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Agenda

e Introduction

« Highway Capacity Manual 2000

» Highway Capacity Manual 2010 — coming soon!

« NCHRP 3-70

« Other MMLOS strategies: g
> Simulation — Person-Delay [
> Built environment factors
> Layered networks
» Managed speeds
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Introduction

 What are the consequences of maintaining LOS C vs. LOS E?
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Introduction

Multimodal Level of Service — what are we getting at?
> Is this a nice place to walk?
» Is this a nice place to bike?
> |Is transit convenient?
Older methodologies: pedestrian density, delay
Newer methodologies: comfort
Alternative methodologies:
> Built environment factors
> Person-delay
> Layered networks
> Speed management




Highway Capacity Manual 2000

Methodologies based on
FHWA research

Chapter 18: Pedestrians

> Research dates back to
1975

> LOS based on density
and delay

Chapter 19: Bicycles

> Research dates back to
1975

» LOS based on density
and delay

Chapter 27: Transit

> Research dates back to
1962

FEHRA PEERS
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Highway Capacity Manual 2000

Highway Copacity Manual 2000

« Chapter 18: Pedestrians T
* LOS for:
Walkways and sidewalks e —
Queuing areas
Shared off-street paths
Pedestrian crosswalks

Pedestrian facilities along
urban streets

Site Information

YV V VY V
|
|

Intersections, and Urban Street Facliities
T4 s o e

g Sinnalized Inte q .

5, 419

Chaplar 18 - Pedestnans




The study segment: Hutchison Drive
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The study segment: Hutchison Drive
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Highway Capacity Manual 2000

Walkways and sidewalks

> LOS depends on density:
o Walkway width
o Pedestrian flow rate

> LOS determined for
o Average flow
o Platoon flow

> South sidewalk: ,
o LOS A — average flow &
o LOS B — platoon flow

> To improve LOS, increase
width
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Highway Capacity Manual 2000

Walkways and sidewalks
> LOS depends on density:
> South sidewalk:
o LOS A — average flow
o LOS B — platoon flow

EXHIBIT 18-3. AVERAGE FLOW LOS CRITERIA FOR WALKWAYS AND SIDEWALKS

LOS Space (ft?/p) Flow Rate (p/min/ft) Speed (fi/s) v/c Ratio
A > B0 <5 = 4,25 <021
B > 40-60 >5-7 > 4.17-4.25 > 0.21-0.31
C > 2440 >7-10 > 4.00-4.17 >0.31-0.44
D > 15-24 >10-15 > 3.75-4.00 > 0.44-0.65
E >8-15 > 15-23 >2.50-3.75 >0.65-1.0
F <8 variable <250 variable

EXHIBIT 18-4. PLATOON-ADJUSTED LOS CRITERIA FOR WALKWAYS AND SIDEWALKS

LOS Space (ft%/p) Flow Rate? (p/mirvft)
A > 530 <05

B = 80-530 > 0.5-3

C > 40-90 >3-6

D = 2340 > B—11

E >11-23 >11-18

F <1 >18
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Highway Capacity Manual 2000

Shared off-street path

> LOS depends on passing
events:

0 Speed
o Flow rate

» LOS determined for
pedestrians

> North off-street path:

o LOS D for
pedestrians
» Cannot improve LOS, but
can provide separate
facility
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The study intersection: Hutchison Drive and La Rue Road

* Cycle length: 95s

* Northbound green:
30s

» East/west green: 26s

1. Hutchison Dr./La Rue Rd.

136 (119)
202 (92)
227 (168)

72 (293)
«— 92 (330)

¥~ 16(21)

.
Y75

£

=

N
Hutchlsan Dr. | 4
126 (156)
389 (103) —3
Ty

214 (68)

67 (191)
75 (222)
29 (13)
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The study intersection: Hutchison Drive and La Rue Road

PM peak hour:

Intersection Summary

HCM Average Control Delay 33.9 HCM Level of Service C
HCM Volume to Capacity ratio 0.61

Actuated Cycle Length (s) 657 sum of lost time (s) 20.0
Intersection Capacity Utilization 64.7% ICU Level of Service G
Analysis Period (min) 15

¢ Crtical Lane Group
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Highway Capacity Manual 2000

At signalized intersections

> LOS depends on
pedestrian delay:

o Cycle length
o Phase green time
» Crossing major street:
o LOS C
> Crossing minor street
o LOSC

» Can improve LOS with
shorter cycle length




FEHRA PEERS

Highway Capacity Manual 2000

Average pedestrian delay, d,
At signalized intersections, ctnd.

