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Executive Summary 
 
The existing Wesbrook Mall and Chancellor Boulevard intersection is inefficient for the 

growing traffic flows to and from UBC, and is unsafe for pedestrians and cyclists. The 

lack of crosswalks, sidewalks, and bike lanes results in a hostile access to the intersection 

for pedestrians and cyclists. Moreover, with the high volume of vehicles utilizing the 

intersection, numerous delays and traffic congestion during peak hour occurs. In order to 

improve the traffic efficiency and safety of the intersection, a redesign is imperative to 

accommodate the increasing traffic demands and encourage sustainable travels.  

 

Three options were considered for the redesign of the intersection - a roundabout, slanted 

intersection, and slanted signal operated intersection. To determine the preferred option, 

weighted criteria were applied to evaluate the options. Criteria included, but not limited 

to, the safety, sustainability, traffic capacity, feasibility, and familiarity to the users.  

 

The roundabout was the chosen option as it offers a minimized walking distance for 

pedestrians, controls traffic speeds entering the intersection, and encourages 

sustainability through the rain garden situated on the roundabout island. In addition, the 

design includes a landmark that serves as a gateway into UBC. The roundabout design 

focuses on improving the safety and sustainability at the intersection. To encourage a 

sustainable and user-friendly intersection, all approaches to the intersection have 

pedestrian crosswalks and proper bike lanes. The roundabout island is 9 meters in radius 

with two circulatory road lanes that are 9 meters in width. The gateway feature located at 

the centre of the island consists of two totem poles connected by a galvanized steel truss 

acting as an arch. Upon the truss is a Musqueam carved Thunderbird with polished steel 



 

 

lettering of “UBC” bolted onto the chest. The totem poles stand at a height of 10 meters 

and have a diameter of 1 meter.  

 

Construction is expected to commence in May 2017 and complete by August 2017 and 

will be broken down into three phases to better facilitate and monitor traffic and are 

broken down as follows:  

Phase 1 – Pedestrian Walkways and utilities 

Phase 2 – Rain Garden, Roundabout, Gateway  

Phase 3 – Install Lighting and Finishes 

 

Considering the Wesbrook Mall and Chancellor Boulevard intersection is a major 

entrance to UBC that is located on land shared by many stakeholders, site and 

stakeholder management is necessary to facilitate construction. Stakeholder management 

plans involve constant communication with the surrounding community, UBC, and the 

Ministry of Transportation to ensure those who are affected by the construction agree 

with the methods, changes and the construction schedule. Construction management 

plans consider to the environmental disturbances, as well as the movement of personnel, 

equipment and materials on site.  

 

The construction will last five months and cost $4.1 million to construct and maintain for 

30 years. This report provides results and recommendations derived from thorough 

analyses and evaluations of the designed transportation features, gateway design, and 

storm water management plan.  
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1.0 Introduction 

The existing intersection at Chancellor Boulevard and Wesbrook Mall is currently inefficient, 

does not fully support sustainable travel modes, and is inconsistent with the provincial 

governments 10-Year Transportation Plan. A redesign is proposed with the goal to create a 

design that meets the projected transportation demands, encourage active transportation and 

improve safety and mobility for vehicles, cyclists and pedestrians. A roundabout is deemed the 

safest intersection design as it slows down traffic when vehicles must yield to traffic and 

pedestrians. The island in the centre of the roundabout serves as a protection point for 

pedestrians while crossing the intersection. Proper bike lanes will be implemented to reduce 

confusion and chance of collision. As a result, safety levels of the intersection will be 

increased, thus promoting sustainable travels for pedestrians and cyclists. In addition, a 

gateway incorporated at the centre of the roundabout will be the focal point of the intersection 

and provide a more functional and inviting intersection. 

1.1 Purpose  

The purpose of this report is to outline the design and safety considerations of the project, as 

well as the specific design features of the intersection design and to provide an overview of 

the design considerations during the detailed design process.  

 

This report provides details on the transportation features, analysis on the structured gateway, 

and a storm water management plan. The detailed project cost estimate has been updated as 

well as a schedule of the construction phases. Also, recommended amendments, and pertinent 

design calculations undertaken during the detailed design phase are provided. 
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1.2 Site Overview

The intersection at Chancellor Boulevard and Wesbrook Mall is located at the boundary of 

University Endowment Lands (UEL) and University of British Columbia (UBC). The 

intersection provides access to UBC from W 4th avenue. The site is within the boundary of the 

UEL and the Southwest corner of the intersection is within the UBC property lines.  

 
Figure 1. Aerial View of Chancellor Boulevard and Wesbrook Mall 
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Table 1. Task Member Contributions 

Group Member Task Description 

Barry Qiu Role: Structural Consultant 

 Task: Structural Analysis – Size steel members, generate 

SAP2000 model and gateway structure design. 

Modeler – Produce plans and sections drawings of 

gateway, storm water and intersection using AutoCAD. 

Model existing and new intersection with SketchUp. 

Charmaine Leung Role: Construction and Cost Consultant 

 Task: Construction Cost Estimate – Modified the preliminary 

cost, developed and verified the detailed final cost estimate 

for the project. 

Environmental Considerations – Developed the 

environmental protection plan for construction phase in 

accordance to guidelines and bylaws. 

