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Rules Compliance Checklist

RULE

Rule 4-2

Rule 4-2

Rule 4-3

Rule 4-4

Rule 4-5

Rule 4-6

Rule 4-6

Rule 4-7

Rule 4-7

Rule 5-2

Rule 5-2

Rule 6-1

Rule 6-2

Rule 6-2

Rule 6-3

Rule 7-1

RULE
DESCRIPTION

Construction
Equipment

Construction
Equipment

Ground Penetration

Impact within the
Solar Envelope

Generators

Spill Containment

Spill Containment

Lot Conditions

Lot Conditions

Solar Envelope
Dimensions

Solar Envelope
Dimensions

Structural Design
Approval

Finished Square
Footage

Finished Square
Footage

Entrance and Exit
Routes

Placement

LOCATION DESCRIPTION

Drawing(s) showing the assembly and
disassembly sequences and the movement of
heavy machinery on the competition site

Specifications for heavy machinery

Drawing(s) showing the locations and depths of all
ground penetrations on the competition site

Drawing(s) showing the location, contact area,
and bearing pressure of every component resting
directly within the solar envelope

Specifications for generators (including sound
rating)

Drawing(s) showing the locations of all equipment,
containers, and pipes that will contain liquids at
any point during the event

Specifications for all equipment, containers, and
pipes that will contain fluids at any point during the
event

Calculations showing that the structural design
remains compliant even if 18 in. of vertical
elevation change exists

Drawing(s) showing shimming methods and
materials to be used if 18 in. of vertical elevation
change exists on the lot

Drawing(s) showing the location of all house and
site components relative to the solar envelope

List of solar envelope exemption requests
accompanied by justifications and drawing
references

List of, or marking on, all drawing and project
manual sheets that will be stamped by the
qualified, licensed design professional in the
stamped structural submission; the stamped
submission shall consist entirely of sheets that
also appear in the drawings and project manual

Drawing(s) showing all information needed by the
rules officials to measure the finished square
footage electronically

Drawing(s) showing all movable components that
may increase the finished square footage if
operated during contest week

Drawing(s) showing the accessible public tour
route

Drawing(s) showing the location of all vegetation
and, if applicable, the movement of vegetation
designed as part of an integrated mobile system

Design Development Project Manual
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LOCATION

0-101,
0-901

Not included
S-101,
S-502
S-101, L-101

Not included
P-101
221353
2214 29.19
Appendix 1

S-501

G-201,
G-202,
P-101

N/A

S-SERIES
PM P.6

G-101
N/A

G-103

L-111
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RULE

Rule 7-2

Rule 8-1

Rule 8-3

Rule 8-3

Rule 8-4

Rule 8-4
Rule 8-5
Rule 8-5

Rule 8-5

Rule 8-5

Rule 8-5

Rule 8-5

Rule 8-5

Rule 9-1

Rule 9-1

Rule 9-2

Rule 9-3

Rule 9-4

Rule 9-6

Rule 9-6

Rule 9-7

Rule 9-8

RULE
DESCRIPTION
Watering Restrictions
PV Technology
Limitations

Batteries

Batteries

Desiccant Systems

Desiccant Systems
Village Grid
Village Grid

Village Grid

Village Grid

Village Grid

Village Grid

Village Grid

Container Locations

Container Locations

Team-Provided
Liquids

Greywater Reuse
Rainwater Collection
Thermal Mass
Thermal Mass
Greywater Heat

Recovery
Water Delivery

LOCATION DESCRIPTION

Drawing(s) showing the layout and operation of
greywater irrigation systems

Specifications for photovoltaic components

Drawing(s) showing the location(s) and quantity of
all primary and secondary batteries and stand-
alone, PV-powered devices

Specifications for all primary and secondary
batteries and stand-alone, PV-powered devices

Drawing(s) describing the operation of the
desiccant system

Specifications for desiccant system components
Completed interconnection application form

Drawing(s) showing the locations of the
photovoltaics, inverter(s), terminal box, meter
housing, service equipment, and grounding means

Specifications for the photovoltaics, inverter(s),
terminal box, meter housing, service equipment,
and grounding means

One-line electrical diagram

Calculation of service/feeder net computed load
per NEC 220

Site plan showing the house, decks, ramps, tour
paths, and terminal box

Elevation(s) showing the meter housing, main
utility disconnect, and other service equipment

Drawing(s) showing the location of all liquid
containers relative to the finished square footage

Drawing(s) demonstrating that the primary supply
water tank(s) is fully shaded from direct solar
radiation between 9 a.m. and 5 p.m. PDT or
between 8 a.m. and 4 p.m. solar time on Oct. 1

Quantity, specifications , and delivery date(s) of all
team-provided liquids for irrigation, thermal mass,
hydronic system pressure testing, and
thermodynamic system operation

Drawing(s) showing the layout and operation of
greywater reuse systems

Drawing(s) showing the layout and operation of
rainwater collection systems

Drawing(s) showing the locations of liquid-based
thermal mass systems

Specifications for components of liquid-based
thermal mass systems

Drawing(s) showing the layout and operation of
greywater heat recovery systems

Drawing(s) showing the complete sequence of
water delivery and distribution events

Design Development Project Manual
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LOCATION
N/A
26 3100

N/A

N/A
M-601,
M-602
M-601
PM P.9
E-SERIES

E-SERIES
E-001
E-601
E-301
E-201
P-101

C-801

Project
Manual P.6

N/A
P-101
N/A
N/A
M-602

P-101, L-501
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RULE RULE LOCATION DESCRIPTION LOCATION
DESCRIPTION
Rule 9-8 Water Delivery Specifications for the containers to which water P-101
will be delivered
Rule 9-9 Water Removal Drawing(s) showing the complete sequence of P-101
water consolidation and removal events
Rule 9-9 Water Removal Specifications for the containers from which water ~ P-101, L-501
will be removed
Rule 11-4 Public Exhibit Interior and exterior plans showing entire G-103
accessible tour route
Design Development Project Manual Page 5
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Structural Calculations

See Appendix 1

Detailed Water Budget

WATER USE CALCULATIONS

FUNCTION (GALLONS) GAL EVENTS NOTES

Hot Water Draws 240 15 16 Hot water draws per contest criteria

Water Vaporization 2.4 0.6 4 W'ate.r evap. events per contest
criteria

Dishwasher 20 4 5 Dl'shv.vasher events per contest
criteria

Clothes Washer 120 15 8 Cl'oth_es washer estimate per contest
criteria
1/4" irrigation per ft2

. i ) vegetation/week using low water

VEgEElL e plant species. Can be reduced by
rainwater collection

Fire Protection 300 i i ng protection fill + 250 gal. in event
of fire

Thermal Storage 60 i )

Tanks

Testing 50 - - Testing of plumbing systems

Initial Systems Fill 10 - -

Solar Thermal 10 i i

Collectors

Aesthetic Purpose 200 - - Exterior wetland (10'x8'x3")

Safety Factor 104.74 - - 10% of above

WATER Provide (3) 385 gallon tanks for

REQUIRED | BRI 1155 gal. capacity

Design Development Project Manual Page 6
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Summary of Unlisted Electrical Components

All electrical components carry an approved testing agency’s listing per Section 6-7 of the
SD2013 Building Code

Design Development Project Manual Page 7
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Summary of Reconfigurable Features

Flexible Interior Spaces

The interior of Borealis follows no standards as to what a home should be. Instead, functional and
spatial requirements were reconsidered from the perspective of the target market, or end user.
Designed for two working professionals, the layout may at first appear unconventional. The
interior space has been split into two distinct apartments that share a set of common amenities. In
each of the living modules, there is a flexible space, delineated by architectural thresholds and
may be physically separated by a set of three sliding doors on either side of the center service
module. Opening these doors creates a large, open social space out of the kitchen and dining,
and the living and working areas from each side module.

Each side module living and working space has the same “kit of parts”: one apartment sized sofa,
two task chairs, two small stools, and an adjustable table. All of these pieces can be arranged as
a typical living room used for relaxation and socialization, or as an office used for conference
calls, work assignments or presentations. The key element in either of these scenarios is the
adjustable height table. Using the lever on one side of the table, Borealis’ inhabitants can
effortlessly lower the table to coffee table height, or raise it to desk height. It will lock back in at
any desired height, for use from the task chairs or sofa, or at standing height. Being that Borealis
has been designed with working professionals in mind, the inclusion of office capabilities are an
important element. Power and data are also provided in both of these rooms to support said
activities.

Other furniture provides alternative seating, like the wood stools that can alternatively be used as
accent tables throughout the home. The dining table in the adjacent kitchen space has also been
integrated into the volume, so that the television screens can be viewed from the dining room,
making conferencing, presenting and entertaining easy to accommodate through all shared
spaces.

Flexible Glazing

Both the south and north modules use a glazing system provided by Innotech, in which tilt-and-
turn window units are used strategically to permit passive cooling. These pieces can be tilted
towards the interior of the space for fresh air and ventilation, or hinge open like a door (all are
also equipped with screens) to allow a breeze. Because the function of these windows prohibits
any type of wall mounted window covering, each unit has also been fitted within the frame with a
blind system that can be entirely adjusted — they can be pulled all the way across the window to
block all light and views or anything in between, where the bottom of the window is covered to
block high sun while maintaining a view above.

Design Development Project Manual Page 8
U.S. Department of Energy Solar Decathlon 2013 8/22/2013
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Interconnection Application Form

Team Alberta

Lot 116
PV Systems
Module Manufacturer Short Description of Array DC Rating of Array
(sum of the DC ratings)
Canadian Solar CanadianSolar CS6P—-250P PV Panels 10 000OW
Total DC power of all arrays is 10.0 kW
INVERTERS
Inverter Model Number Voltage Rating (kVA or KW)  Quantity
Manufacturer
Enphase M215 240V 260W(DC)/215W(AC) 40

Total AC power of all inverters is 8.6 kW

REQUIRED INFORMATION

The following information must be included in the project manual or construction documents. If
located in the construction documents, list the drawing locations in this section of the project
manual. (Example: B3/E-201)

Location

One-Line Electrical Schematic E-001

Calculations of service/feeder net computed load and neutral load (NEC E-601

220)

Plan view of the lot showing the house, decks, ramps, tour paths, the E-105

service point, and the distribution panel or load center

Provide the Team’s “Electrical Engineer” contact in the “Team Officer Contact Info” database on
the Yahoo Group as required per Rule 3-2.

Design Development Project Manual Page 9
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Energy Analysis Results and Discussion

With two previous competition entries as experience, Team Alberta seeks to build on our
research and lessons learned from 2009 and 2011. For example, the team believes strongly in
keeping a lot of glazing for the purpose of making the house aesthetically pleasing and provides a
more attractive interior for its inhabitants. In the response to this desire, the team worked hard on
the mechanical system and ended up with a more complex system, but more energy efficient
than a simple system. The key to this increased efficiency is utilizing waste heat from the heat
pump during cooling operations.

Energy Simulation Tool
Currently the team has used Hot2000 to model the house. Other software such as E-Quest and
TRNSYS will be used to do final sizing evaluations of the systems, as well as additional checks.

Hot2000

This is free software available from Natural Resources Canada and has weather information for a
vast amount of locations, allowing for energy modeling in different locations. This program is
primarily made to model existing houses and see how much different energy upgrades
(improvements) will add to the overall performance of the house. It is also used to model newly
built houses, but has limited constructions options. For example, SIPs (structural insulated
panels) are not an option. This software is also used to give a Canadian energy efficiency rating
for a house just like appliances have. The main benefit of this software is that it is easy to use,
easy to do modifications, and can calculate a vast amount of data even PV (photovoltaic) output.

When using Hot2000, it quickly came evident that this software should only be used as guidance
for several reasons. One of the main problems that was found, again like last competition, was
that the user does not know exactly how the program calculates the energy use of the house,
leading to an unclear understanding of how the energy numbers come to be. In addition, it was
later found that the program does not properly calculate or has great assumptions in certain areas
such as natural Air Ventilation and more advance software will need to be used later.

Key Assumptions

1. That the house structure is “fairly” airtight. This assumption is on the basis that the spray
foam, which is used for insulation, will be installed correctly and if so provides the house
with a very air tight envelope. In addition, high quality windows will be installed with great
care again allowing for an air tight envelope.

2. That the heat pump will be working close to its intended COP. Simply because the
mechanical system is specifically designed to maintain a constant optimal cooling water
temperature as it enters the condenser.

3. Windows and glass door reflective coatings perform according to its performance
specifications in terms of reducing solar thermal gain by the windows.

4. That the solar thermal evacuated tubes do not loose significant efficiency due to the far
transportation of liquid to the mechanical room at the back of the house due to good
insulation around the pipes.

5. That the hot water systems including pre-dryer air heating and thermal storage tanks to
not leak a significant amount of heat into the house leading to an increased cooling
demand.

Design Development Project Manual Page 10
U.S. Department of Energy Solar Decathlon 2013 8/22/2013
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Simulation Analysis and Findings

This time the team wanted to make sure that the house is both aesthetically pleasing to the
market, as well have sufficient natural light entering the house. This leads to a design of the entire
south facing side of the house being glazing, as well as it leads to the possibility of overheating. A
critical point of the house was quickly found that the type of shading system used for this large
glazing has a tremendous effect on the amount of cooling necessary for the house. Therefore
great care was taken in selecting the shading system and glazing coating for the house to prevent
high solar gain in the summer (for the California climate).