> LOS E-F: easy to achieve D,= 0.5 (C-g)
> What about vehicle LOS? C
» What about minimum green Where:

splits (based on FDW)? C = cycle length

g = effective green time for peds
EXHIBIT 18-9. LOS CRITERIA FOR PEDESTRIANS AT SIGNALIZED INTERSECTIONS

LOS Pedestrian Delay (s/p} Likelihood of Noncompliance
A <10 Low
B = 10-20
C > 20-30 Moderate
D > 3040
E > 40-60 High
F > B0 Very High

EXHIBIT 16-2. LOS CRITERIA FOR SIGNALIZED INTERSECTIONS

LOS Control Delay per Vehicle (s/veh)
A <10

B > 10-20

C > 20-35

D > 3555

E > 56-80

F >80
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Highway Capacity Manual 2000

At signalized intersections Large area for pedestrians

> LOS depends on space
(ft2 per pedestrian):
o0 Pedestrian volume

o Area of crosswalk or
corner

> At corner:
o LOS A

> In crosswalk:
o LOS A

» Can improve LOS with
more area

> Only relevant to areas
with high pedestrian
volumes
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Highway Capacity Manual 2000

At signalized intersections

> LOS depends on space
(ft2 per pedestrian):

> At corner:
o LOS A
> In crosswalk:
o LOS A
EXHIBIT 18-3. AVERAGE FLOW LOS CRITERIA FOR WALKWAYS AND SIDEWALKS
LOS Space (ft?/p) Flow Rate (p/min/ft) Speed (ft/s) v/c Ratio
A > B0 <h > 4,25 <0.21
B > 40-80 >h-7 > 4.17-4.25 > (0.21-0.31
C > 24-40) >7=10 > 4.00-4.17 > (0.31-0.44
D > 1524 > 1015 >3.75-4.00 > (0.44-0.65
E > 8-15 > 15-23 >2.50-3.75 > 0.66-1.0
F <8 variable <7250 variable
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The study segment: Hutchison Drive
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Highway Capacity Manual 2000

On urban streets

> LOS depends on travel
speed

o Intersection delay

> Between La Rue Road
and Dairy Road: 3.1 ft/s
LOS D
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Highway Capacity Manual 2000

On urban streets

> LOS depends on travel
speed

o Intersection delay

» Can improve LOS by
decreasing cycle lengths LOS A

unlike
EXHIBIT 18-14. LOS CRITERIA FOR PEDESTRIAN SIDEWALKS ON URBAN STREETS

LOS Travel SpEﬁ;{ (ft/s)
>436 "
>3.84-4.36
>3.28-3.84
>2.72-3.28
=>190-2.72
<190

[ I =

= m O
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Highway Capacity Manual 2000

" Highway Capacify Manual 2000
« Chapter 19: Bicycles T R S
« LOS for: el

> Off-street paths (Class I) | T ———
o Shared
o Exclusive
> Bike lanes
o Interrupted
o Uninterrupted

o Both (“on urban
streets”

o0 of AADT sah-hour, K =

__Bleyeiesm

W8 ar 58

y iy
(i) |
als (Exbibil 19-4) |

S

Chapier 18 - Bicydles
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Highway Capacity Manual 2000

Shared off-street path

> LOS depends on passing
events:

o Pedestrian flow rate
o Bicycle flow rate
» LOS determined for
bicyclists
> North off-street path:
o LOS F for bicyclists

» Cannot improve LOS, but
can provide separate
facility




Highway Capacity Manual 2000

Shared off-street path
> Limited path width / types
» How would wider (12 ft)
path affect LOS?

