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Purpose

To discuss travel time reliability estimation methods in
the Highway Capacity Manual (HCM), Sixth Edition: A
Guide for Multimodal Mobility Analysis.

Learning Objectives

At the end of this webinar, you will be able to:

* Apply travel time reliability methods



o Predicting Travel Time

Reliability with the

Highway Capacity Manual



Learning Outcomes

Understand the unique capabilities of the HCM
methods in predicting reliability

Learn, at a high level, about the steps in the HCM
reliability method

Learn about the ability of the HCM to predict the
Impacts of various non-recurring sources of
congestion on performance

Understand the ability of HCM methods to predict
the benefits of traffic operations measures to
iImprove reliability
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Presentation Overview

§ Introduction to Reliability
Analysis

§ Qverview of the HCM
Reliability Method

§ Applying the HCM method

§ Summary

el A L DR e
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INTRODUCTION TO
RELIABILITY ANALYSIS




What is Travel Time Reliability

A measure of the likelihood that you will be on time,
could be presented through:

1. Percent of trips achieving an identified travel time/speed

2. Ratio of the average conditions to the worst weekly
mobility conditions (80t percentile)

3. Ratio of the free flow conditions to worst monthly
mobility conditions (95t percentile)
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WHY DO WE ANALYZE
THE AVERAGE DAY?
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Reliability and Active Traffic Management in the HCM

How traffic concitions have YWhat travelers experience...
been communicated .. and what
they remmember
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Why go to the trouble of evaluating reliability?

Reliability opens up a whole new world of options for
addressing congestion problems.

* Transportation System Management and Operation
Strategies (TSM&O).

 If you can’t solve a capacity problem the traditional way
with more lanes, at least with TSM&QO you can:

§ Identify highly cost-effective solutions you can implement in the
short term.

§ Squeeze a few more years of service life out of your facility, by
Increasing whole-year throughput efficiency of your facility.
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FHWA Reliability Monitoring Requirements

§ 2015 FAST Act required FHWA to establish
performance monitoring requirements.

§ In 2017 FHWA published 23 CFR Part 490: National
Performance Management Measures for NHS and
nterstate highway system.

* Includes reliability measures

* The question: Will the agency’s capital improvement
program help or hinder it in achieving its performance
objectives?
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Two Reasons for Considering Reliability

It’s a good idea. It increases the range of solutions
available to planners and engineers.

We will have to anyway. We will have to monitor
reliability to comply with the FAST Act.
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Factors Influencing Reliability




Reliability Analysis in the HCM

Exhibit 11-1
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Generating the Travel Time Distribution

for Reliability Analysis
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Reliability Performance Measure Examples

100

Misery Index | e

L

Flanning Time Index (PTT)

90

80

Level of Travel
Time Reliability

70

60

Cumulative Percentage of Trips

50 Target Travel Time or E L OTT R
&
0 R = 80TT/50TT
T w ol F
30 T o = 2.6/1.8
AR E R
20 7 sk 2 e 2 =1.44
TTI = 1.33 S e € =
- vEs = v, S
10 S B
Free-Flow Travel Time S 3 £ B
2 2 2
0
0 1 2 3 4 5 6

Travel Time Index (TTI)

HIG HWAY CAPACITY MANUAL

TH EDITION | A GUID L MOBILITY




A Measure of Effectiveness

Exhibit 37-1

Freeway Ramp Metering,
SR-94, Lemon Grove,
California

ACCESS 1200 FT

16

Y on rons suses
0 & NoToRCYCLEs Faze

P #ais
o [
@ .

| Grove Street
Lemon Grove A
Massachusetils A

Exhibit 37-2
Minnesota Dynamic Pricing for
HOT Lanes

Exhibit 37-5
Variable Speed Limit Signs,
Rotterdam, The Metherlands
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From Data to Decisions
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OVERVIEW OF HCM

RELIABILITY METHOD




High Level View of Reliability Methodology in Chap. 11

-

Base Dataset \

Segment geometry
Managed Lane Data
Segment type
Base demands
Demand patterns
Weather and incident history

Reliability reporting period
Work zones

Scenario Generator

Demand
Weather
Incidents

Reliability Analysis Essentially Adjusts
some Basic HCM Input Parameters:
a Demand, Capacity, Free-Flow Speed,

