signalization or stop control at an
intersection. Obviously, such variables do not apply to freeways or highways and are
thus used only in ARTPLAN. Signalized intersection spacing along an arterial is self-
explanatory and has a tremendous effect on user perception of quality of travel along
many arterials. Arrival type refers to the general quality of progression possible along an
arterial rated on a scale of one to six with six being the best and often referring to a
pretimed series of signals favoring the peak direction of travel. Signal type simply refers
to whether each signal is pretimed, semi-actuated, or fully-actuated. Cycle length is the
length of time a signal takes to complete a full sequence of signal phases; for actuated
signals, the maximum possible cycle length is generally assumed. Effective green ratio
(g/C) has already been described in this report and is one of the most important variables
in determining the LOS of any arterial because of its huge impact on overall travel time.

For conceptual planning along an urban arterial, the following variables have a
highly significant impact on LOS analysis and, therefore, careful consideration should be
given for any default value representing them: number of through lanes, left turn lanes,
AADT, K, D, signalized intersection spacing, and g/C ratio. Coupled with vehicular
volume, these are the most influential variables in most LOS analyses.
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The LOSPLAN software is the first successful modeling program of its kind.
Although the program is a powerful and somewhat complex tool, it employs an extremely
user-friendly format. All three programs, ARTPLAN, HIGHPLAN, and FREEPLAN
have the same basic layout. First, a general opening, introductory screen appears. Then,
there is a general facility input data screen in which the user can input values for any of
the variables that describe the entire facility being analyzed. Next, a segment data input
screen appears which enables the user to input values for variables applicable to specific
segments within the facility. The program then analyzes all of the input data and puts
forth a LOS results screen that shows the overall LOS values for the entire facility as well
as for each segment within the facility. Finally, a screen displaying the service volume
table for the maximum possible service volumes based on the input data is shown.
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Overview of Research Approach

The focus of this project was to produce a software tool utilizing HCM
methodologies applicable to planning analyses with North Carolina defaults. From the
literature review, LOSPLAN was the most comprehensive tool available, with extensive
features and capabilities, including output in the form of a report. The research team
desired to produce a more intuitive tool with a graphical interface and plot of MOE
against AADT. Such a tool has been developed and is called the North Carolina Level of
Service (NCLOS) program.

Developing the NCLOS program involved three primary steps. The first step was
a comprehensive analysis of the sensitivity of input factors on the MOE for the four
highway types presented in the program. The second step required determining default
values for the input variables. Once into this part of the project, an extension of the effort
lead to establishing best and worst case values for the input factors, in addition to default
values. The research team also reviewed truck count data at 100 continuous count
stations across the state for help in establishing truck percentages. The third step was
development of the software program, the graphical interface, and the visual plot of MOE
versus AADT. The team also provided a link between the analysis results and
TransCAD® for use in determining capacity values for planning applications.

These three steps are described in the next three sections and are supported by
Appendices B and C, which provide additional detail on the sensitivity analysis and the
software program, respectively.  Appendix A describes the HCM methodology
programmed into the software for determining the MOE for each of the four highway

types.
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SENSITIVITY ANALYSIS

Creating a software package that met the needs of the NCDOT Transportation
Planning Branch required understanding the sensitivity of all variables used in planning
analysis software. Sensitivity describes how much of an effect individual variables or
factors have on the facilities’ Level of Service (LOS). Many variables account for the
changes in a facilities operation, such as number of lanes, lane width, grade, length of
grade, free flow speed, g/C ratio, interchanges/mile, and number of access points, just to
name a few.

Upon reviewing the 2000 HCM many variables and unknowns required further
research to determine just how sensitive they really were. Because this analysis is crucial
to the backbone of the software, the research team needed to determine default values
that could appropriately reflect the type of roadway and its associated variables, thus
giving the software user reasonable estimates with which to plan. Some sensitivity
analysis was summarized from the 2000 HCM; however, the research team conducted the
majority of the analysis for consistency with all types of variables used. The 2000 HCM
gives adequate data with which to project default values for two lane highways, therefore,
no further sensitivity research was needed on this type of facility.

The sensitivity analysis conducted by the research team was carried out using the
2000 Highway Capacity Software (HCS 20000©) developed by McTrans. HCS 2000©
was used because it replicates the procedures within the HCM. Assumptions were made
for each variable that was associated with a certain facility type. These assumptions were
consistent with the assumptions made in the HCM. Graphically, sensitivity was
measured using volume (veh/hr) as the independent variable and the facility’s MOE as
the dependent variable. By changing one, sometimes two variables (keeping other
variables constant) at different volumes, we were able to record the level of service
(LOS) at that specific point. The LOS was then plotted at the associated volumes for
each variable(s) in question. These graphs showed the range effect for each variable, and
thus we could determine the sensitivity of the variable.

Using the HCM documentation, combined with the sensitivity analysis of our
research team using HCS 20000, we were able to determine the sensitivity of a specific
variable using three categories: low, medium, or high sensitivity. In short, a low
sensitivity variable was one that did not affect the LOS of the facility type on a large
scale, a medium one had some variation greater than + one LOS, and a high sensitivity
variable had a very large range throughout the LOS spectrum. Medium and high
sensitivity variables were considered for further data collection to obtain good defaults
for our planning purposes. Further explanation and graphical analyses of each facility
type and the associated variables can be found in Appendix B. A summary of the
findings for each variable and facility type is summarized in Table 7 below.
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MORE

SENSITIVITY
LEVEL DT
FACILITY ATTRIBUTE NEEDED HOW DATA IS
TYPE FOR COLLECTED
H| M | L |DEFAULTS
?
Interchanges per Mile X No Ente_rgd by the user (site
specific)
Automatic Traffic Recorder
% Trucks X Yes (ATR) & Weigh-in-Motion
(WIM) sites
Grade X No Ente_re_d by the user (site
FREEWAYS speciic)
Length of Grade X No Ente_re_d by the user (site
specific)
‘K’ Factor X Yes ATR sites
‘D’ Factor X Yes ATR sites
Free Flow Speed X No
Access Points per Mile X No
Divided / Undivided X No
MULTI-LANE Base Free Flow Speed X No
HIGHWAYS % Trucks X Yes ATR & WIM sites
Erl X No Entergd by the user (site
specific)
Length of Grade X No Ente_re;d ol Seer (ke
specific)
Exclusive Left Turn X No
Lanes
Median X No
ARTERIALS |Urban Class X No
g/C Ratio X Yes Traffic Engineering Branch
Signals per mile X Yes GIS - ArcView Data
Free Flow Speed X Yes Traffic Surveys Unit
TWO-LANE |Percent No-Passing - ; :
HIGHWAYS [Zones X Yes Traffic Engineering Branch
% Trucks X Yes ATR & WIM sites

Table 7. Sensitivity of Variable by Facility Type
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Table 7 shows that for the 21 inputs analyzed for the four facility types, four (4)
inputs had high sensitivity, 11 inputs had medium sensitivity, and six (6) inputs had low
sensitivity. Also, nine (9) inputs are targeted for additional data collection. Some of this
data is available from the Automatic Traffic Recorder (ATR) and Weigh-In-Motion
(WIM) traffic collection sites located throughout the state. Other data can be
programmed into a planned data collection effort, or, if GIS data layers exist, from
specific queries within NCDOT’s GIS coverage.
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DEFAULT VALUES

The development of the software program took the form of a visual display of
AADT plotted against the MOE for each facility type. Figure 4 shows a sample display
for freeways. In developing this plot, the research team created a system of input values
for three cases: (1) best case, (2) worst case, and (3) default case.

[ZNC LOS - Facility Analysis - || - 40 west of Raleigh

Region

" Coastal
f* Piedmont
" Mountains

" Selectal

Facility Type

Aterials
2 Lane Highways
fulti-Lane Highways
Freewaps
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Level
Ralling
Mountanous
Specific Grade
+- Suburban
+- Rural

Facilities

Create New Facility

Freeway Analysis - | - 40 (Piedmont, Urban, Level)

| /®

e

D /
26

/9
/

/
[/

/
——

LOS (Density, pc/imiflln)

1/

~Legend—
WorstCase

/

Default Case
Best Case
Current Facility

i

100 150 200 350 300 350
AADT (In 1000)

Maximum AADT: 113100
Minimum AADT: 90600

Update Facility Information

Maximum PC: 118800
Minimum PC: 95100

AADT Capacity. 127300
PC Capacity: 133700

Copy Facility Rezet to Defaults Print Repart
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Roadway Factors | Traffic Factors |

Facility Mame || - 40
Target LOS m

PHF |0.95

Drriver Pop. Factor 1
K Factor (%] |10
D Factor (%] |50

Truck/Buzs % |10 -
RV o -

Figure 4. Screen Capture for Freeway Analysis

The best case input values are the required value for each factor that produces the
maximum positive affect on the output. Stated another way, the plot of AADT against
MOE for the best case scenario results in the highest possible AADT value for a given
LOS. Note that in a few cases, the factor is actually increasing in value instead of
decreasing if it is used in the denominator of an equation.
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The worst case input values are the required value for each factor that produces
the maximum negative affect on the output. That is, the plot of AADT against MOE
results in the lowest AADT value for a given LOS. Again note that in a few cases, the
factor is actually decreasing in value instead of increasing if it is used in the denominator
of an equation.

For the default case input values, NCDOT desired to have values for each factor
representative of the average facility for urban, suburban, and rural planning analyses in
all three regions across the state. Given that each planning analysis could include the
three terrain types plus specific grade analyses, a large matrix quickly developed for each
of the facility types. Some of the values for the factors were based on judgment of the
researchers and the NCDOT staff. However, a few of the factors were based on analysis
of traffic count information. For example, NCDOT provided traffic count information
for 2002 at 100 continuous traffic count stations located throughout North Carolina. The
analysis of the data yielded vehicle classification count numbers that allowed for specific
truck percentages to be determined for each region and various facility types (Table 8).

REGION FUNCTIONAL CLASS 2A-SU 3A-SU 4A-SU 4A-ST 5A-ST 6A-ST TA-MT T:;ﬁlﬁl_s*
Coastal Rural Minor Arterial 4.76% 14.40% 2.14% 2.98% 8.57% 0.24% 0.00%| 33.10%
Coastal Rural Principal Arterial - Other 2.89% 1.24% 0.11%) 1.73% 4.50% 0.17%) 0.02%] 10.65%
Coastal Urban Minor Arterial 1.51% 1.06% 0.01% 1.62% 0.20% 0.18% 0.04%) 4.62%
Coastal Ubran Principal Arterial 2.52% 0.97% 0.59%) 2.84%) 3.91% 0.23%) 0.04%] 11.10%
Mountainous Rural Minor Arterial 3.25% 1.75% 0.15%) 1.52% 1.26% 0.21% 0.04% 8.18%
Mountainous Rural Principal Arterial - Interstate 2.85% 2.60% 1.47%| 5.37%| 16.24% 0.91%) 0.18%] 29.63%
Mountainous Rural Principal Arterial - Other 2.89% 1.73%| 0.35% 1.79%) 4.41% 0.20%) 0.03%| 11.39%
Mountainous Urban Minor Arterial 2.17% 2.19% 0.42%) 2.22% 1.20% 0.38% 0.08%) 8.66%
Mountainous Ubran Principal Arterial - Other 2.15% 1.50% 0.21% 1.30% 1.18% 0.18%| 0.04%) 6.56%
Piedmont Rural Minor Arterial 3.21% 1.20% 0.19%) 1.78% 4.97% 0.15% 0.01%] 11.52%
Piedmont Rural Principal Arterial - Interstate 2.34% 1.25% 0.78% 4.12%| 19.82% 0.38%) 0.09%] 28.78%
Piedmont Rural Principal Arterial - Other 2.69% 1.53% 0.25% 2.21% 7.67% 0.29%) 0.04%] 14.67%
Piedmont Urban Minor Arterial 2.04% 0.83% 0.05%) 1.03% 0.54% 0.06% 0.01%) 4.55%
Piedmont Urban Principal Arterial - Other 2.58% 1.93% 0.41%) 3.63% 13.50% 0.53% 0.12%| 22.70%
Piedmont Urban Principal Arterial - Interstate 2.35% 1.31% 0.18%) 1.98% 2.95% 0.23% 0.04%) 9.03%

*-'TOTAL TRUCKS ' is the sum of the percentages for the seven classes of heavy trucks (2A-SU through 7A-MT)

Table 8. Truck Percentages

The following pages show the default and other values used to produce the graphs
for each of the facility types. The best and worst case values are displayed at the top of
each facility type matrix with the default values for each possible scenario listed below.
The breakdown of each matrix is first by region, then by location, and finally by
surrounding terrain. Note that while the regions (Coastal, Piedmont, Mountains) remain
constant across all facility types, the location and terrain categories for arterials are
replaced by design category and functional category, respectively, due to the slightly
different methodology involved with the arterial class of highways.
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Upper / Lower Boundaries

Num

Hour Direction | Driver | Truck/Bus Lane Lat Intgs/m Grade
Condiicl Factor(K) | Factor(D) Pop % R4 Width La;;S/ Clear.(ft) ile Clacci Length (mi)
Best Case 0.08 0.5 1 2 0 12 5 6 0 0 0.25
Worst Case 0.2 0.7 0.85 45 5 " 2 2 2 8 2

Default Cases

Num

Piedmont

Mountains

Facility Hour Direction | Driver | Truck/Bus Lane Lat Intgs/m Grade
REgo Location VG Factor(K) | Factor(D) Pop % R4 Width Ladn:S/ Clear.(ft) ile Clacciy Length (mi)
Level|] 0.10 0.50 1 10 0 12 2 6 0.5
Rolling] 0.10 0.50 1 10 0 12 2 6 0.5
Urban
Mountainous| 0.10 0.50 1 10 0 12 2 6 0.5
Specific Grade| 0.10 0.50 1 10 0 12 2 6 0.5
Level| 0.12 0.55 1 10 0 12 2 6 0.5
Rolling] 0.12 0.55 1 10 0 12 2 6 0.5
Coastal Suburban
Mountainous| 0.12 0.55 1 10 0 12 2 6 0.5
Specific Grade| 0.12 0.55 1 10 0 12 2 6 0.5
Level|] 0.15 0.60 1 10 0 12 2 6 0.25
Rolling] 0.15 0.60 1 10 0 12 2 6 0.25
Rural
Mountainous| 0.15 0.60 1 10 0 12 2 6 0.25
Specific Grade| 0.15 0.60 1 10 0 12 2 6 0.25

Level|] 0.10 0.50 1 20 0 12 2 6 1
Rolling| 0.10 0.50 1 20 0 12 2 6 1
Urban
Mountainous| 0.10 0.50 1 20 0 12 2 6 1
Specific Grade| 0.10 0.50 1 20 0 12 2 6 1
Level| 0.12 0.55 1 20 0 12 2 6 0.5
Rolling] 0.12 0.55 1 20 0 12 2 6 0.5
Suburban
Mountainous| 0.12 0.55 1 20 0 12 2 6 0.5
Specific Grade| 0.12 0.55 1 20 0 12 2 6 0.5
Level|] 0.15 0.60 1 25 0 12 2 6 0.25
Rolling] 0.15 0.60 1 25 0 12 2 6 0.25
Rural
Mountainous| 0.15 0.60 1 25 0 12 2 6 0.25
Specific Grade| 0.15 0.60 1 25 0 12 2 6 0.25

Level|] 0.10 0.50 1 12 0 12 2 6 0.5
Rolling] 0.10 0.50 1 12 0 12 2 6 0.5

Urban
Mountainous| 0.10 0.50 1 12 0 12 2 6 0.5
Specific Grade| 0.10 0.50 1 12 0 12 2 6 0.5
Level|] 0.12 0.55 1 12 0 12 2 6 0.5
Rolling] 0.12 0.55 1 12 0 12 2 6 0.5

Suburban

Mountainous| 0.12 0.55 1 12 0 12 2 6 0.5
Specific Grade| 0.12 0.55 1 12 0 12 2 6 0.5
Level| 0.15 0.60 1 30 0 12 2 6 0.25
Rolling] 0.15 0.60 1 30 0 12 2 6 0.25

Rural
Mountainous| 0.15 0.60 1 30 0 12 2 6 0.25
Specific Grade| 0.15 0.60 1 30 0 12 2 6 0.25

Table 9. Default Values for Freeways

Default Values
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Upper / Lower Boundaries

Default Cases

Street Class Condition Fa;z‘:r(K) F;:i:gft(b) PHF L?;gl)t ln L’\::::; Si?:i?els i (:]';i) A_F;::' Lcezrlgfh g/C ratio :/'oquifst
I Best Case 0.08 0.5 0.85 3 4 0.5 55 5 270 0.7 20
Worst Case 0.2 0.7 0.95 3 2 2 45 1 90 0.3 2
I Best Case 0.08 0.5 0.85 2 4 1 45 5 240 0.7 20
Worst Case 0.2 0.7 0.95 2 2 5 35 1 70 0.3 5
1 Best Case 0.08 0.5 0.85 2 4 4 35 4 200 0.6 20
Worst Case 0.2 0.7 0.95 2 2 10 30 1 70 0.3 5
& Best Case 0.08 0.5 0.85 1 4 6 35 4 180 0.6 20
Worst Case 0.2 0.7 0.95 1 2 12 25 1 60 0.3 5

A Functional Categoryj " . . Cycle
. Design Street Hour Direct. Length | Num | Signals/| FFS | Arrival .| % Left
REgem Category (Urbcall;ssst)reel Class | Factor (K) |Factor (D) AL (mi) Lanes mile (mph) | Type Le(r;g;th Y el Turns
High Principal| | 015 | 065 090 | 3 2 | 08 | 55 | 3 |20/ 060 | 5
Speed
Principal 1l 0.15 0.60 0.90 2 2 3 45 3 150 0.55 8
Suburban
Minor 1l 0.12 0.60 0.90 2 2 3 40 3 120 0.55 8
Coastal Principal 1l 0.12 0.55 0.92 2 2 3 40 4 150 0.50 12
Intermed.
Minor] 11/ 1V 0.12 0.55 0.92 2 2 8 35 4 120 0.50 15
Principal| 11/ 1V 0.10 0.50 0.92 1 2 8 35 4 120 0.42 15
Urban
Minor v 0.10 0.50 0.92 1 2 10 30 4 90 0.42 18
|
e Principal | 0.15 0.70 0.92 3 2 0.8 55 3 200 0.60 5
Speed
Principal 1l 0.15 0.65 0.92 2 2 3 45 3 150 0.55 8
Suburban
Minor 1l 0.12 0.65 0.90 2 2 3 40 3 120 0.55 8
Piedmont Principal]l 11 0.12 055 | 092 | 2 2 3 40 4 150 | 050 | 12
Intermed.
Minor| 11/ 1V 0.12 0.55 0.92 2 2 8 35 4 120 0.50 15
Principal| 11 /1V 0.10 0.50 0.92 1 2 8 35 4 120 0.42 15
Urban
Minor v 0.10 0.50 0.92 1 2 10 30 4 90 0.42 18

IFIEfR Principal| 1 015 | 065 [090| 3 2 08 | 55 | 3 | 200 | 060 | 5
Speed
Principal| 1l 015 | 060 090 | 2 2 3 45 | 3 | 150 | 055 | 8
Suburban
Minor| 1l 012 | 060 o090 | 2 2 3 40 | 3 | 120 o055 | 8
Mountains Principal| 1l 012 | 055 [092| 2 2 3 40 | 4 | 150 | 050 [ 12
Intermed.
Minor| 1/iv | 012 | 055 |092| 2 2 8 35 | 4 | 120 | 050 | 15
Principall m/1v | 010 | 050 [o092| 1 2 8 35 | 4 | 120 | 042 | 15
Urban
Minor| v 010 | 050 |02 1 2 10 30 | 4 | 9 | 042 | 18

Table 10. Default Values for Arterials (Urban Streets)

Default Values
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Upper / Lower Boundaries

. . . Num q Access
- Hour Direction | Driver | Truck/Bus Lane Total Lat. | Median " Grade
CLLLIHED Factor(K) | Factor(D) Pop % Y Width Ladn:s/ Clear.(ft) Type P?::Il: U | Ereet Length (mi)
Best Case 0.08 0.5 1 2 0 12 3 12 D 0 0 0.25
Worst Case 0.2 0.7 0.85 20 5 10 2 0 u 40 8 2

|
Default Cases

Num

Access

Piedmont

Mountains

. Facility . Hour Direction | Driver | Truck/Bus Lane Total Lat. | Median n Grade
Regicl Location VEIED Factor(K) | Factor(D) Pop % R4 Width La:ifS/ Clear.(ft) Type P?T']?:/ Cladeb Length (mi)

Level| 0.10 0.50 1 5 0 12 2 8 D 30
Rolling] 0.10 0.50 1 5 0 12 2 8 D 30

Urban
Mountainous| 0.10 0.50 1 5 0 12 2 8 D 30
Specific Grade| 0.10 0.50 1 5 0 12 2 8 D 30
Level| 0.12 0.55 1 8 0 12 2 10 D 20
Rolling] 0.12 0.55 1 8 0 12 2 10 D 20

Coastal |Suburban

Mountainous| 0.12 0.55 1 8 0 12 2 10 D 20
Specific Grade| 0.12 0.55 1 8 0 12 2 10 D 20
Level] 0.15 0.60 1 10 0 12 2 12 D 10
Rolling] 0.15 0.60 1 10 0 12 2 12 D 10

Rural
Mountainous| 0.15 0.60 1 10 0 12 2 10 D 10
Specific Grade| 0.15 0.60 1 10 0 12 2 12 D 10

Level|] 0.10 0.50 1 10 0 12 2 8 D 35
Rolling] 0.10 0.50 1 10 0 12 2 8 D 35

Urban
Mountainous| 0.10 0.50 1 10 0 12 2 8 D 35
Specific Grade| 0.10 0.50 1 10 0 12 2 8 D 35
Level| 0.12 0.55 1 10 0 12 2 10 D 25
Rolling| 0.12 0.55 1 10 0 12 2 10 D 25

Suburban

Mountainous| 0.12 0.55 1 10 0 12 2 10 D 25
Specific Grade| 0.12 0.55 1 10 0 12 2 10 D 25
Levell 0.15 0.60 1 12 0 12 2 12 D 10
Rolling] 0.15 0.60 1 12 0 12 2 12 D 10

Rural
Mountainous| 0.15 0.60 1 12 0 12 2 10 D 10
Specific Grade| 0.15 0.60 1 12 0 12 2 12 D 10

Level|] 0.10 0.50 1 5 0 12 2 8 D 25
Rolling] 0.10 0.50 1 5 0 12 2 8 D 25

Urban
Mountainous| 0.10 0.50 1 5 0 12 2 8 D 20
Specific Grade| 0.10 0.50 1 5 0 12 2 8 D 25
Level| 0.12 0.55 1 8 0 12 2 10 D 15
Rolling] 0.12 0.55 1 8 0 12 2 10 D 15

Suburban

Mountainous| 0.12 0.55 1 8 0 12 2 10 D 10
Specific Grade| 0.12 0.55 1 8 0 12 2 10 D 15
Level|] 0.15 0.60 1 10 0 12 2 12 D 10
Rolling] 0.15 0.60 1 10 0 12 2 12 D 10

Rural
Mountainous| 0.15 0.60 1 10 0 12 2 10 D 10
Specific Grade| 0.15 0.60 1 10 0 12 2 12 D 10

Table 11. Default Values for Multilane Highways

Default Values
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Upper / Lower Boundaries

Hour Direction Truck/B Lane ) A [[RSCEss Grade
Condition Class Factor(K) | Factor(D) BFFS us % RV % Width Passing |Clear.(ft] Pomtsl Grade % Length (mi)
Zone % mile
Best Case | 0.08 0.5 60 0 0 12 0 6 0 0 0.25
Worst Case | 0.2 0.8 60 20 5 9 100 0 40 8 2

|
Default Cases

No

Lat.

