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Executive Summary

1 INTRODUCTION

Associated Engineering (Ont.) Ltd, (AE) was retained by the County of Prince Edward County (the County)
in July 2017, to provide consulting engineering services pertaining to County Road 49 Road Condition
Assessment and Rehabilitation Options. The purpose of this study is to assess the current condition of 17.3
kilometers of County Road 49 including drainage and roadside safety and provide rehabilitation or
replacement options complete with cost estimates along County Road 49 from County Road 6 to County
Road 15.

The following condition assessments were conducted to determine the overall condition of the road
environment:
· Road Condition Assessment using MTO Condition Assessment Criteria,
· Geotechnical Investigation;
· Intersection Geometry Assessment,
· Roadside Drainage Assessment, and
· Roadside Safety Assessment including condition assessment of existing guide rail systems.

There are six road rehabilitation options that were considered for County Road 49, which include:
· Option 1: Rubblize concrete pavement and replace with hot mix asphaltic (HMA) pavement
· Option 2: Rubblize concrete pavement and replace with Portland Cement Concrete (PCC)

pavement
· Option 3: Remove and haul away concrete pavement and replace with HMA pavement
· Option 4: Remove and haul away concrete pavement and replace with PCC pavement
· Option 5: Repair existing concrete and overlay PCC pavement
· Option 6: Repair existing concrete and overlay HMA pavement

2 RECOMMENDED ROAD REHABILITATION OPTION

The overall condition of the road was deemed to be poor and in need of replacement within the immediate
future. It is recommended that the rehabilitation method chosen be applied to the entire 17.3km of roadway.
When rehabilitation is being completed to County Road 49, it is recommended that improvements made to
roadside safety including repairing or upgrading existing guide rails and installing guide rails in areas
containing unprotected hazards. It is also recommended that culvert and drainage improvements be made.

A 30-year life cycle cost analysis was undertaken for the six options, considering the capital costs to
rehabilitate the existing road and anticipated maintenance costs over a 30-year period.

The estimation of probable capital costs (Class D +/- 30%) for the various options are as follows:
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Option 1: Rubblize concrete pavement and replace with hot mix asphaltic (HMA) pavement = $18.3 million
Option 2: Rubblize concrete pavement and replace with PCC pavement = $23.0 million
Option 3: Remove and haul away concrete pavement and replace with HMA pavement = $21.7 million
Option 4: Remove and haul away concrete pavement and replace with PCC pavement = $26.2 million
Option 5: Repair existing concrete and overlay PCC pavement = $47.2 million
Option 6: Repair existing concrete and overlay HMA pavement = $42.0 million

Option 1 has the lowest capital cost. However, Option 2, has the lowest net present value (NPV) for
discount rates in the range of 0% to 4% for the 30-year life cycle. At discount rates higher than this, Option
1 becomes the more cost-effective option over the 30-year life cycle. It is also noted that these NPVs are
based on a number of assumptions over the 30 years, and so neither Option 1 or 2 should be ruled out one
way or the other based on this analysis alone. Figure E-1 shows the net present value of the options over a
30-year life cycle period and over a range of combined discount rates.

Figure E-1: Sensitivity Analysis to Combined Discount Rate for 30 Year Life Cycle

The graph shows that when the combined discount rates increase beyond 8%, Option 1 will still have the
lowest net present value over the 30-year life cycle.

Given this, it is recommended that Option 1 and 2 be carried forward into the preliminary and detailed
design stage, for further evaluation.

Option 1 involves rubblizing the existing concrete pavement and levelling with a layer of HMA to serve as
the base for the rehabilitated road. A layer of Heavy Duty Binder Course (HDBC) HMA would then be
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overlaid on the base followed by the HMA road surface. The recommended pavement structure design and
associated layer thicknesses are as follows:

· 550 mm – existing granular material
· 225 mm – rubblized concrete
· 50 mm – HL3(HS) HMA
· 60 mm – HDBC HMA
· 40 mm – HL1 HMA

Option 2 involves rubblizing the existing concrete pavement and levelling with a layer of hot mix asphalt
(HMA) to serve as the base for the rehabilitated road. The road surface recommended by Englobe would be
composed of PCC (CSA Cat-2, 32 MPa, AE, 40 mm aggregate size). The pavement structure design and
associated layer thicknesses recommended by Englobe are as follows:

· 550 mm – existing granular material
· 225 mm – rubblized concrete
· 100 mm – Granular A crusher run limestone
· 200 mm – PCC
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3 CAPITAL COST SUMMARY

Tables E-1 and E-2 present high level estimated costs for the full project including road reconstruction,
roadside safety improvements and culvert rehabilitation for Options 1 and 2. Estimates are construction
costs with a contingency of 20%.