In running the simulations, it was found that the heat pump has a significant amount of waste
heat. The engineering team decided to take on the challenge of utilizing this waste heat in some
way. This concept of utilizing waste heat to fulfill other mechanical tasks such as domestic hot
water hopes to compensate for its large glazing and still make it energy efficient.

Type of Heat and Cooling Distribution System

In total three different types of heat and cooling distribution systems were looked at. The first was
floor heating. It was found that this is a very desirable way to heat the house for many reasons,
such as greater efficiency and higher comfort to the occupants. However, many disadvantages
where found when exploring this option. Firstly, it is much more costly and requires some thermal
mass in the floor making the house heavier for transportation. Secondly, this system has
somewhat of a lag between when the heat is added to the system, to when that change is felt in
the house, mostly due to the needed thermal mass acting as a buffer. With so many visitors
coming inside to see the house, and possibly in waves, the team wanted a system that can
quickly adjust to the changing cooling loads due to these visitors. Thirdly, as found in last
competition’s analysis, this system adds unwanted complexity to the house, especially during
reconstruction which the team would like to keep as simple as possible.

The second system that was looked at was a traditional air handler, and the third system was a
high velocity air handler. Both of these two options looked promising over the in floor heating in
comparison of cost; however in the end the high velocity furnace was picked for several reasons:

e Making sure the house is very modular and easy to transport, the height of the modules
was a strong concern for the entire team. Since the high velocity furnace uses smaller
ducts, it allowed the celling inside the house to be higher than would be possible with a
typical air handler.

e The high velocity air handler claims it can maintain a better temperature throughout the
house than a standard air handler. This was particularly important because it is expected
that there will be a warm section near the south glazing part of the house, as well as cool
areas along the east and west walls. Therefore, a system that can maintain small
temperature fluctuations within the house was considered much more beneficial. The
manufacture claims a temperature distribution in the house of just 2 degrees compared to
6 degrees with a conventional air handler.

e Since the mechanical system is complex and requires lots of room for the many different
components, the much smaller size than a conventional system was greatly attractive.

Design Development Project Manual Page 11
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Solar Thermal Tubes

Annual solar radiation is not constant year round, which adds to the problem of producing too
much heat during the summer, as well as problems of increased maintenance and complexity of
the system. Originally, an additional air source heat pump was looked at for domestic hot water
demand and not incorporating the solar tubes. However in the end evacuated tubes where
chosen for many reasons:

The mechanical team wanted to have a flexible system that could work in many different parts of
Canada, and evacuated solar thermal tubes allowed for additional flexibility. When fall comes
around, the efficiency of the heat pump used to heat the house decreases, and by winter in some
parts of Canada the temperature is so low it would be more energy efficient to heat the house
with a simple electric heater. Therefore, this is when solar evacuated tubes add to the flexibility of
the mechanical system, since now the evacuated tubes can be used to heat water or even help
heat the house. The solar thermal system can also be simply expanded to meet heating needs of
a certain climates. The thermal storage is ready for storing heat from the evacuated tubes and
reusing it at night.

Since the mechanical team focused on utilizing waste heat from the heat pump as best it could,
so many house systems, like the dryer-air preheater and dehumidifier, run on hot water.
Therefore, there are more things to utilize the produced hot water from the evacuated tubes such
as a heat storage tank and dehumidifier. Since the solar thermal energy has more uses then just
domestic hot water, the energy from this high efficiency solar system can be utilized more
effectively year round.

The cost estimate was not much more than incorporating an additional heat pump and the
benefits seems to have outweighed the cost.

Heat pump

The water-to-water (ground source) heat pump might seem as an odd choice, however it was
selected because it was the easiest way, that the team found, to be able to fully utilize the waste
heat of the heat pump. Since the waste heat is in the form of hot water, it can easily be utilized to
do many things such as heating the domestic hot water tank. When the waste heat is utilized as
much as possible, the waste heat liquid goes through a variable speed fan radiator, therefore
cooling down the water to the proper temperature before it goes back into the condenser on the
heat pump to remove heat. This allows the heat pumps efficiency to not be compromised when
using its waste heat.

By using a water-to-water (ground source) heat pump, flexibility is added again to the mechanical
system. If the house would be located in a region with reasonable ground temperature then the
mechanical system is ready to be connected to make a ground source heat pump system. It is as
simple as removing the liquid external radiator and connecting those same pipes with the in-
ground pipes, filling with liquid and the system is complete. This not only allows for flexibility, but
also allows for the consumer to have the ability to move to a more efficient heat pump system in
the future if desired.

Design Development Project Manual Page 12
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Glazing

The generous glazing that flanks the ends of each module provides a connection to the outdoors
and allows for the interior of Borealis to be illuminated with natural light. It also allows for
unobstructed sight lines and view, an asset for our target occupant, who is responsible for
overseeing work camps in Northern Alberta.

Such a large amount of glazing needs to be considered strategically in order to regulate the
interior climate of Borealis. The glazing system that is supplied by Innotech utilizes triple pane
glass and a dual low-e coating to ensure that there is minimal solar gain through the windows.
The coating that is used allows for 56% visible light transmittance, while rejecting 76% of the
solar heat that hits the windows. Large over-hangs shade a significant portion of the Southern
windows at the competition site in California, but allow for more sunshine into the building in
Northern Alberta where the sun is lower and the temperatures are colder. Additional exterior
roller shades or louvers may be added later if further shading is deemed necessary.

Building Envelope Thermal Analysis

In each case, a logical cross-section was chosen that would best represent the entire system to
be simulated. Details were set up as a worst case scenario and material thermal properties are
assumed linear. Thermal analysis does not take into consideration non-perfect installation (void
spaces / non-conforming material thickness & properties).

LBNL's THERM v6.3.46 program reports analysis results in graphical form (see below) and
numerical form. Values for thermal performance are calculated by the program as an overall
average heat transfer coefficient for the system (U-factors), the inverse of which is thermal
resistance (R & RSl value).

The results are as follows (Imperial R-values truncated in each case to nearest whole value):
- Roof: R38
- Wall: R39.5 (glazing not considered)
- Floor: R26

Design Development Project Manual Page 13
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Lighting Design
IESNA Lighting Handbook

The llluminating Engineering Society of North America, IESNA, was founded in 1906 for the
purpose of advancing the field of lighting and to explore the new and budding technologies in this
field. The mission of the IESNA is to improve the lighting environment by bringing together those
with lighting knowledge and by translating that knowledge into actions that benefit the public [1].
The IESNA also envisions building upon a century of excellence to create a leading lighting
community dedicated to promoting the art and science of quality lighting to the public. The
knowledge gathered through the society is presented in the form of the IESNA Handbook. The
handbook in its 10™ Edition is a collaborative work that addresses a broad range of technologies,
procedures and design issues to ensure that the appropriate lighting knowledge is available to the
professionals in the field of illumination as well as to those interested in exploring the field. The
10" edition incorporates new technologies and scientific developments, such as solid state
lighting sources, humans’ perception of light as they age, sustainability and the integration of day
lighting with electrical lighting. The handbook also looks into the more extensive and specific
qualitative lighting design criteria such as subjective impressions and architectural special factors
[1]. The 10™ edition is made of three sections [2]:

¢ Framework: this section describes the science and technology related to lighting;

e Design: this section includes the fundamental considerations and special issues of day
lighting and electrical lighting as well as energy management, controls and economics.

e Applications: this section covers the design context for many lighting applications and
provides luminance recommendations for certain tasks and areas and identifies certain
analytical goals of lighting design using science and technology.

The Borealis Electrical Engineering team’s main focus was on using the standards outlined by the
IESNA to optimize the lighting design. This process involved looking into the fundamentals of
lighting and considering the guidelines set by the IESNA during the design process. The team
created the following list of targeted lighting values based on IESNA’s applications table of
lighting for residential dwellings. The table is as follows

Design Development Project Manual Page 14
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Table 1: IESNA Lighting Targeted Values

IESNA MINIMUM LIGHTING TARGETS
INDOOR LIGHTING TARGETS

AREA Eh Ev | LUX(Eh) %EJJ)( AVE:MIN
BATHROOM SHOWER FLOOR 50 2:1
BATHROOM TOILET SEAT 100 2:1
BEDROOM DRESSING ROOM FLOOR 100 31
BEDROOM READING 3 200 31
DINING ROOM INFORMAL | TABLE TOP 100 4:1
DINING ROOM STUDY USE | TABLE TOP 200 2:1
FAMILY ROOM FLOOR | | 100 31
KITCHEN CABINETS FACE 50 31
KITCHEN COOKTOPS SURFACE 300 2:1
KITCHEN PREP COUNTER SURFACE 500 2:1

TOP OF _

KITCHEN SINK SINK 300 2:1
KITCHEN GENERAL AREA FLOOR 50 2:1
OFFICE DESK SPACE 2'6" 300 1.5:1
ART FACE 200 2:1

The numbers outlined in the table above address the fundamentals to achieve optimal lighting in
the different areas in the house. The table outlines the power measurements on horizontal plane
(Eyn) as well as on a vertical plane (E,), it then measures the energy measurements for both the
horizontal and vertical planes (LUX E;) and (LUX E,) respectively. The last column presents the
average to minimum ratio which is the ratio between the average light in a room to the darkest
corner of the room.

A reliable simulation tool was needed to conduct appropriate simulations to meet the targeted
values. The tool used is called ElumTools, and is provided by Lighting Analyst Inc. which has as
mission to assist the architectural lighting industry with the preparation and presentation of
predicted lighting performance through the use of powerful micro-computer software. ElumTools
is the first fully integrated add-in for Autodesk Revit designed to calculate point-by-point
illuminance on any work plane or surface. This tool is also approved by IESNA which is a
sustaining member and therefore aligns with the guidelines the team has chosen to abide by.

Design Development Project Manual Page 15
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The performance of the different light fixtures being considered would be tested to determine the
energy consumption and the power output of each one. Another feature of the house that would
be tested during the simulations is the daylight dimmable sensors and controls which take into
account the amount of natural daylight available and adjust the indoor lighting automatically to the
required amount. This feature will allow the Borealis house to be more sustainable and to
consume less energy.

Taking into consideration the guidelines outlines by IESNA, two different simulations were
needed to achieve accurate values. The first one was to calculate the amount of light reaching
the furniture and the second simulations was to account for the shadowing affect created by the
furniture which affects the average to minimum ratio by removing the furniture even though not all
of it was removed (it was necessary to maintain the kitchen table for instance). The house was
also broken into different lighting zones to calculate the light levels and task lighting per room.
Two calculations were performed on the bedrooms to account for both the general area as well
as a task light area suited for reading.

The common theme throughout the house was the use of recessed linear LED fixtures so the
bedroom had two of these fixtures, in addition to two switched half receptacles by the bed
devoted to task lighting via lamps. The next area to be simulated was the living rooms. Two
recessed linear LED fixtures were again used to accomplish all of the general and ambient
lighting required for the room with task lighting installed such as lamps for desk work and
adjustable accent lights for artwork. The bathroom also had two calculations to simulate the
general area as well as the lighting levels at the toilet seat. These lighting levels were achieved
by using three recessed pot lights, in addition to a water-tight recessed pot light for the shower
stall. The lights were spaced to reach the levels required by the IESNA for both the general area
and for the toilet seat. The kitchen was the area with the most lighting surface calculations, due to
the IESNA levels of 500 lux for the kitchen prep counter and 300 lux for the island and sink. Team
Borealis achieved these lighting levels by using architectural recessed spotlights to illuminate
specific counters and cooktops in addition to under-cabinet lighting for the prep counter. It will be
interesting to see how closely the simulated values match the recorded values during the
competition. When doing the lighting calculations for the kitchen there were some shading issues
caused by the table which suggests a higher average to minimum value for that room. The last
room to be simulated was the Mechanical room. A single suspended wire guard dual fluorescent
style luminaire with retrofit LED bulbs was used and achieved a high light output. The mechanical
room presents some challenges since the numerous devices in there may cause interesting
shading to occur, the simulation indicate that is possible to achieve an average of 105 lux with a
minimum of 27 lux. The table below summarizes the results of the simulations.
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Table 2: Testing Results

Calculations with furniture

Calculation Point Ave (Ix) | Max (Ix) | Min(Ix) | Avg/Min | Max/Min

BEDROOM
o | READING 269 301 215 1.25 14
& | BEDROOM
:ng READING 279 324 186 1.5 1.75
o| COUNTERTOP 599 729 385 1.56 1.9
E ISLAND 564 734 439 1.29 1.67
_zjsa TABLE 397 625 207 1.91 3.01
TOILET SEAT 492 528 448 11 1.18

Calculations without furniture (no shadows)

Calculation Points Ave (Ix) | Max(Ix) | Min(Ix) | Avg/Min | Max/Min

«» | BEDROOM 1 216 259 140 1.54 1.84
% BEDROOM 2 214 253 136 1.57 1.86
T LIVING ROOM 2 250 313 140 1.78 2.23
g LIVING ROOM 1 233 386 124 1.88 3.12
E; BATHROOM 345 454 155 2.22 2.93
~ | KITCHEN 268 447 52 5.12 8.56

MECHANICAL 105 168 27 3.86 6.17

The aim of the team members going to the competition grounds in October will be looking to
measure the values the Borealis provides in order to validate the simulation results.

Control and Monitoring

The Borealis house design incorporates an extensive customizable control and monitoring
system. The primary purpose is to ensure all the equipment used in the house is performing at
optimal levels and will allow for an interactive user interface. Monitoring the performance of the
house will allow for historical data to be collected establishing a solid foundation that “Team
Alberta” could use to build upon in the future.