Access

Piedmont

Mountains

. Facility n Hour Direction Truck/B Lane . A Grade
Region LG Terrain Class Factor(K) | Factor(D) BFFS us % RV % width Zassnr;g Clear.(ft| Pulptsl Grade % e (@)
one % ) mile
Level | 0.10 0.50 60 5 0 12 20 6 30
Rolling | 0.10 0.50 60 5 0 12 20 6 30
Urban
Mountainous | 0.10 0.50 60 5 0 12 80 6 20
Specific Grade | 0.10 0.50 60 5 0 12 80 6 20
Level | 0.12 0.55 60 8 0 12 20 6 20
Rolling | 0.12 0.55 60 8 0 12 20 6 20
Coastal Suburban
Mountainous | 0.12 0.55 60 8 0 12 80 6 10
Specific Grade | 0.12 0.55 60 8 0 12 80 6 10
Level | 0.15 0.60 60 10 0 12 20 6 10
Rolling | 0.15 0.60 60 10 0 12 20 6 10
Rural
Mountainous | 0.15 0.60 60 10 0 12 80 6 10
Specific Grade | 0.15 0.60 60 10 0 12 80 6 10

Level | 0.10 0.50 60 10 0 12 20 6 35
Rolling | 0.10 0.50 60 10 0 12 20 6 35

Urban
Mountainous | 0.10 0.50 60 10 0 12 80 6 30
Specific Grade | 0.10 0.50 60 10 0 12 80 6 30
Level | 0.12 0.55 60 10 0 12 20 6 25
Rolling | 0.12 0.55 60 10 0 12 20 6 25

Suburban

Mountainous | 0.12 0.55 60 10 0 12 80 6 20
Specific Grade | 0.12 0.55 60 10 0 12 80 6 20
Level | 0.15 0.60 60 12 0 12 20 6 10
Rolling | 0.15 0.60 60 12 0 12 20 6 10

Rural
Mountainous | 0.15 0.60 60 12 0 12 80 6 10
Specific Grade | 0.15 0.60 60 12 0 12 80 6 10

Level | 0.10 0.50 60 5 0 12 20 6 25
Rolling | 0.10 0.50 60 5 0 12 20 6 25

Urban
Mountainous | 0.10 0.50 60 5 0 12 80 6 20
Specific Grade | 0.10 0.50 60 5 0 12 80 6 20
Level | 0.12 0.55 60 8 0 12 20 6 15
Rolling | 0.12 0.55 60 8 0 12 20 6 15

Suburban

Mountainous | 0.12 0.55 60 8 0 12 80 6 10
Specific Grade | 0.12 0.55 60 8 0 12 80 6 10
Level | 0.15 0.60 60 10 0 12 20 6 10
Rolling | 0.15 0.60 60 10 0 12 20 6 10

Rural
Mountainous | 0.15 0.60 60 10 0 12 80 6 10
Specific Grade | 0.15 0.60 60 10 (0] 12 80 6 10

Table 12. Default Values for Two-Lane Highways

Default Values
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SOFTWARE PROGRAM

The North Carolina Level of Service (NCLOS) program is an implementation of
the 2000 Highway Capacity Manual. The calculations described in the HCM are
implemented in the FacilityCalculator.dll component of NCLOS. This DLL allows a
developer to externally access the HCM equations implemented by NCLOS. NCLOS
includes an interface for the FacilityCalculator.dll. This interface 1is the
FacilityAnalyzer.exe. Upon installation of NCLOS, both the FacilityAnalyzer.exe and
the FacilityCalculator.dll are available to users and developers.

NCLOS is broken up into two parts. The first part is the FacilityCalculator.dll
and the second is the FacilityAnalyzer.exe. Figure 5 below shows the components of the
LOS Analysis program. This diagram displays the exposed interfaces that are used by
FacilityAnalyzer.exe. In addition, the FacilityCalculator.dll is a class library that can be

used by any number of programs, including TransCAD®.

FadilityAnalyzer exe

l | l I

[ |
| |
H | : FreewayControlClass MultiLaneControlClass TwolaneControlClass ArterialControlClass

TransCAD |
I |
| | |
I I I % % % % I
I—T T == % _______________________________________________________________________

ProjeciCalcCla: Freawar yCalcClass MultiLaneCalcClass TwolaneCalcCl AnerialCalcCl
3

Figure 5. NCLOS Components

FacilityAnalyzer.exe is a MS Windows® executable program containing the
interface for NCLOS. This executable accesses FacilityCalculator.dll and is required to
run NCLOS. FacilityAnalyzer.exe depends on FacilityCalulator.dll to calculate results
along with storing and retrieving data from the database. The majority of this document
focuses on FacilityCalculator.dll.

FacilityCalculator.dll can be accessed by any number of applications other than
FacilityAnalyzer.exe. =~ Any development environment, including environments for
macros and scripts that support OLE calls to DLL’s, can be used to access
FacilityCalculator.exe. This DLL was designed specifically for use with TransCAD® by
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the NC DOT. A detailed breakdown of the programming used to develop the NCLOS
software is located in Appendix C.

Below is the tutorial for NCLOS that can be printed directly from within the
program by the user. The tutorial gives an introduction to the layout and design of the
program as well as detailed instructions on how to perform an analysis. Please note: the
information below is from the actual text of the tutorial and therefore any graphs,
references, or figures noted may not coincide with those mentioned throughout the rest of
this report.

PROGRAM TUTORIAL

A. INTRODUCTION

Welcome to the North Carolina Level of Service (NCLOS) program tutorial. The
following information will introduce you to the various functions and options contained
within NCLOS as well as explain some of the methodologies behind its look and design.
While the tutorial will explain the basic workings of the program, it will not cover every
single aspect and option; it only introduces you to the basics of how to use the program
by reviewing freeway analysis. Extensive help is available within the program by right
clicking on a word/title to get a pop-up help box.

B. PROJECT SELECTION/CREATION
The first screen that you will see when the NCLOS program begins is the Project
Selection / Creation page:

B T LOS - Project Selection/Creation g@

Praiect Li&t@ 1~ Praject Infarmation
Beach Acceszs Project Project Title | , ) L
Bypaszs Project @ ®
| - 40: West of Ralzigh
Tutorial Froject Froject Manager | ©

PicanEsies | @ Export Project to TranCaD
@
Cicelnd O Help Documentation
Dezcription

®

@ Create Mew Fraoject

Delete Selected Project
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On this screen you have the option of either creating a new project file or opening an
existing project file.

1. Creating a new project file

To create a new project file click on the button labeled Create New Project®. Once this
option has been selected you will be prompted to enter some information for the newly
created project, including the project title@, the name of the project manager®, the
organization® that is carrying out the analysis, and, if desired, descriptive information on
the project in the box labeled Description®, e.g., analysis of various options for new
beach access road in Brunswick County. Once you have finished entering the project
information, make sure to click Update Project List® (which will become active once a
project is created) to save the newly created project. Additionally, a Created On date® is
automatically produced for the newly created file at this time as well. If you wish to
delete a project at any time, just select the project in the Project List box® and then click
Delete Selected Project®.

2. Opening a project

Once you have created a project and you wish to open it, or to open a pre-existing
project, you must highlight the desired project in the Project List box® on the upper left
hand side of the previous screen and then click Open Selected Project® on the right
hand side of the screen. This takes you to the Facility Analysis screen:

B NC LOS - Facility Analysis - Tutorial Project PE
Region
i Freeway Analysis - 1-40 (Piedmont, Urban, Level) ©)
* Piedmont -
" Mountains 45
" SelectAl - E
X
E B
Facility Type S
Arterial | =P
rterials | =2
2 Lane Highways I %‘ 2
bdulti-Lane Highwaps c
Freewaps 3
= Urban = 18
] g B / / / . Legend 2
Alling - Worst Case
Mountanous i Default Case
Specific Grade | NestCaa
+ Suburban i A
. Pural RS
< | — - - - - - -
] a0 100 150 200 250 300 350
Facilities
AADT (In 1000)
1-40
-440 = : ;
John Smith Blvd, Mazimum AADT: Mazimum PC: AADT Capacity:
“Walley Dirive e S 3
Minimum AADT: Minimum PC: PC Capacity:
Update Facility Informatian Copy Facility Reset to Defaults Preview Repart Export to TransCAD ‘
Traffic Factors ] Roadway Faclors] @
Craste New Fasilty ‘ Facility Mame  {|-40 Driver Pop. Factor |1
Target LOS - K Facter %] |10 Truck/Bus % |10 -
Delete Facility ‘
PHF 0,95 D Factor (%] |50 R¥% |0 -
Select Facility Reports ‘

Software Program 31



C. USING THE FACILITY ANALYSIS SCREEN

The Facility Analysis screen is the heart of the NCLOS program. It is used for all
analyses carried out within the program, as well as for the creation, deletion, and copying
of facilities, the printing of reports and the exporting of data to TransCAD®. Below is a
brief overview of the Facility Analysis screen followed by more detailed explanations of
its components and functions.

The Facility Analysis screen is broken up into three major parts. The first part is the far
left hand side of the screen® where existing facilities are chosen and new ones are
created. This portion of the screen also contains an inventory, located in the box labeled
Facilities, of all the facilities within the current project file. The second part, located in
the bottom portion of the whole screen®, is made up of two menus (accessible by the
Roadway Factors and Traffic Factors tabs) which contain all of the attributes for the
facility being analyzed and buttons for various operations within the program such as the
printing of reports and the exporting of data to TransCAD®. Finally, the third part of the
whole screen® is the graphical and numerical output of the analysis. It is comprised of
the large graph field in the upper right portion of the screen and the corresponding data
output for Average Annual Daily Traffic (AADT), Passenger Cars (PC) and PC at
Capacity, which are all located directly beneath the graph field. All of these fields are
blank until analysis is performed.

1. Navigating the region menu
The Region menu, located in the upper left corner, allows you to select the region of
North Carolina in which you are performing analysis; Coastal, Piedmont or Mountains.

R eqgion

+ Coastal
" Piedmont
" Mountans

™ SelectAl

For example, if you want to see all of the existing facilities located within the Piedmont
region of your project, then you would simply select the button labeled Piedmont and
then only facilities that were in the Piedmont area would be displayed in the Facilities
box in the bottom left portion of the screen. To view all of the facilities within a project,
regardless of region, just select the option labeled Select All and the Facilities box would
then list all of the facilities for the active project.

Note that the regions represent more of a demographic/cultural/economic effect on the
analysis and not so much the effect of terrain or the environment around a facility. For
example, if you were doing an analysis in Wilmington (Coastal region) and a mountain
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suddenly appeared one day, you would still use the Coastal region for analysis and not
the Mountains region because the Coastal region represents the default values for the
eastern portion of the state which has different travel patterns, travel composition, driver
populations, etc., when compared to the Mountains region in the western portion of the
state. Terrain type is instead taken into account as an input parameter for all analyses
where you can select the appropriate terrain or specific grade for your facility.

2. Navigating the facility type menu

Once you have selected the region you wish to work within, you then go to the Facility
Type® menu to select the type of facility you wish to analyze. Your initial option is to
select one of four facility types: Arterials, 2-Lane Highways, Multilane Highways or
Freeways. Once you select a facility type, the tree view then expands to the next level of
options. From this second level onward, the tree view is not identical for all facility types
as they each have their own definitions and terminologies. For example, in the
screenshot on the left below, which could perhaps be a project in the Raleigh area,
Freeways was chosen at the root level, then an Urban setting was selected and finally, a
Level terrain was chosen. Whereas for arterials (screenshot on the right below), the
second tree level is slightly different, with an additional option of the four classes of
arterials (High-Speed, Suburban, Intermediate, and Urban) and for the third level the
options of either Principal Arterial or Minor Arterial under Arterial/Intermediate.
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Region R eqgion

" Coastal (™ Coastal
* Piedmont + Piedmont
" Mountamns " Mountains
" SelectAl " SelectAl
Facility Type 0 Facilitpy Type
Arterials - Artenals
2 Lane Highwways +- High-Speed
Mulbi-Lane Highwwayps +- Suburban
Freeways = Intermediate
—|- Urban Principal Arterial
b inor Arterial
Ralling +- Urban
M auntanous 2 Lane Highways
Specific Grade Multi-Lane Highweays
+- Suburban Freeways
+- Rural Fi
< > % >
Facilities Facilities
|-40 John Smith Blvd.
[-440 @

Also, as each tree level is selected, the Facilities box@ changes to show only those
facilities that meet the selections you have chosen. For example, in the left screenshot
above, there might have been twenty freeway facilities listed in the Facilities box
initially, but after the Urban and Level criteria were selected there were only two
facilities, 1-40 and 1-440, that matched all of the selected requirements (Piedmont region
— Freeway facility type — Urban environment — Level terrain)

3. Opening an existing facility

To open an existing facility, click on its name in the Facilities box@. Remember, the
Facilities box only shows those facilities that match the requirements you have selected
in the tree view under Facility Type®. If you currently have the tree view on Multilane
Highways then all multilane highways for that project will be listed; but if you have
expanded the tree view to select Multilane Highways and Urban, then only multilane
highways in an urban setting will be displayed in the Facilities box.
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4. Creating a new facility

Creating a new facility requires selecting the Create New Facility button near the bottom
left corner of the facility analysis screen. Once it is selected a dialog box will popup
prompting you to select the criteria for the facility that you are creating:

Create Mew Facility

Reqion You must select all cateqaories
for the new facility pou wauld
~ Coastal like to create.
" Piedmont

* Mountanz

Facility Type

Multi-Lane Highways -~ Mew Facility Mame:
F;EELIT;E}; | b ountain Yiew E xprezsway
=1+ Suburban ®

Level Create ‘

Fiolling

M ountanous

- Specific Grade

+1- Bural s : : ‘
£ | 5 ance

For example, in this screenshot, the user is creating a freeway facility named “Mountain
View Expressway”® in the Mountains region of the state®, in a Suburban setting® with
Mountainous surrounding terrain@. Once all of the criteria in the tree view are selected
and the name of the facility is entered, click on Create® and the facility is then added to
the Facilities box and saved in the project file.

Additionally, there is a shortcut that can be utilized when creating several similar
facilities. The tree view in the Create New Facility dialog box opens at the same level as
the current tree view on the main Facility Analysis page. If you need to create several
facilities similar to the “Mountain View Expressway” in the example above, you can go
to Mountains, Freeway, Suburban, Mountainous on the main page, then hit Create New
Facility, and each facility you create would already have Mountains, Freeway, Suburban,
Mountainous selected, so you would simply have to enter each facility name and hit
Create each time.

5. Operating the roadway and traffic factors tabs

Each of the four facility types have their own characteristics and default values which
have been broken down into two main categories, Roadway Factors and Traffic Factors.
To switch between the two categories simply click on their respective tabs near the
bottom portion of the Facility Analysis page.
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- Changing facility characteristics -

When a facility if first created, each of its characteristics is set to its default value based
on the facility’s region, facility type, setting and terrain. The user sees these values pop
up but is then able to change any or all of the characteristics as he or she sees fit. There
are two main ways to change characteristics: (1) using a drop down menu or (2) entering
a value in a data entry field. The drop down menu is employed when there are set
options for the characteristic that is being altered. For example, in the screenshot below,
the user is changing the lane width® on a freeway facility from the default value of 12-
feet.

Roadway Factors Traffic Factors ]

FFS Parameters Specific Grade Parameters

® Lane Widtk = Lateral Clearance |5 = Grade %
—
MNum Lanes I InterchangesMile |‘| = Grade Length [mi.]

In this case, the only options available other than 12-feet are 11-feet and 10-feet. The
user cannot enter any other value, such as 10.5-feet or 13-feet.

The other method to change a characteristic is to use a data entry field. For these
characteristics, there are no set options for the user; he or she can enter any value that is
appropriate. However, most of the characteristics with data entry fields do have some set
range of values that the entered number must be between. For example, PHF does have a
data entry field, but the number must be between 0.5 and 1.0 with the user able to enter
any number within that range, such as 0.53 or 0.85.

6. Executing the program and interpreting the results

The program graphically displays the results calculated from the methodology presented
in the Highway Capacity Manual, allowing the user to evaluate various ‘scenarios’ or
‘options’ for different facilities. For example, what volume of traffic can a freeway
handle and still operate at LOS D if an additional lane is added? What if two lanes are
added? While the actual numerical results are displayed as well, the graphical nature of
the program allows the user to quickly determine what effect various roadway/traffic
modifications have on a particular facility. This is achieved through the use of a desired
LOS, which is used to base your planning decisions around, and through the use of three
curves that are present on all facility graphs: a ‘Best Case curve’, a “Worst Case curve’,
and a ‘Default Case curve’. The freeway graph below is an example.
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Freeway Analysis - 1-40 (Piedmont, Urban, Level)

[/ /
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A
1] a0 100 150 200 250 200 350
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The purpose of the three curves is to provide a ‘reference’ for the analysis results. When
a facility is first created, and none of its characteristics have been modified, the analysis
results follow the ‘default curve’. But as soon as any of the characteristics are modified,
then volume either increases or decreases from the default calculation in proportion to the
effect of the change. However, only the portion of curve within the selected LOS value is
displayed in red. More will be said about this later.

This graphical format allows the user to quickly gauge the impact of whatever
characteristic they modified. For example, did adding a lane move the results very far to
the right or just a little bit? What affect would losing 4 feet of shoulder to put in a
sidewalk have on the capacity of the roadway?

For demonstration, using the freeway graph above, if LOS of D is selected as the desired
LOS and none of the defaults are modified you would get the following results:
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Freeway Analysis -1-40 (Piedmont, Urban, Level) o

T /
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|
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—Legend
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" | Default Case
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Maximum AADT: 74700 (@ Maximum PC: 78400 AADT Capacity: 84300
Minimum AADT: 59200 Minimum PC: 62200 PC Capacity: 88500 @)

As you can see, this results in a small portion of red curve® being displayed on the
default curve within LOS D. Thus, for a default freeway, in the piedmont region, in an
urban setting with level terrain@, the maximum AADT that the roadway can handle and
remain within LOS D is 74,700 vehicles® and the capacity of that roadway at maximum
LOS E in passenger cars per day is 88,500@.

If you wanted to determine the effect of adding an additional travel lane in each direction
to that same roadway, all click on the Traffic Factors tab and go to the Number of
Lanes® selection box and change it from two lanes to three lanes and then select Update
Facility Information® to view the new results:
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Freeway Analysis - 1-40 (Piedmont, Urban. Level)
45
i / / /
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As you can see above, the addition of another travel lane has shifted the analysis results®
to the right, towards the Best Case curve and the numerical values have increased to a
maximum AADT for LOS D of 113,100 vehicles (up from 74,700) and a passenger car
capacity of 133,700 (up from 88,500). Using this same method, it is possible to change
any of the Traffic or Roadway Factors in order to view their effect on the roadway’s
service volume for a given LOS. Note that you do not have to hit the Update Facility
button after you modify each characteristic; you can change all the factors required and
then hit the Update Facility button one time to have the program take all of the
modifications into account. Finally, if at any time you wish to have the facility reset to
its default conditions, just click on the Reset to Defaults button® to have all of the
characteristics return to their initial default values.