Table E-1: Full Estimated Construction Costs (Option 1)

Fees

Road Reconstruction $ 13,833,916

Roadside Safety Improvements $      300,000

Drainage Improvements $      200,000

Contingency (20%) $   2,635,032

Engineering Fees (10%) $   1,317,516

Total Fees $ 18,286,464

Table E-2: Full Estimated Construction Costs (Option 2)

Fees

Road Reconstruction $ 17,415,186

Roadside Safety Improvements $      300,000

Drainage Improvements $      200,000

Contingency (20%) $   3,326,954

Engineering Fees (10%) $   1,663,477

Total Fees $ 22,956,939
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1 Introduction
Associated Engineering (Ont.) Ltd, (AE) was retained by Prince Edward County (the County) in July 2017,
to provide consulting engineering services pertaining to County Road 49 Road Condition Assessment and
Rehabilitation Options.

1.1 STUDY BACKGROUND

County Road 49 was originally constructed in the 1950’s
by the Ontario Ministry of Transportation as a rigid
concrete cement two-lane roadway with gravel shoulders.
In 1998, County Road 49 was turned over to the County. It
has undergone numerous patch and spot repairs; and
although these measures have prolonged the life of the
road, County Road 49 can no longer be repaired by these
measures. The surface is littered with severe joint failures,
severe longitudinal and meandering cracking, severe
transverse cracking and severe polishing of surface. In
2013 and 2016 staff conducted a basic condition
evaluation and determined the road is at the end of its
useful life. The road is an arterial roadway that currently
services commercial traffic, facilitates municipality’s
tourism and hospitality sector and supports many County
resident’s everyday travels. County Road 49 has a posted
speed of 80 km/h and sees traffic in the range of 3,500 to
4,800 AADT with approximately 5% heavy truck traffic.

1.2 STUDY PURPOSE & METHODOLOGY

The purpose of this study is to assess the current
condition of 17.3 kilometers of Country Road 49 including
drainage and roadside safety and provide rehabilitation or
replacement options complete with cost estimates along
County Road 49 from County Road 6 to County Road 15.
Figure 1-1 shows the study area.

The following condition assessments were conducted to
determine the overall condition of the road environment:
· Road Condition Assessment using MTO Condition

Assessment Criteria,
· Geotechnical Investigation;
· Intersection Geometry Assessment,
· Roadside Drainage Assessment, and

Figure 1-1: Study Area
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· Roadside Safety Assessment including condition assessment of existing guide rail systems.

After determining the overall condition of the road, suitable rehabilitation or replacement options will be
generated and evaluated based on traffic impacts and costs. The best option will be carried forward into a
preliminary design, complete with estimated capital costs. The report generated as the overall deliverable of
this study will be the basis of the County’s application for funding from the provincial government.

In the future, the County will move forward with a detail design and construction of this road. Since this
study will only produce a conceptual design, a survey was not completed. When beginning the preliminary
and detailed design, a full survey should be completed to obtain an accurate inventory of all guide rail
systems, unprotected hazards, and culverts.
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2 Existing Condition Assessments

2.1 DATA INVENTORY AND GAP ANALYSIS

The County provided AE with the following background information to complete the analysis:
· County Road 49 As-Constructed drawings from Spencer Street to Folkard Lane (Contract 2008-

PW-008)
· County Road 49 As-Constructed drawings from at County Road 15 (Contract 2010-PW-002)
· County Road 49 Traffic Counts at three locations:

· 75m north of Folkard Lane;
· 500m north of County Road 6; and
· 350m south of County Road 15

