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NCHRP Research Report
1087 — Guide for Intersection
Control Evaluation (2024)

NCHRP Research Report 948
— Guide for Pedestrian and
Bicyclist Safety at Alternative
and Other Intersections and
Interchanges (2020)

NCHRPE:

RESEARCH REPORT 948

Guide for Pedestrian and
Bicyclist Safety at Alternative
and Other Intersections

and Interchanges
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https://nap.nationalacademies.org/catalog/26072/guide-for-pedestrian-and-bicyclist-safety-at-alternative-and-other-intersections-and-interchanges#:%7E:text=The%20TRB%20National%20Cooperative%20Highway%20Research%20Program's%20NCHRP%20Research%20Report
https://nap.nationalacademies.org/catalog/27509/guide-for-intersection-control-evaluation#:%7E:text=Intersection%20control%20evaluation%20(ICE)%20is%20fundamentally%20a%20process%20that%20provides
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What is ICE?

* A process that provides the framework,
steps, tools, and decision-support for
assessing trade-offs between different
forms of intersections, as well as control

types
* In many states, ICE is also a policy that

establishes the general applicability and
legal underpinnings for the process.
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Intersection & Interchange Form and

Control Evaluation — lIFCE?

LR Arterial r‘: \.'-‘\\\\5‘

Quadrant

Cross Street

Arterial

* T

Arterial

| Cross Street

Cross Street

£
Cross Street
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ICE in the Project Life Cycle

. //More costly

//More community

//Least cost controversy
//More mitigation

cost

//More opportunities to incorporate
community goals

// Greater flexibility to evaluate a
wide range of options

ICE

IMPACTS
(COST, PUBLIC TRUST, MITIGATION)

— . ’ é
PLANNING

PRELIMINARY ENGINEERING CONSTRUCTION BUILT PROJECT

ICE offers agencies the opportunity to change decisions on intersection control and form
early in the project life cycle during early planning stages, when project costs and public

impacts are still low. 7 KITTELSON
Bq & ASSOCIATES



ical ICE Process

The guide recommends a two-stage ICE process, with Stage 1
conducting high-level screening of (many) alternatives and Stage
2 going through a more detailed assessment of (few) alternatives
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IDENTIFY PURPOSE & NEED OF PROJECT

DETERMINE THAT ICE APPLIES TO PROJECT

Applicable to
ICE?

1.0— INITIATE ICE PROCESS

!

1.1 - HIGH-LEVEL EQUITY ASSESSMENT

I

1.2 — INITIAL CONTEXT & FEASIBILITY
ASSESSMENT (=>1.2.1 Early Exits)

!

1.3 — DEVELOP INITIAL CONFIGURATIONS

v

1.4 — STAGE 1 ANALYSIS
1.4.1 Volume-to-Capacity (v/c) Screening
1.4.2 Pedestrian & Bicyclist Safety Analysis
1.4.3 Motor Vehicle Safety Screening
1.4.4 Environmental Screening
1.4.5 Cost Screening

I

1.5— STAGE 1 RESULTS & FAST TRACKING Lotk
* |ICE Process Tool

Tools:
* Equity Assessment
Worksheet

Tools:
* ICE Process Tool
* Ped/Bike Charts

Tools:
Cap-X (vehicles)
Cap-X (ped/bike)
SSI Intersections
SSI Interchanges
ICE Process Tool

Single Concept

Viable (Fast
Tracking)?

ICE STAGE 2

v

2.0 - INITIATE ICE STAGE 2

'

2.1— DETAILED EQUITY & CONTEXT
ASSESSMENT

Tools:
* Equity Assessment
Worksheet

!

2.2 — DEVELOP CONCEPTS

i

2.3 — STAGE 2 ANALYSIS
2.3.1 Vehicle Delay Analysis
2.3.2 Pedestrian & Bicyclist Safety Analysis
2.3.3 Motor Vehicle Safety Analysis
2.3.4 Construction Cost
2.3.5 Life Cycle Cost Analysis
2.3.6 Environmental Analysis
2.3.7 Stakeholder Support
2.3.8 Other Analysis

Tools:
ICE Process Tool
PPEAG Tool
HCM Tools
Design Flag Tool
SPICE
Life Cycle Cost Tool
Agency-specific
worksheets

v

2.4 — STAGE 2 RESULTS AND RANKING

Tools:
* ICE Process Tool

KITTELSON
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1.0 — INITIATE ICE PROCESS

1

1.1 — HIGH-LEVEL EQUITY ASSESSMENT

!