Note concerning two-lane highways: Class I two-lane highways have a slightly different
interface because there are two measures used to determine LOS: Percent Time Spent
Following (PTSF) and Average Travel Speed (ATS). The ‘worst case’ of the two
measures is the one that controls the analysis. For example, if the PTSF for a roadway is
at LOS C but the ATS has it at LOS D, then the roadway as a whole is said to be
operating at LOS D. The NCLOS handles this by showing both the graph for PTSF and
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the graph for ATS and then displaying which of the two measures is the controlling factor
by shading its graph yellow and by also stating in its upper right corner® that it is
controlling.

Two Lane Analysis - Valley Drive (Piedmont, Suburban, Level)

ATS Controls
/ i
] /// /
a0
& ° //‘/ / e
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Minimum AADT: 3200 Minimum PC: 3300 PC Capacity: 25400
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7. Copying/printing a facility

Reports can be viewed and printed for each facility in the selected project. These reports
include the basic project information, facility parameters, and the LOS minimums and
maximums for each LOS range. Reports can be viewed and printed in two different
ways. The first is as a report on a single facility. The second is by selecting any number
of reports within a project and then viewing them in a combined report.

- Single Facility Report -

To view and print a report for a single facility the Facility Analysis window must be
opened and a facility must be selected. Once the desired report has been selected a report
for this facility can be viewed by left clicking on the Preview Report® button. Once this
button has been selected a new window will be displayed with a formatted report for the
selected facility.

[E NC LOS - Facility Analysis - Tutorial Praject )
Region
o Freeway Analysis -1-40 (Piedmont, Urban, Level)

* Piedmont

" Mountains 45
" SelectAl E / / /
k 35

£
E
Facility Type Iy
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rterials fa| -
2 Lane Highways %‘ e
bdulti-Lane Highwaps c
Freewaps 3
= Urban = 18
Lewel 8 B / / / [ Legend
Raliing - Worst Cage
Mountanous n Default Case
Specific Grade Best Case
+ Suburban . A
. Fugral Bt
<[] > - : . : . ' ;
] a0 100 150 200 250 300 350
Facilities
AADT (In 1000)
1-40
-440 = : ;
John Smith Blvd, Maximum AADT: Maximum PC: AADT Capacily:
Valley Drive Minimum AADT: Minimum PC: PC Capacity:
Update Facility Informatian Copy Facility Reset to Defaults Preview Repart ® ‘ Export to TransCAD
Traffic Factorg I Roadway Faclors]

Create New Faciity ‘ Facility Name ||-40 Drriver Pop. Factor |1
Target LOS - K Facter %] |10 Truck/Bus % 'm
Delete Facility ‘
PHF 0,95 D Factor (%] |50 R¥% |0 -

Select Facility Reports @ ‘
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- Multiple Facility Report -

To view and print a report for multiple facilities with a project the Facility Analysis
window must be opened. Left clicking on the Select Facility Reports, button will bring
up another dialog shown below.

. o

Facility Reports

Facilities

I-40

[-440

Johr Srith Bled.
Yalley Drive

Freview Reports O]

Cloze

From this dialog any number of facilities can be selected. Once selected, left clicking on
the Preview Reports® button will bring up a new window displaying a formatted report
that includes all of the selected facilities.

To select all the reports for the opened project select the Select All radio button on the
NC — LOS Analysis window then left click the Select Facility Reports button. This will
bring up the Facility Reports dialog as shown bellow with all of the facilities in the
project. Select every facility in the list and left click the Preview Reports® button. The
resulting report will include every facility in the opened project.
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- Viewing and Printing Facility Reports -
One the facilities have been selected and the Preview Report button has been clicked, the
Project Report window shown below will open.
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To navigate to different pages in the report use the arrow keys® in the tool bar. The first
page list overall project information while the rest of the pages lists the analysis results
for the facility or facilities chosen, organized by facility type; i.e. all of the freeway
facilities together, all of the multilane facilities together etc. To print the report currently
being viewed, click on the Print® icon in the tool bar at the top of the window. The
report can also be exported to a file using the Export® button. Reports can export to
several different file formats to be viewed or emailed at a later time, including PDF and
Word .doc files.
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8. Exporting to TransCAD®

There are two ways to export the facilities of a project to a flat file suitable for use in
TransCAD® or other similar programs. The first way is to export an entire project from
the Project Selection/Creation window. Exporting an entire project is accomplished by
selecting a project and then clicking on the Export Project to TransCAD® button shown
below.

= ~
B MC LOS - Project Selection/Creation g@
Pt st 1~ Praject Infarmation
Beach Acceszs Project Project Title {
Bypaszs Project
| - 40: West of Ralzigh
Tutonal Froject Project Manager {
HisEnizsing { Export Project to TranCaD |1
bl Help Documentation
Dezcription

Create Mew Project

Delete Selected Project

Clicking on this button will bring open a file save dialog box where you select a directory
and filename to which to write the data. The information is written to the file in comma-
delimited format. This file can be read by most GIS applications.

Software Program 45



The second way to export a facility is to do it individually, one facility at a time. To
export a single facility, open the project that contains the facility and then select the
facility you wish to export.
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Delete Facility ‘
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Once a facility has been selected, it can be exported by clicking on the Export to
TransCADO® button shown above. Clicking on this button will bring open a file save
dialog box where you select a directory and filename to which to write the data. The
information is written to the file in comma-delimited format. This file can be read by
most GIS applications.

END OF TUTORIAL

The tutorial describes the functionality built into the NCLOS program. The
unique graphical display, ease of changing input values, and available output options
make this program a valuable supplement for planning analyses.

A final issue concerning the development of the software program had to do with
inconsistencies that were found in the plots of AADT versus ‘percent time spent
following” (PTSF) and ‘average travel speed’ (ATS) for two-lane highways. Due to the
grade adjustment values and passenger car equivalent values given by the 2000 HCM
Exhibits 20-7 through 20-10, plots showed that at several points a slightly higher AADT
produced a lower PTSF and a higher ATS. This was inconsistent with the nature and
intent of the equations and produced a ‘saw tooth’ effect at the volume threshold points
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when plotted. It was determined that this saw tooth effect was largely a result of the
dramatic change in value of the adjustment factors from one range of flow rates to
another. In compensating for this problem, the adjustment factors in HCM Exhibits 20-7
through 20-10 were interpolated using a weighted average. The interpolation for each
table took the following form:

AADTPercent = (V - MinV) / (MaxV - MinV)

AdjValue = ((MaxAdj - MinAdj) * AADTPercent) + MinAdj

where:

A% = Flow rate (pc/hr)

MinV = Minimum flow rate for the range in which V is located (pc/hr)
MaxV = Maximum flow rate for the range in which V is located (pc/hr)
AADTPercent = Point at which V is located, between MinV and MaxV (%)
AdjValue = Adjustment factor to be used in calculations

MaxAdj = Maximum adjustment factor for the range in which V is located
MinAd;j = Minimum adjustment factor for the range of V

The result of this averaging was a smooth plot of the MOE versus AADT, which the
research team viewed as the intent of the methodology.
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FINDINGS AND CONCLUSIONS

The primary result of this project is the development of a new, user-friendly
program for calculating capacities for future highway projects. This new tool is geared
specifically to North Carolina by populating geometric and traffic defaults with values
representing average conditions throughout the state. Using the 2000 HCM as the
backbone for the calculations, a graphical interface was developed that allows rapid,
visual feedback on various planning options and their effect on the LOS and capacity for
a particular highway segment.

The visual aspect of the program, particularly the ‘framing’ provided by the best
and worst cases on each graph, lends itself to a more intuitive manner of output
recognition. The user can attempt various “what if”” scenarios by altering the input values
to represent possible design considerations for each particular highway. Although the
main result of the program is this graphical interface, the program also enables the user to
produce a numerical report detailing the results of his or her analysis as well as the ability
to export the calculated capacity to the TransCAD® system model.

Secondary products related to the project include the development of default data
for various regions, highways types, environments, and system characteristics present
throughout the state. These defaults were based on both data provided by the Department
and the collective expertise and experience of the Transportation Planning Branch staff
and the research team. In addition, a comprehensive sensitivity analysis was performed
on the data required for capacity analysis by the 2000 HCM methodology to determine
which properties, or characteristics, exhibited a high, medium, or low effect on the
overall performance of the roadway. This sensitivity analysis may prove to be a vital
reference resource in the future, particularly when looking at data collection efforts and
how to maximize their effectiveness. For example, those characteristics for which
highway performance is deemed to be highly sensitive could receive a larger proportion
of the data collection effort in the future, or may even receive further attention in the
form of additional research into how to more accurately and thoroughly collect the
‘sensitive’ data.
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RECOMMENDATIONS

The project team recommends that the NCLOS program be utilized by the TPB
staff to determine capacities and service volumes for various highway types throughout
the state. The program will allow for these values to be determined in a consistent, user-
friendly manner, geared specifically for conditions prevalent to the highway systems of
North Carolina. Training in the program will be provided by the project team, and the
included help system and tutorial should enable the TPB staff to perform in-house
training for new staff members.

The project team also recommends that the NCLOS program be used by the TPB
in conjunction with their TransCAD® model development efforts to import values from a
common capacity analysis source for use with the model. Currently, the capacity values
used for TransCAD® come from a variety of sources ranging from generalized tables to
the experience of the analyst. Use of the NCLOS program will help generate values for
this process which are based upon specific regional and local factors for a particular
highway, but which are also accurate and reproducible for comparing two or more
separate roadway segments.

A final recommendation of the project team is that the sensitivity analysis
performed during the project be considered when the Department carries out future data
collections efforts to ensure that the characteristics determined to have a substantial
impact on the performance of a highway are collected. This would allow for the default
values to be updated in a manner specific to North Carolina and its particular regions and
environments.
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IMPLEMENTATION AND
TECHNOLOGY TRANSFER PLAN

The NC Level of Service (NCLOS) program was created to meet the needs of the
NCDOT Transportation Planning Branch for their travel demand modeling efforts.
Without accurate representations of capacity and level of service on various facilities in
the several regions of the State, travel demand models will lose much of their
effectiveness. The completion of this project provides a substantial enhancement to the
Department’s planning efforts.

PRIMARY PRODUCTS

User-friendly software program — allows for the determination of service levels and
capacities for various roadway facilities from basic roadway, geographic, and traffic data.

SECONDARY PRODUCTS

Input data — once the tool is put into use by the TPB, the software will provide input data
(capacity values) in the form of link attribute information for travel demand models.

Several final copies of the program will be produced on CD and handed over to
the TPB for their use and distribution as needed. Multiple training sessions are scheduled
to familiarize the branch staff with the workings of the program and to enable future in-
house training by the TPB to new staff members. The research team’s training sessions
will cover all aspects of the program including installation, startup, the program’s file
system, use of the various facility types and their respective outputs, the printing of
reports, as well as TransCAD® data exportation. Some training slots will be available
for selected NCDOT staff from other branches, such as Highway Design and Traffic
Engineering.
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APPENDIX A: 2000 HCM FACILITY
METHODOLOGY AND CALCULATIONS

Freeways

Figure Al graphically depicts the methodology for determining LOS on basic
freeway segments.
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Figure Al. Basic Freeway Segment Methodology (HCM Exhibit 23-1)
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LOS for a basic freeway segment is estimated by calculating density. Density can be
found using HCM Equation 23-4.

D= gp (23-4)

where
D  =density (pc/mi/ln),
vp = flow rate (pc/h/In), and
S =average passenger-car speed (mi/h).

LOS criteria for basic freeway segments can also be defined using Table A1, and
is also depicted graphically in the summary of Basic Freeways in the Literature Review
in Figure 1.

LOS
Criteria a | e | ¢ | ©p | E
FFS =75 mish
Maximum density (peSmidling 11 13 2 5 45
Minimum speed (mish) 5.0 ‘4.8 J0B B2 533
Maximum v/ c .54 .56 0.7e 0.9 1.00
Mazximum service Tlow rate (podhslng gz20 1350 1830 2170 2400
FFS =70 mish
Maximum density ©pe/mifing 11 15 26 I5 45
Minimum speed ©mifh) 00 70 6o G615 533
Maximum v/ c 0.5 .53 .74 0.9 1.00
Maximum service flow rate (podhelng 770 1260 1770 2150 2400
FF5 =65 mish
Maximum density ©pe/mifing 11 15 b I5 45
Minimum speed ©mifh) 651 650 o ) 507 b2
FMaxirnum v/ 0.a0 0.50 0. 0.a9 1.00
Maximum service flow rate {pocdhslng 710 1170 1650 2090 2350
FF5 = 60 mish
Maximum density {pc/mislnd 11 13 2h 35 45
Minimum speed {mifh) &0.0 e0.0 60.0 576 51.1
Maxirnum v/ e .29 0.47 0.68 0.a8 1.00
Maximum service flow rate (po/hiding =11} 100 1560 2020 2300
FFS =55 mish
Maximum density {pcsmislnd 11 13 2h 35 45
Minimum speed | mifh) 55.0 55.10 55.0 54 7 50.0
Mlaxi mum /e a.z7y 0.44 .64 0.85 1.00
Maximum service flow rate (po/hding e00 990 1430 1910 2250

Mote:

The exact mathemnatical relationship between density and v /e hazs not alwawvs been maintained at LOS
boundar ies because of the use of rounded values. Density is the primary determinant of LOS. The speed
criterion is the speed at maximurn density for a given LOS.

Table A1. LOS Criteria for Basic Freeway Segments (HCM Exhibit 23-2)
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In each of the preceding exhibits, a free-flow speed (FFS) for the facility and the
operating conditions of the facility are used to help determine LOS. FFS is the average
passenger car speed during low to moderate flows. The best way to find FFS is to
measure it in the field. When field measurements are not available, HCM Equation 23-1
can be used to approximate FFS using an assumed Base Free Flow Speed (BFFS) and
adjustment factors for less than ideal conditions.

FFS=BFFS—-f,, - f.c. —fy — fp (23-1)
where

FFS = free-flow speed (mi/h),
BFFS = base free-flow speed, 70 mi/h (urban) or 75 mi/h (rural),

ftw = adjustment for lane width (mi/h),

fic = adjustment for right-shoulder lateral clearance (mi/h),
N = adjustment for number of lanes (mi/h), and

fip = adjustment for interchange density (mi/h).

The ideal conditions for a basic freeway segment are 12-foot minimum lane
widths, 6-foot minimum right-shoulder lateral clearance, 2-foot minimum median lateral
clearance, only passenger cars in traffic stream, five or more lanes in each direction for
urban freeways, two or more miles between interchanges, and a driver population made
up primarily of regular commuters. Adjustment factors are used to correct for deviations
from these “ideal” conditions. The adjustment factors for lane width (fLw), right-shoulder
lateral clearance (f ), number of lanes (fy), and interchange density (fip), can be found in
Tables A2, A3, A4, and A5, respectively.

Lane Width (ft) Reduction in Free-Flow Speed, fi.w (mi/h)

12 0.0
11 1.9
10 6.6

Table A2. Adjustments for Lane Width (HCM Exhibit 23-4)

Reduction in Free-Flow Speed, Fy ¢ (mi/h)

Lanes in One Direction

Right-Shoulder Lateral 3 4 >5

Clearance (ft)
>6 0.0 0.0 0.0 0.0
5 0.6 0.4 0.2 0.1
4 1.2 0.8 0.4 0.2
3 1.8 1.2 0.6 0.3
2 2.4 1.6 0.8 0.4
1 3.0 2.0 1.0 0.5
0 3.6 2.4 1.2 0.6

Table A3. Adjustments for Right-Shoulder Lateral Clearance (HCM Exhibit 23-5)
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>5 0.0

4 1.5
3 3.0
2 4.5

Note: For all rural freeway segments, fy is 0.0.

Table A4. Adjustments for Number of Lanes (HCM Exhibit 23-6)

0.50 0.0
0.75 1.3
1.00 2.5
1.25 3.7
1.5 5.0
1.75 6.3
2.00 7.5

Table A5. Adjustments for Interchange Density (HCM Exhibit 23-7)

Since most HCM procedures make use of a peak 15-min flow rate, adjustments
must be made to hourly flows to account for variations within the peak hourly flow,
heavy vehicles, number of lanes, and any unfamiliar drivers in the driver population.
HCM Equation 23-2 is used to calculate the 15-minute passenger-car equivalent flow
rate.

\Y
VP: * N * *
PHF *N* f,, * f_

(23-2)

where
Vp = 15-min passenger-car equivalent flow rate (pc/h/In),
V  =hourly volume (vehicles/h),
PHF = peak-hour factor,

N = number of lanes,
fuv = heavy-vehicle adjustment factor, and
f, = driver population factor.

The peak-hour factor (PHF) accounts for the variation of traffic flow within a
one-hour period, since flow during the peak 15-minutes can be substantially higher than
that experienced during the remainder of the peak hour. If the peak 15-minute flow rate
is measured directly, use a PHF of 1.0. The driver population factor, f,, accounts for any
general unfamiliarity of drivers with the facility. This factor is generally assumed to be
1.0 unless there is evidence to the contrary. The heavy-vehicle adjustment factor
converts the mix of all vehicle types into passenger cars only. This adjustment is
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necessary because heavy vehicles require more space than passenger cars do. This factor
can be found using HCM Equation 23-3.

1

fi 1+ P (E; =)+ Py (Eq - 1) (&-5)
where
fuv = heavy-vehicle adjustment factor,
Er = passenger-car equivalent for trucks/buses,
Er = passenger-car equivalent for recreational vehicles (RVs),
Pr = proportion of trucks/buses in the traffic stream, and

Pr = proportion of RVs in the traffic stream.

The passenger-car equivalent (PCE) values for trucks, buses, and RVs represent
the number of passenger cars that would occupy the same amount of the freeway capacity
as one truck, bus, or RV. This factor accounts not only for the increased length of a
heavy-vehicle but also decreased heavy-vehicle performance due to the freeway grades.
When there is no grade 3 percent or greater for longer than 0.25 miles or no grade of 2-3
percent for greater than 0.5 miles, Table A6 can be used to find the PCE. Otherwise, a
specific grade analysis must be performed.

ET (trucks and buses) 1.5 2.5 4.5

ER (RVs) 1.2 2.0 4.0

Table A6. Passenger-Car Equivalents on Extended Freeway Segments
(HCM Exhibit 23-8)

When finding the PCE using the extended freeway segment analysis in Table A6,
the terrain must be classified as level, rolling, or mountainous. Level terrain is comprised
of short grades no greater than 2 percent, which allow heavy vehicles to travel at the
same speed as passenger cars. Rolling terrain causes heavy vehicles to operate at slower
speeds than passenger cars but without having to resort to crawling speed. Finally,
mountainous terrain causes heavy vehicles to operate at a very low rate of movement
(crawl speed). A truck’s crawl speed is the maximum speed that the truck can sustain on
an extended grade. Eventually, if any grade is long enough a truck will reach its crawl
speed for that grade.

For specific grade analysis, the percent of grade, length of grade, and proportion
of heavy vehicles must be considered. Table A7 and A8 can be used to evaluate upgrade
segments for trucks and RVs, respectively. For downgrades, if trucks do not have to shift
into a low gear, the segment may be treated as if it were level terrain; otherwise, Table
A9 can be used. For RVs, all downgrades may be treated as level terrain. For composite
grades, the average grade can be used if all subsections are less steep than 4 percent or
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the total length of the composite grade is less than 4,000 ft. Otherwise, truck
performance curves must be used to find the equivalent single grade for analysis.