Johnson Liu Role: Transportation Consultant 

 Task: Geometric Design – Designed the road geometry and 

performed sight distance calculations based on roundabout 

design guidelines. 

Transportation Infrastructure Design – Researched and 

designed the transportation infrastructures that promotes 

sustainable travel modes and safety. 

Lucy Chu Role: Environmental Consultant  

 Task: Water Sensitive Urban Design – Designed bioretention 

trees along the intersection to tie into the storm water 

management plan and to offset ecological footprint using 

Best Management Practices. 
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Group Member Task Description 

Marcus Chan Role: Transportation Consultant 

 Task: Transportation Analysis – Created models using Synchro 

Studio and conducted traffic analysis for current and future 

traffic demands. 

Traffic Management Plan – Planned alternative routes for 

public transportation and detours for private vehicles to 

facilitate construction. 

Virginia Kam Role: Project Manager 

 Task: Project Managing – Oversees the progress and changes of 

each team member’s responsibilities. Held meetings and 

consultations with team members on design decisions. 

Ensured the project met with the client’s requests. 

Rain Garden Design – Researched and developed the 

management, sizing, and design of inflow to the storm 

system through the use of the City guidelines. 

Construction Schedule – Developed detailed and progress

task and construction sequence for the whole project using 

MS Project from project initiation to completion. 
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2.0 Transportation 

A detailed design of the intersection at Chancellor Boulevard and Wesbrook Mall is discussed, 

with the focus on the safety, accessibility and traffic mitigation. The roundabout features a 

number of infrastructures that improve the safety and accessibility of its users. Road geometry 

of the intersection is designed in accordance to the Geometric Design Guidelines for B.C. 

Roads of BC Ministry of Transportation (Section 740 – Roundabouts). Traffic analysis has 

proven that the roundabout can handle the traffic demands within its intended service life of 

30 years. A traffic management plan is also included for each phase of the construction. 

 
Figure 2. Roundabout Detail 

2.1 Road Infrastructures 

The intersection features a two-lane roundabout with a radius of 9 meters. Pedestrian-friendly 

walkways are put on the central island to shorten the walking distance across the intersection. 

The design improves the intersection’s accessibility, and reduces the time for cars to stop and 

yield for pedestrians and cyclists. At the entrance onto the roundabout island crosswalk, 
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bicycle dismount gates and road markings will be placed to ensure the safety of pedestrians. 

Lights will be installed at the edge of the central island to increase visibility and safety for 

vehicles and pedestrians. 

2.2 Road Geometry 

The road geometry of the roundabout is designed in accordance to the roundabouts design 

guideline by BC Ministry of Transportation. The designed width of the road is 3.35m with a 

maximum flared width of 4.5m at the entrance. As shown in figure 1, islands are modified and 

installed to help guide drivers across the roundabout. A conventional bike lane with a width of 

1.8m to the curb is defined by road markings. Sight distance evaluations are undertaken to 

ensure a clear sight for drivers before entering the roundabout (Appendix B). 

2.3 Traffic Analysis 

Traffic analysis was conducted for this intersection design using Synchro Studio 6. The 

software was used to create a representative model and analyse the roundabout’s design 

performance. The analysis results show that the roundabout intersection will uphold a 

satisfactory performance throughout its intended service life of 30 years. 

2.3.1 Analysis Inputs and Assumptions 

The intersection is modelled as a 2-laned, 3-approach roundabout, with the North approach 

omitted in traffic analysis because of its insignificant vehicle flow compared to the other 

traffic directions. The model’s base year inputs are drawn from A.M. peak traffic counts done 

by Creative Transportation Solutions Ltd during the fall of 2015, and the Kam & Associates’ 

engineers validated the data with their own traffic counts conducted in October 2017. Growth 

factors are projected using BC population information from Statistic BC, UBC student 
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information and staff information. The resulting annual growth factor is 1.3%, and calculation 

details can be found in Appendix B. Only A.M. peak conditions will be analysed in this report 

since it presents the most stress to traffic. 

2.3.2 Performance Output 

The analysis is broken down into increments of 10 years and it outputs the intersection’s 

performance during a snapshot of time in year 2017, 2027, 2037, and 2047. Two major 

criteria, level of service and average delays/vehicles, were used to represent the roundabout’s 

performance. The table below outlines the model outputs to their corresponding years and 

Appendix C has the detailed traffic loading report for every ten years.  

Table 2. Traffic Analysis - Traffic Loading Over Design Life 

Year Growth Factor Level of Service Delay/ Vehicle (s) 

2017 1.00 A 6.2 

2027 1.14 B 9.1 

2037 1.29 C 9.9 

2047 1.47 C 17.7 

2.4 Traffic Management Plan 

Traffic management will span across phase 1 and phase 2 of construction, but most traffic 

changes will only be implemented in phase 2. Phase 3 of construction will require little to no 

traffic management. 

Phase 1: (May – June)  

During the phase 1, storm water management, lighting, pedestrian and cycling facilities 

will be upgraded. For most of phase 1, these activities occur on the side of the roadway, 

which will leave space for normal vehicle to travel through the intersection. This also 
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means the pedestrian walkway and cycling path will be closed during this period. For the 

safety of drivers and construction personnel however, a speed limit of 30km/hr will be 

imposed on roadways near the site and barricades between work area and roadway will be 

erected. 

