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City of Hamilton

71 Main Street West
Hamilton, ON L8P 4Y5
www.hamilton.ca

Ham
12.  Judicial Investigation Red Hill Valley Parkway (LS19017) (City Wide)
(Item 10.14) :
(@) Thatthe Terms of Reference for the Judicial Investigation on the Red

(b)

()

(d)

(e)

Hill Valley Parkway matter, attached as Appendix “B” to Report 19-
008, be approved and be forwarded to the Chief Justice of the
Superior Court;

That the City Manager be authorized and directed to take such
actions and to execute such documents in a form satisfactory to the
City Solicitor as required to give effect to Council’s decision to initiate
a Judicial Investigation on the Red Hill Valley Parkway matter,
including such actions required by the Justice presiding over the
Investigation;

That the costs of the Judicial Investigation on the Red Hill Valley
Parkway matter be paid from the Tax Stabilization Reserve (110046);

That staff provide regular status reports identifying the costs to date
associated with the Judicial Investigation on the Red Hill Valley
Parkway; and,

That the law firm of Lenczner Slaght Royce Smith Griffin LLP be
appointed as legal counsel for the City of Hamilton for the Judicial
Investigation on the Red Hill Valley Parkway.

| hereby certify the foregoing to be a true copy

of Iltem 12, General Issues Committee Report

19-008, approved by City of Hamilton Council
of April 24, 2019.

Dated at the City of Hamilton on this 25" day of April, 2019.

o -

(/ *J. Pilon
Acting City Clerk
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Appendix “B” to Item 12(a) of GIC Report 19-008
Page 1 of 4

WHEREAS under s. 274 of the Municipal Act, 2001 S.0. 2001, c. 25, the council of a
municipality may, by resolution, request a judge of the Superior Court of Justice to
inquire into or concerning any matter connected with the good government of the
municipality, or the conduct of any part of its public business;

AND WHEREAS any judge so requested shall make inquiry and shall report the
results of the investigation or inquiry to the council as soon as practicable;

AND WHEREAS on February 6, 2019, Council of the City of Hamilton (“Council”)
was advised that a draft report by Tradewind Scientific Ltd. with respect to friction on
the Red Hill Valley Parkway (the "RHVP"), dated November 20, 2013 (the “Report”),
was not disclosed to Council;

AND WHEREAS the Report was provided to the City of Hamilton's Department of
Engineering Services in January, 2014 by Golder Associates Ltd,

AND WHEREAS the Ontario Ministry of Transportation (the “MTO") conducted friction
testing on the RHVP in 2007, but did not disclose the results of the testing (the “MTO
Report") to Council or to the public;

AND WHEREAS concerns have been raised about why the Report, or the information
and recommendations in the Report, were not disclosed to Council;

NOW THEREFORE Council does hereby resolve that:

An inquiry is hereby requested to be conducted pursuant to s. 274 of the Municipal
Act, S.0. 2001, c. 25, which authorizes the Commissioner to inquire into any
matter related to a supposed malfeasance, breach of trust, or other misconduct on
the part of a member of Council, or an officer or employee of the City of Hamilton
or of any person having a contract with it, in regards to the duties or obligations of
the member, officer, or other person to the corporation, or to any matter connected
with the good government of the municipality, or the conduct of any part of its public
business; and

The Honourable Chief Justice Smith, Chief Justice of the Superior Court of Ontario,
be requested to designate a judge of the Superior Court of Ontario as
Commissioner for the inquiry and the judge so designated as Commissioner is
hereby authorized to conduct the inquiry in two stages:

(a) To obtain, bearing in mind cost and the principles of proportionality, all
documents necessary to answer the following questions:

RHV0000698



(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

(x)

(xi)
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Appendix “B” to Item 12(a) of GIC Report 19-008
Page 2 of 4

Identify all individuals who received a copy of the Report or were
advised of the Report or the information and recommendations
contained therein after it was provided to the City’s Department of
Engineering Services in January, 2014,

Based on the City’s by-laws, policies and procedures, as they were
in 2014, should Council have been made aware of the Report, or the
information and recommendations contained therein, once the
Report was submitted to the Department of Engineering Services in
2014?

Why was the information in the Report, or the information and
recommendations contained therein, not provided to Council or the
public once the Report was submitted to the Department of
Engineering Services in 20147

Who, if anyone, was responsible for the failure to disclose a copy of
the Report, or the information and recommendations contained
therein, to Council in 20147

Was there any negligence, malfeasance or misconduct in failing to
provide the Report, or the information and recommendations
contained therein, to Council or the public?

How was the Report discovered in 20187

Identify all individuals who received a copy of the Report or were
advised of the Report or the information and recommendations
contained therein, in 2018;

Were appropriate steps taken to disclose the Report, or the
information and recommendations contained therein, once it was
discovered in 20187

Was there any negligence, malfeasance or misconduct in failing to
disclose the Report, or the information and recommendations
contained therein, once the Report was discovered in 20187

Were users of the RHVP put at risk as a result of the failure to
disclose the Report’s findings?

Did the Report contain findings or information that would have
triggered Council to make safety changes to the roads or order
further studies?

RHV0000698



(xii)

(xiii)

(xiv)

(xv)

(xvi)

(xvii)

(xviii)

(xix)

(xx)

(xxi)

(xxii)

(xxiii)

(xxiv)
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Appendix “B” to Item 12(a) of GIC Report 19-008
Page 3 of 4

Did the failure to disclose the Report, or the information and
recommendations contained therein, contribute to accidents, injuries
or fatalities on the RHVP since January, 20147

Did anyone in the Public Works Office or Roads Department request,
direct or conduct any other friction test, asphalt assessment, or
general road safety reviews or assessments on the RHVP?

Did subsequent consultant reports provide additional support or
rebuttal to the conclusions contained in the Report?

Identify any changes to the City's bylaws, policies and procedures to
prevent any such future incidents of non-disclose of significant
information to Council;

Did the MTO Report provide additional support or rebuttal to the
conclusions contained in the Report?

Why was the MTO Report not provided to Council or made publicly
available?

Who was briefed within the MTO's office about the MTO Report?

Did the MTO Report contain findings or information that would have
triggered Council to make safety changes to the roads or order
further studies?

Did the failure to disclose the MTO Report, or the information and
recommendations contained therein, contribute to accidents, injuries
or fatalities on the RHVP since January, 20147

Did the MTO request, direct or conduct any friction tests, asphalt
assessments, or general road safety reviews or assessments on the
RHVP other than the MTO Report?

What is the standard in Ontario, if any, with respect to the acceptable
levels of friction on a roadway?

Is information with respect to the friction levels of the roadways in
Ontario publicly available?

To what extent do other factors, including, but not limited to, driver
behaviour, lighting and weather conditions, contribute to motor
vehicle accidents when compared to the impact of friction levels on
motor vehicle accidents on the RHVP?

RHV0000698
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Appendix “B” to Item 12(a) of GIC Report 19-008
Page 4 of 4

(b) Having concluded the documentary review, to hold a public hearing to i
answer the questions listed in items 2 (a) (i) — (xxiv). |

i

1

3. AND IT IS FURTHER RESOLVED THAT the Terms of Reference of the Inquiry |
shall be to inquire into all aspects of the above matters listed in items 2 (a) (i) - :
(xxiv), their history and their impact on the ratepayers of the City of Hamilton as '

they relate to the good government of the municipality, or the conduct of its public E
business, and to make any recommendations which the Commissioner may deem 1
appropriate and in the public interest as a result of the inquiry. '

LSRSG 100936599

RHV0000698
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Tab 2 10

18.  City Council disbanded the Parkway Implementation Committee for the 2014-2018

Council term.3°

E. Relevant Departments and Staff

19.  The City of Hamilton is organized into five major departments: the City Manager’s
Office, Healthy & Safe Communities, Corporate Services, Planning and Economic

Development, and Public Works.4°

1. City Manager

20. The General Manager of the Public Works Department reports to the City
Manager. The City Manager also oversees the Office of the City Auditor and Human

Resources, among other departments.*’

21.  The City Manager/Chief Administrative Officer is the senior-most administrator at
the City of Hamilton. The City Manager is “responsible to the Mayor and the Council for
the general control and management of the administration of the government and affairs
of the City.”? In a May 4, 2016, Information Report to Council, the City Manager’s focus
was described as “increasing the value of future strategies and mitigating risks, the
effectiveness of the organization as a whole, leveraging collaboration across business

units and sectors.”3

22.  The following chart lists the City Managers from 2001 to present:

39 RHV0000644 at images 16, 86 and 115

40 RHV0000692

41 RHV0000621 at image 2; RHV0000692 at image 1
42 RHV0000628 at image 1

43 HAM0061796 0001 at image 2

Overview Document #2: City of Hamilton: Governance and Structure
Doc 4005201 v1
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Name Start Date End Date
Doug Lychak** January 2001 March 2002
Robert Robertson* March 2002 February 11, 2004
Glen Peace*® February 11, 2004 June 2008
Joseph Rinaldo (interim)*” | July 2008 December 2008
Chris Murray*® January 2, 2009 August 13, 2018
Mike Zegarac (acting)* August 13, 2018 May 6, 2019
Janette Smith®° May 6, 2019 —

2. Public Works
23. The Public Works Department is responsible for, among other things, the design
and maintenance of the City’s road system. In the department’s 2019 to 2022 Multi-Year

business plan, this mandate was described as:

designing roads that are safe for all road users and pedestrians...

[and] planning, designing and providing minor rehabilitation work of the City’s road
systems, as well as operating and maintaining them in adherence to legislated standards
and regulations in a safe, cost effective and efficient manner.

assessing and implementing solutions to provide improved traffic road safety and
operations throughout Hamilton. 5"

24. The Public Works Department, overseen by the City Manager's office has

significant responsibility for the construction and oversight of the Red Hill Valley Parkway.

25. City Council created the Public Works Department in 2003 by combining the

Transportation, Operations & Environment Department and part of the former Community

44 RHV0000665 at images 1-2
45 RHV0000635 at image 2
46 RHV0000622; and RHV0000876

47 RHV0000877. Committee of the Whole Report 08-025, which is the first report that makes reference to
Mr. Rinaldo serving as Acting City Manager, also indicates that a City Manager Recruitment Sub-Committee
met three times, beginning at least as of April 11, 2008.

48 RHV0000624
49 RHV0000626
50 RHV0000628
51 HAM0048068 0001 at image 1

Overview Document #2: City of Hamilton: Governance and Structure
Doc 4005201 v1
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Services Department.®®> Peter Crockett who was the General Manager of the
Transportation, Operations & Environment Department became the General Manager of

the Public Works Department. 53

26. The following chart lists the General Managers of the Public Works Department

from 2003 to present:

Name Start Date End Date

Peter Crockett> 2003 2004

Scott Stewart>® 2004 2009

Gerry Davis®® 2009 March 2016
John Mater (acting)®’ March 2016 August 2016
Dan McKinnon®® August 2016 September 2021

27. Hamilton has restructured the Public Works Department several times since its

formation.5® Some of these restructuring efforts are detailed below.

28. On March 30, 2015, City Council directed the City Manager to review the size and
scope of the Public Works Department. Beginning in the fall of 2015, City staff retained

COREinternational Inc. “to help senior management with their review of the organizational

52 HAM0020093 0001 at image 8

53 HAM0019628 0001 at image 2; and RHV0000679 at image 2

54 HAM0019628 0001 at image 2

55 RHV0000679 at images 10 and 18

56 RHV0000679 at images 21, 38, 46, 52, 58, 69, 80, 93, 105, 117, 130 and 142

57 RHV0000679 at image 153; and RHV0000686

58 RHV0000679 at images 165, 170, 172, 175, 177, 188; RHV0000686; and RHV0000874

59 Organizational charts of the Public Works department, which reflect the various restructurings of Public
Works from 2002-2019, can be found in the following document: RHV0000679. Note: This document was
compiled by Commission Counsel based on the organizational charts produced by the City of Hamilton in
this Inquiry and City documents that were publicly available. As such, the organizational charts included in
this document may not be a complete reflection of the Public Works department as it existed from 2002-
2019.

Overview Document #2: City of Hamilton: Governance and Structure
Doc 4005201 v1
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33. The following sections and departments of the Public Works Department were
involved in the construction, design, maintenance and/or oversight of the Red Hill Valley

Parkway.

(a) Roads & Maintenance Section

34. The Roads & Maintenance section “plans and delivers maintenance service

programs for City roadways.”%

35. In 2002, Roads & Maintenance existed under the Roads & Traffic division of the
Transportation, Operations & Environment Department, one of the precursor departments
to Public Works. From approximately 2003 to 2018, Roads & Maintenance existed under

the Operations division.®’

(b) Traffic Operations & Engineering Section

36.  Traffic Operations & Engineering is:

[rlesponsible for the design, installation, inspection, maintenance, review and capital
replacement of traffic signs, traffic signals, roadway pavement markings and roadway
safety initiatives.%®

37. From 2003 to 2008, Traffic Engineering & Operations existed under the Operations
& Maintenance division.®® From 2009 to 2012, Traffic Operations and Traffic Engineering
were housed in separate divisions. Traffic Operations existed under the Energy, Fleet,

Facilities & Traffic section in the Transportation, Energy & Facilities division. Traffic

66 RHV0000655 at image 40

67 The Operations Division had multiple name changes over this period. It was known as Operations division
from 2013-2017, Operations and Waste Management division from 2010-2013 and Operations and
Maintenance division from 2005-2008. See RHV0000679.

68 RHV0000664 at image 5

69 RHV0000679 at images 4, 8 and 12. Note: an Operations & Maintenance division organizational chart
has not been produced for 2007 but it is assumed this same structure continued.

Overview Document #2: City of Hamilton: Governance and Structure
Doc 4005201 v1
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Engineering was under the Engineering Services section of the Environmental,

Sustainable Infrastructure division.”®

38. In approximately 2013, Traffic Operations and Traffic Engineering were again
combined to form Traffic Operations & Engineering. From approximately 2013 to
February 2017, Traffic Operations & Engineering existed under the Energy, Fleet & Traffic

section of the Corporate Assets & Strategic Planning division.”’

39.  From around February 2017 to December 2017, Traffic Operations & Engineering

existed under the Transportation division.’?

40. In 2018, Traffic Operations & Engineering was under the Roads & Traffic division,

which was created on January 1, 2018.73

41. In February 2019, following divisional restructuring, the Traffic Operations &
Engineering section was renamed the Transportation Operations section. It remained
under the Roads & Traffic division, which was renamed the Transportation Operations &
Maintenance division. Some of the Transportation Operations section’s functions were

transferred to Engineering Services at the time of restructuring.”

70 RHV0000679 at images 21-23, 31-32, 38-40, 43-44, 46-48, 50, 52-53, 55

71 RHV0000679 at images 58-60, 69-71, 80-82, 93-95, 105-107, 117-119, 130-132, 142-144, 153-155 and
165-166

2 RHV0000679 at images 170 and 172

73 RHV0000679 at image 175, 183 and 190

74 HAM0061813_0001 at images 5-7; HAM0061806_0001; HAM0061807 0001; and RHV0000679 at
images 192-193

Overview Document #2: City of Hamilton: Governance and Structure
Doc 4005201 v1
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(c) Engineering Services Division
42. The departments overseen by Engineering Services division include the
Construction, Design, Asset Management, and Geomatics & Corridor Management

sections of the Public Works Department.”

43. The Asset Management section:

provides city wide condition assessment, life cycle analysis, risk assessment, prioritization
of needs, and long term capital programming for Hamilton’s entire right of way
infrastructure networks, and assistance of the same processes for Facilities and Parks
infrastructure.”®

44.  The Design section:

provides preliminary engineering to final detailed design services for the delivery of the
Capital Program projects which include bridges, culverts, road, water and wastewater
infrastructure.””

45, The Construction section:

provides construction administration, inspection services and contract management for
road, park, sewer, water, bridge and capital works construction projects throughout the City
of Hamilton

[is] responsible for overseeing and documenting the Contractor’s performance with respect
to the terms and conditions of the contract, including the quality control of materials and
workmanship.”®

46. The Geomatics & Corridor Management section:

manage[s] all utility permits, agreements, costing agreements and strategic direction

provide[s] all engineering survey/legal survey services to support capital program and land
acquisition

75 RHV0000679. In 2017, the Waterfront Development section was added to Engineering Services division:
HAMO0061797_ 0001 at image 3.

76 RHV0000656 at image 172
7 RHV0000656 at image 173
78 RHV0000656 at image 174

Overview Document #2: City of Hamilton: Governance and Structure
Doc 4005201 v1
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Manager of Public Works. The Director of Engineering Services reported to a Senior

Director, who reported to the General Manager of Public Works.8*

51. In 2013, Engineering Services became its own separate division. Since then the
director of Engineering Services has reported directly to the General Manager of the

Public Works Department.8®

52. Gary Moore (Director, Engineering Services, Environment and Sustainable
Infrastructure Division, Public Works, Hamilton) was the Director of Engineering Services
from September 2007 to May 2018.8 Gord McGuire (Director, Engineering Services,

Public Works, Hamilton) became the Director of Engineering Services on June 18, 2018.%"

(d)  Red Hill Valley Project

53.  Prior to the opening of the Red Hill Valley Parkway, from 2002 until in and around
2007, a Red Hill Valley Project team operated under the Public Works Department (or its

predecessor the Transportation, Operations & Environment Department).88

54.  The Project team’s Charter, dated March 25, 2003, set out the team members’
roles and responsibilities as follows: Peter Crockett (General Manager, Public Works) as
the Executive Sponsor, Chris Murray as the Project Director (Red Hill Valley Project,
Public Works, Hamilton), Gary Moore as the Manager of Design (Red Hill Valley Project,

Public Works, Hamilton), Michele Braun as the Administrative Assistant (Red Hill Valley

84 RHV0000679 at images 21, 38-39, 46-47 and 52-53
8 RHV0000679 at images 58, 69, 80, 93, 105, 117, 130, 142, 153, 165, 170, 172, 175, 177 and 188

86 G0OL0000248; and RHV0000679 atimages 21, 38, 48, 58, 69, 80, 93, 105, 116, 130, 142, 153, 165, 170,
172 and 175.

87 HAM0058798 0001
88 RHV0000679 at images 2, 6, 10, 13 and 16
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Project, Public Works, Hamilton), Marco Oddi as the Senior Project Manager (Red Hill
Valley Project, Public Works, Hamilton), and Jennifer DiDomenico as the Program

Support Analyst (Red Hill Valley Project, Public Works, Hamilton).8°

55. As the Project Director, Mr. Murray was responsible for reporting the team’s
progress to the General Manager of Public Works, other senior management levels and
Committees. He also held “all the decision-making authority for the operation of the

Project on a day-to-day basis.”°

56. Mr. Moore, as Manager of Design was responsible for managing the “consultant
team developing the preliminary engineering and design blueprint of the Project”, as well
as overseeing the award of construction tenders and monitoring the progress of these

contracts.®!

57. Ms. Braun, the Administrative Assistant on the team, was to “provide confidential
administrative support to the Director”, filter correspondence to the appropriate persons,

and respond to Freedom of Information inquiries regarding the Project.®?

58.  Mr. Oddi, the Senior Project Manager, reported to Mr. Moore. Mr. Oddi’s primary

duties were to assist Mr. Moore in carrying out his role.®

89 HAM0010101_0001 at images 9-11
% HAMO0010101_0001 at images 9-10
91 HAMO0010101 0001 at image 10
92 HAMO0010101_0001 at image 11
9 HAM0010101 0001 at image 11
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Friction Testing Survey

Lincoln Alexander & Red Hill Valley Parkways (Hamilton)
November 20™, 2013

I. Introduction

A special road friction testing project was undertaken on designated sections of the Lincoln
Alexander and Red Hill Valley Parkways in Hamilton, Ontario.

Friction measurements for the present survey were made using a GripTester instrument
(manufactured by Findlay Irvine Ltd. of Scotland) which is an ICAO listed and FAA approved
runway friction measurement device and one that is used extensively by road authorities in the
U.K., Australia and New Zealand. For the current survey, a tow vehicle owned and operated by
Tradewind Scientific Ltd. was configured with a 500 litre flexible water tank and an electric
pump and ball-valve flow regulation system in order to undertake the friction test runs under
controlled self-watering conditions. Project coordination and on-site assistance was provided by
Vimy Henderson, Pavement and Materials Engineer, Golder & Associates Ltd.

Il. Survey Description

In Canada and the U.S., there are currently no directly applicable reference standards or
guidelines with which to compare data collected by CFME (Continuous Friction Measurement
Equipment) for roads and highways, although these are well established for airport runways. The
U.K. transportation authorities have, however, developed a reference ‘Investigatory Level’ table
for GripTester measurements on roads (values based on correlation with the standard SCRIM
equipment) which is shown as Appendix 1. While not explicitly recognized by the Ontario MTO
or other provincial transportation authorities as being applicable to Canadian roads, the listed
reference values for different types of road and highway surfaces provide an established and
reasonable guideline with regard to interpreting the recorded data from the current survey. The
company responsible for the maintenance of the Highway 407 Express Toll Route owns and
operates a GripTester provided by Tradewind Scientific and uses the collected data to monitor
friction levels along its entire route. Engineering companies and some provincial highway
authorities in Canada have also used GripTester measurements to assess road surface friction
performance.

GripTester Friction measurements were undertaken on the Lincoln Alexander and Red Hill
Valley Parkways under standard test conditions of 50 km/hr and 0.25mm applied water film
depth, using an ASTM 1844 Test Tire inflated to 140 KPa (20 psi).

It should be noted that friction tests under controlled self-watering conditions as performed
during this survey are not suitable for the assessment of possible hydroplaning or flooding that
could lead to the loss of vehicular control under natural rain-wet conditions.

Five full length test runs were completed on both the Lincoln Alexander and Red Hill Valley
Parkways. One test run was conducted in the right hand wheel path of each lane of each road in
both directions (Eastbound and Westbound) as well as a single reference centreline run in the
right hand lane on both roads (Eastbound).

HAMO0061866_0002
HAMO0061866_0001
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Figure 2 shows the approximate locations of the surveyed road sections, both of which are near
the periphery of the city of Hamilton, Ontario, adjacent to the western end of Lake Ontario.

In order to ensure that the friction measurements met high standards of accuracy and
repeatability, the GripTester was subjected to full primary load/drag calibration procedures prior
to the test survey and both the load zero and drag zero offsets were verified following the work.

Iil. Friction Measurement Results

When compared to the available Risk Rating Table referring to Grip Number Data for UK Roads
(see Appendix 1), the average GripTester Friction Numbers of the tested sections of the Lincoln
Alexander Parkway were found to be generally comparable to or above the reference
Investigatory Level 2 (Grip Number = 48). The Investigatory Level 2 applies to Dual
Carriageway lane sections on relatively straight and level roads. More stringent levels apply to
road sections near intersections.

The measured average friction values on the Eastbound outside (right) lane right-hand wheel
path and Westbound outside lane right-hand wheel path of the Lincoln Alexander Parkway had
the same full-length values (GN of 53). The measured average friction values on the Eastbound
inside lane left-hand wheel path and Westbound inside lane left-hand wheel path of the Parkway
had slightly higher, but similar, full-length values (GN of 56 & 58, respectively).

The data from all four test runs in the wheel path areas of the Lincoln Alexander Parkway
displayed remarkable consistency when subdivided into 100m section values. On the outside
lane test runs, the values ranged from approximately 50-55, while on the inside lane test runs the
values ranged from approximately 52-60. This narrow range in friction levels is notable for a
single road surface of this length, and indicates a high level of uniformity in the surface texture
and pavement composition along the full extent of the road. All areas of the road have friction
values above the relevant UK Investigatory Level 2 (GN of 48). A close examination of the
friction data extracted for the 100m sections indicated that the slightly lower numbers recorded
in the outside lane arcas of the Lincoln Alexander Parkway (in both the Eastbound and
Westbound directions) are likely due to the higher traffic volume and increased wear-related
texture loss in these lanes.

The GripTester measurements from the centre-of-lane reference test run (on the outside lane in-
between the wheel paths) on the Lincoln Alexander Parkway also show very consistent values,
ranging from approximately 52 to 60, with an overall full length average of 58. The overall
pattern of the data from this run is similar to that from the test run in the adjacent right hand
wheel path of the outside lane, with individual friction numbers being slightly higher for the
centreline measurements. This is consistent with what would be expected from the wear-related
texture loss that occurs primarily in the wheel track areas. All of the data from the centre-of-lane
friction measurements on the Parkway were well above the relevant UK Investigatory Level.

When compared to the available Risk Rating Table referring to Grip Number Data for UK Roads
(Appendix I), the average GripTester Friction Numbers of the tested sections of the Red Hill
Valley Parkway were found to be generally well below the reference Investigatory Level 2. Most
of the length of this road had Grip Numbers in the range of 30-40. Only a short section,
approximately 600m in length, of the right hand wheel track of the right hand (outside) lanes
near the southwest end of the Parkway had friction values above the UK Investigatory Level 2.

HAMO0061866_0003
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The measured average friction values on the Eastbound outside (right) lane right-hand wheel
path and Westbound outside lane right-hand wheel path of the Red Hill Valley Parkway had
essentially the same full-length values (GN of 35 & 36). The measured average friction values on
the Eastbound inside lane left-hand wheel path and Westbound inside lane left-hand wheel path
of the Parkway differed by some 5 points over the seven kilometer length of the facility (GN of
34 & 39, respectively).

The data from all four test runs in the wheel path areas of the Red Hill Valley Parkway was quite
consistent when subdivided into 100m section values, but did show localized variations of 10-15
points over relatively short lengths. On the outside lane test runs, the values ranged from
approximately 30-40 (except at the westernmost end of the road), while on the inside lane test
runs the values ranged from approximately 30-45. This range in friction levels is not unusual for
a single road surface of this length, and indicates significant variation in the surface texture and
pavement composition along the extent of the facility. Nearly all areas of the road have friction
values below or well below the relevant UK Investigatory Level 2 (GN of 48). A close
examination of the friction data extracted for the 100m sections indicated only minor differences
between the numbers recorded in the outside (right) lane areas of the Red Hill Valley Parkway
(in both the Eastbound and Westbound directions) and limited evidence of increased wear-
related texture loss in these lanes in comparison to the inside (left) lanes.

The GripTester measurements from the centre-of-lane reference test run (on the outside lane in-
between the wheel paths) on the Red Hill Valley Parkway also show somewhat variable values,
ranging from approximately 30 to 50 (except at the westernmost end of the road, where the GN
values reached 60), with an overall full length average of 43. The overall pattern of the data from
this run is similar to that from the test run in the adjacent right hand wheel path of the outside
lane, with individual friction numbers being approximately 6-8 points higher for the centreline
measurements. This is consistent with what would be expected from wear-related texture loss
that occurs primarily in the wheel track areas, and indicates substantial loss of surface texture
and friction due to vehicular traffic. Virtually of the data recorded from the centre-of-lane
friction measurements on the Parkway was below the relevant UK Investigatory Level.

Reference SCRIM-equivalent values can be determined, if useful, by the equation developed by
the UK Transportation Research Laboratory [SCRIM value = 0.786 * Grip Number - 0.049].
This formula results in SCRIM values being some 25% lower than the measured Grip Numbers.
This formula may also be used to convert short-section results for a more detailed examination of
cach road surface along its full length.

Some additional friction testing was conducted on short sections of certain access ramps
(Greenhill and Stonechurch), with the data being summarized in the table following.

Chainage (m) | Greenhill Off-ramp ' Greenhill On-ramp Stonechurch Off-ramp

0-100 51 60 38
100-200 48 60 40
200-300 68 52 33
300-400 77 42 39

HAMO0061866_0004
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For both the Greenhill On and Off-ramp pavement sections, the 100m section friction values
varied significantly from the start to the end of each 400m length. The overall average levels of
61 (On-ramp) and 54 (Off-ramp) are comparable to or slightly higher than the UK Investigatory
Level 3 (GN 54), which applies to dual-carriageway roads near minor junctions. The
corresponding Investigatory Level 4 for approaches and major junctions is 60. The recorded
values from the Stonechurch Off-ramp were more consistent along its length than those of the
other two access ramps tested, but considerably lower overall, with a 400m average of 38.

Friction measurements using the GripTester on four crosswalk sections were also conducted. As
expected, the data from these very limited dimension pavement sections is inconclusive, due to
the standard resolution of the testing technique using equipment being optimized for road and
highway measurements with a tow vehicle. These localized areas should be tested with a more
appropriate device or methodology, using the micro-GripTester or a normal GripTester
configured for push-mode measurements.
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GripTester Friction Number
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GripTester Friction Number
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Figure 1: Findlay Irvine Mk 3 GripTester

Figure 2 Approximate map of the tested portion of Lincoln Alexander (A->B) and Red Hill Valley (B> C) Parkways..
Courtesv of Google/DigitalGlobe.
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V. Conclusions and Recommendations

In conclusion, the overall friction averages as measured by the GripTester on the designated lanes and
sections of the Lincoln Alexander Parkway were comparable to or above the relevant UK Investigatory
Level. The relatively consistent friction values across the different lane positions and along the full
length of this facility indicate a generally uniform pavement surface texture and composition, with
limited variation due to vehicular traffic wear.

However, the overall friction averages as measured by the GripTester on the designated lanes and
sections of the Red Hill Valley Parkway were below or well below the same UK Investigatory Level 2.
The overall low levels and the variability of friction values along the length of the Parkway indicate the
need for a further examination of the pavement surface, composition and wear performance. It should be
noted that, in addition to the overall low average Grip Number levels on this facility, there are some
localized sections with quite low friction values, reaching 27-30 in several areas. We recommend that a
more detailed investigation be conducted and possible remedial action be considered to enhance the
surface texture and friction characteristics of the Red Hill Valley Parkway, based on the friction
measurements recorded in the current survey.

We trust that the testing work was completed to your full satisfaction, and that this summary report will

serve to assist your investigation. Please do not hesitate to contact us if you require any further
information or documentation.

Signed,

Cy

C. Leonard Taylor
President
[M.Sc., Hon. B.Sc., B.Ed., C.Chem.]

-13 -
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Reference Grip Number Data for Roads: UK Investigatory Skidding Resistance Levels
(Risk Rating) for different Categories of Site

Site Levels
Definition

Risk Rating 0.42 0.48 0.54
1 2 3

in terms
0.60 0.66
4 5

of GN

0.72
6

0.78
7

0.84
8

Motorway

Dual
Carriageway

Single
Carriageway

Dual
Carriageway —
Minor
Junctions

Single
Carriageway —
Minor
Junctions

Approaches
and Major
Junctions

Gradient 5%
to 10%.
Longer than
S0m

Gradient
steeper than
10%. Longer

than S0m

Bend. Radius
<250m
Approach to
Roundabout

Approach to
traffic signals,
pedestrian
crossings,Rail
way crossings

Note: The UK Highway Friction Investigatory Levels are based on GripTester Friction Numbers measured with an ASTM
1884 tire (140 kPa) at 50 kn/hr with an applied water depth of 0.25. Table Courtesy Findlay Irvine Ltd.

-14 -
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GripTester Friction Number

City: Hamilton Road: Lincoln Alexander Pkwy Date:
Weather:  Clear Temp. 7C ‘Wind:
Test Tire:  90-10-21 Speed: 50 knvh Water:
Chainage No. 1 Neo.2 No.3 Ne. 4
From To Eastbound-R Eas tbound-L ‘Westbound-R ‘Wes thound-L
0 160 57 56 52 56
100 200 55 56 53 57
200 300 54 55 53 57
300 400 53 55 53 57
400 500 52 54 52 57
500 600 52 53 52 56
600 700 51 55 52 56
700 800 53 53 52 57
800 900 52 55 52 57
900 1000 52 57 52 57
1600 1100 53 57 52 58
1100 1200 51 56 51 58
1200 1300 52 54 52 56
1300 1400 52 56 52 57
1400 1500 51 55 52 57
1500 1600 51 53 53 57
1600 1700 51 56 53 56
1700 1800 52 56 52 57
1800 1960 53 57 52 58
1900 2000 54 57 52 57
2000 2100 55 56 53 57
2100 2200 56 57 53 58
2200 2300 53 57 55 59
2300 2400 53 57 54 59
2400 2500 54 62 53 57
2500 2600 53 62 53 56
2600 2760 53 57 54 57
2700 2800 53 53 54 57
2800 2900 52 52 53 59
2900 3600 52 54 53 58
3000 3100 52 53 53 57
3100 3200 51 53 52 57
3200 3300 51 55 53 57
3300 3400 51 58 54 57
3400 3500 51 57 53 57
3500 3600 51 57 54 58
3600 3700 52 57 54 59
3700 3800 54 59 53 59
3800 3900 53 59 53 59
3900 4000 54 56 53 60
4000 4100 53 57 53 59
4100 4200 53 58 52 58
4200 4300 51 59 51 57
4300 4400 52 56 51 58
4400 4500 52 55 52 57
4500 4600 51 58 52 56
4600 4700 52 54 52 57
4700 4800 50 55 52 58
4800 4900 50 54 52 58
4900 5000 51 56 53 60
-15-

November 20, 2013

Calm
0.25 mm

No.5
Centre Ref

60
59
57
60
59
59
59
56
57
56
56
58
59
59
59
60
61
58
58
56
56
57

HAMO0061866_0015
HAMO0061866_0001



5000
5100
5200
5300
5400
5500
5600
5700
5800
5900
6000
6100
6200
6300
6400
6500
6600
6700
6800
6900
7000
7100
7200
7300
7400
7500
7600
7700
7800
7900
8000
8100
8200
8300
8400
8500
8600
8700
8800
8900
9000
9100
9200
9300
9400
9500
9600
9700
9800
9900

Low 100 m Section:
Runway Average:

5100
5200
5300
5400
5500
5600
5700
5800
5900
6000
6100
6200
6300
6400
6500
6600
6700
6800
6900
7000
7100
7200
7300
7400
7500
7600
7700
7800
7900
8000
8100
8200
8300
8400
8500
8600
8700
8800
8900
9000
9100
9200
9300
9400
9500
9600
9700
9800
9900
10000

50 58
51 61
52 59
53 60
56 59
58 59
55 60
54 60
55 61
53 62
55 60
53 58
52 56
51 54
52 55
53 55
53 55
51 57
51 58
52 57
55 60
55 59
55 59
55 59
54 58
55 59
55 60
55 56
56 55
56 54
55 54
54 53
52 53
51 52
51 52
51 54
51 55
51 54
51 53
52 52
52 54
52 55
52 54
53 54
52 54
53 52
52 53
52 52
52 51
54 55
50 51
53 56

Tradewind Scientific Itd. - GT 081

52
53
53
53
54
53
54
53
54
53
53
54
54
54
53
53
53
53
52
53
53
53
53
53
54
53
54
53
52
53
54
52
53
52
52
51
50
50
52
52
52
53
56
55
55
55
55
51
53
52

50
53

59
59
59
60
59
59
59
60
60
61
60
60
59
58
60
60
60
59
59
60
60
59
61
61
61
59
60
59
59
59
58
56
57
57
56
58
59
60
59
58
58
57
55
54
54
53
54
55
53
56

53
58

51
58

033
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GripTester Friction Number

City: Hamilton Road: Red Hill Valley Pkwy Date:

Weather:  Clear Temp. 7C ‘Wind:

Test Tire:  90-10-21 Speed: 50 knvh Water:

Chainage No. 1 Neo.2 No.3 Ne. 4
From To Eastbound-R Eas tbound-L ‘Westbound-R ‘Wes thound-L
10000 10100 54 35 52 38
10100 10200 52 31 52 36
10200 10300 51 33 51 35
10300 10400 51 34 52 39
10400 10500 50 34 51 35
10500 10600 50 34 51 36
10600 10700 41 34 45 35
10700 10800 33 32 32 34
10800 10900 34 34 31 37
10900 11000 32 35 29 37
11000 11100 35 34 32 37
11100 11200 37 33 30 37
11200 11300 37 32 33 36
11300 11400 39 34 35 36
11400 11500 35 34 33 37
11500 11600 30 34 32 37
11600 11700 29 34 31 38
11700 11800 30 33 30 35
11800 11900 30 33 30 36
11900 12000 31 34 31 37
12000 12100 30 36 32 42
12100 12200 31 35 32 41
12200 12300 29 36 31 40
12300 12400 29 34 34 39
12400 12500 30 34 32 39
12500 12600 31 34 32 40
12600 12700 30 36 35 40
12700 12800 31 36 38 38
12800 12900 33 35 37 37
12900 13000 34 35 36 38
13000 13100 35 35 35 39
13100 13200 34 35 35 39
13200 13300 33 36 36 38
13300 13400 33 39 36 39
13400 13500 32 36 37 44
13500 13600 33 37 38 41
13600 13700 35 32 37 36
13700 13800 34 27 37 32
13800 13900 33 28 37 32
13900 14000 33 32 36 38
14000 14100 34 32 37 40
14100 14200 32 32 32 38
14200 14300 30 28 27 32
14300 14400 37 28 27 31
14400 14500 36 27 34 30
14500 14600 35 33 36 40
14600 14700 32 35 33 40
14700 14800 29 30 29 38
14800 14900 30 32 35 40
14900 15000 30 32 28 39

-17 -

November 20, 2013

Calm
0.25 mm

No.5
Centre Ref

59
59
59
56
61
59
57
41
41
40
36
38
41
43
44
43
38
40
Y

N S
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15000
15100
15200
15300
15400
15500
15600
15700
15800
15900
16000
16100
16200
16300
16400
16500
16600
16700
16800
16900

Low 100 m Section:
Runway Average:

15100
15200
15300
15400
15500
15600
15700
15800
15900
16000
16100
16200
16300
16400
16500
16600
16700
16800
16900
170060

35 32
38 34
36 34
35 34
34 33
34 30
34 31
35 35
35 33
31 31
31 31
31 31
32 32
33 34
35 37
36 40
36 39
36 41
37 40
35 42
29 27
35 34

Tradewind Scientific Lid. - GT 081

33
39
37
34
36
36
39
37
40
35
33
34
39
40
40
41
37
37
38
39

27
36

38
40
37
42
38
33
37
43
43
41
42
42
42
42
44
45
45
44
47
43

30
39

41
42
38
38
39
41

43
41
39

KN

45
45
4
4
43
44

29
43

035
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Tab 4 59

Wet” signing and advisory speed tabs to be in place upon opening to traffic. Advisory
signing would be removed when FN=30 or greater are safely reached.” The direction
received from Ray Mantha was to develop an SMA strategy with Industry, which
recommended restricting some aggregate sources.