The Photovoltaic array placed on the roofs of the house is the main source of electricity;
therefore, it is important to monitor the performance by keeping track of the power produced by
the PV array. The PV modules considered by the team have a nominal maximum power of 250W,
each of the arrays on the side house modules has 16 modules and 16 inverters so one inverter
per module. The center array on the other hand has 8 modules and 8 inverters. The Enphase
M215 inverter system will allow for panel by panel monitoring giving the end user the capability to
optimize the array for maximum power output.

The DeltaSol BX solar thermal controller will not only operate the solar thermal system it will also
perform advanced data logging. The BX controller has the ability to monitor up to seven thermal
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points and a flow sensor for the solar loop. It is also capable of connecting to a computer via a
Vbus/Ethernet converter and will provide real time energy information to the data logging
equipment. The current flowing through each circuit in the house will also be monitored by the
Branch Circuit Power Monitor (BCPM) to determine the power usage of the house. The
temperature and flow rate in the lines feeding in and out of the tanks will also be monitored to
determine how the energy is used and what percentage of it is lost compared to that which is
efficiently used for the house. A customizable monitoring system is considered for the Heat Pump
in order to offer the user wide range of flexibility when it comes to adjusting the system for the
house. The Programmable Logic Controller (PLC) is used to control the heat recovery path and
temperature as well as monitor the flow sensors. The BCPM monitoring system and the PLC are
connected through an Ethernet gateway and using a Modbus RTU protocol the information
collected can be logged on to a server on the web and viewed through an Android application or
on a personal computer.
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Quantity Takeoff

SPENCJEE'E‘EON BRIEF DESCRIPTION DETAILED DESCRIPTION UNIT

DIVISION 01 GENERAL REQUIREMENTS
01 XX XX TYPICAL JACK-AND-ROLL SYSTEM 1 SYSTEM FOR 1 DAY 1 DAY
DIVISION 05 METAL
05 12 73.M13 W8x18 BEAMS 6,786 LBS
051273 W6X20 COLUMNS 1,980 LBS
CUSTOM FABRICATED POWDER COATED
05 50 00 DECK HANDRAIL POSTS STEEL POSTS 0.375X2.5 BAR 75 EACH.
05 XX XX CABLE RAILING ASSEMBLIES 1/8” 316 SS CABLE PREFAB ASSEMBLIES 1 PROJ.
DIVISION 06 WOOD, PLASTIC AND COMPOSITES
06 15 33.13 CEDAR - INTERIOR CEILING 7/16X4 CEDAR CHANNEL SIDING 2,530 LF
06 15 33.13 CEDAR - EXTERIOR CLADDING 1X4 CEDAR T&G SIDING 400 LF
06 16 00.D10 1/2" PLYWOOD EXTERIOR WALL SHEATHING 2015 SF
06 16 53 1/2" PLYWOOD EXTERIOR ROOF 982 SF
06 20 XX INTERIOR BASE MOULDING 1” X 4 MDF BASE MOULDING 152 LF
WHITE QUARTZ, 1/2” THICK, STRAIGHT WITH
06 61 19 QUARTZ SOLID SURFACE EASED EDGE PROFILE 33 SF
06 XX XX DIMENSIONAL LUMBER 4x4 POSTS, TREATED WOOD 236 LF
06 XX XX CEDAR 5/4X6 DECKING SURFACE 1050 SF
06 XX XX DIMENSIONAL LUMBER 2X4 WALL FRAMING 16"0.C 1651 LF
06 XX XX DIMENSIONAL LUMBER 2X6 INTERIOR ROOF AND FLOOR FRAMING 444 LF
06 XX XX DIMENSIONAL LUMBER 2X8 INTERIOR ROOF AND FLOOR FRAMING 4237 LF
06 XX XX 1/2" INTERIOR GYPSUM INTERIOR WALLS 2150 SF
06 XX XX 1/2" PLYWOOD FLOOR JOIST SHEATHING 900 SF
06 XX XX 3/4" PLYWOOD SUBFLOOR 900 SF
3.5" X 9.5" LAMINATED VENEER
06 XX XX | UMBER BEAM INTERIOR FRAMING 56 LF
06 XX XX POND LINER POLYETHELENE LINER 10’ WIDE 16 LF
06 XX XX POND CLADDING 2X8 LUMBER 32 LF
06 XX XX POND STRUCTURE 2X4 LUMBER 40 LF
SOUTH EAST SEATING AND
06 XX XX PLANTERS 2X6 Lumber 636 LF
Design Development Project Manual Page 19
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06 XX XX SOUTH WEST PLANTERS 2X6 Lumber 265 LF
NORTH MECH COVER, PLANTERS,
06 XX XX SEATING 2X6 Lumber 768 LF
THERMAL AND MOISTURE
DIVISION 07 PROTECTION
SHEET METAL FLASHING, ALUMINUM,
07 62 00 SHEET METAL FLASHING AND TRIM | FLEXIBLE, MILL FINISH, .013" THICK, INCLUDING 300 LF
UP TO 4 BENDS
MANUFACTURED GUTTERS AND .
077123 DOWNSPOUTS 3” PVC PIPING AND FITTINGS 60 LF
TYPICAL SPRAY POLYURETHANE FOAM
072119 EXTERIOR WALLS INSULATION INSULATION, FLOORS. WALLS AND CEILINGS, 2015 SF
2#/CF DENSITY, £7" THICK, R42, SPRAYED
TYPICAL SPRAY POLYURETHANE FOAM
0721 29 FLOOR INSULATION INSULATION, FLOORS. WALLS AND CEILINGS, 900 SF
2#/CF DENSITY, £7" THICK, R42, SPRAYED
TYPICAL SPRAY POLYURETHANE FOAM
0721 29 CEILING INSULATION INSULATION, FLOORS. WALLS AND CEILINGS, 982 SF
2#/CF DENSITY, £7" THICK, R42, SPRAYED
07 53 29 TPO SINGLE PLY ROOF FIRESTONE TPO 900 SF
DIVISION 08 OPENINGS
08 53 00 WINDOW - SOUTH ELEVATIONS OF 3-2"W X 7’-6” H UPVC, TRIPLE GLAZED, LOW-E, 5 EACH
SIDE MODULES FIXED, INNOTECH WINDOW
08 53 00 WINDOW - SOUTH ELEVATION OF 3-3 1/2” W X 7"-6” H UPVC, TRIPLE GLAZED, 3 EACH
CENTRE MODULE LOW-E, FIXED, INNOTECH WINDOW
08 53 00 WINDOW - SOUTH ELEVATION OF 1-8” W X 9'-10 1/2” H UPVC, TRIPLE GLAZED, 1 EACH
CENTRE MODULE LOW-E, FIXED, INNOTECH WINDOW
08 53 00 CLERESTORY WINDOW - NORTH 6-5” W X 1'-2" H UPVC, TRIPLE GLAZED, LOW-E, 2 EACH
ELEVATION OF SIDE MODULES FIXED, INNOTECH WINDOW
08 53 00 TRANSOM WINDOW - ABOVE NORTH | 3-0" W X 1’-2” H UPVC, TRIPLE GLAZED, LOW-E, 2 EACH
ELEVATION DOORS FIXED, INNOTECH WINDOW
3-0"W X 7'-6” H UPVC, PRE-HUNG, EXTERIOR,
08 53 00 gfg,i%lso?\gg,fg%ga%gtms INNOTECH DOOR WITH OPERABLE SASH AND 4 EACH
TRIPLE GLAZED LOW-E LITE
08 53 00 DOOR - NORTH ELEVATION OF 3-0"W X 7°-6” H UPVC, PRE-HUNG, EXTERIOR 1 EACH
CENTRE MODULE VINYL INNOTECH DOOR
34" W X 6"-9” H X 1-3/8” WITH TRACK
08 14 00 DOOR - INTERIOR POCKET HARDWARE 4 EACH
32" W X 6-9” H X 1-3/8” WITH TRACK
08 14 00 DOOR - INTERIOR POCKET HARDWARE 4 EACH
34" W X 6"-8” H X 1-3/8” WITH TRACK
08 14 00 DOOR — INTERIOR SLIDING HARDWARE 6 EACH
DIVISION 09 FINISHES
1/2” GYPSUM WALLBOARD, STANDARD,
092116 GYPSUM BOARD W/COMPOUND SKIM COAT (LEVEL 5 FINISH) 1400 SF
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09 30 00

09 30 00

09 91 05

09 91 05

09 64 29

09 XX XX

09 XX XX

DIVISION 10

10 22 26

1022 26

102813

102813

1028 13

10 XX XX

10 XX XX

DIVISION 11
11 3100
11 3100
11 3100
11 3100
11 3100
11 3100
11 3100

DIVISION 12

12 XX XX

12 XX XX

PORCELAIN TILING - BATHROOM
FLOOR

PORCELAIN TILING - BATHROOM
WALLS

RECYCLED GLASS TILING - KITCHEN
BACKSPLASH

INTERIOR PAINT

INTERIOR PAINT - BASE MOULDING

LAMINATE FLOORING

VINYL COMPOSITE FLOORING

FLOOR EXPANSION JOINT

SPECIALITIES

FOLDING PARTITIONS

FOLDING PARTITION HARDWARE

RESIDENTIAL BATH ACCESSORIES
RESIDENTIAL BATH ACCESSORIES

RESIDENTIAL BATH ACCESSORIES
BATHROOM GREEN WALL

BATHROOM LIGHT TUBES
(SKYLIGHTS)

EQUIPMENT

COOKTOP

WALL OVEN

RANGEHOOD
REFRIGERATOR/FREEZER
DISHWASHER

CLOTHES WASHER
CLOTHES DRYER

FURNISHINGS
BASE CABINET — 3 DRAWER

BASE CABINET — FACE PANEL WITH
WALL OVEN CUTOUT
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PORCELAIN TILES, 6"X12" TILE, MATTE FINISH
PORCELAIN TILES, 6"X12" TILE, GLOSSY FINISH

RECYCLED GLASS TILES, 2"X6”

ZERO VOC LATEX PAINT, EGGSHELL FINISH, 2
COATS, ROLL APPLIED

ZERO VOC LATEX PAINT, SATIN FINISH, 2
COATS, ROLL/BRUSH APPLIED

31/2” W X 9/16" T LAMINATE PLANK FLOORING

12"W X 12"D VINYL COMPOSITE FLOOR TILES

WABO WWF-200

2-10"W X 7-6” H X 0’-1 1/2” W HOLLOW CORE
PANEL, PAINTED FINISH, SLIDING DOOR
HARDWARE

11’-2” OVERHEAD ALUM. SLIDING DOOR TRACK
HARDWARE

5-0"W X 2’-4” H MIRROR

STAINLESS STEEL STANDING TOILET PAPER
ROLL HOLDER

STAINLESS STEEL TOWEL/ROBE HOOK

INTERIOR DIRTT BREATHE LIVING WALL
SYSTEM MOUNTED ON BATHROOM SOUTH
WALL 5-6"H x4-0""

VELUX LOW PROFILE FLEXIBLE (TGF) SUN
TUNNEL SKYLIGHTS

30" WHIRLPOOL GCI3061XB

30" WHIRLPOOL WOS551EC0AS
30" MAYTAG UXT5230AYS

24" BLOMBERG BRFB1450

18" BOSCH SPX5ES55UC

24" BLOMBERG WM77110

24" BLOMBERG DV7542

30"W X 30"H X 24’D PREFABRICATED IKEA
BASE CABINET WITH DRAWERS

30"W X 30"H X 24’D PREFABRICATED IKEA
BASE CABINET WITH APPLIANCE CAVITY
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12 XX XX

12 XX XX

12 XX XX

12 XX XX

12 XX XX

12 XX XX

DIVISION 21
21 XX XX
21 XX XX
21 XX XX
21 XX XX
21 XX XX
21 XX XX
21 XX XX
21 XX XX
21 XX XX
21 XX XX

DIVISION 22

22 XX XX

22 XX XX
22 XX XX
22 XX XX
22 XX XX
22 XX XX
22 XX XX
22 XX XX
22 XX XX
22 XX XX
22 XX XX
22 XX XX

ISLAND BASE CABINET —
DISHWASHER

ISLAND BASE CABINET — 3 DRAWER
WITH SINK CUTOUT

ISLAND BASE CABINET — 3 DRAWER

WALL-MOUNTED CABINET - LIFT
DOOR

WALL-MOUNTED CABINET - LIFT
DOOR (GLASS INSERT)

FULL-HEIGHT CABINET - FINISH
CARPENTRY

FIRE SUPPRESSION
PIPING

PIPING

SPRINKLER

TEE FITTING
ELBOW FITTING
ELBOW FITTING
TEE FITTING

HEAD ADAPTER

FIP ADAPTER

FIRE SUPPRESSION PUMP

PLUMBING

PIPING

TOILET

BATHROOM VANITY FAUCET
SHOWER HEAD

SHOWER CONTROLS
SHOWER PAN

KITCHEN SINK

KITCHEN FAUCET

HOT WATER TANK
TANKLESS HOT WATER HEATER
SEWAGE PUMP

DOMESTIC WATER PUMP
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18"W X 30"H X 24’D PREFABRICATED IKEA
BASE CABINET WITH APPLIANCE CAVITY

