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Disclaimer 
This report was prepared by Shady Consulting for Queen’s Facilities. Shady Consulting is a group of 

fourth-year civil engineering students at Queen’s University, as such, there should be no reliance on this 

report for any real engineering, consulting, or construction purposes. The material in this report reflects 

Shady Consulting’s best judgment considering the information available at the time of preparation. This 

report should only be distributed to the Faculty of Civil Engineering or Facilities at Queen’s University. 

Any use that a third party makes of this report, and any reliance on or decision made based on it, are the 

responsibility of the third party. Shady Consulting accepts no responsibility for any damages, whether 

personal or property, suffered by any third party because of decisions made or actions completed based 

on this report. 

  



 
 

 
 

Executive Summary 
The objective of this project is to propose, select, and design a solar shading technology for Queen’s 

Facilities to reduce excess heat uptake in Mitchell Hall. Shady Consulting has been selected by Queen’s 

Facilities to complete this project. Mitchell Hall is part of Queen’s University’s larger wellness facility in 

Kingston, ON, and has two large glass curtain walls on the south and east-facing portions of the building. 

Since construction, it has become apparent that these curtain walls allow excess heat to enter the 

building. The purpose of this project is to decrease the heat uptake and therefore energy used to 

regulate the temperature in Mitchell Hall, decrease utility costs, and improve the user experience in the 

building. The deliverables of this project have been a work plan report, a progress report, a poster 

presentation, an oral presentation, a Queen’s Building Standards document, and this final project 

report. As requested by the client
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1.0 Introduction 

1.1 Problem Statement  
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Table 1: List of Stakeholders and Reasoning. 

Stakeholder Reason 

Queen’s Facilities (Queen’s University) Mitchell Hall is owned by Queen’s University and is 
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glass, which may also be relevant for any structural designs in this case (The Ontario Building Code, 

Section 9.1.6.4., 2018). 

2.1.3 Queen’s Building Design Standards 
The Queen’s Building Design Standards aid consultants and contractors during the planning, design, and 

construction phases of the University’s maintenance, renovations, and new capital projects (Queen’s 

Building Design Standards 2022). As such, Shady Consulting must consider the Queen’s Building Design 

Standards in addition to the Ontario Building Code throughout the solar shading design process. It is 

especially important as Queen’s Facilities has requested that the solar shading design selected in this 

project be generally implemented into ‘Division 01 – General Requirements’ of the Queen’s Building 

Design Standards.  

There are at least three Divisions that may be relevant to the design and implementation of potential 

solar shading solutions. Firstly, ‘Division 01 – General Requirements’ is relevant in that it outlines the 

expected summary of work for any project, as well as outlining LEED Requirements and Sustainable 

Requirements for all on-campus buildings. The Standard states that all new buildings or major 

renovations are to target LEED Gold certification or higher. A LEED certificate recognizes the design, 

construction, and operation of high-performance green buildings or neighbourhoods (U.S. Green 

Building Council 2020). In addition to aiming for LEED certification, the design should also aim to be 

sustainable in areas such as rainwater management, heat island reduction, process water use, enhanced 

indoor air quality strategies, interior lighting, and more. The Standard also outlines different Sustainable 

Requirements, including ensuring that all new buildings and renovations maintain the look-and-feel of 

Queen’s campus heritage landscape through the inclusion of natural greenspace. There are also 

specifications for energy and utility usage, including capacities on thermal energy usage and 

specifications on modelling and costing, including expectations for assessing and documenting 

greenhouse gas emissions and energy costs.   

The second Division that may be relevant to this project is ‘Division 32 – Exterior Improvements’, which 

details how landscaping, planting preparation, plants, and planting accessories may be included in any 

new project or renovation on campus. This section outlines how trees on campus must be protected, 

specifications for tree planter dimensions, and specifications for precast tree gates in the case that a 

tree be surrounded by a concrete walkway or sidewalk. This Division may be especially relevant should 

trees be selected as part of a design alternative for this project. 

Lastly, ‘Division 23 – Heating, Ventilation, and Air Conditioning (HVAC)’ is generally relevant to this 

project as it details heating and cooling requirements, air handling units related to air conditioning, and 

water chillers related to air conditioning.  

2.2 The Site 

2.2.1 Location and History 
Mitchell Hall is in Kingston, Ontario on the Queen’s University main campus, as seen in Figure 3. More 

specifically, Mitchell Hall is located on the corner of Union Street and Division Street. It is approximately 

190,000 square feet (17,650 square meters) and was first opened in December 2018 (Queen’s University 

2022). The modern, sleek building was an $85 million project designed to house engineering research 
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Figure 4: Mitchell Hall’s glass curtain walls as seen from outside.  

 

Figure 5: Mitchell Hall's glass curtain walls as seen from inside. 
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2.2.3 Existing Solar Shading  
Mitchell Hall currently has a fully automated, interior double-blind system that is installed on the south 

and east-facing glass curtain walls. As shown in Figure 7, one set of blinds provides partial shading, and 

the other serves as blackout shading. The partial shading is made from a medium weight, flame-

retardant sunscreen fabric that is white/grey in colour. As described in the Window Shades Specification 

Sheet, provided by Queen’s Facilities (personal communication, October 20, 2022), under the Product 

section, it states that the south-facing partial blinds have a 3% exposure (97% UV blockage), and those 

on the east have a 5% exposure (95% UV blockage). The second set of shades, however, are designed to 

block out all sunlight. They are made from black-out material, where the fabric is coated in fiberglass to 

achieve room darkening. This fabric is 12 mils thick, washable, and appears white/grey in colour. Each 

roller shade has a 120V AC motor, and there are wall switches (1 for each bank of blinds) located inside 

of Mitchell Hall that connect to each roller shade system (east and south)
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provides a sense of demand throughout the year. The data represents the percentage open of the 

cooling valve throughout the year. The cooling data provided spans from the end of February 2022 to 

the middle of November of 2022. The average value of percent open of the cooling valve in Mitchell Hall 

for each month can be seen in Figure 7.  This demonstrates that Mitchell Hall has the highest cooling 

demand in the summer months, from May to September, as expected. Currently, Shady Consulting has 

not been provided with any c00912 0 33pd1t
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Figure 8: Project Mind Map. 