EXHIBIT 19-2. LOS CRITERIA FOR SHARED OFF-STREET PATHS

FEHRA PEERS

LOS Frequency of Events, 2-Way, 2-Lane Paths® | Frequency of Events, 2-Way, 3-Lane Paths®
(events/h) (events/h)
A <40 <90
B > 40-60 > 90-140
C > 60-100 > 140-210
) > 100150 > 210300
E > 150195 > 300-375
F > 195 > 375

Maotes:
a. B.0-ft-wide paths.
b, 10-ft-wide paths.
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Highway Capacity Manual 2000

On-street bike lane

> LOS depends on passing
events:

o Bicycle flow rate |
» LOS does not depend on: :

o Lane width

o Speed limit

o Traffic volume
» LOS D for bicyclists

» Cannot improve LOS, but
can provide separate
facility
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Highway Capacity Manual 2000

On-street bike lane

> LOS depends on passing
events:

» LOS D for bicyclists

EXHIBIT 19-1. LOS CRITERIA FOR EXCLUSIVE BICYCLE PATHS

LOS Frequency of Events, 2-Way, 2-Lane Paths® | Frequency of Events, 2-Way, 3-Lane Paths®

{events/n) B (events/h)

A <40 <80

B > 40-60 >90-140

C > 60-100 >140-210

D > 100-150 > 210-300

E > 150-195 > 300-375

F > 185 > 375

Motes:
a. 8.0-fl-wide paths, Also used for on-streel bicycle lanes.
b. 10-ft-wide paths.
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Highway Capacity Manual 2000

At signalized intersections BT

» LOS depends on bicyclist Ly 18 \
delay:

o Cycle length

o Phase green time

o Bicycle flow rate
» Crossing major street:

o LOSC

» Can improve LOS with
shorter cycle length
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Highway Capacity Manual 2000

At signalized intersections

» LOS depends on bicyclist
delay:

» Crossing major street:
o LOSC

EXHIBIT 19-4. LOS FORBICYCLES AT SIGNALIZED INTERSECTIONS

03 Control Delay (s/bicycle)
<10

=10-20

> 2030

> 3040

> 40-80

> 60

el an e B e B = v B -
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Highway Capacity Manual 2000

* Chapter 27: Transit

» Focuses on service, not the
roadway

EXHIBIT 27-1. SERVICE FREQUENCY LOS FOR URBAN SCHEDULED TRANSIT SERVICE

LOS Headway (min) Veh/h Comments
A <10 > 6 Passengers don't need schedules
B > 10-14 56 Frequent service; passengers consult schedules
C > 14-20 34 Maximum desirable time to wait if bus/train missed
D > 20-30 2 Service unattractive to choice riders
E > 30-60 1 Service available during hour
F > 60 < Service unatiractive to all riders




Highway Capacity Manual 2000
» Chapter 27: Transit, ctnd.

FEHRA PEERS

EXHIBIT 27-4. HOURS-OF-SERVICE LOS

LOS Hours per Day Comments
A >18-24 Night or owl service provided
B >16-18 Late evening service provided
C >13-16 Early evening service provided
D >11-13 Daytime service provided
E >3-11 Peak-hour service/limited midday service
F 0-3 Very limited or no service
EXHIBIT 27-5. PASSENGER LOAD LOS
Bus Rail
LOS t2/p p/seat? it2/p plseat? Comments
A >12.90 0.00-0.50| < 19.90 0.00-0.50| No passenger need sit next to ancther
B 8.60-12.89 | 051-0.75/14.00-19.80| 0.51-0.75| Passengers can choose where to sit
c 6.50-8.59 0.76-1.00( 10.20-13.99|  0.76-1.00| All passengers can sit
D 5.40-6.49 1.01-1.25| 5.40-10.19| 1.01-2.00| Comfortable loading for standees
E 4.30-5.39 1.26-1.50{ 3.20-5.39 2.01-3.00( Maximum schedule load
F < 4.30 >1.50 <3.20 > 3.00 Crush loads
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Highway Capacity Manual 2000
» Chapter 27: Transit, ctnd.

EXHIBIT 27-7. RELIABILITY LOS FOR ON-TIME PERFORMANCE

LOS On-Time Percentage Comments?
A 97.5-100.0 1 late bus per month
B 95.0-97.4 2 |ate buses per month
C 90.0-94.9 1 late bus per week
D 85.0-89.9
E 80.0-84.9 1 late bus per direction per week
F < 80.0

EXHIBIT 27-8. RELIABILITY LOS FOR HEADWAY ADHERENCE

LOS Coefficient of Variation
0.00-0.10
0.11-0.20
0.21-0.30
0.31-0.40
0.41-0.50

> (.50

TMmMOoOO®@ >




Shared-Use Path Level of Service

.« FHWA

 Highway Capacity Manual

2010

« LOS based on:
> Maintaining optimum
speed (for bicycles)
» Freedom to maneuver
> “SUPLOS”

Table 5

. SUPLOS scale.

