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Executive Summary

Team 10 has been contacted by the UBC SEEDS (Social Ecological Economic Development
Studies) Sustainability Program to develop a design for Phase 4 of the Wesbrook Mall Redesign
project. The Phase 4 design must address the failing road structure and improve the transportation
experience between Thunderbird Boulevard and W 16th Avenue. The following report summarizes

Team 10’s detailed design.

Team 10’s detailed design is estimated to cost $7.52 Million CAD and will take seven months to
complete from project start. Key features of the design consist of rebuilding the roadway,
introducing protected unidirectional cycle lanes on both sides of the road, adding a dedicated
northbound bus lane, and constructing a protected pedestrian overpass. The asphalt roadway will be
replaced by completing a full road rebuild that will provide a strong base and subbase underlying
the freshly paved road surface. To tie in with the existing infrastructure, unidirectional cycle tracks
will be installed on either side of the roadway. These cycle tracks will be raised above the roadway,
and placed between the on-street parking lanes and the sidewalk for additional protection from road
users. The dedicated northbound bus lane will begin on the north end of the pedestrian overpass,
located over the crosswalk between Gerald McGavin Rugby Centre and Panhellenic House, and tie
in with the bus lane at Thunderbird Boulevard. Additionally, the bus pullout bay adjacent to the
Doug Mitchell Thunderbird Sports Centre will be removed and filled in with new green
infrastructure, creating an in lane bus stop and reducing impermeable surface area. The pedestrian
overpass is a steel girder bridge with a timber and glass roof structure that preserves the natural

campus aesthetic while providing a safe means of crossing the Wesbrook corridor.

Team 10 is confident in this design and is excited to collaborate with the UBC SEEDS

Sustainability Program to ensure the optimal solution for this vital UBC corridor is delivered.
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1.0 Project Background

The Wesbrook Mall corridor is a quintessential component of the University of British Columbia
(UBC) roadway system, providing safe and reliable access for students, faculty, and staff to
commute to the UBC campus. The Wesbrook Mall Redesign project has been ongoing over recent
years to address a failing road structure and evolving transportation patterns and demands. The
Wesbrook Mall Redesign project is split into four primary phases. Phase 1 and 2, which have
previously been completed, focused on improving the transportation experience between Student
Union Boulevard and Thunderbird Boulevard. Phase 3, which is planned to start in spring of 2022,
intends to revise the north end of Wesbrook Mall from Student Union Boulevard to Chancellor
Boulevard. The detailed design of Phase 4 has been completed and addresses the congestion and
failing road structure between Thunderbird Boulevard and W 16th Avenue. In addition, the Phase 4
design alleviates issues related to cyclist and pedestrian safety while improving traffic flow along
the corridor. Team 10 is excited to collaborate with the UBC SEEDS Sustainability Program to

further discuss this design and ensure the optimal solution for this vital UBC corridor is delivered.

1.1 Site Overview

Team 10 completed a site visit and identified the following site specific issues and constraints. The
maximum available width or right of way (ROW) is approximately 35m. There are currently three
bus stops along the Wesbrook Mall corridor within the Phase 4 design area. There are two
southbound bus stops located at Doug Mitchell Thunderbird Sports Centre and at Hampton Place.
The one northbound bus stop is located at 2900 Block. The west sidewalk and a portion of the east
sidewalk are damaged due to nearby tree root growth and there are four distinct rows of trees along
the Wesbrook Mall corridor. The proposed location of the protected pedestrian crossing is above the

existing crosswalk between the Gerald McGavin Rugby Centre and Panhellenic House, which has
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minimal space and must be designed accordingly. The bus stop at the Doug Mitchell Thunderbird
Sports Centre, poor sidewalk conditions, and existing crosswalk at the proposed protected
pedestrian crossing location are shown in Figure 2 on page 6.

A BIM Revit model of the site was created to depict the existing conditions and be used as a base
to showcase the redesigned roadway and pedestrian overpass. The model was based off of the

provided Autocad file and is shown in Figure 1.

Figure 1: Model of existing site conditions
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1.2 Project Objectives
The overall objective of the design is to deliver the optimal solution for the Wesbrook Mall Phase 4
Redesign. A breakdown of the design objectives is provided in the following list.

e Tie in with Phase 2 at Thunderbird Boulevard and the roundabout at W 16th Avenue;

e Improve the safety and transportation experience for buses, cyclists, and pedestrians;
e Design a pedestrian overpass above the Wesbrook Mall crosswalk between the Gerald
McGavin Rugby Centre and the Panhellenic House;
e Incorporate protected cycle tracks and dedicated bus lanes;
e Ensure the design is cost effective and time efficient;
e Include green infrastructure to maximize rainwater retention capacity;
e Minimize removal of trees and on-street parking.
Team 10 consistently referenced the design criteria in Table 1 to ensure that the design met the

project constraints. Non-negotiable criteria were met using regulatory codes and standards while
negotiable criteria satisfaction was gauged through stakeholder consultation.

Table 1: Project design criteria

Non-Negotiable Criteria Negotiable Criteria
Tie in with existing infrastructure Cost
Safety of users Schedule

Rainwater retention capacity

Pedestrian overpass design

Geometric constraints

Tree and on-street parking removal

Construction start date

Design aesthetics

Regulatory constraints

Infrastructure upgrades

An upcoming project that impacts the above design considerations is the extension of the Broadway

Subway to UBC. This extension will have significant impacts on traffic volumes, as the use of
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certain transportation modes will either increase or decrease with the addition of a direct subway
line to campus. Team 10 considered this extension in our analyses, as the lifespan of the Phase 4
design extends to the year 2050 and the subway line is planned to be in place by the year 2030.
Table 2 summarizes each team member's contributions relevant to the development of this report.