Number of Lanes

Base Dataset Adjustments

Demand adjustment factors
Capacity adjustment factors
Speed adjustment factors
Number of Lane Adjustments

Planning time index
80th percentile travel time index
Reliability rating
On-time performance
Semi-standard deviation

etc.

o

/ Performance Measures \

F 3

Core HCM Facility Method
Chapter 10: Freeway Facilities

/Travel Time Distribution\

/

Number of Trips (1000s)
g
t
—

45 9.5 145 195 245 295

Exhibit 11-7
Freeway Reliability
Methodology Framework
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Considered Recurring and Non-Recurring Sources of

Congestion in HCM Reliability Analysis

§ Recurring Sources

e Traffic Demand Variations

§ Non-Recurring Sources

 Incidents (Crashes, Stalls, etc.)
« Severe Weather Conditions

 \Work Zones

* Demand Surges (special events)
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Traffic Demand Variation

Variation by day of the week (Mon — Sun) and month of year.

Default patterns embedded into the 6™ edition of HCM should facility

specific data are not available

Use of facility-specific demand data highly recommended

r5.cer1ar'|::| Generator _zg._“
Properties GP - Demand GP - Work Zones | GP - Incidents VWeather
Days in RRP Daily Demand Multipliers
v] Monday Monday Tuesday Wednesday Thursday Friday
January 0.822158 0.822158 0.838936 0.864104 0.964777
v| Tuesday February 0.84571 0.845871 0.866031 0.892012 0.995936
- March 0.920502 0.920502 0.939288 0.967466 1.080181
April 0.975575 0.975575 (0.995484 1.025349 1.144807
v| Thursday May 0.973608 0.973608 0.993477 1.0232861 1.142499
/1 Friday June 1.021796 1.021796 1.042649 1.073929 1.199047
July 1.132925 1.132925 1.156046 1.190728 1.329453
Saturday August 1.032614 1.032614 1.053688 1.085299 1.211741
Sunday September 1.063101 1.063101 1.084797 1.117341 1.247516
October 0.995243 0.995243 1.015554 1.046021 1.167888
Select All Movember 0.995243 0.995243 1.015554 1.046021 1.167888
December 0.978525 0.978525 (0.998495 1.02845 1.148269
Select Weekdays
Select Weekends Urban Default Values Rural Default Values Saved Facility Specific User Input Values




Reliability Incidents Parameters

Scenario Generator I\ lﬂhl
Properties GP - and | GP-Work Zones | GP -Incidents Weather I ‘
Incident Frequencies Incident Durations
Month s Nﬁuencx ; Incident tribution Mean Mighmum | N xlmum
Jan N Calculate Freguencies... Saverity ‘ . - Std. Dev. ation
Shoulder Closure 754 . 15.1 87
Feb 0.30 Use Seed File Values
Mar 033 One Lane Closure 196 346 13.8 16.0
Apr 034 Frequencies represent the Two Lane Closure 3.1 536 13.9 30.5
May 035 =| number of incidents per study Three Lane Closure 1.9 67.9 21.9 36.0
Jun 036 period per month. Four Lane Closure 0.0 67.9 219 36.0
Jul _—
= 0.40 A red background indicates Use National Default Data Use Default Durations
Aug 0.37 that the frequency values
Sep 0.37 have not be set or Use Saved Seed File Distribution Use Save Seed File Durations
Oct 0 35 - are very small (<0.01)
Adjustment Factors
Capaclﬁ Hﬂjusfmenf Paciors [CAFs) FFS Aujusfmenf Faciors [SAFs)
Segment Shoulder 1 Lane 2 Lane 3 Lane 4 Lane Segment Shoulder 1 Lane 2 Lane 3 Lane 4 Lane
Lanes Closure Closure Closure Closure Closure Lanes Closure Closure Closure Closure Closure
2 0.81 0.7 | . 2 1.0 1.0
3 0.83 0.74 051 [ = 3 1.0 1.0 1.0
4 0.85 0.77 0.5 052 N 4 1.0 1.0 1.0 1.0
5 N &7 081 N R7 ns ns hai 5 10 10 10 10 10 ol
Demand Adjustment Factors (DAFs) Lane Adjustment Factors
Segment Shoulder 1 Lane 2 Lane 3 Lane 4 Lane Segment Shoulder 1 Lane 2 Lane 3 Lane 4 Lane
Lanes Closure Closure Closure Closure Closure Lanes Closure Closure Closure Closure Closure
2 1.0 1.0 I 2 0 -1
3 1.0 1.0 1.0 ] 3 0 -1
4 1.0 1.0 1.0 1.0 1 4 0 -1
5 10 10 10 10 10 ol 5 0 -1
Generate Scenarios Only Generate and Run Scenarios Cancel