3

Upgrade Length Percentage of Trucks and Buses
(%) £ i) 2 4 o ] g 10 15 20 25
$ 2 All 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
0.00-0.25 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
» 0.25-0.50 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
x2=3 | »050-075 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
»0.75-1.00 | 20 | 20 20| 2.0 1.5 1.5 1.5 1.5 1.5
»1.00-1.50 | 25 | 25 &3 | 25 201 20 20 [ 2.0 2.0
»1.50 30| 30 25 | 25 201 20 201 20 2.0
0.00-0.25 1.5 1. 1. 1.5 1.5 1.5 1.5 1.5 1.5
»025-050 | 20 | 20 20 | 20 201 20 1.5 1.5 1.5
»E=4 | =050-075 | 25 | 25 20| 2.0 201 20 200 2.0 2.0
»0.75-1.00 | 30| 30 T i 2i5i | g 20 [ 2.0 2.0
»1.00-1.50 | 35 | 35 30| 30 301 30 25 25 2.0
= 1.50 40 | 35 30| 30 30 30 2o | 2.5 2.5
0.00-0.25 135 1.5 1.5 155 1.5 1.5 1.5 1.5 1.5
»0.25-050 | 30| 25 25 | 25 201 20 201 2.0 2.0
»4=5 | =050-075 | 35 | 30 30 | 30 25| 25 P 2.5
»0.75-1.00 ] 40 | 35 T 301 30 301 50 3.0
» 1.00 50 | 40 40 | 4.0 3.5 | WE5 30 [ 3.0 3.0
Qoo0-025 | 20 | 20 1.5 1.5 1.5 1.5 1.5 1.5 1.5
»0.25-030 | 40 | 30 2290, 2D 201 20 20 [ 2.0 2.0
»5-6 | =030-050 | 45 | 40 35 | 30 25| 25 251 25 2.5
»050-075 | 5.0 | 45 a9 A e 301 30 30 [ 30 5.0
»0.75-1.00 ] 55 | 50 45 | 4.0 301 30 301 30 3.0
= 1.00 60| 50 2.0 | 45 35| 35 35| 35 3.5
0.00-0.25 | 40 | 30 T 205, [#i25 20 | 2.0 2.0
»0.25-030 | 45 | 40 35 | 35 35 | A0 25| 25 e
B »0.30-050 | 5.0 | 45 40 | 4.0 35 | 30 20 | 2.5 2.5
»050-075 | 55 | 5.0 T e s o e el 30| &0 3.0
»0.75-1.00 ] 60 | 55 2.0 | 5.0 45 | 4.0 35 | &5 3.5
= 1.00 0| 60 T 5.0 ] 45 40 | 4.0 4.0

Table A7. Passenger-Car Equivalents for Trucks and Buses on
Upgrades(HCM Exhibit 23-9)
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: Ep
i Upgrade Length Percentage of RYs 5
(T i, i ) 2 4 5 3] ] 10 15 20 25
il Al l2( 1212121121212 12 1.2

¥ e=3 0.00-0.50 1.2 1 1.2 ] 1.2 1.2 1.2 121 1.2 ] 1.2 1.2
» [0.50 o i el =) 1.5 1.5 | i o e R B Tadis
0.00-0.25 1.2 1 1.2 1.2 1.2 152 1.2 1 1.2 1.2 152
»A3-4 (025050 25 25 20 | 20 201 20 15 ] 15 1.5
» Q.50 e R e o= ) e e e e et o e P o =
poo-025 | 25 (201 20 20 1 15 (1515 15 15
»4=5 12025050 [ 40 ) 30 [ 30| 30| 25 25 ] 20 20 20
» 0.50 45 | 35| 30| 30| 30| 25| 25| 20| 20
Qog-025 | 40 30 25| 25 25| 20| 20| 20 1.5
* 5 »025-050 [ 6O | 40| 40 | 35| 30| 30| 25| 25 | 20
» [0.50 60 ) 45| 40 | 40| 35| 30 ) 30| 25| 20

Table A8. Passenger-Car Equivalents for RVs on Upgrades (HCM Exhibit 23-10)

ET
Do ngrade Length Percentage of Trucks

(&) fmiJ 5 10 15 20
< & Al 1.5 1.5 1.5 1.5
4-5 L4 1.5 1.5 1.5 1.5
4-5 » z2.0 2.0 2.0 1.5
» 5-6 4 15 15 1.5 1.5
» 5-6 » 5.5 4.0 4.0 3.0
* G 4 15 1.5 1.5 1.5
* B ¥ 7.5 6.0 55 4.5

Table A9. Passenger-Car Equivalents for Trucks and Buses on
Downgrades (HCM Exhibit 23-11)
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Multilane Highways

Figure A2 graphically depicts the methodology for estimating LOS for a
multilane highway. It is very similar to that used for freeways. A notable difference
consists of the factors used to adjust free flow speed. For multilane highways, median
type and access points are critical factors, and replace the number of lanes and
interchange density adjustments used for freeways.

Input
-Geamet e data
-Free-flow speed (FFS) fizld
measued , or base free-flow

speed (BFFS)
-Yolume
i BFFS iz input
! 2
BFFS ad justme nt £ alume ad st ment
-Lane width A -Peak-hour factar
-Median type o - Numbe rof nes
-Access point L -[Driver papulation
-Late mlckarance = - Heaviy vehiclkes
o
Q
i)
5
[ Compute FF3 ) E {Compute flow rte )
=

C Define speed -flow cure )

( Dete moine speed using speed -fhw cuwe)

[::Eu mpute density using flow rte and speed )
( Determine LOS )

Figure A2. Multilane Highway Methodology (HCM Exhibit 21-1)

LOS criteria for multilane highways is given in Table A10 in terms of such
operating conditions as FFS, density, average speed, volume to capacity ratio, and
maximum service flow rate. The same density thresholds are used for both multilane
highways and freeways, as shown graphically in Figure 2 in the summary of Multilane
Highways in the Literature Review.
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LOS
Free-Flow Speed Criteria A B C D E

&0 mish Maximurn density 11 18 26 35 40
Cpodmiding
Average speed {mish) 60.0 | 60.0 | 59.4| 56.7 | 55.0
Maximurn wolume to capacity | 0,30 | 0.49 ( 070 | 0.90 ] 1.00
ratio {wic)
Maxirmurn service flow rate 6E0 [ 1080 1550 1980 2200
Cpeshdlng

S5 mish Mazxi murn density 11 18 26 35 41
Cpodmiding
frverage speed (milfh) 550 ([ 550 949 529 | 51.2
FMaximum v /o 029 047 | 065 | 085 1.00
Maximurn service flow rate 600 [ 990 | 1430 1850 2100
Cpodhdng

=20 mish Maximurn density 11 18 26 35 43
Cpedmiding
deverage speed Cmish) 50.0 | 50.0) 500 439 475
Paimum v /o 028 | 045 065 ( 086 | 1.00
Maximur service flow rate 250 | 900 | 1300 ) 17110 2000
Lpodhdng

45 mi/sh Maximur density 11 18 26 35 45
Cpodmiding
Average speed {mish) 45.0 | 450 450 | 444 42.2
Maxirum v /o 026 | 043 062 (| 082 1.00
Maximur service flow rate 490 | 810 | 1170 1550 1900
ipcshsing

MNote

The exact mathernatical relationship between denzity and wolume to capacity ratio (v /2] has not
always been maintained at LOS boundar ies becausze of the use of rounded walues. Density is the
primary determinant of LOS. LOS F iz characterized by highly unstable and variable traffic flow.

Frediction of accurate flow rate, density, and speed at LOS F is difficult.

Table A10. LOS Criteria for Multilane Highways (HCM Exhibit 21-2)

As with freeways, a free-flow speed (FFS) and operating conditions are used to
determine LOS. The best way to find FFS is to measure it in the field under low to
moderate flows. When field measurements are not available, HCM Equation 21-1 can be
used to approximate FFS using an assumed Base Free Flow Speed (BFFS) and
adjustment factors for less than ideal conditions. Base conditions for multilane highways
are 12-foot minimum lane widths, 12-foot minimum total lateral clearance, passenger
cars only, no direct access points, and a divided highway.
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FFS = BFFS - f,,, — f.c — f,, — f. (21-1)

where
FFS = free-flow speed (mi/h),
BFFS = base free-flow speed, 60 mi/h,

fiw = adjustment for lane width (mi/h),

fic = adjustment for lateral clearance (mi/h),
fm = adjustment for median type (mi/h), and
fap = adjustment for access points (mi/h).

The adjustment factors for lane width (fLw), lateral clearance (fLc), median type
(fm), and number of access points (fop), can be found in Tables A11, A12, A13, and A4,
respectively. Unlike freeways, lateral clearances on both the right and left sides of the
highway affect FFS; therefore, the lateral clearance referred to in Table 19 is the total
lateral clearance for both sides. See Note a below the exhibit for further clarification.

Lane Width (ft) Reduction in FFS (mi/h)
12 0.0
11 1.9
10 6.6

Table A11. Adjustment for Lane Width (HCM Exhibit 21-4)

Four-Lane Highways Six-Lane Highways
Total Lateral Reduction in FFS Total Lateral Reduction in FFS
Clearance” (mi/h) Clearance” (ft) (mi/h)

12 0.0 12 0.0

10 0.4 10 0.4

8 0.9 8 0.9

6 1.3 6 1.3

4 1.8 4 1.7

2 3.6 2 2.8

0 5.4 0 3.9
Note: *Total lateral clearance is the sum of the lateral clearances of the median (if greater than 6 ft, use 6
ft) and shoulder (if greater than 6 ft, use 6 ft). Therefore, for purposes of analysis, total lateral clearance
cannot exceed 12 ft.

Table A12. Adjustment for Lateral Clearance (HCM Exhibit 21-5)
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Median Type Reduction in FFS (mi/h)

Undivided Highways 1.6
Divided Highways (including TWLTLs) 0.0

Table A13. Adjustment for Median Type (HCM Exhibit 21-6)

Access Points/Mile Reduction in FFS (mi/h)
0 0.0
10 2.5
20 5.0
30 7.5
> 40 10.0

Table A14. Access-Point Density Adjustment (HCM Exhibit 21-7)

Since most HCM procedures make use of a peak 15-min flow rate, adjustments
must be made to hourly flows to account for variations within the peak hourly flow,
heavy vehicles, number of lanes, and unfamiliar drivers. HCM Equation 21-3 is used to
calculate the 15-minute passenger-car equivalent flow rate.

v, = " V* " (21-3)
PHE*N*f, *f,
where
vp = 15-min passenger-car equivalent flow rate (pc/h/In),

V = hourly volume (veh/h),
PHF = peak-hour factor,

N  =number of lanes,
fuv = heavy-vehicle adjustment factor and
f, = driver population factor.

The peak-hour factor (PHF) accounts for the variation of traffic flow within a
one-hour period, since flow during the peak 15-minutes is typically not sustained
throughout the entire hour. If the peak 15-min flow rate is measured directly, use a PHF
of 1.0.

The driver population factor, f,, accounts for any unfamiliarity of drivers with the
facility. This factor is generally assumed to be 1.0 unless there is evidence to the
contrary.
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The heavy-vehicle adjustment factor converts the mix of all vehicle types into
passenger cars only. This adjustment is necessary because heavy vehicles require more
space than do passenger cars. This factor can be found using HCM Equation 21-4.

foy = 1 (214)
1+ P (E; =D+ P (E; -1)
where
fuv = heavy-vehicle adjustment factor,
Er = passenger-car equivalent for trucks/buses,
Er = passenger-car equivalent for recreational vehicles (RVs),
Pr = proportion of trucks/buses in the traffic stream, and

Pr = proportion of RVs in the traffic stream.

Passenger-car equivalents (PCEs) for trucks, buses, and RVs exist for two
different terrain conditions. If a segment has no grade greater than 3 percent for more
than 0.5 miles and no grade 3 percent or less that is longer than 1 mile, the segment can
be analyzed as an extended general highway segment using Table A15. The terrain for
the segment is then classified as level, rolling, or mountainous.

ET (trucks and buses) 1.5 2.5 4.5

ER (RVs) 1.2 2.0 4.0

Table A15. Type of Terrain (HCM Exhibit 21-8)

Any specific grade of 3 percent or less for longer than 1 mile or greater than 3
percent for more than 0.5 miles should be analyzed as a separate segment. For uniform
upgrades, Table A16 is used for trucks and buses and Table A17 is used for RVs. For
downgrades less than 4 percent and for steeper downgrades less than 2 miles long; trucks
and buses use the PCEs for level terrain. Otherwise, use Table A18. For all cases of RVs
on downgrades use PCEs for level terrain.
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Et

LUpgrade Lenath Percentage of Trucks and Buszes
LED i} 2 4 5 3 & 10| 15| 20 | 25
€2 All 1.5 15 1.5 1.5 1.5 15 1.5 1.5 15
Q0o0-025( 1.5 25 155 1.5 1.5 25 1.5 1.5 15
»0.25-050) 1.5 125 115 1.5 1.5 15 115 1.5 145
2 2=-3 |»050-075] 15 |5 1.5 1.5 1.5 |5 1.5 1.5 15
»0795-1.00| 20 | 20| 20| 2.0 1.5 25 1.5 1.5 1.5
»1.00-150| 25 | 25 | 25 | 25 | 20| 20 | 20 | 20 | 2.0
»1.50 I0| 30| 25| 25| 20| 20| 20| 20| 20
Qo0-0.25( 1.5 15 1.5 1.5 1.5 15 1.5 15 I::5
»0.25-050| 20 | 20| 20 | 20| 20| 20 1.5 1.5 155
»3-4 |»050-075| 25 | 25 | 20 | 20| 20| 20| 20 | 20| 2.0
»095-100| 30| 30| 25| 25| 25 | 25 | 20 | 20 | 2.0
»100-150| 35 | 35| 30| 30| 30| 30| 25| 25 | 25
» 1.50 40 | 35 | 30| 30| 30| 30| 25| 25| 25
0.00-0.25| 1.5 L5 1.5 1.5 1.5 i 1.5 1.5 1.5
»025-050| 30| 25 | 25 | 25 | 20| 20| 20| 20| 20
»4-5 |>050-075| 35 | 30| 30| 30| 25| 25| 25| 25| 25
»075-100| 40| 35| 35| 35| 30| 30| 30| 30| 3.0
»1.00 S0 40| 40| 40| 35| 35 | 30| 30| 30
0o0-0z25) 20 | 20 1.5 1.5 1.5 1.5 1.5 1.5 125
»025-030| 40 | 30| 25 | 25 | 20| 20| 20| 20| 20
»5-6 |[>030-050( 45 | 40 | 35 | 30| 25| 25| 25| 25 | 25
»050-075 50| 45| 40| 35| 30| 30| 30| 30| 3.0
»095-100| 55 | 50| 45 | 40| 30| 30| 30 | 30| 3.0
» 1.00 60 | 50| 50| 45| 35| 35| 35| 35| 35
QoQ-025) 40 | 30| 25| 25| 25 ( 25 | 20 | 20 ] 20
»0.25-030| 45 | 40| 35 | 35| 35 | 30| 25| 25| 25
¥ 6 »0.30-050| 50| 45| 40| 40| 35 | 30| 25| 25| 25
»050-075| 55| 50| 45| 45| 40| 35 | 30| 30| 3.0
»0795-100| 60 | 55| 50| 50| 45 | 40| 35 | 35| 35
»1.00 70| 60| 55| 55| 50| 45 | 40 | 40 | 40

Table A16. Passenger Car Equivalents for Trucks and Buses on
Uniform Upgrades (HCM Exhibit 21-9)
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Ep

Grade Length Percentage of RYs
LR Lmi) 2 4 5 & g 10 15 20 25
iz All 1.2 1.2 1.2 1.2 1.2 1.2 12 1.2 1.2
» 2-3 Qoo-050( 1.2 12 1.2 1.2 1.2 12 1352 1.2 1.2
> 0.50 3.0 155 1.5 1.5 1.5 15 1.2 1.2 1.2
Q.oo0-0251 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
>3-4 |=025-050( 25 | 25 | 20| 20| 20| 20 15 1.5 1.5
» 0.50 0| 25| 25| 25| 20| 20| 20 1.5 1.5
ooo-025| 25 20| 20 | 2.0 15 1:5 155 1.5 1.5
»4-5 | »025-050( 40 | Z0 | 30| Z0 | 25| 25 | 20| 20 | 2.0
» 0.50 45 | 35| 30| 30| 30| 25| 25 | 20| 2.0
QO0-025| 40| 30| 25| 25| 25 | zo0 | 20| 20 1.5
» 5 »025-050) 60 | 40 | 40| 35| 30| 30| 25 | 25 | 2.0
»0.50 60 | 45| 40| 40| 35| 30| 30| 25 | 2.0

Table A17. Passenger Car Equivalents for RVs on Uniform
Upgrades (HCM Exhibit 21-10)

ET

Dow ngrade Length Percentage of Trucks

(&) Lmi) 2 10 15 20
¢4 all 135 15 1:5 1.5

4-5 24 1.5 1.5 1.5 1.5

4-5 » 2.0 2.0 2.0 1.5
» 56 i 1.5 1.5 1.5 1.5
*»5-6 » G 4.0 4.0 3.0
Rl o] L4 1.5 1.5 1.5 1.5
* B » e 7.5 6.0 555 4.5

Table A18. Passenger Car Equivalents for Trucks on
Downgrades (HCM Exhibit 21-11)
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Urban Streets (Arterials)

Figure A3 graphically depicts the methodology for determining LOS on an urban

street.
E<HIBIT 15-1. UREBAMN STREET METHODOLOGY
Input
-Define seqments
and sections
-Length af segments
-Numberof
intersections
Fiee-Flw Speed (FF5)
-Detemnine urbanstreet
chssification
- Determine free-fiow
speed
Computation Fie d Measurement
| I
Travel Time el Time
- Compute running tirme - Record time stopped at
- Compute intersection intersectiong
co it 1ol de lays - Record trawvel time
between seqments
Compute &vermge
Travel Speed
- By segment
- Overentire facility
[ Determine LOS ]
Figure A3. Urban Street (Arterial) Methodology (HCM Exhibit 15-1)
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LOS is determined using Table A19 once the urban street class, range of FFS,
typical FFS, and average travel speed are known.

Urban Street
Class
Range of free-

11 111 v

flow speeds 55 to 45 mi/h 45 to 35 mi/h 35 to 30 mi/h 35 to 25 mi/h

(FFS)
Typical FFS 50 mi/h 40 mi/h 35 mi/h 30 mi/h

LOS ;
A > 42 >35 >30 >25
B >34 -42 >28-35 >24 — 30 >19-25
C >27-34 >22 — 28 >18-24 >13-19
D >21-27 >17-22 >14-18 >9-13
E >16-21 >13-17 >10-14 >7-9
F <16 <13 <10 <7

Table A19. Urban Street LOS by Class (HCM Exhibit 15-2)

The first step in urban street analysis is determining the street’s class. Direct
measurement of FFS is the best method for classification, otherwise an assessment of the
street’s functional and design categories can be used. Identification of functional
category and design category can be performed using Table A20.

Functional Category
Principal Arterial Minor Arterial

Design Category

High-Speed I N/A
Suburban 11 11
Intermediate 11 III or IV
Urban I or IV 1A%

Table A20. Urban Street Class Based on Functional and
Design Categories (HCM Exhibit 10-3)

At signalized intersections, the two main components of total travel time are
running time and control delay. Running time is the portion of the travel time during
which a vehicle is in motion. Control delay is the component of delay that results when a
control signal causes a lane group to reduce speed or to stop. It is measured by a
comparison with the uncontrolled condition. Street classification, segment length, and
FFS are needed to calculate running time using Table A21.
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Urban Street Class | 1 Il I
FFS (mi/h) 5ca | o8 | 458 | gsa | qpe | zsa | zsa| 3o 3sa| 3o oo
dverage Seqment Funning Time per Mile {s/mi)
Length i)
0.05 b b b b b b - - - | 227] 265
0.10 b b b b b b 145 155 165 1830| 220
015 b b b b b b 135 141 140 150( 180
0.20 b b b 109 | 115 [ 125 128) 134 130] 140] 165
0.25 a7 (100 104 (104 | 110 119 [ 120 127 122 132] 153
0.30 az a5 99 a9 (102 110 d d d d d
0.40 a2 g6 94 94 96 105 d d d d d
0.0 73 78 et ] a3 103 d d d d d
1.00 gSC | 72 | aot | goc | ooo 1o3c| d d d i d

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

For Class FFS (rmish)
| 50
1l 40
11 35
I 0

b. If aClass | or Il urban street has a zegment length lesz than 0.20 mi [a) reevaluate the class and (b
if it remains a distinct segrment, use the values for 0.20 mi.

c. For lang segment lengths on Class | oF |l urban streets (1 mi or longer), FFS may be uzed to compute
running time per mile. These times are shown in the entries for a 1.0-mi segment.

d. Likewize, Class |l or IV urban streets with segment lengths greater than 025 mi should first be
reevaluated Cie., the clazzification should be confirmed). If necessary, the values above 0.25 mi can
be extrapolated.

& lthough this table does not show it, segment running tirme depends on traffic flow rates; howewver, the
dependence of intersection delay on traffic flow rate is greater and dorminates in the cormputation of
travel speed.

Table A21. Segment Running Time per Mile (HCM Exhibit 15-3)

The control delay used in urban street analysis is that for the through movement.
HCM Equations 15-1, 15-2, and 15-3 are used to compute control delay, uniform delay,
and incremental delay, respectively. Control delay is a function of uniform delay (d,),
incremental delay (d), and initial queue delay (d;). As noted earlier, control delay is
defined as the component of delay that results when a control signal causes a lane group
to reduce speed or to stop; it is measured by comparison with the uncontrolled condition.
Uniform delay, d;, is based on the assumption of uniform arrivals. This is a reasonable
assumption for how vehicles are going to arrive at an isolated intersection at any given
time. Incremental delay, d,, accounts for additional deal from non-uniform arrivals and
temporary random delays as well as delays caused by sustained periods of over
saturation. The third term, initial queue delay (d3), refers to the delay due to a residual
queue identified in a previous analysis period and persisting at the start of the current
analysis period. This delay results from the additional time required to clear the initial
queue. Equations 15-2 and 15-3 are shown below and are used to calculate uniform and
incremental delay, or d; and d,, respectively.
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d=d,(PF)+d, +d, (15-1)

2
O.SC( —gj
d, =

- [min(l, X)g}

(15-2)

8kIX
cT

d, =9OOT{(X —1)+\/(x -1+ } (15-3)

where
d = control delay (s/veh),
d; = uniform delay (s/veh),
d; = incremental delay (s/veh),
d;  =initial queue delay, see Chapter 16 of HCM 2000 (s/veh),
PF = progression adjustment factor (Table 49),
X =volume to capacity (v/c) ratio for the lane group (also termed degree of
saturation),
= cycle length (s),
= capacity of lane group (veh/h),
= effective green time for lane group,
= duration of analysis period (h),
= incremental delay adjustment for the actuated control, and
= incremental delay adjustment for the filtering or metering.

