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Learning Objectives

Assess new materials and methods contained in HCM7 and understand the
differences from prior versions of the manual

Identify new facilities and systems that can be analyzed using HCM7 methods,
including two-lane highways and arterial-freeway interaction



Questions and Answers

» Pleasetype your questions into your webinar
control panel

« We will read your questions out loud, and
answer as many as time allows

File Wiew Help @~ _Oog=

- Webcam o

@ Share hy Weboam WEDCAME

= BAudio o |

=k mll
(@) Computer audio
() Phone call
& MUTED
Microphone (USE Audia Device) e
Speakers (USB Audic Dewvice) L
el Ki00: El2ing Farrall
* Questions a

[Emter a question for staff]

lodatina iabioac ]

‘Webinar ID: 922-070-995

& GaloWebinar




Today’s presenters

Scott Washburn
swash@ce.ufl.edu
University of Florida

Lily Elefteriadou

elefter@ce.ufl.edu
University of Florida

Tom Creasey
tom@caliper.com
Caliper Corporation



mailto:swash@ce.ufl.edu
mailto:elefter@ce.ufl.edu
mailto:tom@caliper.com

New
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for the
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Background

* Analysis methodology and corresponding HCM material a product of
NCHRP Project 17-65, “Improved Analysis of Two-Lane Highway Capacity

and Operational Performance”

* Project finished March 2018

* Final report published June 2018

* https://www.nap.edu/catalog/251
79/improved-analysis-of-two-lane-

highway-capacity-and-operational-
performance
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Motivation for New Analysis Method
(Existing HCM Methodology Limitations/Issues)
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PTSF Service Measure Directional Flow Rate (pc/h)

—65mifh FF5 == 60 mi/h ----55 mifh -~ 50mifh —45 mi/h

* Very difficult to measure in field
e Can be misleading in some cases (e.g., low volume, high truck %)
* 3-sfollowing headway surrogate criterion questionable

 ATS Service Measure

* Does not necessarily correlate well with operational efficiency
(e.g., low volume/high truck %, changing roadway conditions)



Motivation for New Analysis Method
(Existing HCM Methodology Limitations/Issues)

e Truck impacts
* PCEs differ by service measure (Speed, PTSF)
* Not a function of % trucks
e Originallyiterative approach due to units

* Do not properly account for moderate to steep
grades

_HCIVI Passenger Car Equiv. Speed-Flow Curve

A

i PCE?
50
30% Trucks ?

Speed-Flow
Pattern for 5 mile long, 6% upgrade

e Passing lane overestimatesimpact on service

30 B

Average Speed (mph)
B
o

measures )
* %No-Passing Zones input not sensitive to 10
lengths of passing zones for a given % 0
0 600 1200 1800 2400
e Capacity value based on very limited field Flow Rate per Lane (veh/hr]
data

* Not facility-oriented



Motivation for New Analysis Method
(Existing HCM Methodology Limitations/Issues)

* Methodology ease of use
* Multiple classificationsand multiple service measures
* PCE values that vary by service measure

 Many adjustment factors in tabular format, often requiring
interpolation (some 2-way and 3-way)

Class II Class III
Class I Highways Highways Highways
LOS ATS (mi/h) PTSF (%) PTSF (%) PFFS (%)
A =55 =35 =40 =01.7
B =50=55 =35=50 =40=55 =83.3-91.7
C =45=50) =50=65 =55=70 >75.0-83.3
D =405 =GE5=80 =70=85 >66.7-75.0
E =40 =80 =85 =66.7
F Demand exceeds capacity

Mote: For Class I highways, LOS is determined by the worse of ATS-based LOS and PTSF-based LOS.



New Analysis Methodology
Overview



Segmentation

* Based on changes in terrain or passing
opportunities and presence of intersections.

* Types
* Passing constrained

* Extended length of two-lane highway in which passingin
the oncominglaneiseither prohibited or effectively
negligible due to lack of passing opportunities.

* Passing zone

* Section of two-lane highway for which passingin the
oncominglaneis permitted, and the length and location
of such passingzone provides forreasonable

accommodation of passing maneuvers under certain
trafficconditions.

