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Abstract
A Life Cycle Assessment of thirteen buildings on@Bampus was conducted as part of

a 4" year Civil Engineering undergraduate course ireotd assess the environmental
impacts generated by the buildings. This paperesgnts one of the thirteen studies,
which was conducted on the Marine Drive Studenid®ese. Quantity takeoffs were
performed using OnScreen Takeoff software on bintictiral and architectural
drawings to generate determine quantities and tgpesaterials used in building
construction. These assemblies were then inputtedAthena Environmental Impact
Estimator (IE) software to determine the impactsegated by the building. Eight
different impact categories were measured usingaftevare and the results for Marine
Drive Residence were compared with other residesiteled on a per square foot basis,

which indicated that this residence has exceptipmah impacts in most categories.

Assumptions, input values, and areas of uncertdiate also been outlined in the report
and a sensitivity analysis has been conductedamme the effects of errors and
determine how different assemblies correlate tiedkht impact categories. Uncertainties
with column and beam assemblies are particulartettain. Although calculations were
made to model these assemblies as accurately sibleosesults seem to be much to
high. This may be do to the fact that this stusgdia version of the IE that was not
completely finished being developed (ie. build $¥ersion 4).

In addition, an energy model was prepared in ai@essess heat losses and the potential

effects that material upgrades could have to rethese.
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1.0 Introduction

Located near Wreck Beach on the west side of UBGIst Grey Campus, Marine Drive
Residence is the newest student residence andiwsxhié urban modernity of chic glass
high rises. The development has generated someogerdy and was halted by Wreck
Beach advocates in 2004 who refused to allow tinstoaction of 20 -storey towers that
would be in view of nudes on the beach below. Dheets were then re-designed to not
exceed 18 storeys and construction resumed in Z0@5residence was designed by
Hotson Bakker Boniface Haden Associated Architaats structural consultation was
provided by Read Jones Christoffersen Conslutingjrigers. Information on the total

cost of the complex was unavailable.

The residence consists of a combination of higa4asvers and lower structures (called
podiums) for a total of six buildings, which inckgla commons block that does not
house students. The units housing students havedoeepleted and are occupied but the
commons block is still under construction and ipested to be completed this year. A

summary of the buildings and their sizes is presgbelow.
Table 1-1 - Marine Drive Square Footage Tables

Marine Drive Sqaure Footage Tables

Building Type Floors Beds Square Ft

Building 1 Tower 18 344 126021

Building 2 Podium 5 223 202796

Building 3 ( Commons Block) Amenity omitted from stud'

Building 4 Tower 18 405 148119

Building 5 Tower 17 368 129297

Building 6 Podium 7 294 115120
TOTAL = 65 1634 721353

There is no indication that a Life Cycle Assessn{e@tA) has ever been conducted on
the Marine Drive Residence before; this report bdlthe first evaluation of the
environmental impacts created by the developmeme. O limitations on resources and
therefore scope, for the purpose of this study TaWis the only one modeled and this
model will be used to represent the entire complexan impact per square foot basis.
Tower 4 is an 18-storey high-rise with a concrefeesstructure and a heavily glazed
exterior. A summary of the building's compositiarich forms the basis for the LCA, is

presented in the table below.
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Table 1-2 - Bulding Characteristics

Building System Specific Characteristics of Marine Drive Tower 4
Structure

Concrete and structural steel columns supporting concrete suspended slabs

Floors

Basement: Concrete slab on grade; Ground: combination of Suspended slabs and slabs
on grade; All other floors (Floors 2-18): Suspended slabs

Exterior Walls

Basement: Cast in place walls; Ground: Cast in place walls with concrete block
cladding and acoustic batt insulation; aluminum framed curtain wall with standard
glazing; steel stud exterior walls with commercial steel cladding, acoustic batt
insulation; Floors Two, Three, Four, and Five: Cast in place walls with concrete block
cladding and acoustic batt insulation; steel stud exterior walls with commercial steel
cladding, acoustic batt insulation; All other Floors (Floors 7-18):Cast in place walls with
acoustic batt insulation; steel stud exterior walls with commercial steel cladding,
acoustic batt insulation

Interior Walls
Basement: cast in place concrete walls; All Other Floors (Floors Ground-18) : gypsum
on steel stud walls (some double thickness) with acoustic batt insulation

Wind
indows All windows and curtain walls standard glazed

Roof

Floors Six and Seven: Inverted Membrane Roofing with aggregate ballast, 4"
polyisocyanurate insulation on suspended concrete slab; metal roof with 4"
polyisocyanurate insulation and waterproofing membrane; Floor 18 Roof: Inverted
Membrane Roofing with aggregate ballast, 4" polyisocyanurate insulation on suspended
concrete slab; Membrane Roofing System with 4" polyisocyanurate insulation, vapour
barrier on suspended concrete slab

2.0 Goal And Scope

This life cycle analysis (LCA) of the Marine Drivgesidence at the University of British
Columbia was carried out as an exploratory studietermine the environmental impact
of it's design. The residence consists of fivedesce buildings, which are referred to
collectively as Marine Drive Residence in this rgpdhis LCA of the Marine Drive
Residence is also part of a series of twelve otheirsg carried out simultaneously on
respective buildings at UBC with the same goal scape.

The main outcomes of this LCA study are the eshblent of a materials
inventory and environmental impact referencesterMarine Drive Residence. An
exemplary application of these references arearaisessment of potential future
performance upgrades to the structure and enveibihe Marine Drive Residence.
When this study is considered in conjunction witl twelve other UBC building LCA

studies, further applications include the possibiif carrying out environmental
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performance comparisons across UBC buildings awer &nd between different
materials, structural types and building functiofsiwthermore, as demonstrated through
these potential applications, this Marine Drive iResce 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 sustairatdvelopment guidelines for future
UBC construction, renovation and demolition pragect

The intended core audience of this LCA study hosé involved in building
development related policy making at UBC, sucthasSustainability Office, who are
involved in creating policies and frameworks fostsinable development on campus.
Other potential audiences include developers, tactsi, engineers and building owners
involved in design planning, as well as externglbmizations such as governments,
private industry and other universities whom maytta learn more or become engaged

in performing similar LCA studies within their ongiaations.

2.1 Scope of Study
The product system being studied in this LCA agedtiucture, envelope and operational

energy usage associated with space conditionitiged¥arine Drive Residence on a
square foot finished floor area of residence bngddasis. In order to focus on design
related impacts, this LCA encompasses a cradlexte-gcope that includes the raw
material extraction, manufacturing of constructinaterials, and construction of the
structure and envelope of the Marine Drive Residens well as associated

transportation effects throughout.

2.2 Tools, Methodology and Data
Two main software tools are to be utilized to coetplthis LCA study; OnCenter’s

OnScreen TakeOff and the Athena Sustainable Médristitute’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, OnScreen TakeOffie®rr3.6.2.25 is used, which is a
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software tool designed to perform material takeuwfith increased accuracy and speed in
order to enhance the bidding capacity of its usélsing imported digital plans, the
program simplifies the calculation and measureroétite takeoff process, while
reducing the error associated with these two aetsi The measurements generated are
formatted into the inputs required for the IE bintfiLCA software to complete the
takeoff process. These formatted inputs as wedheis associated assumptions can be

viewed in Appendixes A and B respectively.

Using the formatted takeoff data, version 4.0.5theflE software, the only available
software capable of meeting the requirements sfgtudy, is used to generate a whole
building LCA model for the Marine Drive Residencetihe Vancouver region as an
MURB rented building type. The IE software is desd to aid the building community
in making more environmentally conscious matenmal design choices. The tool
achieves this by applying a set of algorithms ®ittputted takeoff data in order to
complete the takeoff process and generate a BMaikrials (BoM). This BoM then
utilizes the Athena Life Cycle Inventory (LCI) Datse, version 4.6, in order to generate
a cradle-to-grave LCI profile for the building. tims study, LCI profile results focus on
the manufacturing and transportation of materiats their installation in to the initial
structure and envelope assemblies. As this sadycradle-to-gate assessment, the
expected service life of the Marine Drive Resideisceet to 1 year, which results in the
maintenance, operating energy and end-of-life stafiéhe 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 deedldyy the US Environmental
Protection Agency (US EPA), the Tool for the Redutand Assessment of Chemical
and other environmental Impacts (TRACI) version Ar2order to generate a complete
environmental impact profile for the Marine Drive$dence, all of the available TRACI
impact assessment categories available in thedihaluded in this study, and are listed
as;

* Global warming potential
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» Acidification potential

» Eutrophication potential

» Ozone depletion potential

* Photochemical smog potential

* Human health respiratory effects potential
* Weighted raw resource use

* Primary energy consumption

Using the summary measure results, a sensitiviyyais is then conducted in order to
reveal the effect of material changes on the impedfile of the Marine Drive Residence.
Finally, using the UBC Residential Environmentak@ssment Program (REAP) as a
guide, this study then estimates the embodied gnevglved in upgrading the insulation
and window R-values to REAP standards and calcuthteenergy payback period of

investing in a better performing envelope.

The primary sources of data for this LCA are thiginal architectural and structural
drawings from when the Marine Drive Residence wésally constructed in 2005. The
assemblies of the building that are modeled incthde€foundation, columns and beams,
floors, walls and roofs, as well as the associateatlope and openings (ie. doors and
windows) within each of these assemblies. Thesiatito omit other building
components, such as flooring, electrical aspectElsystem, finishing and detailing,
etc., are associated with the limitations of avddadata and the IE software, as well as to
minimize the uncertainty of the model. In the gsa of these assemblies, some of the
drawings lack sufficient material details, whiclcassitate the usage of assumptions to
complete the modeling of the building in the IEta@ire. Furthermore, there are inherent
assumptions made by the IE software in order t@gea the BoM and limitations to

what it can model, which necessitated further agpsioms to be made. These
assumptions and limitation will be discussed furtethey energy in the Building Model
section and, as previously mentioned, all spetificit related assumption are contained
in the Input Assumptions document in Annex B.
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3.0 Building Model

3.1 Takeoffs
Building materials and their quantities were deieed by performing quantity takeoff

calculations on architectural and structural dragsiof Tower 4 using OnCenter’s
OnScreen TakeOff software. Both sets of drawingeweétained from the UBC records
department on West Mall of the Point Grey Campire drawings were then imported
into On-Screen Takeoff Pro, a program that perfayoentity takeoffs using different

conditions to calculate areas, lengths, and coafrdgfferent assemblies.

The program itself is fairly intuitive and the Blassociated with the takeoff software are
included on the CD included with this document. Tlaenes of the assemblies
correspond to either a description or their nansespacified in the drawings. The names
are also identical to the names used in the IEtimglwes spreadsheet (included in the
Appendix A). A basic breakdown of how different @sblies were modeled is presented
below. In some cases, calculations were involvadatosform On-Screen Takeoff values
into final input values. A complete list of thesdaulations is presented for reference in

Appendix B.

3.1.1 On Grade and Suspended Slabs

Concrete slab areas were calculated using an arghtion in On-Screen. In the cases
where multiple floors were identical, one floor wasdeled as a single assembly and

then multiplied by the number of identical flooaddr on to determine the total area.

3.1.2 Ceiling

The ceiling area was calculated using an area ttondirhis was only done on drawings

that specifically indicated extra material useha teilings.

3.1.3 Walls

Wall lengths were calculated using a linear condith On-Screen. In the cases where

multiple floors were identical, one floor was maetehs a single assembly and then
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multiplied by the number of identical floors latar to determine the total area. On-
Screen was only used to determine lengths. Otlnegertions such as height and

thickness were translated directly from drawinds the IE.

3.1.4 Doors

Doors were categorized by type and floor set ard ttounted using count conditions. In
the cases where floors were identical, one floss madeled as a single assembly and
then multiplied by the number of identical flooosdetermine the total number of doors.

3.1.5 Roofs

Roofs were broken down by type as specified byatihitectural drawings. Areas were

then determined using an area condition.

3.1.6 Footings

Count conditions were used to count the total nurobeolumns of each type in the
building. Dimensions for the footings were transthdirectly from structural drawings
into the IE and are not included in On-Screen.

3.1.7 Column and Beam Assemblies

Takeoffs for columns and beams were determinedhmee-step process. First, the total
supported column areas were determined using ancarelition. Most floors were

broken into three conditions in order for areabeéanore or less rectangular. The number
of columns and beams were then counted using amnakitions, although the location of
beams was often estimated. These three conditiens tven combined to determine IE

software inputs.

