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Introduction

1.0 INTRODUCTION

The City of Moose Jaw (City) engaged Stantec Consulting Ltd. to re-evaluate their inventory of bridges,
subways, and dams, which is a continuation of the re-evaluation programs completed in 2000, 2005 and
2012. Our objective is to develop a management plan for the City’s structural assets over the next 20 years.

The City selected 21 of its structure for evaluation, which are presented in Table 1.1.

Table 1.1 — Inventory Summary

Structure ID | Structure Name Age Description

Bridges
001010 Main Street Northbound 0 Currently being replaced
001020 Main Street Southbound 51 3 Span — Length 27.2m, Area = 316.9m?
001030 Manitoba Expressway Westbound 53 8 Span — Length 74.5m, Area = 785.5m?2
001040 Manitoba Expressway Eastbound 53 8 Span — Length 74.5m, Area = 785.5m?
001050 Manitoba Street East 36 2 Span — Length 48.8m, Area = 474.3m?2
001060 Manitoba Street (300 Block) 83 4 Span — Length 60.8m, Area = 997.1m2
001070 Sioux Bridge 106 1 Span — Length 44.2m, Area = 234.3m?2
001080 Coteau Street East 105 3 Span — Length 29.3m, Area = 175.5m?
001090 Blackfoot Bridge 19 1 Span — Length 36.0m, Area = 297.0m?

(501 110 7t Avenue SW 64 5 Span — Length 40.1m, Area = 383.4m2\

001120 241 Avenue SW 48 1 Span — Length 11.7m, Area = 113.5m?
001130 9% Avenue SW Viaduct 38 9 Span — Length 322.0m, Area = 3905.9m?
001140 4t Avenue SW Viaduct 88 40 Span - Length 422.5m, Area = 5366.6m?2
001150 Corstorphine Bridge 15 1 Span — Length 18.3m, Area = 85.3m?
001160 Cree Bridge Unknown | 4 Span — Length 20.0m, Area = 102.0m?2

Subway
002000 Athabasca Street 98 CN — Avonlea — Mile 87.3
002200 Fairford Street East 95 CN — Avonlea — Mile 87.5
002400 2nd Avenue SE 106 CP —Indian Head — Mile 135.0
002500 8" Avenue SE 19 CP — Indian Head — Mile 134.3

1.1
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Condition and

Evaluation of Inventory

Table 2.5 — Load Capacities

Sthictire Original Original
D Structure Name Design Design Load Rating Status
Load GVW (kg)
001010 | Main Street Northbound CL-750 - Structure is being replaced.
001020 | Main Street Southbound HS 20 32,660 Completeq in 2018. Safe for all non-
permit vehicles.
Manitoba Expressway HS 20-44 32]660 Completed 2005. Safe for all non—permil
001030 .
Westbound vehicles.
Manitoba Expressway HS 20-44 32,660 Completed 2005. Safe for all non-permit
001040 : .
Eastbound vehicles.
3 Completed 2005. Safe for all non-permit
001050 | Manitoba Street East =0 SE,f . ’ P
vehicles.
' Completed 2002 Rehabilitation. Safe
001060 | Manitoba Street (300 Block) Sl 24,490 A . .
for all non-permit vehicles.
; o . Unknown - Completed 2007. Not safe for non-permit
GBTard | SlowxBridge vehicles. Currently posted for 10 tonnes.
20 tonne Completed 2008. Not safe for non-permit
001080 | Coteau Street East 2-axle vehicles. Currently posted for 4 tonnes.
vehicle
001090 | Blackfoot Bridge CS 400 40,770 Not completed.
— tnkrown = Completed in2007-—Not-safefor non-
007710 | 7' Avenue SW permit vehicles. Currently posted at
~—_— tonnes.
001120 | 24" Avenue SW Unknown - Not completed.
- Completed 2018. Safe for all non-permit
001130 | 9% Avenue SW Viaduct HS 20-44 32,660 . P
vehicles.
MS 200 - 36,700 Completed 2018. Not safe for non-
1989 permit vehicles. Currently posted for 10
Structure. tonnes.
001140 | 4t Avenue SW Viaduct Unknown
for 1930
and 1965
Structures
001150 | Corstorphine Bridge CL 625 63,710 Not completed.
001160 | Cree Bridge Unknown - Not completed.

216
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Inventory Evaluation and Analysis

3.0 INVENTORY EVALUATION AND ANALYSIS

The detailed visual inspections, deck testing, and structure evaluations discussed in Section 2.0 provided
the necessary information to develop management strategies for each structure, which is the first step in
generating a management plan for the City’s network of bridges over the next 20 years.