3.1 Status Quo 

The first solution to be considered is retaining the existing automated double-blind system in place at 

Mitchell Hall. If no further measures are taken to improve the excess heat uptake in Mitchell Hall, 

monthly energy usage will remain at current levels, and associated utility costs will not decrease.  

The advantage of the current system is that the windows can be shaded at the user's convenience to 

either partial or complete shading. This allows for the excess heat intake to be roughly regulated 

throughout the day. The disadvantage of this is that when blackout curtains are used, the curtain walls 

do not function like windows, and more artificial light needs to be used inside the building. This solution 

does not offer improvement but may be considered in tandem with other solutions.  

3.2 Trees as Solar Shading 
The second solution to be analyzed is to plant trees outside of Mitchell Hall, in conjunction with the 

existing double-blind system. This idea has potential to be relatively environmentally friendly, cost 

effective, and is in use across Queen’s campus currently.  

3.2.1 Relevant Regulations  
For Mitchell Hall, the Ontario Landscape Tree Planting Guide (McGrath et al. 2019) is the most relevant 

documentation for planting trees. This guide is a comprehensive revision of “A Reference Guide for 

Developing Planting Details.” The intent of this guide is to give professionals an understanding of 

commonly used horticulture terms, tree attributes, and planting requirements. For this project, the 

guide’s information about environmental site assessment, soil assegtR1Qs10(m)-4(pnt)] TJ
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An environmental site assessment of Mitchell Hall will help determine if planting trees is a feasible and 

suitable solution for this location. This process is summarized as follows: 

1. Identify the hardiness zone where trees will be planted. This zone can be located by using one of 

two main methods: the Canadian plant hardiness method, and the USDA method.  

2. Observe the amount of sunlight new plantings will receive throughout the growing season. This 

is categorized into either full, partial, or no sunlight. This parameter depends on several factors 

including planting location, height, and the number of surrounding buildings.  

3. Determine the distance between the planting site and surrounding hard surfaces like roads and 

concrete. This is to monitor heat reflected from these surfaces onto the trees
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Figure 10: Graph of shadow length over a day (MVHS n.d.). 

By observing Figure 10, shadow length changes throughout the day. Based on the graph, the shortest 

shadow length occurs around noon, meaning that the shade from planted trees will be the least 

effective at noon each day. Therefore, to optimize the design solution, the assistance of internal shading 

technology may be required. Thus, utilizing the existing double-blind system in tandem with planting 

trees would be ideal, as the blinds may be used at the time of day when the trees provide the least solar 

shading assistance.  

3.2.4 Heat Transfer Calculations 
Once daily shadow length information is estimated, the next step is to identify the amount of heat being 

passed through the glass curtain walls at Mitchell Hall. To find this, it is necessary to complete heat 

transfer calculations. 
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to calculate heat gain have not yet been considered by Shady Consulting but will be included in the final 

report deliverable. 

 

𝑇𝑒 = 𝑇0 + (
𝛼 ∗ 𝐸𝑡
ℎ0

) 

Equation 4: Sol-Air Temperature for Vertical Surface Equation 

T0, Outdoor air temperature 

 Absorptance of surface for solar radiation 

Et, Total solar radiation incident on surface 

H0, Outside air convective heat transfer coefficient. 

Equation 4 above can be rewritten to calculate the sol-air temperature for a wall with shading. Sol-air 

temperature is used to find the cooling load of a building and determine the total heat gain through 

exterior building surfaces.  

𝑇𝑒𝑠 = 𝑇0 + (
𝛼 ∗ 𝐸𝑡 ∗ (1 − 𝑆𝐶)

ℎ0
) 

Equation 5: Sol-Air Equation for Shaded Wall 

Tes = Sol-air temperature for a wall with shading, degrees Celsius 

SC = Shading coefficient  

The shading coefficient, SC, can be calculated by combining Equation 4 and Equation 5, shown as 

follows:  

𝑆𝐶 = 1 − (
𝑇𝑒𝑠 − 𝑇0
𝑇𝑒 − 𝑇0

) 

Equation 6: Shading Coefficient Equation 

The absorption of solar radiation needs to be adjusted according to different shading coefficients 

present throughout the day and for different seasons. The solar absorptance equation can be seen in 

Equation 7. 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑𝑆𝑜𝑙𝑎𝑟𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑎𝑛𝑐𝑒 = 0.6 ∗ (1 − 𝑠ℎ𝑎𝑑𝑖𝑛𝑔𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡) 

Equation 7: Solar Absorptance Equation 

Aside from the equations described above, calculating heat flux and heat rate is another method 

employed to determine heat transfer. The formula used to calculate heat flux is shown below in 

Equation 8. The thermal conductivity, thickness, and temperature difference across a sheet of rigid 

extruded insulation are all known. To simplify the question, a few assumptions are needed. The first 

assumption is that the heat transfer process is one-
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constant properties. The process of calculating heat transfer also includes solving for the heat rate, 

shown in Equation 9 (Bergman et al. 2011). 