LOS Score

X=40
35=X<40
3.0=X <35
25=X<30
20=X<125

X<2.0

LOS Grade

HEgn o e

Best

Worst

%@mﬂ e Path L uel ul Service

Cij ator

USER’S GUIDE

Feclelul ng'quvhdml nistre

Research, Devalopment, and Technology .
Turner-Fairbank Highway Resoarch Conter

16300 Georgatown Fike

Mclaan, VA 27101-220

FEHRA PEERS
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Shared-Use Path Level of Service

Share-use path
> North off-street path:
o LOS D for bicyclists

» Cannot improve LOS, but
can provide separate
facility

Shared Use Path Flow Analysis Tool

Trail Level of Service (LOS) Calculator

Draft Spreadsheet Based on Federal Highway Administration Shared Use Path Study
North Carolina State University and Toole Design Group

ROW #1
[Segment Name Path Width| centerline Volume (users per hour in 1 direction) and Mode Split User Perception

Clozest 05F. | 0-HaContorline Volume Mode Spfit (%)™
Name Width (ft:l 1=Centerline One-way [per hour] | Adult Bicyelistz | Pedestrians | RUMMES | te-Line Skaterr | Child Bicyelists All Modes] Score Grade
v
UC Davis 6.0 0 130.0 ©1.0% 39.0% 0.0% 0.0% 0.0% 100.0% 251 D

"Default mode splitis 552 adult bicyclists, 205 pedestrians, 105 runners, 103 in-line skaters, and 53 child bicylists.

Click Here for Default Mode Split
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NCHRP 3-70: comfort-based LOS

e Multimodal Level-of-Service « Accounts for:
Analysis for Urban Streets » Street cross-section
« Highway Capacity Manual o Travel lanes
2010 o Bike lanes
e LOS based on: o Parking
> Autos: quality of service o Buffer
> Transit: quality of service o Sidewalk

> Bikes: comfort

> Auto volume (ADT)
> Pedestrians: comfort

» Transit frequency
> Pedestrian volumes
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NCHRP 3-70: comfort-based LOS

MuLTI-MODAL LOS SURVEY
DIRECTION #1

April 20, 2009
San Francisco, CA

Plan to be back in the office by 12:30pm

ot

AS

|5 g uoer

———

Caiomia St

i
| BUES

Segment & Xing Separate

Location Type Survey
MCHRP Satisfaction | Facility Environmen
] AllForms Service
: |15 Pine Street (Montgomery/Kearny) Segment “ B c C
25 Kearny Street (Pine/California) Segment c c C
3s California (Kearny/Grant) Segment B B 00
l4s Grant (California/Sacramenta) Segment B B ] B
5= Sacramento (Grant/Kearny ) Segment c c O C
65 Kearny (Sacramento/California) Segment c C B C
[7s California (Kearny/Montgomery ) Segment c B
185 Montgomery (California/Ping) Segment C B B B
1i Fine Street (Montgomery/Kearny) Xing C C B C
[2i Kearny Street (Pine/California) Xing B c ] c
I3 California (Kearny/Grant) Xing B B B B
4i Grant (California/Sacramento) Xing B B c
I5i Sacramento (GrantKearny) Xing B c ] C
IGi Kearny (Sacramento/California) Xing B C ] C
Vi California (Kearny/Montgomery) Xing c == — B
I8i Montgomery (California/Pine) Xing B B B
same LOS 44% 19% 38%
1LO5 38% 100% 04




NCHRP 3-70: comfort-based LOS

FEHRA PEERS

=egment & Xing Separate

Location Type Survey
MCHRP Satisfaction | Facility Environmen:
All Farms Sernvice
15 Pine Street (Montgomery/Kearny) =egment “ B C G
25 Kearny Street (Pine/California) =egment G C G
3= California (Kearny/Grant) Segment B B B
4s Grant (California/Sacramento) Segment B B C B
55 Sacramento (Grant/Kearny) =egment G G G
65 Kearny (Sacramento/California) =egment C C B ‘ C
75 California (KearnyiMontgomery) =egment G B
s Montgomery (California/Pine) =egment G B B B
1i Pine Street (Montgomery/Kearny) Xing G C B G
2i Kearny Street (Pine/California) Xing B o C G
3i California (Kearny/rant) Xing B B B B
4i Grant (California/Sacramento) Xing 5 D C
5 Sacramento (Grantkearny) xing B C C G
6i Kearny (Sacramento/Californial Aing B C C G
7i California (Kearny/Montgomery) Xing G B B B
01 Montgomery (California/Pine) Xing G B B B
</s'ame LOS|  44% 19% 38 %3
~ithin 1 LOS 68% 100% o4
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The study segment: Hutchison Drive
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NCHRP 3-70