· Traffic Survey at two intersections:
· County Road 49 and County Road 15; and
· County Road 49 and White Chapel Road

· GIS Shapefile containing 50cm contours for study area
· Orthographic Imagery of entire area
· 2013 Road Condition Assessment
· 2016 Road Condition Assessment
· Deficiency pictures

2.2 ROAD CONDITION ASSESSMENT

To assess the road condition along Country Road 49, AE following the Ministry of Transportation (MTO)
SP-026: Manual for Condition Rating of Rigid Pavements (Concrete Surface and Composite Distress
Manifestations), September 1995. Trained field staff conducted the road condition assessment in August
2017. To conduct the assessment, the road was broken into one (1) kilometer sections, starting from the
north.

The first part of the assessment involved driving the road at the posted speed to determine the ride
condition rating (RCR). This is a qualitative assessment to determine how smooth the ride is, with ratings
ranging from 1 (very poor condition, dangerous to drive at posted speed) to 10 (excellent condition, very
smooth and pleasant drive at posted speed). Figure A1 in Appendix A shows the RCR for each segment.
On the day of the assessment, the average RCR along the road was 4.

The second part of the assessment involved determining the distress manifestation index (DMI), which is a
measure of the pavement distresses based on the severity and density of various types of distresses. Field
staff looked at what types of distresses were present within each segment of road (defined in Table 2.1
below), how severe these distresses were (on a scale of 1 – very slight to 5 – very severe) and to what
extent (the frequency) these distresses covered the road segment (<10% - few, 10-20% - intermittent, 20-
50% - frequent, 50-80% - extensive, 80-100% - throughout).
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Table 2-1: Pavement Distress Types

Pavement
Distress

Definition

S
ur

fa
ce

D
ef

ec
ts

Ravelling &
Coarse Aggregate
Loss

Coarse aggregate particles have been removed from the pavement surface or
fine aggregate has been lost from the pavement surface matrix

Polishing Polished appearance of pavement surface due to glazing of coarse aggregate
particles in mix

Scaling Peeling away of the concrete surface

Potholing Bowl-shaped depressions or holes in the pavement surface, unrelated to
cracking or other surface defects.

Joint & Crack
Spalling

The breaking or chipping of the pavement at joints and cracks, usually
resulting in fragments with feathered edges or potholes.

S
ur

fa
ce

D
ef

or
m

at
io

ns

Faulting (stepping) Differential vertical displacement of abutting slabs at joints or cracks, creating
a “step” deformation in the pavement surface.

Distortion (sagging
& slab warping)

A longitudinal deviation of the pavement surface from its original profile.
Permanent slab distortion either bends downwards or upwards.

Jo
in

tD
ef

ic
ie

nc
ie

s

Joint Sealant Loss Transverse or longitudinal joint sealant is squeezed out or pulled out of the
joint.

Transverse Joint
Creep

One lane’s transverse joint moves ahead or behind the one in the adjacent
lane.

Longitudinal Joint
Separation

Separation of two adjacent lanes along the longitudinal joint.

Joint Failures
(blow-ups)

Excessive breakdown or localized upward movement of slab adjacent to joint.

C
ra

ck
in

g

Longitudinal &
Meandering

Cracks which follow a course approximately parallel to the centreline of the
pavement and are generally quite straight; or cracks which wander serpent-like
across the traffic lane.

Diagonal Corner &
Edge Crescent

Diagonal and corner cracks form a triangle between a longitudinal edge or joint
and a transverse joint or crack. Edge crescent cracks form an arc from the
edge of pavement, with the centre located at a transverse joint of crack.

“D” Closely spaced, fine, crescent-shaped cracks in the concrete surface, usually
parallel to a joint or major crack, and usually curving across slab corners.

Transverse Generally a single crack which follows a course approximately at right angles
to the pavement centreline. Usually a single crack.
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Some of the more prevalent distresses found on County Road 49 include: raveling and coarse aggregate
loss, polishing, joint and crack sealing, transverse joint creep, joint failures (blow ups), longitudinal and
meandering cracking, and transverse cracking. Figure 2-1 below shows various defects found on County
Road 49 during the road condition assessment.