𝑞𝑥 = (−𝑘) ∗ (
𝑑𝑇

𝑑𝑥
) = (𝑘) ∗ (

𝑇1 − 𝑇2

𝐿
) 

Equation 8: Heat Flux Equation 

qx, the heat flux in x-direction, (W/m2) 

k, thermal conductivity, (W/m*K) 

dT, changing temperature in x-direction (K) 
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Figure 11: The process of carbon dioxide sequestration through soil 
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drawing can be seen in Figure 12, where the red horizontal lines represent the overhang location. The 

window heights are dimensioned on the right side of the drawing spanning between overhangs. 

 

Figure 12: Shop drawing of south facing curtain wall with proposed solar shading location. 

The required length of horizontal overhang perpendicular to the glass curtain wall can be calculated 

using Equation 19, relating the height of the window (H) to length of the overhang (L). 

𝐿 = 𝐻 × tan(90 − 69.287) 

Equation 19: Length of overhang. 

The calculation for the length of overhang can be visualized in Figure 13. The three overhang lengths for 

the south facing glass curtain wall were determined to be 1442.9 mm, 1335.2 mm, and 1828.1 mm. The 

east facing glass curtain wall can be analyzed following the same steps. 
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Figure 13: Overhang length calculation diagrams. 

With the positioning and the length of the overhangs determined, the final step is to determine the type 

of overhang. The overhang installed at Goodes Hall on the Queen’s University campus would be the 

ideal overhang design for Mitchell Hall. The Goodes Hall overhang is shown in Figure 14. The slitted 

design prevents snow accumulation, as well as reduces uplift caused by winds, while also remaining 

lightweight due to reduced material volume.  

 

Figure 14: Goodes Hall overhang design. 
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3.3.2 Vertical Fins 
Vertical fins are a type of vertical solar shading that consist of evenly spaced thin vertical members 

spanning the height of the windows.  An example of vertical fins as a solar shading device can be seen in 

Figure 15 (Fairconditioning n.d.). 

 

Figure 15: Vertical fins example (Fairconditioning n.d.). 

The idea of using vertical fins as a solar shading device for Mitchell Hall was generated during the 

brainstorming process. After further thought and discussion, Shady Consulting has determined that 
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3.3.3.
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4. Solution Lifetime: The fourth criterion to be considered is how long the alternatives will remain 

functional. This is important because balancing the longevity of the chosen solution will impact 

the cost to Queen’s facilities and the quality of the project with time. 

5. Constructability: Choosing a solution that can be implemented quickly and with minimal 

disturbance to the surrounding area would be preferable for this project. This criterion includes 

considering the level of construction required and the time to complete installation. This also 

includes considering the amount of time after installation until the solution becomes effective. 

6. Aesthetics: Finally, it must be considered that this project will be highly visible on Queen’s 

campus and should be cohesive with the surrounding buildings. The aesthetic appeal of each 

solution will be considered in this section, relative to the other alternatives.  

4.2 Design Criteria Evaluation 
Before ranking each alternative solution for the design criteria, the evaluation rubric and scale for each 

factor need to be clearly identified. The following section lays out the rationale used to scale and rank 

each design criteria. 

1. Effectiveness: Given that the purpose of this project is to decrease excess heat intake, a ranking 

scale of one to five will be used, one being the worst, and five being the best. This category will 

be ranked qualitatively by estimating the reduction in sunlight passing through the glass curtain 

walls. Along with this, the seasonal effectiveness will also be considered – solutions that can 

allow sunlight in the winter will be favoured 
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be considered.  If more information on the carbon footprint of each solution becomes available, 

more quantitative analysis will be conducted. 
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Table 
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2 The solution remains serviceable for 15-25 years. 

3 The solution remains serviceable for 25-35 years. 

4 The solution remains serviceable for 35-50 years. 

5 The solution remains serviceable for 50+ years. 

 

5. Constructability: The constructability of the solutions will be ranked on a scale of one to five; 

one being the worst and three being the best. This will be a relatively qualitative scoring, as 

shown below in Table 6. 
Table 6: Constructability Scoring Rubric 

Constructability Scoring Rubric 

Score Rationale 

1 The solution requires considerable construction time and intensity. 

2 The solution requires moderate construction time and considerable intensity. 

3 The solution requires moderate construction time. 

4 The solution requires minimal construction time and moderate disturbance to the 

surrounding area. 

5 The solution requires minimal construction time and minimal disturbance to the 

surrounding area. 

 

6. Aesthetics: The final criterion will be qualitatively ranked on a scale of one, three, and five; one 

being the worst and five being the best. This scoring scale was adopted to ensure the category 

weight was not impacted by having fewer scoring classes. As shown below in Table 7, the 

rationale for scoring aesthetics depends on the ability of the glass curtain walls to function as 

windows. 

 
Table 7: Aesthetics Scoring Rubric 

Aesthetics Scoring Rubric 

Score Rationale 

1 The solution does not allow the glass curtain walls to function as windows. 

3 The solution allows the function of curtain walls as windows. 

5 The solution allows the function of curtain walls as windows and improves the aesthetic 

appeal of the building. 
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4.3 Design Alternative Evaluation 

Now that the rubrics for each criterion have been clearly described, the alternative solutions can be 

evaluated. The section below illustrates the scoring and rationale for each solution with respect to the 

design criteria.  
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Option A: Status Quo
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4.4 Evaluation Matrix 

As a disclaimer, Shady Consulting must acknowledge the bias present when ranking the different design 

alternatives. Engineering judgment depends on both objectivity and experience, and in this process, 
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Based on the evaluation matrix above, Shady Consulting has selected Option D: planting trees in tandem 

with the existing double-blind system as the solution moving forward. The following sections of this 

report outline this solution in detail, including implementation cost and a detailed final design.  