Phase 2&3: (June – August)  

Phase 2 of construction will require this intersection to be closed off as most of the 

activities are happening on the intersection and roadways will be excavated. Traffic that 

normally pass through this intersection will be directed to other roadways. Proper services 

will be provided to those who are impacted by this closure. 

 

Chancellor Boulevard will be regulated as “local-only” and be closed off to non-resident 

vehicles. Residents around the UBC campus will be provided with permits for entering 

through Chancellor Boulevard to reduce disruptions to their travel patterns. Suggested 

detours to enter UBC are University Boulevard and W 16th Avenue. Furthermore, the 

roadways next to the intersections will be closed off during this phase and local traffic will 

be redirected through Walter Gage Road. Figure 2 is the traffic management plan for phase 

2 and shows the “local-only” section of Chancellor Boulevard, the recommended detour, 

and the restricted area. 
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Figure 3. Traffic Management Plan - Phase 2 

 
Bus 84 and 44, traveling to and from downtown Vancouver and UBC through Chancellor 

Boulevard will be redirected to University Boulevard at the intersection of W 4thAvenue 

and Blanca Street. Four bus stops servicing 84 and 44 along Chancellor Boulevard will 

cease service until construction is complete. UBC community shuttles, C18 and C20, will 

be rerouted to pick up passengers in the vicinity from the University Endowment Lands at a 

temporary bus stop at the intersection of Chancellor Blvd and Acadia Road. The shuttles 

will allow passengers from those stops to reach UBC bus loop and transition to other bus 

routes. Figure 3 shows the existing and proposed routes for bus 84, 44 and the proposed 

temporary route for shuttles C18, C20. 
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Figure 4. Bus and Community Shuttle Reroutes 
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3.0 Structural 

The structural component of the gateway is carefully analysed with hand calculations and 

SAP2000 shown in Appendix D. The overall capacity of each member will exceed the load 

going through each element with a safety factor.  

3.1 Gateway Structure                                                                                               

 

 
Figure 5. Structure Overview 

 
Figure 6. Base Support 

The steel structure is the core of the gateway structure that holds up the wood totems and is 

designed using the NBCC guidelines (Figure 4). SAP2000 was used to analyse the steel 

structure with a load combination of 1.25DL+1.4W. The structure is subjected to a wind load 

of 35 m/s (735 Pa) and a dead load of 119 kN on the truss. The model involves a 6x0.375” 

Round HSS as the core, and 8 - 1.9x0.125” Round HSS surrounding the core as the truss 

members. The ultimate tensile strength (UTS) and shear strength of ASTM A500C steel are 

found to be 427 MPa and 320 MPa respectively.  
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3.2 Foundation

Pin-pin supports in one direction are used for the columns to prevent exerting moment at the 

footing, and are fixed in the other direction to prevent overturning (Figure 5). There are no 

stirrups required according to the calculations in Appendix B, but longitudinal reinforcements 

are needed.  

3.3 Overall Design

 
Figure 7. Overall Gateway Design 

Figure 6 depicts the overall design of the gateway structure for the Chancellor Boulevard and 

Westbrook Mall intersection. The totem segments will be pre-drilled with holes, and slotted in 

during construction. The elliptical plates will then be welded on to prevent buckling. The 

Musqueam community will design the angled wooden totem columns shown in figure 6. The 

Thunderbird is the mascot of UBC and represents the university’s close relationship with their 

Aboriginal culture.  
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4.0 Storm Water Management 

With the upgrade of the intersection, the storm water system will simultaneously receive 

modifications. New gutters with a larger catch basin will be connected to the storm water main 

along the road and rain gardens on the median of the road in order to prevent pooling of water 

in the bike lanes, and reduce the overall rain inflow into the system respectively. A discussion 

on the type of plants used to restore the ecosystem of the intersection and assist with efficient 

infiltration of rainwater into the ground is provided. 

4.1 Rain Gardens 

Rain gardens will be installed at the east and west median islands of the intersection to reduce 

flow into the storm sewers (Figure 7). There will be openings at the curb connecting the island 

to the road spacing at 1m apart to ensure proper drainage off the road surface into the garden. 

The grate above the curb opening is designed to prevent leaves from congesting the opening. 

The rain garden base will be filled with a 200mm layer of absorbent topsoil and a 200mm 

layer of gravel below to encourage quick infiltration to native soils. 

 

Figure 8. Rain Garden Location 
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Figure 9. Rain Garden Plan View 

Hidden amongst the plants growing at the centre of the rain garden is an overflow inlet that 

connects to the underground storm sewer (Figure 8). The overflow inlet is only necessary 

when the rain garden floods due to an oversaturation of soil. The water received by the rain 

garden will not backflow into the road since the overflow inlet is placed below the road level 

by 0.5m, and is designed to drain the excessive amount of water into the storm sewer. 

 

Considering the rain garden is sloped inwards and densely populated with plants, it will not be 

suitable for pedestrians to cross over, thus serving as a deterrent to pedestrians from crossing 

the intersection without the use of the provided crosswalks. The rain garden will also increase 

the visual aesthetic of the intersection, and will be self-sustaining since water will always 

gravitate towards the middle where the plants are.  