— = g0 e A

The arrival type for an urban street is a parameter describing the quality of the
street’s progression, for each lane group. There are six arrival types, Arrival Type 1
through 6. Table A22 summarizes for each arrival type the range of Platoon Ratio
(calculated using HCM Equation 15-4), the default value for the Platoon Ratio, and the
progression quality. The proportion of all vehicles arriving during green, needed for
HCM Equation 15-4, can be estimated or observed in the field.

Arrival Type Ral;%: t(i)(f (P;l::;oon Default Value (R;) Prg%ll;ﬁ::;on
1 <0.50 0.333 Very poor
2 > (.50-0.85 0.667 Unfavorable
3 >0.85-1.15 1.000 Random Arrivals
4 >1.15-1.50 1.333 Favorable
5 > 1.50-2.00 1.667 Highly favorable
6 >2.00 2.0000 Exceptional

Table A22. Relationship between Arrival Type and
Platoon Ratio (R;) (HCM Exhibit 15-4)
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R,=P(C/9) (15-4)

where
Rp = platoon ratio,
P =proportion of all vehicles arriving during green,
C  =cycle length (s), and
g = effective green time for movement (s).

The progression adjustment factor, PF, takes into account the affect of signal
coordination and the resulting progression on uniform delay. PF can be found using
HCM Equation 15-5 or Table A23.

pF = 1=P)en (15-5)
_9
e

where

PF = progression adjustment factor,

P =proportion of all vehicles arriving during green,

g/C = effective green-time ratio, and

fpa = supplemental adjustment factor for platoon arrival during the green.

\ Arrival Type (AT)
Green
Ratio(g/C
0.20 1.167 1.007 1.000 1.000 0.833 | 0.750
0.30 1.286 1.063 1.000 0.986 0.714 0.571
0.40 1.445 1.136 1.000 0.895 0.555 0.333
0.50 1.667 1.240 1.000 0.767 0.333 0.000
0.60 2.001 1.395 1.000 0.576 0.000 0.000
0.70 2.556 1.653 1.000 0.256 0.000 0.000
fpa 1.00 0.93 1.00 1.15 1.00 1.00
Default, R, 0.333 0.667 1.000 1.333 1.667 2.000

Table A23. Progression Adjustment Factors for Uniform
Delay Calculation (HCM Exhibit 15-5)

Note that when Table A23 is used to determine the progression adjustment factor,
the default values for P and fps for each arrival type are used. When estimating these
parameters for future coordination, Arrival Type 4 should be assumed for coordinated
lane groups and Arrival Type 3 should be assumed for uncoordinated lane groups.
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HCM Equation 15-6 is used to determine travel speed for each segment and for an
entire section.

g _3600L

= 15-6
AT, +d (15-6)

where

Sa = average travel speed of through vehicles in the segment (mi/h),

L  =segment length (mi),

Tr = total of running time on all segments in defined section (s), and

d = control delay for through movements at the signalized intersection (s).
Appendix A: 2000 HCM Facility A-20

Methodology and Calculations



Two-Lane Highways

The basic methodology for two-lane highways is given in Figure A4. The two
sides of the methodology reflect the separate steps required to determine values for two
distinct MOEs. Both components of the two-lane methodology involve distinct demand
adjustments and subsequent, distinct flow rate computations.

E4HIEIT 20-1. TwoO-LaAME HIGHW &Y METHODROLOGY

Input
- Geometric data
- Demand volume
- Field-measured speed (Spy) or base
free-flow speed (BFFS)
Percent time-spent-
Average travel speed following
If BFFS If Spg
BFFS adjustment Field-measured speed adjustment
- Lane width - Flow rate
- Shoulder width - Heavy vehicle
- Access-point density
+
@mnpﬂa free-flow speeD
! v
Demand volume adjustment for Demand volume adjustment for
average spead percent time-spent-following
- Peak-hour factor - Peak-hour factor
- Heavy vehicle - Heavy vehicle
- Grade - Grade
Compute flow rates
Compute average travel Compute percent time-
speed spent-following

1

Determine LOS and other
performance measures

Figure A4. Two-Lane Highway Methodology (HCM Exhibit 20-1)
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There are two classifications of two-lane highways based on the perceived
purpose of the facility by the highway user. Class I consists of those facilities where
mobility is the primary function. On these highways LOS is defined in terms of both
average travel speed and percent time-spent-following. Class II is comprised of
highways for which accessibility is more important than mobility. For these highways,
only percent time-spent-following is considered when determining LOS. Additionally,
users of Class II highways tolerate a higher percent time-spent-following since these
facilities tend to service shorter trips and different purposes than Class I highways.

Two-lane highways can be analyzed as either two-way segments or directional
segments. In general, segments that are at least two miles long and have either level or
rolling terrain can be analyzed as two-way segments and segments with mountainous
terrain are analyzed as specific upgrade or downgrade directional segments. Of course,
“directional” segments still have two-way traffic.

Two-Way Segments

Free flow speed (FFS) for a two-lane highway is best determined by direct
measurement in the field when two-way flows are 200 pc/h or less. If the FFS is
measured when two-way flows are more than 200 pc/h, the FFS can be calculated using
Equation 20-1.

Y
FFS =S, +o.oo776f—f (20-1)

HV

where
FFS = estimated free-flow speed (mi/h),
Spm = mean speed of traffic measured in the field (mi/h),
V¢ = observed flow rate for the period when field data were obtained (veh/h), and
fuv = heavy-vehicle adjustment factor, determined as shown in Equation 20-4).

If no field data is available, FFS can be estimated using an assumed BFFS and
adjustments for lane and shoulder width and access points as given in HCM Equation 20-
2. No guidance is provided for choosing a BFFS due to the wide variance in values.
Estimates should be based on speed data, knowledge of local operating conditions, design
speed, and posted speed limit.

FFS =BFFS - f - f, (20-2)
where

FFS = estimated FFS (mi/h),
BFFS = base FFS (mi/h),

fis = adjustment for lane width and shoulder width, from Table A24, and
fa = adjustment for access points, from Table A25.
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Base conditions for a two-lane highway are 12-foot lanes, 6-foot shoulders, and
zero access points. Tables A24 and A25 give reduction factors for deviations from these
base conditions.

Reduction in FFS (mi/h)
Shoulder Width (ft)
Lane Width >2<4 >4<6
(ft)

9<10 6.4 4.8 3.5 2.2
>10<11 53 3.7 24 1.1
>11<12 4.7 3.0 1.7 0.4
>12 4.2 2.6 1.3 0.0

Table A24. Reduction in FFS(mi/h) with Varying Lane and
Shoulder Widths (HCM Exhibit 20-5)

| Access Pointsper Mile _________Reductionin FFS (mi/h)
0 0.0
10 2.5
20 5.0
30 7.5
40 10.0

Table A25. Reduction in FFS (mi/h) with Varying
Access Points (HCM Exhibit 20-6)

To determine demand flow rate, flow must be adjusted using the PHF, the grade

adjustment factor, and the heavy-vehicle adjustment factor as shown in HCM Equation
20-3.

\
V. =
" T PHF * 1, * fyy,

(20-3)

where
vy = passenger-car equivalent flow rate for peak 15-min period (pc/h),
V  =demand volume for the full peak hour (vehicles/h),
PHF = peak hour factor,
fc = grade adjustment factor, and
fuv = heavy-vehicle adjustment factor.
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The grade adjustment factor accounts for affects of terrain on both average speeds
and percent time-spent-following regardless of the existence of heavy vehicles. Note —
the same HCM Equation (20-3) is used to determine flow rates for both the average
travel speed and percent time spent following methodologies. However the values of the
adjustment factors input in the equation are different for each methodology. Table A26
gives grade adjustments for speeds while Table A27 gives grade adjustments for percent
time-spent-following.

Type of Terrain

Range of Two-Way Flow Range of Directional Level Rolling

Rates (pc/h) Flow Rates (pc/h)
0-600 0-300 1.00 0.71
> 600-1200 >300-600 1.00 0.93
> 1200 > 600 1.00 0.99

Table A26. Grade Adjustment Factor (fg) to Determine Speeds on Two-
Way and Directional Segments (HCM Exhibit 20-7)

Type of Terrain

Range of Two-Way Flow Range of Directional Level Rolling

Rates (pc/h) Flow Rates (pc/h)
0-600 0-300 1.00 0.77
> 600-1200 >300-600 1.00 0.94
> 1200 > 600 1.00 1.00

Table A27. Grade Adjustment Factor (fg) to Determine Percent
Time-Spent-Following on Two-Way and
Directional Segments (HCM Exhibit 20-8)

The heavy vehicle adjustment factor is calculated using HCM Equation 20-4. The
passenger-car equivalents for this equation are found in Tables A28 and A29 for speeds
and percent time-spent-following, respectively.

1

fv = 20-4
NP (B — 1)+ Py(Eg —1) (204)
where
fuv = heavy-vehicle adjustment factor,
Pr = proportion of trucks in the traffic stream, expressed as a decimal,
Pr = proportion of RVs in the traffic stream, expressed as a decimal,

Er = passenger-car equivalent for trucks, obtained from Tables A26 and A27, and
Er = passenger-car equivalent for RVs, obtained from Tables A28 and A29.
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Type of Terrain

Range of
Vehicle Type I;ﬁzgvelgi:v?-ma)y Directional Flow Level Rolling
P Rates (pc/h)

0-600 0-300 1.7 2.5

Trucks, Er > 600-1200 >300-600 1.2 1.9
> 1200 > 600 1.1 1.5

0-600 0-300 1.0 1.1

RVs, Er > 600-1200 >300-600 1.0 1.1

> 1200 > 600 1.0 1.1

Table A28. Passenger-Car Equivalents for Trucks and RVs to Determine

Speeds on Two-Way and Directional Segments (HCM Exhibit 20-9)

Type of Terrain
Range of
Vehicle Type l}?{:gjﬁ;{:&;j};}? Directional Flow Level Rolling
Rates (pc/h)

0-600 0-300 1.1 1.8

Trucks, Er > 600-1200 >300-600 1.1 1.5
> 1200 > 600 1.0 1.0

0-600 0-300 1.0 1.0

RVs, Er > 600-1200 >300-600 1.0 1.0

> 1200 > 600 1.0 1.0

Table A29. Passenger-Car Equivalents for Trucks and RVs to
Determine Percent Time-Spent-Following on Two-Way
and Directional Segments (HCM Exhibit 20-10)

In Tables A28 and A29, short grades of no more than 1 or 2 percent should be
classified as level terrain, while rolling terrain includes grades of no more than 4 percent
for short and medium lengths. Segments with grades of more than 4 percent for a
substantial length should be analyzed using the specific grade procedure for directional
segments.

Tables A26 through A29 require the use of flow rates in passenger cars per hour;
however, this flow rate is not known until computation of HCM Equation 20-3. As a
result, an iterative approach is required to find the factors in these exhibits.

The first measure of effectiveness, average travel speed, can be found using FFS,
the demand flow rate, and an adjustment factor for the percentage of no-passing zones, as
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shown in HCM Equation 20-5. Table A30 can be used to find the adjustment factor for
the percentage of no-passing zones.

ATS = FFS - 0.00776vp — fup (20-5)

where
ATS = average travel speed for both directions of travel combined (mi/h),
FFS = free flow speed (mi/h),
Vp = passenger-car equivalent flow rate for peak 15-min period (pc/h), and
f,p = adjustment for percentage of no-passing zones.

Reduction in Average Travel Speed (mish)
MNo- Pazsing Zones (%)
Two-ay Demand Flow a 20 40 1] an 100
Rate, vp {poshd
1] a.n .o 0.0 n.n .o n.ao
200 0.0 e 1.4 2.4 2.6 35
400 a.n 1.7 2.7 35 39 45
ao0 oo 1.6 2.4 3.0 3.4 39
aoo a.n 1.4 1.9 2.4 2.7 3.0
1000 0.0 1.1 1.6 2.0 ag® 2.6
1200 a.n s 1.2 1.6 1.9 2.1
1400 oo 0.6 0.9 1.2 1.4 1.7
1600 a.n e n.a 1.1 1.3 1.5
1800 0.0 ns n.7¢ 1.0 1.1 1.3
2000 a.n ns 0.6 n9 1.0 1.1
2200 oo 05 0.6 na 0.9 11
2400 a.n ns 0.e n.a 09 1.1
2600 0.0 ns 0.6 n.a 09 1.0
2800 a.n ns 0.6 nzv 0.8 na
3000 oo 05 0.6 nv v 0.
3200 0.0 ns 0.e n.e 0.6 n?

Table A30. Adjustment (f,;) for Effect of No-Passing Zones on Average Travel
Speed on Two-Way Segments (HCM Exhibit 20-11)

Similarly, percent time-spent following is found as shown in HCM Equation 20-6,
which includes a base percent time-spent-following and a factor that accounts for the
directional distribution of traffic and the percentage of no-passing zones. The base
percent time-spent-following is found using HCM Equation 20-7, which incorporates the
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demand flow rate. The adjustment factor for the combined effect of directional
distribution of traffic and the percentage of no-passing zones can be found in Table A31.

PTSF = BPTSF + funp (20-6)

where
PTSF = percent time-spent following,
BPTSF = base percent time-spent-following for both directions of travel combined
(use Equation 20-7), and

famp = adjustment for the combined effect of the directional distribution of traffic
and of the percentage of no-passing zones on percent time-spent
following.
BPTSF = 100(1 g O ) (20-7)
where
BPTSF = base percent time-spent-following for both directions of travel combined,
and
Vp = 15-min passenger-car equivalent flow rate (pc/h/In)
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TWo-way Increase in percent tme-spent-following (%)
flow rate, hlo-passing zones (%)
Vg (oeh) 0 20 40 fi0 20 100
Directional split = SIVED
< 200 0.0 202 4314 404 51.0 526
400 182 41.0 542 616 §3.2 85.5
£00 158 282 473 532 55.2 568
£00 156 338 404 4410 443 46.6
1400 12.8 20.0 233 262 274 266
2000 10.0 13.6 15.8 17 13.2 185
2600 55 i £ 9.5 10.1 103
3200 3.3 47 5.1 5.5 57 A.1
Directional split = G40
<200 110 306 41.0 512 52.3 535
400 146 26.1 448 534 55.0 56.3
£00 148 26.0 440 511 52.3 546
£00 136 28.2 324 156 30.9 413
1400 118 18.9 221 254 28.4 273
2000 9.1 13.5 15.8 18.0 18.3 173
2600 5.0 7.7 £.6 3.8 10.0 10.2
Directional split = TIVED
<200 9.9 281 320 478 43.5 40.0
400 106 303 328 467 477 455
£00 108 20.9 375 430 45.4 47.0
£00 103 236 734 333 345 355
1400 a.0 14.6 17.7 208 21.8 223
2000 7.3 87 15.7 133 14.0 14.5
Directional split = BIV20
< 200 3.9 271 37 47.0 47.4 47.0
400 .8 261 345 427 435 44 1
&0 4.0 4.5 31.3 281 391 40.0
&0 43 18.5 215 284 291 208
1400 5 10.3 13.2 16.3 18.9 3zz
2000 5 7.0 £.5 10.1 10.4 10.7
Directional split = B0
=200 4.8 241 328 43.1 43.4 436
400 0.0 20.2 283 163 38.7 7.0
&0 -3.1 16.8 225 30.1 30.8 1.1
&0 28 10.5 152 108 203 208
1400 1.2 55 5.3 11.0 11.5 11.8

Table A31. Adjustment (fq/,p) for Combined Effect of Directional
Distribution of Traffic and Percent Age of No=Passing
Zones on Percent Time-Distribution of Traffic and
Percentage of No=Passing Zones on Percent Time-Spent-
Following on Two-Way Segments (HCM Exhibit 20-12)

To determine the LOS for a two-way segment, first compare the total demand
flow rate to the two-way capacity of 3,200 pc/h and the demand flow rate for each
direction to 1,700 pc/h. If any of the demand flow rates is greater than the corresponding
capacity then the segment is oversaturated and the LOS is F. If the segment is not over
capacity then determine LOS using Figure 3 for Class I facilities and Table 4 for Class II
facilities.
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Directional Segments

The methodology for directional segments is similar to that for two-way segments
except that LOS and other performance measures are determined for one direction of
travel at a time. Three types of directional segments are addressed. These types are
extended directional segments, specific upgrades, and specific downgrades. Extended
directional segments have level or rolling terrain and are at least 2.0 miles in length. Any
grade of 3 or more percent for at least 0.6 miles must be addressed as a specific upgrade
or downgrade segment. Mountainous terrain is treated as a series of upgrade and
downgrade segments.

Directional methodology is not presented here in detail. The Research Project
Steering Committee decided that this would not be needed except in rare situations within
a planning model; therefore, we did not need program this feature. If a situation came up
requiring the use of this methodology, the analyst would use the Highway Capacity
Software to solve for the needed output.
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APPENDIX B: SENSITIVITY ANALYSIS DETAILS

As noted in the report, a review of the 2000 HCM sensitivity of variables for each
facility type was summarized. Using this as a starting point, our research group then
concentrated efforts towards defining the sensitivity of each variable for three of the four
facility types. Significant analysis of two-lane highways was available in the 2000 HCM.

Sensitivity was measured using volume (veh/hr) as the independent variable and
the facility’s MOE as the dependant variable. By changing one, sometimes two variables
(keeping other variables constant) at different volumes, we were able to record the level
of service (LOS) at that specific point. The LOS was then plotted at the associated
volumes for each variable(s) in question. These graphs showed the range effect for each
variable, and thus we could determine the sensitivity of the variable.

Once the graphs were created, a scale of sensitivity was needed to establish what
variables and factors might need further data collected in order to determine respectable
default values. This sensitivity scale was broken into three categories: low, medium, and
high. The graph for a variable with low sensitivity would show that changes in the
variable would result in little to no variation in the LOS when examined over a range of
volumes. In other words, the LOS (measured on the y-axis) does not vary by more than
plus or minus one LOS over the range of the variable. Therefore, a low sensitivity
variable could be easily assumed/defaulted based on various characteristics in the
surrounding area of the roadway facility and would not need any further data collection
efforts.

45

40

35

30

25

20

15 ey

10 LOSD
5 LOSE
] T T T T T

] 500 1000 1500 2000 2500 3000
Volume (vph)

Figure B1. Example of a “Low” Sensitivity Variable
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A graph showing medium sensitivity would have some variation in the LOS when
examined over a range of volumes, but not over the majority of the spectrum. In other
words, the LOS (measured on the y-axis) varies by more than plus or minus one LOS, but
only along a portion of the graph (shown in the box). This type of variable would need to
be considered as possibly needing more data to determine good default values.

45
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20

0] 500

1000

1500 2000 2500 300
WYolume (vph}

Figure B2. Example of a “Medium” Sensitivity Variable

A graph showing high sensitivity would have an extremely large variation in the
LOS when examined over the range of volumes. This type of sensitivity is rare, and will
cover all or most all the range of the graph (shown in the box). This type of variable
would definitely need more data in order to determine default values for this type of

roadway facility.
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Figure B3. Example of a “High” Sensitivity Variable
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Some variables and factors that are analyzed in this sensitivity are ones that are
easily assumed and/or are not analyzed in enough detail in the 2000 HCM. Such
characteristics include region (coastal, piedmont, mountainous), surrounding environment
(urban, suburban, or rural), and terrain (level, rolling, mountainous) or specific grade (if
known). The results follow for each of the three roadway facilities being analyzed for
sensitivity of input variables: freeways, multi-lane highways, and urban streets.

FREEWAYS - 2000 HCM SUMMARY

The MOE used to determine LOS for freeway segments in the 2000 HCM s
density, which is expressed in passenger cars per mile per lane (pc/mi/In). The density of
a segment is determined through the use of HCM Equation 23-4. The average passenger-
car travel speed is determined using HCM Exhibit 23-3 which requires the use of an
estimated or field-measured FFS, a speed-flow curve, and the flow rate of the segment
(Vp). Therefore, the LOS of a freeway is determined by its density, which is determined
by its flow rate and average passenger-car speed, which is in turn determined by FFS
and v/c ratio. A summary of the 2000 HCM’s sensitivity is below, followed by the
analysis using HCS 2000.

Free flow speed

The first of these factors, FFS, is itself sensitive to average interchange spacing
(in miles) and the number of lanes in each direction. In the case of rural freeways, just
interchange spacing is a factor. HCM Exhibit 23-12 displays the effect that both
interchange spacing and the number of lanes has on FFS for urban freeways.

EXHIEIT 23-12. URBAN FREEW &Y FF3 AND INTERCHANGE SPACING
{SEE FOOTMOTE FOR ASSUMED Y ALUES)

Free-Flow Speed {mi/h)

Interchange Spacing {mi)
Wumber of Lanes 0.50 0.75 1.25 1.75
2 5.0 61.4 6.0 652
3 595 629 65.5 1
4 61.0 64.4 67.0 BE.2
5 625 659 B85 697

Mote :

Azzumptions: BFFS = 70 mifh, lane width = 12 ft, lateral clearance = & 1.