- Please note the friction testing information will be processed shortly

- I am hoping that contractual information including the layout and paving dates
will also be provided in the next couple of days.

133. On October 16, 2007, Ms. Lane wrote to Mr. Kazmierowski with respect to the

Highway 401 low friction results in MTO contract 2005-3030:156

Chris Raymond is recommending posting of slippery when wet signs on Hwy 401
Woodstock (see below). | realize that signage has been discussed at length but | am
unaware of any decisions that have been made. The pavement in question is still a
construction zone, with 80 km/hr posted speed.

134. On October 16, 2007, the MTO conducted friction testing on the RHVP. 1%/

135. On October 17, 2007, Mr. Marciello circulated (corrected) SMA friction testing
results from Highway 401 for SMA placed in 2006, and recently for MTO contract 2005-
3030. These test results (FN in the low 20s in some places) were ultimately cited in
support of the MTO pause on SMA imposed in November 2007, which is described

below. 58

136. Also on October 17, 2007, regarding the RHVP friction testing conducted by the
MTO the previous day, Mr. Delos Reyes emailed Mr. Marciello stating: “Just a reminder,
please email test result as discussed. Dufferin and Philips Engineering are highly

interested.”’®® Mr. Marciello replied to Mr. Delos Reyes, copying Mr. Raymond and Ms.

156 MTO0002877
157 GOL0002619 attaching GOL0002620 and GOL0002621

158 MTO0002218 attaching MT0O0002219, MTO0002220, MTO0002221, MT00002222, MTO0002223,
MTO0002224 and MTO0002225

159 MTO0002226
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Lane, stating: “Thanks for the reminder Andro. | will forward results to Chris as they
become available and he will in turn forward to the appropriate

individuals/organization.”6°

137. Also on October 17, 2007, Mr. Marciello emailed Mr. Raymond and Ms. Lane the

RHVP friction test results from October 16.¢" He stated

Due to construction activities throughout the contract, a representative portion of Red Hill
Valley Parkway was friction surveyed on October 16, 2007. The SMA in both southbound
lanes from the CNR Structure to Greenhill Ave in Hamilton was clear enough for a safe
and effective data collection process.

Please review the attached Read Only files and let me know if any changes are required.
Of not, please forward to the appropriate personnel.

Dufferin and Philips Engineering and Andro Delos Reyes are eager for the results.

Note: Friction Numbers below 30 were collected in areas situated directly under overhead
structures (least likely to get weathered)

138. The detailed friction test results (for the two RHVP southbound lanes)'? follow the

typical MTO format that Mr. Marciello used and are reproduced below:

160 MTO0002226
161 MTO0002227 attaching MTO0002228 and MTO0002229
162 MTO0002228 and MTO0002229
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PAVEMENT FRICTION SURVEY 2007

ASTM E274. ESD1

MTO

MEROC

Red Hill Vailey Plovy =

DNR: 5811

LANE: 1

DIST - LANDMARK S

CNR STRUCTURE

BARTOMN ST

QUEENSTON RO

KNG 5T

[15)

CPR STRUCTURE

AVE

DATE: Oct-16
™ GREENHILL AVE (HAMILTON)
TEMP: 12 DEG

COMMENT 5

SMA in Contract P
Unopened 0 T

AVG. SPD | 1.3 3.8 AvG.FN

SITE: CNR OH STRUCTURE
LHRS: N/A OvS: NFA
DIST SPEED AVGFN
E gag 3348
0. 0.2 287 |0.48 =
0. B2.4 243
o 233 A5 T
0. B3.0 325
1 g2.2 328
1.307 B1.8 338
1.581 &1.4 35.1
1.743 ED.2 281182 =
1.837 g2.8 35.4
2120 g1.5 355
2291 E2.6 248
2422 1.1 336
2.740 B2.5 326|285 =
2930 B3.g8 28.5
3.128 B3.g8 248214 =
3.318 ED.4 342
3487 e0.5 36.3
3BTT el.2 4.2
3.815 g8 35.5 |3.866 =
9 33.8
28.1 [Min. FM
36.5 [Mex. FN
2.2 |Sid.Dew
20 |Fieid
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PAVEMENT FRICTION SURVEY 2007

ASTM E274 E501

MERO

LANE: 2

DATE: Oct16

T GREENHILL AVE (HAMILTON)

DIST - LANDMARK 5

ChR STRUCTURE

BARTON 5T

QUEENSTON RO

MTO
Red Hill Valley Phwy = DIR: SBL2
SITE: CNR OH STRUCTURE
LHRS: N/A O¥S: NFA
DIST SPEED AVGFN
D000 0ogd =
0.263 208 4.7
0.442 g0.2 206 |0.48 =
0609 81.0 238
0751 B2 34.5
002 B2.5 354
1.083 g1.2 248
1.210 g0.8 3448
1.242 B1.4 24.0
1.477 g0.2 58
1.609 811 7.4
1.743 B3 28.4
1.843 g1.0 As211.82 =
2.091 B0.5 248
2.2438 B8 38.7
2.400 B0.2 33.5
2583 201 288
2750 20.0 207|285 =
2.80% BO.7T 2838
3.024 B0.1 138|214 =
3 286 B1.8 351
3.481 B0.2 242
3544 g8.8 332
3.793 258 236 1|2.05 =
AVG. SPD 90.7 33.8 [AVG. FN
28.4 |[Min. FN
37.4 |[Max. FN
2.5 |Sid Dew
23 |Field

TEMP: 12 DEG

COMMENT 5
SMAin Contract PW-08-243 (RHWV)

Uropsnad to Trafic
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139. On October 18, 2007, Mr. Raymond emailed Dr. Uzarowski and Mr. Delos Reyes

the MTO friction testing results from the testing conducted on the RHVP on October 16,

2007. 163 He wrote:

Attached please find the friction testing results for the Red Hill Valley Parkway.

Please pass the results on to those involved with the project.

You may wish to note that some of the friction numbers less than 30 correlate with being

located under a structure.

Should you have any questions regarding the results please do not hesitate to contract us.

163 GOL0002619 attaching GOL0002620 and GOL0002621
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140. Dr. Uzarowski replied to Mr. Raymond’s email about the MTO friction testing,

stating:164

Thank you very much for the results. We really appreciate your help. | will discuss the
results with the City.

141. Dr. Uzarowski then forwarded Mr. Raymond’s email with the MTO friction test
results to Mr. Moore and Marco Oddi (Senior Project Manager, Red Hill Valley Project,

Public Works, Hamilton), stating:16°

Please find attached the results of the friction testing on the Red Hill Valley Parkway
completed for us by MTO. | will call you to discuss the results.

142. Alsoon October 18, 2007, Rob Rollings (Head, Quality Assurance, Central Region,
Provincial Highways Management Division, MTO) wrote an email with the subject line
“2007-2031 — Trial Section Varennes Quarry”, to Mr. Theodore, Ken Payette (Quality
Assurance Office, Central Region, Provincial Highways Management Division, MTO), and

Mr. Rogers.'¢ The email stated:

We received the package regarding Dufferin's request for an FC2 trial for this new
aggregate and have the following comments:

-There are specific requirements for approval to be included on the DSM list for FC2
and a trial section is one of them, however, prior to a trial section being permitted, Head
Office Soils and Aggregates have to sample and test the material and evaluate the
operation.

-The Contractor is required to contact Chris Rogers Manager Head Office Soils and
Aggregates to request the evaluation be done.

-Once this step has been done and if everything is acceptable then the issue of a trial
section can be reviewed. At this time, the request for a trial section is premature.

164 GOL0003516
85 GOL0003513 attaching GOL0003514 and GOL0003515; and HAMO0000317 0001 attaching
HAMO0000318 0001 and HAM0000319 0001

166 MTO0003260
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221.

When evaluating aggregates for inclusion on the ministry’s list of approved materials, we
typically only monitor a pavement over a period necessary to observe trends.\We-do-not

%WW@%MW j O

2. Mike in MO wants to know---are these numbers what you would consider
normal/average for this type of highway?. If yes, can we say that in our response?

The numbers are typical as they started out higher but started to slowly decline over time.
(Suggest for internal info only: for a high speed provincial freeway, if the numbers were
consistently below 30, we would monitor more closely and start to consider remedial
measures)

3. And has this stone material been added to our approved list?

In May 2009, MTO approved the stone (aggregate) for DSM listing based on acceptable

lab test results and satisfactory frictional properties including the initial data from the

Parkway. [The-aggregate-was-listed-on-the DSM-from-2009-t0- 2016-]232

041
89

On February 12, 2019, at 4:15 p.m., Mr. Van Dongen emailed Ms. Graham and

Mr. McKinnon under the subject line “FW: MTO--friction testing results”.?33 He attached

four graphs summarizing the MTO'’s friction testing results on the RHVP from 2007 to

2014 to this email.?>* He wrote: “Hi folks, just received these. Did the city already have

access to this info, and if so, any concerns?”2%

222. At 4:30 p.m., Ms. Graham forwarded this email to Mr. McGuire and Mr. Soldo,

copying Mr. McKinnon. She wrote:

See below and please let us know if you have seen these before? I’'m not in the office so
can’t check the file, but this format doesn’t look familiar to me.

If no — suggesting wording such as “Current leadership has not seen this information in this
format.”

If yes — can you just clarify when/how we do?236

232 MTO0038359; see also MTO0038360
233 HAM0028680_0001

234 HAM0028687 0001, HAM0028688 0001, HAM0028686 0001 and HAM0028685 0001

235 HAM0028680_0001

236 HAM0028680_0001
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223. Mr. McKinnon forwarded this email, with the attached graphs, to an email account

with the username “joannet.mckinnon” later that day.?*’

224. On February 12, 2019, at 4:33 p.m., Mr. Soldo replied to Ms. Graham’s email,

writing:

| literally was talking on the phone to MTO as this email came in and they informed me that
they have been doing testing on RHVP from 2007 to 2014. | asked for that info and | have
to assume this data from the Spec came from MTO today.238

225. On February 12, 2019, at 4:36 p.m., Mr. Bentley replied to Mr. Soldo’s February

11, 2019 email, writing:

As discussed, here are the four files for each lane for the 4km section where friction testing
was completed to evaluate the stone for inclusion on the DSM list.

| have cc’'d Becca Lane if you have any questions about the testing.23°

226. Mr. Soldo replied to Mr. Bentley, writing:

Thank you for providing the graphs. Can you provide the underlying data that developed
them. Also, any other documentation related to this project such as scope, specifications
etc. Also, any transmittal information or emails related to how this was shared with the
City.240

227. On February 12, 2019, Mr. Soldo forwarded Mr. Bentley’'s email to Ms. Auty,
copying Mr. Zegarac, Mr. McKinnon, and Mr. Brown. Mr. Soldo forwarded this email to

Mr. McGuire later that day.?*’

237 HAM0028680_0001
238 HAM0028689 0001
239 HAM0028695 0001
240 HAM0028695 0001

241 HAMO0054540 0001 attaching HAM0054541 0001, HAMO0054542 0001, HAMO0054543 0001 and
HAMO0054544 0001
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228. On February 12, 2019, at 5:52 p.m., Mr. McGuire replied to Ms. Graham’s email,

writing:

For the record, I've never seen these test results. Staff have not either or this would have
been brought forward in our discussion on the RHVP.

| will review the results later.242

229. On February 12, 2019, at 6:13 p.m., Mr. Soldo forwarded his email exchange with

Mr. Bentley to Mr. McKinnon. He wrote:

Discussion with Kevin Bentley by teleconference.

Friction testing was initiated as the MTO was requested to review the adequacy of a certain
aggregate from a supplier pit in Quebec in order to allow them to be on the approved list
for MTO contracts. The stone was used by Dufferin as part of the SMA pavement on the
RHVP.

The test site was 4 km long, from Greenhill to CNR. Run for 7 year although some years
the testing was not undertaken.

The data shows that the SMA did improve in friction after the initial thin layer of asphalt
cement wore off.

| asked for the data to be sent over, received shortly after the call by email. Kevin Bentley
identified that the same methodology may not have been used in assessing the end friction
value in the City testing. For comparison, the specification for Highway 407 includes a value
of 30 where more investigation is required. The key to monitoring is to assess the long term
trends.

Asked for verbally and by email any other relevant documentation and in particular any
correspondence of sharing the data and test results with the City. The MTO was going to
review their files. The MTO indicated the Charles Brown has connected with them as well
last Friday on this matter as well as several media outlets. The data was going to be
released.

Offered assistance of the Manager of Materials and Research area in reviewing and
interpreting the analysis.?43

242 HAM0028694 0001
243 HAM0028695 0001
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MEMO

TO : Edward Soldo
Director, Transportation Operations and Maintenance

City of Hamilton

FROM . Brian Malone, CIMA*
DATE : February 26, 2019

SUBJECT : Red Hill Valley Parkway - Review of MTO Pavement Friction Data 2008-2014
(CIMA+ File: B0O00920 / 200)

1.  INTRODUCTION

This memorandum details our review of the results of pavement friction testing data for the Red
Hill Valley Parkway that had been collected by the MTO starting in 2008 and continuing until
2014. The data provided is for friction testing completed on the RHVP and data was collected
for 6 years of the 7-year timespan, the exception being 2013.

In your email of February 17, 2019, you requested that we review the data, undertake an
analysis of trends that may exist in the data and determine if an extrapolation of pavement
friction values to 2019 can be provided from the data. You also asked if CIMA would
recommend that the City undertake friction testing prior to the resurfacing to validate the MTO
data and if any of our recommendations from recent reports, including the Feb 4", 2019 memo,
would be impacted by this data.

This data is separate from the friction testing data which was collected in 2013 by Tradewind
Scientific. That data was reviewed by CIMA in our memo dated February 4, 2019. The
Tradewind data has not been included in this analysis of the MTO friction data. Details of the
testing protocol used by MTO were not available and could not be compared to the Tradewind
protocol. Without confirmation that testing protocols are the same, merging of the data is not
appropriate.

As with the 2013 Tradewind data, CIMA has not previously been provided with this MTO data

and it did not form a component of our earlier road safety reviews relating to the RHVP and the
LINC.

400-3027 Harvester Road, Burlington ON. L7N 3G7 T 289 288-0287 F 289 288-0285 ————

cima.ca BES:TEM PLOYER
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Red Hill Valley Parkway - Pavement Friction Testing Results Review (CIMA+ File: B000920 / 200)

February 26, 2019

2. ANALYSIS

The MTO pavement friction data was completed over a period of 7 years, from 2008 to 2014.
Six years of data were provided, 2008, 2009, 2010, 2011, 2012, and 2014. No data was
provided for 2013.

CIMA examined the data for each year and reviewed it for trends. We determined that there
were sufficient data points to undertake trend analysis, and, with considerations noted below, to
extrapolate date to 2019

We have summarized data using a single value for each reference year. It must be noted that
the data varied not only by year but also by lane, by direction and by air temperature recorded
at the time data was collected. The yearly values we have used in this memo are representative
of the averages of the data, by year. Individual test results varied above and below the average
yearly values.

The potential for trends in the data was reviewed using various model alternatives. Linear
regression (straight-line projection), was assessed as was non-linear regression. A non-linear
(logarithmic) function was found to have the best fit, statistically. The non-linear regression was
used for extrapolation of the data to future years, up to 2019. The results are shown graphically
in Figure 1 and numerically in Figure 2. In these figures both friction measurements (2008-
2014) and friction estimates (2008 — 2019, extrapolated by the fitted model) are presented.

; RHVP Friction Non-Linear Trend (2008 - 2019)
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Figure 1 — RHVP Friction Non-Linear Trend — Graph
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2008 39.6 39.5
2009 37.4 36.7
2010 33.4 35.0
2011 34.0 33.8
2012 33.5 32.9
2013 32.2
2014 31.6 31.6
2015 31.0
2016 30.5
2017 30.1
2018 29.7
2019 29.4

Figure 2 - — RHVP Friction Non-Linear Trend — Values

Overall, the results show that average friction levels have dropped over time. We again highlight
that individual testing values varied by lane, by direction and by temperature.

We have extrapolated the values to 2019 based on the best fit of the testing data using a non-
linear function. Results must be viewed with caution. Mathematically the 2019 values represent
the best fit to the extrapolated 2008 to 2014 measured data. Actual 2019 field-measured values
may vary, based on a number of factors.

Traffic volume is known to impact friction values. The data provided did not include traffic
volumes. Changes in volumes over time, and their impact on friction values, is unknown.

It is also normal for pavement friction values to reduce during the lifecycle of a road and that
trend is generally found to be non-linear. While our use of a non-linear function to fit the data
may account for this to some degree, the exact profile of degradation is unknown, and we note
that our regression analysis does not directly model normal life cycle pavement friction
degradation.

Lastly, the results determined for 2019 are estimates based on extrapolation of an identified
trend. Longer term extrapolation of data will be less accurate than estimates done over a
shorter term. The magnitude of uncertainty in results increases as the projection timespan
increases.

Based on the extrapolation of data collected from 2008 to 2014, the average pavement friction
values in 2019 are estimated to be dropping, to approximately 29 (f=0.29). That value
corresponds to the same stopping distance design value used in a 100 km/h design speed,
which is f=0.29. The value is above the lateral friction value used in the road design for 100
km/h horizontal curves of f=0.12.

The extrapolated 2019 average friction value is lower that the results reported in the Golder
report of January 2014, which reported the Tradewind testing results. Those results indicated
measured average friction levels on the RHVP ranging from FN values of 34 to 39,

HAMO0036336_0001
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corresponding to (f) values of 0.34 to 0.39. Again, we note that the testing protocols from
Tradewinds and from the MTO testing have not been compared, so the comparison of the
friction values should also be viewed with caution.

The MTO data provided was only for the RHVP. Data for the LINC was not provided. The 2013
Tradewind study did provide measurements for the LINC which showed values higher than the
RHVP. Given the absence of corresponding data from the LINC in the MTO data, we are
unable to comment on any difference in friction values that may exist between the two facilities,
either in the measured data from 2008 to 2014, or in the extrapolated 2019 values.

3. DISCUSSION

As noted in our February 4", 2019 memo, pavement friction measurements can be compared to
the assumed design values to ensure that the design parameters are being provided in the field.

The friction values measured by the MTO from 2008 through to 2014 indicate that the average
friction values exceeded the stopping distance design value used in a 100 km/h design speed
(f=0.29). The values were also above the lateral friction value used in the road design for 100
km/h horizontal curves (f=0.12).

Extrapolated values for average pavement friction were determined for 2019 using a non-linear
function. The extrapolated 2019 average friction value is equal to the stopping distance design
value used in a 100 km/h design speed (f=0.29). The value is above the lateral friction value
used in the road design for 100 km/h horizontal curves (f=0.12).

Based on the variance in the MTO test data by lane and by direction, we anticipate that some
areas of the RHVP in 2019 have friction values that are lower than the stopping distance design
value used in a 100 km/h design speed (f=0.29).

We recommend that additional testing be undertaken of the current condition of the pavement.
In-field friction testing will confirm the current pavement friction values and allow validation of
the extrapolated 2019 results.

Undertaking friction testing prior to repaving will also provide a baseline for evaluation of
changes to pavement friction levels following the resurfacing. It should be noted that our review
of the MTO data showed statistical correlation with air temperature at the times friction testing
was undertaken. Therefore, air temperature at the time of testing should be considered when
undertaking comparisons of the friction testing results from 2019 completed before and after
repaving to ensure accurate interpretation.

Our extrapolated 2019 average friction values show numbers that are estimated to be equal to
the design values. Even if field measurements indicate lower levels, they are an indicator that
the road is less-safe, but they do not immediately render the road unsafe.

Lower friction levels result in longer stopping distances. Multiple countermeasures were
previously recommended by CIMA and have been implemented to mitigate for the less-safe
conditions identified on the RHVP. The recent lowering of the speed limit for portions of the
RHVP adds to those countermeasures.

Cim
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We have reviewed the recommendations in our 2015 report in light of the MTO friction testing
data from 2008 to 2014. Our report had recommended pavement friction testing. MTO data
provides clarity on the issue of friction being a contributing factor in collisions. We had also
identified countermeasures that targeted elements that interact with pavement friction,
specifically speed.

Given that resurfacing is now planned in 2019 and that action will directly address pavement
friction conditions, we have no changes to our 2015 recommendations.

T

Brian J. Malone, P.Eng.

SL Q 'S B.J.J. MALONE
% I e | 28830503

A A~

Soroush Salek, Ph.D., P.Eng.

Cimv
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Tab 7 80

report to our liking? Before they ask for a copy?2%”

204. On December 5, 2013, Mr. Lupton responded by email to the same group and

wrote:

Yes to items 1 thru 5 or all of it. Did you see our info report? We did our best to discourage
it at committee, but they wanted us to come back in a year’s time to discuss the impacts of
the improvements. | have asked to report back on the OBL in April 2015. Do you retire
before that?238

205. Mr. Moore then responded by email to Mr. Lupton only. They exchanged the

following messages:

GM: They don’t want you to report in a year they want another report just on lighting! Now!
GL: You can lead a horse to water... We tried.
GM: | just shoot the horse!

GL: Good plan.23®

206. On December 9, 2013, Dr. Uzarowski followed up regarding the status of the
Purchase Order. Hamilton issued Purchase Order 0000073087 to Golder Associates Ltd.
dated January 6, 2014, in the amount of $8,000 for the friction testing. It was faxed to

Golder on Jan 10, 2014.240

2. December 9, 2013, CIMA produces last version of report

207. On December 9, 2013, Mr. Cooper responded to Mr. Applebee’s message of
November 19, 2013, and advised that he had received “the go ahead for the wording

changes” and instructed Mr. Applebee to proceed to make the final copies.?*' Mr.

237 HAM0004336_0001

238 HAM0004337 0001

239 HAM0004339 0001

240 HAM0000502 0001; HAM0000497 0001; GOL0004369; and GOL0001102
241 CIM0008063
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Applebee emailed Mr. Cooper and asked “do you want the date changed on the report to
December? It currently says October, but | can’t remember if we were going to keep the
original date on the report or not. Doesn’t matter to me either way.” Mr. Cooper responded

that the “original date is fine”.242

208. Later that day, Mr. Applebee sent Mr. Cooper a .PDF of what he described as the
updated report.?*3> The changes were not apparent on the face of the report and it was

still dated October 2013.

209. The revised report included information from Hamilton regarding the proposed
implementation of certain countermeasures. The following was added to the executive

summary:

The City has indicated that with respect to a select number of countermeasures a staged
approach to implementation will be undertaken. The details of this approach are highlighted
here and are acknowledged in the timing noted in the tables.

+ Signage Recommendations

e The City will endeavor to undertake signage recommendations in the short term,
with the expected completion of the end of 2013-2014.

+ Pavement Marking and PPRM Recommendations

e The City will re-paint the RHVP with the wide pavement markings during the annual
marking rehabilitation program beginning in the spring of 2014; and

e PRPMs will be installed with the next planned resurfacing of the RHVP, likely in
the medium term (5 — 10 years).

+ [llumination Recommendations

Prior to the review of new illumination, the City will undertake the implementation of other
countermeasures and monitor their effectiveness for a period of at least one year.?#

242 CIM0008063
243 HAM0041870 0001 attaching HAM0041871 0001
244 HAM0041871 0001 at image 4
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210. The updated version of the report also included “[ilnformation from the City
regarding funding and capital programs/planning” to the section describing factors

considered by CIMA in providing its recommendations.?4°

3. Work Continued by Dr. Uzarowski in December 2013

211. Dr. Uzarowski’s notebook contains an entry that suggests he met with Mr. Moore
on December 10, 2013.2#6 Another entry, dated December 13, 2013, suggests Dr.
Uzarowski and Mr. Moore may have had a call that day.?*” On December 20, 2013, Dr.
Uzarowski has a note to call Mr. Moore, Lisa Castronovo (Administrative Assistant, Asset
Management, Engineering Services, Public Works, Hamilton) and Trevor Moore

(Corporate Technical Director, Miller Paving Ltd., Miller Group).?48

212. On December 20, 2013, Mr. Trevor Moore emailed Dr. Uzarowski, attaching “as
discussed” various brochures and guidelines relating to micro surfacing and slurry seal.

Dr. Uzarowski forwarded this email to Dr. Henderson on December 20, 2013.24°

213. On December 31, 2013, Dr. Uzarowski emailed the initial draft of the report for

Phase lll of the Pavement and Materials Technology Review to Gary Moore.?*°

4. Discussions with Shillingtons LLP Regarding RHVP Collision Claims
214. On December 19, 2013, Colleen Crawford (Senior Law Clerk, Shillingtons LLP)

emailed Mr. Kirchknopf, copying Diana Sabados (now Diana Swaby, Supervisor, Claims

245 HAM0041871 0001 at image 63
246 GOL0007407 at image 19

247 GOL0007407 at image 20

248 GOL0007407 at image 22

249 GOL0006503

250 HAM0023624 0001
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Partners in excelence bl BB
MEMO
TO: David Ferguson, City of Hamilton
CC: N/A
FROM: Pedram lzadpanah, CIMA+
DATE: [ DATE \@ "MMMM d, yyyy" ]
SUBJECT: Il_qincoln Alexander Parkway / Red Hill Valley Parkway Collision
ates

(CIMA+ File: BOOO558A)

The purpose of this memorandum is to respond to the City’s inquiry regarding collision
rates on the Lincoln Alexander Parkway (LINC) and Red Hill Valley Parkway (RHVP),
following the two safety reviews conducted in 2015. The inquiries, as outlined in your email
dated January 9, 2018, are as follows:
1. How do the LINC and RHVP compare with other similar type roadways (e.g.
Highway 406 through St. Catharines and Highway 7/8 in Kitchener);
2. What are the collision rates on the LINC and RHVP considering only collisions
that completely cross the median;
3. What are the collision rates by direction on the LINC and RHVP;
4. Is a collision rate of 1.0 a fair threshold to indicate that a high incidence of
collisions; and
5. Is there a Provincial Highway collision rate that can be used for comparison?

1. COLLISION RATE COMPARISON

A comparison of collision rates on the LINC and RHVP with the following Provincial
highways:

+ Highway 406 between Highway 58 and Queen Elizabeth Way (QEW), in the City
of St. Catharines;

e Highway 7/8 between Conestoga Parkway/Victoria Street N and Trussler Road, in
the City of Kitchener; and

e Highway 8 between Sportsworld Drive and Highway 7, in the City of Kitchener.

The comparison was completed for an average of five years between 2009 and 2013. This
period was selected based on the availability of collision data for the comparison group.

3027 Harvester Road, Suite 400 Phone : 289 288-0287
Burlington ON L7N 3G7 Fax: 289 288-0285
CANADA www.cima.ca
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The collision rate of a road section normalizes the frequency of collisions with the
exposure, measured by traffic volume and distance travelled. The collision rate per million
of kilometres travelled is calculated as follows:

Number of Observed Collisions

CR = 1,000,000 x -
AADT x 365 X Length of Section

The five-year average collision rate is calculated as follows:

1,000,000 « yvear> Number of Observed Collisions
365 x Length of Section yvears AADT

ear 1

CRs years —

Data for the Provincial highways was obtained from the Ontario Provincial Highways Traffic
Volumes On Demand and from the MTO Safety Analyst software. Collision data from the
2015 LINC and RHVP studies were used for these highways, and AADT was obtained
from the City’s MS2 traffic data management software. It should be noted that AADT
information is not available for all segments on the LINC and RHVP. The locations with
available AADT information are:

e LINC between Highway 403 and Mohawk Road,;

e LINC between Upper James and Upper Wentworth;

¢ LINC between Upper Gage and Dartnall Road; and

¢ RHVP between Queenston Road and Barton Street.

For segments with no data available, a distance-weighted average was used. Additionally,
AADT for the RHVP location was only available for 2014 and 2015. Based on growth
trends at the available data, a negative growth rate of 1.6% per year was applied to the
preceding years. Due to the limited data available, the results should be interpreted with
caution.

Table 1 summarizes the 5-year combined collisions and the resulting collision rates for
each segment of the LINC and RHVP. Table 2 presents the same information for the
comparison sites (i.e. Highways 7/8, 8, and 406). The annual breakdown of collisions and
AADTs is provided in Appendix A.

The results show that the average weighted collision rates calculated based on 2009-2013
collision and traffic volume data for the LINC is 0.2 collisions per million kilometres
travelled. For the RHVP, this value is 0.36.

The comparison sites present higher average weighted collision rates for the same time
period. This value is 0.77, 0.59, and 0.79 for HWY 406, HWY 7/8, and HWY 8 respectively.

CIMA
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Table 1: Average Collision Rates for LINC and RHVP (2009 - 2013)

. . Length Collisions | Collision
Highway:/ Section (krg) (2009 -2013) | Rate
LINC
Highway 403 — Mohwak 1.2 34 0.23
Mohwawk — Garth 2.6 59 0.17
Garth — Upper James 1.7 52 0.21
Upper James — Upper Wentworth 1.7 45 0.17
Upper Wentworth — Upper Gage 1.6 54 0.24
Upper Gage — RHVP 1.6 42 0.20
Average Weighted Collision Rate 0.20
RHVP
LINC — Mud 1.6 33 0.17
Mud — Greenhill 2.6 88 0.30
Greenhill — King 1.3 90 0.66
King — Queenston 0.8 26 0.33
Queenston — Barton 1.3 38 0.31
Barton — Railway Overpass 0.5 31 0.67
Average Weighted Collision Rate 0.36

Table 2: Average Collision Rates for Comparison Sites (2009 - 2013)

Highway / Section Length Collisions | Collision
(km) (2009 - 2013) Rate
Highway 406
Highway 58 — Glendale 2.0 78 0.37
Glendale — Westchester 3.0 157 0.53
Westchester — Fourth Avenue 2.3 232 1.59
Fourth Avenue - QEW 3.9 130 0.67
Average Weighted Collision Rate 0.77
Highway 7/8
Conestoga/Victoria — Ottawa 1.5 171 0.57
Ottawa — Highway 8/King 1.3 146 0.64
Highway 8/King — Courtland 14 156 0.68
Courtland — Homer Watson 1.3 122 0.61
Homer Watson — Fischer-Hallman 2.6 176 0.67
Fischer-Hallman - Trussler 2.9 77 0.45
Average Weighted Collision Rate 0.59
Highway 8
Sportsworld — Fairway 3.6 491 0.99
Fairway — Highway 7 2.2 188 0.46
Average Weighted Collision Rate 0.79

CIMA

Partners inexcallence 3
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2. CROSS MEDIAN COLLISION RATES

Based on the information provided in the 2015 LINC and RHVP study reports, only 5.6%
and 3.6% of collisions involved vehicles completely crossing the median (i.e. reaching the
opposing shoulders and/or travel lanes), respectively. If these percentages are applied to
the average collision rates in Table 1, the resulting rate is approximately 0.01 collisions per
million kilometres travelled for the LINC, and ranges between 0.01 and 0.04 collisions per
million kilometres travelled for the RHVP.

3. COLLISION RATES BY DIRECTION

Table 3 summarizes the range of collision rates for the LINC and RHVP by direction of
travel. The results show that the 5-year average collision rates for the LINC vary between
0.16 and 0.24 for the eastbound direction, and between 0.10 and 0.28 for the westbound
direction. The highest eastbound rate is observed between Highway 403 and Mohawk
Road, and the highest westbound rate is observed between Upper Wentworth Road and
Upper Gage Road.

For the RHVP, the 5-year average collision rates for the LINC vary between 0.04 and 0.83
for the northbound direction, and between 0.17 and 0.77 for the southbound direction. The
highest northbound rate is observed between Greenhill Avenue and King Street, and the
highest southbound rate is observed between Barton Street and the northern end of the
study area (railway overpass 500 metres north of Barton Street).

Table 3: Average Collision Rates by Direction (2009 - 2013)
Road Range of Collision Rates
EB/NB WB/SB

LINC | 0.16-0.24 | 0.10-0.28
RHVP | 0.04-0.83 | 0.17-0.77

4. COLLISION RATE THRESHOLD

According to AASHTO’s Highway Safety Manual, one of the limitations of using collision
rate is that it does not identify a threshold to discern whether the safety performance of a
site is acceptable or not. In order to accomplish this, the adequate approach is to use
Safety Performance Functions (SPF), which considers large samples of similar sites to
estimate an average representative of the safety performance of similar sites. If a site
observed or expected collision is larger than the value estimated by the SPF, it shows
there are safety problems.

5. PROVINCIAL COLLISION RATES

Table 4 summarizes Provincial collision rates between 2009 and 2013, Based on the
Ontario Road Safety Annual Reports_(ORSAR). The collision rates ranged between 1.39
and 1.72 during this period. However, these rates are calculated for all roads within the
province, including 2-lane rural highways, urban arterial and collector roads, etc., including
collisions at intersections. Therefore, it is not advised to use these collision rates to

CIMA

Partners in excellence 4

HAMO0001095_0001



City of Hamilton — LINC / RHVP Collision Rates

057

compare with those of a specific facility. The ORSARs do not report on the collision rates
for different classifications of the roads in the Province.

