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Abstract
This life cycle analysis was performed on the UB&@raphy Building, a 51883sf

wood-frame academic building built in 1924, for thepose of establishing a materials
inventory and environmental impact reference tajpgied in the assessment of potential
upgrades. It was also completed simultaneously $2tother academic and residential
buildings at UBC for environmental performance camngons across UBC buildings over time

and between different materials, structural typeslauilding functions.

The building was modeled with On Center’'s On-Scréakeoff and Athena Sustainable
Materials Institute’s Impact Estimator using arebttral drawings provided. From this model, a
Bill of Materials was determined, showing that thegest quantities of material were gypsum

board, softwood plywood, 6mil polyethylene, cedaod shiplap, and stucco.

The determined summary measures were then comjatied average UBC academic
building. It was found that the primary energy somption, weighted resource use, global
warming potential, acidification potential, humagahh respiratory effects potential,
eutrophication potential, and smog potential ranfgeich 6.4%-30.0% of the average building,
and the ozone depletion potential around 2 timestlerage building. It was determined
through sensitivity analysis that the ozone depiepiotential was high in comparison due to the
amount of plywood.

Finally, the building performance was modeled usagalues for the windows, exterior
walls and roof. It was determined that adding 48d 3.5 of polyisocyanurate insulation to the
roof and exterior walls, respectively, and replgdime windows with low E tin argon filled
glazing would have a 1.55 year energy payback gerio
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1 Introduction

The Geography Building, located at 1984 West M&dincouver on the University of
British Columbia campus, was constructed in 192haas originally named the Applied
Science Building. It was built in conjunction wighght other buildings—the old forestry,
agriculture, arts and administration buildings, éhectrical and mechanical laboratories, the
auditorium, and the mining, metallurgy and hydreailbuilding—all of which were built as
semi-permanent buildings, and the total cost flomniak buildings was $500,000 (Geography
Building). The function of the building was to lsauthe academic needs of Geology, Civil
Engineering, Zoology, Forestry and Botany, and aragnally composed of 13 laboratories, 17
offices, 13 research and prep rooms, 12 lecturmspeight storage rooms, five lavatories and
three locker rooms, as well as a library, museuchcmmon room. The following table

outlines the major building characteristics of ¢mginal Geography Building.

Table 1. Building Characteristics of the Geography Building

Building System Specific Characteristics of Geography

Structure Wood posts, girders and beams throughout

Floors Foundation: Concrete Slab on grade; Ground and First Floors: Wood joists, Concrete suspended slab

Exterior Walls Foundation: Cast-in-place walls; Ground and First Floors: Wood stud walls with stucco, cedar shiplap, laths on
both sides, and plaster

Interior Walls Foundation: Cast-in-place walls; Ground and First Floors: Lath and plaster on both sides of wood stud walls with
plywood sheathing on hallway and lecture room walls

Windows . ) . .
All windows fixed with wood frame and no glazing

Roof Wood joist roof overlain by 2"x4" stud walls with cedar shiplap, roofing asphalt, and a 6mil polyethylene vapour
barrier

Since its original construction, the Geography 8inij has undergone many renovations
for a total of six phases of alterations. Someomaiterations included wall, ceiling and room
changes, additional fire exit stairwells, and th&tallation of two firewalls through the cross
section of the building. The firewalls in partiaurequired the two main stairwells to be
demolished, as well as the walls on the groundfiasicfloors between the front and rear

entrances to be torn out (see Figure 1 below).
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Figure 1. Ground plan highlighting the sections of building torn down for firewall installation

Overall, the building’s floors and exterior wallsmmain intact, but many of the interior
walls have been altered to accommodate floor pgteamges and new building requirements.

This model, however, will represent the Geographilding as it was built in 1924, as if it were
built today.
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1 Goal and Scope

The initial stage of a life cycle analysis studyd<slearly define the goal and scope.
Conclusions and recommendations can then be maatEardance with the goal and scope,
which affects the detail and time frame of the L&Aing the ISO 14044 definitions and
requirements as seen in section 4.2.2 and 4.23a(fian Standards Association, 2006), the

following goal and scope was defined.

1.1 Goal of Study

This LCA of the Geography Building at the Univeysif British Columbia was carried
out as an exploratory study to determine the enmental impact of its design. This LCA of
the Geography Building is also part of a seriesvafive others being carried out simultaneously

on respective buildings at UBC with the same godl scope.

The main outcomes of this LCA study are the essabiient of a materials inventory and
environmental impact references for the Geographid®g. An exemplary application of these
references is in the assessment of potential fyger®rmance upgrades to the structure and
envelope of the Geography Building. When this gtiscconsidered in conjunction with the
twelve other UBC building LCA studies, further ajpptions include the possibility of carrying
out environmental performance comparisons acrosS bidldings over time and between
different materials, structural types and buildingctions. Furthermore, as demonstrated
through these potential applications, this Geogydpinlding LCA can be seen as an essential
part of the formation of a powerful tool to helgarm the decision making process of policy
makers in establishing quantified sustainable dgpmaknt guidelines for future UBC

construction, renovation and demolition projects.

The intended core audiences of this LCA study lanee involved in building
development related policy making at UBC, suchthasSustainability Office, who are involved
in creating policies and frameworks for sustainat@eelopment on campus. Other potential
audiences include developers, architects, engira®duilding owners involved in design

planning, as well as external organizations suajpasrnments, private industry and other
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universities whom may want to learn more or becemgaged in performing similar LCA

studies within their organizations.

1.2 Scope of Study

The product system being studied in this LCA agedtnucture, envelope and operational
energy usage associated with space conditionitigeoeography Building on a square foot
finished floor area of academic building basis.otder to focus on design related impacts, this
LCA encompasses a cradle-to-gate scope that inclingeraw material extraction,
manufacturing of construction materials, and carcsion of the structure and envelope of the
Geography Building, as well as associated tranaport effects throughout the manufacturing

and construction stages.

1.2.1 Tools, Methodology and Data
Two main software tools are to be utilized to complthis LCA study; On Center’s On-
Screen Takeoff and the Athena Sustainable Matdnatgute’s Impact Estimator (IE) for

buildings.

The study will first undertake the initial stagesomaterials quantity takeoff, which
involves performing linear, area and count measargsof the building’s structure and
envelope. To accomplish this, On-Screen Takeafiwa 3.6.2.25 is used, which is a software
tool designed to perform material takeoffs withreased accuracy and speed in order to enhance
the bidding capacity of its users. Using impomdggital plans, the program simplifies the
calculation and measurement of the takeoff proaelsge reducing the error associated with
these two activities. The measurements generageibianatted into the inputs required for the
IE building LCA software to complete the takeofbpess. These formatted inputs as well as

their associated assumptions can be viewed in Appes A and B, respectively.

Using the formatted takeoff data, version 4.0.5theflE software, the only available
software capable of meeting the requirements efgtudy, is used to generate a whole building
LCA model for the Geography Building in the Vanceuvegion as an Institutional building
type. The IE software is designed to aid the bugedommunity in making more
environmentally conscious material and design @wicThe tool achieves this by applying a set

of algorithms to the inputted takeoff data in ortiecomplete the takeoff process and generate a
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bill of materials (BoM). This BoM then utilizesalAthena Life Cycle Inventory (LCI)
Database, version 4.6, in order to generate aetadfjrave LCI profile for the building. In this
study, LCI profile results focus on the manufactgrand transportation of materials and their
installation in to the initial structure and enystoassemblies. As this study is a cradle-to-gate
assessment, the expected service life of the GpbgmBuilding is set to 1 year, which results in
the maintenance, operating energy and end-ofiifges of the building’s life cycle being left

outside the scope of assessment.

The IE then filters the LCA results through a detlmaracterization measures based on
the mid-point impact assessment methodology deeeltyy the US Environmental Protection
Agency (US EPA), the Tool for the Reduction andeésssnent of Chemical and other
environmental Impacts (TRACI) version 2.2. In artiegenerate a complete environmental
impact profile for the Geography Building, all titavailable TRACI impact assessment

categories available in the IE are included in $igly, and are listed as;

. Primary energy consumption

. Weighted raw resource use

. Global warming potential

. Acidification potential

. Human health respiratory effects potential
. Eutrophication potential

. Ozone depletion potential

. Smog potential

Using the summary measure results, a sensitiviyyais is then conducted in order to
reveal the effect of material changes on the impedfile of the Geography Building. Finally,
using the UBC Residential Environmental AssessrReogiram (REAP) as a guide, this study
then estimates the embodied energy involved inaghgg the insulation and window R-values
to REAP standards and calculates the energy paylesd of investing in a better performing

envelope.

The primary sources of data for this LCA are thginal architectural drawings from
when the Geography Building was initially constedttn 1924. Additional structural drawings

from 2004 were also used to determine the liveitgadn the building. The assemblies of the
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building that are modeled include the foundatiaumns and beams, floors, walls and roofs, as
well as the associated envelope and openingsi@ices and windows) within each of these
assemblies. The decision to omit other buildingpponents, such as flooring, electrical aspects,
HVAC system, finishing and detailing, etc., arecgssted with the limitations of available data
and the IE software, as well as to minimize theeuwtainty of the model. In the analysis of these
assemblies, some of the drawings lack sufficiertenal details, which necessitate the usage of
assumptions to complete the modeling of the bugdmthe IE software. Furthermore, there are
inherent assumptions made by the IE software ieragenerate the BoM and limitations to
what it can model, which necessitated further agp$iams to be made. These assumptions and
limitation will be discussed further as they energyhe Building Model section and, as
previously mentioned, all specific input relatedwaaption are contained in the Input

Assumptions document in Appendix B.
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2 Building Model

In order to model the Geography Building for thegmses of completing this LCA
study, On-Screen Takeoff and the IE Software wélieed. The initial materials quantity
takeoffs were completed by measuring quantitiedaha on the architectural drawings using
On-Screen Takeoff. These materials were then iegumto the IE software and modeled,
producing the subsequent the Bill of Materials, S ary Measures (impact assessment results)
and Absolute Values (life cycle inventory result3he following sections discuss the
methodology used with the On-Screen Takeoff ansiofivare, including assumptions and

challenges associated with each of the programs.