1.2 — INITIAL CONTEXT & FEASIBILITY
ASSESSMENT (1.2.1 Early Exits)

* Ped/Bike Charts

!

1.3 — DEVELOP INITIAL CONFIGURATIONS

'

1.4 — STAGE 1 ANALYSIS Tools:

+ 1.4.1 Volume-to-Capacity (v/c) Screening * Cap-X (vehicles)
* 1.4.2 Pedestrian & Bicyclist Safety Analysis ([SOENe=IR 8 (o= 15
* 1.4.3 Motor Vehicle Safety Screening * SSl Intersec tions
+ 1.4.4 Environmental Screening = SSl Interchanges
+ 1.4.5 Cost Screening

}

1.5 — STAGE 1 RESULTS & FAST TRACKING

PROCEED TO STAGE 2

Finish ICE Analysis

Components of ICE Stage 1

» Integrate high-level context screening
» Incorporate ‘early exits’ of alternatives
not feasible given project context
» Parallel assessment (NOT sequential
filtering) of metrics
» V/C screening
» Multimodal safety assessment
» Vehicular safety screening
» Environmental screening
» Cost screening
» Allow for ‘fast tracking’ of preferred

alternative after Stage 1

KITTELSON
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Components of ICE Stage 2
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2.0— INITIATE ICE STAGE 2

|

2.1 - DETAILED EQUITY & CONTEXT
ASSESSMENT

v

2.2 — DEVELOP CONCEPTS

v

2.3 — STAGE 2 ANALYSIS
+ 2.3.1 Vehicle Delay Analysis
+ 2.3.2 Pedestrian & Bicyclist Safety Analysis
+ 2.3.3 Motor Vehicle Safety Analysis
* 2.3.4 Construction Cost
+ 2.3.5 Life Cycle Cost Analysis
+ 2.3.6 Environmental Analysis
+ 2.3.7 Stakeholder Support
+ 2.3.8 Other Analysis

'

2.4 — STAGE 2 RESULTS AND RANKING

» Integrate more detailed context screening
» Parallel assessment (NOT sequential filtering)
of metrics
. Wﬂ,# » Vehicle Delay
» Pedestrian and Bicyclist Safety
» Motor Vehicle Safety
+ e > Construction Cost

* HCM Tools

L o e » Life Cycle Cost

New

+ Life Cycle Cost Tool

et » Environment Analysis

| » Stakeholder Support
. cErcess oo » Other Analysis

KITTELSON
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Tools to Support ICE

Spreadsheets tools (part of ICE Guide) Other Tools
%' ICE Process Tool * Agency-Level ICE Tools
e Capacity Analysis for Planning of * PennDOT Web ICE Tool
Junctions (CAP-X) Tool e VDOT VJuST Tool
%' Planning and Preliminary Engineering » Safety Screening Tools
Applications Guide (PPEAG) ICE Tool e CrashKit™
% * Context Assessment Tool * Operations Analysis Software
7= * 20 Flags Calculator Tool e Synchro
GRS o Safe Systems for Intersections (SSI) Tools * HCS
* Safety Performance for Intersection " VISSIM
Control Evaluation (SPICE) Tool * VISTRO
* Etc.

* Life-Cycle Cost Estimating Tool (LCCET)

KITTELSON
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Example: SPICE Tool

° f f Safety Performance for Intersection Control Evaluation Tool
Safety Per ormance .
f Summary of crash prediction results for each alternative
O r I nte rS eCt I O n Project Information
I I Project Name: Sample Intersection Type At-Grade Intersections
CO n t ro Eva u a t I O n Intersection: Test Intersection Opening Year 2018
( S P I C E ) Agency: KAI Design Year 2035
Project Reference: NCHRP 17-98 Facility Type On Urban and Suburban Arterial
. . City: Wilmington Number of Legs 4-leg
() I I d | d State: NC
Orlg! na y eve Ope Date: 3/1/2022
by Kittelson for FHWA = —
rash Prediction Summary
I n 2 O 1 8 Control Strategy Crash Type Opening Year Design Year Total Project Life Cycle AADT Within Prediction Range?
Total 1.26 1.63 26.13
1-lane Roundabout - N/A
° h f Fatal & Injury 0.19 0.25 3.92
Loes the Satety ey . R R o
e O . a C e . Minor Road Stop Total 2.07 2.67 42.83 No
Functions (SPFs) in i = g
Traffic Signal - ' ' ' Yes
H S M Pa rt C Fatal & Injury 1.08 1.44 22.74
Traffic Signal (Alt) Total 3.72 4.94 78.23 Yes
. Fatal & Injury 1.25 1.66 26.26
° d d f Displaced Left-Turn Total 2.83 376 59.52
U p ate O r Va rl O u S (DLT) Fatal & Injury 0.95 1.27 20.01 N/A
. Total 2.74 3.63 57.49
state D OTS an d fo r T 0.76 1.01 15.92 N/A
H . . Total 2.74 3.63 57.49
NCHRP ICE Gui d e Signalized RCUT e iniry 0.84 112 17.74 NIA
. . Total 1.35 1.74 27.84
Unsignalized RCUT ™ e injury 0.39 0.52 8.19 NIA
KITTELSON
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Example: 20-Flag Tool