 

Gutters on the road will still be used along the sidewalks to ensure thorough drainage of water 

for cyclists and vehicles, especially when not all the rainwater will drain to the rain garden. 

The location of the current storm sewer will remain the same, but the size of the storm sewer 

will increase to 250mm to accommodate for future flows, and connections to the overflow 
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inlet will be included. 

Considering bike lane space is required along the side of the roads, rain gardens along the 

sidewalks will not be implemented due to lack in space. As a result, gutters spaced at 1m apart 

with catch basins below will be installed, and the catch basin outlets will be connected to the 

storm sewer at the centre of the road. 

4.2 Urban Sensitive Water Design  

For the implementation of the roundabout design, Water Sensitive Urban Design (WSUD) was 

also focused upon for the streetscape (Shaw and Schmidt, 2011). The main objective is to 

utilize best management practices (BMP) to improve absorbance of landscape and reduce 

runoff from landscape. The intersection will be enhanced with the addition of bioretention 

street trees that will be integrated into the road. Incorporating trees into the bioretention 

system will:  

• Reduce the pollutant loads to the storm water systems by reducing the total suspended 

solids (TSS) and total phosphorous (TP) and total nitrogen (TN).  

• Improve the landscape of the intersection to enhance the community. 

 
Figure 10. Bioretention Trees Example 
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From further research, urban forest trees species have been proved to be the most effective in 

intercepting rainfall, therefore cottonwood trees will be planted in concrete box planters and 

hydraulically connected using underdrains that discharge excess water to the catch basins. The 

concrete box planters are installed in the sidewalk zone and adjacent to the curb as shown in in 

Figure 11. The planter boxes are 1m wide and will lodge a series of connected trees planted 

together in a row. There will be a bioretention soil mix layer below the planting soil and 4-

inch perforated underdrains. The surface of the planting area will be composed of a grate on 

top to separate the leaves, mulch to filter out undesirable grit and chemical runoff, and below 

the soil grade, there will be coarse rocks for efficient water infiltration.  

 
Figure 11. Cross Section of Bio Retention Trees 

With the incorporation of bioretention trees to the storm water system, runoff will be reduced 

through rainfall interception and evapotranspiration. Also, enhanced soil infiltration will 

provide soil stabilization and the trees will increase the aesthetic appeal of the intersection and 

provide ample shading for the summer seasons.   
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5.0 Technical Details 

This section discusses about the technical details of the project, including the project schedule 

and cost estimate. A benefit-cost analysis was conducted to verify the feasibility and cost-

effectiveness of our design. Additionally, environmental concerns and the corresponding 

mitigations are explored.

5.1 Construction Schedule 

The project schedule from conceptual design to project completion started on September 6, 

2016 with an expected finish date of August 2017. Permits and bidding have begun with the 

final design at the time of this report. The schedule has been further developed after more 

design details were finalized. 

 

Construction is expected to commence in May 2017 and complete by August 2017. Materials 

will be prefabricated off-site prior to construction in order to achieve the short schedule that 

minimizes the impact to road users. A Gantt Chart is provided in Appendix F for further 

details regarding the project schedule. 

 

Construction will be split into 3 phases as follows: 

• Phase 1 (early May to late June) involves the upgrades of pedestrian walkways and 

utilities; 

• Phase 2 (late June to early August) involves the installation of the newly designed 

rain gardens, the roundabout, and the gateway structure; 

• Phase 3 (late June to mid-August) involves the installation of finishes, such as 

lighting fixtures. 
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5.2 Cost Estimate

Unit pricing method is used for the cost elements, permitting, construction and maintenance. 

Contingency for this project varies for each cost element, ranging from 10% to 20%. These 

percentages are determined based on the variation of material and labour costs. 

 

Traffic management during construction is one of the key components of the estimate. The 

project involves temporary works such as detours and pedestrian barriers, and the estimated 

cost for temporary traffic control itself is $300,000. A detailed cost breakdown can be found in 

Appendix E. 

 

The total construction cost for the roundabout intersection is estimated to be $4.1 million, 

including the maintenance required for the expected service life of 30 years. The approximate 

cost breakdown for each component is as follows: 

Table 3. Cost Breakdown 

Item Cost (Million) 

Roundabout  $              1.7 

Gateway  $              0.9 

Roadwork  $              1.3 

Maintenance  $              0.2 

Total  $              4.1 
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Figure 12. Construction Cost Breakdown Chart 

Benefit-cost analysis (BCA) is a project evaluation method widely used for construction 

projects. Many benefits and costs, such as time, noise and air pollution, and disruption to 

traffic, are intangible. Therefore, accident reduction factors for left turn (1.0) and angle 

collisions (0.5) were used to determine the benefit cost for our intersection. After conducting 

BCA for our design, the benefit cost is found to be 2.79. Detailed calculations can be found in 

Appendix B. 

5.3 Environmental Concerns 

This section provides specifications and guidelines to minimize adverse impacts on the 

community and the environment during construction phase. Mitigations for waste, noise and 

dust are explored. A revegetation and rehabilitation plan will be carried out after construction 

phase of the roundabout.  
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5.3.1 Waste Management 

Construction waste will not be dumped or burnt onsite, but removed to an approved location 

for treatment prior to disposal. Hazardous wastes, such as oils, paints, and lubricants, will be 

disposed in compliance with the British Columbia Hazardous Waste Regulation. 