2.1 Takeoffs

The On Center On-Screen Takeoff software providsinglified method of producing
material quantity takeoffs, while improving accurand modeling time. This was done by
using linear, area and count conditions to measaterials available on the imported
architectural drawings. When modeled in On-Scieskeoff, the material quantities were
separated by floor level—foundation, ground anst filoor—and by material type— footings,
exterior walls, interior walls, windows, doors, fofloors, beams, girders, posts, stairs, and
additional material. These were then organizeal i following assemblies in the Impact
Estimator Input Tables (Appendix A) to be modelsthg the IE software: foundation, custom
wall, mixed columns and beams, roof, floors, antleelkasic material. A complementary Impact
Estimator Input Assumptions Document can also ke g®Appendix B to further explain the

assumptions necessary to model the building assesnbl

2.1.1 Foundation

For the foundation assembly, concrete footings waleulated using all three
measurement conditions, and were assumed to beosethf concrete with 4000psi strength,
#4 rebar reinforcement and average fly ash cont€otumn footings on the foundation were
measured using the count condition with the widtt Eength provided from drawing 401-06-
016, and the thickness provided from drawing 404t06 They were then labeled based on the

dimensions—e.g. 4'x4’ Concrete Footing. The sfopting below the exterior concrete wall
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was modeled using the width provided from drawif@-96-016 and the linear condition used to
measure the Foundation Exterior Wall with Footirage] was labeled accordingly. The concrete
stairs on the ground level—which were modeled a$irigs and labeled as Ground Entrance
Stairs—were measured using the area condition, thélaverage thickness estimated from the
cross section as shown in drawing 401-06-020. lliyifeoundation Concrete Floor was modeled
as a slab on grade using the area condition, witickness measurement of 4”. The concrete

for the slab was assumed to have strength of 40@0psaverage fly ash content.

2.1.2 Walls

The walls on the foundation, ground and first fleewels were modeled using linear
conditions labeled based on their thickness, nadtdloor level and if they were interior or
exterior walls (e.g. Foundation 6” Interior Coner&Vall, Ground 2"x4” Stud Interior Wall, etc).
The foundation concrete walls were assumed to hdwght of 3.5ft, based on an average of
measurements from drawings 401-06-019 and 401-06d2well as concrete with 4000psi
strength, #5 rebar reinforcement and average fiycaatent. In addition, the exterior walls on
the ground and first floors appeared to have nolat®n installed when the building was
initially constructed, and were therefore assunodaiive no insulation. Hallway walls were also
assumed to have plywood sheathing, based on dral@ih@6-030, a drawing from a building
renovation in 1963. The doors and windows withia ground and first floor walls were
modeled using count conditions. All doors, exdepthe steel vestibule which was assumed to
be a 32"x7’ steel interior door, were assumed t@d&7’ solid wood doors. The windows were
assumed to be fixed windows with standard glazang, were modeled as wood frames based on
site inspections. Finally, all wood stud wallsiwiiath and plaster required %2” of regular gypsum
to be used as a surrogate material for the plasitr the laths modeled as extra basic material

based on 4'x2"xY4” dimensions and ¥4” spacing (Latt Rlaster, 2008).

2.1.3 Columns and Beams

The beams and girders were modeled in On-Screeeoffaksing linear conditions
combined with cross section dimensions given bydilagving 401-06-016, 401-06-017 and 401-
06-18. The posts were also modeled using dimeagiom the above drawings and drawing

401-06-020 for post heights, as well at count comas. All beams, girders and posts were
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labeled based on dimensions, floor level and nadteand were modeled using extra basic

materials to simplify calculations.

2.1.4 Roof

The roof of the building was made up of two woodtgections, as seen in Figure 2
below. The lower portion was modeled as a woost jaiof with a span of 10ft due to IE
limitations, while the upper portion was modelediaeparate wall sections with 2"x4” wood
studs. In addition, for sloped sections of theltwactions,” the section was assumed to be flat.
From the roof detail, cedar shiplap was addedecettvelope, as well as roof asphalt based on
site inspections. In addition, it was assumedeheas a 6mil polyethylene layer to meet the

vapour barrier requirements of a roof.
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Figure 2. Roof detail for the Geography Building

2.1.5 Floors

The floors in the Geography building were modelsthg the area condition, and were
labeled based on their material, floor level ar@htmon (e.g. Ground Concrete Floor, Ground
Sloped Lecture Room). For all the floors, an as=silitive load of 45psf was also used based on
drawing 401-07-001, a list of specifications frorB@04 renovation. The concrete floor had an
assumed 4000psi strength and average fly ash ¢cord@nassumed span of 16ft was also used to
fit within the 11.8ft - 32.0ft span limitation ofi¢ IE software. The wood joist floors were
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assumed to have %" thick plywood decking basednmwkedge of the decking being wood. In
addition, the spans were assumed to be 10ft watfiin the 0.98ft - 15.0ft span limitation of the
IE software. Finally, the sloped section of thetdee room was modeled to have a slope based
on the dimensions of the risers and treads ofté@ssas seen in drawing 401-06-019. A sloped
wood joist floor was modeled, and the addition mateised for the steps was added as extra
basic material. This volume of material was calted based on the number of steps, and the
dimensions of the risers and treads. In addiitomas assumed that the steps had a width of

50ft, based on a drawing measurement, and the atepd were %2” thick.

2.1.6 Extra Material

The remaining materials, including the First Fldouss and the wood stairwells, were
modeled using extra basic material. The wood] sbekeand steel sheets of the truss were
modeled based on the drawing 401-06-018. Thenstts were modeled similar to that of the
truss, with volumes calculated basic on the numlbsteps, the dimensions of the risers and
treads, and an assumed thickness of %2”. 2"x8” g#rifoards were also considered in the

guantity takeoff of the steps.

Overall, the drawings were high quality, allowimg takeoffs to be performed with ease.
There was lack of information concerning concretgpprties, foundation assembly heights and
wall cross-sections, and assumptions were madel lmaseesearch. In addition, some material
guantities required assemblies to be factored adlienttations with the IE software. Further
detailed information and calculations on all asstiomg made can be found in the Impact

Estimator Input Assumptions Document (Appendix B).

2.2 Bill of Materials

The BoM is a list generated from the material gitptékeoffs. As seen in Table 2, the
five largest values by units of area were ¥2” regglasum board, softwood plywood, 6mil
polyethylene, cedar wood shiplap siding, and stuand largest value by weight was joint

compound.
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Table 2. Bill of Materialsfor the Geography Building

Material Quantity Unit
1/2" Regular Gypsum Board 109073.9334]sf

6 mil Polyethylene 27342.16232]sf
Aluminium 1.80844]Tons
Batt. Fiberglass 617.36408]sf (1"
Cedar Wood Shiplap Siding 48016.5127]sf

Cold Rolled Sheet 1.60263]Tons
Concrete 30 MPa (flyash av) 282.91234)yd3
EPDM membrane 2356.71954]pounds

Galvanized Sheet 0.00327]Tons
Glazing Panel 0.04218]Tons

Joint Compound 9.17297]Tons
Large Dimension Softwood Lumber, Green 26.99098]Mbfm
Large Dimension Softwood Lumber, kiln-dried 77.57556]Mbfm
Nails 2.8332]Tons
Paper Tape 0.10631]Tons
Rebar, Rod, Light Sections 5.01469|Tons
Roofing Asphalt 5279.14524]pounds
Small Dimension Softwood Lumber, kiln-dried 104.46044]Mbfm
Softwood Plywood 91.85782]msf (3/8inch)
Solvent Based Alkyd Paint 0.07789}US gallons
Standard Glazing 7326.85389]sf

Stucco over porous surface 21950.5196]sf

Water Based Latex Paint 246.78011]US gallons
Welded Wire Mesh / Ladder Wire 0.042]Tons
Wood Frame 34.79803}yd3

The amount of ¥2” regular gypsum board and jointjgoomd is a result of the lath and
plaster present on the inside of all exterior walswell as both sides of all interior walls—this
includes assemblies 2.2.1 to 2.2.11 as seen inmgppd. From the assumptions, it is known
that the gypsum board was used as a surrogatedqiaster walls. The quantity of joint
compound is also associated with this replacenbetiause joint compound is used to seal the
joints between sheets of gypsum board. This assompsed on such a widely used material
can then greatly affect the environmental impaus this building will have, because gypsum
board and joint compound do not have the same prepeas plaster. In addition, the type of
gypsum board and thickness were assumed basedaearch. As a result, if the plaster would
have been better modeled at 5/8” gypsum boardttiestotal volume would have been
underestimated by 20%. This assumption could patential source of uncertainty in the

model’s results.
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The softwood plywood was generated in the BoM fitsnpresence in the Ground Floor
Area, Ground Level Lecture Room and the First Fleloor Area, as well as the Ground 2"x4"
Stud Hallway Wall and Lecture Room Wall, and thisErloor 2"x4" Stud Hallway Wall. The
wood on the floors was assumed to be plywood digctoin information in the drawings,
however, they may have been solid wood. This chalee resulted in an underestimation of
wood volume, as well as an overestimation of waditeaives. In addition, the plywood
sheathing in the hallway walls was assumed baseblawing 401-06-030, a drawing from a
1963 renovation that may have not been cohesivetiv original state of the building. Had
there originally been no plywood sheathing, the eded BoM would show an overestimation of
the product. The plywood was also assumed to lealgresent within the hallways wall rather
that all of the walls. If the sheathing was adiuptesent in all of the walls, the quantity of
plywood would have been an underestimation.

Polyethylene was another material with a high gtafdr the building; however, the use
of this product was based solely on the need td mesof requirement for the Roof Area. As a
result, if this is not the actual material, the aofs that the building has could be altered. The
actual vapour barrier may have also had a diffdteokness and the assumption could have
resulted in an over- or underestimation, dependmghether the original thickness was thinner
or thicker, respectively. Finally, had this maaénot been present at all, as depicted in the
architectural drawings, a 100% overestimation wdade been quantified in the bill of

materials.