Transverse Cracking, Joint & Crack Spalling,

Longitudinal Cracking, ‘D’ Cracking, Potholes, Concrete

Aggregate Loss, Scaling

Transverse & Meandering Cracking, Potholes, ‘D’

Cracking

Figure 2-1: County Road 49 Defects

To determine the DMI, weightings are assigned to each distress, and the following calculation is applied
based on MTO standards:

DMI = 10 x (196 – summation of W x (D+S))/196

Where W is the weighting of each distress, D is the density of each distress, and S is the severity of each
distress. DMI’s for County Road 49 ranged from 2.2 to 5.4, with the average being 3.64.

The RCR and DMI is used to calculate the pavement condition index (PCI), which is determined as follows
and based on MTO standards:

PCI = 35.5 + (7 x DMI) – (11 x exp ((10.37-RCR)/4.77)

PCI results range from 0 to 100, and the higher the PCI, the better the condition of the road. PCI’s ranged
from 0 to 45.5, with the average PCI being 19.5. The PCI for each segment can be found in Figure A2 of
Appendix A.

The complete Rigid Pavement Condition Evaluation Forms used by AE’s field staff for each road segment
can also be found Appendix A.
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The results of this road condition assessment are similar to the results found by the assessment completed
by County staff.

2.3 GEOTECHNICAL ASSESSMENT

A geotechnical investigation was conducted along the 17.3 km of County Road 49 in October 2017 by
Englobe Corporation (Englobe). The full geotechnical report is provided under a separate cover. A Ground
Penetrating Radar Investigation was also undertaken by Englobe and the results are provided in a report
under a separate over as well. A description of ground penetrating radar technology for pavement thickness
estimation is provided in Section 2.3.3.

2.3.1 Existing Pavement Structure

County Road 49 is a Portland Cement Concrete (PCC) paved road that runs in a north-south direction in
Prince Edward County, Ontario. The geotechnical investigation that was completed for County Road 49
included 36 boreholes. Results from the testing showed that there is a consistent concrete layer with a thick
granular base along the entire segment; however, in some areas there is shallow bedrock. Table 2-2 below
shows the existing pavement structure.

Table 2-2: Existing Pavement Structure

Layer
Average

Thickness/
Depth (mm)

Thickness
Range/ Depth

(mm)

F’c
(MPa)

Remarks

Reinforcement 105 60 – 140 NA cover

PCC 227 190 – 255 44 (33.6 – 52.3)

Granular Base/
Subbase

1218 385* – 1970 - * shallow bedrock

The existing pavement is composed of a granular base/subbase, followed by a surface layer of reinforced
Portland Cement Concrete (PCC). The average depth of reinforcement (measured from the road surface) is
105 mm, with measured depths ranging from 65 mm to 140 mm for the borehole samples collected. The
average thickness of PCC is 227 mm, with thicknesses ranging from 190 mm to 255 mm. The average
compressive strength for the existing PCC is 44 MPa, with samples ranging from 33.6 MPa to 52.3 MPa.
The granular base and subbase has an average thickness of 1218 mm, with thicknesses ranging from 385
mm (in locations comprised of shallow bedrock) to 1970 mm.

For the full results of the geotechnical investigation, see Englobe’s Geotechnical Investigation for County
Road 49 report, provided under a separate cover.
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2.3.2 Existing Pavement Conditions

The existing pavement condition was visually assessed by Englobe to evaluate options for road
reconstruction or rehabilitation. The pavement condition was rated from fair to poor and all joints were in
poor condition. There is a lane shoulder drop-off and a lack of crossfall. Both transverse cracking and
longitudinal cracking and subsequent repairs were seen throughout the entire length of the study area. This
indicates poor load transfer from slab to slab. Load transfer dowels were used in the construction of the
original road in 1968; however, they do not seem to be performing as required to keep the deflection in the
road to a minimum. Figure 2-2 below shows the typical road conditions including the longitudinal cracking
and subsequent repairs that are also failing.