Impact of Incidents on Capacity, Speed, and Demand
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Charactarizing Inclement Weather Conditions

Capacity and Free-Flow Speed Effects of Weather
Defaults included in HCM6
Weather Probabilities by Month of Year and Hour of Day

Probabilities for the 96 largest metropolitan areas in the US are

iIncluded in HCM 6th Edition computational engines




Impact of Severe Weather Conditions on HCM Parameters

Exhibit 11-20 Capacity Adjustment Factors

Deflt CAFS by Weater | S
Weather Type Weather Event Definition mi/h mi/h mi/h mi/h mi/h
Medium rain > 0.10-0.25 in/h 094 093 092 091 0.90
Heavy rain > (.25 in/h 08 088 0.86 0.84 0.82
Light snow >0.00 - 0.05 in/h 097 096 096 095 0.95
Light—-medium snow >0.05-0.10in/h 095 094 092 090 0.88
Medium—heavy snow >0.10 - 0.50 in/h 093 091 0950 0.88 0.87
Heavy snow >0.50 in/h 080 078 0.76 074 0.72
Severe cold <-4°F 093 092 092 091 0.90
Low visibility 0.50 - 0.99 mi 090 090 090 050 0.9
Very low visibility 0.25-0.49 mi 088 088 0.88 088 0.88
Minimal visibility < 0.25 mi 090 090 0.90 0.90 0.90
Non—severe weather All conditions not listed above 1.00 1.00 1.00 1.00 1.00

Source: Zegeer et al. ().
Note: Speeds given in column heads are free-flow speeds.

Exhibit 11-21 Speed Adjustment Factors

Condton | ss e es 7 7
Weather Type Weather Event Definition mi/h mi/h mi/h mi/h mi/h
Medium rain > 0.10-0.25 in/h 096 095 094 093 0.93
Heavy rain > (.25 in/h 094 093 093 092 091
Light snow >0.00 - 0.05 in/h 094 092 089 0.87 084
Light=medium snow >0.05-0.10in/h 092 090 0.88 0.86 0.83
Medium-heavy snow >0.10 - 0.50 in/h 090 088 0.86 0.84 0.82
Heavy snow >0.50 in/h 088 086 0.85 083 0.81
Severe cold <-4°F 095 095 094 093 0.92
Low visibility 0.50 = 0.99 mi 09 095 094 094 0.93
Very low visibility 0.25 - 0.49 mi 095 094 093 092 091
Minimal visibility <0.25 mi 095 094 093 092 091
Non—severe weather All conditions not listed above 1.00 1.00 1.00 1.00 1.00

Source: Zegeer et al. (7).
Note: Speeds given in column heads are free-flow speeds.
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Weather Conditions Configuration in FREEVAL

Listing of 96 largest metropolitan area in US where weather information is available