3.1.8 Windows

Windows were counted by type and floor series usmgnt conditions and nomenclature
specified in the architectural drawings. In theesagf repeated floors, the number of
windows was multiplied by the number of identidabfs to determine the final IE

inputs. Dimensions for the windows were also ewmténeo On-Screen in order to produce
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a secondary calculation of the cumulative windoaaaBoth the window counts and the

total window areas were used to calculate finahjiuts.

3.2 Assumptions

The following sections detail the general assunmgtithat were made in order to model
each assembly in the IE. A further detailed breakdof both the general and assembly

specific assumptions can be found in Appendix B.

Perhaps the largest assumption made in modelingm¥ieonmental impacts of the
Marine Drive Residence was the method used to motiage impacts determined for a
single building to represent the entire complexgiDally, assemblies similar between
different buildings were replicated in the IE sattthe software would be modeling the

entire complex.

Only Tower 4 has been modeled in the IE softwarktha final impacts were then
calculated using summary measures on a per squatrbdsis and then multiplied by the
total complex square footage in order to deterrttieeoverall impacts. Although this will
likely be a reasonably accurate means of modetiagther two towers, which are quite
similar, there is significant uncertainty aroundhvheffectively this model can be
extended to include the two podium buildings. Withdrawings of the podium buildings

it is difficult to verify any estimated degreesusfcertainty.

3.2.1 Floor Assumptions

In consistency with other concrete bodies in thecstire, since there is no indication of
increased fly ash content, it was assumed thabaltrete contained only average
concentrations of fly ash. One slight modificatiwas made to the concrete in order to fit
IE input fields: the strength of concrete was agid$rom 3500 to 4000 psi. Although
this will likely result in a higher overall globalarming potential in the model, the

magnitude of this increase is unknown and therefoteadjusted for.
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Two other general assumptions were also made daekmf specific information
available from the drawings. No floor envelope sjiEations were provided and since
flooring such as carpeting is beyond the scopéisfdtudy, floors were assumed to not
have envelopes. The other source of uncertaingiased to floor loading specifications,
which were indicated in the structural drawing$aging a point load of 2 kips. It is
unusual to attribute a point load to a floor asathis was assumed to translate into a

uniform area load of 100 psf in order to fit IE uigields.

3.2.2 Roof Assumptions

Similarly to the floors, no unusual concrete fljha®ncentrations were specified and
loading specifications were also given as pointifoapecifically as 0.3 kips. In an
attempt to be proportionally consistent with otleading assumptions, 0.3 kips was
correlated to 45 psf in the IE software. Also, roohcrete strengths were specified as
3500 psi in structural drawings but had to be raahdp to 4000 to fit IE input fields,
likely resulting a slightly increased global warmipotential for the overall model.

3.2.3 Column and Beam Assumptions

Due to the rigidity of the IE inputs and the nornifarmity of the column assembly within
the tower, modeling this part of the structure reglithe largest assumptions and appears
to be the greatest source of error within the moble¢ Athena Environmental Impact
Estimator models column and beam assemblies ilddagmat, which assumes that bay
areas and spans are uniform. It also places mininaloes on bay areas and span lengths

and will round up to these minimums if an inputuels outside the range.

In order to conform to this input format, the numb&columns and beams were counted,
the supported area was determined, and then tramsfomathematically into a
rectangular grid where length = 2 x width. (See é&qutix B for calculation details) Since
no drawings detailing beams were available thetiogaf certain beams had to be
assumed; beams were only assumed to exist if tigghenf a span between two columns

exceeded 10 ft. Although all beams and columns tealim the quantity takeoffs are
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represented in the model, the values for suppapads are below the minimum required
input value, which means that the software mayob®ding up the lengths of beams
even if this is not evident in the input fieldsrdfunding is occurring, span values will be
rounded up to approximately 20 ft. This cannot bha&nged without reducing the value
for bay areas, which would result in a value betbervalid input range and cause the

model to not function.

Also, input fields in the IE do not allow for comte strengths to be specified, only live
loads. This may be missing an important componeethvironmental impacts since the
concrete strengths change from 25 MPa to 35 MRa the top of the structure to the
bottom respectively. Since these strengths hawgn#isant affect on greenhouse gas

emissions, the assumption that all column strengthshe same may not be valid.

3.2.4 Footings and Stairs Assumptions

Concrete fly ash content was again assumed todrage and the concrete strength of
5,333 psi had to be changed to 4,000 psi in omerdtch available input options for all
footings. Again, this rigidity in input format camiuted to inaccuracies in greenhouse
gas emissions estimated by the model. In some ,dhsesize of rebar also had to be

changed to match available input fields.

One point of uncertainty is a lack of informatiom footing envelopes. Structural
drawings specify that some envelope material maydoessary but this decision was to
be made at the discretion of geotechnical expéttsegime of excavation. For the

purposes of this model it was assumed that norfganvelopes existed.

There is no input category in the IE that represstdirs. Stairs were modeled as footings
in order to have more control over concrete voluaras reinforcement dimensions in the

model.
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3.2.5 Wall Assumptions

Door types specified in the model have been comfitthrough drawings and a site visit
but the generic terms used in the IE make it uageit doors used in the model are an
accurate representation of the actual ones. Howissems likely that this assumption
is a minor one since the type of materials has lbeafirmed and it is only the volume

that remains uncertain.

Windows were accounted for by counting the numlbeach type of assembly and then
matching them to the areas specified in the windoledule in the architectural
drawings. In cases where the window assembly dianatdch any detailed in the window
schedule, an assumption was made based on sizekeandmber of windows and the
new assembly was equated to one specified in thdom schedule. A complete
breakdown of these assumptions and count for laériamber of windows can be
referenced in Appendix B. Two more assumptiongedl#o the window assemblies were
made when the architect was unable to verify drgwimbiguities. The windows were

assumed to be of standard glazing with aluminumésa

There was also limited information about the enpetoof the metal stud walls
immediately surrounding the windows. These envedopere assumed to be the same as
the single stud drywall partition envelopes that metal stud walls join to except with a
commercial grade steel exterior cladding. Also, ttua few missing specifics in the
architectural drawings, steel studs in drywall pparts were assumed to be light (25 Ga)

and acoustic batt insulation was interpreted s dlass.

3.3 Bill of Materials
The following Bill of Materials (BoM) states thetasated types and quantities of

materials used in the construction of Tower 4 efMmarine Drive Residence. This BoM
was generated using the IE after all assembliedbad inputted from On-Screen

calculations. By doing so, material quantities gightly higher than takeoff values and
also present some slightly different materials sTihibecause the IE software accounts

for waste material generated during constructioegtfymating typical waste amounts and
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adding this to the total quantities. It also bred&aa/n some assemblies into smaller
components that are part of their fabrication soagted with construction such as paper

tape.



Table 3 - Bill of Materials

Material Quantity  JUnit

1/2" Gypsum Fibre Gypsum Board]  58.2502Jm2

3 mil Polyethylene 423.7181]m2

5/8" Fire-Rated Type X Gypsum Bl 22304.11m2

5/8" Gypsum Fibre Gypsum Board] 772.4108m2

5/8" Moisture Resistant Gypsum B} 36.3141jm2

5/8" Reqgular Gypsum Board 65.0757Im2

6 mil Polyethvlene 191.8635|m?2
Aluminium 397.0517]Tonnes
Ballast (aggregate stone) 231834]Kg

Batt. Fiberglass 46579.05]m2 (25mm)
Cold Rolled Sheet 0.2143]Tonnes
Commercial(26 ga.) Steel Cladding] 2723.986]m2
Concrete 20 MPa (flyash av) 399.8188]m3
Concrete 30 MPa (flvash av) 28407.46]m3
Concrete Blocks 13502.87]Blocks
Concrete Brick 1114.094m2
EPDM membrane 34443.73|Kg

Foam Polyisocyanurate 882.1856]m2 (25mm)
Galvanized Sheet 1.8828]Tonnes
Galvanized Studs 48.5197|Tonnes
Glazing Panel 16.4079]Tonnes
Isocyanurate 3671.973]m2 (25mm)
Joint Compound 23.132]Tonnes
Large Dimension Softwood Lumbe 8.5693Im3
Modified Bitumen membrane 751.1945]Kg

Mortar 63.5739Im3

Nails 25.003]Tonnes
Paper Tape 0.2655]Tonnes
Polyester felt 0.817]Tonnes
Polyethylene Filter Fabric 0.2418|Tonnes
Rebar, Rod, Light Sections 1564.151]Tonnes
Screws Nuts & Bolts 2.7169]Tonnes
Small Dimension Softwood Lumbe 7.7807Im3
Softwood Plywood 3.8268]m2 (9mm)
Solvent Based Alkyd Paint 209.7064]L
Standard Glazing 15606.27]m2

Water Based Latex Paint 1483.879]L

Welded Wire Mesh / Ladder Wire 2.0728]Tonnes

M°Nicholl 16
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Because the BoM does not use consistent unitsdtisnmediately obvious which
assemblies account for the greatest resource uBeggictably, materials such as
concrete, aggregate, rebar, glazing, and insulatierpresent in high quantities.
Concrete, aggregate, and rebar are used through@sisemblies in the superstructure
such as columns, beams, slabs, floors, and roofscr€te is also used extensively for
walls throughout the building. Because of the hdglgree of uncertainty with the
concrete modeling as outlined in the assumptidrsgdams likely that these numbers may
be an overestimate, particularly if the IE is indleeunding up beam spans in the

estimating process.

Other than concrete and its associated compongalismaterials such as fiberglass
insulation, gypsum drywall, and exterior glazing@ants for the other high material use
assemblies. Although assumptions were also madg mast assumptions were related
to the type of materials; there is little uncertgim the volumes used. Although
fiberglass insulation thickness was estimated énntietal stud walls around window
assemblies, the relative area of this is smalltaacefore any error would have a
proportionally small impact. Similarly, with wind®athere is little relative uncertainty
around the window areas when compared to unceytaround material used as outlined

in the window assumptions section of this document.

4.0 Summary Measures

From the final BoM compiled through the differessamblies by the IE the software
cross-references an extensive database to deteestingtions of environmental impacts
in eight impact categories, namely:

» Global warming potentigMJ)

» Acidification potential kg)

» Eutrophication potentigkg CO2 eq/ kg)

* Ozone depletion potentiéinoles of H+ eq/ kg)

* Photochemical smog potentiay PM2.5 eq/ kg)

* Human health respiratory effects potenfi@ N eq / kg)
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» Weighted raw resource ugg CFC-11 eq/ kg)

* Primary energy consumptigkg NOx eq / kg)
As described in the goal and scope section oftihcsiment, impacts are determined
using mid-point impact assessment methodology, mgdhat the potential for
environmental harm in terms of equivalent standadiunits is determined but the final
impacts are not (ie. endpoint effects). Determirfingl impacts is heavily dependent
upon context and current software lacks both tmeptexity and information required to
undertake such a model.
As specified in the goal and scope, the impactsassent only includes the
manufacturing and construction phases of the mgldilife cycle. Impact values for both

Tower 4 and the extrapolated values representm@itire complex are presented below:
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Table 4 -1 — Marine Drive Summary Measures
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4.1 Impact Comparisons
Even when presented in graphical format it is diffi to comprehend the true meaning of

such abstract numbers. In order to add some pengpempacts for each category have
been graphed with impact values for other resideat®&BC. To normalize the data,
impacts have been compiled on a per square fo Aad represent both manufacturing
and construction stages, the latter of which istmdsansportation. The data table of

values used to generate the following graphs cdole in Appendix C.

4.1.1 Primary Energy Consumption

Primary energy consumption simply refers to theveed amount of power consumed.
In this case, the energy demand created by Marine [ staggering, outstripping all

other residences and amounting to nearly doublabeage.

Primary Energy Consumption

Average

MarineDrive

Thunderbird

Fariview

Energy (MJ)

Gage

Totem

Vanier

f T T T T T T T T T T
0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00 800.00 900.00 1,000.00

Figure 4-1 - Primary Energy Consumption
4.1.2 Weighted Resource Use
Again, Marine Drive residence dramatically outstripe resource demand of other
residences, more than doubling the average valtigodgh some uncertainty related to

column and beam modeling may be disproportionalkdyating the value for Marine
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Drive’s resource use, the vast difference betwhsncomplex and all other residences is

too great to be attributed entirely to model error.