Table 2: Team member contributions

Team Member Contributions

- Executive Summary
Member 1 - 4.1 Roadway
- 6.0 Cost Estimate

- 3.0 Project Criteria
Member 2 - 5.0 Schedule
- 6.0 Cost Estimate

- 1.1 Site Overview
Member 3 - 4.1.2 Software (Synchro analysis)
- Roadway drawings

- 3.0 Project Criteria

- 5.0 Schedule

- 6.0 Cost Estimate

- Asphalt pavement section of the general
notes and specifications page in
drawing set

Member 4

- 1.0 Introduction

- 2.0 Design Overview

- 4.2 Pedestrian Overpass

- 7.0 Conclusion

Member 5 - 8.0 References

- Reviewed, edited, and formatted report

- Detailed design of overpass

- General notes and specifications page
in drawing set

- 4.2 Pedestrian Overpass

- Detailed design of overpass

- Overpass drawings

- General notes and specifications page
in drawing set

- BIM Revit model

Member 6
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2.0 Design Overview

An overview of Team 10°s final detailed design is provided below.

Summary of roadway features:

Removal and replacement of failing road structure by completing a full road rebuild;
Removal of east side on street parking from the north end of the crosswalk between the
Gerald McGavin Rugby Centre and Panhellenic House to Thunderbird Boulevard to
accommodate a dedicated northbound bus lane starting on the north side of the pedestrian
overpass, located over the crosswalk mentioned above;

Protected unidirectional, elevated cycle tracks on both sides of the roadway;

Removal of damaged sidewalk sections and replacement with concrete panels utilizing crack
prevention construction techniques;

Removal of bus pullout bay outside the Doug Mitchell Thunderbird Sports Centre and
replacement with green infrastructure, creating an in lane bus stop and reducing
impermeable surface area;

Additional vegetation planted along the median and buffers between the parking and cycle

lanes to increase rainwater retention.

Summary of pedestrian overpass features:

Steel girder bridge with timber beams and glass roof structure that is stairway accessible;
Stairways with bicycle access ramps located at the Gerald McGavin Rugby Centre and
Panhellenic House;

Curved glulam beams supporting the glass roof structure are aesthetic architectural features;
Indigenous art incorporated in the stairways and crosswalk below the overpass;

Five tree removals to accommodate structural components.
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This design achieves the project objective of addressing the failing road structure and improving the
transportation experience along Wesbrook Mall. A full road rebuild addresses the failing road
structure by providing a strong base for the paved surface. Introducing protected unidirectional
cycle tracks, replacing damaged sidewalk sections, providing a dedicated northbound bus lane, and
constructing a pedestrian overpass improves the transportation experience.

There are two key updates from the preliminary design to the detailed design. After receiving client
feedback, the road replacement technique has changed from mill and fill to a full road rebuild.
Additionally, due to right of way constraints, the start of the northbound bus lane has been moved

from 2900 Block to the north side of the pedestrian overpass.

3.0 Project Criteria
Team 10 used the criteria and policies listed in the following sections to ensure that non-negotiable
constraints were met. Additionally, the criteria aided in prioritizing negotiable constraints requested

by stakeholders.

3.1 Technical Issues
Upon reviewing the project criteria and requirements provided by the UBC SEEDS Sustainability
Program, Team 10 identified the following areas where technical issues may arise:
e Determining future traffic demands due to potential growth in the campus and/or in
surrounding areas (if applicable);
e Determining if traffic capacity meets the demand along Wesbrook Mall and at intersections
of Thunderbird Boulevard and W 16th Avenue;
e Determining changes in intersection lane configurations to address future traffic volumes

and if these changes can be accomodated;
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e Incorporating a cost effective and conflict free protected pedestrian overpass design for
vulnerable road users;

e Maintaining the local environment and the natural UBC campus aesthetic;

e Incorporating green infrastructure to maximize rainwater retention;

e Tying in to the existing infrastructure at Thunderbird Boulevard and W 16th Avenue;

e Maximizing parking retention and minimizing tree removal.

3.2 Economic Impact
Project costs have been minimized where applicable through achieving both negotiable and
non-negotiable constraints in a cost effective manner. This has been achieved through:

e A well defined scope that minimizes changes to the project budget;

e Contingency plans for delays in project development;

e A required record of predicted versus actual spending to control project costs;

e Strong understanding of non-negotiable criteria to minimize delays and added expenses;

e Development of risk assessments to prepare for additional costs that may occur.

3.3 Societal Impact
It is a priority to minimize any social implications that project construction may have on students
and faculty. Additionally, Team 10’s design strives to maximize the positive societal impacts of the
completed project. These societal goals will be achieved during construction through:
e Undergoing construction in phases that minimize road closure and impedance on vehicles,
cyclists, and pedestrians;
e (Conducting disruptive tasks during non-peak university hours;

e Providing ample notice before required road closures.
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These societal goals will be achieved post construction through:
e Prioritizing a safe and accessible roadway that ties into the existing infrastructure at
Thunderbird Boulevard and W 16th Avenue;
e C(Creating a roadway and overpass that are resilient to harsh weather conditions and capable
of accommodating heavy use during peak hours;

e The inclusion of Indiginous artwork on the overpass and crosswalks.

3.4 Environmental Impact
Environmental stewardship is crucial to the successful completion of a project and Team 10 is
committed to minimizing the environmental impacts associated with this project through:
e Incorporating green infrastructure to maximize on site rainwater retention;
e Minimizing tree removal and adding additional vegetation (green infrastructure);
e Incorporating environmentally friendly construction practices such as minimizing tree and
green infrastructure removal and if tree removal is necessary then attempting tree relocation;

e Creating dedicated cycle and bus lanes to encourage sustainable modes of transportation.