5.0 Design Solution 
Shady Consulting has researched each facet of the selected design to ensure it can be implemented in a 

feasible, economical, and effective manner. This section of the report will outline the research 

conducted to select an appropriate species of tree, the planting mechanism, the design layout, and 

information on 
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Figure 21: Annual Shadow Length  

Shadow length may be used as a design parameter, especially if the trees are planted at a distance from 

any structure. For 
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5.1.6 Time to Maturity and Life Span 
Table 15 lists the time to maturity for the different tree species under consideration. The time to reach 

maturity for the four types of trees ranges between 10 to 25 years (Germane 2023). After the tree is 
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5.3. These category rankings were totaled to provide a quantitative comparison between each species 

option, with the highest-ranking species being selected.  

 

The evaluation criteria for this matrix were weighted equally – at a factor of one; this is because each 

factor will contribute to the success of the project equitably. Selecting a tree species with high enough 

shading is important because that will determine the ability of the solution to decrease excess heat 

uptake in Mitchell Hall, which is the main purpose of the project. Choosing a tree species that will 

mature relatively quickly will also directly impact the success of the project because it determines when 

the design will become effective.  Likewise, the lifetime of the selected tree species will determine the 

longevity of the solutions' effectiveness, and the future costs associated with replanting the trees. 

Finally, the habitat suitability of the selected species is imperative in ensuring that the trees can mature, 

live for their expected lifespan, and provide effective shading at Mitchell Hall. If this factor is not 

considered, then the future costs of the project will increase if the trees need to be replanted. Since 

each factor in the matrix directly impacts the success of the project, each factor has been given an equal 

factor weighting of one. 

▪ Species A:  Shantung Maple 

▪
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Figure 24: Elevation drawings of the east and south walls showing shaded area provided by design layout 1. 

Design layout 1 provides shading for 33.7% of the glass curtain walls. The detailed calculations are 

shown below. 

%𝐴𝑟𝑒𝑎
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%𝐴𝑟𝑒𝑎𝑆ℎ𝑎𝑑𝑒𝑑 =
𝐴𝑟𝑒𝑎𝑆ℎ𝑎𝑑𝑒𝑑

𝑇𝑜𝑡𝑎𝑙𝐴𝑟𝑒𝑎
× 100 =

(7620𝑚𝑚 × 13379𝑚𝑚) + (7620𝑚𝑚 × 17798𝑚𝑚)

(13379𝑚𝑚 + 17798𝑚𝑚)(12665𝑚𝑚)
× 100 

%𝐴𝑟𝑒𝑎𝑆ℎ𝑎𝑑𝑒𝑑 = 60.2 

5.4.2 Design Layout Selection 
After carefully considering the two design options presented, Shady Consulting has selected design 

option 1 as the preferred design. This design features two Shantung Maple trees along the south wall of 

the building, while leaving the east wall untouched. Option 1 was calculated to provide shade to 33.7% 

of the wall area. A visual representation of the design can be seen in Figure 26 below. Option 1 is not 
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5.5 Transport, On-Site Handling, and Inspection 
The Ontario tree planting guide provides general information about transportation and handling 

techniques planting trees. Accessibility considerations should start with using the Ontario tree guide as a 

reference. The critical materials needed for transportation, onsite handling, and inspection include a 

record of trees ordered, a water source and hose, bags to protect bare roots, trees, and equipment 

required to move large trees (McGrath et al. 2019).  

To ensure that the tree transportation process and material handling is successful all the trees should be 

covered during transportation to site. The tree foliage and root balls should be handled carefully to 

avoid damage. Maintaining adequate moisture on the roots by 
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efficiency is not only part of the client’s request but is also part of the universal objective to increase 

energy efficiency. There are several benefits that come from improving energy efficiency. Firstly, it will 

reduce greenhouse emissions and other pollutants indirectly through the reduction of electricity usage. 

Additionally, reducing energy expenditure can effectively reduce utility bills. With decreased utility bills, 

the increase in energy efficiency may stabilize electricity prices for the University. Decreasing the energy 

demand may allow the University to shift away from investing in electricity generation and transmission 

infrastructure. Lastly, energy efficiency may minimize the uncertainty related to fluctuating heat prices 

(US EPA 2017).  All the windows on Queen’s campus have adopted double glazing technology because it 

is the most common and standard energy efficiency practice for glass. The implementation of a glass 

coating could be a unique feature that only Mitchell Hall would possess across the Queen’s campus. 

Glass coating could be a milestone for Queen’s in terms of energy saving and global sustainability. 

However, the implementation may also pose some challenges, including delaying the project timeline 

and making the project more labour and cost intensive.  

6.1 Glass Coating Energy Working Mechanism 
Once glass is coated with metal oxide, it is known as low energy glass; this coating is microscopically thin 

and transparent (Vitro Architectural Glass n.d.).  Figure 2828 shows the principal mechanism of metal 

oxide coated glass. The layer of coating is responsible for blocking short wave solar energy and long 

wave-infrared, which are UV rays and heat. The only type of light that can pass through metal oxide 

coating in both directions is visible light (Champion Window n.d.). 

 

 

Figure 28: E-Coating on Glass (Champion Window n.d.). 

6.2 Advantages of Glass Coating  
There are several benefits to using metal oxide as a coating for glass. The coating reduces the 

susceptibility of the glass being damaged or scratched. This coating also blocks UV rays from entering 

buildings and increases the lifetime of the glass. Coated glass lowers the glare from light sources 

compa
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6.3 Relevant Calculations and Analysis  
The following section outlines the U factor and solar heat gain coefficient calculation completed as part 

of the energy savings analysis. 