36"W X 30”H X 24’D PREFABRICATED IKEA
BASE CABINET WITH DRAWERS

24"W X 30”H X 24’D PREFABRICATED IKEA
BASE CABINET WITH DRAWERS

30"W X 15”’H X 12°D PREFABRICATED IKEA
UPPER CABINET WITH LIFT HARDWARE

30"W X 15”"H X 12’D PREFABRICATED IKEA
UPPER CABINET WITH LIFT HARDWARE

27"W X 7'6"H X 9"D SINGLE DOOR CABINET
STORAGE, PARTICLEBOARD CONSTRUCTION,
PAINTED FINISH FRONT PANEL

CPVC 1" BLAZEMASTER PIPE

1" SCHEDULE 40 BLACK STEEL PIPE
RELIABLE CONCEALED SPRINKLER HEADS
CPVC TEE FITTING

CPVC ELBOW FITTING

CAST IRON ELBOW FITTING

CAST IRON TEE FITTING

1" x 1/2" HEAD ADAPTER

1" FIP ADAPTER

GUARDIAN G3100

TYPICAL PEX ROUGH PLUMBING SUPPLY
SYSTEM, PIPING, FITTINGS, W/O FIXTURES &
TRIMS, 1 KITCHEN & 1 BATH

TOTO CST454CEFG
BSP-L-65014LF-PC

DELTA 52655

DELTA T17059

INFINITY DRAIN DG38SS
BLANCO QUATRUS U2 401247
BRIZO BSP-K-64020LF-PC
BRADFORD WHITE S-DC-DW2-55R6SW
Stiebel Eltron DHC-E

FLOTEC E75STVT

RED LION RJS-50E
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22 XX XX
22 XX XX
22 XX XX
22 XX XX
22 XX XX
22 XX XX
22 XX XX
22 XX XX

DIVISION 23

23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX
23 XX XX

SOLAR CIRCULATION PUMP

THERMAL STORAGE CIRCULATION

PUMP
2-WAY SOLENOID VALVE

3-WAY SOLENOID VALVE
SOLAR THERMAL TUBES

HEAT PUMP WATER PUMP
DRAIN WATER HEAT RECOVER
COPPER PIPING 3/4"

HEATING, VENTILATION AND AIR
CONDITIONING

HEAT PUMP

DEHUMIDIFIER

BATHROOM EXHAUST FAN
HEAT RECOVERY VENTILATOR
HEAT PUMP HEAT RECOVERY
AIR HANDLER BLOWER MODULE
A/C R410 COIL

VERTICAL PLENUM

TAKE-OFF KITS

SOUND ATTENUATOR

SUPPLY TUBE

SUPPLY ADAPTER

SLOTTED OUTLET 90 DEGREES
GALVANIZED PIPE 26 GA
GALVANIZED PIPE 30 GA
RECTANGULAR DUCT
RECTANGULAR ELBOW
ROUND TO RECTANGULAR

26 GA ELBOW

DUCT END CAP

SPUN PLUGS

TEES

FRESH AIR INTAKE

PIPE DAMPERS

BOEFLEX

INSULATION
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APRICUS AP-KIT-DOM-CL
GRUNDFOS UP 15-42F/VS
ASCO REDHAT

ASCO REDHAT

APRICUS APSE-20
GRUNDFOS UP 15-42F/VS
ECOINNOVATION TD342B

STANDARD ASSEMBILY

LENNOX XP21
MUNTERS DRYCOOL HD
BROAN XB110C
LIFEBREATH 155ECM
TURBOTEC ENVIRO-PAK
UNICO MB2430-EC2
UNICO MC2430CX
UNICO MV2430

UNICO UPC-89M-6
UNICO UPC-26

UNICO UPC-25-1

UNICO UPC-61-2430
UNICO UPC-67A

7" X 60

14" X 60

12 X4 8 FOOT LONG
12X 4

7" TO 12 x 4 RECTANGULAR
7

12X 4

7

XT7TXT"

4"

4"

4"

REFLECTIX 500 SQFT
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23 XX XX

23 XX XX

DIVISION 25

2509 00

255000

250691

250691

255000

2550 00

DIVISION 26

26 XX XX

26 24 16

26 XX XX

26 31 00

26 31 00

26 31 00

26 50 00

26 50 00

26 50 00

26 50 00

26 50 00

26 50 00

26 50 00

26 50 00

26 50 00

THERMOSTAT
THERMOSAT
ZONE CONTROL

INTEGRATED AUTOMATION

GENERIC SENSORS, ROUTER,
SOFTWARE FOR MONITORING HEAT
AND HUMIDITY

PROGRAMMABLE MINI PLC

RESOL SOLAR CONTROLER

BRANCH CIRCUIT POWER
MONITORING

ANALOG EXPANSION INPUT FOR
TWIDO PLC

MODBUS TO ETHERNET GATWAY

RULE OF THUMB, INSTALLATION,
DISTRIBUTION, INCLUDES ALL
ROUGH ELECTRICAL WORK,
OUTLETS AND SWITCHES, NO
FIXTURES

TYPICAL LOAD PANEL

RULE OF THUMB, TYPICAL PV
ROUGH IN ELECTRICAL SYSTEM

GENERIC PV MOUNTING RACK, PER
SOLAR PANEL

PV PANELS

INVERTERS

ENPHASE INSTALLATION KIT; AC
BRANCH CIRCUIT

OUTDOOR LED POT LIGHT

EXTERIOR DOOR LIGHT

EXTERIOR RECESSED LED PLANE
LIGHT

RECESSED LED 2' FIXTURE

SHOWER/BATHROOM LED POT
LIGHTS

ACCENT TASK LIGHT

MECH ROOM STRIP LIGHT WITH LED
REPLACEMENT

KITCHEN TABLE PENDANT LIGHT
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RADIO THERMOSAT CT300
RADIO THERMOTAT
NCM-300-2-3 ZONE PANEL

TWIDO PROGRAMMABLE CONTROLER SQD
TWDLCAA40DRF

RESOL DELTASOL BX
BCPM POWER LOGIC SQD BCPMC042S

8 PORT ANALOG EXPANSION SQD TM2ARI8HT

TELEMECANIQUE TSXETG100

SQUAR D LOAD CENTERS, 1 PHASE, 3 WIRE,
MAIN LUGS, INDOOR, 120/240 V, 200 AMP BUS
(150A MAIN), 42 CIRCUITS

250W POLYCRYSTALLINE SOLAR PANELS
ENPHASE M215
ENPHASE ENGAGE CABLE

4"SQUARE LED POT LIGHT RATED FOR WET
LOCATION, 600-1200 Im, 2700K-4000K, >20W

LED WALL LANTERN, 600-1000 Im, 3000K-4000K,

s
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3

900

10,000K
W

40
40
40

>20W 4
RECESSED LED STEP LIGHT, 50-200 Im, 3000K- 1
4000K, >13W
3" LED STRIP FIXTURE, 800-1200 Im, 2700K- 12
3500K, >35W
3" ROUND LED POT LIGHT RATED FOR WET 4
LOCATION, 600-1200 Im, 2700K-4000K, >20W
4"SQUARE LED ADJUSTABLE POT LIGHT, 400- -
800 Im, 2700K-4000K, >20W
4' STRIP FIXTURE, 1600-2500 Im, 3000K-4000K, 1
>35W
LED CYLINDRICAL GLASS PENDANT LIGHT, 5
200-400 Im, 3700K-3500K, >10W
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26 50 00

26 09 23

DIVISION 28

28 XX XX

DIVISION 31

31 XX XX

31 XX XX

31 XX XX

DIVISION 32

32 XX XX

32 XX XX

32 XX XX

UNDERCABINET LED LIGHT FIXTURE

DIMMABLE DAYLIGHT SENSOR

ELECTRONIC SAFETY AND
SECURITY

FIRE ALARM SYSTEM

EARTHWORK

SMALL STEEL ADJUSTABLE PIERS
FOR HOUSE

MEDIUM STEEL ADJUSTABLE PIERS
FOR HOUSE

FOUNDATION PADS

EXTERIOR IMPROVEMENTS

DECK HANDRAIL

MAIDEN GRASS

PURPLE FOUNTAIN GRASS
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15"-20", 450-600 Im, 2700K-3500K, >15W

DIMMABLE DAYLIGHT SENSOR WITH 0-10V
CONTROL

FIRE DETECTION SYSTEMS, REMOTE
ANNUNCIATOR, 8 ZONE LAMP, EXCLUDING
WIRES & CONDUITS

CENTRAL PIERS SEISMIC PIER, SMALL, 7"-12"
ADJUSTMENT

CENTRAL PIERS SEISMIC PIER, MEDIUM, 11"-
19" ADJUSTMENT

TYPICAL 3/4" CDX PLYWOOD

CUSTOM FABRICATED POWDER COATED
STEEL POSTS SPACED 5' APART FROM
CENTRE, WITH 10 9/16" PERFORATIONS
ACCOMMODATING APPROPRIATE CABLE AND
FITTINGS

DWARF MAIDEN GRASS FROM ARMSTRONG
GARDEN CENTERS

PURPLE FOUNTAIN GRASS FROM ARMSTRONG
GARDEN CENTERS
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Structural Calculations Team Alberta Solar Decathlon 2013

1 Load Analysis

1.1 General

All calculations will be conducted in SI units. Where appropriate, conversions will be provided into
Imperial/US units.

1.2 Compliance with Building Codes

The building in question is to be designed to the following locations:

1. Calgary, Alberta, Canada
2. Irvine, California, United States of America

The design references the following codes, standards and design manuals.

1. National Building Code of Canada 2010 (NBCC)

2. International Building Code 2012 (IBC)

3. International Residential Code 2012 (IRC)

4. Solar Decathlon 2013 Building Code (SDBC).

5. American Society of Civil Engineers Standard 7 2010 (ASCE 7-10)

6. Canadian Wood Council Wood Design Manual 2010 (CWC-WDM)

7. Canadian Institute of Steel Construction Handbook of Steel Construction 2010 (CISC-HSC)

1.3 Dead Loads

Unless noted otherwise, values were obtained from P.7-57 of the Canadian Institute of Steel
Construction (CISC) Handbook of Steel Construction 2010.

Compliance with IRC R301.2.2.2.1 Weights of materials:

Roof and ceiling: D =1.13 kPa < 1.19 kPa
Therefore, provide a 1.175 factor on wall bracing (IRC, Chapter 6)

Floor: D=14-1=04 < 0.48 kPa
Exterior light wood frame walls: D = 0.66 kPa < 0.72 kPa
Interior light wood frame walls: D = 0.25 kPa < 0.48 kPa
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Structural Calculations

TABLE 1: DEAD LOAD ANALYSIS

Team Alberta Solar Decathlon 2013

Typical Roof 0.49 kPa Interior Walls 0.25 kPa
Typical Roof with PV Panels 0.74 kPa Stud wall (38x89 @ 400) 0.05 kPa
Roofing (3-ply asphalt, no gravel) 0.15 kPa Gypsum board (12.7mm x 2) 0.20 kPa
Plywood (16mm) 0.09 kPa
Joists (38x184 @ 400) 0.09 kPa Windows 0.40 kPa
Gypsum board (12.7mm) 0.10 kPa Windows, wood frame 0.40 kPa
Polyurethane spray foam (200mm) 0.06 kPa
PV Panels 0.25 kPa Floor 1.31 kPa
Floor (mechanical) 1.56 kPa
Typical Ceiling 0.39 kPa Interior partitions 1.00 kPa
Joists (38x89 @ 400mm) 0.05 kPa Wood Flooring (10mm) 0.08 kPa
Glass fibre insulation (100 mm) 0.05 kPa Plywood (19mm) 0.08 kPa
Cedar ceiling planks (12.5mm) 0.04 kPa Joists (38x184 @ 400) 0.09 kPa
Ducts, pipes, wiring allowance 0.25 kPa Polyurethane spray foam (200mm) 0.06 kPa
Exterior Walls without Cladding 0.41 kPa Structural Steel
Exterior Walls with Wood 0.48 kPa Wide flange beams (W200x27) 0.222 kN/m
Exterior Walls with Aluminum 0.66 kPa Wide flange columns (W150x30) 0.292 kN/m
Double stud wall (38x89 @ 400 x 2) 0.10 kPa
Polyurethane spray foam (200mm) 0.06 kPa Typical Roof 0.49 kPa
Plywood (16mm + 9.5 mm) 0.15 kPa Typical Roof with PV Panels 0.74 kPa
Gypsum board (12.7mm) 0.10 kPa Roofing (3-ply asphalt, no gravel) 0.15 kPa
Cedar channel siding (20mm) 0.07 kPa Plywood (16mm) 0.09 kPa
Fibre cement panel cladding 0.25 kPa Joists (38x184 @ 400) 0.09 kPa
Gypsum board (12.7mm) 0.10 kPa
TABLE 2: HOUSE WEIGHT ESTIMATE
Summary Side Module Centre Module
Load Area Weight Area Weight
Roof 0.49 kPa - - 15.0 m? 7.4 kN
Roof (with PV) 0.74 kPa 29.2 m? 21.6 kN 17.7 m? 13.1 kN
Ceiling 0.39 kPa 21.8 m? 8.6 kN 22.3 m? 8.8 kN
Exterior walls (Wood) 0.48 kPa - - 32.2 m? 15.5 kN
Exterior walls (Single aluminum) 0.66 kPa 34.8 m? 23.0 kN - -
Extior walls (No cladding) 0.41 kPa 18.8 m? 7.7 kN 28.4 m? 11.6 kN
Interior walls 0.25 kPa 5.9 m? 1.5 kN 16.7 m? 4.2 kN
Windows 0.40 kPa 11.0 m? 4.4 kN 10.0 m? 4.0 kN
Floor 1.31 kPa 29.1 m? 38.1 kN 34.6 m? 45.3 kN
Steel (W200x27) 0.222 kN/m 35.9 m 8.0 kN 35.4 m 7.9 kN
Steel (W150x30) 0.292 kN/m 11.7m 3.4 kN 10.3 m 3.0 kN
Side Module = 117 kN = 26,603 Ibs

Centre Module = 121 kN = 27,202 1bs
Total Weight = 2 x Side + Centre
= 355 kN = 79,807 lbs
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Structural Calculations Team Alberta Solar Decathlon 2013

1.4 Live Loads

Governing loads:
- Roof: NBCC specified 1.0 kPa roof live load
- Floor: SDBC specified 2.4 kPa floor live load
- Decks and ramps: SDBC specified 4.8 kPa live load

1.5 Snow Loads

1.5.1 NBCC Snow Load
See Appendix 1 for Calculations.

Note: Case I only; Case II does not apply for low slope non-gable roofs.