3.5 Stakeholder Consultation and Community Engagement
Prior to construction, Team 10 will utilize the various consultation formats outlined in Table 3 to

acquire feedback that will be utilized to optimize the design.

2022-04-06 Team 10 - Final Design Report 12



Table 3: Stakeholder consultation and community engagement plan

Client website

Mall, Residents, First
Nations Groups

the website and attempt to
address any major concerns.

Consultation Relevant Outcome
Format Stakeholder(s) Feedback Usage Communication
Method(s)
Users of Wesbrook Compile the feedback from | Make updates to the

project information on
the website.

Public displays
(i.e. electronic
boards)

Users of Wesbrook
Mall, Residents

If there is feedback, it can
be used to minimize
disruption to the users and
residents.

The outcomes can be
relayed via updating
and adding/moving the
public displays.

Online and other
surveys

Users of Wesbrook
Mall, Residents, First
Nations Groups

The results of the surveys
will be compiled to analyze
the concerns of the
stakeholders and potentially
apply them to the design.

The outcomes can be
communicated by
sending newsletters or
emails to the survey
participants.

Public meetings

UBC, Translink, Users
of Wesbrook Mall,
Residents, First
Nations Groups

Relay the results of the
meeting to the client to
determine if any project
changes are necessary based
on stakeholder concerns.

The outcomes can be
communicated through
another set of public
meetings to effectively
address any comments.

Charrette

UBC, Translink

Make necessary
amendments to the design
based on the received
feedback in order to receive
approvals.

The outcomes can be
communicated through
online/in person
meetings and
presentations.

Focus groups

UBC, Translink, First
Nations Groups

Update the project to
address the concerns
brought up in the focus
groups to ensure the
stakeholders are satisfied
with the design.

Re-meet with the focus
groups to go through
updated design and
incorporate additional
changes if needed.

If concerns are brought up,

Send new

Advertisements LS advertisements, flyers
> | Users of Wesbrook address them to minimize » LYCIS,
flyers, posters, . . . posters, or letters with

Mall, Residents disruption to the local )

letters . updated project
residents. . g
information.
2022-04-06 Team 10 - Final Design Report
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3.6 Construction Planning
The construction planning and execution for this project will align with the following steps:
e C(reate the project via a Project Initiation Document (PID) that generally describes:

o Man-power: Number of workers needed (contractors and/or subcontractors);

o Resources: Outlining the necessary materials for the design and building plans;

o Budget: Budget accordingly to the cost estimate for the project.

e Come up with an initial plan using the S.M.A.R.T technique to set clear goals:

o Specific: Outline specific goals, milestones, and deadlines;

o Measurable: Collaborate with the team on how specific goals will be measured;

o Attainable: Ensure and outline how the team will achieve stated goals;

o Realistic: Create realistic goals and deadlines;

o Timely: Create a realistic and attainable schedule with room for potential delays.

e Begin executing the plan:

o Go over the construction plan as a group to ensure that each member knows their
expectations and to raise any concerns. This often provides insightful discussions
and effective problem solving.

e Track Progress:
o Gather information on key performance indicators (KPI’s) such as:
m Project objectives - are the outlined goals, budget, etc. still on track?
e i.c. Monthly budget reports.
m  Quality - Is the quality of work being completed up to standards?
e iec. Field Review Reports written and signed by a professional

engineer, Quality Control, etc.
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3.7 Regulatory Policies
Regulatory policies will ensure the project stays on schedule by providing a framework for
management and acquiring permits. Additionally, these policies have assisted with design decisions,
such as lane widths and road markings. The regulatory policies consist of those outlined in:

e The 2014 UBC Transportation Plan;

e MOTI’s manual of “Standard Traffic Signs & Pavement Markings”;

e B.C. Governments “Bridge Standards & Procedures Manual”;

e 2021 AASHTO Materials Standards;

e AASHTO’s Roadside Design Guide;

e UBC SEED’s Sustainability Plans.

4.0 Detailed Design

The detailed design of the roadway and pedestrian overpass are described in the following sections.

4.1 Roadway

The roadway design is summarized in the detailed design drawings in Appendix A. The roadway
design drawings detail the design of facilities and changes from existing conditions. A detailed
description of each facility and design decision is provided below. The minimum and design widths
for various lane types are shown in Table 4.

Table 4: Design lane widths

Lane Type Minimum Width Design Width
Travel Lane 3.0m 3.1m
Bus Lane 3.2m 3.3m (excluding gutter)
Cycle Track 1.5m 1.5m - 1.8m
Sidewalk 1.5m 1.8m
2022-04-06 Team 10 - Final Design Report 15



North and southbound unidirectional cycle tracks are included along the entire corridor. These
facilities are raised 200mm from the road surface, with a 400mm at-grade green vegetation strip
separating the cycle track from travel lanes. Where parking facilities exist, the cycle tracks will be
placed between the sidewalk and parking lane with a raised median to prevent incidents of door
openings on cyclists. Where cycle tracks encounter intersections or driveways, there will be
letdowns marked with green paint to facilitate vehicle access. A key component of the cycle track is
the interaction near bus stops. When reiterating the preliminary design, the cycle track and bus stop
interaction was refined to create a more safe and consistent infrastructure system. As shown in
Figure 3, the cycle track continues straight between the sidewalk and roadway, with an allowed area
for pedestrians to cross and dismount from buses. In total, there will be 675m of unidirectional

cycle track per side of the roadway. A model of the cycle track is shown in Figure 4.

Figure 3: Cycle track and bus stop interaction
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Figure 4: Unidirectional cycle track
Through traffic modeling software, Team 10 determined the necessity of a dedicated northbound
bus lane starting at the north end of the crosswalk between the Gerald McGavin Rugby Centre and
Panhellenic House. This lane will begin just north of the pedestrian overpass, located over the
crosswalk mentioned above, and continue until Thunderbird Boulevard, where it will tie into
existing facilities. Additionally, the design includes the removal of the bus pullout bay outside Doug
Mitchell Thunderbird Sports Centre, creating an in lane bus stop. This area will be replaced with
green infrastructure, which will reduce impermeable surface area and create additional room for the

sidewalk and cycle track.