Scenario Generator @
Properties GP - Demand GP - Work Zones -Incidents Weather
Please enter probabilities, durations, and adStmept factors for weather events, or fill by specifying the nearest metropolitan area:
Nearest Metropolitan Area: § |Raleigh,NC hd Extract Longterm Regional \Weather Data Use Values Stored In Seed Export Import —
Med Rain Hlf;? ‘IS_LQOI':L LM Snow | MH Snow gi?}'ﬁ SE';TJE Low Vis Ver,:i;”w Min Vis x::g;:?:alr E 8
January 0.9% 0.4% 1.4% 0.1% 0.0% 0.0% 0.0% 1.1% 0.0% 0.6% 95.5% | HG_J g
February 09% 0.0% 0.8% 0.1% 0.0% 0.0% 0.0% 0.7% 0.0% 0.3% 97 1% = 6
March 0.8% 0.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.0% 0.3% 97 7% )] (-
April 0.3% 04% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 99 3% “5 o
May 1.2% 1.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 97 4% — - O
June 0.8% 1.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 97 8% o B
July 1.1% 16% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 97 4% o C
August 0.5% 07% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.0% 0.0% 98.5% E E
September | 1.1% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 97 9% o 9
October 0.5% 02% 0.0% 0.0% 0.0% 0.0% 0.0% 0.9% 0.0% 01% 98.3% % ;
November 1.1% 0.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 98 3% -
December 0.8% 0.6% 0.8% 0.3% 0.0% 0.0% 0.0% 1.5% 0.0% 0.4% 95.5% |~ — _
Med Rain HI:;? SLE;:: LM Snow | MH Snow gi?}?{ SE:}EE Low Vis Ver‘:i;”"" Min Vis x::g;';?;'r ) = "?; '8
Avg Dur (min)|  40.22 33.69 93.09 33.35 21.66 7.30 0.00 76.17 0.00 144 .88 - - E 8 @©
CAF 0.93 0.86 0.96 0.91 0.89 0.78 0.92 0.90 0.88 0.90 1.00 8 8 GE)
SAF 0.95 0.93 0.92 0.90 0.88 0.86 0.95 0.95 0.94 0.94 1.00 ; pud )
DAF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 |~ — — O T
4 [ O n C
= C @©
Generate Scenarios Onl G t d Run § i C | % 9 3
ly enerate and Run Scenarios ance Q= g
ET o
—_ g 7
@)
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Consideration of Work Zones in Reliability Analysis

The reliability analysis can accommodate the
Impact of scheduled long term work zones In
the analysis.

Short term maintenance jobs can be modeled
as minor incidents

The impact of work zone events incorporate all
the capacity and free flow speed models that
were developed in NCHRP 03-107.
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Work Zones Configuration

Configuring Work Zone Event

List of Modeled WZ events

S\ E

Sceryg Generato
Properti GP - Deman P _Work 7ones | GP _Incidents | Weather
| Vork Zone Time and Location
Dates Work Zone Parameters
Start: Jan | severity 1 Lane Closure |+
1 Wed b4
Area Type Urban -
End: Jan -
7 Tue - Barrier Type Concrete -
Segments Work Zone Speed Li... 55.0
Start: 3 -
End: 4 - Lateral Distance (ft.) 1
Analysis Periods
2 (17:15) - to 5 (18:15) w | []an

Add Remove / Re A\re All

B
W Lane Closure: Jan 1 Wed -Jan 7 Tue (Seg.3-4) (Per.2-5) |

Seg 4
0.95
0.93
1.00

/

ork zone to use the above table to view and edit adjustment factors for the work zone. The default factors are those computed
through the methodology of Ch. 10 (3-107).

Generate Scenarios Only

Generate and Run Scenarios Cancel

Impact of WZ on Capacity, Speed and Demand based on NCHRP 03-107
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How Reliability Scenarios are Generated

Method uses both deterministic and stochastic modeling in an
optimization scheme to generate scenarios.

* Traffic Demand Variations

(Modeled Deterministically)
* Incidents ~ =
(Modeled Stochastically) Scenario
Generator

» Severe Weather Conditions

(Modeled Stochastically)

e Scheduled Work Zones @—

rrrrrrrr

(Modeled Deterministically) L3

\_ Scenarios /_a
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Replication of Scenarios

The recommended number of replications is a function of
the duration of the reliability reporting period (RRP)

Exhibit 11-9 Recommended
Recommended Number of RRP Duration Number of Days Number of Resulting Number
Replications for Scenario (months) Considered Replications of Scenarios
Generation 1 5 (all weekdays) 48 240
2 5 24 240
4 5 12 240
6 5 8 240
9 5 6 270
12* 5 4* 240*
12 2 (weekend only) 10 240
12 7 (all days)** 3 252
MNotes: RRP = reliability reporting period.
*Default value.
**Not desirable; separating weekday and weekend reliability analysis is preferred.
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Scenario Generation in the Facility Time-Space Domain

Each Scenario may contain several non-recurring events

Example shows a single scenario with the effects of a rain event (R)
lasting 45 min, a two-lane closure incident (I-2) lasting one hour
and a shoulder-closure incident (I-S) lasting 15 min.