Table 4: Provincial Collision Rates by Year

Year

2009

2010

2011

2012

2013

Collision Rate

1.72

1.66

1.39

1.36

1.43

CIMA
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Lincoln Alexander Parkway AADT | 2009 2010 2011 2012 2013
Highway 403 — Mohwak 65,107 | 66,409 | 67,737 | 69,092 | 70,474
Mohwawk — Garth 70,971 | 71,997 | 71,447 | 72,261 | 77,593
Garth — Upper James 78,995 | 79,643 | 76,523 | 76,597 | 87,335
Upper James — Upper Wentworth 85,476 | 85,819 | 80,623 | 80,100 | 95,204
Upper Wentworth — Upper Gage 76,615 | 77,464 | 75,557 | 76,001 | 84,272
Upper Gage — RHVP 67,754 | 69,109 | 70,491 | 71,901 | 73,340
Ll b 2009 | 2010 | 2011 | 2012 | 2013
Collisions
Highway 403 — Mohwak 6 3 8 7 10
Mohwawk — Garth 7 10 15 13 14
Garth — Upper James 11 8 11 12 10
Upper James — Upper Wentworth 10 4 11 11 9
Upper Wentworth — Upper Gage 9 8 8 12 17
Upper Gage — RHVP 11 7 7 10 7
Red Hill Valley Parkway AADT 2009 2010 2011 2012 2013
LINC — Mud 64,109 | 65,352 | 66,619 | 67,911 | 69,229
Mud — Greenhill 60,007 | 61,125 | 62,263 | 63,423 | 64,605
Greenhill — King 55,451 | 56,428 | 57,423 | 58,436 | 59,467
King — Queenston 52,717 | 53,610 | 54,519 | 55,443 | 56,384
Queenston — Barton 49,299 | 50,088 | 50,889 | 51,703 | 52,530
Barton — Railway Overpass 49,299 | 50,088 | 50,889 | 51,703 | 52,530
Red Hill Valley Parkway Collisions | 2009 2010 2011 2012 2013
LINC — Mud 4 3 9 10 7
Mud — Greenhill 12 19 21 18 18
Greenhill — King 7 19 22 20 22
King — Queenston 3 3 6 6 8
Queenston — Barton 4 4 7 7 16
Barton — Railway Overpass 7 3 6 6 9

CIMA

Partners inexcellence
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Highway 7/8 AADT 2009 2010 2011 2012 2013
Conestoga/Victoria — Ottawa 107,600 | 109,800 | 109,800 | 109,800 | 110,900
Conestoga/Ottawa — Highway 8/King | 93,200 95,000 | 95,000 | 98,300 | 99,300
Highway 8/King — Courtland 86,800 88,800 | 88,800 | 90,600 | 91,500
Courtland — Homer Watson 82,100 84,400 | 84,400 | 86,100 | 87,000
Homer Watson — Fischer-Hallman 53,300 54700 | 54,700 | 55,800 | 56,400
Fischer-Hallman - Trussler 31,200 32,100 | 32,100 | 32,800 | 33,100
Highway 7/8 Collisions 2009 2010 2011 2012 2013
Conestoga/Victoria — Ottawa 27 26 49 46 44
Conestoga/Ottawa — Highway 8/King 22 43 41 37 40
Highway 8/King — Courtland 55 58 71 32 60
Courtland — Homer Watson 22 20 34 32 37
Homer Watson — Fischer-Hallman 31 24 39 49 50
Fischer-Hallman - Trussler 15 29 26 44 34
Highway 8 AADT 2009 2010 2011 2012 2013
Sportsworld — Fairway 72,900 73,900 75000 | 77,300 | 78,100
Fairway — Highway 7 100,500 | 101,400 | 101,400 | 103,400 | 104,400
Highway 8 Collisions 2009 2010 2011 2012 2013
Sportsworld — Fairway 102 133 142 99 83
Fairway — Highway 7 44 54 51 45 51
Highway 406 AADT 2009 2010 2011 2012 2013
Highway 58 — Glendale 57,000 | 58,700 | 60,000 | 58,600 | 54,000
Glendale — Westchester 52,100 | 56,900 | 48,500 | 56,900 | 57,700
Westchester — Fourth Avenue 37,300 | 34,800 | 35,200 | 31,600 | 35,300
Fourth Avenue - QEW 24700 | 25,000 | 32,200 | 27,300 | 28,100

CIMA

Partners inexcellence
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Highway 406 Collisions 2009 2010 2011 2012 2013
Highway 58 — Glendale 24 37 37 28 24
Glendale — Westchester 31 51 47 31 31
Westchester — Fourth Avenue 34 47 34 34 34
Fourth Avenue - QEW 23 40 71 32 23

CIMA

Partners inexcallence
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(a) RHVP Lighting Study Proposal

254. On April 9, 2018, Mr. McGuire left Mr. Malone a voicemail regarding the status of
the RHVP Lighting Study proposal, mentioning the recurring RHVP-related meetings

called by Mr. McKinnon.26¢

255. On April 11, 2018, Mr. Malone emailed Mr. Field the proposal for the RHVP
Lighting Study. The proposal included reviewing previous environmental assessments
(“EA”) for the LINC and RHVP, revisiting findings from previous collision analyses using
recent data and conducting an illumination review to determine whether or not illumination

should be installed within the study area.?¢”

256. On April 13, 2018, Mr. Field approved CIMA’s RHVP Lighting Study proposal. The

$121,560 purchase order for the project was sent to CIMA on April 25, 2018.268

257. On April 24, 2018, CIMA met with City staff regarding the RHVP Lighting Study.
The work plan for the project was to include a review of original and subsequent EA
documents to confirm what conditions regarding lighting were established during the EA
and approval process. The study was also to involve a review of collisions and trend

analysis.?5°

258. On April 24 and 25, 2018, Manny Grewal (Project Engineer, Traffic Engineering,

CIMA) exchanged emails with Mr. Cooper regarding the Speed Limit Reduction Study:

266 CIM0017402 attaching CIM0017402.0001

267 HAM0053036_0001 attaching HAM0053037 0001

268 CIM0017386; and CIM0017058 attaching CIM0017058.0001
269 CIM0017047
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A. Introduction

1. In 2015, Hamilton retained CIMA to prepare a safety review of the RHVP. Overview
Document #7 will address the circumstances surrounding the 2015 CIMA Report, its
preparation, and the events following its completion. Overview Document #7 will largely
be organized in chronological order, but some events will be grouped together, slightly

out of chronological order, where doing so promotes clarity and ease of understanding.

2. Commission Counsel has endeavoured to confirm the names, organization, and
position(s) held by the individuals referenced in this Overview Document. This information
is provided in the body text where each individual is first referenced.” A complete list of
the individuals and their respective information can be found at Appendix A of Overview

Document #7.

3. The facts contained in Overview Document #7 have not been tested for their truth.
Commission Counsel and the participants may call evidence from witnesses at the Inquiry
that casts doubt on the truthfulness or accuracy of the content of the documents
underlying this Overview Document. The participants will also be able to make

submissions regarding what, if any, weight should be given to any of these documents.

B. Fatal Collision May 2015

4. On May 5, 2015, a collision on the RHVP resulted in the deaths of Olivia Smosarski
and Jordan Hastings. A Spectator article published on May 7, 2015, described the

collision as follows:

" Where more than one position is held by an individual within the time frame covered in this Overview
Document, the information in the body text will reflect the position held at the time of first reference. For a
complete list of all positions held by all individuals referenced in Overview Document #7, see Appendix A.
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Olivia Smosarski and Jordyn Hastings, both believed to be 19, were killed shortly before
11:30 p.m. Tuesday when their car crossed the grassy median, colliding with a minivan.

Police say a 2007 Mazda was northbound on the Red Hill when it inexplicably crossed the
grassy centre median and went into the southbound lanes near Greenhill Avenue, where
it was T-boned by a 2011 Honda minivan. 2

5. On May 6, 2015, John Durant (District Supervisor Roads, District North, Roads &
Maintenance, Operations, Public Works, Hamilton), emailed City staff, copying Terry
McCleary (Superintendent - Roads, District North, Roads & Maintenance, Operations,
Public Works, Hamilton). He wrote: “WE HAD A TWO VEHICLE M.V.A. ON THE
R.HV.P., AS OF 7:AM THE SOUTH BOUND LANES ARE STILL CLOSED, ALL
BARRICADES AND ARROW BOARD HAVE BEEN RETURNED TO DIST. NORTH.

ACCORDING TO POLICE IT WAS A TWO PERSON FATALITY. (PO15-596-572)".3

6. Mr. McCleary forwarded this email to Bob Paul (Manager, Winter Control,
Operations, Public Works, Hamilton), Betty Matthews-Malone (Director, Operations,
Public Works, Hamilton), and Jennifer Atkinson (Road Operations & Maintenance
Coordinator, Roads & Maintenance, Operations, Public Works, Hamilton). Later that day,
Ms. Matthews-Malone responded to this email chain, writing: “Terry, do we have good
records identified for road condition? | haven’t heard the cause of the accident but likely
we could find ourselves part of a future legal discussion regardless of cause. We should

make sure we have our road patrol/condition assessment paperwork flagged.”*

2 RHV0000289
3 HAM0033384 0001
4 HAM0033384 0001
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7. After the deaths of Ms. Smosarski and Ms. Hastings, members of the public

contacted various City Councillors expressing concern regarding collisions on the RHVP.

8. On May 6, 2015, a member of the public emailed Councillor Doug Conley (Ward
9, Hamilton) that he had “witnessed many more vehicles sliding into, or through the
medians on my daily trips up and down the Red Hill” over the past year, and that the

problem was “exacerbated every time it rains, snows, or there is frost on the road.”

9. On the same day, another member of the public emailed Councillor Scott Duvall

(Ward 7, Hamilton):

Hi Scott, so another two people have died on the Red Hill after crossing the grass median.
They would have lived if there had been a concrete barrier down the center instead of a
small ditch. | have written to you before about this problem, on any given day you can drive
along this stretch of road and count about a dozen skid marks across the grass median
going into oncoming lanes. I'm surprised there aren't more fatalities. How many more will
it take before someone decides to build this barrier. I'll bet that you don't ever want the
police knocking on your door bearing bad news. | hope that this will finally get the wheels
in motion and something is done to prevent further tragedies. ©

10.  Councillor Duvall replied to the email, writing that he had “raised this at Council
and several Council further commented on the issues and staff explained barriers are not
required. | will bring this issue up again to Council. | have also included Gary Moore from

Public Works to comment on both issues.””

11. On May 7, 2015, Gary Moore (Director, Engineering Services, Public Works,
Hamilton) replied to Councillor Duvall’s email (with others copied but the member of the

public removed) writing:®

5 HAM0033385_0001
6 HAM0004628 0001
7 HAM0004628 0001
8 HAM0004628 0001
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Itis a very sad and unfortunate accident. | will ask Traffic Engineering to provide comments
with regard to the Operation of the Red Hill in this regard, however until the nature of the
accident is determined it would be premature to provide any comments.

12. David Ferguson (Superintendent, Traffic Engineering, Traffic Operations &
Engineering; Energy, Fleet & Traffic; Corporate Assets & Strategic Planning; Public
Works, Hamilton), who was copied on Mr. Moore’s email, replied to Mr. Moore and
Councillor Duvall (with others copied). He wrote that “[s]taff have already begun to gather
this information with respect to the RHVP. We should have the information by the May

21st PWC meeting.”

13.  Geoff Lupton (Director, Energy, Fleet & Traffic; Corporate Assets & Strategic
Planning, Public Works, Hamilton) replied in the email thread, adding that an update

regarding the “LINC project” would also be appreciated.°

14. On May 6, 2015, Mr. McCleary emailed Mr. Durant regarding the collision, asking
him to “put together all the paperwork, reports weather road conditions etc. | have to

supply to Management.”"!

15. On May 6, 2015, Mr. Ferguson emailed Stephen Cooper (Project Manager, Traffic
Engineering, Traffic Operations & Engineering; Energy, Fleet & Traffic; Corporate Assets
& Strategic Planning, Public Works, Hamilton), and Jason Worron (Senior Project

Manager, Traffic Engineering, Traffic Operations & Engineering; Energy, Fleet & Traffic;

% HAM0004628 0001
10 HAM0004628 0001
" HAM0024188 0001
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Corporate Assets & Strategic Planning, Public Works, Hamilton) regarding the upcoming

staff report to the Public Works Committee, writing: '

16.

Our RHVP report goes to PWC shortly, at the Agenda review meeting today, a couple of
things came up that | will need to be prepared for in-case the questions arise.

1. Can you please follow up with HPS and find some details on the collision that occurred
this morning, copy of the collision report

2. Can you provide me with an update on the consultant review for the Linc

3. Can you please prepare a collision review of the past 10 years focusing on crossover
collisions, RHVP.

4. Can you also do a 3 year collision review of the RHVP from Greenhill to Dartnall,
January to April. All collisions

The Committee meeting date is May 21st, you should both attend the meeting.

Hamilton also received interview requests regarding the collision. On May 7, 2015,

Kelly Anderson (Communications Officer, Public Works, Hamilton) received a request

from Corus Radio Hamilton to speak to someone from Public Works:

17.

18.

Would someone from Public works be available to speak to road safety on the linc today?

Given the recent collision and those in the past some are calling for there to be a barrier
between the two lanes. 13

Ms. Anderson forwarded the email to Mr. Moore the same day, writing:'*
Please see below. I'm not sure if we should even be doing an interview on this topic without
knowing more details but I'm sending it to you just to see what you think about this barrier

idea. Would that be something your group would decide or would it be Operations or
Traffic?

Mr. Moore replied:'®

I'm not in today and it would be someone from Traffic but any message should include the
safety record for the LINC and Red Hill. I.e. There are almost 100,000 vehicles a day that

2 HAM0042751_0001

3 HAM0010716_0001

4 HAMO0010716_0001

5 HAM0010716_0001
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travel these roads safely and the overall safety record is very good except for the few very
unfortunate incidents.

19.  On May 11, 2015, Councillor Conley emailed Mr. Ferguson, requesting a safety

study on the RHVP."® He wrote:

Dave | would like to get a safety study done on the Red Hill Valley Express way

Specifically having barriers that would stop a vehicle from going across the median and
landing in the opposite lane

| want to write a motion to this effect but need your help

20. Mr. Ferguson forwarded the email the same day to Mr. Lupton, John Mater
(Director, Corporate Assets & Strategic Planning, Public Works, Hamilton) and Martin
White (Manager, Traffic Operations & Engineering; Energy, Fleet & Traffic; Corporate
Assets & Strategic Planning, Public Works, Hamilton), writing: “Fyi. Was waiting for this.”

Mr. Lupton replied: “Surprise.””

21.  Mr. Ferguson replied to Councillor Conley the same day, writing:

| am actually doing a presentation on May 21 and there is also a report on the RHVP update
on previous works, so the motion will tie in perfectly.

| will put something together for you.'®

22. On May 13, 2015, Mr. Ferguson provided Councillor Conley with draft language

for a motion.®

23.  On May 11, 2015, Michael Kirkopoulos (Director, Communications, Corporate

Communications & Intergovernmental Affairs, Hamilton) emailed Chris Murray (City

6 HAM0004637_0001
7 HAM0004637_0001
8 HAM0056641_0001
9 HAM0056642 0001
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Manager, City Manager’s Office, Hamilton), writing: “Sam messaged me, says he wanted
us to have the heads up, that we need to reassess safety concerns of Red Hill and Linc.

He wants some help in preparing wording without creating liability issues.”?

24.  On May 11, 2015, Mr. Ferguson emailed Brian Malone (Partner, Vice-President,
Transportation, CIMA), asking what the cost would be “to complete a review of the RHVP

for possible barriers?"?!

25.  Mr. Malone circulated this email internally to Pedram Izadpanah (Senior Project
Manager, Transportation, CIMA), Brian Applebee (Project Manager, Transportation,

CIMA), and Alireza Hadayeghi (Partner, Director, Transportation):??

| was suspecting this would come after the double fatality on the RHVP last week.

Can we convene and answer ASAP?

26. Mr. Applebee replied to Mr. Malone, advising that he had spoken to Mr. Cooper

regarding the matter earlier that afternoon.?

27.  Mr. Malone replied to Mr. Ferguson that he would call him the following day with

an overview.?*

28. In response to a question from Mr. Applebee regarding the type of review

requested by the City, Mr. Malone wrote:?°

20 HAM0058625 0001
21 CIM0010200
22 CIM0010200
23 CIM0010200
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25 CIM0010195

Overview Document #7: The 2015 CIMA Report
Doc 4124466 v1




069
10

I've told Dave that we'll call him tomorrow. As to the level, | think that they are seeking an
analysis similar to the LINC, but with the focus clearly on the cross-over crashes. | suspect
they have been confronted with the request/demand for installation of barrier after the
double fatality of the two young girls, and they must report, so are seeking input to help.

29. On May 12, 2015, Nancy Clark (Administrative Coordinator to the General
Manager, Public Works, Hamilton) emailed Mr. Mater, Ms. Matthews-Malone and Mr.
Moore.?® She attached a motion that was to be added to the agenda for the May 21, 2015,
Public Works Committee meeting. The motion, dated June 1, 2015, was titled “Additional
Safety Measures for the Red Hill Valley Parkway and the Lincoln M. Alexander

Parkway”.?” It read:

WHEREAS, the tragic deaths of Olivia Smosarski and Jordyn Hastings on May 6, 2015
occurred on the Red Hill Valley Parkway;

AND WHEREAS, the City of Hamilton parkways have been the scene of other traffic
fatalities and accidents;

THEREFORE BE IT RESOLVED:
That staff be directed to investigate additional safety measures for the Red Hill Valley
Parkway and the Lincoln M. Alexander Parkway, such as additional guardrails, lighting,

lane markings or other means to help prevent further fatalities and serious injuries; and,
report to the Public Works Committee with recommendations by December 7, 2015.

30. Five minutes later, Mr. Mater emailed Mr. Ferguson, copying Mr. Lupton and Mr.

Moore:28

Fergy, where are we with respect to the review being done on the Linc? Could the works
be expanded to include the Red Hill?

Gary, what's your thoughts on this and the motion?

31.  Mr. Ferguson replied:?°

26 HAM0000600_0001
27 HAM0000601_0001
28 HAM0004638 0001
29 HAM0000602 0001
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33.

Its moving a long, we ran into a delay trying to get CIMA access to GIS but it seems to be
dealt with. Should have a draft report for July.

I'm thinking we retain CIMA again and have them continue with the RHVP.

Mr. Moore replied later that day:%°

The motion is fine. If they (Council) have the money to spend $150,000 per kilometer to
put in guide rail ( 22kilometers x 2= 44km= $6.6M ) and another $200,000 per year for
maintenance when the only thing it will do is increase the number of reportable accidents
and possibly the number of deadly accidents, then it’s their decision. The lane orientation,
median width, speed limit all allow for recovery of a vehicle that leaves the road without
further incident or damage. Put up a guiderail and you have immediate damage to the car
as well as the guiderail as well as the possibility of redirecting the car back into the travelled
lanes. Not a simple answer especially when you add the speed profile issue.

070
11

On May 13, 2015, the Hamilton Spectator published an article titled “Red Hill safety

concerns revisited after fatal crash: Council still receiving complaints about lack of lighting

in the upper part of the parkway”.3" This article referenced past safety reviews and public

comments received by Council regarding the RHVP. The article read:

Council will revisit a long-standing debate over lighting and safety on the Red Hill Valley
Parkway after a crash that killed two young women last week.

Olivia Smosarski and Jordyn Hastings, both 19, were killed late at night May 6 when their
car crossed the grassy median near Greenhill Avenue and collided with a minivan.
Hamilton police say they are still investigating the cause of the crash.

But council should at least study if more safety measures are needed given past complaints
about parts of the parkway, said Coun. Sam Merulla, who will introduce such a motion at
an upcoming public works meeting.

"I'm not saying (the parkway) is unsafe. But there have been complaints and there have
been other traffic fatalities," he said. "We can look at things like lighting or guardrails and
get a report back from the experts. That's the responsible thing to do."

The last fatal crash on the Red Hill happened in 2012. Police said speed and rainy
conditions contributed to the collision, which killed a couple in their 60s.The city completed
an audit of the parkway from the Linc to Greenhill Avenue in 2013 based on complaints
about safety, in particular lighting. That study spurred the $250,000installation of reflective
"cat eyes" pavement markers early this year.

Coun. Chad Collins said drivers welcomed the latest innovation but added he still gets
complaints about the dark upper sections of the parkway.

30 HAM0004638_0001
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35.

The city originally agreed to keep "light pollution" to a minimum along wildlife-heavy
sections of the corridor as part of long-running environmental assessment negotiations
over the contentious creek valley highway.

"The lack of lighting, particularly in bad weather, seems to be the biggest concern. It has
been since it opened," said Collins, who pushed for the original study.

"I think it's entirely reasonable to look at extending the safety audit the rest of the way down
the road."

The last audit determined the parkway is safe to drive.

Consultants or traffic engineers can re-examine road projects against the latest safety
standards, said engineering director Gary Moore.

But he cautioned changing safety infrastructure is a "complicated risk management
equation” that has to look at everything from topography to traffic patterns to speed limits.

"It's never as simple as whether you can afford a guard rail or not."

On May 13, 2015, Mr. Malone made the following note in his notebook:

Dave Ferguson

- Detailed Analysis of RHVP as LINC
- Also [text to be confirmed] in Lighting

- May 21st mtg32

071
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On May 13, 2015, Mr. Malone emailed Mr. Applebee and Mr. Izadpanah (with

other internal CIMA staff copied), summarizing a discussion he had earlier that day with

Mr. Ferguson:33

| spoke with Dave Ferguson on this this matter today. He is going to be directed by his
Public Works Committee to do a "detailed analysis of safety on the RHVP" in a manner
similar to what we are doing for the LINC. He wants us to quote for the review which would
be done under the roster. The review should also include a comprehensive review of the
benefits and drawbacks of lighting. He recognizes that we previously did the review from
Dartnall to Greenhill and asks that we utilize that information and background. The review
would be for the RHVP, and would include the areas towards the escarpment where
lighting is absent (essentially a repeat of the previous work) with a recognition that the
answer regarding lighting is not simply NO as it was previously.

32 CIM0022410 at image 6
33 CIM0010192
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The focus is clearly on the cross median crashes and the recent fatality. That crash
occurred at night, close to King St. and the absence of lighting is being suggested as an
issue.

| told him that we would begin to prepare a "full" response so that he can respond to Council
demands following the May 21 meeting.

This should get a new BP # for the proposal.

36. On May 14, 2015, after being advised that he was to be the Acting Director at the
Public Works Committee the following week, Mr. Lupton emailed Mr. Ferguson, asking to
review Councillor Sam Merulla’s (Ward 4, Hamilton) motion.3* Mr. Ferguson replied,
writing “[a]lready started on. Chatted with Brian Malone to get a quote to complete the

work.”3°

37.  Mr. Ferguson forwarded the email, attaching Councillor Merulla’s notice of motion,

to Mr. Malone the same day.%

38. The PWC met on May 21, 2015. During this meeting, Councillor Conley asked for
a timeline for future repaving of the RHVP. Mr. Moore informed the PWC that staff
expected the first “wholesale resurfacing” of the RHVP would occur in 2021. Mr. Moore
also advised that the wholesale resurfacing of the RHVP was a significant project that

was not included in the capital budget at that time.3”

39. At this meeting, the PWC recommended:

That staff be directed to investigate additional safety measures for the Red Hill Valley
Parkway and the Lincoln M. Alexander Parkway, such as additional guardrails, lighting,

34 HAM0004644 0001

35 HAM0004644 0001

36 CIM0010187
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lane markings or other means to help prevent further fatalities and serious injuries; and,
report to the Public Works Committee with recommendations by December 7, 2015. 38

40. The PWC also recommended that staff report PW13081(a), an outstanding
business list item relating to CIMA’s 2013 safety assessment, regarding improvements to

the RHVP be received.® This report stated:*°

Council Direction:
On January 16, 2013, Public Works Committee (PWC), passed the following Motion which
was subsequently approved by Council on January 23, 2013:

“That staff be directed to investigate upgrading the lighting on the Red Hill
Parkway in the vicinity of the Mud/Stone Church Rd interchanges, and that staff
be directed to investigate better reflective signage and lane markings

or other initiatives to assist motorists in the same area, that a full costing of all
options and alternatives be presented to Committee for their consideration.”

Information:

As a result of this motion from PWC, staff retained CIMA+ Consulting to complete an
Inservice Safety Review on the section of the Red Hill Valley Parkway (RHVP) between
Dartnall Road and Greenhill Avenue.

The study objective was to determine if any safety improvements could be made to
enhance driver safety/performance and driver sense of security through this section of the
Red Hill Valley Parkway (RHVP).

The findings of the study indicated that the Red Hill Valley Parkway (RHVP) is operating
safely. However, the report did suggest implementing several minor safety
countermeasures that could enhance or improve driver safety and security, most of which
was sign and pavement marking changes. Since reporting to the November 18, 2013, PWC
meeting staff have completed, or are working on, the following action items.

[Tables omitted]

Many of the recommendations identified involved relatively minor changes to various
signs and pavement markings in the study area. Staff completed the implementation of
most of the identified signage countermeasures in 2013 and 2014. Pavement markings
will be completed in the summer of 2015 as weather permits.

The report also included a review of current lighting along the RHVP, between Dartnall
Road and Greenhill Avenue. The original RHVP design and council approval, omitted
the use of roadway lighting as a result of the various environment concerns within this
area. As a result, the consultant’s report recommended the installation of Raised
Permanent Pavement Markings (e.g. cat’s eyes) to assist with positive guidance for
motorists; staff completed the installation in January 2015 and has since received
positive feedback from the public.

38 HAM0042848 0001 atimage 4
39 HAM0042848 0001 at image 3
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On May 21, 2015, Mr. Ferguson emailed Mayor Fred Eisenberger (Mayor of

Hamilton) and City Councillors about a media requests received following the PWC

meeting:4!

After today's PWC meeting, Traffic Engineering was contacted by the Spec inquiring about
the collision information on the Linc. | have provided this information to you for your records
and in case you receive any inquiries. As mentioned today, the Consultant has been
working on a full review of the Linc and will be providing us with recommendations, which
we will bring to PWC/Council hopefully by the end of summer.

As per direction today, we will also be retaining the same Consultant to complete the safety
review and provide recommendations on the RHVP. We can expect that review will be
completed closer to the end of the year.

The following are the statistics for the Linc review that staff completed.
Oct 1997 to Sept 2014

Cross Median Collision (CMC) is defined as where a vehicle hits the center curb, enters
the median or a vehicle travels across the median and enters opposing lanes.

624 total collisions of which 131 were CMC's
Of the total, there have been a total of 6 collisions that resulted in fatalities.
Of total CMCs, 3 collisions resulted in fatalities.

CMC's not exclusive to winter months, April has highest percentage of CMCs, Dec has the
highest number of CMC at 16, Feb and May at 14.

Higher occurrence of CMCs occur during peak hours, frequency increase as volumes
increase.

45 collisions resulted in vehicle crossing over

67 resulted in vehicle in the median

19 hit the curb.

60 percent of all CMCs resulted in injuries, 3 collisions resulted in fatalities.

67 CMCs occurred during daylight hours
24 CMCs occurred in freezing rain/drifting snow or snow conditions

70 percent of CMCs occurred with dry pavement conditions
| have also attached a pic of the segment breakdown for collisions.

41 HAM0024236 0001
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On May 22, 2015, the Spectator published an article titled “Hamilton reviewing

safety of its highways: Crashes involving medians a concern.”? The article addressed

safety reviews on the RHVP and LINC, and read as follows:

The city was already studying how to stop a "concerning" number of median-crossing
crashes on the Linc when a double fatality on the Red Hill Valley Parkway spurred new
calls for safety guardrails.

The public works committee asked Thursday for a review of possible new safety measures
- including barrier separation - on the Red Hill after two young women died in a median-
crossing car collision on May 5.

Hamilton police are still investigating the cause of the crash, but family members of Jordyn
Hastings and Olivia Smosarski argue there is no reason to wait for more studies.

"No other fatalities have to happen this way," said Leony Hastings, Jordyn's stepmother,
who watched Thursday's meeting at city hall.

"Just puts lights and a guardrail up."
It's not that simple, said traffic engineering superintendent David Ferguson.

He said adding median barriers can lead to different - or even more - collisions depending
on factors like traffic patterns, speed and the design of a particular stretch of highway.

"Whatever we do, we need to properly investigate the consequences first ... We never want
to make things worse."

But Ferguson added a city consultant is already reviewing a "concerning" number of
median crashes on the Lincoln Alexander Parkway.

He said the study was spurred in part by another serious median-crossing crash last
October - which also resulted in the death of two young people.

Aaron Haire, 18, and Kristine Williams, 19, were killed after their eastbound car crossed
the median of the Linc near Garth Street and collided with two westbound vehicles.

Ferguson said the public response following that crash triggered an "internal evaluation" of
Linc collisions, which showed 131 incidents since 1997 where a vehicle either hit the centre
curb, entered or crossed the median. One out of every four of those crashes occurred
between Golf Links Road and Garth Street.

Overall, those "cross-median collisions" resulted in three deaths, but only 45 of the 131
actually resulted in cars crossing into opposing traffic.

By comparison, the Red Hill has seen 19 "cross-over" crashes since it opened in 2007.

42 RHV0000297
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Ferguson said the number of cars entering or crossing the median on the Linc during dry
pavement conditions was "concerning” for city traffic staff but added he doesn't want to
presuppose any findings or recommendations that will come from the consultant.

As a result of the new request from councillors, the city will now combine safety studies of
both city-owned highways and report back late in the year, said Ferguson.

Councillors could get an interim update on the Linc in July, however, based on consulting
work already completed.

Mountain Coun. Scott Duvall said the study will answer important questions about the city-
owned highways, but "it's just unfortunate that someone has to die before these things are
brought up."

"Is it something that will actually save lives, or could we be making things worse? | don't
know," he said. Coun. Sam Merulla, who put forward the latest motion for a Red Hill review,
argued the city has been "proactive" with periodic reviews of highway safety. He pointed
to the 2013review of lighting on the upper portion of the Red Hill that led to the addition of
"cat eyes" reflectors on the roadway.

That review found the Red Hill is generally safe as designed but recommended various
improvements to lane marking, rumble strips and signage.

Most of the remaining suggested changes are coming in 2015.

Assignment proposal, scope and data requests

076
17

On May 22, 2015, Mr. Ferguson emailed Mr. Cooper and Mr. Worron, copying Mr.

Malone. 3 In this email, Mr. Ferguson outlined items that needed to be reviewed by CIMA:

44,

The following items need to be reviewed and recommendations provided.
1. Need for some type of Barrier and recommendation on type and expected cost.
2. Is there a need for lighting and expected cost.

3. An analyses of the types of collisions that are occurring and what is causing them (i.e.
Weather conditions, speeding, distracted driving, etc)

4. Report needs to be completed for September.

On May 22, 2015, Mr. Malone replied to Mr. Ferguson, Mr. Worron, and Mr.

Cooper. Mr. Malone attached a preliminary work plan to his email, which identified the

background, purpose and scope of the study as follows:*

43 HAM0004659 0001
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1. Mr. Moore provides CIMA with a summary of 2007 and 2013 friction
testing data

106. On August 7, 2015, at 2:57 p.m., Mr. Moore forwarded an email with three

attachments to Mr. Malone, writing: '3

Here is the Red Hill friction testing summary. Not for republication! thanks

107. The email Mr. Moore forwarded was sent by Dr. Uzarowski to Mr. Moore on
January 24, 2014, under the subject line “Friction Numbers on RHVP”. That email
included three attachments: two spreadsheets with friction data from the MTO testing in
2007, and a paper titled “Addressing the Early Age Low Friction Problem of Stone Mastic
Asphalt Pavement in Ontario”, authored by a joint MTO/Industry task group.''* The

forwarded message read as follows:

The surface asphalt on the RHVP is Stone Mastic Asphalt (SMA). Immediately following
construction of the RHVP in 2007, the Ontario Ministry of Transportation performed friction

113 CIM0010018 attaching CIM0010018.0001, CIM0010018.0002 and CIM0010018.0003
114 CIM0010018 attaching CIM0010018.0001, CIM0010018.0002 and CIM0010018.0003
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testing in both southbound lanes. The following table summarizes the results of this testing.
The complete testing results are attached.

Lane Average Friction Number |Friction Range Number
Southbound Lane 1 33.9 28.1 10 36.5
Southbound Lane 2 33.8 28410374

In 2013, the Friction Numbers were measured on the RHVP in both directions by
Tradewind Scientific using a Grip Tester. The average FN numbers were as follows:

SB Right Lane 35

SB Left Lane 34

NB Right Lane 36

NB Left Lane 39

In 2009 the Ontario Ministry of Transportation published a paper at the Canadian Technical
Asphalt Association Annual Conference titled “Early Age Low Friction Problem of SMA in
Ontario”. The paper presented results of SMA that had been placed on Highway 401. The

Friction Number results following construction were below anticipated value of 30 and
ranged from 24.9 to 28.8. The paper is attached.

On August 7, 2015, at 3:26 p.m., Mr. Malone forwarded Mr. Moore’s emails, with

attachments, to Mr. Applebee and Mr. Bottesini: “FYI| and review. My note back to him

follows.”115

109.

On August 7, 2015, at 3:26 p.m., Mr. Malone responded to Mr. Moore by email: 116

Thanks very much Gary. Don’t worry, we will not re-publish this information.

To make sure I'm understanding correctly, this is the data from the MTO testing in 2007,
as well as the MTO report on the subject. Am | correct that FN numbers of less than 30
are below a desired level? Figure 1 of the MTO report shows 30 as what appears to be a
threshold. | have also read that FN numbers greater 35 (or higher) in a zone that would
suggest skid resistance is not an issue on the pavement. Is that correct?

Do you have a performance specification for the FN value you strive for?

The 2013 testing values certainly look higher. Are they done using the same methodology
and tool as the MTO work, and thus could be directly compared?

115 CIM0010013
116 CIM0010017
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1. Introduction and Background

The planning and design of the Red Hill Valley Parkway (RHVP) has a long history in Hamilton. In
December of 1982, the original Environmental Assessment (EA) documents were filed by the former
Region of Hamilton-Wentworth that outlined the need, scope and timing for the expansion of the
Regional road network. The EA identified that a roadway connecting Highway 403 in Ancaster to the
QEW in east Hamilton was required. The original design for the roadway was completed in 1985,
and the EA was approved by the Province in 1987. A subsequent Preliminary Design Report for the
RHVP was completed in January of 1990.

Construction of the Valley portion of the Parkway was begun in the early 1990s. Some aspects of
funding, but not approvals, were halted and the project restarted in the mid-2000’s. Construction of
the Lincoln Alexander Parkway portion of the roadway went ahead and was completed in 1997,
extending from Highway 403 to Dartnall Road.

In the early 1990’s, the City entered into discussions with the Provincial government on how to
further reduce impacts to the environment within the Valley section of the road. As a result of these
discussions, in 1996, the City requested from the Province that they be allowed to undertake
changes to the original designs and undertake a new EA. The Province approved this request in
1997 and work on the design changes and the new EA were begun and the City undertook an
Impact Assessment and Design Process (IADP).

In 1998 the project was subject to panel hearing under the Canadian Environmental Assessment Act
(CEAA). Construction in the Valley was placed on hold until 2002 when issues were resolved. In
2003 the design changes and the IADP were completed and construction on the Parkway
recommenced. In 2007, the Red Hill Valley Parkway was opened to traffic and has been in
operation since, forming part of a continuous connection from Highway 403 and the QEW in
conjunction with the Lincoln Alexander Parkway. The road serves both intra-city traffic and inter-city
traffic since it forms a connection between Niagara Region and South West Ontario.

Traffic volumes on the road are high, and, although Average Daily Traffic (ADT) has increased from
approximately 46,000 vehicles in 2008, it has been oscillating between 55,000 and 59,000 from 2009
to 2014, Traffic conditions on the RHVP can become congested as the road reaches capacity,
particularly during peak hours.