Intersection Type:| .
[ ) Signal
(REQUIRED FIELD)
Analysis Intersection:
Pedestrian A I Bicycle A
I I I p e I I | e I | e - Flag # Flag West East North | South NBL NBT NBR SBL SBT SBR EBL EBT EBR WBL WBT | WBR
1 Motor Vehicle Right Turn Red Red Red Red S 3y
Uncomfortable/ Tight Walking Environment
3 Non-Intuitive Motor Vehicle Movement
a g e O 4 Crossing Yield or Uncontrolled Vehicle Paths |Red Red Red Red
5 Indirect Paths
6 ing Unusual
7 Itil Crossing Red Red Red Red Red Red Red Red Red Red Red Red Red Red Red Red
eve O e ro l I 8 Long Red Times Red Red Yellow [Yellow |Yellow [Yellow |Yellow [Yellow |Yellow |Yellow [Red Red Red Red Red Red
9 Undefined Crossing at Inters:
10 Motor Vehicle Left Turn Red Red Yellow |Yellow |Yellow |Yellow [Yellow |Yellow |Yellow [Yellow |Red Red Red Red Red Red
11 ing Dri' ys and Side Streets
12 Sight Distance for Gap Acceptance
13 Grade Change
14 Riding in Mixed Traffic Red Red Red Red Red Red Red Red Red Red Red
15 Bicycle Clearance Times
16 Lane Change Across Motor Vehicle Lanes Red Red Red Red Red Red Red Red Red Red Red
* Updated for NCHRP s
18 Turning Crossing Bicycle Path
19 Riding Between Travel Lanes
[] 20 Off-Tracking Trucks in Multi-Lane Curves
1 O 8 7 O r CO I | S I Ste I |t Total Yellow Flags Movement 2 2 2 2 0 0 0 ] 0 0
Total Red Flags by Movement 3 3 3 3 5 5 5 5 5 5
. All Pedestrian Bicycle .
ooK an orm att N TotavelowFgs 16 4 0 Pedestrian Assessment
Total Red Flags: 64 16 24
Total No Flags: 0 0 0 0
Total N/A: 0 0 0 100%’
Total Possible: 136 52 84
Percent Yellow:  12% 8% 0% 0,
e Used to track and 80%
Percent Not Flagged:  41% 62% 71% 58%
. 9 0,
summarize flag - o o
40%
assessment 20% S
(o]
8%
. 12% 15% 12%
0%
As-Built Alt. 1 Alt. 2
PCT Yellow: PCT Red: PCT Not Flagged:

KITTELSON
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W PennDOTICE

PennDOT Web Intersection
Control Evaluation (ICE) Tool

Start analysis

Add Intersections and Interchanges

@
®

o o s o o R

one of more intersection of interchange types from the
] Trpe

Diamond (D4) with Conventional Signals
Olamong (04) win Stop Control
Diamond with One-tane Roundabouts
Dlamand with Two-lane Roundabouts
Owverging Diamona
Single Foint Diamond

Other

wx @

The Federal Highway Administration (FHWA) Office of Operations
Research and Development developed the first version of Capacity
Analysis for Planning of Junctions (CAP-X) in 2009. The PennDOT web
ICE Tool confains a near-replication of the most recent FHWA Excel
version of CAP-X. CAP-X is & tool that evaluates intersections and
interchanges at the planning level using the method of critical lane volume
summation to provide planning capacity assessment at each crossing. Itis
designad to be simple, with only movement volume counts and number of
lanes needed to be entered into the fool.