As one can see, FFS increases as the interchange spacing and/or number of lanes
increases. The FFS for rural freeways on the other hand is sensitive to just interchange
spacing and even then only spacing that is closer than 1.25 miles. HCM Exhibit 23-13
can be used to determine the FFS for a rural freeway given the average interchange
spacing.
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EXHIBIT 23-13. RURAL FREEW &Y FF3
{SEE FOOTHOTE FOR ASSUMED Y ALUES )

70
&0
50
40
0
gl

FreeFlw Speed (mih)

10 4

T T T
u] 05 1 1.5 2

ntetthange Spacing [

Mote :
Azsumptions: BFFS = 73 mith, lane width = 12 ft, lateral clearance = & fi.

The HCM notes that both of these exhibits are based on assumptions about the roadway
segment being analyzed. In the case of HCM Exhibit 23-12 (Urban Freeway FFS) a base
FFS of 70 mi/h is assumed along with an ideal lane width of 12 feet and a lateral
clearance of 6 feet. The assumptions for HCM Exhibit 23-13 (Rural Freeway FFS) are
the same except a base FFS of 75 mi/h is assumed. If the segment being studied does not
match these assumptions then adjustments would need to be carried out.

Volume/capacity ratio

The second of the two factors, v/c ratio, has little effect on passenger-car speed
until it is greater than 54 to 80 percent depending on FFS. The HCM notes that FFS has
more effect on speed at low v/c ratios than the v/c ratio itself. HCM Exhibit 23-14 shows
the effect that varying v/c ratios have on the average speed.

EXHIEIT 23-14. FREEWAY SPEED-FLO%W AND v/c RaTIO
a0

To

&0 %Q“-
—E—__\%s

50

40

z0

20

10

dverage Speed (i)

0.20 0.40 0.60 0.80 1.00
vz Ratio

As is evident by the graph, as v/c ratio increases past a certain point (54-80
percent, dependent on FFS) the average speed decreases. The v/c ratio itself is clearly
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determined in part by the capacity of the roadway being analyzed. For rural freeways
with at least two lanes in one direction and interchange spacing of at least 2 miles, a
capacity of 2,400 pc/h/In is assumed. The HCM provides Exhibit 23-15 to determine the
capacity for urban freeways with shorter interchange spacing or a different number of
lanes.

EXHIBIT 23-15. UREAN FREEW &Y CAFACITY AMD
INTERCH ANGE SF AC ING

200

150
Capacity = 2 250 pe'h An

1.00—

Capacity = 2 Z00 pesh An
Dﬁn—-_—_—L—————_____

Capacity = Z 250 porh A

aoo | |
2 3 4 3

Lane= n One Diection

hterchange Spacing (i)

Accurate calibration of the freeway model requires data directly from the field
that correctly describes the actual conditions. As the HCM states, studies by analysts
have determined that there is no direct way to calibrate the capacity of a freeway system
using field conditions. Therefore, estimated FFS and demand must be adjusted with field
conditions in order to arrive at an accurate LOS determination. However, the HCM also
points out that density can be measured directly in the field because all three of the
factors that make up its units (number of cars per mile per lane) can be accurately
observed and/or measured. This density can then be used to determine LOS directly.
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FREEWAYS — HCS 2000 SUMMARY

A freeway has many variables and factors that are used to determine its LOS. The
LOS of a freeway is measured by density in passenger cars per mile per lane (pc/mi/in).
Although there are many different variables used to decide the LOS of a freeway facility,
a determination was made following the 2000 HCM sensitivity analysis that many
variables needed further examination to see if reasonable defaults could be chosen.
These include:

e Interchanges per mile
e Free flow speed (FFS)
e Percent trucks

e Grade

e Length of grade

Figures B4 and B5 refer to changes in the LOS for interchanges per mile and FFS
for a two lane freeway facility, respectively. These two variables showed relatively small
variations in the LOS as volumes increased. For freeways, these two figures showed
“low” sensitivity, and therefore reasonable defaults can be obtained.

Freeways
Volume, Interchange Density, and Density

45 4
: LOSE Ax :
S /: _ Interchanges
] w = ——2
BEE== === = o = = O e
] /_,, 7o Losc —n—1
20 ; /,4—_-" o - & 25
15 = — LOSE

s e N

Density (pc/mifin)

E

07 : : : : :
1000 1500 2000 2500 3000 3500 4000
Volume (vph)

Note: Assumptions: BFFE =70 mph, PHF = 0.9, 2 lanes, level terrain, truck/bus = 5%, BV = 0%, drrver pop. Factor (fp) = 1, lane
width = 12 fi, lateral clearance =6 ft

Figure B4. Interchanges Per Mile
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Density (pcimilln)

Freeways
Volume, FFS, and Density - 2 Lanes

45 ]

40 7

35 ]

30 ]

25 ]

20 ]

FFS
{mph)
——55
—8— G0
- s -5
— =70
—#—75

15 ]

10 ]

Volume (vph)

1000 2000 3000 4000 5000

Note: Assumptions: PHF = 0.9, 2 lanes, lewel terrain, interchange density = 1. 5/mile, truclehus = 5%, RV = 0%, driver pop. Factor
(fp) =1, lane width = 12 i, interchange density = 1. 5/mile, lateral clearance =6 ft

As noted above, FFS is considered a “low” sensitivity variable for a 2-lane
freeway. However, the graph can be deceiving because FFS becomes more sensitive as

Figure B5. FFS for Two-Lane Freeway

the number of lanes that the freeway has in operation increases.

varies by no more than plus or minus one LOS.

Therefore, FFS in
combination with number of lanes constitutes a medium sensitivity variable. An example
of this is provided through a comparison of Figure B5 and the 5-lane freeway facility in
Figure B6 below. The expected drop in density for a given volume and hence
improvement in LOS constitutes FFS as being a “medium” sensitivity variable because it

Appendix B:

B-7

Sensitivity Analysis Details




Freeways
Volume, FFS, and Density - 5 Lanes

45 7

30

25 3

20 4

Density (pc/milln)

LOSE e
Losp " e
- . FFS (rmph)
————————————————— ’—.-————_ﬂ’———————
— = —n— 60
- _-"TLosc &
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Note: Assumptions: PHF = 0.9, 5 lanes, level terrain, interchange density = 1.5/mle, truck/bus = 5%, RV = 0%, driver pop. Factor
(fp) = 1, lane width = 12 fi, interchange density = 1. 5/nile, lateral clearance = 6 ft

It was mentioned earlier that “medium” sensitivity variables should be considered
as possibly needing more data to determine good default values. Although FFS has

“medium” sensitivity, more data is not needed. The FFS is somewhat sensitive when
based on the number of lanes; however, it is fairly easy to assume (default) this variable
based on the environment (urban, suburban, rural, etc.) where the facility is going to be

constructed.

The amount of trucks that are contained on a freeway segment does affect
capacity. However, on most freeway facilities, trucks do not have a significant affect on
the LOS, as shown in Figure B7. This is because most freeways are on terrains that have
low percent grades for relatively short distances. Therefore, on relatively flat freeways

Figure B6. FFS for Five-Lane Freeway

the percentage of trucks is considered a “low-medium” sensitivity variable.
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Al are above 45 pc/midn

Freeways for V = 4000 vph
Volume, Truck %, Density %
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Note: Assurnptions: BFFS =70 mph, PHF = 0.9, 2 lanes, level terrain, interchange density = 1. 54nile, BV = 0%, driver pop. Factor
(fpy =1, lane width = 12 i, lateral clearance = 6 ft

Figure B7. Percent Trucks

Figure B8 shows the effect of grade on a freeway. This graph is similar to that of
Figure B7 because percentage of trucks is a contributing factor. However, grade by itself
does not seem to have an affect on this type of roadway facility because it is only
analyzed at five percent trucks. This gives an inaccurate representation of the affect of
trucks and grades on a freeway facility. Therefore, a more accurate representation of all
cases along the various spectrums of grades is needed to show the correlation of grades as
the percentage of trucks increase.
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Figure B8. Grade, Length of Grade

Not all freeways are built in areas where grade is not a significant concern. The
length of grade, percent grade, and percent of trucks are all interconnected variables that
have a “medium” sensitivity in areas where a considerable increase or decrease in percent
grade occurs. Figures B9-B13 are a very good representation of the effects of these
interrelated variables. Seen below, they show the graduation of variability as the percent
of trucks increases from five to twenty-five percent at different grades and length of
grade.
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Figure B9. Five Percent Trucks, Grade, Grade Length
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Figure B10. Ten Percent Trucks, Grade, Grade Length
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Figure B11. Fifteen Percent Trucks, Grade, Grade Length
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Figure B12. Twenty Percent Trucks, Grade, Grade Length
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Figure B13. Twenty-Five Percent Trucks, Grade, Grade Length
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These three variables show a considerable range in the LOS. Because they show
a “medium” sensitivity, consideration is given into whether more data should be collected
to determine appropriate default values. In this particular circumstance, it was decided
that more data would need to be collected because grades, length of grades, and
percentage trucks are not easily defaulted by their roadway characteristics and
environment.
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MULTILANE HIGHWAYS - 2000 HCM SUMMARY
Although multilane highways differ from the previously discussed freeway
segments in that they have less access control, the MOE for LOS for both facilities is

density in passenger cars per mile per lane (pc/mi/ln). The density of flow is determined
using HCM Equation 21-5 which states:

\'
D=-*t (21-5)

where
D  =density (pc/mi/ln),

v, = flow rate (pc/h/In), and
S = average passenger-car travel speed (mi/h).

The affect that v/c ratio has on passenger car speed (and therefore density and
LOS through use of HCM Equation 21-5) is shown in HCM Exhibit 21-12.

EXHIBIT 21-12. EFFECT OF w/c RATIO ON MEAN SPEED

7O
~ e Free-Flow Speed = &0 mih
= 55 mish
£ 50 mish
= 45 midh
i1
& 40
s
m
¢ 3
i
£ 20
s
o
o 10
]
] 0.z 0.4 0.6 0= 1
wic Ratio

The exhibit shows that as v/c ratio increases (i.e. as demand increases), average
passenger-car speed decreases and, therefore, the density increases because fewer
vehicles are moving through the segment and are instead being delayed within the length
of the segment. However, the HCM notes that speed is not affected by the v/c ratio until
the demand is at least 70% of the capacity for most speeds. This number is even higher,
90%, for lower-speed segments.
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MULTILANE HIGHWAYS — HCS 2000 SUMMARY

Many different types of variables define multilane highway facilities. Some of
these differ from that of a freeway, while some remain the same.
variables differ, the LOS indicator for a multilane facility remains the same as that of a
freeway, and is given in passenger cars per mile per lane (pc/mi/ln). Based on the HCM
sensitivity analysis, the following variables needed further examination in order to see if

reasonable defaults could be determined:

Grade

Figures B14, B15, and B16 refer to changes in the LOS for access points per mile,
divided and undivided facilities, and BFFS, respectively. These three variables show
slight variations in the LOS as volumes incrementally increased.
highways, these variables all showed “low” sensitivity on the LOS, thus reasonable

defaults can be found.

Access points per mile
Divided facility

Undivided facility

Base free flow speed (BFFS)
Percent trucks

Length of grade

Although many
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Figure B14. Access Points
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Figure B15. Divided and Undivided Facility, BFFS

As with freeways, multilane highways are not sensitive to grade, length of grade,

or trucks when analyzed separately, but are when variations are made interchangeably
between the three. All three of these variables have a high degree of association and
show a “medium” sensitivity. Figures B16—-B20 show the graduation of variability as the

percent of trucks increases from five to twenty-five percent.
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Figure B16. Five Percent Trucks, Grade, Grade Length
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Figure B17. Ten Percent Trucks, Grade, Grade Length
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Figure B18. Fifteen Percent Trucks, Grade, Grade Length
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Figure B19. Twenty Percent Trucks, Grade, Grade Length
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Figure B20. Twenty-Five Percent Trucks, Grade, Grade Length
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At high vehicle volumes, there is a noticeable increase in the variability of LOS
by changes in the percent grade, length of grade, and percentage of trucks. This is
especially true at a percentage of trucks greater than fifteen, were the range in the LOS
becomes quite large. Therefore, as with freeways, more data will need to be collected.
Defaults for these variables are not easy to assume by roadway characteristics or
environmental factors.
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URBAN STREETS (ARTERIALS) — 2000 HCM SUMMARY

In the 2000 HCM, the measure of effectiveness (MOE) used to determine LOS for
urban streets is the average travel speed of the vehicles along the street, expressed in
mi/hr. Input variables that affect the average travel speed are FFS, v/c ratio, signal
density, and the urban street class to which the examined roadway belongs. As stated
previously in the literature review, the methodology does not directly account for on-
street parking, access control, grades or capacity constraints between intersections,
medians or two-way left turn lanes, queues backing into previous intersections, or cross-
street congestion blocking through traffic. HCM Exhibits 15-8 through 15-11 show the
affect that intersection v/c ratio and signal spacing have on travel speed for each of the
four urban street classes (Classes I-1V).

EXHIBIT 15-5. SPEED-FLOW CURYES FOR CLASS | UREAM STREETS
{ SEE FOOTMOTE FOR ASSUMED YALUES)
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Mote :

Azzumptions : S0-mish midblock FFS, &-mi length, 120-z cycle length, 0.45 g/C
Arrival Type 3, isolated intersections, adjusted saturation flow rate of 1,700
weh#h, 2 through lanes, analysis period of 0.25 h, pretimed signal operation.
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EXHIBIT 15-9. SPEED-FLOW CURYES FOR CLASS || UREAN STREETS
( SEE FOOTRMOTE FOR ASSUMED Y ALUES)
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Mote :

azzumptions : 25-mish midblock FFS, &-mi length, 120-z cyele length, 0.45
q/C, Arrival Type 3, izolated intersections, adjusted saturation flow rate of
1,700 weh/h, 2 through lanes, analysis period of 0.25 h, pretimed =ignal
operation.
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EXHIEIT 15-11. SPEED-FLOW CURVES FOR CLASS 1Y UREAN STREETS
{SEE FOOTMOTE FOR ASSUMED WALLES )
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Mote :

Azsumptions : 20-mish midblock FFS, &-mi length, 120-= cyele length, 0.45 9/C,
Arrival Type 4, isolated intersections, ad justed saturation flow rate of 1,700
veh/h, 2 through lanes, analysis period of 0.25 h, pretimed =ignal operation.

As is evident from the curves, travel speed decreases as signal density and v/c
ratio increase. This shows that the increased amount of friction contributed by the
intersections (right turning vehicles, points of entry for vehicles on side streets, and most
importantly, increased opportunities for through vehicles to encounter a red light) and the
congestion that a high v/c ratio reflects, will reduce the average travel speed and thus the
LOS on all classes of urban streets.

The HCM uses several assumptions in computing these curves, including FFS,
length of segment, cycle length, g/C ratio, arrival type, adjusted saturation flow rate,
number of lanes, length of analysis period and the type of signal operation used for the
intersection. These assumptions are stated below each of the exhibits. Therefore, if the
street displays characteristics different from these assumptions, such as four lanes instead
of the assumed two, then the curves would not be as accurate a measure of average travel
speed, and therefore of LOS, unless the proper adjustments are made. HCM Exhibit 15-
12, depicting a Class Ill highway, provides an adjustment value to be applied to the
average travel speed arrived at in HCM Exhibit 15-10 if the assumed arrival type is
different from that which actually exists.
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EXHIEIT 15-12. CHANGE IN MEANM SPEED FOR ARR Y AL TYPES
{ SEE FOOTMOTE FOR ASSUMED Y ALUES)
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Assumptions : Urban street Class 11, 25-mi/h midblock FFS, &-mi length,
120-z cycle, 045 g/C, pretimed signals, 0,925 peak-hour factor (FHF),
exclusive left-turn lanes, 12 percent left turns,
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URBAN STREETS (ARTERIALS) — HCS 2000 SUMMARY

Urban streets, or arterials, are dissimilar in several aspects compared to multilane
highway facilities.  Signalization is the biggest difference; however, the urban
classification is also a noticeable variation. Another distinguishing characteristic is the
LOS indicator, which is average travel speed (mph). These differences account for new
variables being analyzed for sensitivity for this type of highway. Based on the HCM
sensitivity analysis, variables being further analyzed for this roadway facility to better
determine defaults include:

Exclusive left turn lane
Median

Number of signals per mile
Urban class

g/C ratio

Shown in Figure B21, the interrelated variables of exclusive left turn lanes and
medians results in a “low” sensitivity with respect to the LOS for an urban street facility.

Arterials
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Note: Assumptions: Urban Class 1, 5000 AADT, 3 intersections, 6-mi length, 0.45 g/C 120-5 cycle length, Arriva
Type 3, isolated intersections, adjusted saturation flow rate of 1,700 veh/h, 2 through lanes, analysis period of
D.25 h, pretimed signal operation, 20% |eft turns fram exclusive lanes

Figure B21. Exclusive Left Turn Lane and Median

Urban street class, when defining an arterial, is often confusing and very hard to
understand. However, when modeling arterials, the urban street classification scale,
broken up into four separate classifications, is somewhat sensitive in determining the
LOS. This is shown in the box below in Figure B22. This variable shows a “medium”
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sensitivity based on the graph; therefore, a decision needs to be made on whether or not
data should be collected.
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intersections, adjusted saturation flow rate of 1,700 veh/h, 2 through lanes, analysis period of 0.253 h, pretimed
signal operation, no medians, 20% left turns from exclusive lanes

Figure B22. Urban Classification

The urban class scale is broken up into four classifications: I, 11, I11, and IVV. Each
class is defined by a functional category (principal or minor arterial) and a design
category (high-speed, suburban, intermediate, or urban). When looking at Figure B22,
the sensitivity is somewhat deceiving because it shows this variable as having a
“medium” sensitivity. Although this is the case, the variable can be easily defined based
on its functional and design category. Therefore, no more data is needed to determine
defaults.

Figure B23 shows the number of signals per mile on an urban street system.
Variability in the LOS is fairly constant along the entire spectrum of volumes. Shown by
the box, this constant variation is greater than plus/minus one LOS, which makes it a
“high” sensitivity variable. Therefore, this will need further data collection to make
assumptions on default variables on this roadway system.
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Figure B23. Signals Per Mile

The effective green to cycle length ratio (g/C) is a good measure of the efficiency
of a signalized intersection. It is usually directly correlated with the number of phases at
an intersection. The more phases an intersection has, the lower the g/C ratio usually is
for an approach. The g/C ratio is not easily defaulted by its urban class or any other
Figure B24 compares the four urban classes with
approximate minimum and maximum g/C ratios. This graph shows the huge sensitivity

variable pertaining to arterials.

that the g/C ratio has on an arterial system.
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saturation flow rate of 1,700 veh/h, 2 through lanes, analysis period of 0.25 h, pretimed signal operation, no medians,
20% |eft turns from exclusive lanes

Figure B24. Effective Green to Cycle Length Ratio (g/C)
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Figures B25-B28 separate each urban class with approximate minimum and
maximum g/C ratios. The assumed default value for the g/C ratio used in the HCM 2000
is also given to show the range that the minimum and maximum values have about the
standard default. A box inscribed within each figure shows the “high” sensitivity areas.
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Figure B25. Urban Class I, Effective Green to Cycle Length Ratio (g/C)
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Figure B26. Urban Class 11, Effective Green to Cycle Length Ratio (g/C)
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Figure B27. Urban Class 111, Effective Green to Cycle Length Ratio (g/C)
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Figure B28. Urban Class 1V, Effective Green to Cycle Length Ratio (g/C)

The g/C ratio combined with an urban class is obviously highly sensitive.
Because the g/C ratio is very hard to default, further examination and data collection will
need to be done on different urban class signalized intersections in order to determine
possible defaults.
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TWO-LANE HIGHWAYS - 2000 HCM SUMMARY

Two-lane highways are divided into two classes in the HCM. Class | highways
are segments in which the key element is efficient mobility and therefore the LOS is
defined by both percent time-spent-following and average travel speed. In Class Il
highways however, access is more important and therefore LOS is determined by percent
time-spent-following alone.

The percent time-spent-following is determined by using the segment’s demand
flow rate, directional distribution of traffic and percentage of no-passing zones. Demand
flow rate (vp) is determined through the use of HCM Equation 20-3, which includes
adjustments for both grade and heavy vehicles.

The grade adjustment factor (fg) takes into account the effect that terrain has on
both percent time-spent-following as well as travel speeds. The factor increases as the
flow rate increases if the segment is on a rolling terrain. If the terrain is level then the
factor is always 1.00 regardless of the flow rate of the segment being analyzed.

The heavy vehicle adjustment factor (f,v) is determined through the use of HCM
Equation 20-4, which includes variables that account for the proportion of trucks and
RVs in the traffic stream as well as the passenger car equivalents for each based on either
level or rolling terrain and the flow rate (HCM Exhibit 20-9). As the flow rate increases,
the passenger car equivalents decrease for trucks in both rolling and level terrain while
they stay the same for RVs. A higher proportion of trucks and/or RVs and a higher
passenger car equivalent rate yield a smaller fyy, which leads to a larger v, value.

Finally, the v, value arrived at in HCM Equation 20-3 is then used to determine
the base percent time-spent-following for both directions of travel combined (BPTSF)
through the use of HCM Equation 20-7. Therefore, a larger v, yields a higher base
percent time-spent-following.

The effects of the directional distribution of traffic and the percentage of no-
passing zones are combined into one factor, fynp, Which is determined through the use of
HCM Exhibit 20-12.

