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1 Introduction

IBI Group was retained by Region of Waterloo (Region) to conduct a traffic safety analysis on
University Avenue between Albert Street and Weber Street North. This safety analysis is in
support of the Schedule C Class Environmental Assessment (EA) for the same study corridor
with a planned implementation date for 2023. Most of the EA alternatives involve improvements
to cycling and pedestrian facilities, relative to existing conditions. The objective of the safety
analysis is to review the historical safety performance of the study corridor and the anticipated
safety effect of the EA designs, then provide recommendations for inclusion in future detailed
designs.

This memorandum provides an overview of the safety review and is broken down into the
following sections:

. Section 2 Background: Discusses the project background and parallel projects in
the study area;

. Section 3 Preliminary Findings and Field Investigations: Provides an overview of
the findings from historical collision data analysis and field investigation;

. Section 4 List of Existing Issues and Potential Countermeasures: Lists the issues
observed from collision data review and field investigation, and their potential
countermeasures;

. Section 5 Design Concept Review: Provides a comparison of four design concepts,

and review the four design concepts from a road user safety perspective; and

. Section 6 Recommendations for Future Detailed Design: Outlines some
recommended countermeasures and their benefits for future detailed design of the
study area.
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2 Background

The following sections discuss the background information for the analysis including the study
area, the proposed design concepts for the University Avenue EA, and other cycling
infrastructure projects in the study area. This information was taken into account as part of the
overall safety analysis.

2.1 Study Area

The study area consists of University Avenue between Albert Street and Weber Street North,
including the following intersections along University Avenue, and the midblock segments
between these intersections:

o Weber Street North at University Avenue East (signalized);

. Regina Street North at University Avenue East (signalized);

. King Street North at University Avenue (signalized);

. Hazel Street at University Avenue West (signalized);

. Midblock pedestrian signal (MPS)140 metres west of Hazel Street at University
Avenue West (signalized)

. Hemlock Street at University Avenue West (unsignalized); and

. Albert Street at University Avenue West (signalized).

The locations of these intersections are shown in Exhibit 2-1.
Exhibit 2-1: Study Area

Weber Street North

Regina Street North

King Street North

Hazel Street

140 m West of Hazel Street

__Hemlock Street Legend

Signalized

Albert Street Unsignalized

2.2 University Avenue Environmental Assessment Initial Design Concepts

As part of the University Avenue Environmental Assessment, the 1Bl Group Design Team has
developed four design concepts for University Avenue. The goal of these design concepts is to
incorporate improved pedestrian and cyclist facilities along University Avenue between Albert
Street and Weber Street North, while preserving an acceptable vehicular level of service. These
design concepts include a number of changes to pedestrian and cyclist facilities in the study
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area, and are compared and reviewed more thoroughly in Section 5. Details of the design
concepts are available in Appendix A.

2.3 Separated Cycling Network Pilot Project

To promote cycling and improve cyclist safety in the Region of Waterloo, the Region is
undertaking a pilot project to provide separated bike lanes along some regional and local roads,
including segments of University Avenue, King Street North, and Albert Street within the study
area. As part of the design of this pilot project, a number of lane configuration changes are
planned at the intersections of University Avenue at King Street North and University Avenue
West at Albert Street.! The design drawings of these two intersections are shown in Appendix B.

3 Preliminary Findings and Field Investigations

The Region of Waterloo provided the historical collision data from January 2013 to December
2017 to support this study. Based on an office review of the data, several overall trends and
dominant collision types were identified. The collision data provided by the Region are available
in Appendix C. To provide a better understanding of the collision trends within the study area,
the Region-wide collision trends from the Region of Waterloo 2017 Annual Collision Report were
used as a “benchmark” for comparison.

In addition to the office review of the collision data, a field investigation of the study area was
conducted on October 8, 2019 to observe and document the following:

e Existing traffic operations and road user behaviours;
e Field conditions (for comparison with plans and photographs); and

e Potential contributing factors linking observed conditions to the preliminary findings from the
office review.

The field investigation was conducted under a range of operational conditions (e.g., AM
peak period, off-peak period, and PM peak period) and environmental conditions (e.g.,
daytime and nighttime). Field observations validated some of the preliminary findings from
the collision data analysis, and identified some potential issues along the corridor.

The following two subsections present the collision trends and observations for the overall study
area and specific locations, respectively.