The data from the inspections, testing and structure evaluations was entered into the Bridge Management
System (BMS), which generated:

o Bridge Condition Ratings, known as the Bridge Condition Index (BCI);
e Sufficiency Index (Sl);

= Bridge Criticality and Urgency Ratings (BCU);

e Risk Proﬁlés for each structure; and

o Asset Valuation and Remaining Service Life for each structure.

The BMS uses the ratings, valuation information and risk profiles to compare available management
strategies and select the strategy that will optimize its service life while expending the lowest total cost.
The ratings and risk profiles are also used to prioritize the recommended work that needs to be completed.
Table 3.1 summarizes the bridge condition index, sufficiency index, and bridge criticality and urgency
ratings. ’

3.1 BRIDGE CONDITION INDEX

The Bridge Condition Index (BCI) is a single number assessment of a bridge’s condition based on the

bridge’s economic worth. The BCl is used as the primary indicator to determine a bridge’s structural quality
and make management decisions on the structure. These management decisions include; measurement
of the structure’s performance, resource and budget allocation, and management strategy selection. The
BClI can also be used to make objective comparisons with other bridges or networks of bridges in other
jurisdictions.

A structure’s BCI is a value between 0 and 100, which is calculated using a formula that includes the
economic value of the elements that make up the bridge. The premise of the Condition Index is that each
bridge element has an initial asset value when new, which will decrease as its condition deteriorates. An
element’s asset value can also increase if maintenance or rehabilitation is applied to restore the condition
of that element. The detailed visual inspections identified each element's condition at the time of the
inspection which was entered into the BMS. The BMS is used to calculate the asset values of each element,
which are used to formulate the condition index for the entire bridge. Ultimately the condition index for a
'bridge is the ratio of the current element value to the initial element value for all elements on the bridge.

The Bridge Condition Index of all structures in the inventory can be found in Table 3.1 on the following
page. The following scale can be used when reviewing the table:

3.1
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e Good >70 and highlighted green as a graphical representation;
e Fair 2 60 and <70 and highlighted yellow as a graphical representation; and

e Poor <60 and highlighted red as a graphical representation.

3.2 SUFFICIENCY INDEX

The Sufficiency Index (SI) is a single number assessment of the level of service a bridge provides on the
network of roads of which it serves. An Sl was generated for the bridges and subways in the City’s inventory
based on the appraisal evaluations discussed in Section 2.5. The following is a list of components that
were evaluated at each structure:

e Signage;

o Sidewalks;

e Approach and Bridge Guardrails; -

¢ Handrails;

¢ Deck Geometry (Width and Vertical Clearances);

e Vertical and Lateral Under Clearances for Subways;

e Load Capacity; and

e Hydraulic Capacity.
A rating was given to each component that was evaluated, which are used to calculate the Sl for the entire
structure. Individual component ratings are weighted based on its importance. For example, a structure’s
load capacity rating has a larger impact on the sufficiency index compared to the handrail rating. The BMS

uses the Sl in its analysis when comparing and selecting an appropriate management strategy for the
structure.

Sufficiency ratings are on a scale between 0 and 100, 100 indicates a structure with components that meet
all current codes and standards. Please note that Sufficiency ratings were not generated for the subways
and dams as they do not fit the criteria for the sufficiency index calculations. The following scale can be
used when reviewing the table 3.1:

e Good >70 and highlighted green as a graphical representation;

¢ Fair 2 60 and <70 and highlighted yellow as a graphical representation; and

e Poor <60 and highlighted red as a graphical representation.
3.3 BRIDGE CRITICALIITY AND URGENCY

Criticality and urgency is a relatively new rating, which is exclusive to Stantec’s BMS used on this project.
In addition to recording condition and performance ratings for each bridge element, the inspector is also -

3.2
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responsible for recording a Criticality and Urgency rating. The rating is on a scale of 1 to 10 and is shown
in the table below. Ratings between 1 and 5 indicate the element has no safety concern, while ratings 6 to
10 indicate the element has a safety concern.

Rating | Description

0 No Performance Deficiencies, Maintenance Needs or Recommended work

No Repairs, No Safety Concerns

No Repair in foreseeable future, No safety concerns

No Structural Repairs necessary at this time. No safety concerns

No Structural Repairs. No safety concerns

Minor Structural Repairs. No safety concerns

Minor Structural Repairs. Minor safety concern

Minor Structural Repairs. Moderate safety concern

Moderate Priority Structural Repairs. Moderate safety concern

O O N OO | |W]|IN| -

Moderate Priority Structural Repairs. Significant safety concern

-
o

High Priority Structural Repairs, Significant safety concern

Figure 3.1 — Bridge Criticality Rating

To supplement the table above, the inspectors have additional definitions that describe the element’s
strength and safety, which helps apply these ratings accurately and consistently.