NCHRP 3-70 Multimodal LOS

FEHRA PEERS

Ped LOS LOS LOS #
Pseg B 2.04
Range Check Pint c 3.01 Mode LOS LOS # vlc
ADT 10,310 (==0 vpd) OK Yes Model 1 C 3.50 Auto C 3.40 0.4447
% HV 2%((0-100%) OK Mo Model 2 D 3.74 Transit A 1.69
Buses/hr 24((==0 bph) OK Na RCDF 1 A 1.20 Bicycle D 321
Peds/hr 200](==0 pph) OK If Wery High RCDF 2 A 1.20 Pedestrian C 3.50
ROW
[ 89 I
| i_lg/’g/ill l\l\\lj
Street Cross-Section
Sidewalk  Buffer Parking Bike Ln  Trav. Lane Trav. Lane Trav. Lane  Median  Trav. Lane Trav. Lane Trav. Lane  Bike Ln Parking Buffer  Sidewalk
& | o J o | & [ o [ 12 | 12 | o | 12 [ 142 ] o | & | o | 15 | =&
(all entries in feet, enter zero for non-existant lanes)
Important? Key Parameters
Street - Hutchison Drive Yes Signal Spacing: 575((200-10 560 ft.)
Limits: b/t LaRue Road and Dairy Road slight Progression Quality: 3|(1=poor, 6=excellent)
slight Speed Limit 25((15-70 mph}
Key: Data Enti Draft, for internal evaluation only  no Bus Stops w. Shelter: 50%([(0-100%)
Spreadsheet by: R. Dowling, Dowling Associates, Inc., July 5, 2007, Updated 02/12/08. no Pavement Quality: 4|(1=poor, 5=excellent)




NCHRP 3-70

Auto LOS depends on:
» ADT
> Number of lanes
> Signal spacing
> Signal progression
» Operating speed
ADT = 10,300
> LOSC

FEHRA PEERS

« Toimprove LOS:
» Reduce volume
> Add lanes

> Improve signal
progression




NCHRP 3-70

Transit LOS depends on:

> Number of lanes

> Vehicle ADT

> Bus frequency

> Stop amenities (shelters)
Bus frequency = 24 / hour

> LOS A

FEHRA PEERS

« Toimprove LOS:
> Add service

> Add stop amenities
(shelters)




NCHRP 3-70

 Bike LOS depends on:

>

YV V V VY

>

Number of lanes
Travel lane width
ADT

On-street parking
Speed limit

Provision of bike lane

 Bike lanes = 8 feet

>

LOS D

FEHRA PEERS

« Toimprove LOS:

>

YV V V

Reduce ADT
Widen curb lane
Reduce speed limit

Reconfigure on-street
parking
Widen bike lane




NCHRP 3-70

» Pedestrian LOS depends on:

> Number of lanes

> ADT

> Speed limit

» On-street parking

» Landscaped buffer
 Sidewalks = 6 feet

> LOSC

FEHRA PEERS

To improve LOS:
> Reduce ADT
» Traffic calming
» Widen buffer
» Widen sidewalk
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Comfort-based LOS: what about crosswalks?

Table 1. Recommendations for installing marked crosswalks and
other needed pedestrian improvements at uncontrolled locations.*

Vehicle ADT Vehicle ADT Vehicle ADT Vehicle ADT
Roadway Type <9.000 >9000 to 12,000 >12,000 - 15,000 > 15,000
(Number of Travel Lanes ‘ Speed Limit**
and Median Type) <30 35 | 40 [<30] 35 [ a0 [ <30 35 [ 40 [ <30 35 [ 40
mi/h | mi/h | mi/h | mih { mi/h | mi/h | mi/h | mi/h | mi/h | mi/h | mith | mih

2 Lanes cC| C| P ¢ ¢ p ¢ c |#| ¢ N
3 Lanes clicle el P[] 2] P
Multi-Lane (4 or More Lanes) clcle|[c|p [T ]| 2 [P
With Raised Median***
Multi-Lane (4 or More Lanes) i P P P
Without Raised Median

Key: C = Candidate sites for marked crosswalks; P = Possible
increase in pedestrian crashes may occur if crosswalks are
marked without other pedestrian enhancements; N = Marked
crosswalks alone are insufficient. .