3.1 Study Area Trends and Observations

A total of 466 collisions were recorded within the study area during the five-year study period
from January 2013 to December 2017. Of the 466 collisions, 359 (77%) collisions were property
damage only (PDO) collisions, and 107 (23%) were non-fatal injury collisions. No fatal collisions
were recorded during the analysis period.

As shown in Exhibit 3-1, in the study area, there is a slightly increasing trend in the annual
collision frequencies after 2014. At the Regional level, annual collision frequency has been
relatively constant in recent years, except for 2016, when the collision frequency was lower than
all other years in the analysis period. This difference between the study area collision frequency
and the Region’s annual collision frequency could be a result of the student population growth

! These intersection lane configuration changes were implemented in fall of 2019.
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and new high-density residential developments within the study area, which has resulted in
increased exposure locally.

Exhibit 3-1: Annual Collision Frequency and Severity

Region of Waterloo Study Area
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Exhibit 3-2 shows the monthly collision frequency during the 5-year analysis period. Higher
numbers of collisions was observed during the period from November to February. This could be
due to winter weather related conditions during those months. One exception is that the highest
number of collisions was observed in September in the study area, likely due to the extra
vehicular and pedestrian activity at the end of the summer season, coinciding with the beginning
of the new school year.

Exhibit 3-2: Number of Collisions by Month and Severity

Collision Classification ® Non-fatal injury ® Property damage only
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Exhibit 3-3 presents the hourly collision profile. Hourly collision frequencies start to increase at 7
AM, and gradually rise throughout the midday, coming to a peak in the 5 PM hour, which
corresponds with the PM peak period. This pattern is consistent with commuter travel patterns
coupled with midday activity that is likely attributable to the concentration of commercial and
post-secondary land uses along the corridor.
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Exhibit 3-3: Number of Collisions by Time of Day and Severity
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Exhibit 3-4 shows the Region-wide collisions impact type distribution, and the distribution within
the study area. In general, the collision impact type distribution in the study area is similar to that
for the rest of the Region of Waterloo. However, two exceptions were observed:

e The study area had higher percentage (29%) of turning movement collisions compared to
the Region-wide collision data (22%); and

e The study area had higher percentage (4%) of pedestrian involved collisions compared to
the Region-wide collision data (2%).

The possible contributing factors of these two exceptions are:

e High left-turn traffic at the intersections of major arterial roads, such as at the intersection of
King Street North at University Avenue and the intersection of Weber Street North at
University Avenue East;

e High pedestrian activity along University Avenue, as it connects many high-density
residential, commercial, and post-secondary educational areas; and

e A combination of the two factors above, where drivers have less opportunities for permissive
left-turn movement, as a result of high pedestrians volumes. This might encourages drivers
to make aggressive turning movements, which might lead to collision with other vehicle or
pedestrian.

In the study area, rear-end collisions (196 collisions, 42%) and turning movement collisions (137
collisions, 29%) were the predominant collision impact types. There were 20 (4%) collisions
involving pedestrians.
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Exhibit 3-4: Number of Collisions by Impact Type
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From the field investigations, some general observations which apply to the entire study area are
listed in Exhibit 3-5.

Road
User

Vehicle

Exhibit 3-5: General Observations from Field Investigations

Observation

Drivers generally appear to drive
faster and more aggressively during
PM peak period

Description/Photo

N/A

At skewed intersections, some left-
turning vehicles encroach on
opposing travel lanes when waiting
for gaps

Pedestrian

Many pedestrians start to cross
close to the end of the "Flashing
Don't Walk" phase

Many pedestrians walk outside of
the marked pedestrian crosswalks

Pedestrian crosswalks are
generally too narrow for the amount
of pedestrian volume
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Road

User Observation Description/Photo

Based on Region of Waterloo Transportation
Impact Studies (TIS) Requirements for
Capacity Analysis, Roundabouts, Signal
Warrants, the Region calculates “Flashing
Don’'t Walk” (FDW) using the following
formula:
FDW = clearance distance/1.25m/s — (amber

The "Flashing Don't Walk" phases + all-red), where amber and_all-red times are

- included as parts of pedestrian clearance
are relatively short compared to .
2 : ; time.

similar intersections in other

municipalities While amber and all-red time are also
intended for vehicular traffic to clear the
intersection, this can increase conflicts
between pedestrians and vehicles, especially
between the pedestrians who are finishing
crossing the road and the left-turn vehicles
clearing the intersection during the amber and
all-red time.