There were 474 collisions on the RHVP mainline between January 1, 2008 and July 23, 2015, an
average of 62.5 collisions per year. There were 131 median related collisions, involving vehicles
hitting guide rails/concrete barriers, resting on the grass median, or crossing over to the opposite
direction during this time period, median related collisions were 28% of total collisions and include 1
fatal collision (2 fatalities) and 56 non-fatal injury collisions.

2. Study Purpose

The purpose of this study is to review the safety and operational performance along the entire length
of the RHVP (from the QEW interchange to the Dartnall Road interchange), and to identify measures

CIMA+ // Partners in excellence 1
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that could potentially improve performance and reduce the number and/or the severity of collisions.
In 2013, CIMA Canada Inc. (CIMA) conducted a safety review of the section of the RHVP between
the Dartnall Road and Greenhill Avenue interchanges, providing a series of recommendations to
improve safety.

This study has an extended area of review in comparison with the 2013 study, and particular focus
has been paid to collisions related to the median and median crossover, as well as the potential
need for illumination. The study completed the following tasks:

+ Investigate the role of road-related factors in collisions;
+ Complete a road safety assessment and field investigation;

+ Evaluate of the need for and type of potential countermeasures, including median barrier
system(s) and illumination; and

+ Complete a benefit / cost analysis for all viable countermeasures.

The scope of the study does not allow for consideration of any major changes in the geometric
design of the road including elements related to interchange spacing.

3. Study Area

The study area segment of the RHVP extends for 8.1 km, mostly in the north-south direction from
approximately 500 m west of the Dartnall Road interchange in the south to the railway overpass
approximately 500 m north of Barton Street in the north. The study area includes six full access
interchanges of various design types. Figure 1 illustrates the study area.

%
%‘r

2%

Figure 1: Study area

The RHVP is a 4-lane divided parkway between its north end and Greenhill Avenue, and a 5-lane
divided parkway between Greenhill Avenue and its south end. In this section, there is an additional
southbound lane due to the existing uphill grade. Controlled access is provided through interchanges
with on and off ramps. The posted speed of the road is 90 km/h, and the design speed is assumed to
be 110 km/h.

B000558
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The divider between directions is a raised grassy median for most of the length of the RHVP. The
exception is a section starting close to the Mud Street West interchange and continuing north, 1,100
m, towards Greenhill Avenue where a concrete barrier divides the road. Occasionally, steel beam
guide rails are present primarily to protect motorists from fixed object hazards such as overhead
signs and bridge structures located within the median. The median is buffered from the travel lanes
by a paved shoulder. The median is flush, and there is no curb and gutter.

The roadway is not continually illuminated. Partial illumination is available at exit and entrance
ramps.

Based on traffic counts provided by the City for a permanent count station located near Queenston
Road, two-way Average Daily Traffic (ADT) for the RHVP ranges approximately between 55,000 and
60,000 (Table 1). Due to limited data available to determine Average Annual Daily Traffic (AADT),
these volumes are daily averages over 1-week periods in the months of May or October. These
months were selected by the City based on consistency of available data over the years.

Table 1: RHVP average daily traffic

Year Week ADT

2008 October 20— 26 45,749

2009 October 19 - 26 55,833

2010 October 18 — 25 59,123

2011 May 1-8 55,406

2012 May 20 - 26 57,812

2013 Data not available

2014 May 21 —-27 58,444

2015 Data available only for Winter and Summer

4. Review of Collisions

Collision data was reviewed to gain an in-depth understanding of the safety issues within the study
area. CIMA reviewed the results of the collision analysis provided by the City, which was conducted
for the period from January 1, 2008 (following opening of the RHVP) to July 23, 2015 (latest data
available). CIMA conducted the review of collision characteristics in two parts. The first considered
all types of collisions within the study area, which is detailed in Section 4.1. The second part
considered only those collisions that are related to medians and is detailed in Section 4.2.

4.1 Review of Collision Characteristics Considering All Collisions

The study area experienced a total of 474 collisions during the period from January 1, 2008 to July
23, 2015. The data, broken down by collision severity, is summarized in Figure 2. There were 4 fatal
collisions (resulting in 5 fatalities), 205 injury collisions, and 265 Property Damage Only (PDO)
collisions.

CIMA+ // Partners in excellence 3
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Figure 2: Collision severity

41.1 Light, Environment and Road Surface Conditions

Figure 3 through Figure 5 summarizes the collisions in the study area, broken down by light,
environment and road surface condition.

The majority of collisions occurred under daylight/daylight artificial conditions, with a total of 300 out
of 474 collisions (63.3%), with the remaining 174 (36.7%) collisions occurring during non-daylight
conditions, which include dark/dark artificial, dusk/dusk artificial, and dawn/dawn artificial. When
compared to the Provincial average of 30.7%' and the City of Hamilton average of 36.3%?2, and
based on a Chi-Square statistical test, the proportion of collisions under non-daylight condition is
significantly higher, however the range of this distribution can be considered normal. Details about
the statistical test can be found in Appendix A, and a discussion regarding the need for illumination
in the study area can be found in Section 6 — lllumination Review.

B000558

" Ontario Road Safety Annual Report (ORSAR), Ontario Ministry of Transportation, 2012.
2 2008-2010 Traffic Safety Status Report, City of Hamilton, 2010.
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Figure 3: Collisions by light condition

With respect to environment condition, 275 out of 474 collisions (58.0%) occurred with clear weather;
160 (33.7%) with rainy weather, and the remaining collisions with other weather conditions, including
snow, drifting snow, freezing rain, strong wind, and fog/mist/smoke/dust. Compared to the Provincial
average of 10.9%?2 and the overall City of Hamilton average of 13.4%*, and based on a Chi-Square
statistical test, the proportion of collisions under rainy weather is significantly higher. Details about
the statistical test can be found in Appendix A.
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Figure 4: Collisions by environment condition
3 Ontario Road Safety Annual Report (ORSARY), Ontario Ministry of Transportation, 2012.
4 2008-2010 Traffic Safety Status Report, City of Hamilton, 2010.
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Wet surface collisions make up the majority of collisions in the study area, with 50.4% (239 out of
474), followed by dry surface with 43.9% (208 out of 474). When compared to the Provincial average
of 17.6% and the City of Hamilton average of 22%, and based on a Chi-Square statistical test, the
proportion of collisions under wet road surface is significantly higher. Details about the statistical test
can be found in Appendix A.
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Figure 5: Collisions by road surface condition

41.2 Collision Impact Type

Figure 6 summarizes collisions by impact type and by roadway surface condition.® Single motor
vehicle collisions (SMV) collisions are the most prevalent collision type with 208 incidents of a total of
474 collisions (44%). Rear end and sideswipe collisions with 116 (24%) and 108 (23%) incidents,
respectively, were the next most common collision types.

Out of the 208 SMV collisions, 117 (56.3%) occurred under wet surface conditions, as well as 45 out
of 116 rear end collisions (38.8%) and 56 out of 108 sideswipe collisions (51.9%).

B000558

5 Due to the high proportion of wet surface callisions, as discussed in Section 4.1.1, all remaining sections of the collision
review will be combined with wet surface collisions.
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Figure 6: Collisions by impact type and roadway surface condition

41.3 Apparent Driver Action

Figure 7 summarizes the collisions in the study area according to the apparent driver action,
including total collisions and wet surface collisions. The most frequent apparent driver action
reported is “lost control”, with 165 out of 474 collisions (34.8%), followed by “driving properly”
(23.4%), “speed too fast” (12.4%), “following too close” (10.1%), and “improper lane change” (9.9%).
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Figure 7: Apparent driver action

16 15

Table 2 provides a comparison of the different apparent driver actions reported in the study area with
average proportions for the Province of Ontario and for the City of Hamilton. With the exception of
“following too close”, all improper driver actions are significantly higher (based on a Chi-Square
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statistical test) than the provincial and municipal averages. The most outstanding discrepancy is “lost
control”, with a proportion over five times higher than the municipal average. In the table, the
numbers in red indicate a significant difference between the study area and the comparison

jurisdictions.

Table 2: Apparent driver action comparison

Apparent Driver Action Study Area Ontario Hamilton
Driving properly 23.4% 50.6% 48.9
Lost control 34.8% 9.0% 6.6%
Speed too fast® 12.4% 2.7% 5.5%
Following too close 10.1% 7.9% 9.9%
Improper lane change 9.9% 2.3% 3.4%

With respect to wet surface collisions, the proportions of the different apparent driver actions are
generally similar to total collisions, as summarized in Table 3. “Speed too fast”, however, stands out
due to 81.4% of callisions involving this apparent driver action (48 out of 59 — refer to Figure 7)

having occurred on wet surface.

Table 3: Apparent driver action for total and wet surface collisions

Apparent Driver Action Total Collisions ~ Wet Surface Collisions
Driving properly 23.4% 23.8%
Lost control 34.8% 38.9%
Speed too fast? 12.4% 20.1%
Following too close 10.1% 6.7%
Improper lane change 9.9% 4.2%

4.1.4 Spatial Distribution
Figure 8 provides the spatial distribution of major collision types® within the study area in each
direction. The locations with the highest concentration of collisions are:

+ Northbound direction:
- Vicinity of the King Street interchange (200 m upstream of off-ramp to on-ramp); and
- Vicinity of Mud Street on-ramp.

+ Southbound direction:
- Vicinity of King Street on-ramp;

- Vicinity of Queenston Road on-ramp; and

B000558

5 Includes “speed too fast”, “speed too fast for condition”, and “exceeding speed limit".
7 Includes “speed too fast”, “speed too fast for condition”, and “exceeding speed limit".
8 Includes SMV, rear end, sideswipe, overtaking and head on. These collision types make up 96% of all collisions in the study

area.
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- Vicinity of Barton Street on-ramp.

Most of these locations have SMV collisions as the predominant collision type, the exception being
Queenston Road southbound, where the predominant collision type is sideswipe (which is the
second predominant collision type at the above mentioned locations, followed by rear end).

Out of the 249 northbound collisions shown in Figure 8, 78 (31%) are concentrated in a 600-metre
section around the King Street interchange (between 250 metres south of the King Street off-ramp
and the King Street on-ramp), a relatively short section of the 8.1 km study area. There were also 16
(6.4%) northbound collisions over a short 100-metre section near the Mud Street on-ramp.

Out of the 208 southbound collisions shown in Figure 8, 19 (9.1%), 21 (10.1%) and 22 (10.5%) are
concentrated in 100-metre sections near the on-ramps of Queenston Road, Barton Street and King
Street, respectively.

All locations mentioned above are within, on approach to, or leaving a horizontal curve, although
some of these curves have a larger curve radius (e.g. Barton Street) and some have a smaller curve
radius (e.g. King Street).

Figure 9 provides the spatial distribution of comparing dry and wet surface collisions. In the
northbound direction, the ratio of wet to dry surface condition collisions around the King Street
interchange is 4.33 wet surface collisions for each dry surface collision. In the southbound direction,
this proportion is 3 to 1 near the Queenston Avenue on-ramp, and 2.5 to 1 near the King Street and
the Barton Street on-ramps. These ratios exceed the normal expectation of more dry surface than
wet surface collisions.

CIMA+ // Partners in excellence 9

HAMO0056684_0001



095

m Overtaking ®Head on
Off-ramp painted bullnose

mRearend mSide swipe

mSMV other
On-ramp painted bullnose

Red Hill Valley Parkway Detailed Safety Analysis

City of Hamilton
November 2015

8550008

or'8 %]
ssedIsAQ Aemiey [ sC 00’8 ssedJanQ Aemjiey 00’8
= o6, 06°L
II 08'L 08'L
oLt oL
LD
—oee 09, 09°L
j98.)S Uopeg — 1550S Uoyed e
" or'L " or'L
8 0€'L = %t
Y m %
= o (72
00°L Il 00°L
06'9 06'9
" 08'9 )
g 049 — T
099 o oo
g % i
am 070 )
0€'9 ——=== 0E9
"9AY UOJSUBBND i "OAY UOISUSSNT) I S s 620
|
0T'9 0r'9
[ i
009 009
e 06'S
- 08's
oL's oL's
g oS 09'S
05's 05'S
——rahu  EAECINEENNN =
1o3.s Buy - oS Joaug Bul] or's
0€'S 0€'S
— 5 0T's
Lo I g .
wassensnne OT°G m Im oT's
S ——— coum < 3 ooum
|I 06 33 06
m %7 L= 08y
. s :
== T ® o oL
it Q' = E 9%
[ EC
= 07 g & oSy
or'y m 9 or'y
o€y 0EY
By 2 (o147
OAY [|IYussin = oy H BOAY (lIYussiD T
E— s -
S g 4 06'
. - . 08'€
—TE ] - o
o~ 5 8 H ™
L — 09°¢ g < o 09°€
m II 0S°€ "2 = 05'€
‘@ or'e £ ] or'e
= = 2 E o >
W g ¢ 2 & ) og'e
- = o o - OCE
= or'e © .m - e
=3
3 g ¢ 5] ,.n 00'e
06T ! .m 06C
[ ] B H .,S = }
08T = 087
2 EEE oLt
y— -
09T 09T
— 0s'C
S— E— v
— ————
S— e = 07
¢ I
= 01T (o) 54
—t 00T
Il 06'T = %7
08'T 08'T
e T
——aora—— —---- S
1580S PO e 158015 PN 09T
0S'T 0s'T
BT e
m——leT Il 0€'T
0T'T & %7
or'T 0Tt
e N
m T + 00T
060 060
" L
am %80 -
——=== 0.0 0L0
09°0 == 0
050 S o
peoy |leupeq or'o peoy |leuneq ECEE—
B oo — o
Lo Ui B
0z°0 0z'0
[ L__ e
or'o & OF0
suibag Aemyied As||leA |IIH PeY  oo0 suibag Aemyied Jspuexa|y ‘| ujodur] 000
(=) n o wn o wn o wn o n o wn o
oM o~ ~ — - ~ ~ - —
Aauanbaig uoisijjon Asuanbaig uoisijjod

HAMO0056684_0001

Figure 8: Spatial distribution of collisions considering all collisions
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Figure 9: Spatial distribution of wet vs. dry surface collisions
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4.2 Median Related Collisions

The Motor Vehicle Collision (MVC) reports were manually screened to identify median related
collisions. The collisions related to median can be grouped into three types:

+ Collisions crossing over the median; where vehicles travelled across the centre median and
entered the opposing lanes of traffic;

+ Collisions mounting the median; where a vehicle ran-off the road and came to rest on the median,
not entering opposing lanes of traffic; and,

+ Collisions involving a guide rail or concrete barrier installed on the median (left) side of the road;
where a vehicle hit the guide rail or concrete barrier and then rested in the same initial direction of
travel, not mounting or crossing the median.

421 Collision Severity

There were 131 (28% of all collisions) median related collisions from January 1, 2008 to July 23,
2015 as illustrated in Figure 10. This is a collision frequency of 2.13 collisions / year / km. The
number includes:

+ 1 fatal collision (crossing over the median; 2 fatalities);

+ 56 injury collisions (9 crossing over the median, 17 resting on the median, and 30 involving guide
rail/concrete barrier); and

+ 74 PDO collisions (7 crossing over the median, 26 resting on the median and 41 involving guide
rail/concrete barrier).

Guiderail ® Median Concrete M Crossover
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Figure 10: Summary of median related collisions
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As can be seen in Figure 10, 59% (10 out of 17) of the crossover collisions are severe, a higher
proportion than median collisions (17 out of 43 or 40%), concrete barrier collisions (12 out of 25 or
48%), and guide rail collisions (18 out of 46 or 39%). As a result, the need for a median barrier will
be investigated in this study.

4.2.2 Light, Environment and Road Surface Conditions
Figure 11 through Figure 13 summarize the median related collisions in the study area, broken

down by light, environment and road surface condition.

The majority of collisions occurred under daylight/daylight artificial conditions, with a total of 81 out of
131 collisions (62%), with the remaining 50 (38%) collisions occurring during non-daylight conditions,
which include dark/dark artificial, dusk/dusk artificial, and dawn/dawn artificial. These proportions are
very similar to the proportions for all collisions (Section 4.1.1).
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Figure 11: Median related collisions by light condition

With respect to environment condition, 68 out of 131 collisions (52%) occurred with clear weather; 50
(38%) with rainy weather, and the remaining collisions with other weather conditions, including snow,
drifting snow, freezing rain, strong wind, and fog/mist/smoke/dust. These proportions are somewhat
similar to the proportions for all collisions (Section 4.1.1), although non-clear weather conditions are
slightly higher for median related collisions than for overall collisions (48% and 42%, respectively).
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Figure 12: Median related collisions by environment condition

Wet surface collisions make up the majority of median related collisions in the study area, with 53%
(70 out of 131), followed by dry surface with 41% (54 out of 131). These proportions are somewhat
similar to the proportions for all collisions (Section 4.1.1).
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Figure 13: Median related collisions by roadway surface condition

B000558

4.2.3 Apparent Driver Action

Figure 14 summarizes the median related collisions in the study area according to the apparent
driver action. The most frequent apparent driver action reported is “lost control”, with 60 out of 131
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collisions (46%), followed by “speed too fast” (18%), “driving properly” (17%), and “improper lane
change” (8%). The proportions of “lost control” and “speed too fast” are 11 and 6 percent points
higher than for all collisions (as shown in Section 4.1.3). Additionally, 43.5% of median related, wet
surface collisions involved “lost control” driver action, as well as 29% “speed too fast”.
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Figure 14: Median related collisions by apparent driver action

4.2.4 Spatial Distribution

Figure 15 provides the spatial distribution of all collisions and median related collisions within the
study area in the northbound and the southbound directions.

A considerable proportion of median related collisions are concentrated in the vicinity of the King
Street and Queenston Road interchanges. In the northbound direction, 32 out of 81 median related
collisions (40%) are concentrated within a 600-metre section of road (between 250 metres south of
the King Street off-ramp and the King Street on-ramp), equivalent to approximately 7.5% of the
length of the study area. In the southbound direction, 19 out of 50 median related collisions (38%)
are concentrated within a 1,100-metre section of road (between the Queenston Road on-ramp and
250 metres south of the King Street on-ramp), equivalent to approximately 13.5% of the length of the
study area. Considering both directions combined, 57 out of 131 median related collisions (44%) are
concentrated within 1,400 metres or 17% of the study area (between 250 metres south of the King
Street NB off-ramp and the Queenston Road SB on-ramp). There were 7 crossover collisions in this
section of the RHVP, 41% of a total of 17 in the study area. Out of these, 4 occurred in the
northbound direction and 3 in the southbound direction.

The second highest concentration of median related collisions is located in the vicinity of the Mud
Street interchange, with 25 collisions (19.5%) having occurred over a 1-km section of road (12.5% of
the study area), 19 of which in the northbound direction (or 23.5% over 12.5% of the study area).
However, a median concrete barrier is already present along most of this section.
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Figure 15
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Out of the 57 reported collisions in the vicinity of King Street and Queenston Road, 36 had a vehicle
striking the guiderail or concrete barrier, 14 had a vehicle ending up resting on the median, and 7
had a vehicle crossing over to the opposing traffic lanes. While 63% of median related collisions in
this area are guide rail related, only 36% of this 1,400-metre section of the RHVP has guide rail
installations on the median (used to protect fixed object hazards such as overhead sign and bridge
structures). This may indicate that locations where median related collisions are more likely to occur
are already protected. However, as shown in Table 4, crossover collisions, as expected, have a
higher proportion of severe collisions than guide rail collisions. Conversely, median collisions have a
lower proportion of severe collisions than guide rail collisions. Therefore, the determination of
whether a median barrier should be provided throughout this entire section should be made based
on a benefit/cost analysis.

Table 4: Median related collisions in the vicinity of King Street and Queenston Road

Median Related Collisions Total PDO Severe

Guide rail/concrete 36 22 (61%) 14 (39%)
Median 14 10 (71%) 4 (29%)
Crossover 7 3 (43%) 4 (57%)

Finally, as discussed in Section 4.2.2, wet surface condition is present in 53% of median related
collisions in the study area. When reviewing road surface condition for collisions in the vicinity of
King Street and Queenston Road, however, it was found that this proportion increases to 74% (42
out of 57 collisions). This may indicate that addressing wet surface collisions could reduce median
related collisions and significantly reduce the benefits of providing a median barrier.

4.3 Summary of Collision Review
Overall Findings

+ Wet surface collisions were found to represent approximately 50% of all collisions in the study
area, which is significantly high compared to typical proportions.

+ Single Motor Vehicle (SMV) collisions amount to 44% of all collisions in the study area, followed
by rear ends (24%) and sideswipes (23%).

e 56% of SMV, 39% of rear end, and 52% of sideswipe collisions occurred under wet surface
conditions.

+ The most frequent apparent driver action reported was "lost control" (35%"), followed by "driving
properly" (23%) and "speed too fast" (12%). Both "lost control" and "speed too fast" are
significantly high compared to typical proportions.

o Approximately four out of every five collisions where "speed too fast" was reported occurred
under wet surface condition.

Critical Locations

+ The locations with the highest collision frequencies along the RHVP are:

CIMA+ // Partners in excellence 17
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¢ In the northbound direction, a 600-metre section around the King Street interchange (31% of
northbound collisions over 7.5% of the RHVP length); and

¢ In the southbound direction, 100-metre sections near the on-ramps of the Queenston Road,
Barton Street and King Street (combined, approximately 30% of southbound collisions over
3.7% of the RHVP length).

¢ All locations with the highest collision frequencies are located within, on approach to, or leaving
horizontal curves (Figure 16).
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Figure 16: Critical collision locations
Median Related Collisions
+ 28% of all collisions in the study area were median related, including:
o 1 fatal collision (crossover);
e 56 injury collisions, including 30 guiderail/concrete barrier, 17 median, and 9 crossover; and
e 74 PDO callisions, including 41 guiderail/concrete barrier, 26 median, and 7 crossover.
+ Approximately 53% of median related collisions occurred under wet surface condition.

+ The most frequent apparent driver action reported in median related collisions was "lost control"
(46%"), followed by "speed too fast" (18%) and "driving properly" (17%). Both "lost control" and
"speed too fast" proportions are higher than for all collisions.

e These proportions are 43% for "lost control" and 29% for "speed too fast" driver actions under
wet surface conditions.

Critical Locations for Median Related Collisions

+ The locations with the highest collision frequencies along the RHVP are in the vicinity of the King
Street and Queenston Road interchanges, including:

¢ In the northbound direction, a 600-metre section around the King Street interchange (40% of
northbound collisions over 7.5% of the RHVP length); and

¢ In the southbound direction, a 1,100-metre section around the King Street and Queenston Road
interchanges (38% of southbound collisions over 13.5% of the RHVP length).

* In both directions combined, a 1,400-metre section around the King Street and Queenston
Road interchanges (44% of collisions over 17% of the RHVP length).

B000558

o Most median related collisions at the above locations involved a vehicle striking a guiderail,
however crossover collisions were proportionally more severe.
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o Wet surface conditions were present in 74% of median related collisions at the above locations.
Potential Contributing Factors to Collisions

The overall findings from the collision review indicate that the proportion of wet surface collisions in
the study area is significantly higher than typically observed in the City and in the Province. A high
proportion of wet surface condition suggests that one or more than the following conditions may be
present:®

+ Inadequate skid resistance (surface polishing, bleeding, contamination);

+ Hazardous manoeuvres that may be related to avoidance manoeuvres or surface deficiencies
(potholes, waves, other deformations, water accumulation); and/or

+ Excessive speed.

It was also found that the prevalent apparent driver actions involved in collisions in the study area,
both in general and median related, are ‘lost control’, ‘speed too fast’, and ‘improper lane change’.
According to the Ministry of Transportation’s definition'?, the “lost control” driver action is related to
unexpected circumstances such as mechanical malfunction, object on roadway, slippery road
surface or losing consciousness. It would not be unreasonable, however, to suppose that other driver
actions such as excessive speed or driver distraction/inattention end up being coded as loss of
control, especially for SMV collisions or other collisions where the police officer completing the
accident report is not able to collect accurate information from witnesses.

Another indication that high speeds may be involved is the fact that some curves within the study
area (in particular the four curves in the vicinity of King Street and Queenston Road) appear to have
curve radii of approximately 525 metres'!, which is the minimum per Provincial Standards for a
design speed of 110 km/h and a maximum superelevation of 6%.'?> Under these circumstances, a
vehicle slightly exceeding the design speed could run off the road while negotiating these curves.
This section of the RHVP presents the highest concentration of collisions in the study area, with an
increased proportion of wet surface collisions.

Finally, the consequences of improper lane changes tend to be aggravated at higher speeds and/or
wet surface conditions, since it becomes more difficult for drivers to maintain control of the vehicle.

Further discussion regarding these conditions can be found in Section 5.
Conclusions

Based on the collision review, it appears that the combination of high speed and wet surface may be
the primary contributing factors to collisions on the RHVP, especially in the vicinity of the
interchanges of King Street and Queenston Road, where small-radius horizontal curves are present.
This applies both to all collisions in the study area and to median related collisions only. The need for

% Road Safety Manual, World Road Association, 2003.

10 Accident Information System — MS Access Query User Guide, Version 1.4, Ministry of Transportation Ontario, 2004.
il Design information was not provided for these curves. Approximate measurements were taken from satellite imagery.
12 Geometric Design Standards for Ontario Highways, Ministry of Transportation Ontario, 1985. Table C3-2.
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a median barrier, either along the entire study area or limited to the vicinity of the interchanges of
King Street and Queenston Road, will be determined based on a benefit/cost analysis.

5. Field Investigation

A field investigation was conducted on Thursday, August 30, 2015 under clear weather conditions
and during peak and off-peak periods. A night-time review was also conducted to assess visibility
under reduced lighting conditions. CIMA staff was accompanied by City’s maintenance staff during
the daytime review in order to gain a better understanding of site conditions and operations, based
on their daily experience on the RHVP.

The field investigation included a review and/or analysis of:
+ Conformance and consistency
» Related to site geometrics, traffic control devices and safety devices.
+ Traffic control
¢ Traffic signage and pavement markings (applicability, condition, function, and conspicuity).
+ Site operations and road user interactions
o Site operations;
e Road user operations and interactions, including human factors analysis;
« Positive guidance; and
e Traffic patterns and behaviour throughout the study area.
+ Safety devices

e Guiderail systems, approach/end treatments, crash cushions, post-mounted delineators etc.;
and

¢ Potential unprotected roadway and roadside hazards (non-existence of safety devices).
+ Site conditions
e Roadway surface, lighting, roadway safety hardware and the roadside; and

¢ Physical evidence of road user collisions.

The findings of the field investigations are discussed in the following sections.

5.1 Roadside Safety Devices

The minimum required clear zone for a design speed of 110 km/h, according to the MTO’s Roadside
Safety Manual (Table 2.2.1) is 9.0 m for tangent road sections. The Roadside Safety Manual also
provides Curve Correlation Factors (Table 2.2.2) that vary with design speed and curve radius. For a
design speed of 110 km/h, these factors range between 1.00 (R = 1,000 m) and 1.44 (R = 500 m).
The Curve Correlation Factor is a multiplier meaning that the minimum required clear zone at a curve
section at this design speed can be as wide as 13 m (1.44 x 9.0) at certain locations.

B000558
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CIMA conducted a review of the barrier systems within the study area. The barrier systems currently
employed on the RHVP include steel beam guiderail and concrete barriers, which are provided in
limited areas. All overhead signs and bridge columns located in the median within the study area are
protected with steel beam guide rails, and a median concrete barrier is present along a 1,100 m
section from Mud Street West towards Greenhill Avenue, where the distance between the traffic
lanes in opposite directions is approximately 8.5 m (i.e. less than the clear zone).

The review of collision history revealed a large number of median related collisions including one
fatal collision. During the field investigation, evidence of vehicles losing control towards the median
was found, including skid marks and damage to guide rails, as illustrated in Figure 17. With the
exception of the 1,100 m section between Mud Street West and Greenhill Avenue, the median does
not have a continuous barrier to protect against median cross-over collisions. The study area was
further evaluated regarding the benefits and drawbacks of providing a median barrier. Findings are
provided in Section 7.

O TN
I~y — - |

Figure 17: Evidence of loss of control towards the median / collisions with guide rails
It was also noted that some “fishtail” leaving end treatments at some guide rails protecting bridge
structures are located within the clear zone of the opposite direction of traffic (Figure 18). When this
is the case, the guide rails at the opposite direction do not provide the required length of need to
protect the end treatment (Figure 19). This type of end treatment can represent a spearing hazard in
the event of a frontal collision and should be protected when located within the clear zone.
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Figure 18: RHVP typical guide rail leaving end treatment

NB Approach

End Treatment

SB Leaving

End Treatment

Figure 19: Potential trajectory of a vehicle towards fishtail end treatment
5.2 Traffic Operations
5.21 Operating Speeds

During the field investigation, most drivers, during periods of uncongested traffic conditions, were
observed to be driving over the speed limit of 90 km/h. CIMA reviewed the speed studies conducted
for the 2013 RHVP study, particularly along the mainline section between Mud Street and Greenhill
Avenue. The results of the speed studies are summarized in Table 5. The results show that the
average speeds in each direction are in excess of the posted speed limit. The 85" percentile speed,
which is typically used to represent the operating speed of a road, is the same as the assumed
design speed of the RHVP for the northbound direction, and 5 km/h in excess of the assumed design
speed for the southbound direction. Approximately one in six drivers exceed the design speed in the
northbound direction, and approximately one in five in the southbound direction. The high speeds

B000558
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observed on the RHVP may be a contributing factor for collisions, especially SMV and/or wet
pavement related collisions. An average of more than 500 vehicles per day were recorded exceeding
140 km/h.

Table 5: RHVP operating speeds

Measure Northbound Southbound
Average speed 95 km/h 99 km/h
85th percentile speed 110 km/h 115 km/h
Exceeding speed limit 60% 72%
At or exceeding design speed 15% 22%
Exceeding 140 km/h > 500 per day

Location: Mainline between Mud St. and Greenhill Ave.
Date: May 2013

Given the high operating speeds, as well as the high concentration of collisions in the vicinity of the
King Street and Queenston Road interchanges, where a sequence of curves of relatively small radii
is present's, a ball bank indicator study was conducted to gain additional understanding of the
potential collision contributing factors. Ball bank indicator studies are typically utilized to determine
curve advisory speeds. The test provides a combined measure of centrifugal force, vehicle roll and
superelevation of the road by measuring the angle of the ball bank indicator while travelling through
a curve at a given speed. The study was conducted on Tuesday September 1%, 2015, at travel
speeds of 90, 100, and 110 km/h along the left lane (i.e. the lane closest to the median) of the RHVP
in each direction. Because the testing required exceeding the speed limit of the road, the study was
conducted in a Hamilton Police Service cruiser driven by a police officer to ensure safety of staff and
general public. Table 6 provides a summary of the ball bank indicator study, for each direction and
travel speed, compared to thresholds available in the Traffic Engineering Handbook.

Table 6: Ball bank indicator thresholds and test results

Travel Speed Threshold 14 Test Speed (km/h) Maximum Reading NB Maximum Reading SB
110 12.2 10.5
> 30 mph (48 km/h) 12 100 10.8 9.0
90 9.4 7.1
20-25 (32-40 km/h) 14
Not tested
<20(32 km/h) 16

The results of the ball bank study indicate that a travel speed of 80 km/h, which is equal to the
posted speed limit, is well below the maximum threshold of the ball bank indicator. As the test speed
increases, the readings also increase, slightly exceeding the threshold in the northbound direction at
110 km/h. This reading was recorded at the King Street interchange. It should be noted that the

'3 Curve radii near the King Street and Queenston Road interchanges are approximately 525 m, which corresponds to the
minimum for a design speed of 110 km/h (Geometric Design Standards for Ontario Highways, Table C3-2)
4| TE Traffic Engineering Handbook (6" Edition). Table 11-2.
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thresholds provided in the Traffic Engineering Handbook are based on driver comfort, not safety.
However, the circumstances under which the test was conducted are likely safer than the ones under
which collisions are occurring, including:

+ The test was conducted under dry surface conditions, while most collisions reported in this area
occurred under wet surface conditions;

+ The test was conducted with a Police Cruiser (2011 Ford Crown Victoria, Police Package), which
may have a more stable suspension and may result in readings lower than the average passenger
car; and

+ The test was not conducted at speeds higher than 110 km/h. As shown in Table 6, at least 15% of
drivers exceed this speed.

5.2.2 Merging Behaviour

The RHVP is mostly used by commuter traffic, meaning drivers are expected to be familiar with the
road. During the field investigation, it was noted that, occasionally, drivers entering the RHVP from
an on-ramp tend to do so in a somewhat aggressive fashion, merging onto the mainline as soon as
they reach the dashed line at the acceleration lane. This may be due to a potential perception by
drivers that some acceleration lanes along the RHVP are too short (especially considering the high
operating speeds as shown in Section 5.2.1), and may contribute to sideswipe and SMV collisions
(as drivers on the mainline swerve to avoid a sideswipe collision with a merging vehicle).
Additionally, some on-ramps in the study area present relatively high vegetation that may restrict
visibility, to drivers on the mainline, of approaching vehicles from the ramps (Figure 20), which has
the potential to violate drivers’ expectancy related to merging traffic.

Section 5.4.3 discusses the application of MERGE warning signs on the RHVP, used to alert drivers
of unfavorable merging conditions.

B000558
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4

Figure 20: Vegetation obscuring view of vehicles approaching from on-ramp

5.3 Pavement Surface

The high proportion of wet surface related collisions observed in the study area may indicate a
potential issue with pavement skid resistance. According to City staff, Stone Mastic Asphalt (SMA)
was utilized in the RHVP. SMA pavements, originally developed in Germany, are designed to
provide better resistance to permanent deformation, wearing, cracking due to cold or mechanical
stress'®, as well as to provide reduced noise levels due to its negative surface texture reducing
vibrations in the tire and connected air paths reducing ‘air pumping’ noise.

One industry identified characteristic of SMA pavements is that skid resistance is lower by
approximately 30 to 40% (under dry conditions) in newer surfaces, reaching normal levels after 6 to
18 months, depending on local conditions and traffic levels.'® However, as shown in Figure 21, the
proportion of wet surface collisions seems to be increasing over the years."” This suggests that, if
low skid resistance is a contributing factor, it is not necessarily related to the normal early life
properties of SMA pavements.

15 Stone Mastic Asphalt Guide, German Asphalt Association. Bonn, Germany (2000). English Translation: 2005.

2 Greer, G. Stone Mastic Asphalt — A review of its noise reducing and early life skid resistance properties. Proceedings of
ACOQUSTICS 2006. Christchurch, New Zealand (2006).
7 The significant drop in wet surface collisions in 2015 is not conclusive since the data analysis only included collision

records between January and July. Wet surface collisions are expected to be lower in the winter period since snow, ice and
slush conditions are more frequent than wet surface.
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Figure 21: Temporal trend: wet surface collisions

Another potential contributing factor for wet pavement collisions are the high speeds observed on the
RHVP. As discussed in Section 5.2.1, operating speeds are generally equal to or higher than the
design speed of the road. This is reinforced by the high concentration of SMV collisions near
horizontal curves.

5.4 Signage

CIMA reviewed signage on approach to and within the study area. Signage was checked for
conformity to appropriate OTM Books, for application, size and approximate placement. Our review
of the study area revealed the following findings.

5.4.1 ‘Slippery When Wet’ Signs
OTM Book 6 (Warning Signs) states that SLIPPERY WHEN WET signs (Wc-5) should be used:

+ At locations where field investigations determine that a pavement has a significantly reduced wet
weather skid resistance;

+ Where for no other identifiable reason more than one third of all collisions on a given section of
highway are occurring on wet pavement;

+ At locations which consistently have an abnormally high number of wet weather conflicts or
collisions; or

+ For other reasons related to wet pavement hazards, under approval from the local Road Authority.