Upon site inspection, Team 10 identified that 650m of sidewalk is damaged and needs to be
replaced with new 1.8m wide concrete panels. On the west side of the road, 500m of the existing
asphalt sidewalk from the Gerald McGavin Rugby Centre to W 16th Avenue will be replaced. On
the east side of the road, 150m of existing asphalt sidewalk from W 16th Avenue and traveling

north will be replaced.
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The failing road structure will be removed and replaced by completing a full road rebuild. After
consulting the Master Municipal Construction Document (MMCD), Team 10’s design includes the
full road rebuild that is shown in Figure 5. It is important to note that if unknown utilities are
encountered that some utility relocation may be required, which is why the road rebuild diagram
includes a typical pipe/utility to depict the necessary requirements. The existing paved road surface
and the soil beneath it will be removed in order to construct the new road structure to meet the

specifications shown in Figure 5.

Figure 5: Full road rebuild diagram
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4.1.1 Justification
Team 10’s design decisions are heavily influenced by several factors: connectivity with surrounding
facilities, safety, promoting multi-modal travel, and ease-of-use. The detailed justifications for

design specifics are described below.

The unidirectional cycle tracks ensure that conflict points between cyclists and other road users are
minimized by elevating the cycle track, separating the track from the roadway with on-street
parking whenever possible, providing a green median buffer, and the exclusion of intersection
crossovers. These strategies will ensure cyclists are able to utilize these facilities in the safest and

easiest way possible.

Inclusion of the northbound bus lane was supported by the traffic analysis software results
summarized in section 4.1.2. Additionally, Team 10 implemented the dedicated bus lane to further
encourage the use of sustainable transport on the UBC campus. The analysis determined that the
intersection at Thunderbird Boulevard and Wesbrook Mall is Class B, which indicates a high level
of service. However, to design for future demands and further promote transit use, Team 10 decided
to implement a northbound bus lane, starting at the north end of the pedestrian overpass, located
above the crosswalk between the Gerald McGavin Rugby Centre and Panhellenic House. The
Synchro analysis determined the longest queue was 56m, thus Team 10 ensured the bus lane began
at least 60m back. With limited road width along the corridor and below the pedestrian overpass,
the bus lane was prioritized north of the overpass to maximize positive benefits to travel time and

use of a dedicated lane.

The decision to remove the bus pullout bay and create an in lane bus stop adjacent to the Doug

Mitchell Thunderbird Sports Centre was influenced by Translink BC’s Bus Infrastructure Design
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Guidelines (BIDG). In this design manual, it is highly recommended to not include bus pullout

bays, as they require buses to remegre. This merging creates conflict zones with other road users.

During site inspections, damaged sidewalk facilities on both sides of the roadway were identified as
dangerous for pedestrian users. These facilities contained large cracks and uprooting which pose a
serious tripping hazard for users. Thus, the design includes the full replacement of the damaged
asphalt sidewalk. These damaged facilities will be replaced with durable concrete panels that
include a metal mesh, which acts to distribute loads from growing roots and resist damage. An

overview of the new sidewalks with crack prevention techniques is shown in Figure 6.

Figure 6: Sidewalk with crack prevention

A full road rebuild of the entire roadway within the Phase 4 area will be completed. While a more
costly measure, the full road rebuild increases the road durability and service life as well as reduces

maintenance requirements.
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4.1.2 Software

Synchro was used to analyze the current conditions of the signalized intersection within the design
area at Wesbrook Mall and Thunderbird Boulevard. To complete this analysis, traffic volumes and
signal timings provided by the client were used. The results are summarized in Table 5 below and
full reports can be found in Appendix E. The intersection received a level of service (LOS) B for
the morning (AM) and midday (MD) peak while the afternoon (PM) peak was LOS C. According
to the Canadian Capacity Guide for Signalized Intersections, LOS B has slight delays and LOS C
has acceptable delays while both have stable flow. Thus, the Thunderbird Boulevard intersection is
currently running at an acceptable level and has space for future increases in traffic. The Wesbrook
Mall Phase 4 redesign does not need to improve traffic flow and should focus on increasing the
multimodal functionality of Wesbrook Mall, making sure to prioritize safety for all users. This will

assist in promoting pedestrian, cyclist, and transit travel.

Table 5: Synchro analysis summarized results

AM Peak MD Peak PM Peak
Intersection LOSB LOSB LOSC
Eastbound LOS B LOS B LOS B
Westbound LOSC LOSB LOSB
Northbound LOSB LOSB LOSC
Southbound LOS B LOS B LOSC

The largest 95th percentile northbound queue length was 56.4m. This led to the decision to begin

the bus lane at least 60m south of Thunderbird Boulevard.
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4.2 Pedestrian Overpass

The protected pedestrian crossing is a steel girder bridge with a timber and glass roof structure that
is accessible via stairways equipped with bike ramps. The design will provide a safe means for
pedestrians and cyclists to cross the roadway, without conflict points with road users. The bridge
will span 32m above the crosswalk between the Gerald McGavin Rugby Centre and the Panhellenic
House. Both access points will be located south of the span on either end. This will require the
temporary relocation of two trees, which are highlighted in orange in Figure 7, and the permanent
relocation of three trees, which are highlighted in yellow in Figure 7. This will also require the
removal of 19m of west and 16m of east on-street parking, which is highlighted green in Figure 7.

The detailed design drawings of the overpass are provided in Appendix A.