5.3.2 Noise and Vibration Management 

Construction will follow the Noise Control Bylaw 6555 of the City of Vancouver, which states 

street construction can only be carried out between 7A.M. and 8P.M. from Monday to 

Saturday, and between 10A.M. and 8P.M on Sundays and holidays. Construction is permitted 

outside of the designated hours with the noise bylaw exception permit. Application will be 

sent through to the City of Vancouver for approval.  

 
Figure 13. Construction Hours 

During construction, quieter models of equipment will be used to lower the noise level of the 

source. On the other hand, sound control panels and barriers will be installed around the noisy 

equipment to limit the noise transmission. 
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5.3.3 Air Quality and Dust Control 

To lower fugitive dust levels, speed limit signs will be erected to regulate and reduce vehicle 

speeds to 30 km/h. Dust control measures such as watering and spraying of the road during 

excavation, or covering groundwork fill material will be conducted onsite. Minimizing engine 

idling and setting speed limits for diesel equipment on site can reduce odours, greenhouse 

gases emissions, and increase the air quality standards for the health of the workers onsite. 

5.3.4 Revegetation and Rehabilitation Plan 

Trees and shrubs will be removed during construction due to the modifications in sidewalk 

design. Self-sustaining rain gardens will be installed in the median islands, and bioretention 

shrubs and grass will be planted to restore the ecosystem function. 
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6.0 Conclusion and Recommendations 

Kam & Associates design and construction plan for the Chancellor Boulevard and Wesbrook 

Mall intersection reveals a roundabout that has a service life of 30 years, a steel and wood 

gateway structure that displays Musqueam carvings, and a sustainable rain garden that 

minimizes rain inflow into the storm water system.  

 

The roundabout features shortened pedestrian crossing distances due to the designed 

pedestrian crosswalks on the roundabout island, and cyclists are provided with comfortably 

spaced cycling lanes along the road. From the analysis conducted with an increase in 

population around UBC, the roundabout has a minimum level of service of C by the end of its 

30-year service life. Traffic management plans developed for each phase of construction 

ensures minimal traffic disruptions to the community and UBC operations. 

 

A gateway has been designed to greet road users who are entering UBC, and a steel and 

wooden Musqueam totem structure has been chosen. The design has been confirmed to be 

structurally stable, even against vehicle collisions as well as earthquakes. Moreover, the 

material used is locally obtained, and is designed to withstand natural decay and erosion. 

 

To avoid pooling of water along the road which would endanger cyclists and vehicles during 

heavy rainfall seasons, rain gardens have been designed to reduce the overland flood 

probability. In addition, plants that are more adsorbent efficient are used to assist with 

rainwater adsorption along the sidewalk. 
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The next steps that the University of British Columbia is recommended to take is confirm the 

construction dates with subcontractors who will conduct the work for the site, and confirm that 

the construction details are compliant with the contract awarded. Moreover, affirmation with 

the pre-fabricators on the progress of the material for construction is necessary to ensure the 

construction schedule is not delayed. Delays in the project are likely to cause monetary 

damage to the project and are ill advised. Furthermore, permits and construction drawings 

require several reviews to certify the completeness and constructability before the construction 

begins. Kam & Associates firmly believe that the designs provided to the University of British 

Columbia complies with the objectives of the Social Ecological Economic Development 

Studies Sustainability Program, and is highly likely to benefit the community with its 

implementation.  
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Glossary 

Terms Definition 

Benefit-Cost Analysis (BCA) A project evaluation method widely used for public-sector 
projects. 

Best Management Practices 

(BMP) 

A plan that evaluates the potential sources of sediment and 

other pollutants at the construction site and put controls in 

place that will effectively prevent pollutant discharges to 

surface. 

CoV City of Vancouver. 

Delay/ Vehicle A quantitative measurement that shows the typical delay 

each driver will experience at this intersection. 

Level of Service (LoS) A qualitative measurement that relates the quality of traffic 

service to a given flow rate and it is ranked from A to F, 

with A denoting the best quality of service and F denoting 

the worst. 

Revegetation The process of replanting and rebuilding the soil and plants 

that were disturbed by construction. 

Total Nitrogen (TN) The sum of nitrate (NO3), nitrite (NO2), organic nitrogen 

and ammonia in the rainwater. 

Total Phosphorus (TP) The sum of reactive, condensed and organic phosphorous 

in rainwater that can be removed through sedimentation or 

filtration.  

Total Suspended Solids (TSS) The quantity of solids in suspension within the rainwater.  
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Terms Definition 

UBC University of British Columbia. 

UEL University Endowment Lands 

Ultimate Tensile Strength 

(UTS) 

The capacity of a material or structure to withstand loads 

tending to elongate. 

Water Sensitive Urban Design 

(WSUD) 

A land planning and engineering design approach which 

integrates the urban water cycle into urban design to 

minimise environmental degradation and improve aesthetic 

and recreational appeal. 
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Appendix A: Design Drawings 
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A.1.2 Design Option 2 – Signalized Intersection 

 

A.1.3 Design Option 3 – Unsignalized Intersection 
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Appendix B: Sample Calculations 

B.1 Sight Distance Analysis 

 
Figure 14. Site Distance Criterions 

Sight distance analysis is performed to ensure the above criteria are met in the geometry 

design of the roundabout.  