* Passing lane

* Thissegment type consists of an added laneinthe same
direction as the analysis direction, with the intent to break

up platoonsthat have formed upstream by allowing faster
vehicles to pass slower vehicles.




Segmentation

* Eliminates use of ‘percent no-passing zones'.
 Explicitly accounts for length of passing zones.

e Supports facility-level analysis (i.e., multiple contiguous
segments).



FHWA Vehicle Classification
(9
Treatment of Trucks e

4. Buses
=2 or 3 axdes, full length

/|5 Single Unit 2-Axie Trucks
-2 axdes, & tires (Dual rear tires)
sngle unt

* Explicitly account for T

7. Single Unit 4 or More Axle Trucks
-4 or more ados, single unit

heavy vehicles in MOE- T SrgeTae ot A ks
flow curves, rather than
Converting to passenger S TR T
cars.

* Based on 50/25/25 split
for FHWA Classes el
5,6,7/8/9

[10. Single Trailer & or More Axle Trucks
6 or more axes, single trailer

-6 ades, multiple trailers

13. Multi-Trailer 7 or More Axle Trucks
-T or mone axdes. multiple tradlers

Source: Texas Department of Transportation
http://onlinemanuals.txdot.gov/txdotmanuals/tri/vehicle

classification using fhwa 13category scheme.htm
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Treatment of Terrain

e 5 vertical classes

Classifications for Vertical Alignment (Downgrades in Parentheses)

Segment Slope (%)
Segment

Length (mi) <1 >1 <2 >2 <3 >3 <4 >4 <5 >5 <6 >6 <7 >7 <8 >8 <9 9

1(1) 1(1) 1(1) 1(1) 1(1) 1(1) 1(1) 2 (1) 2(2) 2(2)
1(1) 1(1) 1(1) 1(1) 2(1) 2(2) 2(2) 3(2) 3(3) 3(3)
1(1) 1(1) 1(1) 2(1) 2(2) 3(2) 3(3) 4(3) 4(4) 5 (5)
1(1) 1(1) 2(1) 2(2) 3(2) 3(3) 4 (4) 5 (4) 5 (5) 5 (5)
1(1) 1(1) 2 (1) 2(2) 3(3) 4 (3) 5 (4) 5 (5) 5 (5) 5 (5)
1(1) 1(1) 2(1) 3(2) 3(3) 4 (4) 5 (5) 5 (5) 5 (5) 5 (5)
1(1) 1(1) 2(1) 3(2) 4(3) 4 (4) 5 (5) 5 (5) 5 (5) 5 (5)
1(1) 1(1) 2(1) 3(3) 4 (4) 5 (4) 5 (5) 5 (5) 5 (5) 5 (5)
1(1) 1(1) 2(1) 3(3) 4 (4) 5 (5) 5 (5) 5 (5) 5 (5) 5 (5)
1(1) 1(1) 2(2) 3(3) 4 (4) 5 (5) 5 (5) 5 (5) 5 (5) 5 (5)
1(1) 1(1) 2(2) 3(3) 4 (4) 5 (5) 5 (5) 5 (5) 5 (5) 5 (5)

>1.1 1(1) 1(1) 2(2) 4 (4) 4 (4) 5 (5) 5(5) 5 (5) 5 (5) 5 (5)




Treatment of Terrain

* 5 horizontal classes

Classifications for Horizontal Alignment

Supereleyation (%)

Radius (ft)

<l 212 223 23«4 24<5 | 256 26<7 | z7<8  28<0  29<10 | =10

<300
=300 <450
=450 <600
=600 <750
2750 <900
=000 <1050
=1050 <1200
=1200 <1350
=1350 <1500
21500 <1650
=1650 <1800
=1800 <1050
>1050 <2100
=2100 <2250
>2250 <2400
=2400 <2550
22550 |




Applicable Performance Measures

Speed
S| — *_"'_"‘—'---—-._...__________
Passing Constrained Segment Passing Lane Segment

FFS lvg < 100 Slope (m) and power (p) coefficientsare a
S = Vg p function of vertical class, FFS, flow rate, HV%,
— 0.1) lvg > 100

FFS —m (1000 segment type and length
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Applicable Performance Measures