6.3.1 U factor 
U factor analysis is one way to evaluate the insulating properties of specific building elements. Lower U 

values correspond to better insulation qualities. The purpose of calculating U for this section is to 

compare the thermal insulation provided by double glazed glass and low energy glass. These calculations 

require the use of R values (Kingspan 2017). R values depends 
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Equation 
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public discourse (NorthBridge and Insurance 2018). For this project, it would be impractical to close 

Mitchell Hall or the surrounding area during construction. This means that students, faculty members, 

other staff members, and visitors are also stakeholders facing potential risk during the construction 

phase. While construction workers are equipped with industry knowledge and are required to wear 

personal protective equipment, members of the public are not. This means that they will face a higher 

risk of accidental injury on or near the site. The major threats to safety may include broken ground, 

exposed underground utility lines, and heavy equipment. There are three important steps to reduce 

safety hazards. The first step is to control the site by using the right equipment, procedures, and 

protocols. The second step is to focus on clear communication between workers and to use effective 

signage around the site. The last step is to be diligent around the site with respect to safety and 

education measures. 

The first step, which entails controlling the construction site, can be further broken down. A key 

component is establishing who can access the job site, as well as when and how they can do so. This 

includes excluding members of the public from having access to the job site. Furthermore, physical 

barriers and warnings such as alarms, motion sensors, fencing, and other building enclosures may be 

employed if necessary. Eliminating obvious safety hazards where possible and integrating extra 

protection in areas where visitors could be hurt should be considered. Ensuring that exposed holes and 

excavation sites are fenced off at the end of each workday is another standard precaution to take on a 

construction site. Lastly, exits to balconies, higher floors, or roofs should be marked or fenced off. 

The second step focuses on clear communication and signage. Better communication starts by letting 
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equipment required on site. The City of Kingston has a by-law document outlining the relevant fencing 

and signage requirements for construction sites (City of Kingston - Bylaw 2005-99). 

8.3 OHSA  
As a risk management tool for the construction phase of this project, referencing relevant 

documentation is useful. The provincial legislation surrounding workplace health and safety is the 

Occupational Health and Safety Act (OHSA). This document applies to this project as both the client and 

contractors are required to comply with the outlined regulations and recommendations (Occupational 

Health and Safety Act). This document may be referenced for: 

• Workplace hazard management measures and procedures to follow. 

• Legal route to enforce safety rules when not followed voluntarily. 

8.4 Environmental Threats to Trees 
One risk associated with this project is the possible losses if the trees die due to external influences. Re-

planting the trees outside of Mitchell Hall would incur costs for necessary equipment mobilization, 

manual labor, tree sourcing, and transportation. This would also cause an increase in heat uptake in 



 
 

57 
 

 

Figure 29: Spongy Moth Egg Nest. 

• April-May: Applying a 10 cm wide strip of double-sided tape to the tree trunk at approximately 

chest height will prevent the caterpillars from moving up the tree; the tape should be removed 

at the end of the growing season. 

• Mid-May: Spraying trees foliage during this time with insecticides containing BTk (Bacillus 

thuringiensis kurstaki) compound is an effective means to kill and deter Spongy Moth. 

• May-August: Placing burlap mats and the trunk of trees and discarding caterpillars that fall is an 

extra method during the later season to remove Spongy Moth caterpillars (Threats to Trees 

n.d.). 

8.4.2 Tree Pests 
There are a variety of different tree pests present in Kingston that can damage trees, including insects 

and larger animals like squirrels (Threats to Trees n.d.). The main species identified by the City of 

Kingston as threats to Shantung Maples are the European Gypsy Moth and Forest Tent caterpillars. To 

mitigate the risks of damage from insect and animal activity in this project, regularly checking the trees 

is recommended. If these species are identified, follow the same removal procedures as described 

above for Spongy Moth caterpillars (Threats to Trees n.d.). 

8.4.3 Tree Diseases  
The City of Kingston also has information available on prominent tree diseases in the greater Kingston 

area. Identification of tree diseases can be difficult but noting the symptoms, like foliage and bark 

discolouration, leaf dropping, and partial tree death, can allow for diagnosis and treatment (Threats to 

Trees n.d.).  

8.4.4 Extreme Weather 
Trees, especially those planted in above-ground planter boxes, are vulnerable to extreme weather 

events such as drought and high winds (Wpx_cairns 2020). To mitigate the risk of drought damage to 

the trees in this project, checking the soil for dryness during the summer months and watering 

accordingly is recommended. Since these trees will be relying on rainfall to keep the planter box moist, 

they will likely need extra watering, because there is no groundwater supply for the deep roots to use. 

The trees in this project may also be vulnerable to damage from high winds (especially while they are 

small) during storms because their root system will be contained to the planter boxes built, and they will 

be very out in the open against Mitchell Hall. To manage this risk, the planter boxes to be implemented 

were designed to be larger than necessary to allow the trees to form larger root systems. To further 
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mitigate this risk, preventative measures can be taken such as implementing stakes on either side of the 

trees when they are small, and applying burlap covers to the foliage if needed (Wpx_cairns 2020).  

8.5 Glass Coating 
One of the key risks for implementing the glass coating is the exposure to metal oxide. The following 

section will explain the importance of following the safety data sheet, potential risk of exposure to metal 

oxide, and risk mitigation measures for this product.  

8.5.1 Zinc Oxide 
Zinc oxide is one of the most common coatings used for low energy glass. To reduce the scope to a 

reasonable level, the risk assessment for this product will focus on the potential risk of exposure to zinc 

oxide and its prevention. Zinc oxide can affect people’s breathing; exposure to zinc oxide can cause a 

condition called “metal fume fever.” Metal fume fever can be described as an illness with symptoms of 

metallic taste in the mouth, which leads to headaches, fever, chills, chest tightness and cough. This risk 

makes safety precautions for this project especially important (New Jersey Department of Health and 

Senior Services 2007).  