= YW PennDOTICE

@ ot imomaon

Traffic Volumes

@ sioval input Data

© Tt Volumes Intersection

© rvear

Eastbound

UPLOAD VOLUMES

Edit detailed demand profiles

Southbound
T

punoqisam

Northbound

B EXPORT ANALYSIS

= Wl PennDOTICE

@ ot itormatn

Capacity Analysis

Volume and capacity analysis of the allerative:
@ e voures Volume and capacity analysis of the allermatives

@ oesgn serecion

© casaciy Anaysis Max viC

Conventional Signal
Conventional Signal 2
Roundanout

AlRWay Stop Control

iple nodes the hig!

@ EXPORT ANALYSIS

Opening Year VIC Design Year VIC

Weekend Weekena
Pk PMPEK pear

Web-Based Implementation: PennDOT ICE

E@
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Safety Screening Tool - CrashKIT™

* Online Safety Network
Screening Tool

* |dentify high crash
locations and
prioritize safety
Improvements

e High injury network
(HIN)

* Excess expected crash
frequency

* Tracking long-term
trends and before &
after assessment

"Acrash<| 1 ™—safety Screening Tool

Analysis type

@ Roadway

Study Area Selection

Crash Filters

Date Selection (®

02/29/2016 o

01/30/2017 O

Collision Type

0O 0O O3;%

O 0 0O O

+
L ]
.
L ]
8

Q
| o
AR \ - %&5
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¢ Vehicles

Multimodal Analysis
I ntegration i n |CE ICE : g:i?eatiltgeipodrm[_?rﬁ:ac}f service

* Pedestrians and Bicyclists
Stage 1 » Safe origin-destination movements

* Adequate facility type

NCHRP
RESEARCH REPORT 948 » Delay and queuing analysis

» Safety modeling

ICE » Pedestrians and Bicyclists
_ Guide for Pedestrian and » Operations analysis
Bicyelist Safety at Alt i
Y and Other Intersections Stage 2 « Design-flag assessment of design elements

and Interchanges

Afe*"

KITTELSON
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https://nap.nationalacademies.org/catalog/26072/guide-for-pedestrian-and-bicyclist-safety-at-alternative-and-other-intersections-and-interchanges#:%7E:text=The%20TRB%20National%20Cooperative%20Highway%20Research%20Program's%20NCHRP%20Research%20Report

Multimodal Analysis - Guiding Principles

Integrate Multimodal
Facilities in the Design
Process, as opposed to
‘accommodating’
pedestrians and
bicyclists at later stages

Allow comparison of
alternative intersections
and interchanges (A.l.1.)
with ‘conventional’
designs

Focus on design
elements of the
intersection, rather
than intersection form

Follow a performance-
based design process

KITTELSON
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What makes an Intersection Safe for

Pedestrians and Bicyclists?

* Crossing of few number of lanes at a time
* Use of short cycle lengths (if signalized)

* Crossing one direction of traffic at a time
* Users make one decision at a time
* Slow vehicle speeds at crossings

* Adequate crossing opportunities
in the form of gaps or stops/yields

* Intuitive to use

KITTELSON
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Motivation for NCHRP Report 948

* Pedestrian and Bicyclist Crashes more rare than
vehicular crashes

* Reduced exposure
* Underreporting

* Difficult to develop predictive safety
* Some Crash Modification Factors (CMFs)
 Limited Safety Performance Functions (SPFs)

* Desire to programmatically enhance pedestrian
and bicyclist safety
e Systemic Safety Strategies
* Designing Safe Systems

NCHRP

RESEARCH REFORT 948

Guide for Pedestrian and
Bicyclist 5afety at Alternative
and Other Intersections

and Interchanges

rEs

KITTELSON
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https://nap.nationalacademies.org/catalog/26072/guide-for-pedestrian-and-bicyclist-safety-at-alternative-and-other-intersections-and-interchanges#:%7E:text=The%20TRB%20National%20Cooperative%20Highway%20Research%20Program's%20NCHRP%20Research%20Report

20 Questions for
Pedestrian and
Bicyclist Safety

NCHRP

RESEARCH REPORT 9438

Guide far Pedestrian and
Bicyclist Safety at Alternative
and Other Intersections

and Interchanges

Motor Vehicle
Right Turns

Indirect paths

Undefined
Crossing at
Intersections

Grade Change

Channelized
Lanes

Uncomfortable/
Tight Walking
Environment

Executing
Unusual
Movements

Motor Vehicle
Left Turns

Riding in Mixed
Traffic

Turning
Motorists
Crossing Bicycle
Paths

Nonintuitive
Motor Vehicle
Movements

Multilane
Crossings

Intersecting
Driveways and
Side Streets

Bicycle Clearance
Times

Riding Between
Travel Lanes,
Lane Additions,
or Lane Merges

Crossing Yield- or
Uncontrolled
Vehicle Paths

Long Red Times

Sight Distance for
Gap Acceptance
Movements

Lane Change
Across Motor
Vehicle Lane(s)