1.5.2 ASCE Snow Load
Minimum 1.0 kPa Snow/Rain load

1.6 Wind Loads
See Appendix 1.

1.7 Earthquake Loads

1.7.1 NBCC Earthquake Load
See Appendix 1.

1.7.2 ASCE Earthquake Load
Per SDBC: Seismic design category D

Seismic Force Resisting System (SFRS):
North-South axis: (SFRS A15) Bearing Wall System: Light wood frame walls sheathed with wood
structural panels rated for shear resistance.

R=6.5

Q=3

C, =1

h, =65 ft

East-West axis: (SFRS C4) Moment Frame: Steel ordinary moment frames.

R=35

Q, =25

Cy=2

Clause 12.3.5: Centre module has two SFRS in east-west axis. The weaker SFRS is used for sake of
calculation; in this case the steel moment frame, R=38.5

Clause 12.83.1.16: Wood structural panel diaphragm shall be considered flexible due to use as a one or

two-family dwelling.
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Structural Calculations Team Alberta Solar Decathlon 2013

Footnote g, Table 12.2-1. Where the tabulated value of the overstrength factor, 20, is greater
than or equal to 2%, Qo is permitted to be reduced by subtracting the value of % for

structures with flexible diaphragms.
~Qy(NS)=3-05=25
~Qy(EW)=25—-0.5=2.0

Use the equivalent lateral force procedure

Seismic base shear,V = C,W
C, = seismic response coefficient
W = effective seismic weight

T, = 0.0488(4.572)%75 = 0.15 s
TL = 8 S

Sg=1.496 g
S, =0.555 g
Sws = 1.496 g
Sy =0.833 g
Sps =0.997 g
Sp, =0.555 g

For R=6.5
_ Sps 0997

Check conditions:
Sp1 0.555

C, < = = 0.569
Case 1(I'<Ty)  C =Ry~ 0.15(6.5/1)
Case 2 C, > 0.0445,,1, = 0.044(0.997)(1) = 0.0438 > 0.01
~C,=0.153g
For R=3.5
Sps  0.997
_ =77 0.285
s T R/I, 35/1 &
Check conditions:
S 0.555
C.<—-bL _ = 1.057
Case 1(I'<Ty)  C =Ry~ 0.15(3.5/1)
Case 2 C, > 0.0445,,1, = 0.044(0.997)(1) = 0.0438 > 0.01
~C,=0285g
Therefore,

Vew = 0.285W (steel moment frame)
Vyg = 0.153W (light frame bearing walls with wood structural panels)

1.8 Load Summary
See Appendix 1: Load Summary
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2 Roof Loading

2.1 Joists
See Appendix 2: Roof Joist Calculations

2.2 Diaphragm

Diaphragm Design Core
Joist spacing 400 mm
specified load 2.55 kPa

Edges unsupported
CSA 0151 CSP

Minimum thickness 9.5 mm

Dimensions

W 3.66 m

L 9.7 m

L e 1 m

H_min 3.45 m

H avg 3.86 m

H_max 4.27 m

Loads West /East South North

Wind Pressure q 1.06 1.09 1.09 kPa

Wind Pressure, End Zone q e 1.22 1.22 1.22 kPa

Dist. Wind Load w 4.30 5.00 4.10 kN/m

Factored Wind Load w_f 6.02 7.00 5.74 kN/m

Shear Force in Walls

Along E/W walls v I v =wL /2L 7.9773224 | kN/m

Along N/S walls v I v =wL /2L 1.3206186 | kN/m

Strut reaction R 29.197 kN
R_f 12.81 kN

Sheathing Design

12.5 mm plywood

3.25 mm nails

38 mm framing member

Design Case 1

Apply for E/W wind loads ~ v_r 9.27 kN/m Acceptable
s n Nail spacing at diaphragm boundary 64 mm
S ni Nail spacing at other panel edges 100 mm

Design Case 3

Apply for N/S wind loads v_r 6.31 kN/m Acceptable
s n Nail spacing at diaphragm boundary 100 mm
S ni Nail spacing at other panel edges 100 mm

Page 6 Printed: 2013-06-21



Structural Calculations Team Alberta Solar Decathlon 2013

Chord Design

The top plate of the stud wall will be used as chord members.

By inspection, the BM in E/W direction will govern.

M_f Nail spacing at other panel edges 70.80 kN/m
h 3.66 m - 0.184 m (member depth) 3.48 m
T f 20.37 kN
T r From P.162 WDM2010; Kd=1.15 47.73 kN Acceptable
Design of Splice
Assuming 8 minimum member lengths:
Specified Specified Number of nails per Force
Location =~ Moment Force splice per Nail  Ac Ac*x
(mm)  (kN/m) (kN) (kN)
1219 22.22742885  6.3871922 8 16 0.399 0.18 219.42
2438 38.0652254 10.938283 14 28 0.391 0.18 438.84
3657 47.51338965  13.653273 17 34 0.402 0.18 658.26
4876 50.5719216 14.532161 18 36 0.404 0.18 877.68
2194.2
Diaphragm-Shearwall
Connection
Joist spacing s 400 mm
West wind w_f 7.29 kN/m
P_f 2.917264 kN
Strongtie A23 P rl 3.23 kN >P =292 Acceptable
V_r2 2.27 kN
Deflection
EW direction
v 4.30 N/mm
L 9700 mm
E 9500 MPa
A 13984 mm?2 (38x184x2 mm?2)
L d 3660 mm
B v 5700 N/mm 12.5 mm
e n 0.2 0.424 kN /nail

5vL3 / 96 E¥A*L_d 0.434
vL/4Bv  1.829
0.000614*L*en  1.191
sum(Acx)/2Ld  0.300

A 3.754 mm
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2.3 Ceiling Framing

2x4 framed dropped ceiling. Depth <8”. Dead Load only.

DL = 0.39 kPa
Permanent load: ~ K = 0.65

16” spacing.
Determine max length
Bending

M, = 0.65(0.906) = 0.589 kN-m
w = 1.4(0.39)(0.4) = 0.22 kN/m

\/SM \/ (0.589) _4'62m
Indx 022

Shear
V. =0.65(5.17) = 3.36 kN
w = 1.4(0.39)(0.4) = 0.22 kN/m
2V, 2(3.36)
l . pu— T pu— pu— .
max w 022 30 5 m
Deflection
EqI =0.65(21.2) =12.8 kN-m?
w=0.39(0.4) = 0.16 kN/m
l 5wl
A = —— =
M 360 384FE,1

| _ o] B84BT | 384(12.8 kN-m?)
max A L(360 x 5)(w) |/ (360)(5)(0.16 kN/m)

Therefore, maximum span is 2.57 m or 8'-5”

At 2.57 m:
V= (0.22)(2.57)/2 = 0.283 kN

M, = (0.22)(2.57)?/8 = 0.182 kN-m

Tension

T, =251kN>V;
Connection

K’ =0.65

J=1.0
2.5” Nail C

N/n, =0.553 kN

v, 0.283
’)’LF = - =
Nin, x 0.65  0.553(0.65)
Provide minimum 2 2-1/2” nails

=0.79
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Team Alberta Solar Decathlon 2013

Printed: 2013-06-21



Structural Calculations

3 Walls

3.1 Stud Walls

Notes

SPF No.1/No.2

Team Alberta Solar Decathlon 2013

Critical conditions are Side Module, North End and Core Module, South End.

Dimensions are identical for these conditions.

Stud Spacing
Stud Length

(maximum)

Vertical Dead Load

Vertical Snow Load

Horizontal Wind Load

FExternal Pressure
FEaxternal Pressure, End
Zone

Internal Pressure

400

3.3

4.62
2.23

0.67

0.83
0.39

kN/m
kN/m

kPa

kPa
kPa

Method 1: Consider external pressure on outside studs; internal pressure on interior

studs

Load Case 1

Load Case 2

Satisfy these two cases

Check Shear

Check Deflection

Page 9

1.25D+1.55+0.4W

1.25D+1.4W+0.55

L=33m

Exterior stud; L/180

Interior stud; L/180

P_f
w_f
P_f

V_f
V_r

FEl req

FEl req

3.64731
0.1328
2.75427
0.4648

4.1
0.66

0.76692
8.33

21.0
21.2
9.85
21.2

kN
kN/m
kN
kN/m
PASS
kN
PASS
PASS
PASS
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3.2 Shear Walls

Team Alberta Solar Decathlon 2013

3.2.1 Core Module East and West Shear Walls i
- single story residential building framed with SPF lumber studs @ 400 mm “;)
- plywood wall sheathing applied directly to studs on %D
exterior
- dry service conditions
- factoured roof diaphragm reaction (20.4 kN)

- factored shear force (Vis = 20.4 kN)
Notes:
Provide plywood on both sides.
Do not consider gypsum (only sheathing that is in contact with stud) —
All shear walls will be blocked E
Segment 1  Segment 2 §D
L. (m) 2.47 2.3 | i &
H (m) 3.16 2.68 !
**Plywood: 12.5 mm Exterior @ 150mm +
Via (kN) 20.8 19.4 9.5 mm Interior @ 200mm
Wind from the
North P, (kN) 2.30 2.14
P; (kN) 4.05 3.53 q_wall = .5 kPa
Hold-down*  Yes Yes
Jud 1 1
Vs (kN) 20.8 19.4
Wind from the
South P, (kN) 2.30 2.14
P; (kN) 4.054641 3.527177
Hold-down*  Yes Yes
Jna 1 1
Vs (kN) 20.8 19.4
Wind from the
North Vi (kN) 10.6 9.8
R (kN) 10.7 9.2
Wind from the
South Vs (kN) 10.7 10.0
R, (kN) 11.0 9.4
Design hold-down
connections for 11.0 kN
Specify StrongTie HDU2-SDS2.5

5/8" anchor bolt
6-SDS 1/4'x2 1/2"

Tr = 12.9 kN

Page 10
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3.2.2 Side Module

- single story residential building framed with SPF lumber studs @ 400 mm
- plywood wall sheathing applied directly to studs on exterior

- dry service conditions

- factoured roof diaphragm reaction (20.3 kN)

- factored shear force (Vfs = 20.3 kN)

East Segment 1

Notes:

Provide plywood on both sides.

Do not consider gypsum (only sheathing that is in contact with stud)
All shear walls will be

blocked

West Segment 1

West East
Segment Segment

1 1
L, (m) 8.21 3.23
H (m) 3 3.2
**Plywood: 12.5 mm Exterior @ 150mm + 9.5 mm
Via (kN) 69.2 27.2 Interior @ 200mm
P, (kN) 7.64 3.01
P; (kN) 1318 5.33 q_wall = .5 kPa
Hold-down*  Yes Yes
Jhd 1 1
V.. (KN) 69.2 27.2 > Vfs = 20.3 - ACCEPTABLE
Vi (kN) 21.3 21.3
Ry (kN) 1.6 17.7
Design hold-down
connections for 17.7 kN

Specify: HDU4-SDS25.4
1-5/8" A307 threaded rod (to steel frame)
10-SDS 1/4"x2 1/2"
3" member depth (2-2x8)
Tr = 20.09 kN

Page 11 Printed: 2013-06-21



Structural Calculations

4 Steel frame

See Appendix 3: Steel Calculations

5 Floor

5.1 Joists
See Appendix 4: Floor Joist Calculations

5.2 NBCC Vibration Criterion

Floor system:

3.10 m span

38x184 SPF No.1/No.2

19 mm subfloor sheathing thickness
400 mm joist spacing

Subfloor sheathing field—glued to joists

Vibration-controlled span = K.S,

Page 12

mK:A—Bm[&}+G
184
A =0.30 (WDM Table 11.22)

B =0.33 (WDM Table 11.22)
G =0.10 (WDM Table 11.23)

g _ 3/18AE _ 5/48x2x 187 X 10°
L r 1000

Sigs = S; = 2618

SlS4

InK =0.3-0.331n(1) + 0.1 =04
K =¢e%=1.49

KS; =149 %x2618=390m > 3.10 m

= 2618 mm

Team Alberta Solar Decathlon 2013

Acceptable.
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6 Foundation

6.1 Substructure Connection

See Appendix 5: Foundation Jack Data Sheet

Capacity Ibs kN
Pr 16000 71.1
Vr EW 3203 14.2
Vr NS 2273 10.1

6.2 Bearing loads

2'x2’ 3-ply %" plywood foundation pads.