Safety data sheets (SDS) are an important source to gather information about eliminating and 

minimizing the risks associated with the handling and use of hazardous chemicals. It is highly 

recommended that all operators that will handle metal oxide review the SDS and WHMIS material for 

zinc oxide (Workplace Health and Safety Queensland 2020).  

To reduce the exposure of zinc dioxide, ventilation systems should be used during the process of 

application. The applicator must have all necessary personal protective equipment including safety 

glasses, masks, and protective clothing. Additionally, anyone encountering the coating during 

application is strongly recommended to take a shower directly after task completion. Clear site signage 

and product labelling for hazardous materials reduces incident risk, as well as continuing regular 

workplace education and training in workplace safety (New Jersey Department of Health and Senior 

Services 2007).  

9.0 Queen’s Building Design Standards Document 
Queen’s Facilities requested that solar shading be implemented into the Queen’s Building Design 

Standards (QBDS). A short section on the incorporation of solar shading is to be added to ‘Division 01 – 

General Requirements’ within the QBDS. The section outlines how solar shading should be 

implemented, different solar shading options, design requirements, and other general information. The 

draft for ‘Section 01 93 00 Solar Shading’ can be seen in Appendix F.  

10.0 Climate Considerations 
Climate change refers to the long-term change in temperature and weather patterns around the world. 

Since climate change is becoming an increasingly important parameter, it is important that the climate 

be considered when designing and implementing any new engineering and construction project. The 

design and implementation of solar shading has a goal to reduce energy usage and greenhouse gas 

emissions in that the solution would decrease the amount of energy needed to cool the building 

throughout the summer months.  
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The climate was considered throughout the design and construction phases of this project. Firstly, it was 

important to think about how the materials used might impact the climate. If trees were to be planted 

and used as solar shading, it would be considered a carbon sink as opposed to a structural solution, 

which may be considered a carbon source, depending on the material used. If a structural solution were 

to be implemented, things to consider when choosing a material would include: the manufacturing 

process, recyclability, and/or carbon emissions. For example, wood is typically a single-use material, 

where at the end of its life, the wood would be land filled or incinerated, essentially returning any stored 

carbon back into the atmosphere, contributing to greenhouse gas emissions (Canadian Institute of Steel 

Construction 2019). Alternatively, steel is known as the world’s most recyclable material, so although 

the material may take more energy to make initially, it can be continually recycled into new materials 

with no loss in quality, resulting in fewer emissions released long term (Canadian Institute of Steel 

Construction 2019). The design option of planting trees would act as a carbon sink during their service 

life; when the trees die, they will not be recyclable but would not have any negative carbon impact.   

This project considered environmental implications throughout the entire design process. It 
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a planter box on the south facing glass wall of Mitchell Hall, as described by Design Layout Option 2 in 

section 5.5 of this report. This option was not recommended as the chosen design solution because it 

was costly and would require a higher level of construction than the selected design layout along the 

east glass curtain wall. Implementing the second design option in the future would increase the shading 

on Mitchell Hall and decrease excess heat uptake in Mitchell Hall if desired by Queen’s Facilities.  

Another means to build on the contents of this report would be to conduct a more detailed cost 

estimation for the project. This could be accomplished by submitting requests for quotes (RFQ) for the 

design project construction to contractors in the Kingston area, for a more accurate cost estimate for 

the construction works. Material and labour costs are subject to changes in the economy, and time, and 

should be updated before the commencement of the project to ensure an accurate cost estimate. 

12.0 Conclusions 
This report outlined the final design solution proposed by Shady Consulting, along with the design and 

decision-



https://temperate.theferns.info/plant/Acer+campestre
https://wildadirondacks.org/trees-of-the-adirondacks-striped-maple-acer-pensylvanicum.html
https://wildadirondacks.org/trees-of-the-adirondacks-striped-maple-acer-pensylvanicum.html
https://www.allweatherwindows.com/the-pros/architect/glass-performance-chart/
https://earthundaunted.com/the-differences-between-us-and-canadian-plant-hardiness-zones/
https://earthundaunted.com/the-differences-between-us-and-canadian-plant-hardiness-zones/
https://www.hpglazing.com/post/guide-to-low-e-glass
https://www.cisc-icca.ca/steel-vs-wood-which-is-the-more-sustainable-building-material/
https://www.cisc-icca.ca/steel-vs-wood-which-is-the-more-sustainable-building-material/
https://www.gardeningknowhow.com/ornamental/trees/maple/care-of-red-maple-trees.htm
https://www.gardeningknowhow.com/ornamental/trees/maple/care-of-red-maple-trees.htm
https://www.championwindow.com/window-buyers-guide/what-is-low-e-glass/
https://clear.ucdavis.edu/explainers/what-carbon-sequestration
https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=22224
https://www.dashdoor.com/resource-center/technical-articles/electrified-switchable-privacy-glass-work/
https://www.dashdoor.com/resource-center/technical-articles/electrified-switchable-privacy-glass-work/


 
 

62 
 

Dream Civil. 2022. “Solar Windows: Features, Advantages, Disadvantages & Conclusion.” Accessed 

November 24, 2022. https://dreamcivil.com/solar-windows/. 

Durabuilt. n.d. “The Benefits of Low E Glass Windows.” Accessed March 23, 2023. 

https://durabuiltwindows.com/resource-article/low-e-glass/. 