Off-tracking
Trucks in
Multilane Curves

Vq KITTELSON
N/ &ASSOCIATES



https://nap.nationalacademies.org/catalog/26072/guide-for-pedestrian-and-bicyclist-safety-at-alternative-and-other-intersections-and-interchanges#:%7E:text=The%20TRB%20National%20Cooperative%20Highway%20Research%20Program's%20NCHRP%20Research%20Report

Yellow

VS

Red Flags Red Flags, for design elements that
are directly related to a safety
concern for pedestrians or
bicyclists.

KITTELSON
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Applying Design Flag Checks




Goal:
Quantitative

Alternatives
Assessment

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

12%

79%

Alternative A

13%

79%

Alternative A

Pedestrian Assessment
4%

I
| 12% | 2% .

15%

38%
88%

73%

38%
Alternative B Alternative C Alternative D

Bicycle Assessment

i 7 =

16%
94% 93%
74%
Alternative B Alternative C Alternative D

H Red
Yellow

MNone

H Red
Yellow

None

KITTELSON
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Design Flag 1:
Motor Vehicle

Right Turns

Design Flag: Motorists seeking
sight distance to turn right may
encroach into crossing

—.A

=

=) = \/chicle travel path

Gl = Pedestrian
@ = Conflict Point

KITTELSON
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Design Flag 1 at Conventional Intersections

- . ’ = 3 . 1 . : "3 ~ 3 € -3
Vehicles permitted to turn right across marked Intersection with channelized turn lanes.
crosswalks.

KITTELSON
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Design Flag #1: Potential Treatments

Right-Turn-on-Red Leading Pedestrian Separating Driver
Restriction Interval Decisions & Reducing
Speed

KITTELSON
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Design Flag 4.

Crossing
Yield- or

Uncontrolled
Vehicle Paths

Design Flag: Yield-controlled or
uncontrolled movements conflict
with pedestrian movements

Pedestrian travel way
« Bicycle travel way

4y Peclestrian movement
ey MOtOr vehicle movement

KITTELSON
&ASSOCIATES
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Design Flag #4: Potential Treatments

Z Rectangular Rapid-
Flashing Beacon

Raised Crosswalk




Design Flag #14 — Riding in Mixed Traffic

Design Flag: Riding in mixed
traffic at high speeds or volumes
can be stressful and creates safety
concerns for bicyclists

P

Wt

Pedestrian travel way
Bicycle travel way

Y
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&ASSOCIATES



b o AR A |
S L Mw.n....o.._ K |

il Ve

.

e by .iw.._.l.w..m..

Design Flag

14 at

e, k,
o

)
T

e Y

I

t
o il
1% :..n.
[ i
L
o
1
1A 1

=
i)
=
2
i
-

¢ v g e}

ional

Convent
Intersection

Fi f_.r...l..

— T —

=




Design Flag #14: Potential Treatments

Separated Bike Lane Shared-Use Path Reduced Speed
Environment

KITTELSON
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Design Flag #16: Lane Change Across Motor

Vehicle Travel Lane

Design Flag: On-street bicyclists trying to

turn left would need to cross over motor vehicle
travel lanes with considerable speed differential.
(Note that off-street facilities are also provided
in this design, mitigating the design flag)

I
|

Pedestrian travel way

. Bicycle travel way 1.1 f KITTELSON
& ASSOCIATES






Design Flag #16: Potential Treatments

Two-Stage Left Turn Box at Ramp to move cyclists to sidewalk
Intersection level before intersection

KITTELSON
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Case Study Application:
Faulkland Rd (34) at Centre Rd. (141), Wilmington, DE

KITTELSON
&ASSOCIATES




Example application (Wilmington, DE)

Existing Conditions

Motor Vehicle Right Turns
Tight Walking Environment
Crossing Yield Control Path
Multilane Crossing

Long Red Times
Intersecting Driveways
Sight Distance

Riding in Mixed Traffic
Bicycle Clearance Times
Lane Change Across Vehicle Lanes
Channelized Lanes
Motorist Crossing Bike Path

Riding Between Travel Lanes

KITTELSON
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Results: Existing Conditions