Analysis Segment Number Exhibit 11-5
Period 1 2 3 4 5 6 7 8 g9 10 Scenario Illustrating Weather
1 and Incident Events
2
3 R R R R R R R R R R
4 R R R R R R R R R R
5 R R R R R R R R and -2 R R
6 -2
7 -2
8 -2
9
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Evaluation of Scenarios and Methodology Outputs

/ Base Dataset \ » Each generated scenario is evaluated by Exhibit 11-7

Freeway Reliability
Segment geometry the Chapter 1_0 method. . Methodology Framework
Managed Lane Data » Each data point represents Travel Time
S t - - . .
Y (TT) value in an Analysis Period (15 min)
Demand patterns  Then Facility TT distribution is generated
Weather and incident history
Reliability reporting period

Work zones
Scenario Generator Base Dataset Adjustments
Demand Demand adjustment factors Core HCM Facility Method
Weather Capacity adjustment factors Chapter 10: Freeway Facilities
Incidents Speed adjustment factors

Number of Lane Adjustments

v

/Trauel Time Distribution\

/ Performance Measures \

Planning time index
80th percentile travel time index |
Reliability rating
On-time performance w1 \\
Semi-standard deviation 0 H—y ' st fetennssinte

45 95 145 195 245 295
\ Etc- / Travel Time (min)
;-

3
Number of Trips (1000s)
56 B
a
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Reliability Performance Measures

Reliability analysis produces
reliability performance
measures” that include the
Impact of recurring and non-
recurring sources of congestion.

All performance measures are
based on the estimated travel
time distribution.

To normalize and enable
comparisons across facilities,
travel times are divided by the
free flow travel time resulting in
Travel Time Index (TTI)
distribution.

TTI Cumulative Distribution Function

100%

90%

80% =

70%

60%

50%

40%

30%

20%

10%

0%
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Reliability Performance Measures from the TTI Distribution

§ Potential Performance Measures Derived from Distribution

95" 0 TTI (PTI)

80™ % TTI
th . Used to calculate LOTTR
50" % TTI (Median)

Reliability Rating — how often the facility performs satisfactorily defined as the
fraction of facility VMT operating below a TTI of 1.33

Failure and on-time measures (%)

Misery Index - average of the worse 5% TTI’s
Semi-Standard Deviation— standard deviation from TTI=1
Standard Deviation

%VMT at TTI>2
§ Percent vehicle-miles traveled at TTI greater than 2
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lllustrating the Effect of Different Sources on Reliability

Illustrative Effects of Different e i e v A
Non-Recurring Sources of 90% e
Congestion on the TTI
Distribution 80%
a
g 70%
=
3
= 60%
o
50%
40%
30%
1 1.2 1.4 1.6 1.8 2
Travel Time Index
Recurring Congestion Only -=-=-=-Recurring Congestion + Weather
------ Recurring Congestion + Incidents - - =Recurring Congestion + Weather + Incidents
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APPLYING THE HCM TO
RELIABILITY ANALYSIS




Applications of HCM Reliability Method

Predicting the reliability impacts of freeway
Investment options.

« Adding lanes

e Adding HOT or HOV lanes

Predicting the reliability benefits of transportation
system management and operations strategies
(TSMO).

 Part-time shoulder use

e Ramp metering

e Speed harmonization

HIGHWAY CAFACITY MANUAL



HCM Provides the Analytical Framework

HCM provides the analytical framework for
evaluating TSMO, but some linkages are missing.....

* Insufficient US experience to predict:
§ Impacts of TSMO measures on crash experience
§ Impacts of TSMO measures on incident clearance times
§ Impacts of speed harmonization on speeds (driver compliance)
§ Impacts of CAV on crash experience, capacities, speeds.

 Analyst must estimate these impacts off-line and input
them into the HCM reliability method.

§ HCM method has the placeholders for these linkages.

Research into some of these linkages is on the way

HIGHWAY CAPAGITY MANUAL



Example Application #1 — Performance Management

§ The Problem:

« Agency’s system reliability performance has deteriorated
over last few years and new FHWA rules require agency to
establish a reasonable reliability objective that it can
achieve with its proposed LRTP.