Figure 7: Pedestrian overpass tree and on street parking removal
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4.2.1 Architectural Features

The pedestrian overpass is a steel girder bridge with a curved glulam beam and glass roof structure
that is the focal point of the bridge's architectural features. The curved glulam beams are 270mm x
380mm and are supported by 270mm x 270mm glulam columns. The roof structure also has
200mm x 200mm diagonal bracing and 270mm x 380mm lateral bracing. All of the timber elements
are Douglas Fir Larch 20f-E and are pressure treated with Aluminum Copper Quaternary. The glass
roof is made of 6mm thick SGP laminated glass that follows the beam curves to create an
innovative and beautiful roof structure. These architectural features are displayed in the model

shown in Figure 8 and Figure 9.

Figure 8: Pedestrian overpass looking northbound
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Figure 9: Pedestrian overpass looking southbound

4.2.2 Structural Overview

The overpass structure consists of steel members supported by reinforced concrete footings. There
are ten steel columns along the span of the overpass and ten isolated concrete footings complete
with steel base plates. There are five beams that span the five sets of columns and support the two
girders that span the entire length of the overpass. All structural steel is grade 350W. The concrete
deck atop of the girders forms a composite beam with a supporting steel deck, which was not
considered in preliminary calculations to achieve more conservative section sizes. The deck consists
of 30MPa concrete while the footings consist of 25MPa concrete and grade 400W reinforcing steel.

The section sizes of the structural elements are summarized in Table 6.
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Table 6: Overpass structural element overview

Overpass Member Section
Girder W840x176
Beam W360x79
Column HSS254x254x7.9
Isolated Footing 2m x2mx 0.7m

4.2.3 Justification

Team 10 prioritized the architectural design of the pedestrian overpass to ensure the design
maintained the existing UBC natural aesthetic. This was achieved by combining a variety of
materials including steel, timber, concrete, and glass to create an aesthetically pleasing structure.
Effort was put into keeping the structural elements as small as possible to minimize the obstruction
of views of the surrounding landscape. The incorporation of the curved glulam beams and glass
roof structure was an architectural design decision to ensure that the overpass would be another
innovative and beautiful structure on the UBC campus.

The sections of the members discussed in section 4.2.1 and 4.2.2 were determined through a
detailed structural analysis. This analysis consisted of using a structural analysis software called
S-FRAME to determine the bending, shear, axial, and deflection demands of the different members.
The demands were then compared to the capacities of the selected sections and if any of the
sections failed (i.e. demand > capacity) they were updated to a larger section. The governing
demand was the deflection in the girders, which was expected given the large span. The final
demand and capacity comparisons for the steel members and timber members are summarized in

Table 7 and Table 8 respectively.
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Table 7: Demand versus capacity of steel members in overpass

Girder (W840x176) | Beam (W360x79) (Hssgsojl;gfls?m 9)
Mr > Mf Mr > Mf Mr > Mf
*
BARDLTG T (LN, 3.388.1 > 983.5 450> 1.2 170.0 > 90.9
Vr>Vf Vr>Vf Vr>Vf
sl (L) 2.180.0 > 315.5 620.0 > 568.3 782.4> 233
. Cr>Cf
Al (L)) - - 1,380.0 > 568.3
A > A A > A A > A
Deflection (mm) limit limit limit
53.9>423 9.7>4.0 11.0> 4.0
Beam - Column - - 0.68<1.0

Table 8: Demand versus capacity of timber members in overpass

Curved Glulam Beam Glulam Column
(270mm x 380mm) (270mm x 270mm)
Moment (kN*m) lg/;r 8>>N{f;2 -
Shear (kN) 2047 - 69,5 -
Axial (kN) ] 871;; >P§.o

The foundation design consists of isolated concrete footings with steel base plates located beneath
each of the columns. The plan dimensions of the footing are solely based on the allowable bearing
stress of a dense to very dense sand as the provided geotechnical report states that the top Sm of soil
consists of a dense to very dense sand. Using a typical allowable bearing stress of 150kPa and the
worst case axial force in the columns, the plan dimensions of the footings were determined. The
footing depth was determined by assigning an initial guess depth and then checking one-way shear

and two-way shear. If either of the one-way or two-way shear resistances were less than the shear
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demand provided by the largest column axial load, the footing depth was changed and rechecked
until it was sufficient. The reinforcing steel was determined by setting the flexural capacity of the
footing equal to the flexural demand provided by the largest column axial load and solving for the
minimum required area of steel. The final demand and capacity comparisons for the footings are
summarized in Table 9. The complete structural analysis calculations are provided in Appendix B.

Table 9: Demand versus capacity of concrete footings

Bearing Stress (m) | One-Way Shear (kN) [ Two-Way Shear (MPa) | Flexure (mm”2)

Width > Min. Width Vr > VI Vr > Vf Area > Min. Area
2>1.8 737.1>94.6 1.2>0.2 1,500 > 545.4

4.2.4 Software

The structural analysis software S-FRAME was used to determine the section sizes of the steel
overpass members. First, the overpass was modeled and initial guess sections were assigned. Note
that the overpass model was done conservatively by only considering three sets of columns instead
of the actual five sets. This results in increased spans and therefore is conservative for the design.
Then the ultimate limit state (ULS) load combinations of 1.4D and 1.25D + 1.5L as well as the
serviceability limit state (SLS) load combination of 1.0D + 1.0L were applied to the model. D
represents the dead load, which is equal to the structure's self weight and L represents the live load,
which is equal to the pedestrian loading. The structure’s self weight was determined by utilizing the
self weight option in S-FRAME and by hand calculating the self weight of the deck, railing, and
roof structure that were not part of the model. The hand calculation is provided in Appendix C.
Once the loads were applied, the model was run using a static analysis and the resulting bending,
shear, axial, and deflection demands were analyzed. As previously discussed in section 4.2.3, these

demands were compared to the capacities of the chosen sections and if any of the members failed

2022-04-06 Team 10 - Final Design Report 27



they were updated to a larger section. The model was run again with the updated sections and this
process was repeated until the optimal sections sizes were determined. The S-FRAME model is

shown in Figure 10.