1] Ve O . 8 A

| N ) 1 S
L\ Iy A~
LW

« LOSC-D

0

A




Crosswalk Tool

FEHRA PEERS

CATEGORY INPUT UNITS DESCRIPTION! NOTES
1 Speed Limit 35 mph Posted or statutory speed limit or the 85th percentile speed on the major street
2 |Peak Hour Pedestrian Volume 25 pedih Number of pedestirans crossing the major roadway in a peak hour
3 |Major Road Peak Hour Volume (Total) 1500 vehih Total number of vehicles and bicylists on both approaches during the peak hour
4 |Major Road Peak Hour Volume Direction 1 700 vehih Include only if a painted or raised median is present (min of 6 feet wide)
5 |Major Road Peak Hour Volume Direction 2 800 vehih Include only if a painted or raised median is present (min of 6 feet wide)
6 |Average Pedestrian Walking Speed 35 ftis Average pedestrian walking speed, default speet = 3.5 feet/second
7 |15th Percentile Crossing Speed 3 ftis Speed for the slowest 15% of pedestrians; defautt speed = 3 festizecond
g8 |Pedestrian start-up time and end clearance time* 3 5 The Highwsy Capacity Manus! suggests 3 seconds
5 |Pedestrian Crossing Distance (curb to curb) 35 ft Digtance between the near and far curbs
10 |First Half Crossing Distance 38 ft Digtance between the near curb and a painted or raised median refuge izland
11 |Second Half Crossing Distance 38 ft Digtance between a painted or raized median refuge igland and the far curb
12 |Number of Lanes (total both directions) 6 Lanes Number of lanes on major roadway
13 |Expected Motorist Compliance Low Typical motorist compliance, default = Low
14 |Is frequent at-grade transit present? No Does frequent surface transit run along major or minor road at the intersection?
15 |Are bicycle lanes present? No
18 |Is there heavy bicycle traffic? No
17 __|Is there a clear major and minor road? Mo Is there a clear differentiation in the traffic volume between the two roads?
18 |Is this a midblock location or off-sef intersection? Yes
19 |Is there heawy truck traffic? Ho
20 |Does existing infrastructure limit potential treatmenis? Ho Arg there storm drains, poles, or other permanent structures at any corner of the intersection?
21 _|Is there on-sireet parking at the location? Yes
22 |Is the location in a downtown area? Na
23 |Is a median refuge island present? No Does the refuge island have a width of at least § feet to accommodate pedestrian queues?
24 |Is there sufficient width to accommodate a median? No At least 4 feet (with lane widths reduced to 10 or 11 fest)
25  |Actual Total Pedestrian Delay 5 Optional (if calcuated at the site)
QUTPUTS
Signalized Crossing or Unsignalized Crossing? Unsignalized Crossing ﬁ
Pedestrian LOS F
FEHR & PEERS
TRANSPORTATION COMSULTANTS
Candidate Pedestrian Treatment ldentified: Stutter Flash™
Candidate for Median Refuge Island? NO
Candidate for Road Diet? YES
Other Treatments for Consideration™: Hawk*, Stuttter Flash*

Paired Treatments for Consideration

Curb Extensions, Bus Bulb, Reduced Curb Radii, Staggered Pedestrian Refuge, High Visibility Crosswalk Markings,

Advance Yield Lines, Advance signage
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Comfort-based LOS — not quite there yet

« _What about ...?

““!Igl |
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ADA Features Identifying mitigations
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Built Environment Factors

e To what extent does a
roadway feature bike- and
ped-friendly design elements?