B.2 Gateway Structure Calculations 

The capacity was calculated using the formula Tr=φFtA for tension and Vr=φFsA where φ is 

0.9, F is the strength and A is the gross area. 

As an example, the area of 6x0.375” HSS is 0.0047 m2 and the UTS is 427 MPa, so the 

tension capacity of that member is Tr = 0.9x427x0.0047 = 1806.21 kN. for bolt sizing. 
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B.3 Foundation Calculations

 

Figure 15. Concrete Foundation 

Round Pad Footing: 
Radius = 5 m 
Depth = 0.75 m 
Area = πr2 = 78.54 m2 
Volume = Area × Depth =58.90 m3 
Density = 24 kN/m3 
Weight = Volume × Density = 1413.7 kN 
Weight + Load = 1413.72 kN + 2 × 226.04 kN = 1865.80 kN 

Stress = �����������

����
 = 23.76 kPa 

  
 
 
 
 
 
Nq = 41.44 
Ny = 47.28 
qult = 1563.96 kPa 
 
Soil (Gravel with Sand) 
Density = 1922 kg/m3 
Unit Weight = 18.85 kN/m3 
GWT = 0 m 
Effective Stress at Base = 6.78 kPa 
Effective Friction Angle = 35 degrees = 0.61 radian 
Effective Unit Weight = 9.04 kN/m3 
Cohesion (c’) = 0 
Bearing Capacity = 200 kPa 
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B.4 Reinforced Concrete Design

 
Figure 16. Reinforced Concrete 
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B.5 Reinforcement Configuration

 

Figure 17. Reinforcement Configuration 
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B.6 BCA Calculations

Type of 
Collision 

Estimated 
Accident 

Experience 

Accident 
Reduction 

Factor 

Average Accident 
Cost (assume 

injury collisions) 

Forecasted 
Reduction 

First 
Years 

Benefit 
Angle 2.5 0.5 60500 1.25 75625 

Left Turn 11.2 1 60500 11.2 677600 
Total    12.45 753225 

 
Service Life CRF Initial Cost EUAC 

30 0.089 4100000 364900 
 

Variables  Summary 
j (annual % inc in traffic) 0.03  Forecasted Reduction 12.45 

I (interest rate) 0.08  EUAC 364900 
N (service life) 30  EUAB 1017334 

CRF 0.089  Benefit Cost 2.79 
 
Numbers were extracted from the Roundabout Design Guidelines of the State of Maryland. 

B.7 Traffic Demand Projection 

 
 

Source % Increase Weight Weighted % 
UBC 2.06 0.3 0.618 
BC-STAT 0.96 0.7 0.672 

Result: 1.29 
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Appendix C: Traffic Analysis Report 
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SimTraffic Simulation Summary
Baseline 2017-02-25

SimTraffic Report
Page 1

University of British Columbia

Summary of All Intervals

Start Time 6:57
End Time 7:10
Total Time (min) 13
Time Recorded (min) 10
# of Intervals 2
# of Recorded Intvls 1
Vehs Entered 190
Vehs Exited 198
Starting Vehs 25
Ending Vehs 17
Denied Entry Before 0
Denied Entry After 0
Travel Distance (km) 83
Travel Time (hr) 2.4
Total Delay (hr) 0.3
Total Stops 40
Fuel Used (l) 22.2

Interval #0 Information  Seeding
Start Time 6:57
End Time 7:00
Total Time (min) 3
Volumes adjusted by Growth Factors.
No data recorded this interval.

Interval #1 Information  Recording
Start Time 7:00
End Time 7:10
Total Time (min) 10
Volumes adjusted by Growth Factors.

Vehs Entered 190
Vehs Exited 198
Starting Vehs 25
Ending Vehs 17
Denied Entry Before 0
Denied Entry After 0
Travel Distance (km) 83
Travel Time (hr) 2.4
Total Delay (hr) 0.3
Total Stops 40
Fuel Used (l) 22.2
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SimTraffic Performance Report
Baseline 2017-02-25

SimTraffic Report
Page 2

University of British Columbia

2: c & w Performance by movement 

Movement EBT EBR WBL WBT NBL NBR All
Total Delay (hr) 0.0 0.0 0.1 0.1 0.0 0.0 0.2
Delay / Veh (s) 4.2 4.0 3.9 4.4 3.3 3.2 4.0
Fuel Used (l) 0.9 0.9 4.5 3.0 0.2 1.0 10.4
HC Emissions (g) 1 1 5 3 0 1 11
CO Emissions (g) 53 32 243 157 11 38 534
NOx Emissions (g) 4 2 18 12 1 3 41
Vehicles Entered 14 10 77 58 6 25 190
Vehicles Exited 14 11 79 61 7 24 196
Hourly Exit Rate 84 66 474 366 42 144 1176
Denied Entry Before 0 0 0 0 0 0 0
Denied Entry After 0 0 0 0 0 0 0

Total Network Performance 

Total Delay (hr) 0.3
Delay / Veh (s) 6.2
Fuel Used (l) 22.2
HC Emissions (g) 20
CO Emissions (g) 1053
NOx Emissions (g) 74
Vehicles Entered 190
Vehicles Exited 198
Hourly Exit Rate 1188
Denied Entry Before 0
Denied Entry After 0
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Queuing and Blocking Report
Baseline 2017-02-25