B000558

OTM Book 6 also indicates the options to install SLIPPERY WHEN WET tab signs (Wc-5t), to
increase motorist familiarity with the symbol, or ADVISORY SPEED tab signs (Wa-7t), to indicate the
safe speed for driving along a section of road in conjunction with the Wc-5 sign.

26 CIMA+ // Partners in excellence

HAMO0056684_0001



B000558

112
City of Hamilton
Red Hill Valley Parkway Detailed Safety Analysis
November 2015

Given the existing proportion of wet pavement collisions (50%), oversize SLIPPERY WHEN WET
signs (Wc-105) should be used in the study area. Four of these signs are installed along the RHVP,
however they are placed immediately in advance of two bridges (one between Mud Street and
Greenhill Avenue, and one between Barton Street and the north end of the study area) and
combined with BRIDGE ICES tab signs (Figure 22). This tab sign is not part of the current version of
OTM Book 6, although it will be included in the updated version, expected to be published in 2015.
However, this tab will be recommended for use with the new BRIDGE/ROAD ICES sign, which will
have the same design as the WC-23 “Bridge Ices” sign from the Manual of Uniform Traffic Control
Devices for Canada (MUTCDC). Figure 23 illustrates the two different signs.

Figure 23: SLIPPERY WHEN WET sign (left) and BRISGE/ROAD ICES sign (right)

Because these two signs are intended to convey different messages, the use of the SLIPPERY
WHEN WET sign to represent both “slippery when wet” and “bridge ices” conditions is not
recommended, as this may create confusion for drivers (although the tab helps clarify the different
conditions). This is especially important on the RHVP, since both conditions are possible and should
be signed accordingly.
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5.4.2 Object Marker Signs - Various Locations

Several guide rail approach end treatments were found to have missing, damaged, or obscured
OBJECT MARKER signs (Wa-33). Table 7 provides a list of all identified locations, and Figure 24
illustrates these three conditions.

Table 7: Missing object marker signs at guide rail approach end treatments

Direction Location Side Issue
EB Upstream of Dartnall interchange Left Obscured by vegetation
EB Upstream of Stone Church/Mud interchange Left Obscured by vegetation
NB Underneath Mud overpass 7 Left Obscured by vegetation
NB Downstream of Mud interchange Left Obscured by vegetation
NB Downstream of Mud interchange Right Missing
NB Underneath Greenbhill overpass Left Damaged
NB Downstream of Greenbhill interchange Left Missing
NB Underneath railway overpass btwn Greenhill and King Left Damaged
SB Downstream of Barton interchange Left Missing
SB Underneath Mud overpass Left Obscured by vegetation
SB Underneath Pritchard overpass Left Damaged / Obscured by vegetation
SB Downstream of Pritchard overpass Left Missing

Damaged Obscured

Figure 24: Examples of Missing, Damaged and Obscured Object Marker Signs

5.4.3 ‘Merge’ Signs

According to OTM Book 6, MERGE signs (Wa-16) alert drivers that vehicles from the other roadway
(acceleration lanes from ramps entering a freeway being an example) may soon be entering the lane
in which they are travelling, and that they must exert caution and adjust their positioning to
accommodate the ingress of vehicles. They are also used to provide warning to traffic entering the
roadway that they do not have the right of way and must prepare to merge with through traffic. Some
interchanges in the study area have MERGE signs warning about the acceleration lane, while some
do not.

B000558

OTM Book 6 indicates that a MERGE sign should be used:
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+ Where the merging traffic conditions are unexpected, out of the road user’s view, or otherwise not
obvious to the road user; and

+ Where the length of an acceleration lane and/or taper is within the range of values specified in
[OTM Book 6 Table 9].'®

The RHVP presents some unexpected merging traffic conditions, including some on-ramps and
acceleration lanes within horizontal curves and aggressive merging behaviour, as discussed in
Section 5.2.2. Table 8 indicates the |locations where MERGE signs are present/not present, as well
as requirement for the sign based on length of acceleration lane and/or taper.

Table 8: MERGE sign presence and requirements on the RHVP

Direction Ramp Merging Condition Accel.+Taper Present Required
EB Dartnall S-E On-ramp located within horizontal curve 293+58 m Yes No
NB Mud E-N On-ramp located within horizontal curve 443462 m Yes No
NB Greenhill E-N Weaving area n/a No No 7
NB King E/W-N Weaving area; vehicles on ramp may n/a No No

become obscured by vegetation
NB Queenston E/W-N On-ramp located within horizontal curve 150+85 m No Yes
NB Barton E/W-N No concerns 145465 m Yes Yes
SB Barton E/W-S Vehicles on ramp partially obscured by 165+77 m No Yes
vegetation
SB Queenston E/W-S Weaving area within horizontal curve n/a Yes No
SB King E/W-S Vehicles on ramp significantly obscured by 173+60 m Yes Yes
vegetation
SB Greenbhill E-N Acceleration lane becomes through lane n/a No No
SB Mud E-S On-ramp located within horizontal curve 130+85 m Yes Yes
SB Dartnall S-W On-ramp located within horizontal curve, 202+72 m Yes No

however acceleration lane on tangent

5.5 Pavement Markings and Delineation

Pavement markings within the study area were generally found to be in good condition at the time of
the review and no issues were identified during daytime.

During night time, however, the absence of illumination makes it difficult for drivers to see the
pavement markings ahead of the vehicle. The lane lines become visible for a longer distance south
of Greenhill Avenue, where Permanent Raised Pavement Markers (PRPM) are installed. The
PRPMs were recommended by CIMA in the 2013 RHVP Safety Review and seem to have improved
visibility of lane lines. However, the edge lines remain difficult to see. Figure 25 through Figure 27

'8 For a posted speed limit of 90 km/h, minimum and maximum lengths of acceleration lane and/or taper for the use of a
MERGE sign are, respectively, 80 and 200 m. Where the length of acceleration lane and/or taper is less than the minimum or
greater than the maximum lengths specified, MERGE signs must not be used.
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illustrate pavement marking visibility under different conditions, including daytime, nighttime without
PRPMs, and nighttime with PRPMs.

It was also observed that, where present, guide rails or concrete barriers on the median are not
visible due to the lack of delineation along these devices.

Figure 25: Pavement markings during daytime condition

Figure 26: Pavement markings during nighttime condition (without PRPMs)

B000558
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Figure 27: Pavement markings during nighttime condition (with PRPMs)

6. lllumination Review

The primary objective of illumination is to increase safety by providing drivers with improved
nighttime visibility of roadway conditions and potential hazards. Although nighttime collision
proportions were not found to be significantly higher than provincial or municipal averages, the
review of the need for illumination was part of the scope of this study, as requested by the City.

It should be noted that design choices that were made during the design phase were intimately
linked to approvals. Reference materials note that, “The sole reason for making design changes was
to reduce environmental impacts.”® The Valley section of the Parkway traverses the Niagara
Escarpment, a UNESCO World Biosphere Reserve, designated for its unique landform
characteristics and the presence of a provincial land use plan to guide development in its area.
Because of this unique area, and because of the costs associated with building a roadway on the
escarpment, the City identified several design refinements that included restricting illumination to
intersections and on/off ramps.%°

In order to determine whether additional illumination should be considered for installation within the
study area, the Transportation Association of Canada (TAC) Roadway Lighting Guide was used, as
well as the Ministry of Transportation Ontario (MTO) Policy for Highway lllumination. These policies
are based on an analytical approach where several factors have been incorporated. The
determination of the need for illumination is performed through the use of warrants which consider
road geometry, operations, environmental, and collision factors. For each factor, a rating between 1
and 5 is assigned depending on the conditions encountered. The higher the rating, the greater the
hazard and the more critical is the need for illumination. A weight is also attributed to each factor,

19 Red Hill Valley Impact and Design Process, City of Hamilton, Page 3
20 Red Hill Valley Project Public Consultation Report, March 2003, Lura Consulting, Page 136
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indicating its relative importance. When factors vary within the portion of roadway for which the
warrant is being undertaken, the worst case rating is recommended for the entire segment.

The warrant forms used to determine the need for illumination in the sections of the RHVP between
the Lincoln Alexander Parkway and Greenhill Avenue, and between Greenhill Avenue and the
Queen Elizabeth Way, are provided in Appendix B. This segmentation was chosen for the following
reasons: it is approximately the midpoint of the study area, as well as the study limit for the study
conducted in 2013; and some notable changes in characteristics occur, including the beginning of a
third lane in the southbound direction just south of Greenhill, the presence of a grade between Mud
Street and Greenhill Avenue, and generally smaller curve radii in the vicinity of King Street and
Queenston Road (north of Greenhill Avenue).

The results of the illumination warrant analysis are summarized in Table 9.

Table 9: lllumination Warrant Analysis Results

Section Warranting Condition Result Warranted
. . TAC: 57
Lincoln Alexander Parkway to Greenhill Avenue Yes
TAC: 60 MTO: 117
MTO: 80 TAC: 61
Greenhill Avenue to Queen Elizabeth Way Yes
MTO: 117

Legend: (TAC) [MTO]

According to both TAC and MTO palicies, illumination is warranted on the RHVP. However, the MTO
warrant provides additional criteria based on the Benefit/Cost ratio of providing illumination.
Warranting thresholds are summarized in Table 10.

Table 10: MTO Benefit/Cost Warranting Thresholds

Benefit/Cost Ratio Warrant
Greater than 2.0 Lighting is warranted
Greater than 1.0 Lighting is optional Lighting is warranted
Equal or less than 1.0 Lighting is not warranted Lighting is optional
Percentage points from the Forms 50% 100%

The resulting percentage points from the MTO warrant is 146% for both sections north and south of
Greenhill Avenue. In this case, illumination will be warranted if the Benefit/Cost ratio of providing it is
greater than 1.0, and optional if otherwise. The Benefit/Cost of providing illumination will be
discussed in Section 7.1.3.

Other factors, however, should be taken into account in the decision to provide illumination along the
RHVP mainline, including the context of the surrounding roadway network. For example, while
illumination may improve visibility at night, it may also create the situation where drivers’ eyes must
adjust back to darkness when leaving the illumination portion of the roadway. Currently, the Lincoln
Alexander Parkway present only partial interchange illumination, and, considering the approval
conditions previously mentioned, installing illumination could create a situation where drivers enter a
short illuminated section, followed by a non-illuminated section, and finally back to an illuminated

B000558

32 CIMA+ // Partners in excellence

HAMO0056684_0001



B000558

118

City of Hamilton
Red Hill Valley Parkway Detailed Safety Analysis
November 2015

section. Another consideration is roadside safety. Luminaires must be installed in safe locations that
recognize their potential hazard to vehicles. The location and placement of luminaires must also take
into account the need for maintenance, meaning they must be accessible to workers.

7. Determination of Potential Countermeasures

This section summarizes potential countermeasures for the study area based on our findings of
collision analysis and field investigation. The results of the collision analysis identified:

+ A high proportion of wet surface collisions highly concentrated in the vicinity of the King Street and
Queenston Road interchanges, where horizontal curves are present; with high speeds suspected
to be a major contributing factor; and

+ Median related collisions under the same conditions described above.

Based on these results, the following sections provide potential countermeasures for the study area.
Potential countermeasures are provided in two parts. The first part covers potential countermeasures
that are generally intended to reduce number of collisions. The second part covers mitigation
measures that are expected to reduce severity of collisions.

7.1 Potential Countermeasures for Reduction of Overall Collisions
71.1  Speed Management
7.1.1.1 Speed Enforcement and Speed Feedback Signs

The findings from the collision review indicate that excessive speeds are likely a major contributing
factor to collisions in the study area. Targeted police enforcement of areas with known high collision
frequency can be an effective means to reduce speeds and, by consequence, collisions. There is no
CMF for this countermeasure, and costs are expected to be included in regular police activities.
However, there is a possibility that this measure is not operationally feasible due to a lack of safe
locations to park patrol vehicles near the high-collision areas. This countermeasure should be
discussed with Hamilton Police Service.

Changeable speed feedback signs for individual drivers are intended to influence driver behaviour
and reduce excessive speeds. The signs consist of boards connected to speed measuring devices
that display text such as “Your speed is XX km/h” or “You are driving too fast®. This countermeasure
should be implemented in conjunction with speed enforcement, for two main reasons; first, it would
provide individual feedback to most drivers 24 hours per day, 7 days per week, which police
enforcement cannot achieve; and second, compliance with speed limit as a result of speed feedback
signs alone may be reduced over time if drivers do not perceive that speeds are being enforced
(especially considering the commuter nature of the RHVP).
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The CMF for this countermeasure is 0.54 with an adjusted standard error of 0.172' (meaning it can
range from 0.2 to 0.88 with a 95% confidence interval), and the construction cost is $12,500 per site
for a service life of 10 years.

7.1.1.2 Oversized Speed Limit Signs

Oversized speed limit signs (90x120 cm) provide improved visibility and impact on drivers. Larger
speed limit signs are reported to be more effective when used with increased police enforcement.??

There is no CMF available for this countermeasure, and installation costs is $500 per sign.

7.1.2 Pavement Friction

7.1.21 Perform Friction Testing

Pavement friction plays a vital role in keeping vehicles on the road by enabling the drivers to
control/manoeuver the vehicle in a safe manner (in both the longitudinal and lateral directions).
Several methods and devices are available for measuring pavement frictional characteristics.
Pavement surface texture is influenced by many factors, including aggregate type and size, mixture
proportions, and texture orientation and details. Texture is defined by two levels: microtexture and
macrotexture. Currently, there are no direct means for measuring microtexture in the field. However
because microtexture is related to low slip speed friction, it can be estimated using a surrogate
device. Macrotexture is characterized by the mean texture depth and the mean profile depth; several
types of equipment are available for measuring these indices.

Because of the high proportion of wet surface condition and SMV collisions, the City could consider
undertaking pavement friction testing on the asphalt to get a baseline friction coefficient for which to
compare to design specifications. It is important to perform the tests under normal conditions as well
as under typical wet pavement conditions encountered on the RHVP in order to simulate, as best as
possible, the conditions under which collisions occur. For example, if more water accumulates on the
pavement under typical conditions than under normal testing conditions, the tests may result
satisfactory, when in reality friction may be reduced. Tests should also be performed near locations
with the highest frequencies of wet surface collisions, especially curves.

The estimated costs to undertake these are approximately $40,000. Based on the results, the City
may be in a better position to determine if further action is required.

7.1.3 lllumination

The primary objective of illumination is to increase safety by providing drivers with improved
nighttime visibility of roadway conditions and potential hazards. As discussed in Section 6,
continuous illumination along the RHVP is either warranted or optional, although restrictions from the

B000558

21 http://www.cmfclearinghouse.org/detail.cfm?facid=78
22 Handbook of Speed Management Techniques. Texas Transportation Institute. September, 1998.
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approvals phase may result in an undesired condition where illuminated and non-illuminated sections
alternate, forcing drivers’ eyes to adjust between light and darkness.

The CMF for this countermeasure is 0.972%, and expected construction costs are $100,000 /
centreline km over a 20-year service life.

7.1.4 Signs and Delineation

7.1.4.1 ‘Slippery When Wet’ and ‘Bridge Ices’ Signs

The purpose for the ‘Slippery When Wet’ sign is to advise drivers that the surface of the roadway has
a significantly reduced wet weather skid resistance. Competent drivers are aware that the friction of
the road surface is reduced in wet weather; therefore this sign is reserved for use where the skid
resistance of the road is reduced to an unexpectedly low level. OTM Book 6 guidelines indicate that
these signs should be installed at locations where field investigations determine that the pavement
has a significantly reduced wet weather skid resistance, or where for no identifiable reason more
than one third of all collisions on a given section of road are occurring on wet pavement (among
other criteria). As found during the collision review, more than half of all collisions are occurring on
wet pavement, and approximately 70 to 80% of all collisions in the vicinity of the King Street and
Queenston Road interchanges involve wet surface conditions. The City should consider installing
Wc-105 SLIPPERY WHEN WET signs, combined with Wc-5t SLIPPERY WHEN WET tab sign along
the study area, in intervals of 1 km or less (in accordance with OTM Book 6 guidelines for urban
areas). Additionally, the City should replace the existing Wc-105 signs located at the two bridges
(refer to Section 5.4.1) with WC-23 BRIDGE/ROAD ICES signs.

There is no specific CMF for the installation of ‘Slippery When Wet' signs. Installation cost is $500
per sign resulting in a total cost of $8,000. If the City would like to place additional emphasis on the
area near the King Street and Queenston Road interchanges, consideration may be given to
installing rain activated flashing beacons on the ‘Slippery When Wet’ signs within this section. This
would raise installation costs to approximately $128,000 (considering 4 solar powered flashing
beacons), however it is expected to draw driver's attention and increase their awareness about the
wet surface conditions in the critical area.

Another alternative is to display messages related to road and environment conditions using
Dynamic Message Signs (DMS) that can be implemented as part of the City’s planned Advanced
Traffic Management System (ATMS) project, consisting of an Intelligent Transportation System (ITS)
Freeway Traffic Management System (FTMS) inclusive of the entire Linc and RHVP freeway system
from Hwy 403 to the QEW. Figure 28 provides examples of DMSs used on Ontario Highways under
MTO’s jurisdiction.?*

23 MTO Safety Analyst tool
e http://www.mto.gov.on.ca/english/traveller/trip/compass-ftms.shtml#vms
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Figure 28: Examples of Dynamic Message Signs

7.1.4.2 ‘Merge’ Signs and Vegetation at On-Ramps/Merging Areas

As highlighted in Section 5.4.3, two RHVP on-ramps require the use of MERGE warning signs (Wa-
16), however they are not present at these locations. The City should consider installing these signs
at the Queenston Road E/W-N and Barton Street E/W-S on-ramps to increase driver awareness of
the possibility of merging vehicles and potentially reduce evasive manoeuvres that can lead to SMV
and sideswipe collisions.

Some locations were identified to have MERGE signs installed, even though not required by OTM
Book 6. However, the City may opt not to remove these signs, given the overall geometry of the
RHVP and its merging areas, as well as the presence of vegetation between some on-ramps and the
adjacent mainline, merging traffic conditions may not be obvious to some drivers.

Finally, as discussed in Section 5.2.2, some on-ramps present vegetation that may restrict the ability
for drivers on the mainline to see vehicles approaching from the ramp. The City should consider
trimming the vegetation in these areas low enough so approaching vehicles are visible.

The estimated cost to install the two ‘Merge’ signs is $1,000; vegetation trimming is expected to be
undertaken as part of regular maintenance activities, therefore no additional cost is associated.

7.1.4.3 Permanent Recessed Pavement Markers (PRPMs)

PRPMs are delineation devices that are often used to improve preview distances and guidance for
drivers in inclement weather and low-light conditions. Given the wet surface and rainy weather trend
in collisions along the RHVP, combined with the curvilinear geometry of the roadway, PRPMs have
the potential to positively affect the collision experience on the roadway as well as increase driver

B000558
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security. This countermeasure had been recommended in the previous study, conducted in 2013,
and was implemented in the southern section of the study area. Installing PRPMs in the northern
section would also provide consistency throughout the entire length of the RHVP and improve night-
time visibility for drivers, since no illumination is present.

The CMF for this countermeasure is 0.67 for nighttime collisions®, and the estimated installation cost
is $20,000 per kilometre.?

7.2 Potential Countermeasures for Mitigating Median Related
Collisions

7.21 Median Barrier

7.21.1 Evaluation of the Benefits and Drawbacks of Providing a Median Barrier

Median barriers are very effective in preventing median crossover collisions, which are generally
fatal or high severity collisions. Median barriers do not eliminate the collisions. However, they are
very effective in mitigating outcomes of collisions by reducing severity of collisions. Median barriers
generally result in an increase in overall collisions, which are generally PDO. Therefore, these
barriers should be evaluated for the potential benefit as compared to drawbacks.

The collision review revealed that median crossover collisions correspond to 13% of all median
related collisions in the study area, including 1 fatal, 9 injury, and 7 PDO collisions within 7.5 years
(2008 to July-2015), amounting to a societal cost of approximately $ 2.17 M based on current MTO'’s
societal costs.?”

The benefits and drawbacks of providing a median barrier along the entire section of the RHVP
within the study area were evaluated. The prevailing guidance in Ontario with respect to roadside
barriers is the MTO Roadside Safety Manual (RSM). The RSM provides a median barrier warrant
guide for divided highways, shown in Figure 29. The assessment is based on median width,
(measured between edges of driving lanes) and predicted 10 years traffic volume (AADT).2

25 NCHRP Report 518 — Safety Evaluation of Permanent Raised Pavement Markers. Transportation Research Board. 2004.
26 MTO SafetyAnalyst tool.

27 societal cost of a fatal collision is $1,582,000, an injury collision is $59,000 and a PDO collision is $8,000

28 MTO’s Roadside Safety Manual, Figure 2.10.1
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Figure 29: Median Barrier Warrant Guide for Divided Highways

According to the figure, median barriers are only warranted for highways with AADTs of 20,000 and
higher and median widths less than 10.0 metres. For median widths between 10.0 metres and 15.0
metres, median barriers are optional and for median widths greater than 15.0 metres, median
barriers are deemed “not required”.

The guidance indicates that, within the optional range, the barriers should be only installed in special
circumstances such as for highways with identified median crossover collision problem, where an
identified geometric deficiency cannot be readily corrected, or for continuity with adjacent sections.?®

The TAC Geometric Design Guide for Canadian Roadways (TAC) also provides a similar median
barrier warrant guide. It also suggests conducting benefit-cost analysis for implementing median
barriers.

CIMA conducted warrants for implementing median barriers within the study area by utilizing the
MTO’s median warrant guide demonstrated in Figure 29 and utilizing the following data:

B000558

+ AADT - 59,123 based on year 2011;

29 Roadside Safety Manual, Section 2.10.1
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+ Median Width — 15.0 m to 22.7 m (measured using aerial photography); and

+ The history of median cross-over collisions.

Based on the AADT and the median width, the RHVP is in the area “not required”. However, based
on a history of median crossover collisions, the study area should be considered for providing a
median barrier. TAC suggests conducting a benefit-cost analysis to the median barrier problem.3°

CIMA conducted a detailed analysis to determine various feasible types of median barrier systems
for the study area and also performed a cost-benefit analysis to select the best alternative for the
study area.

The selection of best type of median barrier system within the study area was undertaken in the
following steps:

+ Determination of feasible barrier types for the study area;
+ Development of alternatives; and

+ Selection of the best alternative based on cost-effective analysis.

7.2.1.2 Determination of Feasibility of Barrier Types for the Study Area

CIMA conducted an analysis of various types of prevailing median barrier technologies in Canada
based on MTO’s Roadside Safety Manual and AASHTO Roadside Design Guide to determine
feasible barrier types for the RHVP. The results of the analysis along with the characteristics of each
barrier type that makes it suitable or unsuitable for the RHVP are included in Table 11.

30 TAC Geometric Design Guide for Canadian Roadways, Section 3.1.6.3
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Table 11: Analysis for the Feasibility of Various Barrier Systems for the Linc
Type of Median Barrier Relevant Characteristics Feasibility for the RHVP
& Cable (Wood Post) ® Notc .approved for use on high speed Not.fea5|ble for the RHVP due
facilities to high speed
e Recommended for AADT < 20,000 Not feasible for the RHVP due
6 Cable (Steel Post) . . high
e |deal for median width greater than 9 m to high AADT
e Restricted to facilities with posted speeds Not feasible for the RHVP due
Median Box Beam Barrier less than 80 km/h to high AADT and speed
e Recommended for AADT < 30,000
. . i e Recommended for AADT > 20,000 Feasible for the RHVP
Median Steel Beam Guide Rail Can be | lled di S—
with €hannel @ Can be installed in medians greater than 9.
m
e No curbs, gutters or ditches allowed Not feasible for the RHVP due
between the barrier and the driving lanes to a median width larger than
i i i 9.0 metres
Standard Concrete Barrier and ® /:;32jlrectly in front of barrier must be

40

Ontario “Tall Wall”
e Should not be located more than 4.0 metres

from the edge of the driving lane {maximum

width of median to be 9.0 metres)
e 2011 AADT range — 25,820 to 46, 200 Feasible for the RHVP
e Posted Speed — 110 km/h

*Based on Successful Alberta experience in addressing cross median collisions by using the High-Tension Cable Barrier
system on Highway 2 between Airdrie and Red Deer

High-Tension Cable Barrier*

As can be seen in Table 11, Median Steel Beam Guide Rail, and High-Tension Cable Barriers are
feasible options for providing a median barrier for the RHVP. It should be noted that all kinds of
barrier systems can be transitioned from one type to another by using standard methods. The
guidance is available in MTO’s Roadside Manual and AASHTO Roadside Design Guide. The
appropriate types of transitions should be determined at the detailed design stage.

Based on the feasible barrier options detailed above, various alternatives available for providing a
median barrier on the RHVP are as follows:

Alternative 1: Standard Steel Beam Guide Rail with Channel System on Both Sides of the
Median

Provide Standard Steel Beam Guide Rail with Channel systems on both sides of the median. It
should be noted that for medians, steel beam guide rails are provided with channel elements to
increase the stiffness of the installation3'. An example Standard Steel Beam Guide Rail with Channel
System installed on a median on Highway 403 is demonstrated in Figure 30.

31 Section 4.3.5, MTO’s Roadside Safety Manual
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Figure 30: Example of standard steel beam guide rail with channel
Alternative 2: High Tension Cable Barrier on Both Sides of the Median
Provide High-Tension Cable Barrier on both sides of the median. An example of High Tension Cable

Barrier installed on both sides of a median location on Highway 2 in Alberta is demonstrated in
Figure 31.

Figure 31: Example of high tension cable barrier

Estimated costs for these alternatives are provided in Appendix C.
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7.2.2 Guide Rail Leaving End Treatments

As highlighted in Section 5.1, “fishtail” leaving end treatments at some guide rails protecting bridge
structures are located within the clear zone of the opposite direction of traffic, and the approaching
end treatment in the opposite direction does not provide the required length of need, exposing
vehicle occupants to a spearing hazard. The City should consider replacing the existing extruder and
“fishtail” end treatments with CAT-350 attenuators at bridge structures, which is the recommended
end treatment according to the RSM. The City may also choose similar options such as the SMART
crash cushion (OPSD 923.483). The estimated cost is $7,000 per unit.

_______________________ <~ _ _ _ _ _Edge of Paved Sh
CAT OPSD 951.01
= e e =ugms |
e R H——f—1 - ) Medion
___________________ i S I
Edge of Paved Sh
PLAN | <= |
| = I
™ | CAT_OPSD-951.01 I
] |
P I B S
1 _H\‘IL-U\ I 1 o E
/'[} 7 ,/'r! B e e e 7 /H /Fl FATTTTIY
& ) (O O A I ([} mnun i L [} i B ii [}
w (5 ) [ SRR | QT ) i () - [} - - ol - ()
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Figure 32: Steel beam protection of structures located on the median®?

Additionally, as identified in Section 5.4.2, Table 7, several guide rail approach end treatments were
found to have missing, damaged, or obscured OBJECT MARKER signs (Wa-33). These signs
should be installed, replaced, or made visible by trimming the vegetation, respectively. The
estimated cost is approximately $500 per sign.

8. Benefit-Cost Analysis

In order to assist in determining the effectiveness of a countermeasure, collision modification factors
(CMFs) were utilized where available. CMFs were examined from a number of sources including the
HSM, the FHWA CMF Clearinghouse®. The CMF of a countermeasure can assist in determining
safety benefits of the countermeasure over the analysis period by calculating the expected number
of collisions reduced.

The Benefit-Cost (B/C) ratio is the ratio of the present value of the safety benefit of a given
countermeasure calculated for its service life to the present value of the cost of the countermeasure.
A B/C ratio of greater than 1.0 represents an economically efficient countermeasure. In this criterion,

B000558

32 MTO’s Roadside Safety Manual, Figure 2.8.6. OPSD number displayed in the Figure is outdated. Current applicable
version is OPSD 922.330.

= http://www.cmfclearinghouse.org/
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the monetary value of the collisions reduced as a result of implementation of a countermeasure is
considered as the benefit of the countermeasure. For the purposes of calculating the societal costs
of collisions, MTO costs were utilized. The benefit-cost analysis is detailed in the following sections.

8.1 Maedian Barrier

The benefit-cost analysis of median barriers was conducted in two steps. In the first step the analysis
was conducted to compare different alternatives to select the possible alternative. In the second
step, the analysis was conducted to obtain the overall B/C of the preferred alternative.

In order to select the best possible alternative of installing a median barrier from the available
alternatives detailed in Section 7.2.1.2, an incremental benefit-cost analysis was conducted. Barrier
systems have an assumed service life of 30 years. Median barriers generally eliminate all cross-over
outcomes of collisions, including cross-over fatal collisions. However, median barriers tend to
increase overall number of collisions, primarily PDO collisions.

The cost-effective analysis to compare both alternatives was conducted using a benefit-cost ratio
(B/C) and on incremental basis, to realize the greatest benefit at the least cost. In this methodology,
the alternatives are first ordered from lowest to highest cost. The incremental benefits of the second
over the first are calculated by dividing the incremental costs of the second over the first. If the ratio
is greater than 1, then alternative 2 is preferred. If the ratio is less than 1 then alternative 1 is
superior alternative. The better of these is then compared with the next most costly alternative and
so on. The following steps were performed for calculating B/C:

+ Estimate life cycle cost of each alternative including capital cost and operating and maintenance
cost. The capital cost includes the purchase price, installation cost, and the activities that would
not take place otherwise, such as paving, modifications to drainage, etc.)Operating and
maintenance cost includes recurring cost of operating and maintaining the system during its
useful life;

+ Estimate the societal cost® of collision for each year that will be prevented by installing the barrier
system as estimated over the service life of the barrier system. This was considered as benefit;

+ Estimate the societal cost of less severe collisions for each year involving the barrier system, after
the barrier system has been put into place. This was considered as negative benefit; and

+ Calculate B/C by dividing the present value of the societal benefits by the present value of the life
cycle cost.

The methodology with detailed assumptions, calculations and results of the analysis are provided in
Appendix A. The results of the analysis are presented in Table 12 and Table 13.

The life cycle cost of each alternative, as shown in Table 12, includes capital cost and operating and
maintenance cost. Further details are available in Appendix A. It should be noted that alternatives in
Table 12 are ordered from lowest to highest life-cycle cost for conducting incremental benefit cost

34 Societal costs of collisions used were based on MTO’s current costs of collisions ($ 1,582,000 for a fatal collision, $ 59,000
for an injury collision, and $ 8,000 for a PDO collision)
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analysis. The Monetary Benefit of implementing each alternative, as shown in Table 13, includes the
estimate of societal cost of collisions that will be reduced by installing the barrier system as
estimated over the service life of the barrier system.

Table 12: Costs and benefits of median barrier alternatives

Alternative Life Cycle Cost Monetary Benefit
Do-Nothing S0 SO
Alternative 2: High Tension Cable Barrier $2,528,400 $ 13,290,077
Alternative 1: Steel Beam Guide Rail $3,088,500 $ 11,259,159

Table 13: Results of cost-effective analysis

Comparison Incremental Cost Incremental Benefit Incremental B/C Preferred Option
Alternative 1 vs. Do-Nothing $2,528,400 $ 13,290,077 5.26 Alternative 1
Alternative 2 vs. Alternative 1 $560,100 -$2,030,917 -3.63 Alternative 1

As demonstrated in Table 13, the only positive increase of more than 1 in incremental B/C is for
Alternative 2. Therefore, Alternative 2 consisting of High-Tension Cable Barrier on both sides of the
median is the preferred alternative.

The overall B/C of Alternative 2 consisting of High-Tension Cable Barrier on both sides of the median
is included in Table 14.

Table 14: B/C for High-Tension Cable Barrier

Expected Expected

Countermeasure Target Severity Collisions Crash Benefit ($) Cost (S) S
Collisions . B/C

Before Reduction

Ins’fall Median35 Median Fatal 6.22 4.35
Barrier System Related Injury 161.69 126.24 13,290,077 2,528,400 5.26

Collisions PDO 20522 -130.59

As can be seen in Table 14, Alternative 2 is expected to provide a B/C of 5.26 and is a cost-effective
option.

8.2 Other Countermeasures

The results of the B/C Analysis for other countermeasures are provided in Table 15. The detailed
calculations are included in Appendix C.

B000558

35 Reduction in collisions was estimated based on the proportions of severity of collisions involving High Tension Cable
Barriers as identified in the study the results of the study “High Tension Cable Barrier Performance Evaluation Study for
Highway 2 in Alberta”
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Table 15: B/C for Other Countermeasures
Target Expected Expected ;
= Cost
Countermeasure  Collisions CMF Collisions Crash Be(%f;:ﬂt Lif (és | B/C
(Severity) Before  Reduction®® (Life Cycle)
Speed
Enforcement & Al 0.88 321.73 38.61 1,178 M il 11.78
Feedback Signs (All) (10 years)
lumination  VOMHME 600 470847 5185 2247 810,000 377
(Al (20 years)
Permanent _ '
REkesoe Nighttime o 7 6865 22.66 1,236 M $98,800 12.51
Pavement (All) (5 years)
Markers
Oversized
Speed Limit CMF Not Available
Signs
Slippery When .
Wet Signs Only CMF Not Available
Slippery When
Wet Signs with
Rain Activated CMF Not Available
Flashing
Beacons
‘Merge’ Signs CMF Not Available
Tvim Vegetation CMF Not Available
Near On-Ramps
Guide Ryl End CMF Not Available
Treatments

9. Conclusion

CIMA was retained by the City of Hamilton to evaluate safety and operational performance of the
RHVP and to determine any mitigation measures to improve parkway’s performance and reduce
number and severity of collisions with special emphasis on median related collisions. CIMA
conducted a thorough investigation of the RHVP including investigation of road-related factors,
roadside safety assessment, and evaluated the necessity of providing a median barrier and other
countermeasures to enhance the safety of road users. After completing the above review, a list of
potential countermeasures was developed and a benefit-cost analysis was conducted to determine
the cost effectiveness of countermeasures. The following sections provide options that should be
given consideration for implementation by the City and a summary table with construction cost and
suggested timing for installation.

9.1 Options for Consideration

The following improvements should be considered for implementation on the RHVP.

36 Numbers shown are up to two decimals only. Dollar amounts shown may look slightly off due to high societal costs.
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9.1.1 Install Speed Feedback Signs with Enforcement

The installation of two sets of two speed feedback signs should be considered for the RHVP (two
sets in each direction, one sign on each side of the road). The recommended locations for the
installation of these signs are:

+ Northbound direction:
e Upstream of the curve between Greenhill Avenue and King Street; and
¢ Between the King Street on-ramp and the Queenston Road off-ramp.
+ Southbound direction:
e Upstream of the curve between Barton Street and Queenston Road; and
» Between the Queenston Road on-ramp and the King Street off-ramp.
The purpose of these signs is to influence drivers to reduce speeds and, consequently, collision

frequency and severity, especially in the vicinity of the King Street and Queenston Road
interchanges. The estimated cost of this countermeasure is $100,000, providing a B/C of 11.78.

It should be noted, however, that the presence of acceleration/deceleration lanes where the signs
would be located may reduce their conspicuity for drivers on the mainline right lane. As an
alternative, the City may consider to install overhead speed feedback signs.

For increased effectiveness, it is important that the installation of the speed feedback signs be
accompanied by regular speed enforcement by Hamilton Police.

The City may also consider investigating the technical feasibility of integrating speed feedback
messages (either individual or collective) with the planned ATMS project (refer to Section 7.1.4.1).

9.1.2 Install Oversized Speed Limit Signs

The purpose of oversized speed limit signs (90x120 cm) is to influence drivers to reduce speeds and,
consequently, collision frequency and severity. A benefit-cost analysis for this countermeasure was
not conducted as a CMF for this countermeasure is not available. The estimated cost of this
countermeasure is $7,000 (14 signs at $500 per sign).