 Key features:
> Reduced travel lanes
> Reduced crossing widths

» Reduced venhicle speeds /
volumes

 Enhancement features:
» Median islands
» Bulbouts
» Improved crosswalks
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Built Environment Factors

Divisadero Street, Fresno, CA: before and after a road diet
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Bulbout

Median island

Built Environment Factors for Pedestrians
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Built Environment Factors for Pedestrians

Advance("i ieId lines
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Built Environment Factors for Pedestrians
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Built Environment Factors for Pedestrians
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Crosswalks on all legs
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Built Environment Factors for Pedestrians
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High visibility crosswalks
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Built Environment Factors for Pedestrians

Removal of obstacles

>

>

Pedestrian busy buttons
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Built Environment Factors for Pedestrians

f® TO0CROSS |
3 FUSH BUTTON

Braille wayfinding
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Built Environment Factors for Bikes
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Built Environment Factors for Bikes

Bike boxes
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Built Environment Factors

o Of 20 factors:

» 18-20: LOS A
14-17: LOS B
10-13: LOS C
7-9: LOS D
3-6: LOS E
0-2: LOS F
 Would it work?

YV V ¥V V V
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Person-Delay via Simulation

 Measure person delay across
all modes

e Accounts for vehicle and
transit occupancy

 How will certain
Improvements benefit
different modes (or not!)

 Example: Hutchison Drive /
La Rue Road intersection
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Person-Delay: Hutchison Drive and La Rue Road

1. Hutchison Dr./La Rue Rd.

136 (119)
202 (92)
227 (168)

72 (293)
«— 92 (330)

¥~ 16(21)

.
Y75

£

=

N
Hutchlsan Dr. | 4
126 (156)
389 (103) —3
N

214 (68)

67 (191)
75 (222)
29 (13)




Person-Delay

Feup & P

Option 1: Hutchison Drive/La Rue Road with
All Bicycle/Pedesirian Phase

Under Option 1, the Hutehison Drive/La Rue Roau
intersaction would have an exclusive bicyc)

FEHRA PEERS

USING TRAFFIC SIMULATION TO EVALUATE AUTOMOBILE, TRANSIT, BICYCLE,
AND PEDESTRIAN DELAYS IN DESIGNING AN INTERSECTION -
A CASE STUDY FROM THE UNIVERSITY OF CALIFORNIA AT Davis

| On-Street Bicyclists
Travel with Vehicles

Option 2: Hutchison Drive/La Rue Road with
Exclusive Bicycle Path Phase

Under Option 2, the Hutchison Drive/La Rue Road

phase. During this phase, all vehicles would stop and only
bicyclists would travel through the intersection. The
intersection would operate with a 120 second cycle length,
Due to the Calilcrnia vehicle code, on-street bicyclists must
use the exclusive bicycle/pedestrian phase and cannoi use
vehicle phases.

PM Peak Hour Delay

N Overail
Vehide  Buses  Fudesirien  Bopde |
Optiat 443 ar " 424 2

HCM Intersection = D

ion would have an exclusive bicycle/pedestrian
phase only on the north side of Hutchison Drive or for the
bicycle path on the west side of La Rue Road.

PM Peak Hour Delay

I
Oveat
Vebicle  Bues  Pedestian  Bcyck o0
Opmanz 48 ar “r wa sy

HCM Intersection = D

Option 3: Hutchison Drive/La Rue Road with
Traditional Design (No Bike/Ped Phase)

Under Option 3, bicyelists and pedestrians would travel with
the flow of vehicles through the intersection as occurs at
typical signalized intersections (e.g., current configuration).
This option causes conflicts between east-west bicycle
movements and the heavy westbound right-tum vehicle
movement

PM Peak Hour Delay

—

Overal
Vewce  Mumes  Padessian Merch e
Options 30 e ar s ELF]

HCM Intersection = C

Option 4: Hutchison Drive/La Rue Road with
Head Start for Bicyclisis/Pedestrians

Option 4 is similar to Option 3, but would give bicyclists
and pedastrians travelng on the southbound and
westbound bicycle path approaches a five second head
start before eastbound and westbound through vehicles
receive a green light. This option would minimize right-turn
conflicts during the start of the green phase when e
highest vehicle flows occur.

PM Peak Hour Delay
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¥ |
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ey T T T T

HCM Intersection = D

Option 5: Hutchison Drive/La Rue Road with
Grade Separated Bicycle Crossing

Under Option 5, a grade separated crossing would be
provided for bicyelists and pedestrians traveling between
the path on the north side of Hutchison Drive and the path
on the west side of La Rue Road. This improvement has
the lowest total delay and the least number of potential
conflicts between modes.