Cyclists ride in pedestrian

crosswalks

Cyclist

Where bike lanes do not exist,

cyclists ride in mixed traffic or ride

on the sidewalk

3.2 Location-Specific Trends and Observations

Exhibit 3-6 and Exhibit 3-7 show the number of collisions and their severity distributions at each
intersection and midblock location, respectively. Collision impact type and severity of every
collision were summarized and plotted in collision diagrams for every intersections and midblock
segment, these collision diagrams are available in Appendix D.

As indicated in Exhibit 3-6, among all of the intersections analyzed, the intersection of Weber
Street North at University Avenue East had the highest number of collisions (121), followed by
the intersection of King Street North at University Avenue (83). In terms of severity, 44% (23 out
of 52) of the collisions that occurred at the intersection of Albert Street at University Avenue
West were collisions that resulted in injury, which is the highest proportion compared to the other
intersections in the study area. A high proportion of collisions that resulted in injury were also
observed at the intersection of Regina Street North at University Avenue East, where 15 out of
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41 collisions (37%) resulted in injuries. Based on the data provided, no fatal collision occurred
within the study area during the analysis period.

Exhibit 3-6: Number of Collisions and Severity at each Intersection

Collision Classification ® Non-fatal injury ®Property damage only

Weber 5t N at University Ave E: 121 Q, /.'

University Ave E at Regina 5t N: 41

~
King 5t N at University Aéﬂq;’
// |- —4
\ ]

University Ave W at Hazel St/WLU Mid Campus: 53
=
\_./
University Ave W & Lazaridis School/WLU: 8
Hemlock 5t at University Ave W: 5 =
&

N
{R f| Albert St at University Ave W: 52
A v

As indicated in Exhibit 3-7, among all midblock segments analyzed, the segment between
Regina Street North and Weber Street North had the highest number of collisions (70), followed
by the segment between Hazel Street and King Street North (17).

Exhibit 3-7: Number of Collisions and Severity at each Midblock Location

Collision Classification ® Non-fatal injury ® Property damage only
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A summary of the findings from the collision data analysis and the field investigation for each
intersection and midblock location within the study area are provided in Exhibit 3-8, where the

key findings are bolded. Detailed findings for each intersection and midblock location are
available in Appendix D.
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Location

Collision Data Analysis

Exhibit 3-8: Collision Data Analysis and Field Observation Findings

Field Observations

Type

Number of collisions and severity: 23 out of 52 of collisions

(44%) resulted in injuries

High proportion of angle collisions (21%), 6 out of 11

collisions resulted in injuries

0 Majority of angle collisions (8 out of 11) occurred
with at-fault vehicles driving along University

The eastbound and westbound left-turn phase actuated
without demand

No issues with street lighting during evening

Bike lane from Separated Cycling Network Project had
been partially implemented, while the previous stop bar on
the north approach was not yet removed

Signalized :tlbert Street Avenue West
Intersection University Avenue West High propqrtlon of pedes_,tr_lalj involved collisions (15%), 6
out 8 collisions resulted injuries
0 Half of pedestrian involved collisions (4 out of 8)
occurred during the evening (10 PM -12 AM) where
pedestrians were hit by left-turning vehicles
1 cyclist involved collision occurred, but the collision details
are unknown
Number of collisions and severity: 2 Property Damage Uphill grade might affect driver's sightlines when
Midblock Between Albert Street Only (PDO) collisions with no injury collisions approaching Albert Street
and Hemlock Street No pedestrian/cyclist involved collision occurred at this
location
Number of collisions and severity: 1 out of 5 (20%) Pedestrians crossing University Avenue West at this
. . Hemlock Street collision resulted in injury unsignalized intersection during the day time
Unsignalized o . L.
. at Majority of collisions (80%) were rear end collisions
Intersection . . ) . - .
University Avenue West No pedestrian/cyclist involved collisions occurred at this
location
Number of collisions and severity: 1 out of 2 collisions Uphill grade might affect driver's sightline and stopping
(50%) resulted in injury distance when approaching the Midblock Pedestrian
Between Hemlock One rear end collision (injury) and 1 sideswipe collision Signal west of Hazel Street
Midblock Street and Midblock ury. P g