As is evident by the exhibit, the adjustment factor increases as the percentage of
no passing zones increases. The factor is also sensitive to the directional split and
increases as the split moves further away from a 50/50 distribution. Furthermore, as two-
way flow rate increases, the adjustment decreases. The reason for the decrease in the
adjustment of PTSF as volumes get higher can be explained by Exhibit 12-6. At low
volumes, given a large percentage of no passing zones, there is a significant effect on
how much time a driver spends following a vehicle. At high volumes, PTSF is already
extremely high, and given a large percentage of no passing zones, does not significantly
increase the PTSF.
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These two factors, BPTSF and fqnp, are then summed to arrive at the percent time-
spent-following, PTSF (HCM Equation 20-6), which means that a higher BPTSF and/or a
higher fgnp leads to a higher PTSF, and therefore a lower LOS for Class Il highways
using HCM Exhibit 20-4.

As mentioned above, the LOS for Class | highways is not only dependent on
PTSF, but also on the average travel speed (ATS) for the analyzed segment. The ATS is
determined using the demand flow rate (v,, which is found the same way as it was for the
PTSF above except that the passenger car equivalents are taken from Exhibit 20-10
instead of Exhibit 20-9), the FFS, and an adjustment factor for the percentage of no-
passing zones. The FFS is estimated using either HCM Equation 20-1 or 20-2, with the
former being used if FFS is determined through field measurements and the latter if it is
determined indirectly. The field method, HCM Equation 2-1, is sensitive to the mean
speed of traffic measured in the field (Skwv), the observed flow rate for the period when
the data was collected (Vf) and a heavy vehicle adjustment factor (fuy, which is
determined using HCM Equation 20-4 as above). An increase in both Sgy and Vs leads to
a higher FFS, while an increase in fyy serves to lower the FFS.

The indirect method, HCM Equation 2-2, is sensitive to the base free flow speed
(BFFS, which must be estimated using speed data and local knowledge), a reduction
factor for lane and shoulder width (f.s), as well as for access points (fa). As lane width
and shoulder width increase, the FFS reduction factor (f_s) decreases until you get to
shoulders equal to or greater than 6 feet and lanes equal to or greater than 12 feet, at
which point there is no reduction factor (HCM Exhibit 20-5). The adjustment factor for
access points is based on HCM Exhibit 20-6 which shows that as the number of access
points per mile increases there is a greater reduction in FFS, culminating in a f.s of 10
mi/h when there are 40 or more access points per mile. Once you have the reduction
factors for both lane and shoulder width and access points, you simply subtract them
from the BFFS to arrive at the FFS in mi/h.
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The final input needed in order to determine the ATS is the reduction factor for
percentage of no-passing zones which is found using HCM Exhibit 20-11. The HCM
notes that HCM Exhibit 20-11 shows that the effect of no-passing zones on average travel
speed increases to a maximum of 4.5 mi/h at a two-way flow rate of 400 pc/h and then
decreases at higher volumes. Once you have the three variables needed (FFS, v, and fyp),
you can then find the ATS using HCM Equation 20-5.

As one can see from the HCM Equation 20-5, average travel speed (ATS)
decreases with a higher demand flow rate (V,) and a higher percentage of no passing
zones (fnp). Once the PTSF and the ATS are determined, it is then possible to determine
the LOS for Class | highways by using HCM Exhibit 20-2.

It should be noted that the highway must meet the criteria for both the PTSF and
ATS to be classified in any particular LOS. As the exhibit shows, as ATS is decreased
and/or PTSF is increased, the LOS of the segment is lowered until LOS F is reached once
either the ATS drops to 40 mi/h or lower or the PTSF rises to above 80 percent. Also, as
the HCM notes, LOS F is also achieved whenever the flow rate exceeds the segment
capacity.
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APPENDIX C: NORTH CAROLINA LEVEL OF SERVICE
(NCLOS) DEVELOPER’S GUIDE

Introduction

This document contains an overview of the information a developer will need to
know in creating procedures, macros, or applications using the NCLOS calculations.
NCLOS is an implementation of the 2000 Highway Capacity Manual produced by the
Transportation Research Board. The calculations described in the 2000 HCM are
implemented in the FacilityCalculator.dll component of NCLOS. This DLL externally
accesses the HCM equations implemented by NCLOS. NCLOS does include an interface
for the FacilityCalculator.dll.  This interface is the FacilityAnalyzer.exe. Upon
installation of NCLOS, both the FacilityAnalyzer.exe and the FacilityCalculator.dll are
available to users and developers.

The first section, 1. NCLOS Components, describes the components of NCLOS
in more detail, including a component diagram of the program. The second section titled
2. FacilityCalculator.dll Class Library explains in considerable detail the classes that
make up the FacilityCalculator.dll component. All of the classes described and the
associated functions listed in the section can be accessed externally. The third section, 3.
Input and Output Data, details the data format required for an import file in order to
process an entire project of Facilities simultaneously. The last section, 4. Integrating
NCLOS into TransCAD, gives an explanation (including an example) of how a
developer could access the functionality of FacilityCalculator.dll from TransCAD.

1. NCLOS Components

NCLOS is broken up into two parts. The first part is the FacilityCalculator.dll
and the second is the FacilityAnalyzer.exe. Figure C1 shows the components of the LOS
Analysis program. This diagram displays the exposed interfaces that will be used by
FacilityAnalyzer.exe. In addition, the FacilityCalculator.dll is a class library that can be
used by any number of programs including TransCAD®.

FacilityAnalyzer.exe is a MS Windows® executable program containing the
interface for NCLOS. This executable accesses FacilityCalculator.dll and is required to
run NCLOS. FacilityAnalyzer.exe depends on FacilityCalulator.dll to calculate results as
well as to store and retrieve data from the database.

The majority of this document focuses on FacilityCalculator.dll.
FacilityCalculator.dll can be accessed by any number of applications other than
FacilityAnalyzer.exe.  Any development environment, including environments for
macros and scripts which support OLE calls to DLL’s, can be used to access

Appendix C: C-1
NCLOS Developer’s Guide



FacilityCalculator.exe. This DLL was designed specifically for use with TransCAD® by
the NCDOT.

FacilityAnalyzer exe

MainFarm

l

AnalysisForm

|

SegmentControlClass

N R B

FreewayControlClass MultiLaneControlClass TwolaneControlClass ArterialControlClass

ProjeciCalcClass FreawayCalcClass MultiLaneCalcClass TwolaneCalcClass ArtarialCalcClass

Y

FacilityCalculator.dll

Figure C1. NCLOS Components
2. FacilityCalculator.dll Class Library

The classes provided in the class library FacilityCalculator.dll can be used to
import data into and export results out of NCLOS. Using a flat file formatted as shown in
Figure C2, entire projects can be moved simultaneously. The importing and exporting
features are designed specifically for use with TransCAD® scripts. However, any
windows application could access and utilize the classes provided in
FacilityCalculator.dll.

All of the calculation classes and methods are available for use. The DataClass
used for accessing the LOS database is also available. The names of the available classes
and a description of the available classes are provided.

2.1. DataClass

The DataClass is the class used by FacilityAnalyzer.exe to access the data in the
database. There are several different types of functions to access the different types
of data. Many of these functions are only used by the FacilityAnalyzer.exe interface.
However, there are a number of functions that may be used by external programs or
scripts through the FacilityCalculator.dll. The two types of functions are project
functions and segment data functions. A listing of each of the two function types and
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an explanation of each is provided. These functions enable an external user to
manipulate the data in the NCLOS database directly without using the
ProjectCalcClass. However, any developer should be aware that any modifications
made through the DataClass will affect the data used in the interface as well. Many
of the data checks are implemented by the interface. It is important for any developer
to check data ranges and types as well as verify proper deletion and addition of
projects and facility segments.

2.1.1. Project Functions

The project functions provide a mechanism for reading, adding, updating, and
deleting project specific information.

2.1.1.1.GetNumProjects

The function declaration for GetNumProjects is listed. This function returns
the number of projects currently stored in the NCLOS database.

Public Function GetNumProjects() As Integer

2.1.1.2.GetProjectBylndex

The function declaration for GetProjectBylndex is listed. This function
returns the project information for a project given an index of the project in
the NCLOS database table. By using the GetNumProjects function, the list of
projects can be sequentially retrieved using this function.

Public Function GetProjectBylndex(ByVal nindex As Integer, ByRef ID As Integer, ByRef Name As
String, ByRef Manager As String, ByRef Organization As String, ByRef CreationDate As Date, ByRef
Description As String) As Boolean

2.1.1.3.GetProjectByID

The function declaration for GetProjectByID is listed. This function returns
the project information for a specific project given the NCLOS project ID of
the project in the NCLOS database table. By first using the
GetProjectByIndex function to determine a project ID, the information for a
specific project can be retrieved using this function.

Public Function GetProjectBylD(ByVal nID As Integer, ByRef Name As String, ByRef Manager As
String, ByRef Organization As String, ByRef CreationDate As Date, ByRef Description As String) As

Boolean
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2.1.1.4.CreateProject

The function declaration for CreateProject is listed. This function creates a
new project with blank data. The function returns the project ID of the new
function. After using this function the UpdateProject function must be called
to set the project data.

Public Function CreateProject() As Integer

2.1.1.5.UpdateProject

The function declaration for UpdateProject is listed. This function updates all
of the project information for a specific project given the project ID. The
project ID could be acquired by either the CreateProject or the
GetProjectBylIndex function.

Public Function UpdateProject(ByVal nID As Integer, ByVal Name As String, ByVal Manager As String,
ByVal Organization As String, ByVal Description As String) As Boolean

2.1.1.6.DeleteProject

The function declaration for DeleteProject is listed. The function deletes a
specific project from the database given the project ID. This function will not
prompt before deletion. Any developer using this function should be careful
when using this function. If a project is deleted from the NCLOS database the
project information as well as any facility segments in the project will be
deleted as well. This information would only be recoverable if a backup copy
of the Access database had been made.

Public Function DeleteProject(ByVal nID As Integer)

2.1.2. Segment Data Function

The segment data functions are used to create, delete, read, and update segments
stored in the NCLOS database.

2.1.2.1.0penFilteredSegmentData

The function declaration for OpenFilteredSegmentData is listed.  This
function filters a list of segments in the database given a project ID, segment
type ID, region type ID, category 1 ID, and category 2 ID. If the ID’s are
anything other than O then only segments having the given ID’s will be
queried. If all the ID’s are 0 then all of the segments in the database will be
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returned. Once a list of segments is opened using this function, the other
segment data functions can then be executed. However, a list must be
generated with this function before the other segment data functions will
execute properly.

Public Function OpenFilteredSegmentData(ByVal P_ID As Integer, ByVal ST_ID As Integer, ByVal
RT_ID As Integer, ByVal T1_ID As Integer, ByVal T2_ID As Integer) As Boolean

2.1.2.2.GetNumSegments

The function declaration for GetNumSegments is listed. This function returns
the number of segments contained in the filtered list generated by
OpenFilteredSegmentData. If a list has not been initialized or there is an error
then the function returns 0.

Public Function GetNumSegments() As Integer

2.1.2.3.GetSegmentByID

The function declaration for GetSegmentByID is listed. This function
retrieves a specific segment from the filtered segment list generated by
OpenFilteredSegmentData. Given a segment ID the category information and
segment name is returned. To get the parameters for a particular segment use
either the GetFreewaySegmentByID, GetMultiLaneSegmentByID,
GetTwoLaneSegmentByID, or GetArterialSegmentByID functions.

Public Function GetSegmentByID(ByVal nID As Integer, ByRef P_ID As Integer, ByRef ST ID As
Integer, ByRef RT_ID As Integer, ByRef T1_ID As Integer, ByRef T2_ID As Integer, ByRef Name As
String, ByRef TC_ID As Integer) As Boolean

2.1.2.4.GetSegmentBylIndex

The function declaration for GetSegmentBylndex is listed. This function
retrieves a segment from the filtered segment list, generated by
OpenFilteredSegmentData.  Given an index of a segment the category
information and segment name is returned. To get the parameters for a
particular ~ segment  use  either the  GetFreewaySegmentByID,
GetMultiLaneSegmentByID, GetTwolLaneSegmentByID, or
GetArterialSegmentByID functions.

Public Function GetSegmentBylndex(ByVal nindex As Integer, ByRef S_ID As Integer, ByRef P_ID As
Integer, ByRef ST_ID As Integer, ByRef RT_ID As Integer, ByRef T1_ID As Integer, ByRef T2_ID As
Integer, ByRef Name As String, ByRef TC_ID As Integer) As Boolean
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2.1.2.5.CreateSegment

The function declaration for CreateSegment is listed. This function creates a
new segment in a given project. The function requires all of the category
information to generate the new segment. This function returns the segment
ID of the newly created segment.

Public Function CreateSegment(ByVal nName As String, ByVal P_ID As Integer, ByVal ST_ID As
Integer, ByVal RT_ID As Integer, ByVal T1_ID As Integer, ByVal T2_ID As Integer, ByVal TC_ID As
Integer) As Integer

2.1.2.6.DeleteSegment

The function declaration for DeleteSegment is listed. This function deletes a
segment  from  the  filtered segment list  generated by
OpenFilteredSegmentData. If this function is successful the segment will be
deleted and non-retrievable. Special consideration should be taken when
calling this function because the verification is handled from the NCLOS
interface and this function will not prompt a user. The return value is true if
successful.

Public Function DeleteSegment(ByVal nindex As Integer) As Boolean

2.1.2.7.Freeway Segment Data Functions
2.1.2.7.1. GetFreewaySegmentByID
The function declaration for GetFreewaySegmentByID is listed. This

function returns a freeway segment given the ID of the segment. The
segment ID can be found using the GetSegmentBylIndex function.

Public Function GetFreewaySegmentBylD(ByVal nID As Integer, ByRef Name As String, ByRef
DriverPopulation As Single, ByRef TruckBusPercent As Single, ByRef RVPercent As Single, ByRef
InterchangesPerMile As Single, ByRef GradePercent As Single, ByRef GradeLength As Single, ByRef
LaneWidth As Integer, ByRef LatClearance As Integer, ByRef NumLanes As Integer, ByRef PHF As
Single, ByRef K As Single, ByRef D As Single, ByRef MaxA As Integer, ByRef MaxB As Integer, ByRef
MaxC As Integer, ByRef MaxD As Integer, ByRef MaxE As Integer) As Boolean

2.1.2.7.2. UpdateFreewaySegment

The function declaration for UpdateFreewaySegment is listed. This
function updates the information stored in the NCLOS database for the
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freeway segment specified by nID. The nID is the segment ID of a
freeway segment.

Public Function UpdateFreewaySegment(ByVal nIlD As Integer, ByVal Name As String, ByVal
DriverPopulation As Single, ByVal TruckBusPercent As Single, ByVal RVPercent As Single, ByVal
InterchangesPerMile As Single, ByVal GradePercent As Single, ByVal GradeLength As Single, ByVal
LaneWidth As Integer, ByVal LatClearance As Integer, ByVal NumLanes As Integer, ByVal PHF As
Single, ByVal K As Single, ByVal D As Single, ByVal MaxA As Integer, ByVal MaxB As Integer, ByVal
MaxC As Integer, ByVal MaxD As Integer, ByVal MaxE As Integer) As Boolean

2.1.2.8.Multi-Lane Highway Segment Data Functions
2.1.2.8.1. GetMultiLaneSegmentByID
The function declaration for GetMultiLaneSegmentByID is listed. This

function returns a multilane segment given the ID of the segment. The
segment ID can be found using the GetSegmentBylIndex function.

Public Function GetMultiLaneSegmentByID(ByVal nID As Integer, ByRef Name As String, ByRef
DriverPopulation As Single, ByRef TruckBusPercent As Single, ByRef RVPercent As Single, ByRef
AccessPointsPerMile As Single, ByRef GradePercent As Single, ByRef GradeLength As Single, ByRef
LaneWidth As Integer, ByRef LatClearance As Integer, ByRef NumLanes As Integer, ByRef MedianType
As String, ByRef PHF As Single, ByRef K As Single, ByRef D As Single, ByRef MaxA As Integer,
ByRef MaxB As Integer, ByRef MaxC As Integer, ByRef MaxD As Integer, ByRef MaxE As Integer) As
Boolean

2.1.2.8.2. UpdateMultiLaneSegment

The function declaration for UpdateMultiLaneSegment is listed. This
function updates the information stored in the NCLOS database for the
multilane segment specified by nID. The nID is the segment ID of a
multilane segment.

Public Function UpdateMultiLaneSegment(ByVal nID As Integer, ByVal Name As String, ByVal
DriverPopulation As Single, ByVal TruckBusPercent As Single, ByVal RVPercent As Single, ByVal
AccessPointsPerMile As Single, ByVal GradePercent As Single, ByVal GradeLength As Single, ByVal
LaneWidth As Integer, ByVal LatClearance As Integer, ByVal NumLanes As Integer, ByRef MedianType
As String, ByVal PHF As Single, ByVal K As Single, ByVal D As Single, ByVal MaxA As Integer,
ByVal MaxB As Integer, ByVal MaxC As Integer, ByVal MaxD As Integer, ByVal MaxE As Integer) As
Boolean
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2.1.2.9.Two Lane Highway Segment Data Functions
2.1.2.9.1. GetTwolLaneSegmentByID
The function declaration for GetTwolLaneSegmentByID is listed. This

function returns a two lane segment given the ID of the segment. The
segment ID can be found using the GetSegmentBylIndex function.

Public Function GetTwoLaneSegmentBylD(ByVal nID As Integer, ByRef Name As String, ByRef
TwolLaneClass As String, ByRef TruckBusPercent As Single, ByRef RVPercent As Single, ByRef
NoPassingZonesPercent As Single, ByRef AccessPointsPerMile As Single, ByRef GradePercent As
Single, ByRef GradeLength As Single, ByRef LaneWidth As Integer, ByRef LatClearance As Integer,
ByRef BFFS As Integer, ByRef PHF As Single, ByRef K As Single, ByRef D As Single, ByRef MaxA As
Integer, ByRef MaxB As Integer, ByRef MaxC As Integer, ByRef MaxD As Integer, ByRef MaxE As
Integer) As Boolean

2.1.2.9.2. UpdateTwolLaneSegment

The function declaration for UpdateTwolLaneSegment is listed. This
function updates the information stored in the NCLOS database for the
two lane segment specified by nID. The nID is the segment ID of a two
lane segment.

Public Function UpdateTwolLaneSegment(ByVal nID As Integer, ByVal Name As String, ByVal
TwolLaneClass As String, ByVal TruckBusPercent As Single, ByVal RVPercent As Single, ByVal
NoPassingZonesPercent As Single, ByVal AccessPointsPerMile As Single, ByVal GradePercent As
Single, ByVal GradeLength As Single, ByVal LaneWidth As Integer, ByVal LatClearance As Integer,
ByVal BFFS As Integer, ByVal PHF As Single, ByVal K As Single, ByVal D As Single, ByVal MaxA As
Integer, ByVal MaxB As Integer, ByVal MaxC As Integer, ByVal MaxD As Integer, ByVal MaxE As
Integer) As Boolean

2.1.2.10. Arterial Segment Data Functions
2.1.2.10.1. GetArterialSegmentByID
The function declaration for GetArterialSegmentByID is listed. This

function returns an arterial segment given the ID of the segment. The
segment ID can be found using the GetSegmentBylIndex function.

Public Function GetArterialSegmentBylD(ByVal nID As Integer, ByRef Name As String, ByRef
AS_StreetClassID As Integer, ByRef AS_FFSID As Integer, ByRef AS_ArivalTypelD As Integer, ByRef
AS_CycleLength As Integer, ByRef AS_GCRatio As Single, ByRef AS_SignalsPerMile As Single, ByRef
AS_Length As Single, ByRef AS PIt As Single, ByRef AS NumLanes As Integer, ByRef AS K As
Single, ByRef AS_PHF As Single, ByRef AS_D As Single, ByRef MaxA As Integer, ByRef MaxB As
Integer, ByRef MaxC As Integer, ByRef MaxD As Integer, ByRef MaxE As Integer) As Boolean
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2.1.2.10.2. UpdateArterialSegment

The function declaration for UpdateArterialSegment is listed. This
function updates the information stored in the NCLOS database for the
arterial segment specified by nID. The nID is the segment ID of an
arterial segment.

Public Function UpdateArterialSegment(ByVal nID As Integer, ByRef Name As String, ByVal
AS_StreetClassID As Integer, ByVal AS_FFSID As Integer, ByVal AS_ArivalTypelD As Integer, ByVal
AS_CycleLength As Integer, ByVal AS_GCRatio As Single, ByVal AS_SignalsPerMile As Single, ByVal
AS_Length As Single, ByVal AS_PIt As Single, ByVal AS NumLanes As Integer, ByVal AS K As
Single, ByVal AS_PHF As Single, ByVal AS_D As Single, ByVal MaxA As Integer, ByVal MaxB As
Integer, ByVal MaxC As Integer, ByVal MaxD As Integer, ByVal MaxE As Integer) As Boolean

2.2. ProjectCalcClass

The ProjectCalcClass provides the functionality to import, calculate, and export an
entire project at one time. This class is all that should be necessary to interface
NCLOS with TransCAD®. The functions of the ProjectCalcClass use the file format
described in Section 4. Input and Output Data. The ProjectCalcClass has six public
functions. A listing of the public functions of ProjectCalcClass and their descriptions
are listed below.