PM Peak Hour Delay

Vol | Bises | Pedesiian  Beyels

Optens 287 ED e 181 £
HCM Intersection = C
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Person-Delay
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Person-Delay




FEHRA PEERS

Person-Delay via Simulation

TABLE 2
INTERSECTION —
YEAR 2005 PM PEAK HOUR DELAY FOR ALL TRAVEL MODES
Travel Mode (1)
Vehicles Buses Pedestrians Bicycles Overall
Average Average Delay Average Average
Option Delay — LOS -LOS Average Delay Delay Delay

1 - Bike/Pedestrian Phase 442 -D 47.1-D 46.6 42.8 44.2
2 - Bike/Pedestrian Phase
for Path Only 45.0-D 47.7-D 46.7 48.3 45.3
3 - Traditional Design
(Current Configuration) 30.0-C 29.6-C 42.7 47.5 31.4
4 — Head Start Phase for
Bike Path 40.5-D 325-C 24.4 34.7 39.6
5 — Grade Separated
Crossing 28.7-C 29.8-C 64.2 15.1 28.1

Notes:

(1) The Highway Capacity Manual does not assign an LOS for pedestrians and bicyclists based on average delays. Delays were
reported for comparison purposes only.

(2) The increase in pedestrian delay is associated with a reduction in pedestrians that are now using the grade separated crossing
resulting in a higher average delay per pedestrian for remaining crossings on other approaches.
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Person-Delay via Simulation

PM Peak Hour Delay

Seconds

Vehicle Buses Pedestrian | Bicycle Average
Option 5 28.7 29.8 64.2 15.1 28.1

HCM Intersection LOS =C

lllustration of Alternative 5 (bicycle/pedestrian bridge) and analysis by mode

Source: Conventional Level of Service Analysis, Thresholds, and
Policies Get a Failing Grade, Milam and Mitchell, 2007




Layered Network

Street classification system:
designate priority modes to
specific streets

Each mode has its own set of
design and operational
features and performance
standards

Use to prioritize
improvements or evaluate
trade-offs for mitigation

FEHRA PEERS

2 Fam Island Bridges

=

% oy Transit Priority Streets

| - B : | Transit
§ Other Streets
d.‘.v-""'—‘“\__\\ H Exclusive Right-of-Way
——— 1 ——— Primary Transit Street
Harbor Bay gt s
Farry Tarrinal F. 4‘ ‘ Secondary Transit Street
% Water
\\ )
N City Limit

Transit Priority Streets, Alameda, CA
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Layered Network

* Glendale, CA: Downtown Glendale Mobility Plan

Mauritain 51
Mndtiph

o

Fulgrzshi

Gryen

Met Peak Transit Frequencies (Beeline and MTA)

s VVery high frequency (10 minutes or less)
High frequency (10t 15 minutes)

—— Medium frequency (15 to 30 minutes)

Liovwr frecquenay (30t2 &0 rinutes)

1
Wik
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Layered Network

Seattle, WA Transit Priority Corridors

City of Seattle

Transit Priority Corridors

s Design Underway (2008-2012)
Future Corridors (2010-2015)

== =m e Alternate Metro Rapid Ride route

TERH AVE S
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— |
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Layered Network

* Denver, CO: Blueprint Denver

Enhaneed bus transit carridars
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Manage Speeds

» Correlate vehicle speed to Pedestrian Fatality Rates for Collisions at
safety Different Speeds (Zegeer et al. 2(002a, 13)
 Goal of s.tab.le flow (minimize g 100% [0S DF
GHG emissions) Z P
. = B805% 4
» Can estimate speed for all 5 s0% ]
= B |
modes | | § 0%l LOS AlC
« Can provide different % 20% |
“weights” for different a 0%
: 40 mph 230 mph 20 mph
exposure levels (e.g. crossing
Vehicle Speed

a street counts as more time
than walking along a path)

e Supports shorter cycle
lengths, more comprehensive
multimodal network, and a
grid system
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Toolbox Tuesdays
Multimodal Level of Service Applications
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Questions?

SOUTHERN CALIFORNIA
ASSOCIATION of GOVERNMENTS

AW (e i
N
4

COMPASS _

building partnerships. serving communities