Load at 1.25D+1.5L+0.5S

Team Alberta Solar Decathlon 2013

LOAD LOAD BEARING PRESSURE
(KN) (LBS) (PSF)
GRID 1 2 1 2 1
A 1714 | 16.72 3853 3759 963 940
C 20.79 | 30.41 6697 6836 1674 1709
E 3475 | 30.49 7812 6854 1953 1714
G 2327 | 1578 5231 3547 1308 887
H 2354 | 25.76 5292 5791 1323 1448
LOAD LOAD BEARING PRESSURE
(KN) (LBS) (PSF)
GRID 3 4 3 4 3
B 20.46 |  20.46 4600 4600 1150 1150
C 4871 | 4871 | 10950 | 10950 2738 2738
F 3256 | 32.56 7320 7320 1830 1830
J 4079 | 40.79 9170 9170 2292 2292
K 23.63 |  23.63 5312 5312 1328 1328

Page 13
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6.3 Uplift
ASCE 07 Wind load:

D, =355 kN
FS = Df > 2
— 7,

355

North-south direction: Maximum uplift will occur under a North wind and negative internal pressure.

Ay = 17.32 m?
Ag = 20.86 m?

Pressure on side modules roofs (o = 4.6°)
po = —2.55 kPa
por = —2.98 kPa
pgy = —2.81 kPa
Pressure on north-facing roof
Dint = —0.39 kPa
Poy =Pcr y = 0.6—-0.39 = 0.21 kPa
ps y = 0.48 —0.39 = 0.09 kpa

Wy = Ac(2pc g +poy) + A (200 g +Por ) + As (205 ¢ + P )
— 7.32(2(—2.55) + 0.21) + 7.32(2(—2.98) + 0.09) + 20.86(2(—2.81) + 0.21)
=191.6 kN < 177.5 kN

Therefore, provide anchorage with minimum pullout capacity of:

P =191.6 —177.5 = 14.1 kN

6.4 QOwverturning

6.4.1 East-West Axis

Wpr =355 kN
T = 3.66—1—?: 5.49 m
M, =0.9W z = 0.9(355 kN)(5.49 m) = 1754 kN-m
Wind shear for entire house:
V., = (8.96 m)(3.96 m)(0.87 + 1.06 kPa) + (2.0 m)(3.96 m)(0.98 + 1.22 kPa)
= 86.0 kN
Mfw = 14Vw<H + Hfoundation)

H¢oundation = base foundation height + max elevation change
=14"4+18"=32"=0.813 m

~ My

w

= 1.4(86.0 kN)(3.96 + 0.813 m) = 575 kN-m
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M 1754
Mf:ﬂ =% = 3.05 > 2 - SDBC requirement met

6.4.2 North-South Axis

Wige = 117 kN
We.pre = 121 kN
Tgige = 3-69 m
T =5.07 m

M, = 0.902W 00T sige + WooreToopre) = 0.9[2(117)(3.69) + 121(5.07)] = 1329 kN-m

Wind shear for entire house:
V, =30.31 x 24 29.54 = 90.2 kN
Mfw = 14Vw<H + Hfoundation)

H¢oundation = base foundation height + max elevation change
=144+18=32=0.813 m

o My, = 1.4(90.2 kN)(3.96 + 0.813 m) = 602.7 kN-m

M 1329
Mf:ﬂ = 6027~ 2.20 > 2 -~ SDBC requirement met
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6.5 Sliding

According to SDBC 2013, sliding must be resisted by a factor of 2.
* Load combination is 0.9D+1.0E (ASCE 7-10).
»  Surface condition is wood on asphalt/concrete.

6.5.1 East-West Direction

Maximum shear, Vi gy = 0.285W = 110.9 kN due to seismic action in Irvine, CA.
Sliding resistance, V, = F, = uN

w=0.62
N =0.9W
V. = uN = 0.62(0.9)W = 0.558W

V,  0.558W

FS="=
V. 0.285W

=1.96 <2

=~ Sliding action is not prevented with FS = 2

Therefore, provide anchorage with shear capacity of:

V. =0.285W — 0-558W = 0.006W = 2.334 kN

6.5.2 North-South Direction
Maximum shear, VeEew) = 0.153W = 54.4 kN due to seismic action in Irvine, CA.

Sliding resistance, V, = F, = uN

= 0.62
N = 0.9W
V. = uN = 0.62(0.9)W = 0.558W

V,  0.558W

FS="=
V. 0.153W

=3.64>2

~ Sliding action is prevented with FS = 2

! http://www.roymech.co.uk/Useful Tables/Tribology/co of frict.htm
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6.6 Ground Anchor Design

Solar Decathlon 2013 Anchoring System Design Parameters:

*  Ground anchorage shall be 1" diameter steel stakes driven a minimum of 36" into the existing
pavement section consisting of asphalt, macadam and underlying soil.

e Teams are responsible for providing their own anchors.

e Minimum strength steel should be A36 mild steel

e Assumed pullout design capacity will be 1,250 pounds

e Assumed shear design capacity will be 1,500 pounds

e The quantity and placement of anchors shall be such that the combination of Actual Pullout
Load/1,250 + Actual Shear Load/1,500 shall be less than or equal to 1

* Either threaded or unthreaded rods are permissible.

e Anchors shall be solid - composition pipe is not permissible.

e Anchors shall be installed vertically - angled installation is not permissible.

* Rods will need to be greater than 36" in length to allow a minimum of 36" embedment. The
length and connection method is to be determined by each team.

* Teams may choose a rod-end design (i.e. threaded, cotter-pin, etc.) to meet their design
requirements.

*  Anchors shall be spaced with a minimum distance of 2' between anchors.

* At the conclusion of the event, the stakes will need to be driven into the asphalt to a depth
wherein the top of the anchor is at least 4" below the surface of the runway OR will need to
be pulled out of the runway surface completely. Prior to being driven into the asphalt, teams
may need to saw-cut the top of the anchor to minimize the amount of material to be
embedded and remove end features to allow for driving the anchor beneath the surface of the

asphalt

Anchor capacity
P.=1250 lbs = 5.56 kN
V.. = 1500 lbs = 6.67 kN

Check: Pf+Vf<1
ec.P VoS

Uplift only:
P; =14.1 kN
n = i = g =2.53
min,P — P - 556 -~

T
Therefore, minimum 3 anchors are needed to provide pure uplift resistance.

Sliding only in E-W direction

V; = 2.33 kN
Ve 233
f
Ly=-L=2""035
nnun,V % 6.67

ks
Therefore, at least 1 anchor is required to provide shear resistance.
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6.6.1 Design Specifications

AlcHoem 6,
SKETCH

\"TH ey k8D
DRwveN 9! I Gaudd

Location
*  Anchors will be placed near the following grid intersections: C1, G1, C6 and G6
*  Anchors will be placed approx. 16” from the marked grids C and G, outboard of the house
structure on both sides.
Components
e Comply with SDBC requirements in addition to the below:
* Have maximum 1” threaded length above surface with cotter pin hole available. Provide
sufficient matching washers to have base of eye nut contact ground surface.
e 17 galvanized eye nuts with 10’000 Ib in-line working limit and 3000 1b limit at 45 degrees
» 3/167 galvanized aircraft cable (7x19) with min. 5/16” jaw-jaw turnbuckles and 3 3/16"wire
rope clips per connection. Rope protection thimbles at all connections. All accessories to be
hot-dipped galvanized.
*  Rope clip spacing to be 6 times rope diameter or 1-1/8” for 3/16” rope.

Due to configuration, sliding in EW direction will only be taken by 2 anchors. Therefore, each anchor
shall be designed for % the shear load and % the pullout load.

14.1
Pf = e = 3.53 kN = 800 1bs
2.33
Vf = - = 1.17 kN = 265 1bs
Check
800 265
——+——=0817<1
1250 + 1500 <
Based on geometry
b=12in
hyin = 16 in
Rpaxe = 34 in
omin =53°
0 =T71°
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At 0

min?

V =Tcosb3°=0.6T
P=Tsinb53°=08T

To develop necessary V, T = 441 lbs
To develop necessary P, T = 1000 lbs

At 0

max’

V =Tcos71°=0.326T
P=Tsin71°=0945T

To develop necessary V, T = 814 lbs
To develop necessary P, T = 846 1bs

Therefore, design the cable to a minimum Tr = 1000 lbs.

3/16” 7x19 strand galvanized aircraft cable (GAC) has Tw, = 4200 lbs. The working limit is 1400 lbs
using a standard FS of 3.

Use a 5/16” turnbuckle (double jaw type) for a 2200 lbs working limit.

Check: Lifting anchors have minimum 30.25 kN (6800 lbs) capacity.
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7 Decking, Ramps and Handrail

7.1 Concept

Code | Dimension | Quantity | Location

D1 7'67x6’ 2 South Deck

D2 12°x6’ 4 South Deck

D3 12'x8’ 3 North Deck

R1 5'x10’° 8 Ramp

R2 5'x6’ 2 Ramp Transition

D4 5'x5’ 2 Ramp Landing
7.2 Joists

Determine maximum span for 2x8 treated SPF joists at 16” O.C.

Dead Load:

Cedar decking (1”7 / 25.4 mm)
2x8 joists @ 16” O.C.

Live Load:

ULS: 1.25D+41.5L
SLS: 1.0D+1.0L

Wood Design Factors
K, STANDARD
K; CASE1
K WET, Mr

WET, Vr
WET, Esl
Ky DRY, Mr & Vr
DRY, Esl
WET, Mr & Vr
WET, Esl
Kpry Mr

Kygr Mr
EslI

Bending

M, = K x 2.73 kN-m = 0.714 x 2.73 = 1.95 kN-m
w=0.4x7.44 = 2.98 kN/m

Page 20

1.0
1.0
0.84
0.96
0.94
0.75
0.9
0.85
0.95
0.75
0.75
0.9
0.714
0.816
0.893

0.19 kPa
0.10 kPa
0.09 kpa
4.80 kPa

7.44 kPa
4.99 kPa
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M, .
Ly = \/8 = \/8(1 %) 599 m
: w 2.98

Shear
V., =K x 755 kN =0.75 x 7.55 = 5.66 kN
w=0.4x7.44 =298 kN/m
2V, 2(5.66)
Lpax = > = 208 = 3.81m
Deflection
E ] =K x 187 =0.893 x 187 = 167 kN-m?
w=04x%x4.80=1.92 kN/m
l 5wl

B = 3657 38451

o[ saBT L[ ssieTiNw?)
/(360 x 5)(w) _ \/ (360)(5)(1.92 kN/m)

max

Therefore, deck joists can be designed for a maximum span of 2.29 m or 7’-4” at 16” O.C. spacing.

7.2.1 Joists With Cantilever

2y
ANV VAT
| & 24

=L ——t 2

Dimensions [, a, and = determined by solving equation to minimize deflection of beam.

L=1l4a=183m
=128 m
a=0.55m

wy = 7.44 x 0.4 = 2.98 kN/m
w, = 4.8 x 0.4 = 1.92 kN/m

Under full distributed load:

w 2.98
V=R, == (12—a?) = 1.28% — 0.552) = 1.56 kN
n =B =5 =) =5555( )
w .
Vi =Ry == (l+a)? = 1.28 + 0.55)% = 3.90 kN
2= By = (14 0)" =555 (1284 0.55)
V. = 5.66 kN
Acceptable.
w 2.98
My = — (14 a)2(l—a)? = ——(1.82)2(1.28 — 0.55)% = 0.406 kN-
2 2.98(0.55)2
My =2 OB 51 v
2 2

M, =1.95 kN-m
Accceptable.
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=057 m
wx
A =
span 94 FT]
B (1.92 kN/m)(0.575 m)

(I* — 21222 + 12 —

 24(167 kN-m2)(1.28 m)

20212 + 2a%2?)

—2(0.552)(1.282) + 2(0.552)(0.5752)]

Team Alberta Solar Decathlon 2013

[(1.28)% — 2(1.282)(0.5752) + (1.28)(0.575°)

—— =3.42 mm

— = 3.06 mm

= 0.227 mm
~ 1230
360
__wa 27 _ 13 3
onerhang - %{lgg)((izé) I? +3a )
=" 71(4(0.55%)(1.28) — (1.283) + 3(0.55>
s, (1035°)(128) — (128%) 4 3(0.55°)
= 0.013 mm
A _ 550
max 180
Load on cantilever only:
wa? (1.92)(0.55)
A =——@4l+3a)=——"(4x1.284+3x0.55)=1.78
overhang 24EI( + a) 24(167) ( X + X ) mm
22 1.92)(0.55)2(1.28)2
A, = 0.03208 x S = 0.03208 (( ) >(015657) (1.28) ) —0.18 mm
wa (2.98)(0.55)
Ve, =—(21 =-—"""7(2(1.28) + 0.55) = 2.0 kN
=y (2 a) = S (2(1.28) + 055)
Load on main span only:
Swi*  5(1.92)(1.28)%
A = = =0.40
overhens = 384FT ~  384FI e
l 2.98)(1.28
a, =20 W 6 N
o2
V=== 298)(128) _ ) o1 kN
2 2
Load Summary:
Joist Full Load Cantilever Only | Main Spain Only
Vil 1.56 kN - 1.91 kN
V{2 3.90 kN 2.0 kN 1.91 kN
MIf, main 0.406 kN-m - 0.61 kN-m
Mf, cantilever 0.451 kN-m 0.451 kN-m -
A, main 0.227 mm 0.18 mm 0.40 mm
A, cantilever 0.013 mm 1.78 mm -

Connection of joist at R1. Shear only
V., > Vg =191kN

Strongtie A35
V. =3.0kN
Uses 12-SDS#9x1%”
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Support at R2: Bearing only. Joist bears onto 2-ply 2x beam.
Check bearing for 38 mm member with 76 mm bearing length (built up 2x beam):
Q, > Vg =3.90 kN
Qr = qub
L, =76 mm
g, = 0.75[0.161] = 0.121 kN/mm
Q, = 0.121(76) = 9.17 kN
Qr > Vf2

Acceptable.