The cedar wood shiplap siding, which resulted ftbewall cross sections of the Ground
Exterior Wall and First Floor Exterior Wall, as wak the Roof Area, was input into the IE
software by square foot, and the thickness wasméted based on the IE software information.
If the thickness used was %", which is the samplapithickness given in drawing 401-06-028
from a 1962 renovation, then the error in volumprapimations of this material for the exterior
walls would be minimal; however, differences irstthickness could result in quantity over- or
underestimations. Finally, the shiplap modeledlierRoof Area was on the upper portion of
the roof, which was sloped (see Figure 2 abovéis 3ection of roof, however, was assumed to

be flat causing an underestimation of the cedardwataplap siding area.
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Stucco was present throughout the outside of thidibg for the ground and first floors
on the Ground Exterior Wall and the First Floor &tdr Wall. Similar to the cedar wood
shiplap siding, whether or not the material takee$ulted in an over- or underestimation of

stucco depends on the thickness used by the |#wan@ft

As one can see, all of the largest material quastitere subject to assumptions that
could affect their amount and/or impacts to songrel® Some materials, such as the softwood
plywood where the material quantity was assumedlddaave resulted in quantity differences.
Other material, such as the gypsum board and goimpound used as a surrogate for plaster,
could have resulted in impact differences baseditberent material compositions. These
considerations must therefore be taken into acombet analyzing the results of the Geography

Building model.
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3 Summary Measures

The summary measures that were considered forutpoges of this report include
primary energy consumption, weighted resource gisbal warming potential, acidification
potential, human health (HH) respiratory effectteptial, eutrophication potential, ozone
depletion potential and smog potential. These otgare calculated by the impact assessment
methodology, TRACI, given characterization factimsmaterial emissions—e.g. 1kg ¢H
release = 23kg CQelease. In addition, they were considered dwemtanufacturing and

construction life cycle stage of the Geography @adj.

Sensitivity analysis was also performed for eacthefsummary measures to determine
their sensitivity to 10% increases in aluminum,@ete, asphalt, plywood and stucco. This can
process can be helpful during the design or remavatages of buildings to compare
environmental tradeoffs between interchangeabldymis, such as different insulation and wall
framing materials. It can also put emphasis om#ex to waste as little material as possible,
because even a 10% increase in a single matendiaae sizeable impacts on the overall

building profile.

In the following sections, the different impactegdries are defined and their
sensitivities are presented and discussed. Ousrpdicts and sensitivities are also presented,
and the Geography Building is compared to an aweodghe academic buildings modeled.

Finally, uncertainties inherent in these impactehitions are discussed.

3.1 Primary Energy Consumption

Primary energy consumption, measured in MJ, iddted energy used during
manufacturing and construction stages. This iredutie amount of energy allocated to all of the
components of a material—such as aggregates, ceoggnéntitious materials and water for
concrete—for extraction, processing, transportagiod installation. The increase in primary
energy consumption can impact other summary messsueh as global warming potential,

depending on the energy source that is being used.
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As seen in Figure 3, all of the materials considdrad a visible effect on the primary
energy consumption, ranging from an additional 6%20 1.18%. This is because all of the
materials require being manufactured and constlucide 10% increase in concrete (originally
282.81yd) had the highest effect on the primary energyhwie increase in plywood (originally
91.86msf) having the second highest effect. Theease in aluminum (originally 1.81tons) and
asphalt (originally 2.64tons) both had approxima@ll4% increases in energy per ton, which
was relatively high considering their low quantitiyinally, stucco caused a minor increase of
0.026%.

Primary Energy Consumption

1.4%

1.2% | 1.180%

1.0%

0.875%

0.8%

0.6%

0.4% 0.367%
0.262%

0.2%

| 0.026%
0.0% - . . . I

+10% Aluminum +10% Concrete +10% Asphalt +10% Plywood +10% Stucco

Figure 3. Sensitivity of primary energy consumption to changesin material quantities

3.2 Weighted Resource Use
Weighted resource use, measured in kg, accountadall of the resource requirements
for all of the components of a material. This irgs the sum of all of the land, fossil fuel and

water use required to manufacture and construtithagerial.
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Figure 4 below shows the sensitivity of weightesbrgce use to changes in aluminum,
concrete, asphalt, plywood and stucco. From thed, it is clear from that the increase in
concrete had the most significant impact on weidjinésource use, with plywood having the
second most significant impact. Aluminum and ad{pdiso had minor effects on the summary

measure, while the increase in stucco had a nbtgigifect.

Weighted Resource Use

4.0%

3.5% 3.467%
. (]

3.0%

2.5%

2.0%

1.5%

1.0%
0.779%

0.5%

0.041% 0.033% 0.001%

0.0% — . —

+10% Aluminum +10% Concrete +10% Asphalt +10% Plywood +10% Stucco

Figure 4. Sensitivity of weighted resour ce to changesin material quantities

3.3 Global Warming Potential

Global warming potential, measured in kg £&Quivalentis the potential for the earth’s
climate to change based on the buildup of chemieald subsequent heat entrapment. The
chemicals that affect this summary measure incgrdenhouse gases, and the total effect is

based on their “radiative forcing and lifetime” (@aNorris, Pennington, & McKone, 2003).
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Figure 5 shows the sensitivity of the building’slghl warming potential to the five
materials observed. As seen above, the concretthbddghest effect on the global warming
potential due to the high G@missions that are caused during the calcinatodscarbonation
phases of cement production. Aluminum, asphalt@ywdood had approximately equal
increases in global warming potential per quanbty, had much lower effects than concrete.

Stucco, however, had negligible effects on the sammmeasure.

Global Warming Potential
3.5%
3.0% 2.879%
2.5%
2.0%
1.5%
1.0%
0.5% 0.451% 0.392%
0.150%
0.001%
0.0% ; , ;
+10% Aluminum +10% Concrete +10% Asphalt +10% Plywood +10% Stucco

Figureb5. Sensitivity of global warming potential to changesin material quantities

3.4 Acidification Potential
Acidification, measured in moles of H+ equivalastthe potential for an increase of
acidity of water and oil systems to occur. This cacur through both wet and dry depositions,

and is caused by S@nd NQ emissions (Bare, Norris, Pennington, & McKone, 200
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In Figure 6, it can be seen that the acidificapotential of the Geography Building was
most sensitive to an increase in concrete, whilenalum, asphalt and plywood had much lower
effects than concrete. Once again, the 10% inerastucco had negligible effects on the

acidification potential.

Acidification Potential
3.0%

2.558%

2.5%

2.0%

1.5%

1.0%

0.5% 0.391%
0.323%
0.236%
0.0% - T T T
+10% Aluminum +10% Concrete +10% Asphalt +10% Plywood +10% Stucco

Figure6. Sensitivity of acidification potential to changesin material quantities

3.4.1 Human Health Respiratory Effects Potential

HH respiratory effects potential is affected by ttugal suspended particulates,
particulate material (PM) less than 10pm in diam@&hg), PM less than 2.5um in diameter
(PM.5), and by emissions of SO2 and NOx” (Bare, Nofsnnington, & McKone, 2003), and
is measured in kg PM equivalent. These particles can have toxic esfenthuman health,
including “chronic and acute respiratory symptoassyvell as mortality” (Bare, Norris,
Pennington, & McKone, 2003).

In Figure 7 below, the sensitivity of HH respirat@ffects potential to changes in the

five observed materials is shown. The 10% quaimityease of concrete had the greatest effect
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on HH respiratory effect potential, with aluminumdaplywood having the second and third
higher effects, respectively. Finally, asphalt kady minimal effects and the increase in stucco

had negligible effects.

HH Respiratory Effects Potential
1.6%

1.416%

1.4%

1.2%

1.0%

0.8%

0.6%

0.4%

0.2% 0.153%

0

+10% Aluminum +10% Concrete +10% Asphalt +10% Plywood +10% Stucco

0.0%

Figure7. Sensitivity of human health respiratory effects potential to changesin material quantities

3.5 Eutrophication Potential

Eutrophication potential, which is measured in kgduivalent, is the potential for
materials and their emissions to fertilize surfaagers with previously scarce nutrients. This
can then cause an expansion of aquatic photosimfilant species, leading to possible odours,

decrease in marine habitat and production of ch@sitbat could be a health hazard.

In Figure 8, it can be seen that the eutrophicatimiential was highly sensitive to
concrete, with an effect of 0.175%, and asphalh an effect of 0.112%. Plywood also had a
significant impact of 0.102%, and aluminum had tect of 0.033%. Finally, stucco had a

negligible effect of the eutrophication potential.
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Eutrophication Potential
0.2%
0.2% 0.175%
0.2%
0.1%
oL 0.112%
0.102%
0.1%
0.1%
0.1%
0.0% 0.033%
0.0% -
0.000%
0.0% - T |
+10% Aluminum +10% Concrete +10% Asphalt +10% Plywood +10% Stucco

Figure 8. Sensitivity of eutrophication potential to changesin material quantities

3.6 Ozone depletion potential

Ozone depletion potential, measured in kg CFC-1dvetent, is the potential for
reduction of the protective ozone due to acceldrdestructive chemical reactions caused by
chlorofluorocarbons (CFCs), halons and other chalsicThis reduction can cause lower level
ozone level, which can cause increased UVB levadshermful effects on marine life, crops and
human health—including cancer (Bare, Norris, Pegtoin, & McKone, 2003).

As seen in Figure 9, the plywood had the largdstebn ozone depletion of 2.510%,
with concrete having the second highest effect 18%. In addition, aluminum, asphalt and

stucco had negligible effect on the summary measure
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Ozone Depletion Potential
3.0%

2.510%

2.5%

2.0%

1.5%

1.0%

0.5%

0.213%

0.003% - 0.001% 0.000%
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+10% Aluminum +10% Concrete +10% Asphalt +10% Plywood +10% Stucco

Figure9. Sensitivity of ozone depletion potential to changesin material quantities

3.7 Smog potential
Smog potential, which is measured in kg,N€Quivalent, is the potential for material
emissions to cause smog. This can cause harniéat @n human health, including asthma and

mortality, and can be deleterious to plant life.

As seen in Figure 10, smog potential was most Be@s$o the increase in concrete,
which caused an increase of 3.908%. Aluminum hadécond greatest effect with 0.616%,
and then asphalt had the third greatest effect WBli1%. Finally, plywood had a minimal
effect on smog potential with a change of 0.143%esummary measure, and stucco is

negligible.
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Smog Potential
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Figure 10. Sensitivity of smog potential to changesin material quantities

3.8 Overall Impacts

The overall impacts of the manufacturing and catsion life cycle stages of the

Geography are present in Table 3 below.

Table 3. Manufacturing and construction impacts of the original building

Manufacturing

Construction

Total Effects

Man. + Constr.)