§ The Question:

* What can the agency’s LRTP be expected to achieve (in the
way of improved reliability) over the next 5 to 10 years?

§ Supplemental question: How might the CIP be tweaked with
TSM&O strategies to deliver the desired reliability improvement?

§ For Regional Reliability: SHRP2-L04 Incorporating Reliability
Performance Measures in Operations and Planning Modeling
Tools

HIGHWAY CAPACITY MANUAL



How can the Sixth Edition HCM help?

§ Until HCM 6t Edition the only way to realistically
predict reliability was to use microsimulation.
« Code and calibrate microsimulation model for facility.
* Develop set of incident and weather scenarios
e Runsimulation model several times
* Pool the results.

§ With the 6t Edition of the HCM, practitioners now
have highly cost-efficient tool for predicting the
reliability effects of infrastructure investments.

HIGHWAY CAFACITY MANUAL



The Highway Capacity Manual vs Microsimulation

§ Predicting Reliability: the HCM vs Microsimulation

HCM Method

Base Conditions: HCM File

Microsimulation Method

Base Conditions: Microsim File
HCM Scenario Generator Generate Scenarios Manually

Run 240+ Scenarios in HCM

Process Results

Cluster Analysis

|
Automated

Run 6+ Scenarios in Microsim

Manually Process Results

HIGHWAY CAPACITY MANUAL




Steps to Applying the 6t Ed. HCM for Reliability

Step 1.
Step 2:
Step 3:
Step 4.
Step 5:
Step 6:
Step 7:
Step 8:

Define your measures of reliability.

Gather data for recurrent congestion HCM analysis.
Calibrate HCM model for recurrent congestion.
Run HCM reliability analysis (Future Baseline)
Evaluate results.

Select TSMO measures.

Re-run HCM (TSMO Alternatives).

Evaluate Results.

HIGHWAY CAPAGITY MANUAL



Step 1: Set Reliability Performance Measures

HCM can’t do entire system all at once (Use SHRP2-
LO4), but can do individual freeway or street
facilities.

Select facility(s) that LRTP investments will impact for
HCM reliability analysis.

Compute FHWA's reliability performance measures.

e FHWA has established two reliability measures:
§ % of Interstate that has reliable travel times.
§ % of non-interstate NHS with reliable travel times.

HIGHWAY CAPAGITY MANUAL



Step 1 (cont): Set Performance Measures

§ Level of Travel Time Reliability (LOTTR)
e LOTTR =80% Travel Time/50% Travel Time

§ Compute LOTTR over one year for weekdays,
 AM Peak (6-10AM), Midday (10-4 PM), PM Peak (4-8 PM)
 Also for weekend days, 6AM to 8 PM.

§ A segment is reliable for the specified time period if
Its LOTTR<1.50

§ System performance is length weighted percent of
segments with LOTTR<1.50
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Relating HCM to FHWA Performance Measures
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Step 2: Gather Data

Conventional HCM HCM Reliability

Required Input Data (Freeway Analysis) Analysis Analysis

Lane widths and right-side lateral clearance (ft)

Ramp density (per mile)

Directional demand (veh/h)

Percentage heavy vehicles (%0)




Step 3 Calibrate HCM Model — Recurring Congestion

Calibrate HCM for recurring congestion (no incidents)

 Calibrate HCM default speed-flow curve
§ free-flow speed

step 1: Gather input data
I Facllity geametry, FFS, demand
§ capacity
§ Demands
— counts <> demand. - Cali fir L

¥

Step 3: Callbrate botteneck capacity

b 4

Skep &4 Calibrate facility demand level

Step 5 Validation —
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Step 3 Calibrate HCM — Non-Recurring Congestion

§ Calibrate HCM reliability method against NPMRDS
« Useful for error checking incident and weather data used.
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Step 4: Run HCM Reliability Analysis

Separate HCM reliability analysis run for each FHWA
reliability study period:

 AM peak 6-10 AM
e Midday 10 AM -4 PM
 PM peak 4-8 PM

e Weekends 6 AM -8 PM

§ HCM can do infinitely long study periods, but most software can’t.
§ So pick representative 4 hour period for HCM analysis of weekend
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Step 5: Evaluate Results
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Step 6: Select TSMO Measures