Pedestrian Signal

(PDO)
No pedestrian/cyclist involved collisions occurred at this
location
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Location

Collision Data Analysis

10

Field Observations

Type

Number of collisions and severity: 2 out of 9 collisions
(22%) resulted in injury

High pedestrian activity
Pedestrians walking outside of pedestrian crosswalks due

Midblock All 9 collisions that occurred were rear end collisions to the location of Lazaridis Hall's entrance being offset
. MPS West of Hazel . - .
Pedestrian Street Majority of collisions (78%) occurred with westbound from the crosswalk
Signal traffic
No pedestrian/cyclist involved collisions occurred at this
location
Number of collisions and severity: 2 out of 6 collisions Short distance (around 130 metres) between the MPS
Between Midblock (33%) resulted in injury west of Hazel Street and the intersection of Hazel Street at
Midblock Pedestrian Signal and Majority of collisions (50%) were rear end collisions University Avenue West
Hazel Street No pedestrian/cyclist involved collisions occurred at this Pedestrians crossing the road at midblock (“jaywalking") in
location the evening
Number of collisions and severity: 12 out of 53 collisions No audible pedestrian push buttons at northeast and
(23%) resulted in injuries southeast corners of the intersection
Majority of collisions (57%) were rear end collisions High pedestrian and cyclist activity
_ . Hazel Street o All rear end collisions occurred along University
Signalized at Avenue West
Intersection . . 2 pedestrian involved collisions occurred where
University Avenue West . .
pedestrians were hit by northbound and southbound
left-turning vehicles
1 cyclist involved collision occurred where cyclist was
hit by a right-turning vehicle
Number of collisions and severity: 1 out of 17 collisions Two driveways (Maple Court and University Commons
(6%) resulted in injury Plaza's parking lot access) next to each other on the north
Majority of collisions (65%) were rear end and sideswipe side of University Avenue West
_ Between Hazel Street cc?llisions . . . Small pgrking lot (6 parking spaces) on the north side of
Midblock and King Street North High proportion of collisions (18%) involved southbound University Avenue West
vehicles exiting from the driveways or parking lot on the Lack of street lighting on the south side of University
north side of University Avenue West Avenue West in the evening
No pedestrian/cyclist involved collisions occurred at this Pedestrians crossing the road at midblock (“jaywalking™) in
location the evening
Signalized King Street North Number of coIIi;io_n§ a_nd severity: 14 out of 83 collisions The westbound left-turn phase actuated without demand
Intersection at (17%) resulted in injuries Optically programmable signals were used for both

University Avenue

High proportion (34%) of turning movement collisions

westbound left-turn and through movements, preventing
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Location

Collision Data Analysis

11

Field Observations

Type

0 Majority of turning movement collisions (21 out of 28)
occurred with left-turning movements

o High proportion of left-turn collisions (10 out of 28)
occurred when making southbound left-turn
movements

5 out of 7 pedestrian involved collisions resulted in injuries

o0 Majority of pedestrian involved collisions (4 out of
7) occurred where pedestrians were hit by left-
turning vehicles

drivers seeing the green light from distance because of the
short distance (around 100 metres) between the
intersection of King Street North at University Avenue and
the intersection of Regina Street North at University
Avenue East

Narrow pedestrian crosswalks forcing pedestrians to walk
outside of the pedestrian crosswalks

The southbound left-turn lane is directly opposite
northbound through lane

No left-turn guide lines for tight northbound left-turn

Between King Street

Number of collisions and severity: 1 out of 5 collisions
(20%) resulted in injuries
All collisions were rear end and sideswipe collisions

Short distance (around 100 metres) between the
intersection of King Street North at University Avenue and
the intersection of Regina Street North at University

Midblock North and Regina Street No pedestrian/cyclist involved collisions occurred at this Avenue East
North location A small reflective sign warns cyclists about exiting traffic
from driveway when riding on sidewalk
No bike lanes on this midblock segment
Number of collisions and severity: 15 out of 41 collisions A optically programmable eastbound through signal
(37%) resulted in injuries preventing drivers seeing the green light from distance
High proportion (34%) of angle collisions, resulted 4 injury because of the short distance (around 100 metres)
collisions between the intersection of King Street North at University
o0 Majority of angle collisions (10 out of 14) occurred Avenue and the intersection of Regina Street North at
in the eastbound direction; University Avenue East
. High proportion (20%) of turning movement collisions, The pedestrian signal on the south side of the road
. . Regina Street North L . . . )
Signalized at resulted in 4 injury collisions (southeast corner) was not directly facing the pedestrian
Intersection o0 Half of turning movement collisions (4 out of 8) crosswalk