9.1.3 Conduct Pavement Friction Testing

In order to determine whether low pavement friction may be contributing to collisions (especially wet
surface), the City should consider conducting pavement friction tests under normal conditions as well
as under typical wet pavement conditions encountered on the RHVP. Special focus should be given
to the curves near the King Street and Queenston Road interchanges (Figure 33). The estimated
cost to conduct friction testing is $40,000. Depending on the test results, the City will be able to
determine if further action is required.

B000558
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Figure 33: Critical RHVP section for friction testing

9.1.4 Install Permanent Recessed Pavement Markers (PRPMs)

As an alternative to illumination, the City may consider installing PRPMs in the northern section of
the RHVP (i.e. north of Greenhill Avenue). The installation of PRPMs is expected to reduce collisions
under low-visibility conditions (nighttime and inclement weather), as well as provide consistency
throughout the entire length of the RHVP (PRPMs are already present in the southern section, as a
result of a previous study conducted in 2013). The estimated cost of installing PRPMs in the north
section is $247,000, providing a B/C of 5.

9.1.5 Install Special Oversize Curve Warning Signs

In order to increase drivers’ awareness of the curves near the King Street and Queenston Road
interchanges, where a high concentration of collisions was found, the City should consider installing
special oversize curve warning signs (900x900 mm).¥ A benefit-cost analysis for this
countermeasure was not conducted as a CMF for this countermeasure is not available. The
estimated cost of this countermeasure is $8,000 (16 signs at $500 per sign).

9.1.6 Install ‘Slippery When Wet’ and ‘Bridge Ices’ Signs

The City should consider installing Wc-105 SLIPPERY WHEN WET signs, combined with Wc-5t
SLIPPERY WHEN WET tab sign along the study area, in intervals of 1 km or less, in accordance
with OTM Book 6 guidelines and to warn drivers of the increased risk of collisions under wet surface
conditions. To further highlight the hazard, the signs in the vicinity of the King Street and Queenston
Road interchanges may be supplemented with flashing beacons activated by a rain sensor. A
benefit-cost analysis for this countermeasure was not conducted as a CMF for this countermeasure
is not available. The estimated cost of this countermeasure is $8,000 if only signs are installed (16
signs at $500 per sign), or $128,000 if rain activated flashing beacons are added to 4 signs in the
critical section. An alternative, however, is to display ‘slippery when wet’' messages via the City's
planned ATMS project (refer to Section 7.1.4.1), which would absorb at least part of this costs.

Additionally, the existing ‘Slippery When Wet' signs installed at the two bridges (between Mud Street
and Greenhill Avenue, and between Barton Street and the north end of the study area) should be
replaced with WC-23 BRIDGE/ROAD ICES signs (MUTCD for Canada), at an estimated cost of

37 This sign size is not available in the current version of OTM Book 6, however it will be included in the updated version.
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$2,000 (4 signs at $500 per sign). A benefit-cost analysis for this countermeasure was not conducted
as a CMF for this countermeasure is not available.

9.1.7 Install Merge’ Signs and Trim Vegetation at On-Ramps/Merging Areas

As discussed in Section 7.1.4.2, Wa-16 MERGE warning signs should be considered for installation
at the Queenston Road E/W-N and Barton Street E/W-S on-ramps to increase driver awareness of
the possibility of merging vehicles and potentially reduce evasive manoeuvres that can lead to SMV
and sideswipe collisions. A benefit-cost analysis for this countermeasure was not conducted as a
CMF for this countermeasure is not available. The estimated cost of this countermeasure is $1,000
(2 signs at $500 per sign).

Additionally, vegetation at the areas between the mainline and some on-ramps should be regularly
trimmed and maintained low enough so vehicles approaching from the ramp are visible to drivers on
the mainline. This countermeasure is expected to be undertaken as part of regular maintenance
activities, therefore no additional cost is associated to it.

9.1.8 Upgrade Guide Rail End Treatments and Improve Object Marker Signs

The City should consider replacing the existing extruder and “fishtail” end treatments of guide rails
protecting the bridge structures at Greenhill Avenue, Mount Albion Road, King Street, Queenston
Road, and the railway overpass south of King Street, with CAT-350 attenuators, SMART crash
cushions or other similar alternatives that comply with the MTO Roadside Safety Manual
recommended configuration.

This countermeasure would not apply if and/or where a continuous median barrier is installed. There
is no CMF available for upgrading these end treatments, and the estimated cost is $70,000 (2 units x
5 locations at $7,000 per unit).

Additionally, the OBJECT MARKER signs (Wa-33) identified in Section 5.4.2, Table 7 as being
missing or damaged should be installed or replaced, respectively. The estimated cost is $3,500 (7
signs at $500 per sign). The signs identified as being obscured by vegetation should be made visible
by trimming the vegetation. The cost is expected to be included in the City’s regular maintenance
activities.

9.1.9 Install High - Tension Cable Median Barrier System

Two median barrier system alternatives for the RHVP were evaluated. The preferred alternative for
the RHVP is High-Tension Cable Median Barrier System with present value cost (including the cost
of maintenance for 30 years) of $ 2.53 M. The alternative is expected to provide a B/C of 5.26.

It should be noted that the purpose of median barriers is to eliminate median cross-over outcomes of
collisions. The installation of a barrier does not necessarily result in fewer collisions, but reduces the
severity of collisions. 53% of median related collisions occurred under wet surface condition and a
median barrier would come into play after the driver has already lost control. Therefore, it is possible
that a reduction of median related collisions will be achieved by addressing speed and wet surface
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related collisions. Collisions could be potentially prevented by using other countermeasures as
detailed from Section 9.1.1 to 9.1.8. It would be prudent to implement these countermeasures before
implementing median barriers and monitoring their safety performance. It is possible that these
countermeasures may improve the safety of the RHVP and reduce the potential benefit of providing
a median barrier. The B/C calculations for median barrier as detailed above do not consider the
effect of those potential countermeasures.

9.1.10 Install Continuous Illumination

The collision review found that the proportion of non-daylight collisions is higher than provincial and
municipal averages, and a review of MTQO’s policy and warrant indicated that continuous illumination
is warranted in the study area. The estimated installation cost for providing continuous illumination is
$810,000, providing a B/C of 2.77. However, other factors should be taken into account in the
decision to provide illumination along the RHVP mainline, including the context of the surrounding
roadway network. For example, while illumination may improve visibility at night, it may also create
the situation where drivers’ eyes must adjust back to darkness when leaving the illumination portion
of the roadway. Currently, the Lincoln Alexander Parkway present only partial interchange
illumination, and, considering approval conditions established in the Environmental Assessment,
installing illumination could create a situation where, for example, northbound drivers enter a short
illuminated section at the south end of the RHVP, followed by a non-illuminated section, and finally
back to an illuminated section. For these reasons, illumination is does not appear to be the most
adequate solution for the RHVP. All illumination must be assessed in relation to the environmental
approval constraints which exist, as well as cost of installation and maintenance implications.
Therefore, the decision to provide roadway lighting should be looked at using sound criteria, but
illumination decisions must also be done in the context of the surrounding roadway network.
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Table 16 summarizes a prioritized list of countermeasures. The priority has been assigned based on
ease of implementation, importance, ability to reduce collisions, and ability to reduce severity. The
| recommended timing for implementation of each of the countermeasure is also provided in the table.

As indicated in Section 9.1.1, the installation of median barrier should only be considered after
evaluating the performance of short —term countermeasures.

Table 16: Countermeasures Summary Table

Countermeasure Construction Cost ($) Timeline Comment
Conduct Speed Enforcement - Ongoing
Trim Vegetation at On-Ramps - Ongoing
Install Oversized Speed Limit Signs $7,000 Short Term
Install ‘Slippery When Wet Signs’ $8,000 Short Term
Install Special Ove'r5|ze Curve Warning $8,000 Shiit taem 16 signs in the V|.cm|ty of King
Signs and Queenston interchanges
Supplement ‘Slippery When Wet Signs’ 4 signs in the vicinity of King
. . . . 120,000 Short T .
with Rain Activated Flashing Beacons* 3 e and Queenston interchanges
Install ‘Merge’ signs $1,000 Short Term
Install ‘Bridge Ices’ signs $2,000 Short Term
Upgrade median guide rail end $70,000 Short Term
treatments
Install, replace or trim vegetation
obscuring Wa-33 signs at guide rail end $3,500 Short Term
treatments
Conduct Pavement Friction Testing $40,000 Short Term
In conjunction with regular
Install Speed Feedback Signs* $120,000 Short Term speed enforcement; costs may
be higher depending on design
Install PRPMs from Greenhill to QEW $247,000 Short Term
Short Term Total $430,300
Consider effect on median
related collisions of
Install High-Tension Cable Guide Rail $2,528,400 Long Term countermeasures to reduce
speed and wet surface
collisions
Requires sound evaluation in
the context of the surrounding
Install Continuous lllumination $810,000 Long Term network and environment. An
Environmental Assessment will
be required.
Grand Total $4,395,200

* Implementation costs may be different if integrated with the City’s planned ATMS project, for which the estimated

cost is $600,000.
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Appendix A Over-Representation Analysis

Theoretical Basis

The objective of the over-representation analysis is to help identify which collision factors are over-
represented. In other words, this analysis is performed to identify the relationship between collisions and
the characteristics of a given location. This process assists in identifying contributing factors at each
location. If suitable countermeasures are selected to address the contributing factors, the chance of
success significantly increases.

The over-representation analysis is based on the Chi-Square statistical test. To determine if a collision
contributing factor is over-represented in collisions at a specific location, both the overall characteristics
and the individual category must be found to have a computed value of Chi-Square exceeding the critical
theoretical value.

Overall Characteristic

Overall characteristics include the following:
+ Collision Classifications;

+ Collision Impact Type;

+ Day of Week; and

+ Season.

The computed value of Chi-Square is calculated using Equation 1, as shown below:

)2
X=X (OIE?) Fa.1

Where:
0, is the observed collision frequency;
n is the total number of categories for the characteristic variable; and

E; is the expected collision frequency, found by multiplying the total observed collisions at the location with
the overall percentage (proportional distribution) of collisions in the category (i.e. A site with 10 observed
collisions within a group with 70% as the overall percentage of PDO collisions would have an expected
collision frequency of 7).

As shown in Equation 7, the computed Chi-Square value is a measure of discrepancy between the
observed and expected collision frequencies. A Chi-Square value of 0 represents no discrepancies between
the observed and expected collision frequencies, while a larger value of Chi-Square represents a larger
discrepancy.

The computed value of Chi-Square is then compared to the lower and upper theoretical Chi-Square values
for the appropriate degrees of freedom and a specified significance level, according to Equation 2.

Xlzower =< Xz = Xlzlpper Eq 2
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Appendix A Over-Representation Analysis

If Equation 2 is false, in other words if the value of the computed Chi-Square is less than the lower
theoretical value, or greater than the upper theoretical value, the overall characteristic is found to be over-
represented, and the analysis is taken to the individual category level.

The specified significance level for this project was chosen to be 0.05, equivalent to a 95% level of
significance. The number of degrees of freedom is calculated using Equation 3 below:

df =n—1 Eq. 3

The following table shows the degrees of freedom for each characteristic, along with the corresponding
critical theoretical values of Chi-Square for a level of significance of 0.05.

epSolison  Nofabie  Degreesof pucoicica Theoretial
Categories (n) x* Value x* Value
gglsgliggations 3 2 0.051 7.38
Light Condition 2 1 0.001 5.02
Environment Condition 7 6 1.24 14.45
Surface Condition 6 5 0.83 12.83
Collision Impact Types 7 6 1.24 14.45
Initial Source of Impact 7 6 1.24 14.45
Driver Action 5 4 0.48 11.14

Individual Category

The individual categories for each overall characteristic considered to conduct the over-representation
analysis are presented in the table below.

Overall Characteristics Individual Categories

Collision Classification Fatal, Injury, PDO
Light Condition Daylight, Non-Daylight
Angle, Head On, Rear End, Sideswipe, Turning Movement,

Collision Impact Type SMV, Other

Clear, Rain, Snow, Freezing Rain, Strong Wing, Fog / Mist /
Smoke / Dust, Drifting Snow

Environment Condition

Surface Condition Dry, Wet, Loose Snow, Packed Snow, Ice, Slush
Collision Impact Type gil\(/jlgs,v(vjiggrtaking, Animal/Peds, Head On, Angle, Rear End,

Lost Control, Driving Properly, Speed Too Fast, Following Too

Driver Action Close, Improper Lane Change
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Appendix A Over-Representation Analysis

Once the overall characteristic has been determined to be over-represented, the individual category is
analyzed by calculating the Chi-Square value of each category among the characteristic, using Equation 4.

2 _ (0k—Ep)?® | (Xp-Yp)?
Xie =" ¢, + v

Eq. 4

Where:

Xy =T, — O andY, = R, — Ey,

0, is the observed collision frequency for individual collision characteristic category k;
E, is the expected collision frequency for individual collision characteristic category k;
T, is the observed total collision frequency at the location; and

R, is the expected total collision frequency at the location.

As shown in Equation 4, the computed Chi-Square value is again a measure of the discrepancy between
the observed and expected collision frequencies for the collision characteristic category k. A Chi-Square
value of 0 represents no discrepancies between the observed and expected collision frequencies, while a
larger value of Chi-Square represents a larger discrepancy.

The computed value of Chi-Square is then also compared to the lower and upper theoretical Chi-Square
values for the appropriate degrees of freedom and a specified significance level, according to Equation 2.
If Equation 2 is false, the individual category k is found to be over-represented.

The specified significance level remains 0.05 and the number of degrees of freedom is 1, which gives a
lower theoretical Chi-Square value of approximately 0.00, and an upper theoretical Chi-Square value of
5.02.
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Results — Light Condition

Hamilton
Daylight

Ontario
Light Condition
Total

Daylight

Non-Daylight Non-Daylight

Observed (Oi) 473 300 173 473 300 173
Other Observed (Xk) - 173 300 - 173 300
Database (Ontario/Hamilton) | 172639 | 119759 52880 2927 2188 739
Expected (Ei) 473 328.12 144.88 473 353.58 119.42
Other Expected (Yk) - 144.88 328.12 - 119.42 353.58
Chi-Value (Oi-Ei)*2/Ei - 2.41 5.46 - 8.12 24.04
Other Chi-Value (Xk-Yk)A2/Yi - 5.46 2.41 - 24.04 8.12
Total Chi-Value 7.87 32.16
Lower_Chi-Value 0.001 0.001
Upper_Chi-Value 5.02 5.02

Total Over-rep? Yes Yes

Category Chi-Values - 7.87 7.87 - 32.16 32.16
Category Over-rep? - No Yes - No Yes

Results — Environment Condition

140

Ontario ‘ Hamilton
Environment Condition Freezing  Strong Fog Mist Drifting ‘ ‘ Freezing Strong Fog Mist Drifting
Total Clear Rain  Snow Rain Wing Smoke Dust ~ Snow | Total | Clear  Rain Snow Rain Wing Smoke Dust Snow
Observed (Oi) 330 275 16 28 3 2 1 5 330 275 16 28 3 2 1 5
Other Observed (Xk) - 55 314 302 327 328 329 325 - 55 314 302 327 328 329 325
Database (Ontario/Hamilton) | 172306 | 136034 | 18793 | 13046 | 1558 398 1492 985 3436 | 2708 457 190 16 20 32 13
Expected (Ei) 330 | 260.53 | 35.99 | 24.99 2.98 0.76 2.86 1.89 330 |260.08| 43.89 | 18.25 1.54 1.92 3.07 1.25
Other Expected (Yk) - 69.47 |294.01|305.01| 327.02 | 329.24 327.14 328.11 - 69.92 | 286.11 | 311.75 | 328.46 |328.08 326.93 328.75
Chi-Value (Oi-Ei)*2/Ei = 0.80 11.10 | 0.36 0.00 2.01 121 5.14 = 0.86 17.72 5.21 1.39 0.00 1.40 11.27
Other Chi-Value (Xk-Yk)*2/Yi - 3.01 1.36 0.03 0.00 0.00 0.01 0.03 - 3.18 272 0.31 0.01 0.00 0.01 0.04
Total Chi-Value 20.63 37.86
Lower_Chi-Value 1.24 1.24
Upper_Chi-Value 14.45 14.45
Total Over-rep? Yes Yes
Category Chi-Values - 3.82 | 1246 | 0.39 0.00 2.01 1.22 5.17 - 4.04 | 20.44 | 5.52 1.40 0.00 1.41 11.31
Category Over-rep? - No No No No No No Yes - No No Yes No No No Yes
A4
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Appendix A Over-Representation Analysis
Results — Surface Condition

Ontario Hamilton
Road Surface Condition
Wet  Loose Snow Packed Snow Ice Slush Loose Snow  Packed Snow
Observed (Oi) 471 208 239 8 4 9 3 471 208 239 8 4 9 3
Other Observed (Xk) - 263 232 463 467 462 468 - 263 232 463 467 462 468
Database (Ontario/Hamilton) | 171582 | 121339 | 30490 6375 3667 6406 | 3305 | 3417 2421 752 96 38 75 35
Expected (Ei) 471 333.08 | 83.70 17.50 10.07 17.58 | 9.07 471 | 333.71 | 103.66 13.23 5.24 10.34 | 4.82
Other Expected (Yk) - 137.92 |387.30 453.50 460.93 453.42 | 461.93 - 137.29 | 367.34 457.77 465.76 460.66 | 466.18
Chi-Value (Oi-Ei)*2/Ei - 46.97 |288.18 5.16 3.66 4.19 4.06 - 47.36 |176.72 2.07 0.29 0.17 0.69
Other Chi-Value (Xk-Yk)A2/Yi = 113.44 | 62.27 0.20 0.08 0.16 0.08 = 115.11 | 49.87 0.06 0.00 0.00 0.01
Total Chi-Value 352.21 227.30
Lower_Chi-Value 0.83 0.83
Upper_Chi-Value 12.83 12.83
Total Over-rep? Yes Yes
Category Chi-Values - 160.41 |350.45 5.36 3.74 4.35 4.14 - 162.47 | 226.59 2.13 0.30 0.18 0.70
Category Over-rep? - No Yes No No No No = No Yes No No No No

Results — Apparent Driver Action

Ontario Hamilton

Apparent Driver Action Driving ~ Speed  Following Improper Lost Driving | Speed  Following Improper
Properly Too Fast Too Close Lane Change Total Control Properly | Too Fast Too Close Lane Change

Observed (Oi) 430 165 117 59 48 47 430 165 111 59 48 47

Other Observed (Xk) - 265 319 371 382 383 = 265 319 371 382 383

Database (Ontario/Hamilton) |224518| 19923 | 147890 | 16535 29974 10196 3870 | 488 2727 105 427 123

Expected (Ei) 430 38.16 283.24 31.67 57.41 1953 430 54.22 303.00 11.67 47.44 13.67

Other Expected (Yk) = 391.84 | 146.76 | 398.33 372.59 410.47 = 375.78 | 127.00 | 418.33 382.56 416.33

Chi-Value (Oi-Ei)*2/Ei = 421.66 | 104.74 | 23.59 1.54 38.65 = 226.32 | 121.66 | 192.04 0.01 81.30

Other Chi-Value (Xk-Yk)*2/Yi - 41.06 | 202.15 1.88 0.24 1.84 = 32,66 | 290.27 5.36 0.00 2.67

Total Chi-Value 590.18 621.33

Lower_Chi-Value 0.48 0.48

Upper_Chi-Value 11.14 11.14

Total Over-rep? Yes Yes

Category Chi-Values - 462.72 | 306.89 | 25.46 1.78 40.49 - 258.98 | 411.93 | 197.39 0.01 83.97

Category Over-rep? - Yes No Yes No Yes - Yes No Yes No Yes
A5
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FORM 2
FREEWAY - CONTINUOUS ILLUMINATION
Highway: Red Hill Valley Parkway WP No.:
Limits: from: Lincoln M. Alexander Parkway to.  Greenhill Name: GB + KH Date: August 31, 2015
2 pages
CLASSIFICATION RATING (l) UNLIT | LIGHT | DIFF SCOR
FACTOR WEIG - (A- E
1 2 3 4 5 HT ED B) [RATIN
(A) WEIG G
HT X(A-
(B) B)l
Geometric Factors 1.00
No. of Lanes (2- 4 5 6 7 8 1.0 0.5 05
way)
Lane Width (m) >3.75 3.75 3.66 3.50 <3.50 3.0 25 0.5 1.50
Median Width (m) >15.0 10.0-15.0 <10.0 1.0 0.5 0.5 1.50
or barrier
Shoulders (m) 85 3.25 3.0 275 25 1.0 0.5 0.5 2.50
Slopes 71 6:1 51 4:1 <4:1 1.0 0.5 0.5 2.00
Critical Curves 3,500- 34.0
m >3,500 1,800 1,799-850 849-600 599-450 13.0 45 85
(deg.) (< 1/2°) (2-1°) (1.1 -2°) (2.1 -3°) (3.1 - 4°)
Grades (vertical) <3% 3-3.9% 4-49% 5-6.9% 7% 3.2 2.8 04 0.80
Interchange >3.0 21-30 16-20 1.0-15 <1.0 4.0 1.0 3.0 12.0
Spacing (km)
Geometric 55.30
Total
Operational
Factors
Level of Service (ii) A B C D E F 6.0 1.0 50 25.0
(any dark hour)
Operational 25.0
Total
Environmental 3.0
Factors 0% 25% 50% 75% 100% 35 0.5 3.0
% Development
lllumination none 0-40% 41 -60% 61 -80% essentiall 3.0 1.0 2.0 2.0
adjacent to Freeway y
continuo
us
5.0
Environmental
Total
10
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FREEWAY - CONTINUOUS ILLUMINATION

Highway: Red Hill Valley Parkway

Limits: from: Lincoln M. Alexander Parkway to.  Greenhill

Name: GB + KH

WP No.:

144

Date: August 31, 2015

2 pages
CLASSIFICATION RATING (1) UNLIT | LIGHT | DIFF | SCOR
FACTOR WEIG - (A- E
1 2 3 4 5 HT ED B) [RATIN
(A) WEIG G
HT X(A-
(B) B)I
Accidents
% of Night-to-Total <20% 20 - 30% 31-40% 41 -50% > 50% 10.0 2.0 8.0 32.0
Accidents (3 yr.
avg.) (iii)

Accidents 32.0
Total

Benefit Cost Ratio (B/C)

GEOMETRIC TOTAL
OPERATIONAL TOTAL
ENVIRONMENTAL TOTAL
ACCIDENTS TOTAL

SUM
CONTINUOUS ILLUMINATION
WARRANTING CONDITION

5563
25.0
5.0

32.0

117.3
80 points

POINTS

i A rating of between 1 and 5 shall be assigned for each factor in the FORM depending on the conditions that are encountered by
motorists on the roadway. The higher the rating, the more critical the need for illumination with regard to that particular factor.

i. Use LOS methodology approved by the MTO.

iii. For night-to-total accident ratio, accidents during darkness are used (including dusk/dawn).

iv. The number of points for the warranting condition is based on 50% of the total points attainable, if all factors were rated 5.

Note:  Worst case scenarios should be considered when assigning the ratings. For example, a section of roadway could have rush hour
volumes during the hours of darkness in wintertime.

*CIMA+ Note*

Level of Service is expected to reach E during

winter season (PM peak hours can occur during dark hours)

11
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FORM 2
FREEWAY - CONTINUOUS ILLUMINATION
Highway: Red Hill Valley Parkway WP No.:
Limits: from: Greenhill to: QEW Name: GB+ KH Date: Augqust 31, 2015
2 pages
CLASSIFICATION RATING (l) UNLIT | LIGHT | DIFF SCOR
FACTOR WEIG - (A- E
1 2 3 4 5 HT ED B) [RATIN
(A) WEIG G
HT X(A-
(B) B)l
Geometric Factors 0.50
No. of Lanes (2- 4 5 6 7 8 1.0 0.5 05
way)
Lane Width (m) >3.75 3.75 3.66 3.50 < 3.50 3.0 25 0.5 1.50
Median Width (m) >15.0 10.0 - 15.0 <10.0 1.0 0.5 0.5 1.50
or barrier
Shoulders (m) 3.5 3.25 3.0 2.75 2.5 1.0 0.5 0.5 2.50
Slopes 71 6:1 51 4:1 <4:1 1.0 0.5 0.5 20
Critical Curves 3,500- 42.50
m >3,500 1,800 1,799-850 849-600 599-450 13.0 4.5 85
(deg.) (< 1/2°) (2-1°) (1.1 -20) (2.1 -3°) (3.1 - 4°)
Grades (vertical) <3% 3-3.9% 4-49% 5-6.9% 7% 3.2 2.8 0.4 0.40
Interchange >3.0 21-30 16-20 1.0-15 <1.0 4.0 1.0 3.0 12.0
Spacing (km)
Geometric 62.90
Total
Operational
Factors
Level of Service (ii) A B C D E,F 6.0 1.0 5.0 25.0
(any dark hour)
Operational 25.0
Total
Environmental 3.0
Factors 0% 25% 50% 75% 100% 3.5 0.5 3.0
% Development
lllumination none 0-40% 41 - 60% 61 - 80% essentiall 3.0 1.0 2.0 2.0
adjacent to Freeway y
continuo
us
5.0
Environmental
Total
10
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FORM 2
FREEWAY - CONTINUOUS ILLUMINATION
Highway: Red Hill Valley Parkway WP No.:
Limits: from: Greenhill to: QEW Name: GB+ KH Date: Augqust 31, 2015
2 pages
CLASSIFICATION RATING (l) UNLIT | LIGHT | DIFF | SCOR
FACTOR WEIG - (A- E
1 2 3 4 5 HT ED B) [RATIN
(A) WEIG G
HT X(A-
(B) Bl
Accidents
% of Night-to-Total <20% 20 - 30% 31-40% 41 -50% > 50% 10.0 2.0 8.0
Accidents (3 yr. 24.0
avg.) (iii)
Accidents 24.0
Total
Benefit Cost Ratio (B/C)
GEOMETRIC TOTAL = 629
OPERATIONAL TOTAL = 250
ENVIRONMENTAL TOTAL = 50
ACCIDENTS TOTAL = 240
SUM =__116.9 POINTS
CONTINUOUS ILLUMINATION = __ 80 points
WARRANTING CONDITION

i. A rating of between 1 and 5 shall be assigned for each factor in the FORM depending on the conditions that are encountered by
motorists on the roadway. The higher the rating, the more critical the need for illumination with regard to that particular factor.

ii. Use LOS methodology approved by the MTO.

iii. For night-to-total accident ratio, accidents during darkness are used (including dusk/dawn).

iv. The number of points for the warranting condition is based on 50% of the total points attainable, if all factors were rated 5.

Note:  Worst case scenarios should be considered when assigning the ratings. For example, a section of roadway could have rush hour
volumes during the hours of darkness in wintertime.

*CIMA+ Note*  Level of Service is expected to reach E during
winter season (PM peak hours can occur during dark hours)

11
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Roadways and Interchanges v Chapter 9

Warrants for Lighting Freeways (see Note 2)

Road Name_Red Hill Valley Parkway

From__Linc _ to_Greenhill
City. Hamilton, ON
Warrant Undertaken by GB+KH
Company name___ CIMA+

Data August31,2015

g Weight Enter'R' Score 'R’
Item No. Classification Factor Rating Factor 'R’ w Hore W
1 2 3 4 5
Factors (See Note 4)
Number of Lanes =4 5 6 7 =8 .15 2 0.30
2 Lane Width (m) >36 341036 32t034 301032 <3.0 .30 2 0.60
Median Width (m) >12 75t012 35t075 12t035 <1.2 .30 2 0.60
4 Shoulder Width (m) >3 25103 18t025 12018 <12 0.30 3 0.90
5 gl';;‘;“‘”"y Sl i >6:1 611 41 3 <311 0.30 3 0.80
6 Horizontal Curve Radius (m) >3500 1750 10 3500 | 175010875 | 5751to 875 <575 490 4 19.60
7 Vertical Grades (%) <3 3to4 4105 Sto7 >7 0.25 2 0.50
Interchange Frequency
8 (No. per km) >6.5 50t065 351050 15t035 <15 1.85 5 925
Subtotal Geometric Factors 32 ﬁ- G
Operatlonal Factors
9 HL::::-l) of Service (Night, at any A B | c I D I SE 305 ‘ 5 1595
Subtotal Operational Factors |__1525__[0 |
Environmental Factors
Percentage of Development
10 Adjacent to Road (%) nil nil to 24 2510 50 50to 75 75> 1.85 1 1.85
Distance from Development to
1 Roadway (m) (See Nots 3) >60 45 to 60 30t045 15t0 30 <15 1.85 1 1.85
Envi Factors 370 E
Collision Factors
>2.0 (See
12 Night-to-Day Collision Ratio <1.0 10t01.2 12t015 15020 Note 1) 4.90 1 490
Subtotal Collision Factors 490 A
G + 0 +E + A = Total Warranting Polints 56.50
Warranting Condition 60.00
Differsnce | -350 D
Notes:
1 Lighting Warranted
2 Operating Spead 80 km/hr (95th percentile night speed should be used If available, other wise posted speed shall be used
3 Development Meaning Commercial, Industrial, Residential Buildings
4 Worst Case Geometric Factors for a Segment of Roadway Shall Apply
*CIMA Note* Level of Service is expected to reach E during winter season (PM peak hours can occur during dark hours)
v1.0

Figure 9-11 — Warrant for Lighting Freeways

January 2006

9-19
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Roadways and Interchanges v Chapter 9

Warrants for Lighting Freeways (see Note 2)

Road Name_Red Hill Valley Parkway

FromGreenhill to_ QEW
City_Hamilton, ON

Warrant Undertaken by. GB+KH
+

Company name___ Cl

Data August 31, 2015

g Weight Enter'R' Score 'R’
Item No. Classification Factor Rating Factor 'R’ w Hore W'
1 2 3 4 5
Factors (See Note 4)
Number of Lanes =4 5 6 7 =8 .15 1 015
2 Lane Width (m) >36 341036 32t034 301032 <3.0 .30 2 0.60
Median Width (m) >12 75t012 35t075 12t035 <1.2 .30 2 0.60
4 Shoulder Width (m) >3 25103 18t025 12018 <12 0.30 3 0.90
5 gl';;‘;“‘”"y Sl i >6:1 611 41 3 <311 0.30 3 0.80
6 Horizontal Curve Radius (m) >3500 1750 10 3500 | 175010875 | 5751to 875 <575 490 5 2450
7 Vertical Grades (%) <3 3to4 4105 Sto7 >7 0.25 1 025
Interchange Frequency
8 (No. per km) >6.5 50t065 351050 15t035 <15 1.85 5 925
Subtotal Geometric Factors __ e
Operatlonal Factors
9 HL::::-l) of Service (Night, at any A B | c I D I SE 305 ‘ 5 1595
Subtotal Operational Factors |__1525__[0 |
Environmental Factors
Percentage of Development
10 Adjacent to Road (%) nil nil to 24 2510 50 50to 75 75> 1.85 1 1.85
Distance from Development to
1 R y (m) (See Nots 3) >60 45 to 60 30t045 15t0 30 <15 1.85 1 1.85
Envi Factors 370 E
Collision Factors
>2.0 (See
12 Night-to-Day Collision Ratio <1.0 10t01.2 12t015 15020 Note 1) 4.90 1 490
Subtotal Collision Factors 490 A
G + 0 +E + A = Total Warranting Polints 61.00
Warranting Condition 60.00
Difference %| 100 |p
Notes:
1 Lighting Warranted
2 Operating Spead 80 km/hr (95th percentile night speed should be used If available, other wise posted speed shall be used
3 Development Meaning Commercial, Industrial, Residential Buildings
4 Worst Case Geometric Factors for a Segment of Roadway Shall Apply
*CIMA Note* Level of Service is expected to reach E during winter season (PM peak hours can occur during dark hours)
v1.0

Figure 9-11 — Warrant for Lighting Freeways

January 2006
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Appendix C Evaluation of Providing a Median Barrier

The selection of best type of median barrier system within the study area was undertaken in the following
steps:

+ Determination of feasibility of barrier types for the study area;
+ Development of alternatives; and

+ Selection of the best alternative based on cost-effective analysis.

Determination of Feasibility of Barrier Types for the Study Area

CIMA conducted an analysis of various types of prevailing median barrier technologies in Canada based
on MTO’s Roadside Safety Manual and AASHTO Roadside Design Guide to determine feasible barrier
types for the RHVP. The results of the analysis along with the characteristics of each barrier type that makes
it suitable or unsuitable for the RHVP are included in Table 1.

Table 1: Analysis for the Feasibility of Various Barrier Systems for the RHVP

Type of Median Feasibility for the

. Relevant Characteristics
Barrier RHVP

Not feasible for the

6 Cable (Wood Post) e Not approved for use on high speed facilities RHVP due to high
speed
Not feasible for the
<
6 Cable (Steel Post) * RecamREIkieEfonARDT % 20,000 RHVP due to high
Ideal for median width greater than 9 m
AADT
; e Restricted to facilities with posted speeds less than Not feasible for the
g:ﬁ:zp Box Beam 80 km/h RHVP due to high
e Recommended for AADT < 30,000 AADT and speed
Median Steel Beam
Guide Rail with * Recommended! for AADT > 20,000 Feasible for the RHVP
Ehannel Can be installed in medians greater than 9.0 m
e No curbs, gutters or ditches allowed between the
barrier and the driving lanes Not feasible for the
S;ﬂiﬁfﬁggﬁ:&i Area directly in front of barrier must be paved RHVP due to a median
“Tall Wall’ e Should not be located more than 4.0 metres from width larger than 9.0
the edge of the driving lane (maximum width of metres
median to be 9.0 metres)
High-Tension Cable e 2011 AADT range — 25,820 to 46, 200

Feasible for the RHVP

Barrier* e Posted Speed — 110 km/h

*Based on Successful Alberta experience in addressing cross median collisions by using the High-Tension Cable
Barrier system on Highway 2 between Airdrie and Red Deer

As can be seen in Table 1, Median Steel Beam Guide Rail, and High-Tension Cable Barriers are feasible
options for providing a median barrier for the RHVP. It should be noted that all kinds of barrier systems can
be transitioned from one type to another by using standard methods. The guidance is available in MTQ's
Roadside Manual and AASHTO Roadside Design Guide. The appropriate types of transitions should be
determined at the detailed design stage.

Based on the feasible barrier options detailed above, various alternatives available for providing a median
barrier on the RHVP are as follows:
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Alternative 1: Standard Steel Beam Guide Rail with Channel System on Both Sides of the Median

Provide Standard Steel Beam Guide Rail with Channel systems on both sides of the median. It should be
noted that for medians, steel beam guide rails are provided with channel elements to increase the stiffness
of the installation’. An example Standard Steel Beam Guide Rail with Channel System installed on a median
on Highway 403 is demonstrated in Figure 1.

Figure 1: An Example Standard Steel Beam Guide Rail with Channel System
Alternative 2: High Tension Cable Barrier on Both Sides of the Median

Provide High-Tension Cable Barrier on both sides of the median. An example of High Tension Cable Barrier
installed on both sides of a median location on Highway 2 in Alberta is demonstrated in Figure 2.