Impact Category Total Total Overall Per Sqg. Ft
Primary Energy Consumption 3254101.396 220370.0547| 3,474,471.45 67.03
Weighted Resource Use 1750369.705 6002.468045] 1,756,372.17 33.89
Global Warming Potential 207751.8251 5182.253076 212,934.08 411
Acidification Potential 78961.93478 2730.497823 81,692.43 1.58
HH Respiratory Effects Potential 1013.510967 2.761592338 1,016.27 0.02
Eutrophication Potential 1.841440174 0.00143683 1.84 0.00
Ozone Depletion Potential 0.006051019 1.37544E-08 0.01 0.00
Smog Potential 766.071318 47.74132725 813.81 0.02
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To compare the Geography Building to other acadd&milciings on the UBC Vancouver
campus, these impacts were then converted to sgp@re foot basis. This was done for all
seven buildings considered—Geography, Henning’shBoan, H. R. MacMillan, CEME, FSC
and AERL—and then average impacts were found. Bdlowigure 11, the Geography Building

was compared to the average academic building.

Overall Impacts

250%

200%

M Primary Energy Consumption
150% B Weighted Resource Use
M Global Warming Potential
| Acidification Potential
M HH Respiratory Effects Potential
M Eutrophication Potential
100% 1 Ozone Depletion Potential

Smog Potential

Percent of Average Academic Building Impacts

50%

0% J ‘

Figure 11. Overall impacts of the Geography Building compar ed to aver age academic buildings

As seen in Figure 11, the Geography Building’s @ariyrenergy consumption, weighted
resource use, global warming potential, acidifmagpotential, HH respiratory effects potential,
and smog potential were approximately 25% of theragye UBC academic building. This seems
to be associated with the fact that the GeographigiBg is mainly constructed of wood,
compared to the concrete and steel structuresitbgirevailing in the other buildings. In
addition, the eutrophication potential was appratety 6% that of the average academic

building. The ozone depletion potential, howeveas 211% that of the average academic
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building. This is likely due to the large use dfyood in the Geography Building, to which the
ozone depletion potential was relatively sensitojeas seen in Figure 9.

The sensitivity of all of the summary measures &teamal quantity changes is also

presented in Figure 12.
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+10% Aluminum +10% Concrete +10% Asphalt +10% Plywood +10% Stucco

M Primary Energy Consumption B Weighted Resource Use m Global Warming Potential
m Acidification Potential M HH Respiratory Effects Potential ® Eutrophication Potential
m Ozone Depletion Potential m Smog Potential

Figure 12. Sensitivity of all summary measuresto the changein material quantities

It can be seen from the figure that the increasduminum caused the most effect on
smog potential. The next highest summary measongscted by aluminum were primary
energy consumption, acidification potential and i¢spiratory effects potential, which were all
approximately equal. Finally, the global warmiragential was slightly affected by aluminum,

and eutrophication potential and weighted resouseewere minimally affected.

The summary measures that were more affectediyrete—in decreasing order—were

smog potential, weighted resource use, global wagrpotential and acidification potential.
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Primary energy consumption and HH respiratory éffpotential were more affected summary
measures, with approximately equal effects. Fmallitrophication potential and ozone

depletion potential were relatively minimal.

Global warming potential, smog potential and prynenergy consumption—in
decreasing order—were most affect by the changsphalt. Acidification potential and
eutrophication potential were the following modeat summary measures, with weighted

resource use, HH respiratory effects potential@uahe depletion potential relatively minimal.

The summary measure that plywood most affectedomase depletion potential. The
next summary measures that were most affect werepy energy consumption and weighted
resource use, then global warming potential andifezation potential. Finally, the increase in
plywood had relatively minimal effects on HH regpary effects potential, eutrophication

potential and smog potential.

Finally, the 10% increase in stucco had very malieffects on all of the summary
measures. The only summary measure that hadldevestect from the increase in stucco was

primary energy consumption.

3.9 Uncertainties in Impact Assessment

Due to the complex nature of summary measurespgggns and uncertainties arise
during the impact assessment process. These untiedaan be due to the characterization of
emissions, the location of the emissions, and liaeacteristics of the environment these
emissions are subjected to. In addition, how tbdehwas performed and over what scope can

also affect the certainty of the impacts.

The impact assessment methodology used for thiy stas a non-regionalized version
of TRACI. As a result, the assessment did not tateeaccount differing environmental
conditions for different areas. This could causeantainty in how the emissions are absorbed
by chemical sinks, such as trees and water, anpdtemtial of the emissions to travel and affect
the environment on different geographic scalesaddition, it was not taken into account
whether or not the pollutants are emitted withia uilding or outside of the building. This
makes a difference on the environmental impactaulseif the pollutants are emitted where

there are lots of people, they are more likelydaeha negative impact on human health.
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Not all characteristics of emissions are taken adcount when doing an impact
assessment. The impact assessment software cospecified amounts masses of emissions
into their equivalent environmental and human intpaélthough this data had been collected
through many environmental and health studiesinipacts are still dependent on an infinite
number of factors—such as time, temperature, enment sensitivity, etc.— compromising the
accuracy of these impact equivalencies. In additieere are a number of chemicals within the
environment that can react together to producer atiiemicals. This reaction could potentially
create more or less hazardous chemicals. Ov#ralllack of detail could result in over- or

underestimation of environmental impacts.

The way that the emissions are converted to imgaetsalso cause uncertainty in the
summary measures. TRACI, the impact assessmehbdwbgy used for this study, relates
emissions to impacts through characterization factthese factors, however, are linear and do
not take into account the initial amount that theinment is able to absorb without effects, as
well as the drop off of effects when there are smyremissions that further emissions do not
cause any more harm. This could cause over- agrestimations of the impacts, depending on

the relationship the each emission has with thé&renment.

Finally, the way in which the impact assessmentoklogy allocates impacts to
different products along the line of production edfect the overall results. Co-products from
the same unit process can be quantified by masanep economic value, etc. Depending on

which method of quantification is used, the impattscated to each co-product will differ.
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4 Building Performance

The building performance of the current Geographiding was calculated based on the
total areas and heat flow resistances (R-valuetf)eofoof, windows and exterior walls, as well
as the initial embodied energy of the building.isThuilding performance was then compared to
a theoretical improved Geography Building that thetResidential Environmental Assessment
Program’s (REAP’s) insulation requirements. Thofeing sections outline the method of
calculating the R-values and subsequent energpmpeainces, the materials to be replaced to

increase building performance, and the energy pakypariod of such replacements.

4.1 Heat Flow Resistance

The R-values of the current and improved buildingsidows were determined from
tables provided. The R-values for the exteriorlsvahd roofs, however, needed to be calculated
based on the components in the assemblies’ craisise and the area that they covered (R-
Value Table, 2008). For components that only ced¢he area of the assembly’s studs, the R-
value was input into the “R-Value Studs” columrsaen in Table 4. For components that only
covered the area of the cavities between the stid$}-value was input into the “R-Value
Cavity” column. For components that covered the lelagsembly area, the R-value was input
into both the “R-Value Studs” and “R-Value Studslumns.

Table 4. Sample R-value calculation table

Component R-Value Studs R-Value Cavity Assembly R-Value

Total Wall R-Values

\WEIRSAYEIES
Total Wall R-Value

The total R-values for the stud and cavity sectiwase determined by summing all of

the R-values within the column. The U-values whlen calculated by taking the reciprocal of
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the R-values. Finally, the total R-value for tlss@mbly was calculation by Equation 1, where
the “%” variables are the percent area occupiethbystuds and the cavities:
Equation 1:

1 1
Assembly U —value (Ustuds= % + Ucavity = %)

Assembly R — Value =

Once the R-values of each assembly was deterntimedyeighted average R-value for
the whole building was calculated by taking the safrthe products of the R-values and areas
for each assembly, and dividing the sum by thd tota of all of the assemblies. The following

sections outline how the R-value for each assenvbly modeled.

4.1.1 Current Building
The Geography Building had single-pane windows wagbumed standard glazing. From
the R-Value Table provided on the Colorado Energpsite (R-Value Table, 2008), it was

determined that this had an R-value of 0.91.

The exterior wall cross section for the Geographiiding included stucco, cedar shiplap
siding, 2"x4” wood studs and plaster. Due to latidns, however, stucco could not be input into
the R-value calculation, the cedar shiplap sidiag assumed to be wood bevel siding, and the
lath and plaster were assumed to be ¥2” drywalltsi@e and inside air films were also added to
the model. Finally, the studs were input as 3 #ds, and the total percent area of the studs was
estimated to be 15%. These assumptions resuli@a éxterior R-value of 3.36, as seen in Table
5.

Table5. Exterior wall R-value calculation for the" current” building

Exterior Wall R-Value Calculation for "Current" Building

Component R-Value Studs R-Value Cavity Assembly R-Value
Wall - Outside Air Film 0.17 0.17

Siding - Wood Bevel 0.8 0.8

3 1/2" Stud 4.38

Air space (within stud cavities) 0 1

1/2" Drywalll 0.45 0.45

Inside Air Film 0.68 0.68

Percent for 16" o.c. + Additional studs 15% 85%

Total Wall R-Values

\WERSAYEIES
Total Wall R-Value
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The roof cross section for the Geography Buildimguded roofing asphalt, cedar shiplap
siding, and two layers of 2"x4” wood studs with 2ff"air space between them. Due to
limitations, however, the cedar shiplap siding wasumed to be wood bevel siding and the
roofing asphalt was assumed to be asphalt shin@esside and inside air films were also added
to the model. Finally, the studs were input as’3#4ds, and the total percent area of the studs
was estimated to be 5%. These assumptions resualtadexterior R-value of 10.30, as seen in
Table 6.

Table 6. Roof R-value calculation for the" current” building

Roof R-Value Calculation for "Current" Building

Component R-Value Studs R-Value Cavity Assembly R-Value
Wall - Outside Air Film 0.17 0.17

Siding - Wood Bevel 0.8 0.8

3 1/2" Stud 8.76 0

Air space (between stud assemblies) 6 6

Air space (within stud cavities) 0 2

Asphalt Shingles 0.44 0.44

Inside Air Film 0.68 0.68

Percent for 16" o.c. + Additional studs 5.0% 95.0%

Total Wall Component R-Values
Wall Component U-Values

Total Wall Assembly R-Value

4.1.2 Improved Building
To improve the window insulation and meet the REMRdow insulation standard of at

least R-2.85, low E tin argon filled glazing wagdswhich have an R-value of 3.45

To improve the exterior walls’ energy performanod aneet the REAP exterior wall
insulation standard of at least R-18, 3.5” of pedgyanurate insulation was added to the
assembly. Because the wall cross section didurogtly detail any insulation in the current
building, the rest of the assembly was kept theesalthe resulting exterior wall R-value was
18.42 as seen in Table 7.