University Avenue East

occurred when making northbound left-turns
3 pedestrian involved collisions, all resulted in injury,
2 out of 3 collisions occurred when vehicles were
making left-turns
2 cyclist involved collisions, resulted in 1 injury, for
these collisions, cyclists were hit by 1 left-turning
vehicle and 1 right-turning vehicle
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Location

Collision Data Analysis

12

Field Observations

Type

Between Regina Street

Number of collisions and severity: 13 out of 70 collisions

(19%) resulted in injury

High proportion (50%) of collisions were turning movement

collisions

o0 Majority of turning movement collisions (22 out of
35) occurred while northbound traffic was exiting
the driveways

4 cyclist involved collisions occurred at this midblock

location, resulting in 3 injuries

No bike lanes at this midblock location, cyclists ride with
traffic or ride on sidewalks

Some small reflective signs on both sides of the road,
warning cyclists about exiting traffic from driveway when
riding on the sidewalk

Many wide driveways on both sides of the road, where
some vehicles turned onto driveways at a high speed

In the absence of two-way left-turn lane median, when a
vehicle in the centre lane along University Avenue East

SRS Egg: ANCRVENerSHEe! o0 Majority of cyclist inyolved coIIi_sions (3_out of 4) indicating an intent to make a left-turn onto a driveway,
occurred where cyclists were hit by vehicles vehicles behind the slowing/stopping vehicle occasionally
entering or exiting the driveways make sudden lane change to the curb lane to avoid delay

Some properties on the south side have two driveways
Vehicles exiting from the driveways blocked by the heavy
through movements during peak periods
During peak periods, traffic on University Avenue East had
to give “courtesy gaps” to vehicles wanting to enter or exit
the driveways
Number of collisions and severity: 22 out of 121 collisions Pedestrians crossed the road without using the pedestrian
(18%) resulted in injury; refuge island
High proportion of turning movement collisions (36%); Cyclists ride on the pedestrian crosswalks
o0 Majority of turning movement collisions (37 out of 43) When buses service the westbound far side bus stop
Signalized Weber Street North ogcurred whgn vehicle_s were making Ieft.-tl.Jrns; located approximately 60 metres west of the intersection,
Intersection at o High proportion of turning movement collisions (16 out traffic in the curb lane was blocked by the stopped bus and

University Avenue East

of 43) occurred in the eastbound direction;
Majority of rear end collisions (30 out of 50) occurred in the
eastbound and westbound directions;
No pedestrian/cyclist involved collisions occurred at this
location;

queues spilled back into the intersection
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4 List of Existing Issues and Potential Countermeasures

Based on the review of the historical collision data and field investigations, some key issues
were identified as shown below:

High proportion of turning movement collisions at intersections of major arterial
roads;

High proportion of angle collisions at some intersections;
High proportion of pedestrian and cyclist involved collisions;
Drivers generally drive faster and more aggressively during the PM peak hours;

Narrow pedestrian crosswalks, forcing pedestrians to walk outside of the pedestrian
crosswalks;

Short “Flashing Don’t Walk” time at crosswalks, creating potential conflicts between
pedestrians and vehicles during the inter-green period (amber and all-red time);

Limited street lighting at night at some locations along the corridor, particularly on
the south side of University Avenue West;

Absence of cycling facilities east of King Street North along University Avenue East;
and

Unusual northbound and southbound lane configurations at the intersection of
University Avenue and King Street North, where southbound left-turn lane is directly
facing northbound through lane.

13

A detailed list of issues and the potential countermeasures at specific locations are illustrated in
Exhibit 4-1.
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Exhibit 4-1: List of Issues and Countermeasures

Location

Intersection:
o All signalized intersections

Issue
The "Flashing Don't Walk" times are too short

14

Countermeasures

Update the "Flashing Don't Walk" time, use slower
walking speed and exclude the inter-green period from
“Flashing Don’t Walk” time. For example, City of
Toronto currently implements 1.0m/s for “Walk” time,
and 1.2m/s for “Flashing Don’'t Walk” time, and
excludes inter-green from “Flashing Don’t Walk” time.
Reduce pedestrian crossing distances through
intersection redesign incorporating “Protected
Intersection” design.