Weighted Resource Use

Average
MarineDrive
~ .
gThunderblrd M Average
o M MarineDrive
2 Thunderbird
g Fariview Fariview
= W Gage
.g Totem
2 Gage M Vanier
Totem '
Vanier
1 T T T T T T
0.00 100.00 200.00 300.00 400.00 500.00 600.00

Figure 4-2 - Weighted Resource Use
4.1.3 Global Warming Potential
Global warming potential is determined by calculgtihe equivalent of CQOeleased
into the atmosphere and is highly influenced byatm®unt of concrete in a structure.
Again, error in concrete volume, likely attributedcolumn and beam assembly
assumptions could be resulting in falsely high egalbut the discrepancy between the

Marine Drive residence and the other complexesappe be indicating a trend.
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Global Warming Potential

Average

MarineDrive

gThunderbird M Average
~ M MarineDrive
g M Thunderbird
s Fariview I Fariview
o M Gage
; Totem
L Gage M Vanier

Totem '

Vanier

1 T T T T T T T 1
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00

Figure 4-3 - Global Warming Potential

4.1.4 Acidification Potential
Acidification potential refers to the equivalentiemted amount of Heleased into the
environment. This value is also exceptionally highthe Marine Drive residence with

more than double the value of the average.

Acidification Potential

Average
MarineDrive

gThunderbird
= M Average
g M MarineDrive
+ W Thunderbird
T Fariview W Fariview
§ M Gage
o Totem
g Gage M Vanier

Totem '

Vanier

1 T T T T T 1
0.00 5.00 10.00 15.00 20.00 25.00 30.00

Figure 4-4 - Acidification Potential
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4.1.5 HH Respiratory Effects Potential
This index measures the potential for human heakhiratory effects as quantified by

PM2.5 eq kg. Once again, the impact created bividwene Drive residence is

significantly above that of any other residenc&BC.

HH Respiratory Effects Potential

Average

MarineDrive

Thunderbird M Average

M MarineDrive
Thunderbird
Fariview

W Gage
Totem

M Vvanier

Fariview

kg/ PM2.5 eq / kg

Gage

Totem

Vanier

Figure 4-5 - HH Respiratory Effects Potential
4.1.6 Eutrophication Potential
Eutrophication potential refers to the likelihobét the release of nitrogen into an
aquatic environment will promote plant an algaeadihoto the point where the nutrients
that were previously scarce are consumed so raghdtyother life is “choked out”. In
this case, Thunderbird residence exceeds MarineeBrpotential for impact, which also

may suggest that data in other categories mighb@ainacceptably skewed.
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Eutrophication Potential

Average
MarineDrive
Thunderbird ' M Average
2 M MarineDrive
e Thunderbird
7] Fariview Fariview
z
o M Gage
x Totem
Gage M Vanier
Totem
Vanier
1 T T T T T T
0.00 0.00 0.00 0.00 0.00 0.00 0.00

Figure 4-6 - Eutrophication Potential
4.1.7 Ozone Depletion Potential
Although impact values are relatively low in thet@gory, Marine Drive residence
appears to be closer to the expected average \dweever, it still seems somewhat
surprising that the value is above average. Wittaadements in material technology
aimed at reducing ozone depletion (such as reducfi€FC use) it seems logical to
assume that ozone depletion potential should berltlan the average especially when

compared to older buildings.
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Ozone Depletion Potential

Average
MarineDrive
2Thunderbird M Average
~ . .
M MarineDrive
-3
o M Thunderbird
; Fariview 1 Fariview
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Figure 4-7 — Ozone Depletion Potential

4.1.8 Smog Potential
The final impact category, smog potential, onceraghows Marine Drive as having the
most significant potential for impact. Althoughstthe newest of the residences, it

appears to be having the most significant envirartatesffects.

Smog Potential

Average
MarineDrive
gThunderbird M Average
- M MarineDrive
g M Thunderbird
% Fariview M Fariview
g M Gage
2 Totem
Gage M Vanier
Totem
Vanier

Figure 4-8 - Smog Potential



4.2 Impacts By Assembly
Impacts were also categorized by assembly typeshwddiows for comparisons between
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different parts of the building. A summary of thelwes generated is presented in the

table below. These values are the initial outpatstherefore only represent Tower 4.

Table 4-2- Impacts by Assembly Type

Material ID Foundatiori®/alld Beams and ColuRuafd Floor$ Extra Basic MaterTotal

Primary Energy Consumption MJ 20361798P469052 -584660.Y18797648141874 298616.0428 1601587
Weighted Resource Use kg 2690477.0483(018 -49652.6672383940B5958888 412785)343 8428442
Global Warming Potential (kg CO2 { 521319)32D84204 -35653.3785407(005231942 84229.2%422 2429304
Acidification Potential (moles of H+ ( 347296/8@5457163 -15424.86"M%09B.9824409 56217.91803 1666436
HH Respiratory Effects Potential (kg 2591778355419 -17671.30B9P885.5568992 41834.211281210683
Eutrophication Potential (kg N eq /K 8840.92688164b5.1 -2015.299@G33181|9806691.7 1411.584918710055.4
Ozone Depletion Potential (kg CFC{ 258571J1&8524049 -17648.1P9&D81[16552454 41734.44095 120571
Smog Potential (kg NOx eq / kg) 259952)78654027  -17634.8718012116/589458 41953.78588 1212897

However, all output values for beams and colummpeapas negative numbers, which

indicates that an error is occurring somewher&énsbftware. This seems unusual since

all other aspects of the model appear to be funictgpproperly and producing seemingly

reasonable impact estimations. Because of thisradality, comparisons by assembly

type were not explored more thoroughly.

4.3 Impact Assessment Uncertainties
In addition to uncertainties resulting from thetamptions made while conducting this

study, uncertainty is further generated duringstage of impact assessment in a variety

of ways. This next section outlines some of theeutainty generated in the process of

determining impacts from values inputted into tGe |

Impact assessment software aims to be as compredamsl sophisticated as possible

but is limited by the amount that can be packed &program and the memory storage

capacity of a computer. Impact assessment expesdeasion in two opposing

directions since it attempts to simultaneously dyghssticated while being accessible to

the average person and therefore the average PCbiader limitation results in three

key areas of uncertainty being generated.
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The first, as touched on previously in this docutnesrelated to spatial linking. Not only
does the database of supporting information neediss, but a program capable of
compiling such information through a geographia&bimation system would be
required to assess the related impacts of a specéterial source located 20km away
over a windy mountain road as compared to a sirfakality 100km away across rolling
plains. While impact estimators such as IE do takation into account, the true
modeling potential that could be realized with madeanced software and processing
capacity is not achieved.

There is also issue of modeling techniques, whrehalso limited by the processing
capacity of the average PC. Ideally, the most ace@modeling techniques would be
used for each impact category, but the depth df &axhnique varies depending on the
history of research in each respective field. Oran®le of advanced modeling that the
average computer may not be capable of is relatéakicology. While it may be
relatively easy to quantify toxicity released frangiven process, further translating that
into health impacts and contamination potentialdpendent upon determining the
probability of toxicity migration through availabpathways. This step, from outputs to
impacts, is much more difficult to make and conseqly outputs are commonly deemed
sufficient impact estimation results. However, tmsans that, even though quantities of
a contaminant released may be known, there reraggnsat deal of uncertainty as to how

this will impact either human or environmental hlealithout pathway modeling.

The final limitation of software is related to aally modeling uncertainty itself using
such techniques as the Monte Carlo simulation. asslieen pointed out previously,
certain aspects of an LCA make even uncertainficdif to quantify, but in order to
maintain transparency, both uncertainty and a seitgianalysis should be modeled. If
two products were being compared for environmantphct and ranked similarly but the
uncertainty of each study could be modeled witlseeable accuracy, this would provide
valuable insights for decision makers choosing betwthe two. However, due to both
available data and PC processing capacity, advamoeling techniques in this field are

not currently feasible.
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It should also be noted that the background rebaareach impact category is not
consistent across all fields. Certain areas sut¢bxasology have much more supporting
research than resource usage, which is still emgr@ecause of this, it should be
recognized that the modeling that impact assesssadintare uses could be based on
new or uncertain research that may prove to beeftbiw the future as more is learned in
that field. For example, current indicators fora@se usage may prove to be incorrect in
coming years, which would cause impacts estimatad previous LCA'’s to be incorrect
as well. This type of uncertainty, uncertaintyhe tvery science impact estimation is base

on, is difficult to quantify.

Typically, uncertainty tends to propagate as impaeicome more specific. The
terminology used to address this is commonly midipeersus endpoint selection. For
example, ozone depletion potential is relativelyyea quantify provided that data on
such chemical omissions is correct. This would desered a midpoint case with the
endpoint being the true impact on human health ssgbotential for skin cancer. Since
the science correlating to the latter point is lemsain, most impact estimators assess
impacts based on midpoint criteria. The true eff@ct human or environmental health

remain somewhat uncertain.

Finally, the weighting of different impact categeiwill have an overall effect on the
final impact assigned during an assessment. Afita @ normalized and characterized it
is typically grouped into high, medium, and low iagp categories and then sometimes
aggregated in order to produce a single impactdnvddue. Either a panel of experts of
through stakeholder input typically determines \aéiitg of priorities. Regardless, of the
method, a high degree of subjectivity is involvédhés stage and if the incorrect impact
categories are selected as low impact the truditsabf the entire study may be thrown
into question. Uncertainty could be reduced if amplocentric prioritization was omitted
but, since use of the study will likely rest upactition makers at some point, this

omission may achieve little in the overall reducta uncertainty.
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A sensitivity analysis was conducted on five of thest commonly used materials in the

structure in order to estimate the overall sengjtiof the model to errors from

assumptions. Conversely, sensitivity can be usegbtinize design in order to minimize

environmental impacts most effectively. A sensiyianalysis can clearly indicate how

significantly different assemblies affect differémpacts. For example, if it is found that

ozone depletion potential is very sensitive toubke of polyisocyanurate insulation, this

may guide a decision to use less of this kind stiiation, resulting in a significant

decrease in ozone depletion potential.

To conduct the sensitivity analysis 10% materias @dded as extra basic material and

impact summary measures were generated using tinesEparate models. Changes were

then plotted as percent differences to show seitgitirhe x-axis represents the percent

change in material and the y-values representdhregsponding percent change in impact

values for each impact category. The most sensitipacts can be identified as the ones

having the steepest slopes.

Table 5-1 — Materials Added for Sensitivity Analysis

Material Quantity Addition (+10%) | Units

5/8" Fire-Rated Type X Gypsum Board 22304.1 2230.41 | m?

Batt. Fiberglass 46579.1 4657.91 | m? (25mm)
Concrete 30 MPa (flyash av) 3354664 335466.4 | m?

Rebar, Rod, Light Sections 1152869 115287 | tonnes
Standard Glazing 15606.3 1560.63 | m?

5.1 Gypsum Board Sensitivity
Using the method described above, gypsum sengitikas analyzed, yielding the

following results.




M°Nicholl 30

Table 5-2 — Gypsum Board Sensitivity Results

Overall Impacts
Impact Category Units Initial + 10% Material | % Difference
Primary Energy Consumption MJ 142,760,000.00 142,300,000.00 -0.32
Weighted Resource Use kg 88,460,000.00 88,553,000.00 0.11
Global Warming Potential (kg CO2 eq / kg) 11,535,160.00) 11,529,000.00) -0.05
Acidification Potential (moles of H+ eq / kg) 4,004,100.00 4,012,000.00 0.20
HH Respiratory Effects Potential (kg PM2.5 eq / kg) 39,120.14 39,218.00 0.25
Eutrophication Potential (kg N eq / kg) 295.12 295.10 -0.01
Ozone Depletion Potential (kg CFC-11 eq / kg) 0.02 0.02 0.00
Smog Potential (kg NOx eq / kg) 62,476.40 62,530.00 0.09
Gypsum Board Sensitivity

0.40

v \\
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Figure 5-1 - Gypsum Board Sensitivity
The results are both interesting and unexpectex site magnitude of impacts should

only increase as the amount of materials usedasese However, it should be

recognized that the percent changes in impactgeayesmall — all less than 1%.

Therefore it can likely be concluded that impactsraot very sensitive to the amount of

gypsum used and the negative slopes are possihesult of internal rounding errors

within the IE software.