Table7. Exterior wall R-value calculation for the" improved" building

Component

Exterior Wall R-Value Calculation for "Im
R-Value Studs R-Value Cavity Assembly R-Value

proved" Building

Wall - Outside Air Film 0.17 0.17
Siding - Wood Bevel 0.8 0.8
3 1/2" Stud 4.38 0

Polyisocyanurate (foil-faced) 0 25.2
1/2" Drywall 0.45 0.45
Inside Air Film 0.68 0.68
Percent for 16" o.c. + Additional studs 15% 85%
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Total Wall R-Values
Wall U-Values

Total Wall R-Value

To improve the roof’s energy performance and mee=REAP roof insulation standard
of at least R-40, 4.5” of polyisocyanurate inswativas added to the assembly. Because the
roof cross section did not currently detail anyulation in the current building, the rest of the

assembly was kept the same. The resulting exteadrR-value was 41.78 as seen in Table 8.

Table 8. Roof R-value calculation for the" improved" building

Roof R-Value Calculation for "Improved" Building

Component R-Value Studs R-Value Cavity Assembly R-Value
Wall - Outside Air Film 0.17 0.17

Siding - Wood Bevel 0.8 0.8

3 1/2" Stud 8.76 0

Air space (between stud assemblies) 5 5

Air space (within stud cavities) 0 2

Polyisocyanurate (foil-faced) 32.4 32.4

Asphalt Shingles 0.44 0.44

Inside Air Film 0.68 0.68

Percent for 16" o.c. + Additional studs

Total Wall Component R-Values

Wall Component U-Values
Total Wall Assembly R-Value

4.2 Energy Performance

5.0%

95.0%

Once the R-values were determined and assigneattod the assemblies considered for
the current and improved buildings, the energygerance for each month over a year was
calculated. Each month’s energy use was calculatetktermining the temperature difference
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between the outside temperature and room temperatad multiplying this by the hours in a
month and the area per unit R-value, as seen iatkou?2::

Equation 2:

(Temperature dif ference) = (Total area)
(Weighted average R — value)

Energy = * {24hr/dav = (Number of days))

Below, in Figure 13, the energy performances ferdharrent and improved buildings are
presented. As seen in the figure, the energy tideeamproved building would be
approximately 25% that of the current building.
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Figure 13. Energy usage per month for the current and improved Geography Building

The improved building was also modeled in the IEvgare. This was done by
substituting the low E tin argon filled glazing file standard glazing, and adding the specified
polyisocyanurate insulation thicknesses to the amaf exterior walls. From the model, the
primary energy consumption of the improved buildivess determined. This was then added to

the cumulative energy use over 80 years—annuabgneres were determined by summing the
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monthly energy uses. The cumulative energy usetbeeB0 year span, including primary
energy consumption, was then plotted for both lngjsl and plotted in Figure 14 below.
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Figure 14. Energy Usage vs. Timefor the current and improved Geography Building

It can be seen from the figure above that the &malgy savings of the improved
building over 80 years is approximately 80,000GJaddition, in Figure 15—a close up of the
graph in Figure 14—it can be seen that the twognese lines cross at approximately 1.5 years.

This time is the energy payback period neededdodver” the additional 1,600GJ of energy
required to build the improved building.
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Figure 15. Close up of Energy Usagevs. Timefor the current and improved Geography Building

4.3 Other Considerations

Although the above figure shows that the energypek period for the improved
building would be approximately 1.5 years, the acanergy payback period would likely be
longer. This is because, in order to upgrade tineent building, the lath and plaster walls would
need to be removed and replace in order to inkalinsulation in the exterior walls. This is also
true for installing insulation in the roof. Itadso important to note that the economic payback

period would most likely be longer than the engogyback period due to higher costs for better
insulation and window glazing.

Finally, installing new windows and insulation wduksult in additional environmental
impacts. In some cases, these impacts may outwleegheed to save energy. For this reason, it
is important to do LCA’s on the current and improv®iildings when considering doing a
building renovation. It can also be useful during design stage to determine the materials and
insulation that should be used.
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5 Conclusion

After the building was modeled and the Bill of Maas was determined, it was found
that the largest quantities of material by unitsu@a were %2” regular gypsum board, softwood

plywood, 6mil polyethylene, cedar wood shiplap sigiand stucco.

When the summary measures of the Geography Builderg compared to those of an
average academic building, it was found that tlmany energy consumption, weighted resource
use, global warming potential, acidification potahthuman health respiratory effects potential,
eutrophication potential, and smog potential rangetck below the average building impacts,
and the ozone depletion potential was above théteo&verage building. It was then determined
through sensitivity analysis that the ozone depiepiotential was large in comparison due to the
amount of plywood in the building.

Finally, through building performance calculatiafghe building’s windows, exterior
walls and roof, it was determined that adding 484 3.5” of polyisocyanurate insulation to the
roof and exterior walls, respectively, and replgaati standard glazing windows with low E tin
argon filled glazing to meet REAP insulation regunents would have a 1.55 year energy
payback period.

Further studies in the LCA of the Geography Buitdaould be completed by
incorporating operational energy values to the rhotfeaddition, doing a more detailed takeoff
that includes permanent furniture within the GepgsaBuilding—including lab benches and
lecture room desks—would provide further insighibithe true impacts of the building. This
modeling could be done not only for the originailding, but also include renovations that have

occurred over the past 85 years.
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Appendix A: Impact Estimator Input Tables

ATHENA® Environmental Impact Estimator
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General
Description
Project Name Geography
Project Location Vancouver
Building Life
Expectancy 60 years
Building Type Institutional
Gross Floor
Area (ft2) 51833
Operating
Energy
Consumption -TBA-
Assembly Assembly
Group Type Assembly Name Input Fields Input Values
Known/Measured EIE Inputs
1 Foundation
1.1 Concrete
Footing
1.1.1 - 2'3" Concrete
Footings
Length (ft) 175.500 175.500
Width (ft) 2.250 2.250
Thickness (in) 9.000 9.000
Concrete (psi) - 4000.000
Concrete flyash % - average
Rebar - #4
1.1.2 - 2'9" Concrete
Footings
Length (ft) 22.000 22.000
Width (ft) 2.750 2.750
Thickness (in) 9.000 9.000
Concrete (psi) - 4000.000
Concrete flyash % - average
Rebar - #4
1.1.3-1'9" Concrete
Footings
Length (ft) 267.750 267.750
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Width (ft) 1.750 1.750
Thickness (in) 9.000 9.000
Concrete (psi) - 4000.000
Concrete flyash % - average
Rebar - #4
1.1.4 - 2'3"x2'9" Concrete

Footings
Length (ft) 16.500 16.500
Width (ft) 2.250 2.250
Thickness (in) 9.000 9.000
Concrete (psi) - 4000.000
Concrete flyash % - average
Rebar - #4

1.1.5 - 3'3" Concrete

Footings
Length (ft) 65.000 65.000
Width (ft) 3.250 3.250
Thickness (in) 9.000 9.000
Concrete (psi) - 4000.000
Concrete flyash % - average
Rebar - #4

1.1.6 - 4'x4' Concrete

Footings
Length (ft) 8.000 8.000
Width (ft) 4.000 4.000
Thickness (in) 9.000 9.000
Concrete (psi) - 4000.000
Concrete flyash % - average
Rebar - #4

1.1.7 - Foundation Exterior
Wall with Footings
Length (ft) 1091.000 1091.000
Width (ft) 1.667 1.667
Thickness (in) 9.000 9.000
Concrete (psi) - 4000.000
Concrete flyash % - average
Rebar - #4
1.1.8 - Ground Entrance
Stairs

Length (ft) 20.000 20.000
Width (ft) 5.667 5.667
Thickness (in) 8.000 8.000
Concrete (psi) - 4000.000
Concrete flyash % - average




| Rebar
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#4
1.1.9 - Ground Entrance
Stairs 2
Length (ft) 29.000 29.000
Width (ft) 7.000 7.000
Thickness (in) 12.000 12.000
Concrete (psi) - 4000.000
Concrete flyash % - average
Rebar - #4
1.1.10 - Ground Entrance
Stairs 3
Length (ft) 7.500 7.500
Width (ft) 3.000 3.000
Thickness (in) 8.000 8.000
Concrete (psi) - 4000.000
Concrete flyash % - average
Rebar - #4
1.2 Slab on
Grade
1.2.1 - Foundation
Concrete Floor
Length (ft) 34.438 34.438
Width (ft) 16.000 16.000
Thickness (in) 4.000 4.000
Concrete (psi) - 4000.000
Concrete flyash % - average
2 Custom
Wall
2.1 Cast-in-
Place
2.1.1 - Foundation Exterior
Wall with Footings
Length (ft) 1091.000 1363.750
Height (ft) 3.500 3.500
Thickness (in) 10.000 8.000
Concrete (psi) - 4000.000
Concrete flyash % - Average
Rebar - #5
2.1.2 - Foundation Exterior
Wall without Footings
Length (ft) 47.000 58.750
Height (ft) 3.500 3.500
Thickness (in) 10.000 8.000
Concrete (psi) - 4000.000
Concrete flyash % - Average
Rebar - #5




2.1.3 - Foundation 6"
Interior Concrete Wall
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Length (ft) 88.000 66.000
Height (ft) 3.500 3.500
Thickness (in) 6.000 8.000
Concrete (psi) - 4000.000
Concrete flyash % - Average
Rebar - #5
2.1.4 - Foundation 8"
Interior Concrete Wall
Length (ft) 342.000 342.000
Height (ft) 3.500 3.500
Thickness (in) 8.000 8.000
Concrete (psi) - 4000.000
Concrete flyash % - Average
Rebar - #5
2.1.5 - Foundation 7"
Interior Concrete Wall
Length (ft) 79.000 69.125
Height (ft) 3.500 3.500
Thickness (in) 7.000 8.000
Concrete (psi) - 4000.000
Concrete flyash % - Average
Rebar - #5
2.2 Wood Stud
2.2.1 - Ground Exterior
Wall
Wall Type Exterior Exterior
Length (ft) 1096.000 274.000
Height (ft) 13.500 13.500
Sheathing None None
Stud thickness 2x6 2x6
Stud Spacing 16 o.c. 16 o.c.
Stud Type Kiln dried Kiln dried
Window Opening Number of Windows 332.000 83.000
Total Window Area
(ft2) 3229.722 807.431
Frame Type Wood Wood
Glazing Type - Standard Glazing
Door Opening Number of Doors 10.000 10.000
Door Type - Solid Wood
Envelope Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"
Thickness - -