SimTraffic Report
Page 3

University of British Columbia

Intersection: 2: c & w

Movement EB WB NB
Directions Served UTR ULT ULR
Maximum Queue (m) 3.7 23.5 16.7
Average Queue (m) 0.7 4.7 3.3
95th Queue (m) 3.2 20.2 14.4
Link Distance (m) 255.6 192.4 108.2
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (m)
Storage Blk Time (%)
Queuing Penalty (veh)

Nework Summary
Network wide Queuing Penalty: 0
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SimTraffic Simulation Summary
Baseline 2017-02-25

SimTraffic Report
Page 1

University of British Columbia

Summary of All Intervals

Start Time 6:57
End Time 7:10
Total Time (min) 13
Time Recorded (min) 10
# of Intervals 2
# of Recorded Intvls 1
Vehs Entered 232
Vehs Exited 226
Starting Vehs 11
Ending Vehs 17
Denied Entry Before 0
Denied Entry After 0
Travel Distance (km) 99
Travel Time (hr) 3.0
Total Delay (hr) 0.6
Total Stops 81
Fuel Used (l) 34.8

Interval #0 Information  Seeding
Start Time 6:57
End Time 7:00
Total Time (min) 3
Volumes adjusted by Growth Factors.
No data recorded this interval.

Interval #1 Information  Recording
Start Time 7:00
End Time 7:10
Total Time (min) 10
Volumes adjusted by Growth Factors.

Vehs Entered 232
Vehs Exited 226
Starting Vehs 11
Ending Vehs 17
Denied Entry Before 0
Denied Entry After 0
Travel Distance (km) 99
Travel Time (hr) 3.0
Total Delay (hr) 0.6
Total Stops 81
Fuel Used (l) 34.8
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SimTraffic Performance Report
Baseline 2017-02-25

SimTraffic Report
Page 2

University of British Columbia

2: c & w Performance by movement 

Movement EBT EBR WBL WBT NBL NBR All
Total Delay (hr) 0.0 0.0 0.1 0.1 0.0 0.0 0.3
Delay / Veh (s) 4.9 4.7 5.0 5.8 3.9 3.1 5.0
Fuel Used (l) 1.4 1.7 8.3 3.7 0.5 0.9 16.5
HC Emissions (g) 1 1 6 3 0 1 12
CO Emissions (g) 51 44 250 161 21 44 570
NOx Emissions (g) 4 3 23 14 2 4 50
Vehicles Entered 16 11 96 78 12 19 232
Vehicles Exited 18 10 95 76 13 19 231
Hourly Exit Rate 108 60 570 456 78 114 1386
Denied Entry Before 0 0 0 0 0 0 0
Denied Entry After 0 0 0 0 0 0 0

Total Network Performance 

Total Delay (hr) 0.6
Delay / Veh (s) 9.1
Fuel Used (l) 34.8
HC Emissions (g) 24
CO Emissions (g) 1121
NOx Emissions (g) 92
Vehicles Entered 232
Vehicles Exited 226
Hourly Exit Rate 1356
Denied Entry Before 0
Denied Entry After 0
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Queuing and Blocking Report
Baseline 2017-02-25

SimTraffic Report
Page 3

University of British Columbia

Intersection: 2: c & w

Movement EB WB
Directions Served UTR ULT
Maximum Queue (m) 21.0 14.7
Average Queue (m) 4.2 5.4
95th Queue (m) 18.1 16.3
Link Distance (m) 255.6 192.4
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (m)
Storage Blk Time (%)
Queuing Penalty (veh)

Nework Summary
Network wide Queuing Penalty: 0

- 44 -



SimTraffic Simulation Summary
Baseline 2017-02-25

SimTraffic Report
Page 1

University of British Columbia

Summary of All Intervals

Start Time 6:57
End Time 7:10
Total Time (min) 13
Time Recorded (min) 10
# of Intervals 2
# of Recorded Intvls 1
Vehs Entered 271
Vehs Exited 268
Starting Vehs 16
Ending Vehs 19
Denied Entry Before 0
Denied Entry After 0
Travel Distance (km) 116
Travel Time (hr) 3.6
Total Delay (hr) 0.7
Total Stops 108
Fuel Used (l) 39.6

Interval #0 Information  Seeding
Start Time 6:57
End Time 7:00
Total Time (min) 3
Volumes adjusted by Growth Factors.
No data recorded this interval.

Interval #1 Information  Recording
Start Time 7:00
End Time 7:10
Total Time (min) 10
Volumes adjusted by Growth Factors.