At 1.83 m span,
V. — (7.44 kPa)(0.4 m)(1.83 m)
=

2
Strongtie A35 acceptable in this position as well.

=2.72 kN

7.3 Beams

Check capacity of supporting beams. Determine maximum column spacing.
Beam 1A:

Consider Beam 1 as single 38x184 for half TW (half of 1.24 m)
M, =1.95 kN-m
V, =5.66 kN
E.I =167 kN-m?
Q, = ¢l = (0.75 x 1.61 kN/mm)(89 mm) = 10.75 kN < V,.

For continuous beam with 3 spans:

Moment:

w="7.44 (%) =4.61 kN/m

M = 0.08wl

max

M, 1.95

I = - = 5.28
0.08w  0.08(4.61) o

Shear:
Ryor =Vpor Qp=11w
- 5.66 kN
1

=5.15m

Deflection:
o 0.0069w I*
mar 360  EI

w, = 4.8 (%) = 2.98

=7 167 =2.82m
0.0069(360)(2.98)

Space supports at 2.82 m maximum.
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Beam 2A:

Consider Beam 2 as 2-ply 38x184 for TW of 1.21 m
M, =0.714 x 6.01 = 4.29 kN-m
V., =0.75 x 16.6 = 12.45 kN
E,I =0.893 x 375 = 334 kN-m?
Q, = q.l, = (0.75 x 2 x 1.61 kN/mm)(89 mm) = 21.5 kN < V,

For continuous beam with 3 spans:

Moment:
w = 7.44(1.21) = 9.00 kN/m
M, .. = 0.08wl
” 4.29

I = - — 5.95
0.08w _ 0.08(9.00) o

Shear:
Ryor =Vpor Qp=1.1w
12.45 kN
=——————=113m
1.1
Deflection:
A= L _ 0.0069w I*
360 EI
w, = 4.8(1.21) = 5.81

334
1= =2.85
\/ 0.0069(360)(5.81) o

Space supports at 2.85 m maximum. Check capacity of columns to support this spacing.

7.4 Post/Column

89x89 Post connected to 2-38x184 SPF joists.
L, .., =4255mm,_ = 882.65 mm

7.4.1 Post Capacity

Note that post is symmetrical, therefore analysis is identical in both directions. Assumptions are wet
service, preservative treated and incised. Standard term loads.

P, =oF. A K, Kg

¢F, =5.94 [WDM P.103]

A =892 = 7921 mm?

% =36.5% 105 [WDM P.103]

K. = 6.3(89 x 882.65) 013 =146 >13 —» K,, =13

F —1
Kq = [1.0 +§C,KZCC§} = [1.0+ (36.5 1075)(1.3)(19.84)3] "' = 0.730
c. KL _(2.0)(882.65) _ o
b 89

P. = (5.94)(7921)(1.3)(0.73) = 44.65 kN
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7.4.2 Bearing

Qr = QTLb
L, =89 mm
Bearing given for 38 mm member. Multiply by 2 for built up member.

g, = 0.75[2 x 0.161] = 0.2415 kN/mm
Q, = 0.2415(89) = 21.5 kN

Thus bearing governs over compression of post.

7.4.3 Maximum tributary area
Based on the critical bearing capacity, the maximum tributary area is:

21.5 kN
TA = @ = =2.67 m? = 28.7 ft?
gurs 8.05 kPa

Fixed TW

For Beam 1
TWg, =4-07/8" =124 m

For Beam 2
TWgy =3-115/8"=1.21m

7.4.4 Foundation bearing pressure

Pad size for 3000 psf bearing pressure at the critical load:
P =21.5 kN = 4835 Ibs

4=22_4 61 sF
3000

d=+vA=15251n.
Minimum pad size of 16x16, 2-ply 3/4” plywood.

7.5 Deck Module Design Guidelines

Maximum
Joist Spacing 0.400 m 1’-4”
Joist Span, 2.64 m 7-47
simple
Beam Span 2.82 m 9'-4”
Posts Spacing 2.82 m 9’-4”
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7.6 Railing
Per IBC 1607.8.1.1, railing needs to support an applied force of 890 N at the top rail.

Steel bar with 9/64” holes @ 3” O.C. for 1/8” stainless 1x9 aircraft cable

EleviTon

V, = 0.89 kN
V, =1.5(0.89) = 1.34 kN

f (oWl foy ot
e =36+1+7.25/2=40.625 in = 1031 mm F{ e WF
M; =1.031(1.34) = 1.38 kN-m | Wlsovew holes
M, =1.031(0.89) = 0.92 kN | G howdra
¢=09 370 qju
Fy = 300 MPa . ,ﬁv Vﬁqmbt@
E =200+ 103 MPa
M; < M, = ¢SF, _x

L PL

A = —

max 190 3EI ﬁ“ { otk

M, 1. 3

S = p LB o108 e Priar)

=GR, 0.9(300) : )
V. 1.34 % 103 MIDDLE

e =L = 2 45,039 mm?
17 GF,  0.9(300)

_120PL?  120(0.89  10)(1031)

= 189.2 x 10> mm*

red 3E 3(200 * 103)
For various d (bar depth) determine the required bar thickness:
Areq 6Sreq 3Ireq
= s="p h="p
d | 51 mm (2”) | 64 mm (2.5”) | 76 mm (3”)
ts 11.9 mm 7.61 mm 5.29 mm
ta 0.30 mm 0.24 mm 0.20 mm
tr 17.4 mm 8.87 mm 5.13 mm

Choose 64x9mm bar size (or 2.5"x3/8”)

7.6.1 Handrail Connection

Handrail 2x4 Cedar mounted on wide face to top of post. Vr from steel sideplate (minimum 4.76 mm) and

18 mm penetration into lumber (Northern species)
V; =1.34 kN

V, = 0.827 kN
Provide 4 screws for V,. = 3.31 kN to prevent twisting of the handrail
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7.6.2 Base Connection

Team Alberta Solar Decathlon 2013

Connection compliance with Strongtie Technical Bulletin T-GRDRLPST10 3/10 “Code-Compliant
Guardrail Post Connections” to meet IRC 2009. Expires June 30, 2013.

Use DTT2Z hold-down on bolt through rim joist.
7.7 Ramp

7.7.1 2x8 Joist with Notch

From 7.1, 2x8 joists can be designed for a maximum span of 2.29 m or 7-4” at 16” O.C. spacing.

Check:

Shear with Notch
V., =K x7.55 kN =0.75 x 7.55 = 5.66 kN
A - 7.
A, _ (38)(184 — 7.25) — 0.96
A (38)(184)

A
Vi noten = Vi X 7" =5.66 x 0.96 = 5.43 kN
Notch
e = 89 mm
d, = 7.25 mm
d = 184 mm
d 7.25
—1_In_q_ -0
o gg 131 0.96
n= - =0.48

0.96

Ky = (0.00Gd (1.6 (é_ )+ (%‘ 1)))0.5
(

1
0.006(184) (1.6 (o 0.96

= 3.06

Fp=f(KpKyKgKr)
Where:

1) +(0.48)? (% - 1)) ) -

f; = 0.5 (specified notch shear resistance for sawn lumber)

K, = 1.0 (standard duration)
Ky = 1.0 (case I system)

Kgp = 0.7 (wet service)

K, =0.85 (wet, treated, incised)

F; = 0.5(0.70)(0.85) = 0.2975 MPa

F. = ngfAKN
Where:
¢=0.9
A = 38 x 184 = 6992 mm?
Ky =3.06
F.=0.9(0.2975 MPa)(6992 mm?)(3.06) = 6.09 kN
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Shear strength is more critical than notch resistance.

Updated maximum span due to shear resistance: Bending and deflection maximum spans remain same as
Section 7.2.

8M., 8(1.95)
max M — \/ \/ =229m
2.98

2(5.43)
= =3.64
max, V. w 2.98 m

z | 384E,1 s/ 384(167 kN-m?2) 0 64
. = = = 4. m
max, & (360 x 5)(w) (360)(5)(1.92 kN/m)

Therefore, span limitation is the same as for non-notched 2x8 joists at 16” O.C.

l
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Appendix 1: Load Summary
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Calculation Cover Sheet

Customer: Alberta Solar Decathlon Proj. No.:
Project Title: Borealis Solar House Calc No.:
Calculation Title:  Structural Loads Phase/CTR:

Elec File Location:
Project File Location:

Calculation Objective
This spreadsheet is intended for calculating load on steel frame of Solar Decathlon house for 2013.
Design for placement in Irvine, California and Calgary, Alberta
Engineering Check is included but not limited to Wind Load, Snow Load, Seismic effects,

Calculation Method

Ultimate Limit State Design Method

Assumptions

Software Used

Title Version Validation (Y / N/ N/A)
Microsoft Excel 2010 Y
S-Frame 10 y
References
1. National Building Code of Canada (NBCC) 2010
2. International Building Code (IBC) 2012

3. America Society of Civil Engineers (ASCE)
4.Canadian Institute of Steel Construction (CISC 10™)

Conclusions

0 4/5/2013 Issued for Information Omid Adam

Rev Date Description By Checked Approved




Calculation Sheet

Customer: Alberta Solar Decathlon Proj. No.:

Project Title: Borealis Solar House Calc No.:

Calculation Title: Minimum Load Requirement Based on (IBC and ASCE) Phase/CTR:

Elec File Location:

Rev Date By Checked Rev Date By Checked |[ Rev Date By Checked
0 4/5/2013 Omid | Moghadam | Adam [ Cripps 8 3/3/2013 APC

Dead Load (DL)

Roof (incl. PV panels, ceiling) 1.3 kPa
Walls

Exterior, wood 0.5 kPa
Exterior, aluminum 0.7 kPa
Interior 0.3 kPa
Windows 0.7 kPa
Floor (incl. wood or vinyl flooring) 0.6 kPa

Self weight of Structure Steel member

Live Load (LL)

Live load applied to floor Specified in Solar Decathlon 2013 building code 2.4 kPa
Live Load (applied to roof) B 1.0 kPa
Snow Loads (S) pPs=0.7 I, [C.C;py ] ASCE 7.3.4
Importance Factor (lg) 1.0
Ground Snow Load (pg) 1 kPa
Wind exposure factor (C,) 1.0
Thermal factor (C;) N 1.0
Rain Load  ASCE7.10 0.24 kPa
Calculated Snow Loads(s) 0.94 kPa
Minimum Snow Load (p,,) ASCE 7.3.4 1 kPa
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Calculation Sheet

Customer: Alberta Solar Decathlon Proj. No.:
Project Title: Borealis Solar House Calc No.:
Calculation Title: Minimum Load Requirement Based on (IBC and ASCE) Phase/CTR:
Elec File Location:
Rev Date By Checked Rev Date By Checked |[ Rev Date By Checked
0 4/5/2013 Omid | Moghadam | Adam [ Cripps 8 3/3/2013 APC
Wind Load (W) d, =0.613 k Kk, kg v
Importance Factor (1,,) 1.0
Wind directionality factor (Kg) ASCE 26.6 0.85
Topographic Factor (Ky) ASCE2682 1.0
Gust effect Factor (G) ASCE26.91 0.85
Internal pressure (GCy) ASCE Table26.11-1 + 0.55
Velocity pressure exposure (k,) Table 27.3-"and Table 26.9-1 (alpha=9.5 ,Zg=274.32) 1.10
Velocity pressure exposure (k) 0.85
Basic wind speed ASCEFig2661A 49 m/s
Velocity pressure (q,) 1.4 kPa
Velocity pressure () 1.1 kPa
Low-rise Walls & Roofs P =4an [G Cor chi] Wind pressure for low rise building (ASCE 28.4.1)
Load Case A
1 04 -0.22 kPa | 0.9 kPa
2 069 -1.21 kPa | 0.0 kPa
3 037 -0.92 kPa | 0.3 kPa
4 029 -0.85 kPa | 0.3 kPa
1E 061 -0.03 kPa | 1.1 kPa
2E -1.07 -1.55 kPa | -0.4 kPa
3E -053 -1.06 kPa | 0.1 kPa
4E -043 -0.97 kPa | 0.2 kPa
Load Case B
T -045 -0.99 kPa | 0.2 kPa
2 -069 -1.21 kPa | 0.0 kPa
3 -037 -0.92 kPa | 0.3 kPa
4 -045 -0.99 kPa | 0.2 kPa
5 04 -0.22 kPa | 0.9 kPa
6 -029 -0.85 kPa | 0.3 kPa
1E -048 -1.02 kPa | 0.2 kPa
2B 107 -1.55 kPa | -0.4 kPa
3B -053 -1.06 kPa | 0.1 kPa
AE -048 -1.02 kPa | 0.2 kPa
5E 061 -0.03 kPa | 1.1 kPa
6E -043 -0.97 kPa | 0.2 kPa
Directional procedure ASCE 27.2-1 P = qGC, — q;GCy; ASCE 27.4.1
Walls External pressure coefficient C
Windward wall pressrue 08 0.94 kPa
Sidewalls 07 -0.74 kPa
Leeward wall pressrue 03 -0.32 kPa
Roof External pressure coefficient C,
Otoh/2 09 0.96 kPa
hi2toh 09 . 0.96 kPa
hto2h 0.5 0.53 kPa
> 2h 0.3 0.32 kPa
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Calculation Sheet