% Followers

[ o(m< L]
PF =100X%x11—e 1000

S0 /.—-—_—_‘

i} -“-/
i _— Slope (m) and power (p) coefficientsare a
; N / function of vertical class, FFS, flow rate, HV%,
< v segment type and length

5 40
o /
30

Follower status
" w0 A o 2 o a0 - 2.5-second headway

et - favored simplicity, this value gets us close to
results from more complicated methods
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Applicable Performance Measures

Follower Density [followers!mile|

Follower Density
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where:
FD = follower density in the analysis direction

(followers/mi/In),
PF = percent followersin the analysis direction,
v = flow ratein the analysis direction (veh/h/In), and
S =average speed in the analysis direction (mi/h).

* Performance measure values are estimated for the end of the segment.
* Also estimated at mid-point of passing lane segment.

14



Level of Service

* Follower Density used as service measure

* Different thresholds for higher speed versus lower speed

highways
Follower Density (followers/mi/ln)
Higher-Speed Highways Lower-Speed Highways
LO Posted Speed Limit = 50 mi/h Posted Speed Limit < 50 mi/h
A <20 <25
B >2.0-4.0 >25-50
C >40-8.0 > 5.0-10.0
D >8.0-12.0 > 10.0-15.0
E > 12.0 > 15.0
F Demand exceeds capacity

15



Other

* Capacity values

* Non-passing lane segments
* No change (1700 veh/h)

* Passing lane segment, merge point
* Lower values due to merging friction
* Function of %HV and vertical classification

* Initial material for addressing 2+1 configuration

 Accommodate facility scope

* Facility LOS based on length-weighted aggregation of segment
follower density values

* Consistency with modern simulation tool(s)



Ease of Use Issues

* None of the lookup tables require interpolation
* Treating trucks explicitly, rather than through PCE values

* No separate grade adjustment factor, which also varied by
service measure

* Single service measure; No separate analysis flow rate
calculations for different service measures

* No ‘%No-Passing Zones’ input

* Elimination of the PTSF measure, which was difficult, if not
impossible, to measure in the field



'2+1" Configuration

Sweden

Germany

Denmark




‘2+1’ Configuration

* Equations for estimating the change in performance between a 2+1 configuration
and a comparable two-lane highway with no passing lanes, approximately 50%
passing zones, and 15-20 miles in length.

%Improve%Fol]owers,Z+ 1
= 147.5 — 15.8 X In(FlowRate) + 0.05 X FFS + 0.11 X %HV
— 3.1 X In(0.3, PassLaneLength)

%ImpTOUEAPQSpeed.2+ 1
= max(0,21.8 — 1.86 X In(FlowRate) — 0.1
X max[0,min(FFS,70) — 30] — 0.05 X max[0,30 — %HV] + 1.1
X In[max(0.3, PassLaneLength)])

FollowerDensity,qj2+1

_ %F ollowers y ( B %l mP?”WB%Fouowers,zﬂ)

100 100
FlowRate
X %ImproveAv Speed,2+1
S x (1 + 06— )

19



The End

Inquiries about the methodology can be directed to:
The Highway Capacity and Quality of Service Committee (ACP40) and/or
Scott Washburn at swash@ce.ufl.edu.

20




Analyzing Corridors and Systems
with the Highway Capacity Manual

Lily Elefteriadou, Ph.D. a
Professor of Civil Eng.
Director, UFTI
University of Florida 25
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Background:

=2 NCHRP

Based on NCHRP 15-57 BB v 0 Document 260
“Highway Capacity Manual Methodologies for Corridors Highway Capaciy
Involving Freeways and Surface Streets” fFof’c’:'frrid:}s én;%?:\egs
reeways an uriace
Streets
NCHRP Web-Only Document 290, July 2020 e
http://www.trb.org/main/blurbs/181364.aspx =

HCM: New Chapter 38 — Network Analysis

nnnnn
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Traditionally, the HCM has:

Analyzed freeways and arterials separately
lgnored spillback effects from one facility type to another

Used different performance measures for different facility types




Now, the new network analysis methods can:

e Evaluate spillback
e Estimate travel time across facilities
 Conductlane-by-lane analysis for freeways

\VDOT @i} FREE TRAFFIC INFO | 511virginia.or




Performance measurement
for network analysis

Network-based New approach:

Current HCM performance measures

measurement framework
Travel Time as a

Freeway Segments
common performance

Density (pc/mi) measure
Signalized Intersections Unsignalized Intersections
Control delay (s) Control delay(s)
Urban streets facilities Unsignalized Intersections
Speed Experienced travel time (s)

O-D-based
measures




Origin — Destination (O-D) Analysis

Performance estimates obtained for
each origin-destination pair

Example: From Origin D to Destination H

& ‘PAIG (356 N

@ W AN

LEGEND

SIGNALIZED
@ INTERSECTION

—— FREEWAY RAMP

ORIGIN/DESTINATION
POINTS

Sample network analysis (Gainesville/FL)



From Origin D to Destination H Part 1 Archer Rd WB.

45 mi/h 35 mi/h
530 ft 1288 ft
@ ] &l | 1 I
. ®
[t £ Igl Igl |
1]
2 I-75 NB SW 40th Blvd. SW 37 Blvd.
@ {WBR) {WBT) (WBT)
=<
__________ &--—---

@ XN Part 21-75 NB m— o

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19

Vo6 0b o6 86
9 .- Williston Rd. Archer Rd. Newberry Rd. NW 39t Ave.

LEGEND

SIGNALIZED o,

INTERSECTION & . Part 3 NW 39th Ave. EB.
— FREEWAY RAMP 45 mi/h

ORIGIN/DESTINATION | 510 ft

POINTS

] | ]
I - $
. ® h L =0,

(NBR) (EBT)



Computing the O-D Travel Time:

* Sum of travel times for all traveled segments
* |f trip longer than the 15-min analysis period (900 s) - consider multi-period

Segment travel time (s) Cumulative

Segment - - . Active time Selected travel
ID Time Time travel time period time (s)
Period 1 Period 2 (s)
1 34 28 34 TP 1 34
2 26 29 60 TP1 26
3 73 86 133 TP1 73
4 345 390 478 TPI 345
5 185 195 663 TP1 185
6 310 359 973 TP1 310
7 240 24 1213 TP2 240
8 120 122 1335 TP2 122
9 20 18 1353 TP2 18
10 45 53 1406 TP2 53

Total travel time (s): 1406




Analysis Procedure




Methodology Flowchart

Step 8
Step 1 ComputeI trip O-D
Define temporal and Step 5-A Step 5-B travel time
spatial analysis Compute operating Compute travel
scope speeds for speeds for urban _
| individual lanes in street segments in rip travel time Y Re evafluate
v v the freeway facility the arterial facility greater than study analysis
Step 2-A Step 2-B period? scope
Provide input Provide input
parameters for parameters for Step 6-A Step 6-B
freeway analysis arterial analysis Compute travel Compute travel Step 9
times for segments times for segments Compute performance

J (freeway facility) (urban street facility) measures - segments

Step 3 T

Salncedemands ot e nterface

y l Compute travel time
Y Step 7 reliability performance

Step 4 Compute travel time for measures

Perform check for freeway ramps
queue spillback




Analysis Concepts




Adjustments due to spillback

Spillback fromon-ramp Spillback from off-ramp



Spillback from on-ramp

Occurs when two conditions are met:

* Insufficient capacity at
e a)freeway merge,
* b)ramp roadway or
e ¢)ramp meter; AND T
* Insufficient storage length at the on- +
I
0
i

LT (SB) |

I Vehicles directly impacted by queue spillback
| RT(NB) [ Vehicles indirectly impacted by queue spillback

ramp;




Spillback analysis - signalized intersections

* Queuesare modeled at the on-ramp for every cycle
* Number of vehicles at the on-ramp cannot exceed the maximum storage
* Reduced capacity is computed based on the maximum throughput

Wasted green due to spillback

12'12’ 12’ 12
1

_— Unserved vehicles at the given approach
Available on-ramp storage

—
N
Nt
<
Q
. =
i T
i =0% : C

Gadeﬂllkk i o) (veh)

' ]
=
Srade % g = = 1-285 NB -ls_:)
4 . - R - —
ii : | ~. = On-Ramp GUB
12 = ol O
1 U

1285 NB r' % Expected discharge with

“ramp S no on-ramp storage
5 restriction
| -
/ &8 9ssL I'saL _
Grde 2% S Actual discharge
= 3 Cycle length considering limited

on-ramp storage



Spillback analysis considers stop-controlled intersections and

roundabouts, based on existing HCM methods

On-Ramp

L 6 (Rank1)
4

1 (Rank 2)

I

8 (Rank 3)
Off-Ramp

(Minor 5t.)