§ Get Candidate TSMO Measures from FHWA Guide

 Designing for Transportation Management and Operations: A
Primer, FHWA-HOP-13-013, February 2013

§ Some examples:
 Traffic incident management.
« Corridor, freeway, and arterial management.
 Active transportation and demand management.
« Work zone management.
e Road weather management.
* Emergency management.
* Traveler information services.
« Congestion pricing.
 Parking management.
* Freight management.
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Step 6 (cont): Group TSMO Options into Alternatives

Baseline

Geometric Treatment Alternative
« Dbottleneck mitigation Segments 7-11

Incident Management Alternative
e Improve incident response time

Safety Treatment Alternative
e reduce crash rate on facility

Demand Management Alternative
* promote peak spreading
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Step 7: Rerun HCM, Evaluate Results

The Challenge: To identify effects of TSMO on:

e Demands
» Speed-flow equations
§ Free-flow speed
§ Capacity
HCM has set up the framework for evaluating the
effects of TSMO, but does not (yet) provide the
specific numbers

o See Chapter 37, “ATDM: Supplemental”, of HCM for
advice.
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Step 8: Evaluate Impacts on Travel Time Distribution

% ATDM Set #2 Summary (In ATDM Set Only)
ATDM Set General Information

Project Name Before # of Segments 17 # of ALP. 20 # of Scenarios 240/ 240
Facility Length (mi) 10.6 Seed File Date 2014-01-01 RRP Start Date 2014-01-01 RRP End Date 2014-12-31

Facility Reliability Performance Measures Before ATDM

Mean TTI 2.40 50th % TTI 1.72 80th % TTI 2.30 95th % TTI 516
Misery Index 13.00 Semi-STD 381 Reliability Rating 19.68% VMT % at TTI> 2 31.97%
Facility Reliability Performance Measures After ATDM
Mean TTI 215 50th % TTI 1.59 80th % TTI 2.08 95th % TTI 427
Misery Index 11.68 Semi-STD 3.55 Reliability Rating 31.14% VMT % at TTI> 2 22 46%
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Step 8. Evaluate Results — Inspecting individual days

alysks F 1 Sen. 1 S 2 Seg 3 Sep d e - Sen. 6 Sep 7 Seg. 8 Sen. 0 Seq 10 Seg 11 Ge 12

#1 600 - 6:15 TE00 67 TTAE T 685 TSRO 700 FAETTITENITEEY sve BT G99

47 615 - 630 719 | 687 | 132 | 661 7040 oo v@a | 677 | 68 63 OIS 667

#3 B0 - 845 12.2 BE 4 137 8250 BE B (st -1 .3 BH. B 871 81 59,9 B85 5

Befo re HA 645 - 7:00 692 | 636 WP G638 | 653 | 653 | BBV | 643 | 643 | 543 | €81 | 533
45700 - 7:15 G99 | san0 S g43 | 570 | 67.0 WFTEEN e71 | 675 | 675 AEE 65

. 8688 Ba.? ra 63 8 Bo.5 G829 BR 6 B4.9 g4 8 B4 8 Ga.r 851

#3 115
] 61.8 61.8 65,0 58.1 46.0 42.8 28.0 58.1 58.1 62.8 35.4 58.1
G627 66 3 30.4 367 336 32.7 26,0 58 2 51.3 40.7 215G h8.2
53T 350 217 AT 9 44 1 49 6 285 401 358 35.0 275 58,2

215 3. 47 53.0 61.8 30.0 58.2
4.1 Ba.7 4.8 700
743 68.7 74.8 6a.a
743 BE B 748 1
58.3 58.3 64,3 61.6
50,7 587 Ad 4 G0 6
58.9 509 B63.5 60,2
.0 34 .4 50.4 B4 .4
69 5 46,4 54 5 65.9