Category

Cladding

Cladding




Connaghan 41

Stucco - Over porous

Material Lath and Stucco sruface
Thickness - -
Category Cladding Cladding
Wood Shiplap Siding -
Material Shiplap Cedar
Thickness - -
2.2.2 - First Floor Exterior
Wall

Wall Type Exterior Exterior
Length (ft) 1050.000 262.500
Height (ft) 12.000 12.000
Sheathing None None
Stud thickness 2x6 2x6
Stud Spacing 16 o.c. 16 o.c.
Stud Type Kiln dried Kiln dried
Window Opening Number of Windows 334.000 83.500

Total Window Area
(ft2) 4024.583 1006.146
Frame Type Wood Wood
Glazing Type - Standard Glazing
Envelope Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"
Thickness - -
Category Cladding Cladding
Stucco - Over porous
Material Lath and Stucco sruface
Thickness - -
Category Cladding Cladding
Wood Shiplap Siding -
Material Shiplap Cedar
Thickness - -

2.2.3 - Ground 2"x4" Stud
Interior Wall

Wall Type Interior Interior
Length (ft) 617.000 617.000
Height (ft) 13.500 13.500
Sheathing - None
Stud thickness 2x4 2x4
Stud Spacing 16 o.c. 16 o.c.
Stud Type Kiln dried Kiln dried
Door Opening Number of Doors 21.000 21.000
Door Type - Solid Wood
Envelope Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"

Thickness
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Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"
Thickness - -
2.2.4 - Ground 2"x4" Stud
Interior Wall with Steel
Vestibule
Wall Type Interior Interior
Length (ft) 17.000 17.000
Height (ft) 13.500 13.500
Sheathing 1/4" Ply. Both Sides Plywood
Stud thickness 2x4 2x4
Stud Spacing 16 o.c. 16 o.c.
Stud Type Kiln dried Kiln dried
Door Opening Number of Doors 1.000 1.000

Door Type Steel Vestibule Steel Interior Door
Envelope Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"
Thickness - -
Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"
Thickness - -
2.2.5 - Ground 2"x6" Stud
Interior Wall
Wall Type Interior Interior
Length (ft) 145.000 145.000
Height (ft) 13.500 13.500
Sheathing - None
Stud thickness 2x6 2x6
Stud Spacing 16 o.c. 16 o.c.
Stud Type Kiln dried Kiln dried
Envelope Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"
Thickness - -
Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"
Thickness - -
2.2.6 - Ground 2"x4" Stud
Hallway Wall
Wall Type Interior Interior
Length (ft) 919.000 919.000
Height (ft) 13.500 13.500
Sheathing 1/4" Ply. Both Sides Plywood
Stud thickness 2x4 2x4
Stud Spacing 16 o.c. 16 o.c.
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Stud Type Kiln dried Kiln dried

Door Opening Number of Doors 44.000 44.000
Door Type - Solid Wood

Envelope Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"

Thickness - -

Category - Gypsum board

Material Lath and Plaster Gysum Regular 1/2"

Thickness - -

2.2.7 - Ground 2"x4" Stud
Lecture Room Wall

Wall Type Interior Interior

Length (ft) 126.000 126.000

Height (ft) 1.500 1.500

Sheathing 1/4" Ply. Both Sides Plywood

Stud thickness 2x4 2x4

Stud Spacing 16 o.c. 16 o.c.

Stud Type Kiln dried Kiln dried

Envelope Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"

Thickness - -

Category - Gypsum board

Material Lath and Plaster Gysum Regular 1/2"

Thickness - -

2.2.8 - First Floor 2"x4"
Stud Interior Wall

Wall Type Interior Interior

Length (ft) 631.000 631.000

Height (ft) 12.000 12.000

Sheathing - None

Stud thickness 2x4 2x4

Stud Spacing 16 o.c. 16 o.c.

Stud Type Kiln dried Kiln dried

Door Opening Number of Doors 16.000 16.000
Door Type - Solid Wood

Envelope Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"

Thickness - -

Category - Gypsum board

Material Lath and Plaster Gypsum Regular 1/2"

Thickness - -

2.2.9 - First Floor 2"x6"
Stud Interior Wall

Wall Type Interior Interior




Connaghan 44

Length (ft) 195.000 195.000
Height (ft) 12.000 12.000
Sheathing - None
Stud thickness 2x6 2x6
Stud Spacing 16 o.c. 16 o.c.
Stud Type Kiln dried Kiln dried
Door Opening Number of Doors 7.000 7.000
Door Type - Solid Wood
Envelope Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"
Thickness - -
Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"
Thickness - -
2.2.10 - First Floor 2"x16"
Stud Interior Wall

Wall Type Interior Interior
Length (ft) 37.000 74.000
Height (ft) 12.000 12.000
Sheathing - None
Stud thickness 2x16 2x8
Stud Spacing 16 o.c. 16 o.c.
Stud Type Kiln dried Kiln dried
Envelope Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"
Thickness - -

Category -

Material Lath and Plaster

Thickness -

2.2.11 - First Floor 2"x4"
Stud Hallway Wall

Wall Type Interior Interior
Length (ft) 704.000 704.000
Height (ft) 12.000 12.000
Sheathing 1/4" Ply. Both Sides Plywood
Stud thickness 2x4 2x4
Stud Spacing 16 o.c. 16 o.c.
Stud Type Kiln dried Kiln dried
Door Opening Number of Doors 35.000 35.000
Door Type - Solid Wood
Envelope Category - Gypsum board
Material Lath and Plaster Gysum Regular 1/2"

Thickness
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Category - Gypsum board
Material Lath and Plaster Gypsum Regular 1/2"
Thickness - -

2.2.12 - Roof Area
Wall Type Exterior Exterior
Length (ft) 63.000 63.000
Height (ft) 68.000 68.000
Sheathing None None
Stud thickness 2x4 2x4
Stud Spacing 16 o.c. 16 o.c.
Stud Type Kiln dried Kiln dried

2.2.13 - Roof Area 2
Wall Type Exterior Exterior
Length (ft) 50.000 50.000
Height (ft) 19.000 19.000
Sheathing None None
Stud thickness 2x4 2x4
Stud Spacing 16 o.c. 16 o.c.
Stud Type Kiln dried Kiln dried

2.2.14 - Roof Area 3
Wall Type Exterior Exterior
Length (ft) 17.300 17.300
Height (ft) 61.000 61.000
Sheathing None None
Stud thickness 2x4 2x4
Stud Spacing 16 o.c. 16 o.c.
Stud Type Kiln dried Kiln dried

2.2.15 - Roof Area 4
Wall Type Exterior Exterior
Length (ft) 45.500 45.500
Height (ft) 14.000 14.000
Sheathing None None
Stud thickness 2x4 2x4
Stud Spacing 16 o.c. 16 o.c.
Stud Type Kiln dried Kiln dried

3 Roofs
3.1 Wood Joist
3.1.1 - Roof Area

Roof Width (ft) 2577.500 2577.500
Span (ft) 10.000 10.000
Decking Type - None




Live load (psf)
Decking Thickness
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45.000

45.000

1/2in

Envelope Category Vapour Barrier Vapour Barrier
Material - Polyethylene 6 mil
Thickness (in) - -
Category Cladding Cladding
Wood Shiplap Siding -
Material Shiplap Cedar
Thickness (in) - -
Category Roof Envelopes Roof Envelopes
Material Asphalt Roofing Asphalt
Thickness (in) - -
4 Floors
4.1 Suspended
Slab
4.1.1 - Ground Concrete
Floor

Floor Width (ft) 19.938 19.938
Span (ft) 16.000 16.000
Concrete (psi) - 4000.000
Live load (psf) - 45.000
Concrete flyash % - average

4.2 Wood Joist

Floor
4.2.1 - Ground Floor Area
Floor Width (ft) 2257.600 2257.600
Span (ft) 10.000 10.000
Decking Type Wood Plywood
Live load (psf) 45.000 45.000
Decking Thickness - 1/2in
4.2.2 - First Floor Floor
Area
Floor Width (ft) 2493.000 2493.000
Span (ft) 10.000 10.000
Decking Type Wood Plywood
Live load (psf) 45.000 45.000
Decking Thickness - 1/2in
4.2.3 - Ground Sloped
Lecture Room

Floor Width (ft) 253.200 253.200
Span (ft) 10.000 10.000
Decking Type None None
Live load (psf) 45.000 45.000
Decking Thickness - 1/2in