5.2 Fiberglass Sensitivity
The following results were found after running asgvity analysis on the material.
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Table 5-3 - Fiberglass Sensitivity Results

Overall Impacts
Impact Category Units Initial + 10% Material % Difference
Primary Energy Consumption MJ] 142,760,000.00 142,300,000.00 -0.32
Weighted Resource Use kg 88,460,000.00 88,553,000.00 0.11
Global Warming Potential (kg CO2 eq / kg) 11,535,160.00 11,529,000.00 -0.05
Acidification Potential (moles of H+ eq / kg) 4,004,100.00 4,012,000.00 0.20
HH Respiratory Effects Potential (kg PM2.5 eq / kg) 39,120.14 39,218.00 0.25
Eutrophication Potential (kg N eq / kg) 295.12 304.00 3.01
Ozone Depletion Potential (kg CFC-11 eq / kg) 0.02 16.90 89,308.85
Smog Potential (kg NOx eq / kg) 62,476.40 62,530.00 0.09

Batt Fiberglass Sensitivity

100,000.00

80,000.00 P

60,000.00 /
40,000.00 /
20,000.00

0.00 -

-20,000.00 A

-40,000.00 A

-60,000.00 A

-80,000.00 A

-100,000.00 T T T T T 1
-15.00 -10.00 -5.00 0.00 5.00 10.00 15.00
% Change in Materials

—&— Primary Energy Consumption Weighted Resource Use Global Warming Potential
Acidification Potential HH Respiratory Effects Potential —®— Eutrophication Potential
—+— Ozone Depletion Potential —=—Smog Potential

Figure 5-2 - Batt Fiberglass Sensitivity

All impacts appear to be fairly unaffected by chesm batt fiberglass insulation
volumes with the exception of ozone depletion podrAt an incredible change in
impact magnitude of almost 90,000 %, the value seemoneous. However, the input
was checked repeatedly; if an error is occurring Wwithin the IE estimator in the
category.

In the event that this output is in fact correrthit is clear that the volume of fiberglass
batt insulation in a structure dramatically affeitis ozone depletion potential, perhaps
more so than any other material. Changes in othpacts appear to be almost negligible
in comparison.
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5.3 Concrete Sensitivity
Concrete sensitivity was analyzed and found tadytle¢ following results.

Table 5-4- Concrete Sensitivity Results

Overall Impacts
Impact Category Units Initial + 10% Material | % Difference
Primary Energy Consumption MJ 142,760,000.00 778,800,000.00 445.53
Weighted Resource Use kg 88,460,000.00 1,031,810,000.00 1,066.41
Global Warming Potential (kg CO2 eq / kg) 11,535,160.00) 106,519,000.00 823.43
Acidification Potential (moles of H+ eq / kg) 4,004,100.00 36,420,000.00 809.57
HH Respiratory Effects Potential (kg PM2.5 eq / kg) 39,120.14 262,252.00 570.38
Eutrophication Potential (kg N eq / kg) 295.12 345.32 17.01
Ozone Depletion Potential (kg CFC-11 eq / kg) 0.02 0.22 1,058.64
Smog Potential (kg NOx eq / kg) 62,476.40 555,360.00 788.91

-1,000.00

-1,500.00

Concrete Sensitivity

1,500.00

1,000.00

500.00

0.00 3
-500.00 /

-15.00 -10.00 -5.00 0.00 5.00 10.00 15.00

% Concrete Addition
—— Primary Energy Consumption Weighted Resource Use Global Warming Potential
Acidification Potential —¥—HH Respiratory Effects Potential Eutrophication Potential
Ozone Depletion Potential Smog Potential

Figure 5-3 - Concrete Sensitivity

From the above graph and table values, it is ¢hestrconcrete has a significant impact

on all impacts; a rather small difference in cotegded results in higher all around

impacts. This suggests that potentially invaliduagstions made as a result of the rigidity

of the input fields for assemblies such as condvetams and columns could be a serious

challenge in accurately assessing a building’'s atgp&onversely, this data highlights

how smart design resulting in either reduced cdearelumes or more environmentally

forms of concrete can significantly reduce the smwnental impacts associated with a

project.
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5.4Rebar, Rod, and Light Sections Sensitivity
An analysis of the sensitivity of rebar, rod, aigit sections yielded the following

results.
Table 5-5 - Rebar, Rod, and Light Sections Sensitivity Results
Overall Impacts

Impact Category Units Initial + 10% Material | % Difference
Primary Energy Consumption MJ 142,760,000.00 2,373,000,000.00 1,562.23
Weighted Resource Use kg 88,460,000.00 296,290,000.00 234.94
Global Warming Potential (kg CO2 eq / kg) 11,535,160.00) 80,207,000.00 595.33
Acidification Potential (moles of H+ eq / kg) 4,004,100.00 5,151,000.00 28.64
HH Respiratory Effects Potential (kg PM2.5 eq / kg) 39,120.14 127,324.00 225.47
Eutrophication Potential (kg N eq / kg) 295.12 20,600.78 6,880.58
Ozone Depletion Potential (kg CFC-11 eq / kg) 0.02 0.02 0.59
Smog Potential (kg NOx eq / kg) 62,476.40 10,490.00 -83.21

Rebar, Rod, Light Sections Sensitivity
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6,000.00 -
4,000.00
2,000.00 ;
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Figure 5-4 - Rebar, Rod, and Light Sections Sensitivity

Although eutrophication potential clearly stands @asian impact highly sensitive to
changes in rebar, rod, and light section mateoalmes, the magnitude of other changes
should also be noted. For example, the changelmagivarming potential, 595%, is
nothing to be overlooked. There is also the unuseaghtive slope of change in smog
potential, which seems highly counterintuitive analy suggest that certain bugs

embedded in the program are affecting output values

It appears that reductions in rebar, rod, and kglttion usage in buildings also have high
potential for reducing overall building impacts.



5.5 Glazing Sensitivity
The final assembly analyzed for sensitivity waszmglg, yielding the following results.

Table 5-6 - Glazing Sensitivity Results
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Overall Impacts
Impact Category Units Initial + 10% Material % Difference
Primary Energy Consumption MJ] 142,760,000.00 142,300,000.00 -0.32
Weighted Resource Use kg 88,460,000.00 88,553,000.00 0.11
Global Warming Potential (kg CO2 eq / kg) 11,535,160.00 11,529,000.00 -0.05
Acidification Potential (moles of H+ eq / kg) 4,004,100.00 4,032,000.00 0.70
HH Respiratory Effects Potential (kg PM2.5 eq / kg) 39,120.14 39,718.00 1.53
Eutrophication Potential (kg N eq / kg) 295.12 295.10 -0.01
Ozone Depletion Potential (kg CFC-11 eq / kqg) 0.02 0.02 0.00
Smog Potential (kg NOx eq / kg) 62,476.40 62,730.00 0.41
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Glazing Sensitivity
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Figure 5-5 - Glazing Sensitivity

Similarly to the gypsum board sensitivity analygigzing sensitivity shows a range of
different slopes that are all relatively minor (rtipsvith changes less than 1%) but some

of these are negative. Once again, it is uncewaiether or not this is due to internal

rounding within the IE impact generation calculatr if there may be a bug within the

software somewhere.

Interestingly, changes in window surface area apioedo little to affect the overall

impact of a building. However, it should be notbkdttthe impacts generated are only

analyzing the manufacturing and construction phaséte cycles and windows will

have a much larger effect on building energy congion during the operating phase of
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a building’s life as a result of heat loss. Thetrsaction of this report will explore

building performance as related to heat loss thiagerior surfaces and their materials.

6.0 Building Performance

The LCA for Marine Drive Residence does not accdonbperating life or end of life
disposal. However, energy usage during operatistilisignificant and has not been
overlooked. The average estimated energy consumfamiolrower 1, which is quite

similar to Tower 4, is shown here.

Average Energy Consumption

—&—kWh
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Figure 6-1 - Average Energy Consumption

Building performance for the operating life of Tawkis modeled using a heat loss
equation and the areas and types of building epeateaterials. Because accurate
exterior envelope information was only available Tower 4, results here are not

extrapolated to include the entire complex.

In this model, the existing building is comparedhaanother “idealized” building with a
few material upgrades that reduce the rate of mglteat loss. The idealized building

has all of the same material volumes and areag;tbealkind of material has been
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substituted. The two buildings are compared tordetes energy savings and the energy
payback period of installing upgraded materials.
Heat loss is calculated using the following equatio

Q = (1/R) x A XAT
Where:

R = Calculated R-Value in’®F h/BTU (Imperial units)
A = Assembly of interest#t
AT = Inside Temperature — Outside Temperature in °

The following table outlines the R-values used alaltng heat losses in both the old and
improved buildings:

Table 6-6 - Material R-Values

Material R-Values
3" Fiberglass Batt Insulation 9.42
4" Polyisocyanurate Insulation 21.6
Low E silver argon filled glazing (3mm glass with 1/2" airspace) 3.75
Standard glazing (double panes, 1/2" airspace) 2.04

Using values from the table above, the exterioeépe of Tower 4 can be summarized

as follows.

Table 7 - Exterior Assembly Areas

Area (ft’) | R-value

South Windows 6131 2.04
North Windows 6414 2.04
East Windows 10673 2.04
West Windows 11171 2.04
TOTAL 34389

North Walls 6694 9.42
South Walls 7378 9.42
East Walls 7815 9.42
West Walls 7432 9.42
TOTAL 29319

Roof 1 2278 28.8
Roof 3 2026 28.8
Roof 4 7376 28.8
TOTAL 11680
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Two changes have been made to the existing steuttioreate the ‘Improved’ building,
which was then modeled to determine both embeddeyg in material production and
heat losses over time. All heating values and saréaeas were kept the same but two
materials were substituted:
» 3" polyisocyanurate insulation was substitutedfiloerglass batt insulation in all
exterior walls
» all exterior windows with standard glazing were &itbted with low E silver

argon filled glazing

The resulting changes in R-values due to thesditutitms are summarized in the table

below:

Table 8 - Current and Improved R-Values

R-value: Old Building R-Value New Building
Windows 2.04 3.75
Walls 9.42 21.6

Embedded energy was calculated by creating twolBewodels that contained only
window and insulation assemblies: one for the curbailding and one for the improved
building. The first table shows how the two insidattypes were initially compared to
ensure that they used the same waste percentaddand therefore could have their

volumes interchanged without adjustments havingetonade.

Table 9 - Insulation Wastes

input output
Material amount amount waste addition
Batt Fiberglass 100 m* 105m° 5%
Polyisocyanurate 100 m* 105m° 5%

Then, the energy difference between the two setest materials was calculated and
added to the embedded energy in the current bgikdinletermine the embedded energy
in the improved structure. A summary of these valgsgresented in the table below.

Table 10 - Embedded Energy

Embedded Energy kWh Joules
Current Basic Materials 1370000 4.932E+12
Improved Basic Materials 1550000 5.58E+12
Current Building 8548250 3.07737E+13
Improved Building 8728250 3.14217E+13
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Energy Usage Over Time
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Figure 6-2 - Energy Usage Over Time

From the graph showing cumulative energy usage tawey, it is apparent that the energy
payback period is almost instantaneous; net ertegins to be saved immediately.
However, although this does appear appealing froengrgy perspective, this does not
account for other factors such as initial cost averall environmental impacts.
Furthermore, even though it is clear that usin¢geglbetxterior envelope materials can save
that energy, it would have to be further invesegato figure out whether it is financially,
practically, or environmentally beneficial to repéaexisting materials with improved

ones at this point since construction has already lcompleted.

7.0 Conclusions

There is an appreciable utility in determining ager baseline impacts for residences.
There is the potential that future decisions on dewelopments may be able to draw on

these results as an environmental reference gainthermore, assumptions and
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methodologies documented in this report may be tsedovide insight on how future
LCAs might be conducted.

From impact comparisons, the Marine Drive Residexpyeears to be responsible for
significantly larger environmental impacts than atiyer residence at UBC. This is
surprising since, being the newest residence, anddiexpect it to be the most
environmentally friendly since building policiesdBC continue to shift in that

direction. Although uncertainty in the model makadifficult to draw firm conclusions,

it appears that concrete high rises with extensigerior glazing are the worst option
from an environmental perspective, regardless of immdern the technologies or designs

incorporated are.
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Appendix A: EIE Input Tables
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All input values are specified for only Tower 4 tioe entire complexdighlighted cells
indicate an assumption.