B0.2 B0.2 B5.0 623

Analyals Paniod | Seg. 1 Sap 2 S8y Seg 4 Gap. £ Sag 6 Gag. 7 Seg. R seg. 11 Seg. 12
#1 B.00-6.15 | | s E T4 6491 510 (il ] ran8 iih 40 Bf B fa 8 oo
#2 6.15-6.30 | NS 6e.7 732 66.9 714 B9.2 133 890 [ 714 684 732 67 6

ft #3 6.30 - 645 22 634 3.7 67.2 72.1 ] 732 67.6
A 44 645 - 7-00 @02 | 685 SN a50 | 69.0 ; 713 666
er 45 7-00 - 715 206 0 = s ome Queuing starts later, S8 55

46 715 680 682 Nf1B8Y 661 | 691 727 | 673
618 | 555 L @06 | 381 | 584 Clears sooner B38 | B4
571 | 324 [OEM ¥4 (582 | . ‘gaag | gpno
€46 | 506 | B0% | 364 | 582 | 502 | 698 | 613 | 584 | 584 | 827 | 843
5 7 80,4 6 7 582 | 829 | 815 | 586 | 586 | B3B8 | 627
6B 2 L 1y 2 359 ra4.3 68 7 ran 00
361 743 ata I ) 1.8 {00
381 4.3 BH 6 48 o
B1 2 58.2 58 2 B4 2 &2 8

845 - 5:00
#13 900 - 915
4 915 - 930

#15 930 - U 45 [ 3.1 B26 | 588 | 508 | BAS | 830
#1656 945 - 10000 | B 31.2 2.7 7 e 1 K, af 2 63.3 61.9 251 S9.1 63.7 G622
#17 1000 - 1015 | PRSI0 ST.0 BEEEREN 359 | 380 | 582 | €33 | 619 | 61.5 [ 47 50.4 64.3
#18 10:15 - 10:30 278 226 B 50 238 | 0o 7o 672 [ET 44.9 53.3 65.0
#19 10:30 - 1045 | 328 34 5 230 233 228 6.5 0.8 T G&8.1 68.1 ma GE 4
#20 10045 - 11:00 | T4 69.0 54.8 44.0 58.3 63.9 G681 66,1 64.8 G4 8 G4 651

HIGHWAY CAPACITY MANUAL

6TH EDITION | A GUIDE FOR MULTIMODAL MOBILITY AM 4|5




Step 8: Evaluate Selected Performance Results

Reliability Performance Measure

Facility Mean Speed (mph)

Mean VHD in a 3hr study period
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§ Using the HCM to evaluate how an agency can best
achieve Iits reliability goals.

§ Eight Steps
« 1. Select reliability performance measures
. Gather data
. Calibrate HCM model
. Run the HCM reliability analysis (Baseline)
. Evaluate results
. Select TSMO measures
. Rerun HCM (Alternatives)
. Evaluate results
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Recap of Reliability Analysis Using HCM

§ Why Evaluate Reliability?
|t opens up more mitigation measures besides capacity

§ HCM Reliability Method
 Scenario generator tied into the HCM analysis engine.

§ Applying the HCM Reliability Method

 Active Transportation and Demand Management

* Transportation System Management and Operations
(TSMO)
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Key Benefits and Advantages of Method

§ Reliability
* Consistent with MAP21 and FAST Act performance requirements

« Encompassing the effects of all sources of congestion on mobility
measures --across an expanded time horizon

 Consistency with drivers’ own daily driving experiences

» Key to selecting appropriate treatments depending on the relative
contribution of congestion sources

§ Active Traffic and Demand Management
« Seamless tie in with reliability measures, as intended
* Provide non-construction options for mobility enhancement
* Enables the tailoring of strategies to scenarios
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Challenges and Limitations

§ Reliability

e Method limited by current HCM freeway facility model
limitations (interacting bottlenecks, off-ramp queuing, etc.)

« Data needs challenges, especially on quantifying demand
variation and incident details (type, severity, locations, etc.)

* Method confined to single facility, ignores corridor effects

§ ATDM Analysis

* Many of the ATDM strategies adjustment factors are based on
very limited data
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Examples of Software Implementing HCM Method

Freeval
Streetval
HCS
HCM-Calc
Others
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Reliability Applications

a Open-Source Tools Developed for HCM 6t Edition

Analysis Type Control Panel
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Avalilable in HCM Volume 4 — Technical Reference Library
a http //hcmvolume4.org
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Demo Videos:
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Reliability Analytical Tools
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Reliability Analytical Tools cont.
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