Figure 2 : An Example High Tension Cable Barrier

1 Section 4.3.5, MTO's Roadside Safety Manual
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Cost Estimate

The detailed cost estimates for the two alternatives are provided in Table 2

Table 2: Alternatives Cost Estimate

Description . Total Price $
Earth Works M.R. 6000 100 600,000
- Supply & Install Standard Steel Beam Guide Rail with Channel MR 11200 120 1,344,000
> Systems
% Supply & Install Extruder and Treatment No. 10 3250 32,500
c
g Supply & Install Object Marker Warning Sign No. 10 500 5,000
<
30 Years Maintenance Cost ($4500 x 8.2 x 30) 1,107,000
Total Alternative 1 $3,088,500
Earth Works M.R. 6000 100 600,000
«~ | Supply & Install High-Tension Cable Barrier M.R. 11200 72 806,400
o
2 | Supply & Install Anchor End Terminal No. 20 500 10,000
©
§ Supply & Install Object Marker Warning Sign No. 10 500 5,000
< 30 Years Maintenance Cost ($4500 x 8.2 x 30) 1,107,000
Total Alternative 2 $2,528,400

Cost-effective Analysis

In order to select the best possible alternative of installing a median barrier from the available alternatives
detailed in Section 1.2, a cost-benefit analysis was conducted. Barrier systems have an assumed service
life of 30 years. Median barriers generally eliminate all cross-over collisions including cross-over fatal
collisions. However, median barriers tend to increase overall number of collisions, primarily PDO collisions.
The methodology and results of the analysis are provided in the following sections.

Methodology

The cost-effective analysis to determine most cost-effective median barrier type was conducted by utilizing
the following steps.

Estimate Number of Collisions Likely to Occur

CIMA attempted to develop Safety Performance Functions (SPFs) for median related collisions of the study
area. Statistically significant models could not be developed as a result of limited number of segments that
can be utilized for the prediction of long term average of median related collisions for the study area. In the
absence of SPFs, we used annual average crash rates (Collisions per 100 million vehicles kilometers) to
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estimate the expected number of median related collisions for future 30 years. Collision distribution
(proportions of fatal, injury and PDO collisions) was assumed based on the historical collision data.

Estimate the Severity of Collisions

The next step is based on the assumption that each alternative barrier system would prevent the above
number of median related high severity collisions over next 30 years. However, there would be an equal
number of collisions of less severity involving each type of barrier system with a different potential of posing
harm as a result of a collision.

AASHTO provides Severity Indices (SI) for all types of barrier systems to quantify the potential for harm
posed as a result of a collision. Each type of barrier system is assigned a Severity Index (Sl), which
correlates to the likelihood that the collision will result in a PDO, injury, or a fatality collision. By utilizing the
Sl for a barrier system, and estimated number of collisions from the previous step, it is possible to estimate
the proportions of different collision types. Based on this approach, a collision distribution (PDO, injury, and
fatal) for each alternative barrier system can be estimated.

The severity indices provided by AASHTO were further revised based on the recent studies involving
median barriers. In this analysis, we utilized the severity results from the following two studies:

+ High Tension Cable Barrier Performance Evaluation Study for Highway 2 in Alberta; and
+ Cable Median Barrier Program in Washington State.
Table 3 provides the proportions of collisions with different severity levels based on the above noted studies.

Table 3: Proportions of Median Barrier Collisions by Severity

Proportions of Median Barrier Collisions

Type of Median Barrier

System
Injury
Steel Beam Guiderail 0.007 0.140 0.853
High Tension Cable Barrier 0.005 0.095 0.900

Cost-effective Analysis

The cost-effective analysis to compare both alternatives was conducted using a benefit-cost ratio (B/C) and
on incremental basis, to realize the greatest benefit at the least cost. In this methodology, the alternatives
are first ordered from lowest to highest cost. The incremental benefits of the second over the first are
calculated by dividing the incremental costs of the second over the first. If the ratio is greater than 1, then
alternative 2 is preferred. If the ratio is less than 1 then alternative 1 is superior alternative. The better of
these is then compared with the next most costly alternative and so on. The following steps were performed
for calculating B/C:

+ Estimate life cycle cost of each alternative including capital cost and operating and maintenance cost.
The capital cost includes the purchase price, installation cost, and the activities that would not take
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place otherwise, such as paving, maodifications to drainage, etc.)Operating and maintenance cost
includes recurring cost of operating and maintaining the system during its useful life;

+ Estimate the societal cost of collision for each year that will be prevented by installing the barrier system
as estimated over the service life of the barrier system. This was considered as benefit;

+ Estimate the societal cost of less severe collisions for each year involving the barrier system, after the
barrier system has been put into place. This was considered as negative benefit; and

+ Calculate B/C by dividing the present value of the societal benefits by the present value of the life cycle
cost.

Calculations

The following assumptions were utilized for performing cost-effective analysis calculations according to the
methodology detailed above.

+ An annual average collision rate of 6.88 collisions per 100 million vehicles kilometres was used for
calculating expected number of collisions under existing conditions (without implementing a median
barrier system). This collision rate calculated was based on 8 years historical collision data from 2008
to 20152,

+ Collision distribution used was based on the actual proportions of historical collision data from 2008 to
2015 (1.67% for fatal, 43.33% for injury, and 55.00% for PDO);

+ Expected collisions after implementing different types of median barriers were calculated based
proportions of fatal, injury, and PDO median related collisions associated with different types of median
barrier systems obtained from recent before and after studies34. Table 4 shows the proportions
collisions used for different alternatives.

Table 4: Proportions of Median Related Collisions for Various Alternatives

Proportions of Median Related Collisions

Alternative
Injury
Alternative 1 (Steel Beam) 0.007 0.140 0.853
Alternative 2 (High Tension Cable) 0.005 0.095 0.900

+ Societal costs of collisions used were based on MTQ's current costs of collisions ($ 1,582,000 for a fatal
collision, $ 59,000 for an injury collision, and $ 8,000 for a PDO collision).

+ An annual average growth factor of 2% was used to project AADT.
+ The expected implementation year was considered as 2015.

+ The analysis was conducted based on a service life of 30 years for each type of barrier system.

22015 Collision data is only for the first 7 months (1/1/2015 — 23/07/2015)

3 High Tension Cable Barrier Performance Evaluation Study for Highway 2 in Alberta
4 Cable Median Barrier Program in Washington
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Collision rate in collisions per 100 million vehicles kilometres based on historical collision data (2008 —
2015) are shown in Table 5

Table 5: Collision Rate Based on Historical Data

Year AADT Number of Collisions Collision Rate
2008 45,748 6 6.53
2009 55,261 5 4.51
2010 59,123 8 6.74
2011 60,305 5 413
2012 61,511 5 4.05
2013 62,741 9 715
2014 63,996 13 10.12
2015 65,276 9 11.82
Average of Collision Rate 6.88

Estimate of numbers of collisions likely to occur based on the historical collision rate (6.88 Collisions per
100 Million Vehicles Kilometres) and societal cost of collisions without implementing a median barrier are
shown in Table 6

Table 6: Expected Collisions and Societal Cost before Implementing Median Barrier

AADT EXpeCtBe:f:r‘;"iSi""s Fatal (1.67%) Injury (43.33%) PDO (55.00%) Sfc’i‘z;ftgzst
2016 | 66,582 9.20 0.15 3.99 5.06 $518,127.88
2017 | 67,914 9.38 0.16 4.07 5.16 $528,493.24
2018 | 69,272 9.57 0.16 415 5.26 $539,060.92
2019 | 70,657 9.76 0.16 423 5.37 $549,838.72
2020 | 72,070 9.96 0.17 4.31 5.48 $560,834.40
2021 | 73,511 10.15 017 4.40 5.59 $572,047.98
2022 | 74,981 10.36 0.17 4.49 5.70 $583,487.23
2023 | 76,481 10.56 0.18 458 5.81 $595,159.93
2024 | 78,011 10.78 0.18 4.67 5.93 $607,066.08
2025 | 79,571 10.99 0.18 476 6.05 $619,205.69
2026 | 81,162 11.21 0.19 4.86 6.17 $631,586.54
2027 | 82,785 11.44 0.19 4.96 6.29 $644,216.40
2028 | 84,441 11.66 0.19 5.05 6.42 $657,103.07
2029 | 86,130 11.90 0.20 5.16 6.54 $670,246.53
2030 | 87,853 12.14 0.20 5.26 6.67 $683,654.57
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EXpeCtBe:fg:"iSions Fatal (1.67%) Injury (43.33%) PDO (55.00%) Sfc’i‘z:tgis :
2031 | 89,610 12.38 0.21 5.36 6.81 $697,327.19
2032 | 91,402 12.63 0.21 5.47 6.94 $711,272.18
2033 | 93,230 12.88 0.21 5.58 7.08 $725,497.31
2034 | 95,095 13.14 0.22 5.69 7.22 $740,010.37
2035 | 96,997 13.40 0.22 5.81 7.37 $754,811.36
2036 | 98,937 13.67 0.23 5.92 7.52 $769,908.05
2037 | 100,916 13.94 0.23 6.04 7.67 $785,308.24
2038 | 102,934 14.22 0.24 6.16 7.82 $801,011.91
2039 | 104,993 14.50 0.24 6.28 7.98 $817,034.64
2040 | 107,093 14.79 0.25 6.41 8.14 $833,376.42
2041 | 109,235 15.09 0.25 6.54 8.30 $850,045.04
2042 | 111,420 15.39 0.26 6.67 8.47 $867,048.28
2043 | 113,648 15.70 0.26 6.80 8.63 $884,386.13
2044 | 115,921 16.01 0.27 6.94 8.81 $902,074.16
2045 | 118,239 16.33 0.27 7.08 8.98 $920,112.38
2016 | 66,582 9.20 0.15 3.99 5.06 $518,127.88
Total Expected Societal Cost $21,019,352.86

Estimate of numbers of collisions likely to occur after implementation of a median barrier and societal cost
of collisions for each alternative are shown in Table 7 to Error! Reference source not found. and using
proportions from Table 4.

Table 7: Expected Number of Collisions after Implementing Alternative 1 (Steel Beam Guiderail)

Expected Collisions After

Year Excepted Collisions (Before) Fatal Injuny PDO e
2016 9.20 0.06 1.29 7.85 $240,589.16
2017 9.38 0.07 1.31 8.00 $245,402.24
2018 9.57 0.07 1.34 8.16 $250,309.27
2019 9.76 0.07 1.37 8.33 $255,313.87
2020 9.96 0.07 1.39 8.49 $260,419.64
2021 10.15 0.07 1.42 8.66 $265,626.59
2022 10.36 0.07 1.45 8.84 $270,938.32
c7
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Year Excepted Collisions (Before) . Bpectd Solclons Ater .

Fatal Injury PDO Societal Cost

2023 10.56 0.07 1.48 9.01 $276,358.46
2024 10.78 0.08 1.51 9.19 $281,887.01
2025 10.99 0.08 1.54 9.38 $287,523.95
2026 11.21 0.08 1.57 9.56 $293,272.91
2027 11.44 0.08 1.60 9.75 $299,137.50
2028 11.66 0.08 1.63 9.95 $305,121.34
2029 11.90 0.08 1.67 10.15 $311,224.41
2030 12.14 0.08 1.70 10.35 $317,450.35
2031 12.38 0.09 1.73 10.56 $323,799.14
2032 12.63 0.09 1.77 10.77 $330,274.40
2033 12.88 0.09 1.80 10.99 $336,879.74
2034 13.14 0.09 1.84 11.21 $343,618.78
2035 13.40 0.09 1.88 11.43 $350,491.52
2036 13.67 0.10 1.91 11.66 $357,501.57
2037 13.94 0.10 1.95 11.89 $364,652.54
2038 14.22 0.10 1.99 12.13 $371,944.43
2039 14.50 0.10 2.03 12.37 $379,384.48
2040 14.79 0.10 2.07 12.62 $386,972.67
2041 15.09 0.11 2.1 12.87 $394,712.63
2042 15.39 0.11 215 13.13 $402,607.97
2043 15.70 0.11 2.20 13.39 $410,658.68
2044 16.01 0.11 2.24 13.66 $418,872.00
2045 16.33 0.11 2.29 13.93 $427,247 .92
Total Expected Societal Cost After Barrier Inplementation $9,760,193.47

Table 8: Expected Number of Collisions after Implementing Alternative 2 (High Tension Cable)

Expected Collisions Before

Expected Collisions After

Injury PDO Societal Cost
2016 9.20 0.05 0.87 8.28 $190,526.96
2017 9.38 0.05 0.89 8.44 $194,338.53

C8

HAMO0056684_0001



Appendix C Evaluation of Providing a Median Barrier

Expected Collisions After

Expected Collisions Before

158

Injury PDO Societal Cost
2018 9.57 0.05 0.91 8.61 $198,224.50
2019 9.76 0.05 0.93 8.78 $202,187.73
2020 9.96 0.05 0.95 8.96 $206,231.09
2021 10.15 0.05 0.96 9.14 $210,354.57
2022 10.36 0.05 0.98 9.32 $214,561.03
2023 10.56 0.05 1.00 9.51 $218,853.34
2024 10.78 0.05 1.02 9.70 $223,231.49
2025 10.99 0.05 1.04 9.89 $227,695.49
2026 11.21 0.06 1.07 10.09 $232,248.20
2027 11.44 0.06 1.09 10.29 $236,892.48
2028 11.66 0.06 1.1 10.50 $241,631.18
2029 11.90 0.06 1.13 10.71 $246,464.32
2030 12.14 0.06 1.15 10.92 $251,394.75
2031 12.38 0.06 1.18 11.14 $256,422.48
2032 12.63 0.06 1.20 11.36 $261,550.35
2033 12.88 0.06 1.22 11.59 $266,781.25
2034 13.14 0.07 1.25 11.82 $272,118.02
2035 13.40 0.07 1.27 12.06 $277,560.66
2036 13.67 0.07 1.30 12.30 $283,112.05
2037 13.94 0.07 1.32 12.55 $288,775.03
2038 14.22 0.07 1.35 12.80 $294,549.62
2039 14.50 0.07 1.38 13.05 $300,441.53
2040 14.79 0.07 1.41 13.31 $306,450.76
2041 15.09 0.08 1.43 13.58 $312,580.17
2042 15.39 0.08 1.46 13.85 $318,832.63
2043 15.70 0.08 1.49 14.13 $325,208.14
2044 16.01 0.08 1.52 14.41 $331,712.42
2045 16.33 0.08 1.55 14.70 $338,345.47
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The Benefit-Cost (B/C) ratio is the ratio of the present value of the safety benefit of a given countermeasure
calculated for its service life to the present value of the cost of the countermeasure. A B/C ratio of greater
than 1.0 represents an economically efficient countermeasure. In this criterion, the monetary value of the
collisions reduced as a result of implementation of a countermeasure is considered as the benefit of the
countermeasure. For the purposes of calculating the societal costs of collisions, MTO costs were utilized.
Details of the B/C analysis for countermeasures other than median barrier are included in the following
tables.

Provide Speed Feedback Signs

The CMF for this countermeasure is 0.88, and the construction cost is $10,000 per site for a service life of
10 years.

Collision rate of total collisions in collisions per 100 million vehicles kilometres based on historical collision
data (2008 — 2015"):

Year AADT Number of Total Collisions Collision Rate
2008 45,748 10 26.04
2009 55,261 11 23.71
2010 59,123 22 44.32
2011 60,305 29 57.28
2012 61,511 24 46.48
2013 62,741 38 72.15
2014 63,996 37 68.87
2015 65,276 26 81.69
Average of Collision Rate 52.57

Estimate of number of total collisions likely to occur based on the historical collision rate (36.14 collisions
per 100 million vehicles kilometres) and societal cost of collisions without implementing speed feedback
signs during next 10 years (service life of signs). 2015 is the assumed implementation year. The proportions
of different severity collisions of total collisions shown in the header of the following table are based on the
actual experienced during the history period.

12015 Collision data is only for the first 7 months (1/1/2015 — 23/07/2015)
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Total Collisions  Fatal (0.00%) Injury (44.16%) PDO (55.84%) SoEc):zfa(l:tg: ot
2016 | 66,582 29.38 0.00 12.98 16.41 $896,843.06
2017 | 67,914 29.97 0.00 13.24 16.73 $914,784.77
2018 | 69,272 30.57 0.00 13.50 17.07 $933,076.70
2019 | 70,657 31.18 0.00 13.77 17.41 $951,732.31
2020 | 72,070 31.80 0.00 14.05 17.76 $970,765.07
2021 | 73,511 32.44 0.00 14.33 18.11 $990,174.98
2022 | 74,981 33.09 0.00 14.61 18.48 $1,009,975.51
2023 | 76,481 33.75 0.00 14.91 18.85 $1,030,180.14
2024 | 78,011 34.43 0.00 15.20 19.22 $1,050,788.87
2025 | 79,571 35.11 0.00 15.51 19.61 $1,071,801.68
Total 321.73 0.00 142.08 179.65 $9,820,123.09
Societal Cost of Expected Collisions = 0.00 x 1,582,000 + 142.08 x 59,000 + 179.65 x 8,000
= $9,820,123.09
Average Cost of Total Expected Collisions = $9,820,123.09/ 321.73 = $30,522.84

Reduction in Collisions after Implementing Speed Feedback Signs (CMF = 0.88)

Expected Reduction in collisions = 321.73 x (1 —= CMF)
= 38.61
Monetary Benefits = 38.61 x $30,522.84 = $1,178,486.85
Construction Cost =$12,500x 8
= $100,000
B/C =11.78
Illumination

The CMF for this countermeasure is 0.97, and the construction cost is $100,000 per site for a service life
of 20 years.

Collision rate of total collisions in collisions per 100 million vehicles kilometres based on historical collision
data (2008 — 2015):
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Year AADT Number of Total Collisions Collision Rate
2008 45,748 43 31.79
2009 55,261 37 22.65
2010 59,123 51 29.18
2011 60,305 71 39.82
2012 61,511 67 36.84
2013 62,741 80 43.13
2014 63,996 71 37.53
20152 65,276 54 48.17

Average of Collision Rate 36.14

Estimate of number of total collisions likely to occur based on the historical collision rate (36.14 collisions
per 100 million vehicles kilometres) and societal cost of collisions without implementing illumination during
next 20 years (service life of illumination). 2015 is the assumed implementation year. The proportions of
different severity collisions of total collisions shown in the header of the following table are based on the
actual experienced during the history period.

AADT  Total Collisions  Fatal (0.84%) Injury (43.25%) PDO (55.91%) SoEc’gztea‘itggst
2016 | 66,582 71.14 0.60 30.77 39.77 $3,083,123.33
2017 | 67,914 72.56 0.61 31.38 40.57 $3,144,802.46
2018 | 69,272 74.01 0.62 32.01 41.38 $3,207,685.55
2019 | 70,657 75.49 0.64 32.65 42.21 $3,271,818.88
2020 | 72,070 77.00 0.65 33.30 43.05 $3,337,248.78
2021 | 73,511 78.54 0.66 33.97 43.91 $3,403,975.23
2022 | 74,981 80.11 0.68 34.65 44.79 $3,472,044.55
2023 | 76,481 81.72 0.69 35.34 45.68 $3,541,503.04
2024 | 78,011 83.35 0.70 36.05 46.60 $3,612,350.69
2025 | 79,571 85.02 0.72 36.77 47.53 $3,684,587.52
2026 | 81,162 86.72 0.73 37.50 48.48 $3,758,259.82
2027 | 82,785 88.45 0.75 38.25 49.45 $3,833,413.91
2028 84,441 90.22 0.76 39.02 50.44 $3,910,096.08
2029 | 86,130 92.02 0.78 39.80 51.45 $3,988,306.33
2030 | 87,853 93.87 0.79 40.60 52.48 $4,068,090.98

22015 Collision data is only from the first 7 months (1/1/2015 — 23/07/2015)
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Total Collisions  Fatal (0.84%) Injury (43.25%) PDO (55.91%) Soi’;gf;‘ggst

2031 | 89,610 95.74 0.81 41.41 53.53 $4,149,450.02
2032 91,402 97.66 0.82 42.24 54.60 $4,232,429.76
2033 | 93,230 99.61 0.84 43.08 55.69 $4,317,076.50
2034 | 95095 101.60 0.86 43.94 56.80 $4,403,436.56
2035 | 96,997 103.64 0.87 44.82 57.94 $4,491,509.92
Total 1728.47 14.59 747.54 966.34 $74,911,209.91

Societal Cost of Expected Collisions =14.59 x 1,582,000 + 747.54x 59,000 + 966.34x 8,000
= $74,911,209.91
Average Cost of Total Expected Collisions = $74,911,209.91/ 11728.47= $43,339.66

Reduction in Collisions after Implementing Rumble Strips (CMF = 0.97)

Expected Reduction in collisions =1728.47 x (1 — CMF)

=51.85

Monetary Benefits = 51.85 x $43,339.66 = $2,247,336.30

Construction Cost = $100,000 x 8.1

= $810,000
B/C =277
Provide Permanent Recessed Pavement Markings

The CMF for this countermeasure is 0.67, and the construction cost is $19,000 per km of length for a service
life of 5 years.

Collision rate of total night collisions in collisions per 100 million vehicles kilometres based on historical
collision data (2008 — 2015):
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Year AADT Number of Total Collisions Collision Rate
2008 45,748 7 10.22
2009 55,261 9 10.88
2010 59,123 9 10.17
2011 60,305 11 12.19
2012 61,511 12 13.04
2013 62,741 22 23.43
2014 63,996 19 19.84
2015° 65,276 6 6.14

Average of Collision Rate 13.24

Estimate of number of total collisions likely to occur based on the historical collision rate (13.24 collisions
per 100 million vehicles kilometres) and societal cost of collisions without implementing permanent raised
pavement markings during next 5 years (service life of PRPM). 2015 is the assumed implementation year.
The proportions of different severity collisions of total collisions shown in the header of the following table
are based on the actual experienced during the history period.

AADT  Total Collisions  Fatal (2.11%) Injury (26.32%) PDO (71.58%) SoEc):gtea(;t(e:g o
2016 | 66,582 13.19 0.28 3.47 9.44 $719,727.60
2017 | 67,914 13.46 0.28 3.54 9.63 $734,126.04
2018 | 69,272 13.72 0.29 3.61 9.82 $748,805.54
2019 | 70,657 14.00 0.29 3.68 10.02 $763,776.89
2020 | 72,070 14.28 0.30 3.76 10.22 $779,050.92
Total 68.65 1.45 18.07 49.14 $3,745,486.99
Societal Cost of Expected Collisions =1.45x 1,582,000 + 18.07 x 59,000 + 49.14 x 8,000
= $3,745,486.99
Average Cost of Total Expected Collisions = $3,745,486.99/ 49.14 = $54,557.89

Reduction in Collisions after Implementing Speed Feedback Signs (CMF = 0.67)

Expected Reduction in collisions = 68.65 x (1 — CMF)
= 22.66

32015 Collision data is only from the first 7 months (1/1/2015 — 23/07/2015)

D5
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Appendix D Benefit-Cost Analysis
Monetary Benefits = 22.66 x $54,557.89 = $1,236,010.71
Construction Cost = $247,000.00
B/C =5.00

D6
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Tab 12

From: Brian Malone [/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=67C055668F2542418A0037674B420253-BRIAN MALON]
Sent: 9/4/2018 12:20:12 PM

To: McGuire, Gord [Gord.McGuire@hamilton.ca]

CC: Reza Omrani [/O=Exchangelabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=e24bbd9c2fbad43db853f6620dab3e3f-Reza Omrani]

Subject: RE: Friction numbers on RHVP

Gord,

These appear to be the test results from 2007 that were done by MTO at the time the RHVP was being finished, pre-
opening. Gary Moore had provided these to me in August of 2015, before we completed the 2 safety reports in

2015. Unfortunately, they failed to offer an ability to quantify any friction problem that may be a source of the collision
performance.

The ASTM E274 testing provides a friction performance number value, but the number is a relative one. The ASTM
testing protocol states:
“These values are intended for use in evaluating the skid resistance of a pavement relative to that of other
pavements or for evaluating changes in the skid resistance of a pavement with the passage of time. ... They are
also insufficient for determining the speed at which control of a vehicle would be lost, because peak and side
force friction are also required for these determinations. https://www.astm.org/Standards/E274.htm
Additionally, FHWA guidance states:
Results obtained with any friction test equipment represent the frictional properties obtained when using the
specific equipment and procedures and do not necessarily agree or correlate with other friction measurement
methods. The values obtained are intended for use in evaluating friction characteristics of a pavement relative to
other pavements or to evaluate changes of one pavement over time.
https://www.fhwa.dot.gov/pavement/t504038.cfm#pl2

What was missing when we viewed these figures back in 2015 was an identification of a threshold or relative
comparison. The paper does make brief mention (top of Page 146) of ‘expected’ FN values of 30. Gary may have had
the view that because the RHVP values were higher than that they were acceptable. However, when | asked what values
MTO used as the ‘acceptable’ friction levels he said he did not know. He also he stated that the City did not have a
number. It was also not clear if the ‘expected’ value was for SMA pavements in their early, slippery, stages. As can be
seen in the graph in the paper, friction values are much higher later in the SMA life. We don’t know if this typical
improvement with time occurred on the RHVP.
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Figure 1. Highway 401 Westbound - Surface Friction of Stone Mastic Asphalt Mix vs. Age
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Perhaps | misunderstood you last Thursday when we talked, but | thought you said that additional testing had been
done, either in 2014, or subsequent to the Nov 2015 CIMA report which recommended friction testing. If those exist,
then a comparison of the two can be done. Additionally, if LINC testing data is available, from 2007 or more recently,
then there is also a possible means for comparison.

Brian Malone

CIMA+

Burlington, Ontario

Tel: 289-288-0287 x 6802
Cell: 905-466-0421

From: McGuire, Gord <Gord.McGuire@hamilton.ca>
Sent: August-30-18 19:11

To: Brian Malone <Brian.Malone@cima.ca>

Subject: FW: Friction numbers on RHVP

H Brian:
This is a study of the RHVP prior to opening.
FN of around mid 30s.

Regards

Gord McGuire O.L.S., B.Sc.
Director of Engineering Services
Public Works

905-546-2424 x2439

From: Uzarowski, Ludomir [mailto:Ludomir Uzarowski@golder.com]
Sent: January 24, 2014 11:45 AM

To: Moore, Gary <Gary.Moore@hamilton.ca>

Cc: Henderson, Vimy <Vimy Henderson@golder.com>

Subject: Friction numbers on RHVP

Hi Gary,

The surface asphalt on the RHVP is Stone Mastic Asphalt (SMA). Immediately following construction of the RHVP in
2007, the Ontario Ministry of Transportation performed friction testing in both southbound lanes. The following table
summarizes the results of this testing. The complete testing results are attached.

Lane Average Friction Number Friction Number Range
Southbound Lane 1 33.9 28.1t0 36.5
Southbound Lane 2 33.8 28.41t037.4

In 2013, the Friction Numbers were measured on the RHVP in both directions by Tradewind Scientific using a Grip Tester.
The average FN numbers were as follows:

SB Right Lane 35

SB Left Lane 34

NB Right Lane 36

NB Left Lane 39

In 2009 the Ontario Ministry of Transportation published a paper at the Canadian Technical Asphalt Association Annual
Conference titled “Early Age Low Friction Problem of SMA in Ontario”. The paper presented results of SMA that had been
placed on Highway 401. The Friction Number results following construction were below anticipated value of 30 and
ranged from 24.9 to 28.8. The paper is attached.

CIM0016870
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Regards,

Ludomir

Ludomir Uzarowski (Ph.D., P.Eng.) | Principal - Pavement and Materials Engineering | Golder Associates Ltd.
6925 Century Avenue, Suite #100, Mississauga, Ontario, Canada L5N 7K2

T: +1 (905) 567 4444 | D: +1 905 567 6100 Ext. 1528 | F: +1 (905) 567 6561 | C: +1 905 441 6044 | E:

Ludomir Uzarowski@golder.com | www.golder.com

Work Safe, Home Safe

CIM0016870
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Tab 13

MEMO

TO : David Ferguson, City of Hamilton
COPYTO : n/a

FROM : Brian Malone, CIMA*

DATE : January 15, 2019

SUBJECT : Lincoln Alexander Parkway / Red Hill Valley Parkway Collision Rates
(CIMA+ File: BOO0558B)

The purpose of this memorandum is to provide an update to CIMA’s previous response to the
City’s inquiry regarding collision rates on the Lincoln Alexander Parkway (LINC) and Red Hill
Valley Parkway (RHVP). An original memo was completed January 12, 2018 responding to
inquiries outlined in your email dated January 9, 2018.

This memo updates the January 12, 2018 memo, as follows:

1. How do the LINC and RHVP compare with other similar type roadways (e.g., Highway
406 through St. Catharines and Highway 7/8 in Kitchener), updated to current data
a. All MTO comparison data is updated to Dec 31, 2016;
b. Al LINC and RHVP collision data is updated to Dec 31, 2017;
2. Add a comparison with a section of Highway 403, from the LINC to Hwy # 6 North.

1. COLLISION RATE COMPARISON

A comparison of collision rates on the LINC and RHVP with the following Provincial highways:

Highway 403 between the LINC and Highway 6 North (towards Guelph), in the City of
Hamilton;

Highway 406 between Highway 58 and Queen Elizabeth Way (QEW), in the City of St.
Catharines;

Highway 7/8 between Conestoga Parkway/Victoria Street N and Trussler Road, in the City
of Kitchener; and

Highway 8 between Sportsworld Drive and Highway 7, in the City of Kitchener.

The comparison was completed for an average of five years between 2013 and 2017 for the
LINC and the RHVP, and between 2012 and 2016 for the Provincial highways. 2016 is the
latest year for which MTO collision data is available.

Although the two five-year periods do not exactly coincide, they differ by only one year. Data is
being averaged for a 5-year period, allowing for a reasonable comparison.

AON.
400-3027 Harvester Road, Burlington ON. L7N 3G7 T 289 288-0287 F 289 288-0285
cima.ca BESTEMPLOYER
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Page 2 of 9
Lincoln Alexander Parkway / Red Hill Valley Parkway Collision Rates (CIMA+ File: BOO0558B)
January 15, 2019

The collision rate of a road section normalizes the frequency of collisions with the exposure,
measured by traffic volume and distance travelled. The collision rate per million of kilometres
travelled is calculated as follows:

Number of Observed Collisions

CR = 1,000,000 x -
AADT x 365 x Length of Section

For this review data was averaged over a 5-year period. The five-year average collision rate is
calculated as follows:

- 1,000,000 yvear s Number of Observed Collisions
= X
SYears T 365 x Length of Section Yours JADT

Data for the Provincial highways was obtained from the Ontario Provincial Highways Traffic
Volumes On Demand and from the MTO Safety Analyst software.

Collision data for the LINC and RHVP from 2013 to 2016 had been previously received.
Additional data for the period ending Dec 31 2017 was received for this update.

AADT traffic volumes were obtained from the City’s MS2 traffic data management software.
AADT information was not available for every separate segment on the LINC and RHVP. The
locations with available AADT information are:

LINC between Highway 403 and Mohawk Road;

LINC between Upper James and Upper Wentworth;

LINC between Upper Gage and Dartnall Road; and

RHVP between Queenston Road and Barton Street.

A distance-weighted average process was used to determine AADT’s for individual segments
which did not have volume data.

AADT for the RHVP location was provided for 2014 and 2015 years and was adjusted to
coordinate with collision data by year, based on known growth trends at the available data. A
growth rate of 2.0% per year was applied to the remaining years. The approach used for in-
filling volume data follows industry standard approaches and should be considered when
reviewing results .

Table 1 summarizes the 5-year combined collisions and the resulting collision rates for each
segment of the LINC and RHVP.

Table 2 presents the same information for the comparison sites (i.e. Highways 7/8, 8, 403 and
406).

Appendix A provides an annual breakdown of collisions and AADTSs.

CIM
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Table 1: Average Collision Rates for LINC and RHVP (2013 - 2017)
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Page 3 of 9
Lincoln Alexander Parkway / Red Hill Valley Parkway Collision Rates (CIMA+ File: BOO0558B)
January 15, 2019

LINC
Highway 403 — Mohawk 1.2 79 0.49
Mohawk — Garth 2.6 136 0.36
Garth — Upper James 1.7 117 0.44
Upper James — Upper Wentworth 1.7 142 0.50
Upper Wentworth — Upper Gage 1.6 148 0.60
Upper Gage — RHVP 1.6 60 0.27
Average Weighted Collision Rate 0.44
RHVP
LINC — Mud 1.6 124 0.59
Mud — Greenhill 2.6 232 0.72
Greenhill — King 1.3 277 1.87
King — Queenston 0.8 144 1.66
Queenston — Barton 1.8 123 0.94
Barton — Railway Overpass 0.5 39 0.77
Average Weighted Collision Rate 1.01
CIM/T

CIMO0010338.0001



173
Page 4 of 9
Lincoln Alexander Parkway / Red Hill Valley Parkway Collision Rates (CIMA+ File: BOO0558B)
January 15, 2019

Table 2: Average Collision Rates for Comparison Sites (2012 — 2016)

» . Length Collisions Collision
Highway/Section (km) (2012 — 2016) Rate
Highway 403
Highway 6 — York Boulevard 1.4 319 0.99
York Boulevard — Main Street 2.2 306 0.73
Main Street — Aberdeen 153 285 1.20
Aberdeen — LINC 4.7 505 0.68
Average Weighted Collision Rate 0.81
Highway 406
Highway 58 — Glendale 2.0 70 0.32
Glendale — Westchester 3.0 181 0.60
Westchester — Fourth Avenue 2.3 258 1.76
Fourth Avenue - QEW 3.9 115 0.57
Average Weighted Collision Rate 0.78
Highway 7/8
Conestoga/Victoria — Ottawa 1.5 224 0.74
Ottawa — Highway 8/King 1.3 159 0.68
Highway 8/King — Courtland 1.4 167 0.71
Courtland — Homer Watson 1.3 151 0.72
Homer Watson — Fischer-Hallman 2.6 203 0.75
Fischer-Hallman - Trussler 2.9 82 0.46
Average Weighted Collision Rate 0.66
Highway 8
Sportsworld — Fairway 3.6 369 0.71
Fairway — Highway 7 2.2 284 0.67
Average Weighted Collision Rate 0.70

For the LINC and RHVP, results show that the average weighted collision rates, calculated
based on 2013-2017 collision and traffic volume data, are:

¢ LINC - 0.44 collisions per million vehicle-kilometres travelled.
e RHVP - 1.01 collisions per million vehicle-kilometres travelled.

We note that the collision rates reported in the 2018 memo were considerably lower (0.20 for
the LINC and 0.36 for the RHVP). Our understanding is that the data provided for the previous
analysis did not include self-reported collisions, while the data provided for the current analysis
include these collisions. When self-reported collisions are excluded, the resulting collision rates
are 0.20 for the LINC and 0.69 for the RHVP, which are consistent with the rates in the previous

CIM
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Lincoln Alexander Parkway / Red Hill Valley Parkway Collision Rates (CIMA+ File: BOO0558B)
January 15, 2019

memo. The MTO collision data includes all types of collisions, including “non-reportable” and
“other”.

For the MTO comparison highway segments, results show that the average weighted collision
rates, calculated based on 2012-2016 collision and traffic volume data, are:

e Hwy 403 — 0.81 collisions per million vehicle-kilometres travelled
e Hwy 406 — 0.78 collisions per million vehicle-kilometres travelled
o Hwy 7/8 — 0.66 collisions per million vehicle-kilometres travelled
e Hwy 8 —0.70 collisions per million vehicle-kilometres travelled

Rates for the LINC are lower that the MTO weighted rates. The range of rates for segments of
the LINC are, generally, below the range of rates for segments of the comparison MTO sites.

Rates for the RHVP are higher that the MTO weighted rates. The range of rates for segments of
the RHVP are, generally, higher than the range of rates for segments of the comparison MTO
sites.

2. CROSS MEDIAN COLLISION RATES

As reported in the January 12, 2018 memo, based on the information provided in the 2015 LINC
and RHVP study reports, only 5.6% and 3.6% of collisions involved vehicles completely
crossing the median (i.e. reaching the opposing shoulders and/or travel lanes), respectively. If
these percentages are applied to the average weighted collision rates in Table 1, the resulting
rate is approximately 0.02 collisions per million kilometres travelled for the LINC, 0.04 collisions
per million kilometres travelled for the RHVP.