¢ King Street North at University Avenue
e Regina Street North at University Avenue East
o Weber Street North at University Avenue East

Intersections: High proportion of pedestrian and cyclist e Implement leading pedestrian/cyclist interval
e Albert Street at University Avenue West? involved collisions, where pedestrians and ¢ Implement lagging fully protected left-turn phases
e Hazel Street at University Avenue West cyclists were hit by left-turn or right-turn traffic | « |mprove pedestrian level lighting
¢ King Street North and University Avenue e Realign crosswalks to shorten crossing distances and
¢ Regina Street North at University Avenue East create setback crossings
e Widen the crosswalks as needed at where high
demand exists
Extend the concrete median to the intersection
Increase “Flashing Don’t Walk” time at intersections
Incorporate “protected intersection” geometric design
features (more details provided following this table)
Intersection: Drivers generally drive faster and more Reduce lane widths along the corridor
e Weber Street North at University Avenue East aggressively during the PM peak hours Increase police speed enforcement
Midblock: Designate the corridor as a community safety zone
e Between Regina Street North and Weber Street and implement automated speed enforcement
North « Install radar-linked speed display sighs
Intersection: High proportions of turning movement and e Provide protected left-turn phases
e Albert Street at University Avenue West angle collisions o Install red-light cameras

Intersection:
¢ King Street North at University Avenue
o Weber Street North at University Avenue East

Some left-turn vehicles encroach on opposing
through traffic travel lanes when waiting for

gap

Install left-turn guide lines
Realign the intersection

2 Region of Waterloo is piloting no right turn on red restrictions at Albert Street at University Avenue West to reduce pedestrian collisions with right turning vehicles as of January

2020.
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Location

Intersection:

e King Street North at University Avenue

e Weber Street North at University Avenue East
e Hazel Street at University Avenue West

Issue

Many pedestrians start to cross near the end
of the "Flashing Don't Walk" phase

15

Countermeasures
Reduce pedestrian crossing distances

Intersection:

e King Street North at University Avenue
e Hazel Street at University Avenue West
e MPS west of Hazel Street

Pedestrian crosswalks are generally too
narrow for the amount of pedestrian volume

Many pedestrians walk outside of the marked
pedestrian crosswalks

Widen the crosswalks

Midblock:

e Between Regina Street North and Weber Street
North
e Between Hazel Street and King Street North

Pedestrians crossing University Avenue at
midblock locations

Narrow lane widths

Install midblock refuge island

Install midblock pedestrian crossings at appropriate
midblock locations

Intersection:

e King Street North at University Avenue

e Weber Street North at University Avenue East
e Hazel Street at University Avenue West

Cyclists ride on pedestrian crosswalks

Midblock:

e Between Regina Street North and Weber Street
North

Where bike lanes do not exist, cyclists ride
with traffic or ride on sidewalk

Incorporate “protected intersection” geometric design
features, and/or

Provide cycling facilities such as crossrides, bike
lanes, two-stage left-turns, bike boxes, and cycling
signals.

Midblock:
e Between Regina Street North and Weber Street

Some midblock locations consist of many
driveways, creating conflicts between road
users when entering and exiting

Consolidate driveways, limit the number of driveways
for each property

North ¢ Install concrete median to limit left-turn movements or
e Between Hazel Street and King Street North o Install two-way left-turn lane at midblock locations
Intersection: When buses service the westbound far side e Install farside bus bay, or
e Weber Street North at University Avenue East bus stop located approximately 60 metres ¢ Relocate the bus stop to near side of intersection
west of the intersection, traffic in the curb
lane was blocked by the stopped bus and
spilled back into the intersection
Midblock: Absence of street lighting on the south side of | ¢ Add street lighting and pedestrian level lighting to the
e Between Regina Street North and Weber Street the road south side of the road focusing lighting on the sidewalk
North to illuminate pedestrians
e Between Hazel Street and King Street North
Midblock: Uphill grade might affect driver’s sightline and Install static warning signs before signals
 Between Albert Street and MPS west of Hazel Street | stopping distance when approaching Improve sightline by moving the signal heads closer to
intersections the approaches
e Reduce the grade to improve sightlines
Intersection: Unusual lane configurations, where the ¢ Revise lane configurations and realign intersection