General Description
Project Location Vancouver
Building Life Expectancy 1 year
Building Type Residential
Assembly Group Assembly Type Input Fields Ideal Inputs  |deal Building Totd EIE Input
SLABS 8" 10M reinforced slab
Length (ft) 103.6 103.6 103.6
Width (ft) 103.6 103.6 103.6
Thickness (inches) 8 8 8
Concrete (psi) 3000 3000 3000
Concrete flyash % average average average
8" slab on grade
Length (ft) 74.6 74.6 74.6
Width (ft) 74.6 74.6 74.6
Thickness (inches) 8 8 8
Concrete (psi) 3000 3000 3000
Concrete flyash % average average average
4" Slab on Grade unreinforced
*basement level Length (ft) 91.6 91.6 91.6
Width (ft) 91.6 91.6 91.6
Thickness (inches) 4 4 4
Concrete (psi) 3000 3000 3000
Concrete flyash % average average average
FOOTINGS Footing F1 Length (ft) 75 15 30
* 2 per building Width (ft) 7.5 75 75
Thickness (inches) 26 26 13
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #6 #6 #6
Footing F2
* 6 per building Length (ft) 7.5 45 45
Width (ft) 6 6 6
Thickness (inches) 18 18 18
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #5 #5 #5
Footing F8
Length (ft) 5.25 5.25 21
Width (ft) 14.5 14.5 145
Thickness (inches) 48 48 16
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #9, #6, #5 #9, #6, #5 #6
Footing F9
Length (ft) 55 5.5 55
Width (ft) 35 35 35
Thickness (inches) 16 16 16
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #5 #5 #5
Footing F11
Length (ft) 9 9 18
Width (ft) 7 7 7
Thickness (inches) 30 30 15
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #6 #6 #6
Footing F13
* 2 per building Length (ft) 8 16 32
Width (ft) 8 8 8
Thickness (inches) 28 28 14
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #6 #6 #6
Footing F14
* 2 per building Length (ft) 13 26 78
Width (ft) 11 11 11
Thickness (inches) 42 42 14
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #7 #7 #6
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Footing F15
Length (ft) 6.5 6.5 6.5
Width (ft) 5.5 5.5 55
Thickness (inches) 18 18 18
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #5 #5 #5

Footing F16
Length (ft) 7 7 14
Width (ft) 8.5 8.5 8.5
Thickness (inches) 30 30 15
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #6 #6 #6

Footing F20

*9 per building Length (ft) 5.5 49.5 49.5
Width (ft) 45 45] 45|
Thickness (inches) 16 16 16
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #5 #5 #5

Footing F21
Length (ft) 6.5 6.5 6.5
Width (ft) 4.5 45 45
Thickness (inches) 12 12 12
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #5 #5 #5

Footing F22

* 5 per building Length (ft) 9 45 45
Width (ft) 4.25 4.25 | 4.25 |
Thickness (inches) 18 18 18
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #5 #5 #5

Footing F23

* 4 per building Length (ft) 7.5 30 60
width (ft 75 75
Thickness (inches) 30 30 15
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #7 #7 #6

Footing F24
Length (ft) 15 15 30
Width (ft) 10 10 10
Thickness (inches) 36 36 18
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #7 #7 #6

Footing F25
Length (ft) 8.5 8.5 17
Width (ft) 8 8 8
Thickness (inches) 30 30 15
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #6 #6 #6

Footing SF1

* 11 per building Length (ft) 9 99 99
Width (ft) 1.5 15 15]
Thickness (inches) 10 10 10
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #5 #5 #5

Footing SF2

* 7 per building Length (ft) 8 56 56
Width (ft) 35 35| 35|
Thickness (inches) 12 12 12
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #5 #5 #5

Footing SF3

* 5 per building Length (ft) 7 35 35
Width (ft) 5.25 5.25 | 5.25 |
Thickness (inches) 18 18 18
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #5 #5 #5
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Footing SF4
Length (ft) 15 15 15
Width (ft) 25 25 25
Thickness (inches) 10 10 10
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #5 #5 #5
Footing SF5
* 3 per building Length (ft) 19 57 114
Width (ft) 9 9 9]
Thickness (inches) 36 36 18
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #7 #7 #6
Footing SF6
* 3 per building Length (ft) 24 72 72
Width (ft) 4 4] 4]
Thickness (inches) 18 18 18
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #6 #6 #6
Core Footing
Length (ft) 44 44 176
*assumed to only exist in the tower| Width (ft) 44 44 44
(3 in total complex) Thickness (inches) 60 60 15
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #5 #5 #5
18" footing w/ 20M
* 2 per building Length (ft) 24 48 48
Width (ft) 4 8 8
Thickness (inches) 18 18 18
Concrete (psi) 5333 5333 4000
Concrete flyash % average average average
Rebar #6 #6 #6
STAIRS Stairs
Length (ft) 14 69.0 69
Width (ft) 4 19.7 19.7
Thickness (inches) 8 8 8
Concrete (psi) 3500 3500 4000
Concrete flyash % average average average
Rebar #5 #5 #5
Stairs Floors 3-5
Length (ft) 14 117.6 117.6
Width (ft) 4 11.2 11.2
Thickness (inches) 8 8 8
Concrete (psi) 3500 3500 4000
Concrete flyash % average average average
Rebar #5 #5 #5
Stairs floors 8-17
Length (ft) 14 24.4 244
Width (ft) 4 7.0 7
Thickness (inches) 8 8 8
Concrete (psi) 3500 3500 4000
Concrete flyash % average average average
Rebar #5 #5 #5
Stairs 18+
Length (ft) 14 33.9 33.9
Width (ft) 4 9.7 9.7
Thickness (inches) 8 8 8
Concrete (psi) 3500 3500 4000
Concrete flyash % average average average
Rebar #5 #5 #5
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Project Location Vancouver Complex Multiplier

Building Life Expectancy 1 year Complex Multiplier

Building Type Residential

Assembly Group Assembly Type Input Fields Ideal Inputs Building Total EIE Input
WALLS concrete walls floors 8-17
Concrete Cast In Place Length (ft) 224 2240 2240

Height (ft) 9 9 9
Thickness (inches) 8 8 8
Concrete (Mpa) 4000 4000 4000
Concrete Flyash % average average average
Reinforcement #5 #5 #5

concrete walls 18+
Length (ft) 596 596 596
Height (ft) 9 9 9
Thickness (inches) 8 8 8
Concrete (Mpa) 4000 4000 4000
Concrete Flyash % average average average
Reinforcement #5 #5 #5

thick wall
Length (ft) 363 363 363
Height (ft) 9 9 9
Thickness (inches) 16 16 12
Concrete (Mpa) 4000 4000 4000
Concrete Flyash % average average average
Reinforcement #5 #5 #5
Door Type - - Steel Interior Door
Number of Doors 25 25 25

thick walls floors 3-5
Length (ft) 94 282 282
Height (ft) 9 9 9
Thickness (inches) 16 16 12
Concrete (Mpa) 4000 4000 4000
Concrete Flyash % average average average
Reinforcement #5 #5 #5
Door Type - - Steel Interior Door
Number of Doors 8 24 24

thick walls floors 8-17
Length (ft) 97 970 970
Height (ft) 9 9 9
Thickness (inches) 16 16 12
Concrete (Mpa) 4000 4000 4000
Concrete Flyash % average average average
Reinforcement #5 #5 #5
Door Type - - Steel Interior Door
Number of Doors 5 50 50

thick walls 18+
Length (ft) 139 139 139
Height (ft) 9 9 9
Thickness (inches) 16 16 12
Concrete (Mpa) 4000 4000 4000
Concrete Flyash % average average average
Reinforcement #5 #5 #5
Door Type - - Steel Interior Door
Number of Doors 4 4 4

Concrete Wall floors 3-5
Length (ft) 459 1377 1377
Height (ft) 9 9 9
Thickness (inches) 8 8 8
Concrete (Mpa) 4000 4000 4000
Concrete Flyash % average average average
Reinforcement #5 #5 #5

Concrete Wall
Length (ft) 2580 2580 2580
Height (ft) 9 9 9
Thickness (inches) 8 8 8
Concrete (Mpa) 4000 4000 4000
Concrete Flyash % average average average
Reinforcement #5 #5 #5

Concrete block wall

Envelope
Length (ft)
Height (ft)
Rebar (m)

crete Brick Cladding

rete Brick Cladding

crete Brick Cladding

1269 1269 1269
9 9 9
#7 #7 #5
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Steel Stud Metal Stud Wall

Wall Type Exterior Exterior Exterior
Length (ft) 1027 1027 1027
Height (ft) 9 9 9
Door Type wooden door wooden door wooden door
Number of Doors 6 6 38
Total opening area (ft 2) 6688 6688 42335.0
Number of window units 716 716 4532
Frame Type - - Aluminum Frame
Glazing Type - - Standard Glazing
Sheathing type none none none
Stud thickness 15/8x35/8 15/8x35/8 15/8x35/8
Stud spacing 16 o.c. 16 o.c. 16 o.c.
Stud weight - - Light (25 Ga)
Category Insulation Insulation insulation
Material - - fiberglass
Type batt batt batt
Thickness (inches) 3 3 3

Metal Stud wall 3-5
Wall Type Exterior | Exterior Exterior
Length (ft) 379 1137 1137
Height (ft) 9 9 9
Total opening area (ft 2) 2888 8664 8664
Number of window units 288 864 864
Frame Type - - Aluminum Frame
Glazing Type - - Standard Glazing
Sheathing type none none none
Stud thickness 15/8x35/8 15/8x35/8 15/8x35/8
Stud spacing 16 o.c. 16 o.c. 16 o.c.
Stud weight - - Light (25 Ga)
Category Insulation Insulation insulation
Material - - fiberglass
Type batt batt batt
Thickness (inches) 3 3 3

Metal Stud Wall 8- 17
Wall Type Exterior Exterior |Exterior
Length (ft) 226 2260 2260
Height (ft) 9 9 9
Total opening area (ft 2) 1641 16410 16410
Number of window units 168 1680 1680
Frame Type - - Aluminum Frame
Glazing Type - - Standard Glazing
Sheathing type none none none
Stud thickness 15/8x35/8 15/8x35/8 15/8x35/8
Stud spacing 16 o.c. 16 o.c. 16 o.c.
Stud weight - - Light (25 Ga)
Category Insulation Insulation insulation
Material - - fiberglass
Type batt batt batt
Thickness (inches) 3 3 3

Metal Stud Wall Iv 18
Wall Type Exterior Exterior |Exterior
Length (ft) 238 238 238
Height (ft) 9 9 9
Total opening area (ft 2) 1503 1503 4509
Frame Type - - Aluminum Frame
Glazing Type - - Standard Glazing
Number of window units 174 174 174
Sheathing type none none none
Stud thickness 15/8x35/8 15/8x35/8 15/8x35/8
Stud spacing 16 o.c. 16 o.c. 16 o.c.
Stud weight - - Light (25 Ga)
Category Insulation Insulation insulation
Material - - fiberglass
Type batt batt batt
Thickness (inches) 3 3 3

Metal Stud - interior Drywall Partition

Wall Type interior - steel stud interior - steel stud interior - steel stud
Length (ft) 2832 2832 2832
Height (ft) 9 9 9
Door Type Core Wood Interior Core Wood Interior Core Wood Interior
Number of Doors 165 165 165 |
Sheathing type none none none
Stud thickness 15/8x35/8 15/8x35/8 15/8x35/8
Stud spacing - - 240c. |
Stud weight - - Light (25 Ga)
Category Gypsum Board Gypsum Board Gypsum Board |
Material Gypsum Type X 5/8"  [ypsum Type X 5/8"  [Gypsum Type X 5/8"
Category Insulation Insulation insulation
Material - - fiberglass
Type batt batt batt
Thickness (inches) 3 3 3