Engles, L. n.d. “How to Grow and Care for Shantung Maple.” The Spruce. Accessed March 23, 2023. 

https://www.thespruce.com/shantung-maple-growing-guide-5115491. 

Environment Canada. n.d. “Trees of Ontario: the Maples.” 

Enviroscreen. 2020. “What Is Solar Shаdіng? | Fixed and Dynamic.” Accessed November 15, 2022. 

https://dreamcivil.com/solar-windows/
https://durabuiltwindows.com/resource-article/low-e-glass/
https://www.thespruce.com/shantung-maple-growing-guide-5115491
https://www.enviroscreen.org.uk/what-is-solar-shading/
https://www.sciencedirect.com/topics/engineering/solar-gain
http://fairconditioning.org/knowledge/passive-design/shading/
https://www.americover.com/blog/install-root-barrier/
https://www.ecomatcher.com/how-to-calculate-co2-sequestration/
https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_2/acer/saccharinum.htm
https://www.bhg.com/gardening/trees-shrubs-vines/trees/how-long-will-it-take-my-new-red-maple-to-grow-to-full-size/
https://www.bhg.com/gardening/trees-shrubs-vines/trees/how-long-will-it-take-my-new-red-maple-to-grow-to-full-size/
https://inspectapedia.com/Solar/Passive_Solar_Overhangs.php
https://www.kingspan.com/tr/en/knowledge-articles/how-to-calculate-a-u-value/
https://www.kovach.net/understanding-window-wall-curtain-wall/


 
 

63 
 

Laurent, A.-B., Y. van der Meer, and C. Villeneuve. 2018. “Comparative Life Cycle Carbon Footprint of a 

Non-Residential Steel and Wooden Building Structures.” https://doi.org/10.29011/2638-

0013.100028. 

McGrath, D., R. Munroe, and J. Henry. 2019. Ontario Landscape Tree Planting Guide. Landscape Ontario 

Horticultural Trades Association. 

Metro Maples. n.d. “Growing Shantung Maples.” Metro Maples. Accessed March 23, 2023. 

https://www.metromaples.com/growing-shantung-maples. 

MVHS. n.d. “Shadow Tracks Project.” Accessed November 24, 2022. 

http://mvhs.shodor.org/mvhsproj/projects/shadowf/shadindex.html. 

National Wildlife Federation. n.d. “Red Maple.” National Wildlife Federation. Accessed March 23, 2023. 

https://www.nwf.org/Home/Educational-Resources/Wildlife-Guide/Plants-and-Fungi/Red-Maple. 

New Jersey Department of Health and Senior Services. 2007. “Hazardous Substance Fact Sheet.” 

NorthBridge, M. for, and N. Insurance. 2018. “Building site safety tips: Protecting your visitors.” 

Northbridge Insurance. Accessed November 24, 2022. 

https://www.northbridgeinsurance.ca/blog/building-site-safety-protecting-visitors/. 

NSC. 2010. “The carbon footprint of steel.” newsteelconstruction.com. Accessed November 24, 2022. 

https://www.newsteelconstruction.com/wp/the-carbon-footprint-of-steel/. 

Ontario Building Code. 2022. 

Peterson, M. 2019. Ethics for Engineers. Oxford University Press. 

Professional Engineers Act. 2022. 

“Queen’s Building Design Standards | Facilities.” n.d. Accessed November 23, 2022. 

https://www.queensu.ca/facilities/building-design-standards. 

Rae Peet, A. 2022. “Further Information Required.” 

Sage Glass. n.d. “How Electrochromic Glass Works | SageGlass.” Accessed November 24, 2022. 

https://www.sageglass.com/products/how-electrochromic-glass-works. 

“Section 12 24 13.” 2019. Queen’s facilities. 

Skellern, C. 2005. “Tree Shadows: Part 1.” 4. 

Stephenson, D. G. 1968. “CBD-101. Reflective Glazing Units - NRC-IRC.” Accessed March 23, 2023. 

http://web.mit.edu/parmstr/Public/NRCan/CanBldgDigests/cbd101_e.html. 

The Engineered Wood Association. n.d. “Glulam - APA – The Engineered Wood Association.” Accessed 

November 24, 2022. https://www.apawood.org/glulam. 

“The Ontario Building Code | Ramps.” n.d. Accessed March 19, 2023. 

https://www.buildingcode.online/517.html. 

“The Ontario Building Code, Section 4.1.5.5.” n.d. https://www.buildingcode.online/673.html. 

https://doi.org/10.29011/2638-0013.100028
https://doi.org/10.29011/2638-0013.100028
https://www.metromaples.com/growing-shantung-maples
http://mvhs.shodor.org/mvhsproj/projects/shadowf/shadindex.html
https://www.nwf.org/Home/Educational-Resources/Wildlife-Guide/Plants-and-Fungi/Red-Maple
https://www.northbridgeinsurance.ca/blog/building-site-safety-protecting-visitors/
https://www.newsteelconstruction.com/wp/the-carbon-footprint-of-steel/
/facilities/building-design-standards
https://www.sageglass.com/products/how-electrochromic-glass-works
http://web.mit.edu/parmstr/Public/NRCan/CanBldgDigests/cbd101_e.html
https://www.apawood.org/glulam
https://www.buildingcode.online/517.html
https://www.buildingcode.online/673.html


 
 

64 
 

“The Ontario Building Code, Section 9.1.6.4.” 2018. BUILDINGCODE.ONLINE. 

https://www.buildingcode.online/1289.html. 

Tree Canada. n.d. “Trees of Canada.” Tree Canada. Accessed March 23, 2023. 

https://treecanada.ca/resources/trees-of-canada/. 