Section Properties

] 1 - Was0xT3

-2 - HE254%254X &

|:| 3 - WE4DITE <

Figure 10: S-FRAME model

5.0 Schedule

Construction will start on the day the site is available, which is May 1, 2022. Prior to this
construction start date, Team 10 will begin the bidding process on January 15, 2022 and award the
project contract to the most qualified candidate on January 30, 2022. After meeting with the
contractor and client, Team 10 will look to obtain all the required development permits and
necessary materials for the construction start date. Refined from the preliminary design, activities
now include allotment for traffic design plans, permits, and implementation. This refinement has
extended the project schedule and the project itself is now anticipated to be complete by August 16,
2022. However, maintenance will be required on an as needed basis throughout the project life.
Ongoing maintenance will include replacing damaged concrete sidewalk panels, sealing cracks in

the roadway, and conducting structural inspections of the overpass.
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5.1 Construction Work Plan

Once the project contract has been awarded and permits are obtained, the first task to be initiated is
to acquire building materials. Obtaining building materials will be an ongoing task up until the start
of the overpass construction, at which point it’s assumed that all materials will be on site. As
materials are being delivered to site, about six days will be allocated to construction setup (fencing,
equipment mobilization, proper signage, etc.). Once the site is set up safely, a full road rebuild of
the northbound lane will commence. The southbound lane will operate as a temporary
multi-directional lane of traffic incorporating traffic control personnel where necessary. After
approximately eleven days, the northbound lane, its unidirectional cycle track, necessary signs, and
pavement markings will be installed. The northbound lane will then act as a temporary
multi-directional lane while the southbound full road rebuild is in progress. It is important that these
north and southbound lanes undergo their stages of construction separately to ensure that the other
lane can be utilized to maintain access to Wesbrook Mall. Next, the bus pullout bay outside of Doug
Mitchell Thunderbird Sports Center will be filled in while various tree removals and relocation take
place [approx. 11 days]. Lastly, construction of the overpass will commence [approx. 65 days] as
the last of the materials become readily available. During this time, landscaping will be done and
vegetation buffers for the medians and cycle lanes will be finalized [approx. seven days]. As stated
in section 5.0, the project is forecasted to be complete by August 16, 2022. The need for ongoing
maintenance will be monitored closely to ensure that the corridor can consistently provide safe and
reliable transportation.

5.2 Gantt Chart

The project schedule is summarized in the Gantt chart in Figure 11 below.
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Figure 11: Gantt chart
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6.0 Cost Estimate

A Class A cost estimate found that Team 10’s design will cost approximately $7.52 Million CAD.
Majority of the cost lies in the road upgrade, as it includes the cost for sidewalks, bicycle lanes,
relocating trees, and landscaping. This cost estimate has been updated from the preliminary design
and now accounts for escalation and contingency. Escalation will compensate for the large
uncertainties related to what lies beneath UBC’s roadways in terms of unknown infrastructure. Due
to this, excavating throughout UBC is often a much more involved process and this is compensated
for with escalation. Additionally, contingency has been added to recompense any form of delays
that may occur during the construction of this project. Refer to Table 10 for a breakdown of the

various components and Appendix D for the cost estimate calculations.
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Table 10: Cost estimate breakdown

Class & Cost Estimate

Mote: see Appendix D for Calculations and lustification
'ede St Y 55 Estitnated Cost (CAD)
GirderWad0x176) $ 7177
Calumns (HS5 354x254:65) $ 2589
File Cap Beams [W3al=73) 5 9568
Glulam Columns 5 23,738
Glulam Beams 5 23920
Glass Roof (PYE) 4 1,603
Wooden Railing 5 17,953
Concrete Stairs 5 5,920
Foundation 5 1,117
Concrete Deck Slab 5 13147
Total Overpass % 98,125
Remove/lnstall Concrete Panels % 438,000
Full Road Repair 5 2544 210
Bioycle Lane % 675,000
Wegetation Buffer % 32,250
Median Retrofit 5 2,600
Bus Pad Fill in 3 3,010
Curb and Gutter % 112,000
Tree Rermoval 5 12500
Signage 5 4 000
Paverment Lines 5 1,317
Pavernent Symbols 5 19173
Total Road $ 3,851,060
Labour 5 790,954
Praoject Management 5 433,770
Architecture 5 442780
Engineering 5 843261
Precaonstructi on/Permits % 75,000
Municipal Canhection Fees % 100,000
Traffic Cantral Personnel 5 13,435
Escalation 5 253,949
Contingenoy 5 284413
AT % 323,856
Total Other $ 3,57L431
Total Project Cost % 1,520,616
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7.0 Conclusion

Team 10’s detailed design addresses the failing road structure and evolving transportation patterns
and demands along the Wesbrook Mall corridor. The design consists of completing a full road
rebuild, introducing protected unidirectional cycle tracks on both sides of the road, adding a
dedicated northbound bus lane, replacing damaged sections of sidewalk, and constructing a
protected pedestrian overpass. The design is estimated to cost $7.52 Million CAD and will take
seven months to complete from the start of the project. Team 10 is confident in this design and is
excited to collaborate with the UBC SEEDS Sustainability Program to further discuss the design

and ensure the optimal solution for this vital UBC corridor is delivered.
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® Celwlate  Mp ® Calialuie Mo
Koz @Fb < Kag Kx Mro- @FL S Ke Kx