Cross median collision information was not available in the updated records to update this
information.

3. COLLISION RATES BY DIRECTION

Table 3 summarizes the range of collision rates for the LINC and RHVP by direction of travel.

Table 3: Average Collision Rates by Direction (2013 — 2017)

EB/N
LINC | 0.19-0.62 0.27 - 0.75
RHVP | 0.77 —2.65 0.34 —1.29

The results show that the 5-year average collision rates for the LINC vary between 0.18 and
0.62 for the eastbound direction, and between 0.27 and 0.75 for the westbound direction. The
highest eastbound rate is observed between Garth Street and Upper James Road, and the
highest westbound rate is observed between Upper Wentworth Road and Upper Gage Road.

CIM
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Lincoln Alexander Parkway / Red Hill Valley Parkway Collision Rates (CIMA+ File: BOO0558B)
January 15, 2019

For the RHVP, the 5-year average collision rates for the LINC vary between 0.77 and 2.65 for
the northbound direction, and between 0.34 and 1.29 for the southbound direction. The highest
northbound and southbound rates are observed between Greenhill Avenue and King Street.

4. COLLISION RATE THRESHOLD

According to AASHTO’s Highway Safety Manual, one of the limitations of using collision rate is
that it does not identify a threshold to discern whether the safety performance of a site is
acceptable or not. In order to accomplish this, the adequate approach is to use Safety
Performance Functions (SPF), which considers large samples of similar sites to estimate an
average representative of the safety performance of similar sites. If a site observed or expected
collision is larger than the value estimated by the SPF, it shows there are safety problems.

5. PROVINCIAL COLLISION RATES

Table 4 summarizes Provincial collision rates between 2010 and 2014 (the most recent five-
year period available), based on the Ontario Road Safety Annual Reports (ORSAR). The
collision rates ranged between 1.36 and 1.66 during this period.

It is important to note that the ORSAR rates are calculated for all roads within the province,
including 2-lane, undivided, rural highways, urban arterial and collector roads, etc., and include
collisions at intersections. The ORSAR does not report on the collision rates for specific types of
roads (divided or undivided) in the Province.

Direct comparison to divided road facilities such as the LINC, RHVP and the comparison MTO
segments used in this report should be made with caution.

Table 4: Provincial Collision Rates by Year

Year 2010 2011 2012 2013 2014
Collision Rate | 1.66 | 1.39 | 1.36 | 1.43  1.62

CIM
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APPENDIX A — COLLISION AND AADT DETAILS
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Page 7 of 9
Lincoln Alexander Parkway / Red Hill Valley Parkway Collision Rates (CIMA+ File: BOO0558B)

Lincoln Alexander Parkway AADT 2013 2014 2015 2016 2017
Highway 403 — Mohwak 70,474 | 71,884 | 73,321 | 74,787 | 76,282
Mohwawk — Garth 77,593 | 79,209 | 77,076 | 78,663 | 80,625
Garth — Upper James 87,335 | 89,233 | 82,215 | 83,966 | 86,568
Upper James — Upper Wentworth 95,204 | 97,329 | 86,365 | 88,250 | 91,368
Upper Wentworth — Upper Gage 84,272 | 86,068 | 81,334 | 83,040 | 85,377
Upper Gage — RHVP 73,340 | 74,807 | 76,303 | 77,829 | 79,386
Linegln ’ge"?“.de' Parvay 2013 | 2014 | 2015 | 2016 | 2017
ollisions
Highway 403 — Mohwak 17 12 15 18 17
Mohwawk — Garth 31 17 33 28 27
Garth — Upper James 19 30 21 21 26
Upper James — Upper Wentworth 24 34 24 33 27
Upper Wentworth — Upper Gage 29 30 24 32 33
Upper Gage — RHVP 10 12 11 8 19
Red Hill Valley Parkway AADT 2013 2014 2015 2016 2017
LINC — Mud 69,188 | 70,573 | 72,285 | 73,731 | 75,206
Mud — Greenhill 64,518 | 65,809 | 67,766 | 69,121 | 70,504
Greenhill - King 59,329 | 60,516 | 62,744 | 63,999 | 65,279
King — Queenston 56,215 | 57,340 | 59,730 | 60,926 | 62,144
Queenston — Barton 52,323 | 53,370 | 55,964 | 57,084 | 58,225
Barton — Railway Overpass 52,323 | 53,370 | 55,964 | 57,084 | 58,225
Red Hill Valley Parkway Collisions | 2013 2014 2015 2016 2017
LINC — Mud 17 15 32 26 34
Mud — Greenbhill 34 34 63 50 51
Greenhill — King 30 37 82 66 62
King — Queenston 27 21 31 28 37
Queenston — Barton 25 13 36 30 19
Barton — Railway Overpass 10 8 10 3 8
CIM

January 15, 2019
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Page 8 of 9
Lincoln Alexander Parkway / Red Hill Valley Parkway Collision Rates (CIMA+ File: BOO0558B)
January 15, 2019

Highway 403 AADT 2012 2013 2014 2015 2016
Highway 6 — York Boulevard 118,000 | 127,900 | 118,400 | 132,000 | 134,200
York Boulevard — Main Street 99,700 | 105,500 | 99,900 | 109,100 | 109,400
Main Street — Aberdeen 98,600 | 98,700 | 99,000 | 102,800 | 103,000
Aberdeen — LINC 92,000 | 83,300 | 83,400 | 88,700 | 83,800
Highway 403 Collisions 2012 2013 2014 2015 2016
Highway 6 — York Boulevard 65 63 70 47 74
York Boulevard — Main Street 78 55 45 62 66
Main Street — Aberdeen 52 63 57 63 50
Aberdeen — LINC 75 93 117 104 116
Highway 406 AADT 2012 2013 2014 2015 2016
Highway 58 — Glendale 58,600 | 54,000 | 62,300 | 63,600 | 65,000
Glendale — Westchester 56,900 | 57,700 | 58,100 | 51,100 | 52,000
Westchester — Fourth Avenue 31,600 | 35,300 | 35,700 | 36,000 | 36,400
Fourth Avenue - QEW 27,300 | 28,100 | 28,300 | 28,800 | 29,300
Highway 406 Collisions 2012 2013 2014 2015 2016
Highway 58 — Glendale 13 10 17 9 21
Glendale — Westchester 28 33 49 21 50
Westchester — Fourth Avenue 65 79 41 41 32
Fourth Avenue - QEW 26 24 17 28 20

CIM0010338.0001
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Lincoln Alexander Parkway / Red Hill Valley Parkway Collision Rates (CIMA+ File: BOO0558B)

January 15, 2019

Highway 7/8 AADT 2012 2013 2014 2015 2016
Conestoga/Victoria — Ottawa 109,800 | 110,900 | 111,000 | 111,100 | 111,200
Conestoga/Ottawa — Highway 8/King | 98 300 | 99,300 | 99,400 | 99,500 | 99,600
Highway 8/King — Courtland 90,600 | 91,500 | 91,600 | 91,700 | 91,700
Courtland — Homer Watson 86,100 | 87,000 | 87,900 | 88,800 | 89,700
Homer Watson — Fischer-Hallman 55,800 | 56,400 | 57,000 | 57,600 | 58,200
Fischer-Hallman - Trussler 32,800 | 33,100 | 33,400 | 33,700 | 34,000
Highway 7/8 Collisions 2012 2013 2014 2015 2016
Conestoga/Victoria — Ottawa 41 38 45 50 50
Conestoga/Ottawa — Highway 8/King 26 33 39 32 29
Highway 8/King — Courtland 20 31 7 41 38
Courtland — Homer Watson 29 34 32 30 26
Homer Watson — Fischer-Hallman 45 43 69 34 12
Fischer-Hallman - Trussler 29 17 11 11 14
Highway 8 AADT 2012 2013 2014 2015 2016
Sportsworld — Fairway 77,300 | 78,100 | 78,900 | 79,700 | 80,500
Fairway — Highway 7 103,400 | 104,400 | 105,400 | 106,500 | 107,600
Highway 8 Collisions 2012 2013 2014 2015 2016
Sportsworld — Fairway 80 72 83 64 70
Fairway — Highway 7 32 40 41 73 98
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Cameron, Diana
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From:

Sent:

To:

Subject:
Attachments:

Hi.

Diana can you print this please and load it into our FOI folder as well. Thanks.

Begin forwarded message:

From: "Uzarowski, Ludomir" <Ludomir Uzarowski@golder.com>
Date: November 28, 2018 at 1:52:39 PM EST
To: "Gord.McGuire@hamilton.ca" <Gord.McGuire@hamilton.ca>

McGuire, Gord

November-28-18 2:55 PM

Cameron, Diana; Sharma, Dipankar

Fwd: RHVP pavement testing results

image002,jpg; ATTO000L.htm; RHVP MTD Results.pdf; ATTO0002.htm; GA ST 80727
10mm Aggs PSV.pdf; ATT00003.htm

Gord McGuire, O.L.S., B.Sc.
Director, Engineering Services
Public Works Department | Engineering Services Division |

City of Hamilton

77 James Street North, Suite 320
Hamilton, ON L8R 2K3

T: 905.546.2424, Extension 2439
gord.mcguire@hamilton.ca

Subject: RHVP pavement testing results

HI Gord,

As discussed yesterday, please find attached the results of the pavement testing on the Red Hill
Valley Parkway carried out in January 2018. A hard copy of the results was presented at the
meeting with the City representatives in March 2018.

We have the following comments:

1. The coring and testing operation on the RHVP was carried out at night of December 6/7
2017. Please note that there was light snow and negative temperatures during the testing.

2. The results of the PSV testing - the obtained core samples were delivered to the Golder’s
laboratory in Whitby where the aggregates were extracted. The samples of the aggregates
were then sent to James Fisher Testing Services in Ireland for Polished Stone Value (PSV)
testing. The reported corrected PSV value is 45. This value is considered to be an average
or medium for traprock aggregates. . ]

3. The measured texture depth (MTD) was determined on the site using the Sand Patch
Method. The average MTD is 1.25 mm. A pavement with good macrotexture should have
the MTD of about 1.0 mm.

HAMO0061865_0001
HAMO0061865_0001
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James Fisher Testing Services (lreland) Ltd
Unit D, Zone 5 James Fisher
Clonminam Business Park Fegiing Sarvos
Portlaoise, Co. Laois
Tel.: (057) 86 64885

James Fisher
Pestig Dendgnes Fisher

LABORATORY TEST REPORT

DETERMINATION OF POLISHED STONE VALUE (PSV)
In accordance with BS EN 1097-8 : 2009

Project: Project 1791274, Canada Job No.: PL
Client: Golder Associates Lab Ref No.: ST 80727
6925 Century Avenue Date Received: 24/01/2018
Suite 100 " Date Reported: 15/02/2018
Mississauga Material: 10mm Aggs
Order No: N/A Specification: Client
Originator: Amelia Jewison
Sample Details
Site Ref: | 10mm Aggs | Sample Type: Bulk
Lab Reference No. ST 80727 Date of Sampling: Client Info.
Supplier: Client Info. Sampled By: Client
In accordance with EN 933 Yes
Source: Client Info. Location: Asphalt Cores
Results
Control Stone Batch N/A
Recorded Polished Stone Value
Test Specimen: TestRun 1 a 48.3 Mean
b 46.0  recorded
Test Run 2 c 45,7  value (S8) = 46.3
d 45.3
Control Stone: TestRun 1 a 52.0 Mean
b 49.0 recorded
Test Run 2 c 49.3  value (C) = 50.4
d 51.3

Corrected Polished Stone Value: S +49.0-C=

R

Approved Signature
JAMES FISHER TESTING SERVICES (IRELAND) LTD.

Tested in accordance with the above specifications
Subcontracted to a laboratory UKAS accredited in this testing

£oprait of
James Fisher and Sons plc £3574
i v GEN Fisher

GA ST 80727 10mm Aggs PSV.xls

M’James Ward, Operations Manager

Page 1 of 1
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Measured Texture Depth (MTD) on RHVP

Table 1

Core Location

(Field) Lane Wheel Path MTD
1 Northbound 3|Right Wheel Path 1.19
2 Northbound 3|Left Wheel Path 1.17
3 Southbound 1|Left Wheel Path 1.11
4 Northbound 2{Right Wheel Path 1.37
5 Northbound 2|Left Wheel Path 1.15
6 Northbound 2|Right Wheel Path 1.27
7 Southbound 1|Right Wheel Path 1.34
8 Northbound 2|Left Wheel Path 1.13
9 Southbound 1|Left Wheel Path 1.31
10 Northbound 1|Left Wheel Path 1.04
11 Southbound 1|Right Wheel Path 143
12 Northbound 1|Right Wheel Path 1.14
13 Southbound 2|Left Wheel Path 1.22
14 Southbound 2|Right Wheel Path 1.33
15 Northbound 1]|Left Wheel Path 1.08
16 Southbound 2|Right Wheel Path 1.29
17 Southbound 2|Right Wheel Path 1.21
18 Northbound 1|Right Wheel Path 1.13
19 Northbound 1|Left Wheel Path 1.97
20 Northbound 1|Right Wheel Path 1.12
21 Southbound 1|Left Wheel Path 1.57
22 Southbound 1|Right Wheel Path 1.32
23 Southbound 1|Left Wheel Path 1.29
24 Southbound 1|Right Wheel Path 1.20
25 Southbound 1|Left Wheel Path 1.98
26 Southbound 1|Right Wheel Path 1.47
27 Southbound 1|Left Wheel Path 1.26
28 Northbound 2|Right Wheel Path 0.57
29 Northbound 2|Left Wheel Path 0.91
30 Northbound 2|Right Wheel Path 1.04
Average 1.25
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Y GOLDER

December 17, 2018 Project No. 1791724

Mr. Gord McGuire, O.L.S., B.Sc.

Director, Engineering Services

Public Works Department, Engineering Services Division
City of Hamilton

77 James Street North, Suite 320

Hamilton, Ontario

L8R 2K3

EVALUATION OF PAVEMENT SURFACE AND AGGREGATES
RED HILL VALLEY PARKWAY, CITY OF HAMILTON

Dear Sir,

Golder Associates Ltd. (Golder) is pleased to present this letter report to the City of Hamilton (City) with the
results of the investigation of the condition of the existing pavement surface on the Red Hill Valley Parkway
(RHVP), located in the City of Hamiiton. Our work for this assignment was completed in accordance with Golder's
Proposal No. P1791724 to the City, dated November 23, 2017.

Field Investigation

Golder's work for this assignment commenced with carrying out a limited field investigation program which
comprised the following:

m Testing of the surface frictional properties using the British Pendulum Tester in accordance with Test Method
ASTM E303;

m Pavement texture measurements at the surface friction test locations, using a volumetric technique (Sand
Patch) in accordance with Test Method ASTM E965; and

m Coring of the surface course asphalt layers.

All the field investigations for this assignment were carried out at night on December 6/7, 2017. Golder retained a
qualified subcontractor to provide the required traffic control for the field investigations program. The friction and
texture measurements were made at 15 locations in each direction of the RHVP, with both tests (i.e. friction and
surface texture) being carried out at each location. A total of 30 of each test were performed. The testing was
performed by a member of Golder's engineering staff.

At each location that was tested for surface friction and texture, Golder also obtained a core of the surface course
asphalt layer. A 150 mm diameter core barrel was used to obtain the asphalt core by a Golder representative.
After the core was extracted at each location, the core hole was patched with Hot Mix Asphalt (HMA).

Golder Associates Ltd.
6925 Century Avenue, Suite #100 Mississauga, Ontario, L5N 7K2 Canada T: +1 905 567 4444 +1 905 567 6561

Golder and the G logo are trademarks of Golder Associates Corporation golder.com

HAMO00541 82_0061
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Mr. Gord McGuire, O.L.S., B.Sc. Project No. 1791724
Director, Engineering Services December 17, 2018
Laboratory Testing

The asphalt cores were brought to Golder's CCIL certified laboratory to Whitby, Ontario. The cores were broken
down and the aggregates from the surface course asphalt layers were extracted from each core. The extracted
aggregates were sent to James Fisher Testing Services in Ireland for testing of Polished Stone Value (PSV) in
accordance with European Test Method EN 1097-8: 2009. The laboratory performing the test was accredited for ;
this test by the United Kingdom Accreditation Service (UKAS). The PSV is not a standard test in Canada and thus ,
the sample was sent to Europe for testing. The Polished Stone Value of aggregate is intended to give a measure
of resistance to the polishing action of vehicle tires under conditions similar to those occurring on the surface of a

road.

Analysis and Interpretation

The detailed results of the field investigations and laboratory testing are attached to this letter report. A summary
of the test results was presented to the City in a meeting on March 9, 2018.

The corrected PSV of the tested aggregates was 45. This value is considered to be average/medium. As
discussed during the meeting, there is a concern that an aggregate with a PSV of 45 will not provide sufficient
long-term frictional characteristics if the surface course asphalt mix is subjected to hot-in place (HIR) recycling. At
the time HIR was one of the rehabilitation strategies being considered by the City for the RHVP. One of the
solutions to this particular concern with HIR could be the addition of a high percentage of a beneficiating mix
during the HIR process. The beneficiating mix in this case would have to incorporate aggregate(s) with high PSV
values to improve the average characteristics of the blend. Golder is currently evaluating the feasibility of carrying
out HIR of the SMA surface course HMA mix on the RHVP.

The average texture depth was 1.25 mm and it ranged from 0.57 mm to 1.98 mm. Overall, the texture of the
surface is generally considered to be good. A pavement with good macro-texture should have a texture depth of
about 1.0 mm. The British pendulum tester is a dynamic pendulum impact-type tester used to measure the energy
loss when a rubber slider edge is propelled over a test surface. The values measured, BPN = British pendulum i
(tester) number for flat surfaces, represents the frictional properties obtained with the apparatus at the time of the E"
test. The higher the BPN, the better the frictional properties of the test surface.

The average BPN value was 39 and the results ranged from 21 to 62. While the average can be considered as
good, the test results were very variable. The values below 30 would be considered as low. Six of the readings
were below 30, i.e. 20% of the locations tested. However, as stated during the meeting with the City, the BPN
testing was carried out while the temperature was below 0°C and there was a light snow fall; therefore, the BPN
numbers would not be considered to be reliable.

It was also brought to the City’s attention that:

1)  The traffic on the RHVP significantly exceeds the level it was designed for in terms of axial load and number
of vehicles. This accelerates pavement deterioration.

2) The monitoring station showed that the speed on the RHVP is being significantly exceeded and only
relatively low percentage of drivers follows the speed limit of 90 km/h. This increases the risk of skid
exponentially.

As discussed with the City, if there is a concern with frictional characteristics of the SMA surface course on the
RHVP, an immediate, effective solution would be to carry out shot blasting/skid abrading of areas of concern on

Y GOLDER ' 2
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the existing pavement surface. This treatment is quick and relatively low cost. It restores the skid resistance and
improves frictional characteristics immediately. However, it does not address pavement cracking or bumps and
dips in the pavement. Other solutions could be the application of microsurfacing; however, although this improves
frictional characteristics, seals the cracks and can correct minor dips in a pavement, it is significantly more
expensive than shot blasting. It also requires good weather conditions for successful application.

Closure

We trust that this report meets your present requirements. If you have any questions about this report or require
further clarification, please do not hesitate to contact the undersigned.

Yours truly,

Golder Associates Ltd.

DRAFT
Ludomir Uzarowski, Ph.D., P.Eng.
Principal, Senior Pavement and Materials Engineer

LUMLIM/TUrr

Attachments: Table 1 —~ Measured Texture Depth on RVHP
Table 2 ~ Average BPN Values
Laboratory Test Report for Determination of Polished Stone Value

htips:#/golderassociates.sharepoint.com/sites/22068g/deliverables/1791724 draft rpt evaluation of pvmt surface and aggregates on rhvp
december'2018.docx

3 GOLDER 3
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Measured Texture Depth (MTD) on RHVP

Table 1

Core Location

(Field) Lane Wheel Path MTD
1 Northbound 3|Right Wheel Path 1.19
2 Northbound 3{Left Wheel Path 1.17
3 Southbound 1{Left Wheel Path 1.11
4 Northbound 2]Right Wheel Path 1.37
5 Northbound 2|Left Wheel Path 1.15
6 Northbound 2|Right Wheel Path 1.27
7 Southbound 1|Right Wheel Path 1.34
8 Northbound 2|Left Wheel Path 1.13
9 Southbound 1]Left Wheel Path 1.31
10 Northbound 1]|Left Wheel Path 1.04
11 Southbound 1{Right Wheel Path 1.43
12 Northbound 1|Right Wheel Path 1.14
13 Southbound 2|Left Wheel Path 1.22
14 Southbound 2|Right Wheel Path 1.33
15 Northbound 1{Left Wheel Path 1.08
16 Southbound 2|Right Wheel Path 1.29
17 Southbound 2|Right Wheel Path 1.21
18 Northbound 1|Right Wheel Path 1.13
19 Northbound 1]Left Wheel Path 1.97
20 Northbound 1|Right Wheel Path 1.12
21 Southbound 1|Left Wheel Path 1.57
22 Southbound 1|Right Wheel Path 1.32
23 Southbound 1|Left Wheel Path 1.29
24 Southbound 1|Right Wheel Path 1.20
25 Southbound 1iLeft Wheel Path 1.98
26 Southbound 1{Right Wheel Path 1.47
27 Southbound 1liLeft Wheel Path 1.26
28 Northbound 2|Right Wheel Path 0.57
29 Northbound 2|Left Wheel Path 0.91
30 Northbound 2|Right Wheel Path 1.04

Average 1.25
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Table 2
Average BPN Values*
Core Location
(Field) Lane Wheel Path Average BPN*
1 Northbound 3 Right Wheel Path 43
2 Northbound 3 Left Wheel Path 47
3 Southbound 1 Left Wheel Path 62
4 Northbound 2 Right Wheel Path 26
5 Northbound 2 Left Wheel Path 21
6 Northbound 2 Right Wheel Path 23
7 Southbound 1 Right Wheel Path 38
8 Northbound 2 Left Wheel Path 22
9 Southbound 1 Left Wheel Path 43
10 Northbound 1 Left Wheel Path 45
11 Southbound 1 Right Wheel Path 29
12 Northbound 1 Right Wheel Path 49
13 Southbound 2 Left Wheel Path 36
14 Southbound 2 Right Wheel Path 30
15 Northbound 1 Left Wheel Path 46
16 Southbound 2 Right Wheel Path 35
17 Southbound 2 Right Wheel Path 47
18 Northbound 1 Right Wheel Path 37
19 Northbound 1 Left Wheel Path 33
20 Northbound 1 Right Wheel Path 44
21 Southbound 1 Left Wheel Path 26
22 Southbound 1 Right Wheel Path 41
23 Southbound 1 Left Wheel Path 54
24 Southbound 1 Right Wheel Path 51
25 Southbound 1 Left Wheel Path 50
26 Southbound 1 Right Wheel Path 41
27 Southbound 1 Left Wheel Path 46
28 Northbound 2 Right Wheel Path 35
29 Northbound 2 Left Wheel Path 49
30 Northbound 2 Right Wheel Path 33
Average 39.4
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* BPN testing was carried out at night on December 6/7 when the temperature
was below 0°C and there was light snow fall; therefore, the results are not reliable.
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James Fisher

Py A

DETERMINATION OF POLISHED STONE VALUE (PSV)

James Fisher Testing Services (Ireland) Ltd
Unit D, Zone 5
Clonminam Business Park
Portlaoise, Co. Laois
Tel.: (057) 86 64885

LABORATORY TEST REPORT

In accordance with BS EN 1097-8 : 2009

187

James Fisher
NSRRI I i

Project: Project 1791274, Canada Job No.: PL
Client: Golder Associates Lab Ref No.: ST 80727
6925 Century Avenue Date Received: 24/01/2018
Suite 100 Date Reported: 15/02/2018
Mississauga Material: 10mm Aggs
Order No: N/A Specification: Client
Originator: Amelia Jewison
Sample Details
Site Ref: | 10mm Aggs ] Sample Type: Bulk
Lab Reference No. ST 80727 Date of Sampling: Client Info.
Supplier: Client info. Sampled By: Client
In accordance with EN 933  Yes
Source: Client Info. Location: Asphalt Cores
Results
Control Stone Batch N/A
Recorded Polished Stone Value
Test Specimen: Test Run 1 a 48.3 Mean
b 46.0  recorded
Test Run 2 c 45,7  value (S} = 46.3
d 453
Control Stone: TestRun 1 a 52.0 Mean
b 49.0  recorded
Test Run 2 c 49.3  value (C)= 50.4
d 51.3

Corrected Polished Stone Value: $ +49.0 -C =

o2

Approved Sighature

Tested in accordance with the above specifications
Subcontracted to a laboratory UKAS accredited in this testing

JAMES FISHER TESTING SERVICES (IRELAND) LTD.

E/James Ward, Operations Manager

Page 1 of 1

Apart of

Maving Bervic

VWotieitle

GA ST 80727 10mm Aggs PSV.xls
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Edwards, Debbie

From: Edwards, Debbie

Sent: April 12, 2019 6:27 PM

To: Auty, Nicole

Subject: Confidential: Red Hill Valley Parkway Surface Quality Issues
Sensitivity: Confidential

The contents of this email transmission are privileged and confidential, intended ONLY for the recipients named above
and subject to lawyer and client privilege. This message may not be copied, reproduced or used in any manner without
the express written permission of the sender. If you have received this email and are not the intended recipient, please
destroy it and call 905-546-2424, ext. 2628, collect if long distance. Thank you.

Nicole, | found my miscellaneous physical file for this matter. There isn’t a lot but | was first contacted by Gord
McGuire on October 4", 2018. Ron and | first spoke with Gord together by phone on October 5. | do have a
handwritten note of a call with Gord McGuire on November 12" in which he told me what Gary Moore had said
to him about the report (i.e. that the report had been sent to Diana in Risk about 2 years previously; the report
looked at a UK standard; there is no standard in Ontario; report is a bit misleading since not binding. Gary
doesn’t recall receiving any response. John Mclennan is aware.)

I will have Anita flag in my file system that this miscellaneous file is going to you for future reference.
My electronic file can be found at:

N:AStaff\Edwards\Client Department Files\PW - Engineering Services\Red Hill Valley Parkway Issues\Road
Surface Quality

Please let me know if you need anything further. Debbie

Il

[5| Hamilton

City of Hamilton

Debbie Edwards
Deputy City Solicitor, Commercial, Development and Policy (CDP)

Legal Services and Risk
Management Division

City Hall

71 Main Street West

Hamilton, ON Canada L8P 4Y5
www.hamilton.ca

Legal Services and Risk Management Division, Corporate Services
City of Hamilton

Phone: 905.546.2424 ext. 2628

Fax: 905.546.4370

Physical Office: 50 Main St. East, 51" Floor, Hamilton, ON

Please note that | will be retiring from the City of Hamilton at the end of April 2019. My successor is Michael
Kyne who will commence as the new Deputy City Solicitor for the Commercial Development Policy (CDP)
Section of Legal and Risk Management Services as of Monday April 15, 2019. Michael may be reached at
michael.kyne@hamilton.ca or at 905-546-2424 ext. 4716.

HAMO0064308_0001
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From: Ferguson, David [David.Ferguson@hamilton.ca]
Sent: 10/2/2018 4:35:21 PM
To: Brian Malone [/O=Exchangelabs/ou=Exchange Administrative Group

(FYDIBOHF23SPDLT)/cn=Recipients/cn=67c055668f2542418a0037674b420253-Brian Malon]; Alireza Hadayeghi
[/O=ExchangelLabs/ou=Exchange Administrative Group
(FYDIBOHF23SPDLT)/cn=Recipients/cn=bb26c¢740617843db9%e2cch5218728308-Alireza Had]

CC: Olszewski, Chris [Chris.Olszewski@hamilton.ca]

Subject: FW: Red Hill Safety Assessment

Hi Gents, hope your both doing well.

Can you please provide me with a quote to undertake the work outlined below, please note the timelines
for completion. The RHVP is being paved next year, so Edward would like to include any works that might
come from this review into the Budget.

David

————— original Message-----

From: white, Martin

Sent: October 2, 2018 4:03 PM

To: Soldo, Edward <Edward.soldo@hamilton.ca>; Ferguson, David <David.Ferguson@hamilton.ca>
Cc: Boylan, shelley <Shelley.Boylan@hamilton.ca>

Subject: RE: Red Hill safety Assessment

Thanks Edward, Dave please execute asap. Thanks. Charge the RLC reserve for the Roster assignment

————— Original Message-----

From: Soldo, Edward

Sent: October 2, 2018 3:15 PM

To: Ferguson, David <David.Ferguson@hamilton.ca>; White, Martin <Martin.white@hamilton.ca>
Subject: RE: Red Hill safety Assessment

Sounds good.

Edward Soldo, P.Eng.
Director of Roads & Traffic
PubTic works Department
City of Hamilton

77 James St North., Suite 400., Hamilton, ON L8R 2K3
Phone: 905-546-2424 ext. 4622

Fax: 905-546-4473

Email: Edward.Soldo@hamilton.ca

————— Ooriginal Message-----

From: Ferguson, David

Sent: October 2, 2018 12:55 PM

To: Soldo, Edward <Edward.soldo@hamilton.ca>; White, Martin <Martin.white@hamilton.ca>
Subject: RE: Red Hill safety Assessment

Gentlemen,
Please review and provide any comments or suggestions,

Purpose: To investigate the current roadside design on the mainline of the Lincoln

Alexander and Red Hil1l valley Parkways as well as the on and off ramps for both
facilities. The consultant shall identify collision patterns and current roadside hazards on
the mainline and geometric design issues, signing review and roadside hazard review on all
ramps. The assignment includes the development of solutions to hazards identified in the
report. The purpose of the assignment is to identify hazards and provide corrective measures
to reduce collisions, injuries and fatalities.

Scope: To evaluate the current roadside design and conditions to ensure it provides a

clear, recoverable area where feasible, and where roadsides are not designed free
of fixed objects, crashworthy roadside safety hardware is used to reduce risk. This study
shall also review the current geometrics of the on and off ramps for both facilities and provide
recommendations for improvements.

CIM0019826
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The report shall consist of the following items:
An installation and maintenance checklist- create an installation and
maintenance spreadsheet related to construction, new installations, and maintenance of
the fac111ty based on identified issues.
Inventory- existing hardware on the roadside of both facilities, identifying
cond1t1on of existing safety devices, signs, etc. including areas w1th foliage.
* Crash monitoring-examine the reported collisions involving roadside facilities.
In-depth investigation-investigate high collision trend locations that resulted in
serious injury or a fatality and provide recommendations for collision counter
measures.

&

.

This study is to follow the industry standards for roadside safety as identified by AASHTO Roadside
Design Guide, TAC Geometric Design Guide and the MTO Roadside Safety Manual.

Timelines: This assignment is to be completed in 2 Phases
* Red Hi11 valley Parkway review to be completed by December 15, 2018
Lincoln Alexander Parkway review to be completed by August 15, 2019

*

David

————— Ooriginal Message-----

From: Soldo, Edward

Sent: September 28, 2018 1:51 PM

To: Wwhite, Martin <Martin.white@hamilton.ca>; Ferguson, David <David.Ferguson@hamilton.ca>
Subject: Red Hill safety Assessment

I would Tike to see the scope of work before we engage CIMA related to the roadside safety assessment as
per the manual and existing safety device review. This is time sensitive.

Thanks
Edward soldo, P.Eng.
Director of Roads and Traffic

City of Hamilton

sent from my iPhone

CIM0019826
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From: Soroush Salek [Soroush.salek@cima.ca]

Sent: 11/23/2018 5:30:47 PM

To: Ferguson, David [/O=GOVT/OU=EMAIL/cn=Recipients/cn=dferguso]

cC: White, Martin [/O=GOVT/OU=EMAIL/ch=Recipients/cn=mwhite]; Jacob, Susan

[/O=GOVT/OU=EMAIL/cn=Recipients/cn=SJacob]; Vala, Sarath [/O=GOVT/OU=EXCHANGE ADMINISTRATIVE GROUP
(FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=Vala, Sarathf65]; Alireza Hadayeghi [ali.hadayeghi@cima.ca]; Brian Malone
[Brian.Malone@cima.ca]; Giovani Bottesini [Giovani.Bottesini@cima.ca]

Subject: Hamilton RHVP & LINC Roadside Safety Reviews - Draft Report

Attachments: B001014_Hamilton_RHVP Roadside Safety Assessment_e01.pdf; BO01014_RHVP_Guide_Rails_e01.gdb.zip

Hello David,
Please find attached the draft report as well as the GIS file with the detailed recommendations for Hamilton RHVP
Roadside Safety Review.
The GIS file with the recommendations includes the following information:
- Existing_Guide_Rails (line features): contains locations of existing guide rails
- Guide_Rail_Recommendations (line features): contains locations of recommended guide rails
- B1014_GR_Rec (data table): contains details from guide rail inventory and recommendations. This should be
already joined with Existing_Guide_Rails layer so that when the attribute table is opened all details are
associated with the guide rail location. However, if this is not the case, both can be joined through the “ID” field
(NOT OBJECT_ID).
- Additional_Recommendations_Pts: contains locations of additional recommendations (e.g. fill ground around IP
concrete base, etc.)
- Additional_Recommendations_Lines: contains locations of additional recommendations (e.g. clear vegetation
on slope)

As discussed during the kick-off meeting, we tentatively scheduled the progress meeting for November 30 to review the
study findings and discuss the City’s comments on the draft report. Please let me know if you are still available on that
date or alternatively recommend new dates and times.

During the progress meeting, we would like to have your feedback on the following discussion items:

- Section 1.1: confirmation of which recommendations from the 2013 and 2015 studies were implemented
(Section 1.1).

- Section 3.1.1: CIMA+ could not determine the reason for the abrupt increase in collisions from 2013-2014 to
2015-2017. Both self-reported and other collisions have similar increase in 2015. Would the City have an
explanation?

- Section 4.2: CIMA" assumed sign installation unit cost as $250. If the City has a different cost, please provide
(note that it is expected to be lower than a stand-alone sign installation since it would be in conjunction with
guide rail installation).

- Section 4.2: Cost summary provided is for “ultimate” recommendations. City may want to confirm allocated
budget to select locations; or CIMA+ can rank all locations based on EPDO collisions.

- Section 5.1: In 2009 the ball bank thresholds increased to reflect improvements in vehicle technology. Using
those thresholds would result in higher advisory speeds for various ramps. While there is value in increasing the
advisory speeds to improve credibility from drivers perspective, many ramps have existing advisory speeds equal
to the compatible design speed. Considering this, it is advisable to maintain the current speeds (also for
consistency throughout the City and with the MTO connecting highways, if the new thresholds have not yet
been adopted)

- Section 9: Summary of Findings and Recommendations will be completed for the final version of the report.

Have a great weekend.

Best Regards,
Soroush.
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SOROUSH SALEK, Ph.D., P.Eng.
Associate partner / Project Manager / Traffic Engineering, Transportation

T 289-288-0287 ext. 6849 C 289 684-2594 F 289-288-0285
3027 Harvester Road, Suite 400 Burlington Ontario L7N 3G7 CANADA

o .
C I M/  \ BESTEMPLOYER

PLATIUM | CANADA | 2078

Do you really need to print this email? Let's protect the environment!

CONFIDENTIALITY WARNING This e-mail is confidential. If you are not the intended recipient, please notify the sender immediately
and delete it in its entirety.
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Roadside Safety Assessment

Red Hill Valley Parkway

Draft Report
November 2018

B001014

SUBMITTED BY CIMA CANADA INC.

400-3027 Harvester Road
Burlington, ON L7N 3G7

T: 289-288-0287 F:289-288-0285
cima.ca

CIM/E

CONTACT

Ali Hadayeghi
Ali.Hadayeghi@cima.ca
T: 289-288-0287, 6803
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