Arterial
(Major St.)

Off-ramp
(Minor St.)

4.

t" Leg 4 (on-ramp)
J Veau leg 1 Aq_y [Rank 3) Vigu :
Arterial t v .
" vy

{Major St.) —]

=
T Viypy +=—
i m Leg 3
Leg 2 (off-ramp)

Az_y (Rank 2}

ﬁ%TF



Spillback from off-ramp

Occurs when two conditions are met:
* Insufficient capacity at

downstream ramp terminal (intersection) or

ramp roadway; AND

e Insufficientstorage length;




Spillback Regimes

N &N
N N
(a) Regime 1 - Queue at the deceleration lane (b) Regime 2 - Queue along the shoulder
s==g oo Ly —
R 2 5 D3
& N

(c) Regime 3 - Queue along the rightmostlane (d) Regime 4 - Queue blockage of the adjacent lane



Lane Flow Ratio (LFR)

Lane-by-lane performance along the freeway

2,000 3,000 4,000
Segment Flow (veh/h)

®lanel Olane 2 O Lane 3

5,000

6,000

Speed (mi/h)

i —— — = \
_§\\ \
\ \s __________
5 PC | alw
_asvcl™-
D= 2
500 1,000 1,500 2,000 500

Flow (pc/h/In)

—Segment

®lanel ©lane?2 O Lane3

3,000



For freeways, new method estimates speed by lane

~Segment
) Mone B Speed > 60 Type Merge Basic Diverge Basic Weaving Basic Merge Overlap Diverge Basic
{:"n l B 50« 5|:|EEI:| = a0 Length, m 15e8.8 2288.9 1588.8 5288.0 2648.8 5258.0 1148.8 368.9 114,89 5288.0
! Flow
3 40 < Speed = 50 Segment ID 2 3 4 5 & 7 8 g 18 11
® Speed B 30 <Speed 240 | gpes 3 3 3 3 4 3 3 3 3 3
o ) Bl 20 < Speed = 30
/ Density gy Speed < 20
O TTI

O Los




Results




Step 8: Compute Travel Times for the Network and Each O-D

Facility Travel Cumulative
Time Travel Time  Analysis
Type Name Segment Name or ID (s) (s) Period
Urban Archer SW 37th Blvd. to SW 40th Blvd. 18.8 40.5 1
Street 1 Rd. WB SW 40th Blvd. to I-75 NB 36.4 76.8 1
On-ramp to I-75 NB 48.5 125.3 1
8* 15.0 140.3 1
9 63.8 204.1 1
10 54.1 258.2 1
11 16.5 274.6 1
Freeway I-75 NB 12 18.6 293.2 1
13 13.9 307.1 1
14 61.3 368.4 1
15 23.4 391.8 1
16* 19.3 411.0 1
Off-ramp to NW 39th Ave. 122.8 533.8 1
qroan - PSR 175 NB to Nw 95th Bivd, 75.9 609.7 1

Total travel time SSZ 609.7



Today’s presenters

NATIONAL e

Engineering

/\C/\DEM I ES Medicine

Scott Washburn
swash@ce.ufl.edu

'U'F Transportation Institute
UNIVERSITY of FLORIDA

Lily Elefteriadou
elefter@ce.ufl.edu

UF Transportation Institute
UNIVERSITY of FLORIDA

Tom Creasey
tom@caliper.com

Caliper



mailto:swash@ce.ufl.edu
mailto:elefter@ce.ufl.edu
mailto:tom@caliper.com

Update Events for you

July 25, 2022

August 3, 2022

N /\T | O N /\ L ;fli;;lnceegrinq
/\CA D E M I ES Medicine



https://www.nationalacademies.org/event/07-25-2022/trb-webinar-advances-in-multiresolution-modeling-for-traffic-analysis
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