e King Street North at University Avenue

northbound left-turn lane is currently directly
facing the southbound through lane

approaches
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One of the countermeasures listed in Exhibit 4-1 is to incorporate “protected intersection”
geometric design features. “Protected intersection” provides additional separation between
vehicular traffic and other valuable road users (i.e., pedestrians and cyclists), increased driver
visibility on cyclists/pedestrians when making right-turns, decreased right-turn turning speed,
and shortened pedestrian/cyclist crossing distances. As shown in Exhibit 4-2, a typical
“protected intersection” consist of a list of design elements, including:

Corner islands;

Reduced corner radii;

Set-back crossride and crosswalk;
Cyclist queuing area;

Bike lane crosswalk;

Visual/textured shoreline separation between cyclists and pedestrian; and

N o g M w DN PR

Dedicated pedestrian and cyclist signals.

Exhibit 4-2: Design Elements of a "Protected Intersection”
| I

o]
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5 Concept Design Review

As part of the University Avenue Environmental Assessment, the 1Bl Group Design Team has
developed four design concepts for University Avenue. The goal of these designs is to
incorporate improved pedestrian and cyclist facilities along University Avenue between Albert
Street and Weber Street North, while preserving an acceptable vehicular level of service. In this
section, each of the design concepts were reviewed from a road user safety perspective to
determine if the existing issues have been addressed. The four design concepts are as follows:

) Design Concept No.1: Separated Bike Lane with Painted Buffer;

. Design Concept No.2: Separated Bike Lane with Raised Physical Barrier;
. Design Concept No.3: Off-Roadway Shared Multi-use Pathways; and

. Design Concept No.4: Separated Bike Lane with Physical barrier.

Exhibit 5-1 provides a comparison between each design concept’s cross-section design and
intersection design features. This comparison includes the cross-section drawings of the
midblock locations between Albert Street and King Street North, and intersection designs of King
Street North at University Avenue. These two locations were selected for this comparison for the
following reasons:

. These two locations have the highest combined traffic and pedestrian activity within
the study area;

. The cross-section drawings of the segment between King Street North and Weber
Street North are very similar to the drawings of the segment between Albert Street
and King Street North in each design concept; and

o The intersection designs are very similar in terms of pedestrian and cyclist facilities
in each design concept.

Full drawings of the four design concepts are available in Appendix A.
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Exhibit 5-1: Design Concept Comparisons

Design Concept

Intersection of King Street North
at University Avenue
4, i

2.0 FLOW. e

Roadway Cross-section between Albert Street and King Street North
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Between cyclists and

pedestrians: concrete curb
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No separations between
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intersections

18

Use of Median
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crossing between Hazel
Street and King Street
North

Two-way left-turn lane
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243m
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0.70m WIDE CURB
OPSD 0000207
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Between vehicular traffic
and cyclists: concrete
barrier

Between cyclists and
pedestrians: concrete curb

No separations between
cyclists and pedestrians at
intersections

Midblock pedestrian
crossing between Hazel
Street and King Street
North

Street lighting at midblock
pedestrian crossing
between Hazel Street and
King Street North
Two-way left-turn lane
between Regina Street
North and Weber Street
North
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Between cyclists and
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shared path

Cross-rides for cyclists on
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crosswalk separating
cyclists in both directions
Crosswalks for pedestrians

Midblock pedestrian
crossing between Hazel
Street and King Street
North

Concrete median with
street lighting along the
corridor

Two-way left-turn lane
between Regina Street
North and Weber Street
North
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No.4

Between vehicular traffic
and cyclists: concrete curb
Between cyclists and
pedestrians: concrete curb
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cyclists and pedestrians at
intersections

Midblock pedestrian
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Street and King Street
North

Street lighting at midblock
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between Hazel Street and
King Street North
Two-way left-turn lane
between Regina Street
North and Weber Street
North
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Through the review of the design concepts and as shown in Exhibit 5-1, the main differences
between the four design concepts are:

. The separations between different types of road users at midblock locations;
. The separations pedestrians and cyclists at intersections; and
. The use of road median.