Once each element has a criticality rating an overall criticality rating is calculated for the entire structure.
The calculation for the overall rating accounts for the importance each element has within the structure and
its behavior i.e.) redundant vs. non-redundant or ductile vs. brittle mode of failure. For example, the
criticality rating for very severe corrosion on a railing system post is treated differently than very severe
corrosion on the bottom chord of a through truss, which is deemed fracture critical and non-redundant. The
overall rating is heavily impacted because the result of a failure in a truss bottom chord is much more severe
than a failure of a railing system post.

These ratings provide another tool used to help select and prioritize management strategies for each
structure. It is also one of the components used to generate the risk profile, which is discussed in Section
3.6. A high BCU rating indicates the structure may require high priority repairs or more frequent inspections
to ensure public safety. The following scale can be used when reviewing the table:

e Good <30 and highlighted green as a graphical representation;
s Fair 2 30 and =40 and highlighted yellow as a graphical representation; and

¢ Poor >40 and highlighted red as a graphical representation.

3.3
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3.4  RISK PROFILE

The Risk Profile is a graphical representation of the City's inventory divided into 4 risk categories (Low,
Medium, Medium-High and High). High risk structures have a higher probability of occurrence and higher
consequences of unanticipated emergency repairs that would interrupt traffic. The Risk Profiles for the ,
City’s inventory can be found on the following pages. The first profile illustrates the number of structures
in each risk category. The second profile shows the deck area in each risk category.

The City's inventory appears average, with 2 structures in the high-risk category and 1 structure with
medium-high risk which from the BMS we can see are structures:

001140 — 4t Avenue Viaduct
B 001110 — 7™ Avenue S.W. Bridge *K
Medium-High Risk 001080 — Coteau Street Bridge

e 4™ Avenue Viaduct: This is expected due to the relatively high conseguences and traffic interruptions
correlative to the other structures. The deck in the northernmost span has a detail, which has been
classified as extremely critical and carries a significant amount of risk. This is due to lack of structural
redundancy and if neglected it is more likely further deterioration will require emergency repairs. This is
dism.J}cﬂn_greater—detaiLin Section 4.1.

~—

'/-// 7" Avenue S.W. Bridge: The high-risk category for the 7™ Avenue S.W. Bridge is expected due to the
\ extremely low load carrying capacity, low bridge condition index, and low sufficiency index.

e e i

e Coteau Street Bridge: The medium-high risk for the Coteau Bridge is expected due to its low load
- carrying capacities, low bridge condition index, and lack of redundancy with the structural elements.

It should be interpreted to mean that inspections, maintenance, and recommended repairs on these structures
be given a high priority. Some of the structures may require replacement or other corrective actions.
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Table 3.2 — Bridge Management Strategies

Stn:([:)ture Structure Name Bridge Management Strategy
Bridges
001010 Main Street Northbound Structure is being replaced.
001020 Main Street Southbound Proactive Rehabilitation
001030 Manitoba St. - Expressway WB | Proactive Rehabilitation
001040 Manitoba St. - Expressway EB | Proactive Rehabilitation
001050 Manitoba St. East Proactive Rehabilitation
001060 Manitoba St. (300 Block) Proactive Rehabilitation
: 3 Repair as required until structure receives Reactive
001070 Sioux Bridge Rehabiliation
001080 Coteau St. East Repair as regurred until structure is replaced or
Decommissioned
001090 | Blackfoot' Proactive Rehabilitation
001110 7th Ave. S.W. Repair as redui@,‘until structure is replacey
001120 24th Ave. S\W. Repair as required until structure is replaced
001130 Sth Ave. S.W. l;/quactive Rehabilitation and Preventative
aintenance
Repair as required until structure receives Reactive
001140 4th Ave. S.W. Rehabilitation
001150 Corstorphine Proactive Rehabilitation
Subways
: Repair as required until structure is replaced or
002600 Cree Bridge damatishad
002000 Athabasca Street Rgpalr as required until retaining walls, sidewalk, and
rail is replaced
002200 Fairford Street East Rgpaw as required until retaining walls, sidewalk, and
rail is replaced
Repair as required until retaining walls, sidewalk, and
002400 2nd Ave. S.E. rail is replaced
Preventative Maintenance and Proactive
002500 8th Ave. S.E. Rehabilitation
Dams
Replaced in 2013. Preventative Maintenance
003100 s Ave BE (CPR] Proactive Rehabilitation
- 003200 Gulf Proactive Rehabilitation

39
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