Drywall Partition 3-5

Wall Type interior - steel stud interior - steel stud interior - steel stud
Length (ft) 1143 3429 3429
Height (ft) 9 9 9
Door Type ore Wood Interior pre Wood Interior n_AlGR! d Intgris
Number of Doors 69 20N
Sheathing type none none none
Stud thickness 15/8x35/8 15/8x35/8 15/8x35/8
Stud spacing - - 24 0.c.
Stud weight B ~|Light (25 Ga)
Category Gypsum Board Gypsum Board Gypsum Board
Material Gypsum Type X 5/8" bypsum Type X 5/8" Gypsum Type X 5/8"
Category Insulation Insulation insulation
Material - - fiberglass
Type batt batt batt
Thickness (inches) 3 3 3
Drywall Partition 8-17 Wall Type interior - steel stud interior - steel stud interior - steel stud
Length (ft) 556 1668 1668
Height (ft) 9 9 9
Door Type ore Wood Interior pre Wood Interior Hollow Core Wood Interior
Number of Doors 36 108 108
Sheathing type none none [none
Stud thickness 15/8x35/8 15/8x35/8 15/8 x35/8
Stud spacing - - 24 0.c.
Stud weight B B Light (25 Ga)
Category Gypsum Board Gypsum Board Gypsum Board
Material Gypsum Type X 5/8" Bypsum Type X 5/8" Gypsum Type X 5/8"
Category Insulation Insulation insulation
Material - - fiberglass
Type batt batt batt
Thickness (inches) 3 3 3
Drywal partition Iv 18
Wall Type interior - steel stud interior - steel stud interior - steel stud
Length (ft) 304 304 304
Height (ft) 9 9 9
Door Type ore Wood Interior pre Wood Interior Hollow Core Wood Interior
Number of Doors 30 30 30 |
Sheathing type none none none
Stud thickness 15/8x35/8 15/8x35/8 15/8 x35/8
Stud spacing - - 240.c. |
Stud weight - - Light (25 Ga)
Category Gypsum Board Gypsum Board Gypsum Board
Material Gypsum Type X 5/8" Bypsum Type X 5/8" Gypsum Type X 5/8"
Category Insulation Insulation Insulation
Material - - fiberglass
Type batt batt batt
Thickness (inches) - - 3
Double Stud Drywall
Wall Type interior - steel stud interior - steel stud interior - steel stud
Length (ft) 2220 2220 2220
Height (ft) 9 9 9
Door Type ore Wood Interior re Wood Interior Hollow Core Wood Interior
Stud thickness 15/8x35/8 15/8x35/8 15/8x35/8
Stud spacing - - 240.c. |
Stud weight - - Light (25 Ga)
Category Gypsum Board Gypsum Board Gypsum Board
Material Gypsum Type X 5/8" pypsum Type X 5/8" Gypsum Type X 5/8"
Category Insulation Insulation Insulation
Material - - fiberglass
Type batt batt batt
Thickness (inches) - - 3
Double Stud Drywall 3-5
Wall Type interior - steel stud interior - steel stud interior - steel stud
Length (ft) 918 2754 2754
Height (ft) 9 9 9
Sheathing type none none none
Stud thickness 15/8x35/8 15/8x35/8 15/8x35/8
Stud spacing - - 240c. |
Stud weight B B Light (25 Ga)
Category Gypsum Board Gypsum Board Gypsum Board
Material Gypsum Type X 5/8" bypsum Type X 5/8" Gypsum Type X 5/8"
Category Insulation Insulation insulation
Material - - fiberglass
Type batt batt
Thickness (inches) - - 3
Double Stud Drywall 8-17
Wall Type interior - steel stud interior - steel stud interior - steel stud
Length (ft) 456 4560 4560
Height (ft) 9 9 9
Sheathing type none none none
Stud thickness 15/8x35/8 15/8x35/8 15/8x35/8
Stud spacing - - 240c. |
Stud weight B B Light (25 Ga)
Category Gypsum Board Gypsum Board Gypsum Board
Material Gypsum Type X 5/8" pypsum Type X 5/8" Gypsum Type X 5/8"
Category Insulation Insulation insulation
Material - - fiberglass
Type batt batt |batt
Thickness (inches) - - 3
Double Stud Drywall Ivl 18
Wall Type interior - steel stud interior - steel stud interior - steel stud
Length (ft) 366 366 366
Height (ft) 9 9 9
Sheathing type none none none
Stud thickness 15/8x35/8 15/8x35/8 15/8x35/8
Stud spacing - - 240c. |
Stud weight - - Light (25 Ga)
Category Gypsum Board Gypsum Board Gypsum Board
Material Gypsum Type X 5/8" bypsum Type X 5/8" Gypsum Type X 5/8"
Category Insulation Insulation insulation
Material - - fiberglass
Type batt batt |batt
Thickness (inches) - - S}
Curtain Wall Ground Floor Curtain Wall
Wall Type Exterior Exterior Exterior
Length (ft) 125 125 125
Height (ft) 14.91 14.91 14.91
Total opening area (ft 2) 6405 6405 6405
Number of window units 138 138 138
Number of Doors 3 3 3
Door Type wooden door wooden door wooden door
Panel Type etal spandrel panel letal spandrel panel etal spandrel panel
Percent Viewable Glazing 71.5 715 715
Percent Spandrel Panel 28.5 28.5 28.5
Thickness of Insulation (inches) - - S}
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Assembly Group Assembly Type Input Fields Ideal Inputs Ideal Building Total EIE Input
1
FLOORS Concrete Suspended Slab Floor2 Total

Floor width (ft) 64 64 272.43
Span (ft) 127.7 127.7 30
Live load (kips) 2 2 100 psf
Type Floor Floor Floor
Concrete (psi) 3500 3500 4000
Concrete Flyash % Average Average Average
Envelope none none none

Concrete Suspended Slab Floor3-5
Floor width (ft) 78.6 235.8 235.8
Span (ft) 157.2 471.6 471.6
Live load (kips) 2 2 100 psf
Type Floor Floor Floor
Concrete (psi) 3500 3500 4000
Concrete Flyash % Average Average Average
Envelope none none none

Concrete Suspended Slab Floor6 & 7 Total
Floor width (ft) 88 88 88
Span (ft) 176 176 176
Live load (kips) 2 2 100 psf
Type Floor Floor Floor
Concrete (psi) 3500 3500 4000
Concrete Flyash % Average Average Average
Envelope none none none

Concrete Suspended Slab Floor 8-17
Floor width (ft) 55.5 555 555
Span (ft) 111 1110 1110
Live load (kips) 2 2 100 psf
Type Floor Floor Floor
Concrete (psi) 3500 3500 4000
Concrete Flyash % Average Average Average
Envelope none none none

Concrete Suspended Slab Floor18+
Floor width (ft) 72.8 72.8 72.8
Span (ft) 145.5 145.5 145.5
Live load (kips) 2 2 100 psf
Type Floor Floor Floor
Concrete (psi) 3500 3500 4000
Concrete Flyash % Average Average Average
Envelope none none none

ROOFING R4 Type Roofing

Roofing Type uspended Slab e Suspended Slab [Suspended Slab
Floor width (ft) 85.9 85.9 85.9
Span (ft) 85.9 85.9 85.9
Live load (kips) 0.3 0.3 0.3
Concrete (psi) 3500 3500 4000
Concrete Flyash % Average Average Average

Envelope Roof envelope Roof envelope Roof envelope
Material legate stones) pgregate stones) regate stones)
Envelope EPDM Inverted EPDM Inverted EPDM Inverted
Material Polyisocyanurate Polyisocyanurate Polyisocyanurate
Thickness 4" 4" 4"
R3 Type Roofing
Roofing Type uspended Slab e Suspended Slab ISuspended Slab |
Floor width (ft) 21 31.82 31.82
Span (ft) 48.2 63.63 63.63
Live load (kips) 0.3 0.3 0.3
Concrete (psi) 3500 3500 4000
Concrete Flyash % Average Average Average
Envelope Vapour Barrier Vapour Barrier Vapour Barrier
Material - - 3mil Poly
Envelope [EDPM Membrane EDPM Membrane EDPM Membrane
Material Polyisocyanurate Polyisocyanurate Polyisocyanurate
Thickness 4" 4" 4"
R1 Type Roofing
Roofing Type uspended Slab e Suspended Slab [Suspended Slab
Floor width (ft) 33.7 33.7 337
Span (ft) 67.5 67.5 67.5
Live load (kips) 0.3 0.3 0.3
Concrete (psi) 3500 3500 4000
Concrete Flyash % Average Average Average
Envelope Vapour Barrier Vapour Barrier Vapour Barrier
Material - - 3mil Poly
Envelope Insulation Insulation Insulation
Material Polyisocyanurate Polyisocyanurate Polyisocyanurate
Thickness 4" 4" 4"
Envelope el Roof System Steel Roof System teel Roof System
Material - - Commercial
Trellis Soffit
Roof Width (ft) 10 10 10
Roof Length (ft) 74 74 74
Decking none none none
Live load (psf) - - 45
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Assembly Group Assembly Type Input Fields Ideal Inputs Building Total EIE Input
COLUMNS Ground Floor South Podium
Concrete Beams and
Columns Number of columns 9 9 9
Number of beams 8 8 8
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 10.97 10.97 10.97
Supported span 4.87 4.87 4.87
Live load (kips) 2 2 100 psf
Ground Floor Tower Center
Number of columns 14 14 14
Number of beams 11 11 11
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 10 10 10
Supported span 3.91 3.91 3.91
Live load (kips) 2 2 100 psf
Ground Floor North Podium
Number of columns 7 7 7
Number of beams 8 8 8
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 10 10 10
Supported span 5.21 5.21 5.21
Live load (kips) 2 2 100 psf
Floor 2 South Podium
Number of columns 9 9 9
Number of beams 5 5 5
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 10 10 10
Supported span 4.43 4.43 4.43
Live load (kips) 2 2 100 psf
Floor 2 Tower Center
Number of columns 7 7 7
Number of beams 5 5 5
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 20.94 20.94 20.94
Supported span 7.48 7.48 7.48
Live load (kips) 2 2 100 psf
Floor 2 North Podium
Number of columns 10 10 10
Number of beams 9 9 9
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 10 10 10
Supported span 4.11 4.11 4.11
Live load (kips) 2 2 100 psf
Floors 3-5 South Podium
Number of columns 9 27 27
Number of beams 7 21 21
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 11.39 11.39 11.39
Supported span 4.43 4.43 4.43
Live load (kips) 2 2 100 psf
Floors 3-5 Tower Center
Number of columns 17 51 51
Number of beams 11 33 33
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 10.84 10.84 10.84
Supported span 3.51 3.51 3.51
Live load (kips) 2 2 100 psf
Floors 3-5 North Podium
Number of columns 6 18 18
Number of beams 6 18 18
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 12.11 12.11 12.11
Supported span 6.05 6.05 6.05
Live load (kips) 2 2 100 psf
Floor 6 South Podium
Number of columns 13 13 13
Number of beams 5 5 5
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 11.46 11.46 11.46
Supported span 4.46 4.46 4.46
Live load (kips) 2 2 100 psf
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Floor 6 Tower Center |
Number of columns 15 15 15
Number of beams 9 9 9
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 12.69 12.69 12.69
Supported span 3.81 3.81 3.81
Live load (kips) 2 2 100 psf
Floor 6 North Podium
Number of columns 5 5 5
Number of beams 7 7 7
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 10 10 10
Supported span 6.63 6.63 6.63
Live load (kips) 2 2 100 psf
Floors 7 South Podium
Number of columns 10 9 9
Number of beams 10 8 8
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 11.63 10.97 10.97
Supported span 3.5 4.87 4.87
Live load (kips) 2 2 100 psf
Floors 7 Tower Center
Number of columns 17 9 57
Number of beams 6 5 32
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 19.2 17 17
Supported span 3.39 18 18
Live load (kips) 2 2 100 psf
Floors 8-17 Tower Center
Number of columns 17 170 170
Number of beams 9 90 90
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 12.84 12.84 12.84
Supported span 3.4 3.4 3.4
Live load (kips) 2 2 100 psf
Floor 18 Tower Center
Number of columns 16 9 57
Number of beams 8 5 32
Floor to floor height (ft) 9 9 9
Bay sizes (ft) 14.06 17 17
Supported span 3.52 18 18
Live load (kips) 2 2 100 psf
Assembly Group Assembly Type Input Fields Ideal Inputs | Building Total| EIE Input
1
EXTRA BASIC MATERIALS|5c Gypsum Board
1/2" regular gypsum board {jt 57( 570 570
4000 psi Average Flyash Concrete (yrd ~ °) 194.89 194.8p 194.4
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Appendix B: Detailed Assumptions
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Assembly Group Assembly Type Assembly Name Specific Assumptions

COLUMNS Due to the rigidity of the impact modeling softwared the non-uniformity of the column assembly inithe tower, modeling this part of the
structure required the largest assumptions andaappe be the greatest source of error within tbeeh Athena Impact Estimator models column
and beam assemblies in a grid format, which asstimeday areas and spans are uniform. It als@plainimum values on bay areas and span
lengths and will round up to these minimums if govit value is outside the range.