2 O QXIB4LMPa x 6YlB000nw? x 087X [ O =

O- A% (8-qs21pax 6418 00 omm'* Lo ylo

Mr, = [l 6-49FKan Mro . 101 B HAM

@ D@'Farmme Mr

Mr:. min [,[((,.‘i,q?”'lr't, 157.9 'MM] = /09-6/(4/4

® ChcckiA3 aqumt M€ 7 Checkl gl

; : ' lacgenthat e montat demand e Corvatn of fle
% Mﬂ Ll MK I:I Beqm Shovtdad aflecf the c«.P«u.’#n Ss muh
! : E v cen h, / ”m a
i 2 (4 Tl | cendsr #o- Benn  suffiiot in B dng

STEP 4 SHEAR RESISTANCE ofF LLULAM [ cLavse 7.5.7.37)

- Recall: Volue of Beam = 2.4%(u’

Since, Members [Beoms 15 more_than 2-0m3 in volume W = ijvCo-ue)CAg)CCV)-Z'mB
® C“[Lu.lu('& QU\
J

93-’ bxd= 2720mm #3800~ = 026000ma’
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@ Calwlate B

- Recall, fvz2-0Mpa (TABLE 7.2) LK sve2-83 (lergTudinal shes.)

- Fv= e (p K Key K1)
Fv= 2.0 MPa (lox loxo8txaD) = |.S(fupa

B Calewite Cy

Cuz 3.64 (T4BLE 7-8 Clae 7-574)

@ C‘tlca, late Wi

~0.19
Wr= 0-9x 1-S66mpex 0-48 x 1026 50ma"x 2.69 X 32U\

® Ckz,ol’(ia:) W einst Wi 7&
o WWf: 64. FOUN (st b both Peams o incloded)

@ Wr= 259.32340

= 204. F23kN
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Project: Wesbrook Mall Redesign - Phase 4 (Pedestrian Overpass Load)

Group: 10

Designed By:

Subject: CIVL 445 & CIVL 446 - Civil Engineering Design Project | & Il

Date: 2021-11-23 (Updated: 2022-03-31)

Checked By:

References

Bridge Standards and Procedures Manual - Volume 1 - Section 3 - Loads

CSA $6:19, Canadian Highway Bridge Design Code

GIB - LD 08-0909 - Weight of Laminated Architectural Glass

Assumptions

Load from roof is distributed to columns supporting roof

Load from columns supporting roof are transferred to girders

Load from deck and railing is distributed along girders

*NOTE: Yellow Highlighted cells are actually 0 but are inputted
as 1in order to use a consistent load calculation formula

*NOTE: 10% Extra is to account for connections, bolts, etc.

Item Loading
Creosote treated sawn timber and glulam, >114 mm 6.6 kN/mA3
Architectural Flat Glass - 6.0 mm thickness 14.6 kg/m"2
Architectural Flat Glass - 6.0 mm thickness 0.1 kN/mA2
Steel 77.0 kN/mA3
Reinfocred concrete 24.0 kN/mA3
. . Load per Iltem | Required No. | Total Load
Glulam Beam & Glass Roof Structure Length (m) X Width (m) X Height (m) (kN/mn3) of Items (kN)
Glulam Beam 33.83 X 0.27 X 0.38 6.6 2 46.47
Glass Roof 33.83 X 3.5 X 1 0.1 1 16.96
Subtotal 63.43
10% Extra 6.34
Total 69.78
. . Load per Iltem | Required No. | Total Load
Glulam Columns Supporting Roof Length (m) X Width (m) X Volume (m”3) (kN/mn3) of Items (kN)
Glulam Column 1 - X - X 0.18 6.6 2 2.39
Glulam Column 2 - X - X 0.20 6.6 2 2.68
Glulam Column 3 - X - X 0.22 6.6 2 2.88
Glulam Column 4 - X - X 0.23 6.6 2 3.05
Glulam Column 5 - X - X 0.24 6.6 2 3.13
Glulam Column 6 - X - X 0.23 6.6 2 3.02
Glulam Column 7 - X - X 0.21 6.6 2 2.75
Glulam Column 8 - X - X 0.19 6.6 2 2.47
Glulam Column 9 - X - X 0.18 6.6 2 2.35
Glulam Column 10 - X - X 0.18 6.6 2 2.39
Glulam Column 11 - X - X 0.19 6.6 2 2.55
Glulam Column 12 - X - X 0.21 6.6 2 2.73
Glulam Column 13 - X - X 0.22 6.6 2 2.93
Glulam Column 14 - X - X 0.24 6.6 2 3.22
Subtotal 38.53
10% Extra 3.85
Total 42.38
- N . Load per Item Required No. | Total Load
Concrete Deck and Railing Length (m) X Width (m) X Height (m) (kN/mn3) of Items (kN)
Concrete Deck 32 X 3.81 X 0.2 24.0 1 584.57
Top Rail 32 X 0.05 X 0.07 77.0 2 16.56
Bottom Rails 32 X 1 X 1.26E-05 77.0 8 0.25
Area (m~2) P Subtotal 601.38
10% Extra 60.14
Total 661.51
Total Load on Girders 773.67 kN
Distributed Load on Girders 24.18 kN/m
Distributed Load per Girder 12.09 kN/m
Total Load on Columns
(conservative since both beams are 69.78 kN
included)
Total Distributed Load on 2.06 KN/m
Columns
Max Column Tributary
Width 2.55 m
Max Load on Column 5.26 kN
Max Self Weight of Column 1.77 kN
Max Load at Column Base, Pf| 7.03 kN
Total Load on Columns, Wf
(conservative since both beams are 69.78 kN
included)
Total Distiributed Load on 2.06 KN/m
Glulam Beams
Distributed Load per Glulam 1.03 kN/m
Beam
Glulam Beam Moment, Mf
(conservative since simply 1.24 kN*m
supported over largest span)
Glulam Beam Shear, Vf
(conservative since simply 1.60 kN
supported over entire length)