Figure 2-2: Typical Road Conditions on County Road 49

Surface cracking was also observed in the form of Alkali Silica Reactivity (ASR). ASR is a swelling reaction
that occurs over time in concrete between the highly alkaline cement paste and the reactive non-crystalline
silica found in many common aggregates, if give sufficient moisture conditions. This swelling will cause
spalling in the concrete and will eventually lead to the concrete’s failure. Once this ASR cracking is
observed, it will continue to crack until the concrete fails. Figure 2-3 below provides an example of ASR
cracking on County Road 49.
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Figure 2-3: ASR Cracking on the Concrete Road Surface

It is recommended that whichever remedial action be taken, it be applied to the entire 17.3 km length of
County Road 49. The viable options for the proposed rehabilitation of the pavement structure will be
discussed in Section 3.

An in-depth analysis of the existing pavement condition is included in the Englobe Geotechnical
Investigation provided under a separate cover.

2.3.3 Ground Penetrating Radar (GPR) Investigation

Englobe was retained to conduct a Ground Penetrating Radar (GPR) survey with the intent of identifying
the thickness of the pavement structure along County Road 49 for the length of the project site. GPR
technology uses changes in radar frequency to determine pavement structure thicknesses. GPR data is
processed by identifying reflections caused by changes in the electrical properties of materials. The
reflections are digitized and converted into layer thickness using a digital software. The GPR data collected
was calibrated using the borehole data collected.

An in-depth analysis of the pavement structure in included in the Englobe Ground Penetrating Radar
Investigation Report provided under a separate cover.

2.4 ROAD AND INTERSECTION GEOMETRY ASSESSMENT

Currently, County Road 49 is a two-lane rigid concrete cement road with gravel shoulders. It is an arterial
roadway with a posted speed of 80 km/h. The current AADT is between 3,500 to 4,800 AADT with
approximately 5% heavy truck traffic. The shoulders are not paved and do not have consistent levels of
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gravel, which does not make it user friendly for non-motorized vehicles. The existing cross section of
County Road 49 is shown below in Figure 2-4.

Figure 2-4: Existing Cross Section of County Road 49

2.4.1 County Road 49 and County Road 15

County Road 15 is a two-lane hard-top rural road that approaches County Road 49 at approximately a 90-
degree angle. It is stop-controlled with a stop bar. Travelling along County Road 49 southbound, there is a
southbound right-turn lane for traffic turning onto westbound County Road 15. Travelling northbound on
County Road 49, a left-lane warrant was conducted (found in Appendix B) and found that movement
counts for the left-turn are too low to warrant a left-turn lane. Sight lines appear to be adequate. Traffic
counts were conducted at this intersection during the morning (7am-10am), midday (11am-1pm), and
afternoon peaks (3pm-6pm), which can be found in Appendix B. Figure 2-5 below provides a plan view of
the intersection.

Figure 2-5: Plan View of County Road 49 and County Road 15 Intersection
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2.4.2 County Road 49 and Fish Lake Road/Mount Carmel Road

Fish Lake Road and Mount Carmel Road are both two-lane hard-top rural roads that approach County
Road 49 at highly skewed angles. Fish Lake Road approaches County Road 49 at an angle of 64 degrees
and Mount Carmel Road approaches County Road 49 at an angle of 117 degrees. Intersection angles less
than 70° and greater than 110° are typically not desirable due to poor driver visibility, increased intersection
crossing distance, and driver tendency to take narrow turns. The two minor roads are also offset from each
other, which can be seen in Figure 2-6 below. Both are stop-controlled with a stop bar. There are no right-
or left-turn lanes along County Road 49 approaching this intersection. Although traffic volumes were not
collected at this intersection, based on the condition of the road and observations made during various site
visits, it is anticipated that turning volumes onto either Fish Lake Road or Mount Carmel Road are low, and
therefore a right- or left-turn lane is not warranted. At the intersection of Fish Lake Road and County Road
49, there is a gravel area that may have been intended as an area to pull off of County Road 49.

Travelling westbound on Mount Carmel Road

approaching County Road 49

Travelling eastbound on Fish Lake Road approaching

County Road 49
Figure 2-6: County Road 49 and Fish Lake Road/ Mount Carmel Road


















































































































































































































































































































































































































