4.2.4 - Ground Level
Lecture Room
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Floor Width (ft) 92.500 92.500
Span (ft) 10.000 10.000
Decking Type Wood Plywood
Live load (psf) 45.000 45.000
Decking Thickness - 1/2in
5 Extra Basic
Materials
5.1 Wood
Total
Softwood Lumber
(small dim., kiln dried)
(Mbfm) 27.991 27.991
Softwood Lumber
(large dim., kiln dried)
(Mbfm) 25.706 27.706
5.1.1 - Ground 8"x18"
Wood Beam
Softwood Lumber
(large, kiln dried)
(Mbfm) 0.444 1.444
5.1.2 - Ground 8"x16"
Wood Beam
Softwood Lumber
(large, kiln dried)
(Mbfm) 1.515 1.515
5.1.3 - Ground 8"x14"
Wood Beam
Softwood Lumber
(large, kiln dried)
(Mbfm) 0.345 0.345
5.1.4 - Ground 6"x8"
Wood Beam
Softwood Lumber
(large, kiln dried)
(Mbfm) 0.064 1.064
5.1.5 - Ground 10"x16"
Wood Beam
Softwood Lumber
(large, kiln dried)
(Mbfm) 0.507 0.507
5.1.6 - First Floor 8"x14"
Wood Beam
Softwood Lumber
(large, kiln dried)
(Mbfm) 0.345 0.345
5.1.7 - First Floor 6"x10"
Wood Beam
Softwood Lumber
(large, kiln dried)
(Mbfm) 0.170 0.170
5.1.8 - First Floor 6"x8"
Wood Beam
Softwood Lumber
(large, kiln dried)
(Mbfm) 0.116 0.116
5.1.9 - First Floor 10"x16"
Wood Beam
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Softwood Lumber
(large, kiln dried)
(Mbfm) 1.667 1.667
5.1.10 - First Floor 8"x16"
Wood Beam
Softwood Lumber
(large, kiln dried)
(Mbfm) 0.896 0.896
5.1.11 - First Floor
10"x18" Wood Beam
Softwood Lumber
(large, kiln dried)
(Mbfm) 0.555 0.555
5.1.12 - Foundation 6"x6"
Wood Girder
Softwood Lumber
(large, kiln dried)
(Mbfm) 4.650 4.650
5.1.13 - Foundation
6"x10" Wood Girder
Softwood Lumber
(large, kiln dried)
(Mbfm) 2.680 2.680
5.1.14 - Foundation 6"x8"
Wood Girder
Softwood Lumber
(large, kiln dried)
(Mbfm) 1.284 1.284
5.1.15 - Foundation 6"x6"
Wood Post
Softwood Lumber
(large, kiln dried)
(Mbfm) 2.688 2.688
5.1.16 - Foundation
8"x10" Wood Post
Softwood Lumber
(large, kiln dried)
(Mbfm) 2.333 2.333
5.1.17 - Foundation 8"x8"
Wood Post
Softwood Lumber
(large, kiln dried)
(Mbfm) 0.187 0.187
5.1.18 - Ground 6"x8"
Wood Post
Softwood Lumber
(large, kiln dried)
(Mbfm) 0.540 0.540
5.1.19 - Ground 8"x8"
Wood Post
Softwood Lumber
(large, kiln dried)
(Mbfm) 0.648 0.648
5.1.20 - Ground 8"x10"
Wood Post
Softwood Lumber
(large, kiln dried)
(Mbfm) 0.810 0.810
5.1.21 - First Floor 8"x8"
Wood Post




Connaghan 49

Softwood Lumber
(large, kiln dried)
(Mbfm) 1.024 1.024
5.1.22 - First Floor 6"x8"
Wood Post
Softwood Lumber
(large, kiln dried)
(Mbfm) 0.384 0.384
5.1.23 - First Floor Truss
Softwood Lumber
(large, kiln dried)
(Mbfm) 1.854 1.854
5.1.24 - Ground Exterior
Wall
Softwood Lumber
(small, kiln dried)
(Mbfm) 5.058 5.058
5.1.25 - First Floor
Exterior Wall
Softwood Lumber
(small, kiln dried)
(Mbfm) 3.811 3.811
5.1.26 - Ground 2"x4"
Stud Interior Wall
Softwood Lumber
(small, kiln dried)
(Mbfm) 3.528 3.528
5.1.27 - Ground 2"x4"
Stud Interior Wall with
Steel Vestibule
Softwood Lumber
(small, kiln dried)
(Mbfm) 0.094 0.094
5.1.28 - Ground 2"x6"
Stud Interior Wall
Softwood Lumber
(small, kiln dried)
(Mbfm) 0.870 0.870
5.1.29 - Ground 2"x4"
Stud Hallway Wall
Softwood Lumber
(small, kiln dried)
(Mbfm) 5.149 5.149
5.1.30 - Ground 2"x4"
Stud Lecture Room Wall
Softwood Lumber
(small, kiln dried)
(Mbfm) 0.084 0.084
5.1.31 - First Floor 2"x4"
Stud Interior Wall
Softwood Lumber
(small, kiln dried)
(Mbfm) 3.233 3.233
5.1.32 - First Floor 2"x6"
Stud Interior Wall
Softwood Lumber
(small, kiln dried)
(Mbfm) 0.982 0.982
5.1.33 - First Floor 2"x16"
Stud Interior Wall
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Softwood Lumber
(small, kiln dried)
(Mbfm) 0.197 0.197
5.1.34 - First Floor 2"x4"
Stud Hallway Wall
Softwood Lumber
(small, kiln dried)
(Mbfm) 3.464 3.464
5.1.35 - Ground Lecture
Room Stairs
Softwood Lumber
(small, kiln dried)
(Mbfm) 0.096 0.096
5.1.36 - Ground Interior
Stairs Up
Softwood Lumber
(small, kiln dried)
(Mbfm) 0.139 0.139
5.1.37 - FF Interior Stairs
Down
Softwood Lumber
(small, kiln dried)
(Mbfm) 0.109 0.109
5.1.38 - Ground Lecture
Room
Softwood Lumber
(small, kiln dried)
(Mbfm) 1.178 1.178
5.2 Steel
5.2.1 - First Floor Truss
Rebar Rod Light
Sections (Tons) 0.360 0.360
Cold Rolled Steel
(Tons) 1.587 1.587
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Appendix B: Impact Estimator Input Assumptions Document

6 Geography Assumptions

1. Foundation
Concrete footings were calculated using all threasarement conditions.

Column footings on the foundation were measuredgugie count condition with the
width and length provided from drawing 401-06-046d the thickness provided from
drawing 401-06-17. The strip footing below the exteconcrete wall was modeled using
the width provided from drawing 401-06-016 and lthear condition used to measure
the Foundation Exterior Wall with Footings. Thencrete stairs on the ground level—
which were modeled as footings and labeled as Gr&imrance Stairs—were measured
using the area condition, with the average thickm=timated from the cross section as
shown in drawing 401-06-020. Finally, Foundatiom€ete Floor was modeled as a slab

on grade using the area condition, with a thickmesasurement of 4”.

1.1Concrete Footing
» Concrete strength was not given and was theregsenaed to be 4000psi
* Rebar was not given and was therefore assumed#d be
» Concrete fly ash content was not given and wa®tber assumed to be average

1.1.1 2'3" Concrete Footings
* Length of footing was calculated by multiplying tleegth of each footing

by the number of footings of that type
2.25ft x 78 = 175.5f¢

1.1.2 2'9" Concrete Footings

* Length of footing was calculated by multiplying tleegth of each footing
by the number of footings of that type
2.75ft *8 = 22ft

1.1.3 1'9" Concrete Footings
* Length of footing was calculated by multiplying tleegth of each footing

by the number of footings of that type
175ft « 153 = 267.75ft

1.1.4 2'3"x2'9" Concrete Footings
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» Length of footing was calculated by multiplying tleegth of each footing

by the number of footings of that type
2.75ft = 60 = 16.5ft

1.1.5 3'3" Concrete Footings
* Length of footing was calculated by multiplying tleegth of each footing

by the number of footings of that type
3.25ft « 20 = 65ft

1.1.6 4'x4' Concrete Footings
* Length of footing was calculated by multiplying tleegth of each footing
by the number of footings of that type
4ft =2 = 8ft
1.1.7 Foundation Exterior Wall with Footings

» Length of footing was given by the length takeoéini the Foundation
Exterior Wall with Footings (2.1.1)

1.1.8 Ground Entrance Stairs
» Concrete thickness assumed to be linear by estijdie average
thickness between the crest and the trough oftde as seen below

1.1.9 Ground Entrance Stairs 2
» Concrete thickness assumed to be linear by estijdie average
thickness between the crest and the trough oftde as seen below

1.1.10 Ground Entrance Stairs 3
» Concrete thickness assumed to be linear by estim#ie average
thickness between the crest and the trough oftépe as seen below

Trough u

Crest

Thickness

1.2Slab on Grade
1.2.1 Foundation Concrete Floor
» Concrete strength was not given and was theregsenaed to be 4000psi
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» Concrete fly ash content was not given and wagtber assumed to be
average

2. Custom Wall

The walls on the foundation, ground and first fleewels were modeled using
linear conditions. The foundation concrete walisevassumed to have a height of 3.5’,
based on an average of measurements from draw@igé@+019 and 401-06-020. The
exterior walls on the ground and first floors waredeled four times, due to limitations
in the IE for number of windows. Hallway walls wealso assumed to have plywood
sheathing, based on drawing 401-06-030, a draworg & building renovation in 1963.
The doors and windows within the ground and filebif walls were modeled using count
conditions. All doors, except for the steel vastigowvhich was assumed to be a 32"x7’
steel interior door, were assumed to be 32"x7'dselood doors. The windows were
assumed to be fixed windows with standard glazangl, were modeled as wood frames

based on site inspections.

2.1Cast-in-Place
» Concrete strength was not given and was theregsenaed to be 4000psi
* Rebar was not given and was therefore assumed#6 be
» Concrete fly ash content was not given and wastber assumed to be average

2.1.1 Foundation Exterior Wall with Footings
» Thickness of 10” was given, however 8" was usedtdU& limitations,
therefore length of the exterior wall was multigliey a factor of (107/8”)

for a total length of 1363.75’ to meet the concraikime.
1091ft « (10" /8") = 1363.75ft

2.1.2 Foundation Exterior Wall without Footings
» Thickness of 10” was given, however 8" was usedtdU& limitations,
therefore length of the exterior wall was multigliey a factor of (107/8”)
for a total length of 58.75’ to meet the concrattume.