“Threats to Trees.” (n.d.). City of Kingston, <https://www.cityofkingston.ca/resident/trees-

nature/threats-to-trees> (Mar. 17, 2023). 

Triangle Gardener. 2015. “How to Find the Sun in Your Garden | Triangle Gardener Magazine.” Accessed 

November 22, 2022. https://www.trianglegardener.com/how-to-find-the-sun/. 

https://www.buildingcode.online/1289.html
https://treecanada.ca/resources/trees-of-canada/
https://www.trianglegardener.com/how-to-find-the-sun/
https://bexar-tx.tamu.edu/homehort/archives-of-weekly-articles-davids-plant-of-the-week/shantung-maple/
https://bexar-tx.tamu.edu/homehort/archives-of-weekly-articles-davids-plant-of-the-week/shantung-maple/
https://www.energy.gov/energysaver/energy-performance-ratings-windows-doors-and-skylights
https://www.energy.gov/energysaver/energy-performance-ratings-windows-doors-and-skylights
https://www.epa.gov/statelocalenergy/local-energy-efficiency-benefits-and-opportunities
https://www.epa.gov/statelocalenergy/local-energy-efficiency-benefits-and-opportunities
https://www.usgbc.org/articles/green-building-101-what-leed
https://glassed.vitroglazings.com/topics/how-low-e-glass-works
https://ca.movies.yahoo.com/7-trees-plants-most-invasive-090000723.html
https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_2/acer/rubrum.htm
https://onetreeplanted.org/blogs/stories/reforestation-sustainable-development-goals
https://onetreeplanted.org/blogs/stories/reforestation-sustainable-development-goals
https://www.worksafe.qld.gov.au/safety-and-prevention/hazards/hazardous-chemicals/managing-hazchem-risks/labelling-and-safety-data-sheets
https://www.worksafe.qld.gov.au/safety-and-prevention/hazards/hazardous-chemicals/managing-hazchem-risks/labelling-and-safety-data-sheets


 
 

65 
 

Appendix A: Queen’s Facilities Steam Data 

 

Figure 30: Mitchell Hall’s Monthly Steam Usage (Copy of Mitchell Hall Steam Log, 2022). 

 

 

Figure 31:  Mitchell Hall's Monthly Heating Costs (Copy of Mitchell Hall Steam Log, 2022). 
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Appendix B: Project Plan 

Updated Gantt Chart 

 

Figure 32: Updated Gantt Chart. 
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Updated Work Breakdown Structure 

 

Figure 33: Updated Work Breakdown Structure (Green Means Completed Task)
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Appendix C: Relevant Meeting Minutes 

CIVL460: CLIENT MEETING FOR 
PROGRESS REPORT  

Meeting Minutes  
 

Location:  BMH (and on Zoom)  
Date:  October 19, 2022  
Time:  2:30 p.m.  
Attendees:  Evelyn Batson, Cameron Gravelle (Minute-taker), Noah Lucciola, Chenjie Wang, 

Nathan Splinter, David Gerrish, and Alex Rae Peet.  

  

Discussion items  
1. Discussed the scope of the project. Due to time constraints, the focus should be on 
establishing a solar shading solution only for the southeast side of Mitchell Hall (ignore the 
southwest side).    
2. Asked client, Queen’s Facilities, to send Shady Consulting Mitchell Hall shop drawings 
and product specification sheets for the glass curtain walls, windows, and current blind system. 
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CIVL460 PROGRESS REPORT MEETING #1  

Meeting Minutes  
 

Location:  BMH  
Date:  November 9, 2022  
Time:  2:30 p.m.  
Attendees:  Evelyn Batson (Virtual), Cameron Gravelle (Minute-taker), Noah Lucciola, Chenjie 

Wang, and Esmé Hirsch (TA)  
 
  

Discussion items  
1. Discussed progress so far in the semester.   
2. Discussed how the group is to incorporate possible solutions, even if they do not seem 
feasible.   
3. Discussed expectations for technical analysis and other such sections for the progress 
report.    
4. Discussed how the team can (and should) create soft deadlines for each project 
deliverable. Esmé will be available to review submissions prior to the deadline, given she has the 
time.    
5. Discussed expectations for including meeting minutes and e-
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CIVL460 PROGRESS REPORT MEETING #2 

Meeting Minutes  
 

Location:  BMH  
Date:  November 16, 2022
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CIVL460 CLIENT MEETING #2 (W23)  

Meeting Minutes  

Location:  Virtual (Zoom)  

Date:  January 27, 2022  

Time:  1:30 p.m.  

Attendees:  Evelyn Batson, Cameron Gravelle (Minute-taker), Noah Lucciola, Chenjie Wang, Alex 
Rae Peet and David Gerrish  

Discussion items  
1. Progress report – thoughts and feedback. David and Alex have e-mailed their thoughts 
and feedback.   
2. Discussed chosen final solution, thoughts and feedback, comments and advice. Client 
approves and likes the idea to implement landscaping/trees as a solar shading solution. They 
like that the solution would be carbon negative (could come up with creative solution for 
planters other than concrete?).  
3.

3 .
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CIVL460 CLIENT MEETING #3 (W23)  

Meeting Minutes  

Location:  Virtual (Zoom)  

Date:  March 3, 2023  

Time:  1:30 p.m.  

Attendees:  Evelyn Batson, Cameron Gravelle (Minute-taker), Noah Lucciola, Chenjie Wang, Alex 
Rae Peet and David Gerrish  
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Appendix D: Hour Logs 
Appendix D contains the pie-chart hour logs for each team member. 

 
Figure 34: Chenjie Wang Hour Log 

 
Figure 35: Noah Lucciola Hour Log 







 
 