Customer: Alberta Solar Decathlon Proj. No.:
Project Title: Borealis Solar House Calc No.:
Calculation Title: Minimum Load Requirement Based on (IBC and ASCE) Phase/CTR:
Elec File Location:
Rev Date By Checked Rev Date By Checked |[ Rev Date By Checked
0 4/5/2013 Omid | Moghadam | Adam | Cripps 8 3/3/2013 APC
Earthquake Load ( E) Site class D and category Il
Importance Factor (lg) ASCE 7 (p.48) 1.0
Spectral accelerations for short period (Ss) 1.5
Spectral accelerations at 1-second (S4) 0.6
Site coefficient (F,) 1.0
Site coefficient (Fy) 1.5
Maximum spectral acceleration for short term (Sys)
Maximum spectral acceleration for 1-second (Sy1)
Design spectral acceleration for short period (Sps) ASCE (Egs. 11.4-1 and 11.4-3)
Design spectral acceleration for short period (Sp1) ASCE (Egs. 11.4-2 and 11.4-4)
Long-Period Transition (T) ASCE Figure (22-12) 8s
(Ts)
(To)
Seismic Base Shear
Effective seismic weight (w) (core) As 0f3/3/2013 121 kN
Effective seismic weight (w) (side) As of 3/3/2013 117 kN
Structural height (hn) Includes max. jack height of 26"/0.66m 4.6
Approximate Fundamental Period (T,) ASCE 12.8.2.1 (p.90)
Fundamental period of the Structure (T) Cu = 1.4 for SD1 > 0.4 (Table 12.8-1),
Light frame walls with shear panels of all other materials
Response modification coefficient (R ) ASCE Table 12.2-1 6.5
Overstrength factor ( Qg) 2.0
Deflection amplification factor (Cq4 ) 2.0
Seismic Response Coefficient (C)
Minimum (Cs)
Maximum (Cs) ASCE 12.8-3
Seismic Base shear V (Core) 18.57 kN
Seismic Base shear V (Side) 17.95 kN
Steel ordinary moment frames
Response modification coefficient (R ) ASCE Table 12.2-1 B
Overstrength factor ( Qg) 2.5
Deflection amplification factor (Cq4 ) 3.0
Seismic Response Coefficient (C)
Minimum (Cs)
Maximum (Cs) ASCE 12.8-3
Seismic Base shear V (Core) 34.48 kN
Seismic Base shear V (Side) 33.34 kN | 16.669714 8.334857143
Horizontal Seismic Load Effect
Redundancy Factor (p) ACSE 07-10 12.3.4.2 1.3
Effects of Horizontal seismic forces (E;) Maximum for EW Axis Side Module 23.34 kN

Vertical Seismic Load Effect

Effects of Vertical seismic forces (E,)

Ev=0.255 ps D
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Calculation Sheet

Customer: Alberta Solar Decathlon Proj. No.:
Project Title: Borealis Solar House Calc No.:
Calculation Title: Minimum Load Requirement Based on (IBC and ASCE) Phase/CTR:

Elec File Location:

Rev Date By Checked Rev Date By Checked |[ Rev Date By Checked
0 4/5/2013 Omid | Moghadam | Adam | Cripps 8 3/3/2013 APC
Factored Load Combination
[Deadioad |  1.25[LiveLoad | 2.4/Snow load | 1]|Earthquake | [Windload | 1.55[Rain Load 0.24
Roof live 1
1) 14D __ 18kPa
2) 1.2D+16L+05Lr _ 58kPa
3) 1.2D+16L+05s8 __58kPa
4)12D+16L+05R __55kPa
5) 1.2D +1.6 Lr+f,L where f1is (1 or 0.5) IBC 1605.2 4.3 kPa
6) 12D +1.6Lr+ 05 W . 39kPa
7)1.2D+1.6 S+f, L 4.3 kPa

8)1.2D+1.6S+05W 3.9 kPa

9) 12D +16 R+, L 3.1 kPa
10) 1.2D +1.6 R+ 0.5 W 2.7 kPa
11) 1.2 D+1.0W+ f,L+0.5 Lr 4.8kPa
12) 12D+1.0W+f,L+05S 48 kPa
13) 12D+1.0W+ f,L+05R 44KPa

14) 12D +1.0E+f L+, S

15) 1.2 D+1.0E+ 1.0L+ 0.2S

16) 1.0 D + (0.6W or 0.7E)

17) 1.0 D + 0.75L + 0.75(0.6W) + 0.75(Lr or S or R)
18) 1.0 D + 0.75L + 0.75(0.7E) + 0.75S

Serviceability Load:
1)

2)

Defelection Limits

Roof Members (L/360)

Floor Members (L/360) L/240 (D+L)

Frame Buildings (L/120)

Sliding and over turning moment
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Calculation Sheet

Customer: Alberta Solar Decathlon Proj. No.:
Project Title: Calc No.:
Calculation Title: Minimum Load requirement base on (NBCC) Phase/CTR:
Elec File Location:
Rev Date By Checked Rev Date By Checked Rev Date By Checked
0 4/5/2013 | Omid | Moghadam |
Dead Load (DL)
Roofing and Insulation
Self weight of the roof including insulation 1.2 kPa
Self weight of Structure Steel member Calculated by S-Frame
Live Load (LL)
Live load applied to floor 2.4 kPa
Live Load (applied to roof) 1.0 kPa
Snow Loads (S) S =L [Sy(C,CCiCy) + S, ]
Importance Factor (1) 1.0
Ground Snow Load 1-in-50 years (S;) 1.4 kPa
Raind Load (S;) 0.1 kPa
Wind exposure factor (C,,) 1.0
Slope factor (Cs) ’ 1.0
Basic roof snow load factor (C,) 0.8
Shape factor (C,) 1.0
Calculated Snow Loads (S) 1.22 kPa
NBCC20109.4.2.2 S=C_b*S_S+S_r

#REF!
#REF!
#REF!
#REF!

C_b = 0.45 (width < 4.3)
0.73 kPa

S
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Calculation Sheet

Customer: Alberta Solar Decathlon Proj. No.: 0
Project Title: Calc No.: 0
Calculation Title: Minimum Load requirement base on (NBCC) Phase/CTR:
Elec File Location:
Rev Date By Checked Rev Date By Checked Rev Date By Checked
0 4/5/2013 | Omid | Moghadam |
Wind Load (W) F,=1,C,C,C.q
Importance Factor (l,,) 1.0
Exposure Factor (Ce) Open terrain. Ce >= 0.9. Ce = (h/10)"0.2 = 0.86 0.9
Gust Effect Factor (Cg) 2.0
Wind Pressure (q) 0.48 kPa
Walls Pressure-gust coefficients (C, C,) Pressure Suction
EW 1.4 -1.55
EW, End Zone 1.65 -1.9
N 1.6 -1.6
N, End Zone 1.65 -1.9
S 1.55 -1.6
S, End Zone 1.65 -1.9

Net Wind load on the exterior Walls
EW

EW, End Zone

N

N, End Zone

S

S, End Zone

Wind Shear (Core Module)
East or West Faces

North Face

South Face

Net Wind Shear
East or West Wind
North Wind

South Wind

Roof Pressure-gust coefficients (C, C,)

C
s
c
Wind load on the Roof
C
s
c

Internal Wind Pressure

Importance Factor (l,)

Exposure Factor (Ce)
Gust Effect Factor (Cgi)
Internal pressure (C;)

Wind Pressure (q)

Internal pressure (P;)

A_w
A_w
A_w

NBCC (Fig

25.6 m?

5.7 m?

7.1 m?

1-13)

A e
A e
A e

External pressure

Net pressure

0.61 kPa |-0.67 kPa 0.87 kPa -1.06 kPa
0.72 kPa |-0.83 kPa 0.98 kPa -1.22 kPa
0.70 kPa | -0.70 kPa 0.96 kPa -1.09 kPa
0.72 kPa |-0.83 kPa 0.98 kPa -1.22 kPa
0.67 kPa | -0.70 kPa 0.93 kPa -1.09 kPa
0.72 kPa |-0.83 kPa 0.98 kPa -1.22 kPa
Pressure Suction
7.6 m? 29.64 kN -36.31 kN
6.9 m? 12.22 kN -14.62 kN
8.5 m? 14.92 kN -18.09 kN
65.95 kN
30.31 kN
29.54 kN
-2.5 0.4
-2.8 0.25
-3 0.4
-2.55 kPa 0.60 kPa
-2.81 kPa 0.48 kPa
-2.98 kPa 0.60 kPa
1.0
0.9
2.0
-0.45 0.30
0.48 kPa
-0.39 kPa 0.26 kPa
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Calculation Sheet

Customer: Alberta Solar Decathlon Proj. No.:

Project Title: Calc No.:

Calculation Title: Minimum Load requirement base on (NBCC) Phase/CTR:

Elec File Location:

Rev Date By Checked Rev Date By Checked Rev Date By Checked
0 4/5/2013 | Omid | Moghadam |
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Calculation Sheet

Customer: Alberta Solar Decathlon Proj. No.: 0
Project Title: Calc No.: 0
Calculation Title: Minimum Load requirement base on (NBCC) Phase/CTR:
Elec File Location:
Rev Date By Checked Rev Date By Checked Rev Date By Checked
0 4/5/2013 | Omid | Moghadam |
Earthquake Load ( E)
Importance Factor (Ig) 1.0
Soil Undrained Shear Strength (S,)
Spectral accelerations Sa(0.2) 0.15
Spectral accelerations Sa(0.5) 0.08
Spectral accelerations Sa(1.0) 0.04
Spectral accelerations Sa(2.0) 0.02
Peak ground acceleration (PGA) 0.09
Acceleration-based site coefficient (fa) 1.3
Velocity-based site coefficient (fv) 1.4
Fundamental lateral period ~ Ta = 0.05h4%0.75 0.14
Ty = 0.085h,20.75 oo 0.24
Steel Moment Frames
Ductility-Related Force factors (Rd) 1.5
Overstrength-Related Force factors (Ry) 1.3
Effective seismic weight (w) 102 kN
Higher Mode Factor (Mv) Table 4.18.11 (NBCC) 1.0
5% spectral response acceleration S,(T) 0.195¢g
Shear Base (V) = STa) Xmy Xle Xw 10.20 kN
Ry X Ry -
Minimum shear base (Vi) S(2)xmy X1, Xxw 1.20 kN
Maximum shear base (V) Ugi" :: Z w NBCC 4.1.8.11 (2¢) 5.23 kN Govern
max 3 Ry X Ry
Shear walls: wood-based and gypsum panels in combination
Ductility-Related Force factors (Rd) 2.0
Overstrength-Related Force factors (Ry) 1.7
Effective seismic weight (w) 121 kN
Higher Mode Factor (Mv) Table 4.18.11 (NBCC) 1.0
5% spectral response acceleration S,(T) 0.195¢g
Shear Base (V) 6.94 kN
Minimum shear base (V) 0.82 kN
Maximum shear base (Vay) NBCC 4.1.8.11 (2¢) 3.56 kN Govern
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Appendix 2: Roof Joist Calculations
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Calgary, AB

Filename: C:\Users\omogha2\Desktop\Solar House\S-frame\Entiuitive\CORE MODULE (NBC-Entuitive 1).TEL
GRAPHICAL RESULTS - Ld Comb 10 0.9 D - 1.4 Wy + 0.5 S->y Moment (kN-m)
Engineer: Omid Moghadam

Kearl

17.8930
14.8810
11.8690
8.8570
5.8450
2.8330
-0.1790
-3.1909
-6.2029
-9.2149
-12.2269
-15.2389

BERRNRRRLCNN

-18.2509

1.5263

17.8926

0.0000

1.0597

1.5377

1.9143

S-FRAME

Enterprise Version 10.0
© Copyright 1995-2011, Softek Services Ltd.




Calgary, AB

Kearl

Filename: C:\Users\omogha2\Desktop\Solar House\S-frame\Entiuitive\CORE MODULE (NBC-Entuitive 1).TEL

GRAPHICAL RESULTS - Ld Comb 10 0.9 D - 1.4 Wy + 0.5 S->y Shear (kN)

Engineer: Omid Moghadam

y Shear (kN)

21.4448
18.0326
14.6204
11.2082
7.7960
4.3838
0.9716
-2.4406
-5.8528
-9.2650
-12.6772
-16.0894

BERRNRRRLENN

-19.5016

S-FRAME

Enterprise Version 10.0
© Copyright 1995-2011, Softek Services Ltd.




Kearl

Filename: C:\Users\omogha2\Desktop\Solar House\S-frame\Entiuitive\CORE MODULE (NBC-Entuitive 1).TEL
GRAPHICAL RESULTS - Ld Case 5 Wind Load->z Moment (kN-m)

Calgary, AB Engineer: Omid Moghadam

2.1795

2.1795

z Moment (kN-m)

7.1374
5.7198 0.0000 d6.4197
4.3022
2.8846
1.4671

0.0495

-1.3681
-2.7857
-4.2032

-5.6208

-7.0384
-8.4560

BERRNRRRLCNN

-9.8735 0.0000

S-FRAME
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>