In the design concepts, four types of separation between vehicular traffic and other vulnerable
road users were proposed at midblock locations, which were lane markings, amenity space,
concrete curbs and concrete barriers. The benefits of these four types of separation are listed in
Exhibit 5-2.

Exhibit 5-2: Proposed Separations between Road Users at Midblock Locations

Separation Type Benefits

e Provides a visual separation between vehicular traffic and cyclists

Lane markings ¢ Maintains the good visibility of cyclists and pedestrians from driver’s
view when turning onto driveways, or turning at intersections

e Provides a physical separation between vehicular traffic and

Concrete barriers cyclists

e Provides extra protection to cyclists from vehicular traffic

¢ Provides a physical separation between vehicular traffic and other
vulnerable road user

¢ Maintains the good visibility of cyclists and pedestrians from driver’s
view when turning onto driveways, or turning at intersections

Amenity space

Concrete curbs

Additionally, at each intersections, design concept No.3 proposed separated crosswalks for
pedestrians and crossrides for cyclists, while other design concepts proposed crosswalks for
pedestrians and no specific cycling facilities for cyclists. The benefits of these two intersection
crossing facilities for pedestrians and cyclists are listed in Exhibit 5-3.

Exhibit 5-3: Proposed Crossing Facilities for Pedestrians and Cyclists at Intersections

Separation Type Benefits

e Improves visibility of pedestrians and cyclists at the
intersections

¢ Raises awareness for both cyclists and driver to potential
conflict areas

e Reduces the conflicts between pedestrians and cyclists
when crossing

Crosswalks only ¢ No additional benefits

Crosswalks and Crossrides

In terms of the use of road median, all four design concepts proposed a midblock pedestrian
crossing between Hazel Street and King Street North, and a two-way left-turn lane between
Regina Street North and Weber Street North. Additionally, design concepts No.2, No.3, and
No.4 proposed median street lighting at midblock pedestrian crossings. Design concept No.3
also proposed concrete median with street lighting along University Avenue West between
Albert Street and King Street North. The benefits of these proposed changes are outlined in
Exhibit 5-4.
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Exhibit 5-4: Use of Medians and Benefits

Use of Median Benefits

Midblock pedestrian crossing between Hazel | ¢ Reduces midblock crossing

Street and King Street North e Provides a pedestrian refuge island for
crossing pedestrians

e Warns the driver there might be crossing
pedestrian ahead

Median street lighting at midblock pedestrian | ¢ Provides better visibility of the crossing

crossing pedestrians
Concrete median with median street lighting | ¢ Provides better visibility at night along the
between Albert Street and King Street North corridor

¢ Provides physical separation between two
directions of traffic

Two-way left-turn lane between Regina ¢ Reduces potential conflicts between

Street North and Weber Street North vehicles at midblock

Based on the review of the four design concepts, the design concepts address some existing
issues by implementing a subset of the potential countermeasures mentioned in Section 4.
Exhibit 5-5 provides a summary of the countermeasures included in each design concept.

Exhibit 5-5: Countermeasures Included in each Desigh Concept

Concept Design

Countermeasure . No. No.
Widened crosswalks at intersections with high pedestrian activity ° ° . °
Midblock pedestrian crossing at midblock between Hazel Street
. [ J [} [ ) [}
and King Street North
Cross-rides at intersections °
Dedicated bike lane ° ° °
Physical barrier between vehicular traffic and vulnerable road o o o
users
Improved street lighting ° ° ° °
Two-way left-turn lane at midblock location east of Regina Street
[} [} [ ) [}
North
Revised lane configurations at intersection of University Avenue
. [} [} [ ) [}
at King Street North

Once the preferred design concept is selected, it will be refined into a detailed design for the
study area. The missing countermeasures such as traffic signal timing plans, additional
illumination at intersections, and intersection-specific treatments will be taken into consideration
when developing the detailed design.
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6 Recommendations for Future Detailed Design

Through the historical collision data analysis and field investigation, a list of road user safety
related issues and potential corresponding countermeasures were identified in Section 4. Based
on the review of the four design concepts, some of the identified countermeasure have already
been proposed in the design concepts to address the existing issues. However, additional
countermeasures are recommended for the future detailed design. Exhibit 6-1 outlines the
recommended countermeasures within the study area, and their anticipated benefits. These
countermeasures should be con