In order to conform to this input format, the numbg&columns and beams were counted, the supparesiwas determined, and then
transformed mathematically into a rectangular giiebre length = 2 x width. Since no drawings detgibeams were available the location of
certain beams had to be assumed; beams were enlyed to exist if the length of a span betweendmlomns exceeded 10 ft. Although all
beams and columns counted in the quantity takeoéfsepresented in the model, the values for stg@spans are below the minimum required
input value, which means that the software mayob@ding up the lengths of beams even if this isevaitent in the input fields. If rounding is
occurring, span values will be rounded up to apipnately 20 ft. This cannot be changed without réayithe value for bay areas, which would
result in a value below the valid input range aadse the model to not function.

Also, input fields in Athena do not allow for coate strengths to be specified, only live loadssThay be missing an important component in
environmental impacts since the concrete strergjthnge from 25 MPa to 35 MPa from the top of thecstire to the bottom. Since these
strengths have a significant affect on greenhoaseegnissions, the assumption that all column serage the same may not be valid.

Concrete Beams and Columns |Ground Floor South Podium The number of columns and supported areas were determined in
onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqrt(3847/2) 1 9 = 4.87 ft

2 x sqrt(area/2) / # of beams = Bay Size

2 X sqri(3847/2) /8 = 10.97 ft

Ground Floor Tower Center The number of columns and supported areas were determined in
onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqrt(6006/2) / 14 = 3,91 ft

2 x sqrt(area/2) / # of beams = Bay Size

2 X sqrt(6006/2) / 11 = 10 ft

Ground Floor North Podium The number of columns and supported areas were determined in
onscreen, as well as the number of beams, whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqri(2659/2) / 7 = 5.21 ft

2 x sqrt(area/2) / # of beams = Bay Size

2 x sqrt(2659/2) / 8 = 10 ft

Floor 2 South Podium The number of columns and supported areas were determined in
onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqrt(3184/2) / 9 = 4.43 ft

2 x sqrt(area/2) / # of beams = Bay Size

2 x sart(3184/2) [5 = 10 ft

Floor 2 Tower Center The number of columns and supported areas were determined in
onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqrt(5484/2) / 7= 7.48 ft

2 x sqrt(area/2) / # of beams = Bay Size

2 X sqri(5484/2) / 5 = 20.94 ft

Floor 2 North Podium The number of columns and supported areas were determined in
onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqri(3376/2) /10 = 4.11 ft

2 x sqrt(area/2) / # of beams = Bay Size

2 xsqrt(3376/2) / 9 = 10 ft

Floor 3-5 South Podium The number of columns and supported areas were determined in
onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqri(3179/2) /9 = 4.43 ft

2 x sqrt(area/2) / # of beams = Bay Size

2 xsqrt(3179/2) / 7 = 11.39 ft

Since this represents one of three identical floors, the number of
beams and columns were each multiplied by three to get the final
innit
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Floor 3-5 Tower Center The number of columns and supported areas were determined in

onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqr(7111/2) / 17 = 3.51 ft

2 x sqrt(area/2) / # of beams = Bay Size

2 xsqrt(7111/2) / 11 = 10.84 ft

Since this represents one of three identical floors, the number of
beams and columns were each multiplied by three to get the final
inout

Floor 3-5 North Podium The number of columns and supported areas were determined in

onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqrt(2638/2) / 6 = 6.05

2 x sqrt(area/2) / # of beams = Bay Size

2 x sqrt(2638/2) / 6 = 12.11 ft

Floor 6 South Podium The number of columns and supported areas were determined in

onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqrt(3220/2) / 13 = 4.46 ft

2 x sqrt(area/2) / # of beams = Bay Size

2 x sqrt(3220/2) / 5 = 11.46 ft

Floor 6 Tower Center The number of columns and supported areas were determined in

onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqrt(6525/2) / 15 = 3.81 ft

2 x sqrt(area/2) / # of beams = Bay Size

2 X sqrt(6525/2) / 9 = 12.69 ft

Floor 6 North Podium The number of columns and supported areas were determined in

onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqrt(2201/2) / 5 = 6.63 ft

2 x sqrt(area/2) / # of beams = Bay Size

2 X sqrt(2201/2) / 7 = 10 ft

Floor 7 South Podium The number of columns and supported areas were determined in

onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqrt(3179/2) / 10 = 3.5 ft

2 x sqrt(area/2) / # of beams = Bay Size

2 x sqrt(3179/2) / 10 = 11.63 ft

Floor 7 Tower Center The number of columns and supported areas were determined in

onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqrt(6637/2) / 17 = 3.39 ft

2 x sqrt(area/2) / # of beams = Bay Size

2 X sqrt(6637/2) / 6 = 19.2 ft

Floors 8-17 Tower Center The number of columns and supported areas were determined in

onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span
sqrt(6678/2) / 17 = 3.4 ft

2 x sqrt(area/2) / # of beams = Bay Size

2 ¥ sort(RAR7R/2) /9 = 12 84 ft

Floor 18 Tower Center The number of columns and supported areas were determined in

onscreen, as well as the number of beams whose positions were
approximated. The assembly was modeled as a grid with
dimensions calculated in the following way to ensure that values
were within acceptable ranges for EIE input software (ie bay size >
10ft). sqrt(area/2) / # of columns = Span

cArR2I7IN 116 — 2 B9




Assembly Group

Assembly Type

| Assembly Name |

Specific Assumptions

FLOORS

In consistency with other concrete bodies in thectire, since there is no indication of increafedsh content it was assumed that all
contained only average concentrations of flyaske Sight modification was made to the concreterdeoto fit EIE input fields: the stren

concrete was adjusted from 3500 to 4000 psi. Ahdhis will likely result in a higher overall glabwarming potential in the model, the
magnitude of this increase is unknown and therefotadjusted for.
assumptions were also made due to lack of spétifionation available from the drawings. No floowvelope specifications were provided and
since flooring such as carpeting is beyond theesebphis study, floors were assumed to not havelepes. The other source of uncertainty is

related to floor loading specifications, which wereicated in the structural drawings as havingiatdoad of 2 kips. It is unusual to attribute a

lood tn o 8l

b

Two other general

A af ANN ek bbeastn £t CIC inet faldl
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Concrete Suspended Slab

i i L
Concrete Suspended Slab Floor2 Total

The slab was area was determined in the takeoffs and then
adjusted in size to fit within the parameters of the impact
estimation software, which limits the span to no more than 30 ft.
Span Length = Area / 30 ft

=817291ft 2/30ft
=27243 ft

Concrete Suspended Slab Floor3-5

The slab was area was determined in the takeoffs and then
adjusted in size to fit within the parameters of the impact
estimation software, which limits the span to no more than 30 ft.
The area modeled in the takeoff software represents one of three
identical floors so the area of one floor has been multiplied by 3 to
obtain the final area.

Area x 3 = Total Area

37067.8ft ?x3=111203.4
Span Length = Total Area / 30 ft

=1112034ft  ?/30ft

Concrete Suspended Slab Floor6 & 7 Total

The slab was area was determined in the takeoffs and then
adjusted in size to fit within the parameters of the impact
estimation software, which limits the span to no more than 30 ft.
Span Length = Area / 30 ft

=15488.1 ft  ?/30ft
=516.27 ft

Concrete Suspended Slab Floor 8-17 x 10

The slab was area was determined in the takeoffs and then
adjusted in size to fit within the parameters of the impact
estimation software, which limits the span to no more than 30 ft.
The area modeled in the takeoff software represents one of ten
identical floors so the area of one floor has been multiplied by 10
to obtain the final area.

Area x 10 = Total Area

205350 ft 2 x 10 = 616050 ft 2
Span Length = Total Area /30 ft

=616050ft  2/30ft

Concrete Suspended Slab Floor18+

The slab was area was determined in the takeoffs and then
adjusted in size to fit within the parameters of the impact
estimation software, which limits the span to no more than 30 ft.
Span Length = Area / 30 ft

=10592.4f 2/30ft
=353.08 ft

ROOFING

Similarly to the floors, no unusual concrete flyashcentrations were specified and loading spetifins were also given as point loads,
specifically as 0.3 kips. In an attempt to be proppally consistent with other loading assumptjdh8 kips was correlated to 45 psf in the EIE
software. Also, roof concrete strengths were sigetés 3500 psi in structural drawings but hadetodunded up to 4000 to fit EIE input fields,
likely resulting a slightly increased global wargipotential for the overall model.

Concrete Suspended Slab

R4 Type Roofing

* approximated to be a square

Roof schedules are well detailed in architectural drawings. Area
determined in takeoff software was approximated as a square for
EIE input. Sqrt(area) = length

sqrt(7378.8ft  2) =859 1t

R3 Type Roofing

* 2 slabs of this

Roof schedules are well detailed in architectural drawings. The
vapour barrier was assumed to be made of 3 mil poly. Area
determined in takeoff software was approximated as a rectangle of
2w = | for EIE input. The total area of two identical slabs was found
by multiplying the dimensions of one by a factor of 2.

area x 2 = total area 1012.2

X2 =2024.4 ft 2 Sqrt(total area /2 ) =
width sqrt(2024.4 ft

31.82ft 1=2xw=63.63ft

R1 Type Roofing

Roof schedules are well detailed in architectural drawings. The
vapour barrier was assumed to be made of 3 mil poly. Area
determined in takeoff software was approximated as a square for
EIE input. Sqrt(area) = length

sqrt( ft2) = 85.9 ft

Trellis Soffit

Trellis Soffit

The trellis soffit is a decorative structure arching over the tower
entrance. It has no decking and carries no load, but a minimum
load of 45 psf was specified in order to comply with EIE input
fields.
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Assembly Type | Assembly Name | Specific Assumptions

WALLS

Door types specified in the model have been comfitithrough drawings and a site visit but the gerterims used in the EIE make it unce|
doors used in the model are an accurate repregentdtthe actual ones. However, it seems likegt this assumption is a minor one sinc
type of materials has been confirmed and it is ¢méyvolume that remains uncertain.

Windows were accounted for by counting the numbierach type of assembly and then matching therheéateas specified in the windo
schedule in the architectural drawings. In casesresthe window assembly did not match any detailéte window schedule, an assump
was made based on size and the number of windotvthemew assembly was equated to one specifigteivindow schedule. A complet
breakdown of these assumptions and count for tanamber of windows can be referenced later i Appendix. Two more assumption|
related to the window assemblies were made whearttfgtect was unable to verify drawing ambiguitiese windows were assumed to b|

standard alazina with aluminum fram
There was also limited information about the envetopf the metal stud walls immediately surroundirgwindows. These envelopes we

assumed to be the same as the single stud dryaritign envelopes that the metal stud walls joirexcept with a commercial grade steel
exterior cladding. Also, due to a few missing sfiegiin the architectural drawings, steel studdrywall partitions were assumed to be lig
Ga) and acoustic batt insulation was interpretefibasglass.

B

concrete walls floors 8-17 This wall represents one of 10 identical floors. Total wall length
was multiplied by 10 to account for all repeated wall units.
Length * 10 = Input Length
224 ft* 10 = 2240 ft

thick wall Wall thicknesses are limited to 8" or 12" in the EIE input fields. To
account for the extra concrete in this 16" wall, the missing volume
was added to extra basic materials.
Length * (4/3 ft - 1 ft) * height = volume added

363 ft* 1/3 ft* 9 ft = 1089 ft 3
thick walls floors 3-5 This wall represents one of 3 identical floors. Total wall length
* 3 identical floors per building was multiplied by 3 to account for all repeated wall units.

Length * 3 = Input Length
224 94ft* 3 =282 ft

Wall thicknesses are limited to 8" or 12" in the EIE input fields. To
account for the extra concrete in this 16" wall, the missing volume
was added to extra basic materials.

Length * (4/3 ft - 1 ft) * height = volume added

282 ft* 1/ ft *Q ft = RAA ft 3
thick walls floors 8-17 This wall represents one of 10 identical floors. Total wall length
* 10 identical floors per tower was multiplied by 10 to account for all repeated wall units.
Length * 10 = Input Length
97 *10 =970 ft

Wall thicknesses are limited to 8" or 12" in the EIE input fields. To
account for the extra concrete in this 16" wall, the missing volume
was added to extra basic materials.