kN
kN
kN

kN
kN
kN

kN
kN
kN
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Description Unit Cost [$SCAD] Units Quantity Total Cost [SCAD]
Cost by weight [WEd0: 176 0.64 Sike 11264 47,177
Cost by weight [H5% 354x 254 5] 054 Sike 406276 52 589
Cost by weeight (W Sa0:79) 0.64 sike 1501 056
Cost by Wolurme (Douglas Fir) 3426.88 foum 5.94 223,783
Pedestrian Overpass Cost by Wolume (Douglas Fir) 3426.88 afou.m 6,98 523,920
Cost by ArealGlass- PWE) 12.72 &/ sq.m 126 21,603
Cost perlength [Steel) 146 =/ 123 =17 958
Cost by Area(Concrete ) an sistep 74 25,920
Cost by Are alConcrete ) 85.53 &/ s0.m 13.06 51,117
Cost by ArealConcrete ) 85.53 &/80.m 30.98 52,649
Cost by Are alConcrete ) 85.53 &/ s0.m 122.74 210,498
Rermove and Install Concrete Panels 1200 % panel 365 2438,000
Full Road Repair 1779168 & km 1.43 52 544,210
Bicvcle Lane 450 Sk 1500 S675,000
Wege tation Buffer 43 SfLinear m 750 532,250
Median Retrofit =] Si%g.m 160 9,600
Road Rehabilitation Bus Pad Fill In 3010 S/Fill 1 53,010
Curb and Gutter a0 S 1400 112,000
Tre e Rernoval 2500 S Tree 5 212,500
Signage 200 Si%ign 20 54,000
Pavernent Lines 3512 Silane-km 3.75 51,317
Faverment Symbals 5478 2 Symbol 35 219,173
Traffic Control ~ Trffie Control 5112 gfite m 30 51,534
Signs/Baricade s/De line ators
Personnel (TCP) Fersonne| 11,004 % /case 1 511,904
Labour 2% of Materials 790,954
Materials Listed Above 53,184,460
Project Management 7-15% of Labour and Materials 54358,771
Architecture 10% of Labour, Materials, and Project Management 2442760
Engineering 15% of Total Cost 5725,545
Other Preconstructions/Pe nmits Assume d Walue 275,000
Municipal Connecton Fees Assume d Walue 100,000
Escalation S of Materials, Project Management, and Labour 255,949
Continge noy 6% of Mate rials and Labour 284,415
G5T 5% of All Costs 5323,856
Total Project Cost 57,520,661
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Description

Sources

Cost by weel ght (WEBA0x175)

Cost by weight [(H5S 354:254x38)

Cost by weel ght (Waa0x72)

hitt ps:ffanatie focl & 2 cahoini s cotnfcommoditie sfhase metalsfsteel-usa

Cost by Wolume (Douglas Fir)

Cost by Molume (Douglas Fir)

hitt ps: /ey bucklandbmber co. Uk glulam- be am- oo st-cal cul 3tors

Cost by Area (Glass- PYVE)

hitt ps: ftsingglass, en.made-in-china. comy/product /sBT 0 2 hxaqrF Thina6-35 mm-

S-38m
m-S-76mn- P B-Colored-and- Clear-Tem pered-Laminate d- Gl ass Price-for-Buildi
ng-Curtain-wall-Windows Doars.html

Cost per length (Steel)

https /sy costimate s comycosts/decksoutdoor-living fmets-deck-railing

Cost by Area (Concrete)

Cost by Area (Concrete)

Cost by Area (Concrete)

Cost by Area [Concrete)

hittps:ffeewne concretenetwork. comfroncret e prices html

Rermove and Instdl Concrete Panel s

hittps: Afwenen 2 gov.bic cafassets frov/driving-and-transportati onftransportatio

reinfrastiuc
ture fcontract ng-with-the-province fdocume nts/costouide-201 3. pdf

Full Road Repair

https/fwenen@ goy. bo, cafass etsy gov /driving- and-tran sportation fran sportation-i
nfrastructurefcontracting-with-the-province/docurments/costauide-2013 pdf

Bicycle Lane

hitt o/ A tran sportati on.al berta, cadcontent/docky pe?S7 oroduchon/unitprice

“Wegetation Buffer

Median Retrofit

BusPadFill In

list.pdf

Curb and Gutter

Tree Retnoyal

*Quoted from City of Surrey Ernail

lignage

hitt pr /ey tran sportati on. &l berta, cadcontent/d ooty pe2S7 produchon/unitprice

Pavemert Lines

Paverment Symbals

list.pdf

Traffic Contral
Signs/Baricades/Delineators

hitt ps: S columbus govfuploadedfiles/Public Service/Transportation obil
ity /Estimated%20Costss A0 F| MA L pdf

Fersannel
Labour Hl'tDs:,-’,-’clnckifv.me,-’blugfbusin.essfnruiect-cust-managemEnt.-’#Hu:r\-v to calculat
& project management costs
haerials

Praoj ect Management

Architecture

htt psffclockify.me/blog/busine ss/project-cost-managem ent#How to calcul ot
£ project managernent costs

Engineering

htt pa:ffeeas engineeringde sighresour ces. corm/tags how-to- estmate-eng neeri
ng-design-cost- as-per centage-of-construction-co st/

Preconstructon P ermits

Municipal Connection Fees

Escalation hitt ps Sttt | e el st combl og /oo nstru chon- conbnge noy 4 text=ARK 20 contra
Contingency Ctorse20 contin ge oy 20§ 55 20 ards A0 am o unt 20 buil th20into, contractor $204Ac
GET
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Synchro Reports

AM Peak
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MD Peak
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PM Peak
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