* Motor Vehicle Right Turns Existing Conditions - Results
e Tight Walking Environment 100%
* Crossing Yield Control Path 90%
* Multilane Crossing 80%
* Long Red Times 70%
* Intersecting Driveways 0%

* Sight Distance

* Riding in Mixed Traffic

* Bicycle Clearance Times

* Lane Change Across Vehicle Lanes
e Channelized Lanes

* Motorist Crossing Bike Path o 12% 2%

. e 0%
* Riding Between Travel Lanes Pedestrian Bicycle

PCT Yellow: m®PCTRed: mPCT Not Flagged:

Vq KITTELSON
N &ASSOCIATES
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Concept 1: Low-Cost Improvements

I

RALT |

”““ﬁﬂilh
@

. BT, ¢
CHARES ijs}Tu P S

®) Reacsen éﬁ?b&éﬁﬁhumj-
P WosSEs S fRuiECT peas

w N

N o vk

Widen Island Cut-Throughs
Install Raised Crosswalks
Stripe Bike-Lane Through
Intersection

Add Two-Stage Left-Turns
Consolidate Driveways
Build Driveway Islands
Install Stop Signs at
Channelized Turn Lane Exits
Raised Refuge Islands and
‘noses’ to protect
pedestrians

KITTELSON
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Results: Concept 1 — Low Cost Improvements

Concept 1 - Results
100%

* Crossing Yield Control Path 90%
e Multilane Crossing* 80%
* Long Red Times 70%
* Intersecting Driveways* 60%

50%
* Riding in Mixed Traffic 20%
* Bicycle Clearance Times 0%

20%

e Channelized Lanes*
* Motorist Crossing Bike Path .

* Riding Between Travel Lanes Pedestrian Bicycle
PCT Yellow: mPCTRed: m PCT Not Flagged:

10%
15% 13%

*Mitigated but not eliminated

Vq KITTELSON
N &ASSOCIATES
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Results: Alt. 2 — Median U-Turn (MUT)

Motor Vehicle Right Turns

Multilane Crossing™*
Long Red Times*
Intersecting Driveways™

Motorist Crossing Bike Path
Riding Between Travel Lanes

*Mitigated but not eliminated

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

12%

Pedestrian

PCT Yellow:

Concept 2 Results

m PCT Red:

11%

Bicycle

m PCT Not Flagged:

E@
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100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Pedestrian Assessment

12%

As-Built

PCT Yellow:

15%

Alt. 1

m PCT Red:

B PCT Not Flagged:

12%

Alt. 2

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Bicyclist Assessment

8%

As-Built

PCT Yellow:

13%

Alt. 1

M PCT Red:

B PCT Not Flagged

K

11%

Alt. 2

KITTELSON
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Design Flag
Assessment
Method —

20 Questions
for Pedestrian
and Bicyclist
Safety

Motor Vehicle
Right Turns

Indirect paths

Undefined
Crossing at
Intersections

Grade Change

Channelized
Lanes

Uncomfortable/
Tight Walking
Environment

Executing
Unusual
Movements

Motor Vehicle
Left Turns

Riding in Mixed
Traffic

Turning
Motorists
Crossing Bicycle
Paths

Nonintuitive
Motor Vehicle
Movements

Multilane
Crossings

Intersecting
Driveways and
Side Streets

Bicycle Clearance
Times

Riding Between
Travel Lanes,
Lane Additions,
or Lane Merges

Crossing Yield- or

Uncontrolled
Vehicle Paths

Long Red Times

Sight Distance for

Gap Acceptance
Movements

Lane Change
Across Motor
Vehicle Lane(s)

Off-tracking
Trucks in
Multilane Curves

Vq KITTELSON
A\
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Design Keys to Success

Integrate multimodal
facilities early in the
design process, and check
for safety concerns
throughout the evolution
of the design.

|dentify project priorities,
understanding that
tradeoffs will be necessary

Recognize while it is
unlikely to eliminate all
flags, assessing the design
at each stage provides the
most opportunity to
minimize flag count

KITTELSON
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Think ‘Early and Often’

. //More costly

//More community

// Least cost controversy

//More mitigation
cost

//More opportunities to incorporate
community goals

// Greater flexibility to evaluate a
wide range of options

IMPACTS
(COST, PUBLIC TRUST, MITIGATION)

PLANNING PRELIMINARY ENGINEERING CONSTRUCTION BUILT PROJECT
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Discussion and Questions

Bastian Schroeder

bschroeder@kittelson.com
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