2.2.1. ImportDataFile

The ImportDataFile function declaration is shown. This function has two
required parameters and three optional parameters. This function takes a file
formatted as specified in Section 4. Input and Output Data. The file is imported
and stored in the NCLOS database. In order to calculate a project and export a
project it must exist in the database. One may calculate and export a project
without first calling this function, however, one must be sure the project does
exist. This function returns the ProjectID. The ID is used to uniquely identify the
project once imported into the database.

Public Function ImportDataFile(ByVal FilePath As String, ByVal ProjectName As String, Optional
ByVal ProjectManager As String = ", Optional ByVal ProjectOrganization As String = ", Optional
ByVal ProjectDescription As String = "") As Integer

FilePath — This variable should hold the directory path and file name of the input
file containing the facilities and the characteristics as described in Section 4. Input
and Output Data. This is a required variable.

ProjectName — This variable should be a string representation of a unique name
assigned to the project. It is a required variable, and it is used later to identify the
project.
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ProjectManager — This is an optional variable. It should be a string
representation of the project manager for the project being imported. This field is
offered to supply additional information on the project.

ProjectOrganization — This is an optional variable. It should be a string
representation of the project organization for the project being imported. This
field is offered to supply additional information on the project.

ProjectDescription — This is an optional variable. It should be a string
representation of a project description for the project being imported. This field is
offered to supply additional information on the project.

2.2.2. CalculateProject

The CalculateProject function declaration is shown. There are two
CalculateProject functions. Each one takes one variable. This function calculates
all of the facilities in a project that exist in the NCLOS database. This function
assumes that the project to be calculated exists in the database.

Public Sub CalculateProject(ByVal ProjectName As String)

Public Sub CalculateProject(ByVal ProjectID As Integer)

ProjectName — This variable is the unique name used to identify an existing
project in the NCLOS database. It is a required variable.

ProjectlD — This variable is the unique ID used to identify a project in the
database. This ID is the same ID that is returned by the ImportDataFile function
described in Section 3.2.1.

2.2.3. ExportDataFile

The ExportDataFile function declaration is shown. There are two ExportDataFile
functions. Each one takes two variables. This function exports all of a project’s
facilities into a single output file. The file format is described in Section 4. Input
and Output Data. This function assumes that the project to be exported exists in
the database.

Public Sub ExportDataFile(ByVal ProjectName As String, ByVal FilePath As String)

Public Sub ExportDataFile(ByVal ProjectID As Integer, ByVal FilePath As String)

ProjectName — This variable is a string representation of the unique name used to
identify a project in the database. This is a required variable.
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ProjectlD — This variable is the unique ID of a project in the database. This is a
required variable.

FilePath — This variable is the directory path and file name where the export file
IS to be written. This must be a valid directory path. It is a required variable.

2.2.4. ExportFacility

The ExportFacility function declaration is shown. There are two ExportFacility
functions. This function exports a single facility out of a project’s facilities into a
single out put file. The file format is described in Section 4. Input and Output
Data. This function assumes that the project and the facility exist in the database.

Public Sub ExportFacility(ByVal SegmentName As String, ByVal P_ID As Integer, ByVal FilePath As
String)

Public Sub ExportFacility(ByVal S_ID As Integer, ByVal FilePath As String)

SegmentName — This variable is the unique name given to a segment within a
project. It is a required variable.

P_ID - This variable is the unique project ID which the requested facility is
expected to exist in. It is a required variable.

S_ID - This variable is the unique facility ID to be exported. This is a required
variable.

FilePath — This variable is the directory path and file name where the export file
is to be written. This must be a valid directory path. Itis a required variable.

2.3. FreewayCalcClass

The FreewayCalcClass handles the calculation on the input parameters necessary to
find the appropriate AADT for given LOS ranges. Information regarding the public
functions are listed. All of the parameters for a freeway must be set before the
functions can be called. A list of the FreewayCalcClass’s public parameters is given
bellow.
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"Public data members of FreewayCalcClass
Public TargetLOS As String

Public GradeType As String

Public AreaType As String

Public GradePrcnt As Single

Public GradelLength As Single

Public NumLanes As Integer

Public LaneWidth As Integer

Public LatClearance As Integer
Public InterchangeDensity As Single
Public DriverPopulation As Single
Public PrcntTrucksBusses As Single
Public PrcntRVs As Single

Public PHF As Single

Public K As Single

Public D As Single

"Public Constants used in calculations
Public Const GREATER = 0
Public Const LESS EQUAL = 1

2.3.1. MaxAADT

The function declaration for MaxAADT is shown. This function or property
returns the Maximum AADT possible for the given set of facility parameters and
the desired LOS set in the FreewayCalcClass’s parameter TargetLOS.

Public ReadOnly Property MaxAADT() As Long

2.3.2. MIinAADT

The function declaration for MinAADT is shown. This function or property
returns the Minimum AADT possible for the given set of facility parameters and
the desired LOS set in the FreewayCalcClass’s parameter TargetLOS.

Public ReadOnly Property MinAADT() As Long

2.3.3. Capacity

The function declaration for Capacity is shown. This function or property returns
the Capacity AADT for the given set of facility parameters and the desired LOS
set in the FreewayCalcClass’s parameter TargetLOS. The capacity is the
maximum AADT at the upper end of the LOS E range.

Public ReadOnly Property Capacity() As Long

Appendix C: C-12
NCLOS Developer’s Guide




2.3.4. VehiclesToPc

The function declaration for VehiclesToPc is shown. This function gives the
number of vehicles in AADT and, using the truck, bus, and RV percentages,
converts the raw AADT to passenger cars.

Public Function VehiclesToPc(ByVal nAADT As Long) As Long

2.3.5. GetTargetAADT

The function declaration for GetTargetAADT is shown. This function will return
the AADT for a given traffic density. The nFindType parameter is one of the
Greater or LESS EQUAL constants defined in the class. If the GREATER
constant is used, then the AADT returned will be one AADT higher than what is
actually equal to the given density, where the AADT is rounded up. If
LESS EQUAL is used, then the returned AADT will be either less than or equal
to the AADT that corresponds to the given density, where the AADT is rounded
down.

Public Function GetTargetAADT(ByVal nDensity As Long, ByVal nFindType
As Long) As Long

2.3.6. GetDensity

The function declaration for GetDensity is shown. This function will return the
traffic density for the given AADT and the parameters set in the class.

Public Function GetDensity(ByVal nAADT As Integer) As Single

2.4. MultiLaneCalcClass

The MultiLaneCalcClass handles the calculation on the input parameters necessary to
find the appropriate AADT for given LOS ranges. Information regarding the public
functions are listed. All of the parameters for a multi lane segment must be set before
the functions can be called. A list of the MultiLaneCalcClass’s public parameters is
given below.

Appendix C: C-13
NCLOS Developer’s Guide




"Public data members of MultiLaneCalcClass
Public TargetLOS As String

Public GradeType As String

Public AreaType As String

Public GradePrcnt As Single

Public GradelLength As Single
Public NumLanes As Integer

Public MedianType As String

Public LaneWidth As Integer

Public LatClearance As Integer
Public AccessPoints As Single
Public DriverPopulation As Single
Public PrcntTrucksBusses As Single
Public PrcntRVs As Single

Public PHF As Single

Public K As Single

Public D As Single

"Private Constants used in calculations
Public Const GREATER = O
Public Const LESS EQUAL

2.4.1. InterpolateDensity

The function declaration for InterpolateDensity is shown. This function
determines the density at capacity by calculating the FFS based on the parameters
given. Based on the 2000 HCM equations, the density at capacity for a multilane
segment is dependent on the FFS of that segment.

Public Function InterpolateDensity() As Integer

24.2. MaxAADT

The function declaration for MaxAADT is shown. This function or property
returns the Maximum AADT possible for the given set of facility parameters and
the desired LOS set in the MultiLaneCalcClass’s parameter TargetLOS.

Public ReadOnly Property MaxAADT() As Long

2.43. MIinAADT

The function declaration for MinAADT is shown. This function or property
returns the Minimum AADT possible for the given set of facility parameters and
the desired LOS set in the MultiLaneCalcClass’s parameter TargetLOS.

Public ReadOnly Property MinAADT() As Long
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2.4.4. Capacity

The function declaration for Capacity is shown. This function or property returns
the Capacity AADT for the given set of facility parameters and the desired LOS
set in the MultiLaneCalcClass’s parameter TargetLOS. The capacity is the
maximum AADT at the upper end of the LOS E range.

Public ReadOnly Property Capacity() As Long

2.4.5. VehiclesToPc

The function declaration for VehiclesToPc is shown. This function gives the
number of vehicles in AADT and, using the truck, bus, and RV percentages,
converts the raw AADT to passenger cars.

Public Function VehiclesToPc(ByVal nAADT As Long) As Long

2.4.6. GetTargetAADT

The function declaration for GetTargetAADT is shown. This function will return
the AADT for a given traffic density. The nFindType parameter is one of the
Greater or LESS EQUAL constants defined in the class. If the GREATER
constant is used, then the AADT returned will be one AADT higher than what is
actually equal to the given density, where the AADT is rounded up. If
LESS EQUAL is used, then the returned AADT will be either less than or equal
to the AADT that corresponds to the given density, where the AADT is rounded
down.

Public Function GetTargetAADT(ByVal nDensity As Long, ByVal nFindType
As Long) As Long

2.4.7. GetDensity

The function declaration for GetDensity is shown. This function will return the
traffic density for the given AADT and the parameters set in the class.

Public Function GetDensity(ByVal nAADT As Integer) As Single
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2.5.

TwoLaneCalcClass

The TwoLaneCalcClass handles the calculation on the input parameters necessary to
find the appropriate AADT for given LOS ranges. Information regarding the public
functions are listed. All of the parameters for a two lane segment must be set before

the

functions can be called. A list of the TwolLaneCalcClass’s public parameters is

given bellow.

"Publi
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public
Public

"Priva
Public
Public

c data members of TwoLaneCalcClass
TargetLOS As String
GradeType As Integer
AreaType As String
GradePrcnt As Single
GradelLength As Single
TwoLaneClass As String
MedianType As String
LaneWidth As Integer
LatClearance As Integer
AccessPoints As Single
BFFS As Integer
PrcntTrucksBusses As Single
PrcntRVs As Single
PrcntNoPassingZones As Single
PHF As Single
K As Single
D As Single

te Constants used in calculations
Const GREATER = O
Const LESS EQUAL = 1

2.5.1. MaxAADT

The function declaration for MaxAADT is shown. This function or property
returns the Maximum AADT possible for the given set of facility parameters and
the desired LOS set in the TwolLaneCalcClass’s parameter TargetLOS.

Public
As Int

Function MaxAADT(ByRef ATSControl As Boolean, ByRef PTSFMaxAADT
eger, ByRef ATSMaxAADT As Integer) As Long

2.5.2. MinAADT

The function declaration for MinAADT is shown. This function or property
returns the Minimum AADT possible for the given set of facility parameters and
the desired LOS set in the TwoLaneCalcClass’s parameter TargetLOS.

Append

ix C: C-16

NCLOS Developer’s Guide




Public Function MinAADT(ByRef ATSControl As Boolean, ByRef PTSFMaxAADT
As Integer, ByRef ATSMaxAADT As Integer) As Long

2.5.3. Capacity

The function declaration for Capacity is shown. This function or property returns
the Capacity AADT for the given set of facility parameters and the desired LOS
set in the TwolLaneCalcClass’s parameter TargetLOS. The capacity is the
maximum AADT at the upper end of the LOS E range.

Public Function Capacity(ByRef ATSControl As Boolean, ByRef PTSFAADT As
Integer, ByRef ATSAADT As Integer) As Long

2.5.4. VehiclesToPc

The function declaration for VehiclesToPc is shown. This function gives the
number of vehicles in AADT and, using the truck, bus, and RV percentages,
converts the raw AADT to passenger cars.

Public Function VehiclesToPc(ByvVal nAADT As Long, ByVal ATSControl As
Boolean) As Long

2.5.5. GetATSCapacityAADT

The function declaration for GetATSCapacityAADT is shown. This function or
property returns the Capacity AADT, as calculated for ATS (average travel
speed), for the given set of facility parameters. The capacity is the maximum
AADT at the upper end of the LOS E range.

Public Function GetATSCapacityAADT() As Long

2.5.6. GetPTSFCapacityAADT

The function declaration for GetPTSFCapacityAADT is shown. This function or
property returns the Capacity AADT, as calculated for PTSF (percent time spent
following), for the given set of facility parameters. The capacity is the maximum
AADT at the upper end of the LOS E range.

Public Function GetPTSFCapacityAADT() As Long
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2.5.7. GetPTSFTargetAADT

The function declaration for GetPTSFTargetAADT is shown. This function will
return the AADT for a given PTSD. The nFindType parameter is one of the
Greater or LESS EQUAL constants defined in the class. If the GREATER
constant is used, then the AADT returned will be one AADT higher than what is
actually equal to the given density, where the AADT is rounded up. |If
LESS EQUAL is used, then the returned AADT will be either less than or equal
to the AADT that corresponds to the given density, where the AADT is rounded
down.

Public Function GetPTSFTargetAADT(Byval nPTSF As Single, ByVval
nFindType As Long) As Long

25.8. GetATSTargetAADT

The function declaration for GetATSTargetAADT is shown. This function will
return the AADT for a given ATS. The nFindType parameter is one of the
Greater or LESS EQUAL constants defined in the class. If the GREATER
constant is used, then the AADT returned will be one AADT higher than what is
actually equal to the given density, where the AADT is rounded up. If
LESS EQUAL is used, then the returned AADT will be either less than or equal
to the AADT that corresponds to the given density, where the AADT is rounded
down.

Public Function GetATSTargetAADT(ByVal nATS As Single, ByVal nFindType
As Long) As Long

2.5.9. GetPTSF

The function declaration for GetPTSF is shown. This function will return the
PTSF for the given AADT and the parameters set in the class.

Public Function GetPTSF(ByVal nAADT As Integer) As Single

2.5.10. GetATS

The function declaration for GetATS is shown. This function will return the ATS
for the given AADT and the parameters set in the class.

Public Function GetATS(ByVal nAADT As Integer) As Single
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2.6. ArterialCalcClass

The ArterialCalcClass handles the calculation on the input parameters necessary to
find the appropriate AADT for given LOS ranges. Information regarding the public
functions are listed. All of the parameters for an arterial segment must be set before
the functions can be called. A list of the ArterialCalcClass’s public parameters is
given bellow.

Public FFSID As Integer

Public K As Single

Public D As Single

Public PIt As Single

Public StreetClasslID As Integer
Public ArivalTypelD As Integer
Public CycleLength As Single
Public GCRatio As Single

Public Nolan’s As Integer
Public Length As Single

Public SignalsPerMile As Single
Public PHF As Single

Public NumSegments As Integer

2.6.1. FIndAADT

The function declaration for FindAADT is shown. This function determines the
AADT based on the Sa (average travel speed through all segments) given and the
public parameters already set.

Public Function FindAADT(ByVal nSa As Single) As Integer

2.6.2. FindSa

The function declaration for FindSa is shown. This function returns the Sa
associated with the given AADT for the public parameters already set.

Public Function FindSa(ByVal AADT As Integer) As Single

3. Input and Output Data

The ProjectCalcClass is designed to read in a data file with a standard format.
The data file format is shown in Figure C2. The output file created by the
ProjectCalcClass has this identical format. The file format used by the ProjectCalcClass
is the same as the file format output by the FacilityAnalyzer.dll export functionality.
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The file must be a comma delimited text file. In the actual file the first row would
be the headers. The color codes at the top are used to show which columns are used for
which facility types. If a specific facility type does not use a specific column than
FacilityCalculator.dll ignores that column. However, that column must still be included
in the file—meaning a space for it is allotted but the field is left blank. More information
on the columns and color codes can be found in the notes under the figure.

FacilityCalculator.dll expects to receive the first six (6) columns. The values after
that are optional. If a value is not given, meaning it is left blank, then the default values
for that column are used. The default values are set in the NCLOS database. In the
output file all of the values that are needed for a specific facility type are given. If a
default value was used on input, then the default value used will be given on output. For
a list of acceptable values for each of the inputs see the 2000 Highway Capacity Manual.
Below are the acceptable values for the NCLOS specific information required in the input
file.

Street Name — This column is any valid string that must be unique for the given project.

TransCAD ID - This column is a TransCAD® specific ID. It is not used in NCLOS but
it is used by TransCAD® to keep the facilities consistent. The TransCAD ID used in the
input file will be the same as the TransCAD ID used in the export file for each facility.

SegmentID - In the input file this column is ignored. In the output file this ID will be
filled in and will be unique for the given project. This is also the ID that can be used to
reference any facility in the NCLOS database.

Region Type — This is a numerical identifier for the region type this facility is in. The
possible values are:

1 - Coastal

2 — Piedmont

3 — Mountains

Facility Type — This is a numerical identifier for the facility type of the facility. The
possible values are:

1 - Arterials

2 — Two-Lane Highways

3 — Multilane Highways

4 — Freeways

Type 1 Name — This is a string corresponding to the first category within each Facility
Type.

Type 2 Name — This is a string corresponding to the second category within each Facility
Type.
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The string values of the Type 1 and Type 2 names are as listed below for each
Facility Type. These values and the defaults used are the same as given in the Excel
document NCLOS Defaults.

1 — Arterials:
e High-Speed
o Principal Arterial
e Suburban

o Principal Arterial
o0 Minor Arterial

e Intermediate
o0 Principal Arterial
o0 Minor Arterial

e Urban
o0 Principal Arterial
o0 Minor Arterial

2 — Two-Lane Highways:
e Urban
o Level
o Rolling

o
o

Mountainous
Specific Grade

e Suburban

o]
o
o
o
e Rural
o

O OO

Level

Rolling
Mountainous
Specific Grade

Level

Rolling
Mountainous
Specific Grade

3 — Multilane Highways

e Urban
o
o
o
o

Level

Rolling
Mountainous
Specific Grade

e Suburban

(0]

(elNelNe]

Level

Rolling
Mountainous
Specific Grade
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e Rural

0 Level

o0 Rolling

0 Mountainous

0 Specific Grade
4 — Freeways

e Urban
0 Level
o Rolling

0 Mountainous
0 Specific Grade

e Suburban
o Level
o Rolling

0 Mountainous
o0 Specific Grade

e Rural
o0 Level
o Rolling
0 Mountainous
o0 Specific Grade

Multi-Lane Hiihwa!

TransCAD Segment'Region'FaciIity'Type1'Typ92' ' Gra(le'Gra(Ie.-"Segm' Driver | Truck/Bus
Strieet Name [[1] D Type Type Name Name PHF D K % ent Length Population ki)

Lane Num | Lateral Interchanges {Signals,- FFS  Arival| Cycle ' q/C | Left |Median No Paming'
RV % Width Lanes Clearance Access Points)/Mile |(BFFS) Type Length Ratio Turn % Type = Zones % Class

|

*This figure is color coded to show which columns are used for each facility type. The colored bar extends
through all of the columns across the top headings. Places where the color is left out indicate a heading that
is not used for the given facility type. For an actual file the color codes would not be present and the
headings would be the first row of a file.

**In some cases a column is used for two or more different yet similar values. For example the
‘Interchanges (Signals, Access Points)/Mile’ column is used for all four facility types. For freeways the
column is used to hold the number of interchanges per mile. For multi-lane and two lane highways the
column is used for signals per mile. For arterials the column is used for the number of access points per
mile. While these numbers mean slightly different things they are conceptually the same. Alternative
values are shown in parenthesis.

Figure C2. Import/Export File Format
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4. Integrating NCLOS into TransCAD®

Integrating  NCLOS FacilityCalculator.dll into a TransCAD® program is
relatively easy. Figure C3 shows an example of how this can be accomplished.

Macro "CalculateProject"
ProjectCalcObj = OLECreateObject("FacilityCalculator.ProjectCalcClass", )
InputFileLoc = “C:/NCLOSFiles/ProjectInput.txt”
ProjectName = “NewProject”
OLECall(ProjectCalcObj, “ImportDataFile”, {InputFileLoc, ProjectName}, )
OLECall(ProjectCalcObj, “CalculateProject”, {ProjectName}, )
OutputFileLoc = “C:/NCLOSFiles/ProjectInput.txt”
OLECall(ProjectCalcObj, “ExportDataFile”, {ProjectName, OutputFileLoc}, )
endMacro

Figure C3. TransCAD® Example

In the macro it is necessary to create an instance of the class you would like to
use. ProjectCalcObj is created as an instance of the ProjectCalcClass class in the
FacilityCalculator.dll. To do this the TransCAD® function OLECreateObject is called.
One of the functions in the ProjectCalcClass is called CalculateProject. This function
takes a string representation of project name as input. The example in Figure C3 sets a
variable called ProjectName to the name of the project that was previously imported.

The TransCAD® OLECall function is used to execute the CalculateProject
function. The OLECall function will take an instance of a class created with
OLECreateObject and run the specified function with the given parameters. The first
argument of OLECall is the class variable, in this case ProjectCalcObj. The second is a
string to be the name of the function in ProjectCalcObj to execute; in this case that
function is CalculateProject. The third parameter is the argument(s) to pass to the
function. In this case there is only one argument called ProjectName. These arguments
must appear in braces and if more than one argument is required there must be a comma
separating each argument inside the braces.

To learn more about the class, function, or input file used in this example refer to
the section FacilityCalculator.dll Class Library and Input and Output Data.
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