Vehs Entered 271
Vehs Exited 268
Starting Vehs 16
Ending Vehs 19
Denied Entry Before 0
Denied Entry After 0
Travel Distance (km) 116
Travel Time (hr) 3.6
Total Delay (hr) 0.7
Total Stops 108
Fuel Used (l) 39.6
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SimTraffic Performance Report
Baseline 2017-02-25

SimTraffic Report
Page 2

University of British Columbia

2: c & w Performance by movement 

Movement EBT EBR WBL WBT NBL NBR All
Total Delay (hr) 0.1 0.0 0.1 0.2 0.0 0.0 0.4
Delay / Veh (s) 5.6 4.1 5.0 8.2 4.4 4.0 5.9
Fuel Used (l) 2.3 0.9 8.4 3.9 0.9 1.1 17.6
HC Emissions (g) 3 1 5 4 1 1 14
CO Emissions (g) 151 50 233 149 32 26 641
NOx Emissions (g) 10 3 23 14 4 4 58
Vehicles Entered 35 14 98 82 18 24 271
Vehicles Exited 33 14 98 81 18 24 268
Hourly Exit Rate 198 84 588 486 108 144 1608
Denied Entry Before 0 0 0 0 0 0 0
Denied Entry After 0 0 0 0 0 0 0

Total Network Performance 

Total Delay (hr) 0.7
Delay / Veh (s) 9.9
Fuel Used (l) 39.6
HC Emissions (g) 27
CO Emissions (g) 1285
NOx Emissions (g) 108
Vehicles Entered 271
Vehicles Exited 268
Hourly Exit Rate 1608
Denied Entry Before 0
Denied Entry After 0
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Queuing and Blocking Report
Baseline 2017-02-25

SimTraffic Report
Page 3

University of British Columbia

Intersection: 2: c & w

Movement EB WB WB
Directions Served UTR UL ULT
Maximum Queue (m) 16.1 13.3 28.4
Average Queue (m) 6.3 4.4 17.8
95th Queue (m) 19.1 13.6 34.2
Link Distance (m) 255.6 192.4 192.4
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (m)
Storage Blk Time (%)
Queuing Penalty (veh)

Nework Summary
Network wide Queuing Penalty: 0
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SimTraffic Simulation Summary
Baseline 2017-02-25

SimTraffic Report
Page 1

University of British Columbia

Summary of All Intervals

Start Time 6:57
End Time 7:10
Total Time (min) 13
Time Recorded (min) 10
# of Intervals 2
# of Recorded Intvls 1
Vehs Entered 304
Vehs Exited 298
Starting Vehs 22
Ending Vehs 28
Denied Entry Before 0
Denied Entry After 0
Travel Distance (km) 130
Travel Time (hr) 4.6
Total Delay (hr) 1.5
Total Stops 252
Fuel Used (l) 42.5

Interval #0 Information  Seeding
Start Time 6:57
End Time 7:00
Total Time (min) 3
Volumes adjusted by Growth Factors.
No data recorded this interval.

Interval #1 Information  Recording
Start Time 7:00
End Time 7:10
Total Time (min) 10
Volumes adjusted by Growth Factors.

Vehs Entered 304
Vehs Exited 298
Starting Vehs 22
Ending Vehs 28
Denied Entry Before 0
Denied Entry After 0
Travel Distance (km) 130
Travel Time (hr) 4.6
Total Delay (hr) 1.5
Total Stops 252
Fuel Used (l) 42.5
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SimTraffic Performance Report
Baseline 2017-02-25

SimTraffic Report
Page 2

University of British Columbia

2: c & w Performance by movement 

Movement EBT EBR WBL WBT NBL NBR All
Total Delay (hr) 0.0 0.0 0.4 0.5 0.0 0.0 0.9
Delay / Veh (s) 5.1 3.8 11.7 16.8 3.6 3.8 11.0
Fuel Used (l) 2.1 1.3 7.5 4.9 0.8 1.3 17.8
HC Emissions (g) 2 1 5 4 1 1 14
CO Emissions (g) 126 68 196 171 32 36 629
NOx Emissions (g) 8 4 18 16 3 5 55
Vehicles Entered 35 16 108 100 19 26 304
Vehicles Exited 32 15 110 97 20 26 300
Hourly Exit Rate 192 90 660 582 120 156 1800
Denied Entry Before 0 0 0 0 0 0 0
Denied Entry After 0 0 0 0 0 0 0

Total Network Performance 

Total Delay (hr) 1.5
Delay / Veh (s) 17.7
Fuel Used (l) 42.5
HC Emissions (g) 30
CO Emissions (g) 1387
NOx Emissions (g) 116
Vehicles Entered 304
Vehicles Exited 298
Hourly Exit Rate 1788
Denied Entry Before 0
Denied Entry After 0
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Queuing and Blocking Report
Baseline 2017-02-25

SimTraffic Report
Page 3

University of British Columbia

Intersection: 2: c & w

Movement EB EB WB WB NB
Directions Served UT UTR UL ULT ULR
Maximum Queue (m) 10.3 11.0 48.5 68.8 17.2
Average Queue (m) 4.0 4.4 32.8 41.0 3.4
95th Queue (m) 12.0 13.2 51.0 73.9 14.7
Link Distance (m) 255.6 255.6 192.4 192.4 108.2
Upstream Blk Time (%)
Queuing Penalty (veh)
Storage Bay Dist (m)
Storage Blk Time (%)
Queuing Penalty (veh)

Nework Summary
Network wide Queuing Penalty: 0
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Appendix D: SAP2000 Model Output 

D.1 Frame Check 

 
**Note: All the individual frame loads are not shown here due to massive output data’s, but will 
provide if requested.  
 

D.2 Base Reactions
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D.3 Axial Force Diagram
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Appendix E: Costs 
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Appendix F: Schedule 
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