47ft = (10"/8") = 58.75
2.1.3 Foundation 6" Interior Concrete Wall

» Thickness of 6” was given, however 8” was usedtdu€& limitations,
therefore length of the exterior wall was multigliey a factor of (6”/8”)
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for a total length of 66.0’ to meet the concret&unee.
831t = (10"/8") = 66ft
2.1.5 Foundation 7" Interior Concrete Wall
» Thickness of 77 was given, however 8" was usedtdu€& limitations,

therefore length of the exterior wall was multigliey a factor of (77/8”)

for a total length of 69.125’ to meet the concretkime.
79ft = (10"/8") = 69.125ft

2.2Wood Stud
2.2.5 Ground Exterior Wall
* Length of the wall was divided by 4 (and modelednrks) to
accommodate limits on the number of windows

6.1.1.1 Window Opening

* Number of windows was divided by 4 (and modeleths) to
accommodate limits on the number of windows

» Total area of the windows was divided by 4 (and ebed 4 times) to
accommodate limits on the number of windows

* Window glazing was not given and was therefore mgslto be standard
glazing

6.1.1.2 Door Opening

» All 10 door openings were modeled in the first copyhe wall, and each
subsequent four wall copies had 0 door openings

» Door material was not given and was therefore asgubmbe solid wood

» All doors were assumed to have dimensions of 32"x7’

6.1.1.3 Envelope

» %" regular gypsum board was used as a surrogaggdster due to IE
limitations

» Shiplap siding was assumed to be cedar giventiedaths in the building
are cedar as well

» Batten and paper were not modeled due to IE liroitat

2.2.6 First Floor Exterior Wall
» Length of the wall was divided by 4 (and modelednks) to
accommodate limits on the number of windows

6.1.1.4 Window Opening

* Number of windows was divided by 4 (and modeleths$) to
accommodate limits on the number of windows
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2.2.7

6.1.1.6
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2.2.8

6.1.1.8

2.2.9
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» Total area of the windows was divided by 4 (and ebed 4 times) to
accommodate limits on the number of windows

* Window glazing was not given and was therefore mgslto be standard
glazing

Envelope

» %" regular gypsum board was used as a surrogaggdster due to IE
limitations

» Shiplap siding was assumed to be cedar givenledaths in the building
are cedar as well

» Batten and paper were not modeled due to IE liroitat

Ground 2"'x4" Stud Interior Wall

Door Opening

» Door material was not given and was therefore asgubmbe solid wood
» All doors were assumed to have dimensions of 32"x7’

Envelope

» %" regular gypsum board was used as a surrogaggdster due to IE
limitations

Ground 2"'x4" Stud Interior Wall with Steel Vestibule
Door Opening

* Steel vestibule was assumed to be steel interior @dah dimensions of
327’

Envelope

» Y"regular gypsum board was used as a surrogagdster due to IE
limitations

Ground 2"'x6" Stud Interior Wall
Envelope

» Y regular gypsum board was used as a surrogagdster due to IE
limitations

2.2.10 Ground 2"'x4" Stud Hallway Wall

Door Opening
» Door material was not given and was therefore asguimbe solid wood
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6.1.1.9 Envelope

» %" regular gypsum board was used as a surrogaggdster due to IE
limitations
2.2.11 Ground 2"'x4" Stud Lecture Room Wall

* This wall was added to accommodate the additiomdll reight within the
lecture room

* A height of 1.5’ was assumed as the average inedeasll height

6.1.1.10Envelope

» %" regular gypsum board was used as a surrogaggdster due to IE
limitations

2.2.12 First Floor 2"'x4" Stud Interior Wall
Door Opening
» Door material was not given and was therefore asgubmbe solid wood

6.1.1.11Envelope

» Y regular gypsum board was used as a surrogagdster due to IE
limitations
2.2.13 First Floor 2"'x6" Stud Interior Wall
Door Opening
» Door material was not given and was therefore asguimbe solid wood

6.1.1.12Envelope

» %" regular gypsum board was used as a surrogaggdster due to IE
limitations

2.2.14 First Floor 2"'x16" Stud Interior Wall
» Stud thickness of 2"x16” was given, however 2"x8swsed due to IE
limitations, therefore length of the exterior waths multiplied by a factor

of (167/8”) for a total length of 74’ to meet themcrete volume
37ft = (16"/8") = 74ft

6.1.1.13Envelope

» %" regular gypsum board was used as a surrogaggdster due to IE
limitations
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* Gypsum board was only modeled once due to doublitige wall length

2.2.15 First Floor 2"'x4"" Stud Hallway Wall
Door Opening
» Door material was not given and was therefore asguimbe solid wood

6.1.1.14Envelope

* " regular gypsum board was used as a surrogaggdster due to IE
limitations
2.2.16 Roof Area
» Width of roof area given by dividing the highligdtarea by the length, as
shown below
» Area modeled twice to account for symmetric design

AT

il T -
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2.2.17 Roof Area 2
» Width of roof area given by dividing the highligdtarea by the length, as
shown below
* Area modeled twice to account for symmetric design

i—— Length

2.2.18 Roof Area 3
» Width of roof area given by dividing the highligdtarea by the length, as
shown below
» Area modeled twice to account for symmetric design
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2.2.19 Roof Area 4
» Width of roof area given by dividing the highligdtarea by the length, as
shown below
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3. Roofs
The roof of the building was made up of two wooldtjgections, as seen below.
The lower portion was modeled as a wood joist ratiije the upper portion was
modeled as 4 separate wall sections with 2"x4” wstodis. Sloped sections of the “wall

sections” were assumed to be flat.

3.1Wood Joist
3.1.5 RoofArea
» Spans were assumed to be 10ft due to IE limitations
* This roof area modeled the lower portion of thefras highlighted below
(Note: the top portion of the roof was modeled adl sections as seen in
2.2.12-2.2.15)
TR
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6.1.1.15

6.1.1.16 Envelope
» Roofing asphalt assumed based on known asphalt roof
» Polyethylene 6mil vapour barrier assumed
4. Floors
The floors were modeled using the area conditionagsumed live load of 45psf

also used based on drawing 401-07-001, a listetifipations from a 2004 renovation.
The wood joist floors were assumed to have %" thighvood decking based on
knowledge of the decking being wood. Finally, sheped section of the lecture room

was modeled to have a slope based on the dimensidie risers and treads of the steps,
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as seen in drawing 401-06-019. A sloped wood jtost was modeled, and the addition

material used for the steps was added as extra tvaerial.

4.1Slab on Grade
4.1.5 Ground Concrete Floor
Concrete strength was not given and was therefwenaed to be 4000psi
Live load assumed to be 45psf based on live loadofaf and first floor
Concrete fly ash content was not given and wagtber assumed to be

average

Span assumed to be 16ft due to IE limitations

4.2Wood Joist Floor
Floors were assumed to have %2" plywood decking
Spans were assumed to be 10ft due to IE limitations

4.2.3 Ground Sloped Lecture Room
No plywood decking was added to this floor areaahbee the steps were
modeled using extra wood (5.1.35)

5. Extra Basic Materials
5.2Wood

Volumes of beams, posts and girders were calculzedd on given

dimensions and modeled length, and converted iritriv

(w"*d" = ") = (12in/ft)/(1000bfm/Mbfm) = V Mbfm

Total lath volumes for the exterior and interiorliwavere calculated by
multiplying the calculated lath volume per 1’x1ear—as seen below with
assumed lath dimensions and spacing—»by the twecéotal area of the
wall, to account for laths on both sides of thelsval

Dimensions

Spacing

Boards per 4'x4'

Boards per 1'x1'

Volume per Board (fbm)

Volume per 1'x1' (fbm)

4'x2"x1/4"

1/4"

21.333

1.333

0.167

0.222

5.1.23 First Floor Truss
Extra wood for the first floor truss was calculatgdseen in the table

below
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5.1.35 Ground Lecture Room Stairs

Steps were assumed to have dimensions of 7'x%%”

Stringer board (or diagonal) assumed to have diropa®f 2"x8”
Volumes were calculated based on wood dimensiotseggths, and
were doubled to accommodate identical stairwellst¢NLengths of
treads, risers and diagonals given below)

# of Steps |Tread (in) [Rise (in) |Diagonal (ft) Volume (fom)

1st Flight 8

10 6 8 48

5.1.36 Ground Interior Stairs Up

Steps were assumed to have dimensions of 5.5'x%%”

Stringer board (or diagonal) assumed to have diroea®f 2"x8”
Volumes were calculated based on wood dimensiotseggths, and
were doubled to accommodate identical stairwellst¢NLengths of
treads, risers and diagonals given below)

# of Steps |Tread (in) [Rise (in) |Diagonal (ft) Volume (fom)

1st Flight

14 10 6 13.5 69.33

5.1.37 FF Interior Stairs Down

Steps were assumed to have dimensions of 5.5'x%%”

Stringer board (or diagonal) assumed to have diropa®f 2"x8”
Volumes were calculated based on wood dimensioti$emgths, and
were doubled to accommodate identical stairwellst¢NLengths of
treads, risers and diagonals given below)

# of Steps |Tread (in) [Rise (in) |Diagonal (ft) Volume (fom)

2nd Flight

11 10 6 10.5 54.33

5.1.38 Ground Lecture Room

Steps were assumed to have dimensions of 50'x%%”

# Material Dimension | Length/Height (ft) | Area (sqft) | Volume (fom) Rise Run Total Volume
1| Wood Tie Beam 10"x10" 51.00 42.50 425.00 0.00 51.00 425.00
1| Wood Tie Beam 10"x12" 51.00 51.00 510.00 0.00 51.00 510.00
2 Wood Post 10"x12" 13.50 13.50 135.00 13.50 0.00 270.00
2| Diagonal Posts 10"x12" 15.05 15.05 150.46 12.50 8.38 300.93
2| Diagonal Posts 10"x8" 14.98 9.98 99.85 12.50 8.25 199.69
2| Diagonal Posts 10"x6" 14.84 7.42 74.20 12.50 8.00 148.41
Total V = 1854.03 fbm
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* Volumes were calculated based on wood dimensioti$esngths (Note:
Lengths of treads and risers)

# of Steps

Tread (in) |Rise (in)

Volume (fbm)

1st Flight

12

34

7 1178

5.2 Steel
5.2.1 First Floor Truss
» Extra steel for the first floor truss was calcuth&t seen in the table below

6.1.1.17

6.1.1.18

* Rods were assumed to be “Rebar Rod Light Sections”

* Plates were assumed to be “Cold Rolled Sheet”

# Material Dimension | Length/Height (ft) Area (sqft) | Volume (fom) | Total Volume
2| Rod (End upset) 2" 13.500 0.022 0.295 0.589
2| Rod (End upset) 1.5" 13.500 0.022 0.295 0.589
1| Rod (End upset) 1.25" 13.500 0.022 0.295 0.295
Total V= 1.473 ft3
Total W= 720.147 lbs
Total W= 0.360 tons
# Material Dimension | Length/Height (ft) Area (sqft) | Volume (fom) | Total Volume
2 Plate 1/2"x10" 5.750 4.792 2.396 4.792
6 Plate 3/8"x3"x10" - 0.208 0.078 0.469
4 Plate 8"x8"x3/8" - 0.444 0.167 0.667
6 Plate 6"x6'"x3/8" - 0.250 0.094 0.563
Total V= 6.490 ft3
Total W= 3173.562 Ibs
Total W= 1.587 tons
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