Length * (4/3 ft - 1 ft) * height = volume added

970 ft* 1/3 ft* 9 ft = 2910 ft 3
thick walls 18+ Wall thicknesses are limited to 8" or 12" in the EIE input fields. To
*floor 18 and roof account for the extra concrete in this 16" wall, the missing volume

was added to extra basic materials.
Length * (4/3 ft - 1 ft) * height = volume added

120 # % 112 # *xQ f — A17 # 3
Concrete Wall floors 3-5 This wall represents one of 3 identical floors. Total wall length
* 3 identical floors per building was multiplied by 3 to account for all repeated wall units.

Length * 3 = Input Length
459ft * 3 = 1377 ft

Concrete block wall Rebar is specified as #7 in drawings but was rounded down to the
maximum input value of #5 in the EIE.
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Metal Stud Double Stud Drywall This wall is twice the thickness of the standard drywall partitions,

* the wall is double thickness (ie 2 stu which has been modeled by doubling the length of the wall
modeled by doubling the length of the determined through takeoffs. Consequently, gypsum board drywall
*consequently, only one layer of dryw has only been modeled on one side of the wall. Length * 2 =
input length 1110ft*2 =

2220 ft The thickness of
insulation, 3", was assumed to be consistent with that of the
single stud drywall partitions.

Double Stud Drywall 3-5 This wall is twice the thickness of the standard drywall partitions,
*3 identical floors per building which has been modeled by doubling the length of the wall

* the wall is double thickness (ie 2 stu determined through takeoffs. Consequently, gypsum board drywall
modeled by doubling the length of the has only been modeled on one side of the wall. Length * 2 =

input length 459 ft* 2 =918

ft Since this
represents one of three identical floors, this length was multiplied
by three to obtain the final input. Input
length * 3 = final input 918
ft* 3 =2754 ft The

thickness of insulation, 3", was assumed to be consistent with that
of the single stud drywall partitions.

Double Stud Drywall 8-17 This wall is twice the thickness of the standard drywall partitions,

* 10 identical floors per tower which has been modeled by doubling the length of the wall

* the wall is double thickness (ie 2 stu determined through takeoffs. Consequently, gypsum board drywall
modeled by doubling the length of the has only been modeled on one side of the wall. Length * 2 =

input length 228 ft* 2 = 456

ft Since this
represents one of three identical floors, this length was multiplied
by three to obtain the final input. Input
length * 3 = final input 456

ft * 10 = 4560 ft The

thickness of insulation, 3", was assumed to be consistent with that
of the single stud drywall partitions.

Double Stud Drywall vl 18 This wall is twice the thickness of the standard drywall partitions,
* the wall is double thickness (ie 2 stu which has been modeled by doubling the length of the wall
modeled by doubling the length of the determined through takeoffs. Consequently, gypsum board drywall
has only been modeled on one side of the wall.
Length * 2 = input length
183 ft* 2 = 366 ft
Thickness of insulation was assumed to be consistent with that of
the single stud drywall partitions.

Ground Floor Curtain Wall The thickness of insulation was assumed to be consistent with that
of the other metal walls surrounding windows: 3"
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Assembly Group Assembly Type | Assembly Name | Specific Assumptions
SLABS Concrete flyash content was again assumed to bbagevand the concrete strength of 5333 psi had thénged to 4000 psi in order to match
available input options for all footings. Againisthigidity in input format is contributing to inegracies in greenhouse gas emissions estimated by
the model. In some cases, the size of rebar atbtohize changed to match available input fields.
There is no input category in the EIE that repressstairs. Stairs were modeled as footings in dxaleave more control over concrete volumes
and reinforcement dimensions in the model.

Slab On Grade 8" 10M reinforced slab Since there are no rebar inputs in the modeling software, it was
assumed that all concrete slabs on grade contain minimum
reinforcement in the form of #10M bars. Modeled as a square area.
Sqrt (area) = length = width

sqrt(10733 ft  2)= 103.6 ft

Modeled as a square area.

8" slab on grade Sqrt (area) = length = width

sqrt(5565 ft %)= 74.6 ft

4" Slab on Grade unreinforced Modeled as a square area.

Sqrt (area) = length = width

sqrt(8391 ft2) = 91.6 ft

FOOTINGS Concrete Footing Footing F1 Limitations on maximum footing thickness forced changes in
footing dimensions. The volume of concrete within the footing has
been kept constant by increasing footing length and reducing
footing thickness simultanously.

original thickness / = input thickness

original length * = input length

26in./2=13in.

75ft*2=15ft

Since there are two identical footings, the length is muliplied by 2
to find the final input length.

input length * 2 = final input length

15ft*2=30ft

Footing F2 Since there are six identical footings, the length is muliplied by 6
to find the final input length.

input length * 6 = final input length

75ft*6=45ft

Footing F8 This footing has a combination of different rebar sizes that were
averaged to #6 size.Limitations on maximum footing thickness
forced changes in footing dimensions. The volume of concrete
within the footing has been kept constant by increasing footing
length and reducing footing thickness simultanously.

original thickness / = input thickness

original length * = input length

48in./4=16n.

5.25 ft *4 = 21 ft

Footing F11 Limitations on maximum footing thickness forced changes in
footing dimensions. The volume of concrete within the footing has
been kept constant by increasing footing length and reducing
footing thickness simultanously.

original thickness / = input thickness

original length * = input length

30in./2=15in.

9ft*2=181t

Footing F13 Limitations on maximum footing thickness forced changes in
footing dimensions. The volume of concrete within the footing has
been kept constant by increasing footing length and reducing
footing thickness simultanously.

original thickness / = input thickness

original length * = input length

28in./2=14in.

8ft*2=161ft

Since there are two identical footings, the length is muliplied by 2
to find the final input length.

input length * 2 = final input length

16 ft * 2 = 2D ft

Footing F14 Limitations on maximum footing thickness forced changes in

footing dimensions. The volume of concrete within the footing has
been kept constant by increasing footing length and reducing
footing thickness simultanously.

original thickness / = input thickness

original length * = input length

42in./3=14in.

13 ft*3=39ft

Since there are two identical footings, the length is muliplied by 2
to find the final input length.

input length * 2 = final input length

39ft*2=781t

Footing F16 Limitations on maximum footing thickness forced changes in
footing dimensions. The volume of concrete within the footing has
been kept constant by increasing footing length and reducing
footing thickness simultanously.

original thickness / = input thickness

original length * = input length

30in./2=15in.

7ft*2=141t




M°Nicholl

Footing F20

Since there are nine identical footings, the length is muliplied by 9
to find the final input length.

length * 9 = final input length

5.5 ft*9=495ft

Footing F22

Since there are five identical footings, the length is muliplied by 5
to find the final input length.

length * 5 = final input length

9ft*5=45ft

Footing F23

Limitations on maximum footing thickness forced changes in
footing dimensions. The volume of concrete within the footing has
been kept constant by increasing footing length and reducing
footing thickness simultanously.

original thickness / = input thickness

original length * = input length

30in./2=15in.

75ft*2=15ft

Since there are four identical footings, the length is muliplied by 4
to find the final input length.

input length * 4 = final input length

15ft*4 =60 ft

Footing F24

Limitations on maximum footing thickness forced changes in
footing dimensions. The volume of concrete within the footing has
been kept constant by increasing footing length and reducing
footing thickness simultanously.

original thickness / = input thickness

original length * = input length

36in./2=18in.

15ft*2 =30 ft

Footing F25

Limitations on maximum footing thickness forced changes in
footing dimensions. The volume of concrete within the footing has
been kept constant by increasing footing length and reducing
footing thickness simultanously.

original thickness / = input thickness

original length * = input length

30in./2=15in.

85ft*2=17ft

Footing SF1

*11 per building

Since there are eleven identical footings, the length is muliplied by
11 to find the final input length.

length * 11 = final input length

9ft*11 =199 ft

Footing SF2

* 7 per building

Since there are seven identical footings, the length is muliplied by
7 to find the final input length.

length * 7 = final input length

8ft*7=56ft

Footing SF3

* 5 per building

Since there are five identical footings, the length is muliplied by 5
to find the final input length.

length * 5 = final input length

7ft*5=35ft

Footing SF5

* 3 per building

Limitations on maximum footing thickness forced changes in
footing dimensions. The volume of concrete within the footing has
been kept constant by increasing footing length and reducing
footing thickness simultanously.

original thickness / = input thickness

original length * = input length

36in./2=18in.

19ft*2 =138 ft

Since there are three identical footings, the length is muliplied by 3
to find the final input length.

input length * 3 = final input length

38ft*3=ft

Footing SF6

* 3 per building

Since there are three identical footings, the length is muliplied by 3
to find the final input length.

length * 3 = final input length

24 ft*3=72ft

58
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Core Footing Limitations on maximum footing thickness forced changes in
footing dimensions. The volume of concrete within the footing has
been kept constant by increasing footing length and reducing
footing thickness simultanously.

original thickness / = input thickness

original length * = input length

60in./4=15in.

44 ft*4 =176 ft

18" footing w/ 20M Since there are two identical footings, the length is muliplied by 2
* 2 per building to find the final input length.

length * 2 = final input length

24 ft*2 =48 ft

STAIRS Concrete Footing Stairs The total area of stairs was determined and modeled as a single
footing for each set. Dimensions were determined as follows using
the length to width ratio for a single flight of stairs. Thickness was
averaged across the length of the stairs. All other specs are from
the structural drawings.

sqrt(area *4 / 14) = length

length * 4 / 14 = width

sqrt (1361%4/14) = 69 ft

69 ft*4 /14 = 19.7 ft

Stairs Floors 3-5 The total area of stairs was determined and modeled as a single
footing for each set. Dimensions were determined as follows using
the length to width ratio for a single flight of stairs. Thickness was
averaged across the length of the stairs. All other specs are from
the structural drawings.

sqrt(area *4 / 14) = length

length * 4 / 14 = width

sqrt (438*4/14) = 39.2 ft

ft*4/14=11.2ft

Since this represents one of three identical floors length is then
multiplied by three.

Length =39.2*3 =117.6 ft

Stairs floors 8-17 The total area of stairs was determined and modeled as a single
footing for each set. Dimensions were determined as follows using
the length to width ratio for a single flight of stairs. Thickness was
averaged across the length of the stairs. All other specs are from
the structural drawings.

sqrt(area *4 / 14) = length

length * 4 / 14 = width

sqrt (170*4/14) = 24.4 ft

ft*4/14=7ft

Since this represents one of ten identical floors length is then
multiplied by 10

Length = 24.4 * 10 = 244 ft

Stairs 18+ The total area of stairs was determined and modeled as a single
footing for each set. Dimensions were determined as follows using
the length to width ratio for a single flight of stairs. Thickness was
averaged across the length of the stairs. All other specs are from
the structural drawings.

sqrt(area *4 / 14) = length

length * 4 / 14 = width

sqrt (1361*4/14) = 69 ft

69 ft*4 /14 = 19.7 ft

Assembly Group Assembly Type Assembly Name Specific Assumptions

BASIC MATERIALS Concrete Cast In Place 4000 psi Average Flyash Concrete (y| Volume added is the sum of the volumes remainin from the thick
concrete walls:

1089 ft *+846ft *+2910ft °+417ft ®=52621ft °
271t %= 1yd ®
5262 ft /27 ft3/yrd * =194.89yrd *




Window Assumptions and Calculations

Window Sub-

Assemblies # Windows | wins/Wins Total Wins
1 16 2 32

2 42 3 126

3 3 15 45

5 7 9 63

6 14 12 168

6A 3 16 48

7 3 6 18

8 21 6 126

9 3 6 18

4 6 12 72

716

Floors 8-17

6 8 12 96

8 4 6 24

2 16 3 48

168

Floor 18

6 6 12 72

2 2 3 6

9 2 6 12

8 8 6 48

7 6 6 36

174

Floors 3-5

1 12 2 24

2 8 3 24

3 8 15 120

6 4 12 48

7 3 6 18

8 7 6 42

9 2 6 12

288
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Window equivalents in window schedule for unspecified window units:

36 = type 6 = 12 windows total

22 = type 2 & 3 windows total
18 = type 8 = 8 windows total

35 = type 6 & 12 windows total

23 = type 2 = 3 windows total



29 = type 2 = 3 windows total
52 = type 8 & 8 windows total
28 = type 1 & 2 windows total
41 = type 6 = 12 windows total
26 = type 2 = 3 windows total
39 = type 9 = 6 windows total
38 = type 6 & 12 windows total
37 = 3 x type 7 & 6 windows each
19 = type 9 = 6 windows total
20 = type 2 = 3 windows total
45 = type 8 = 8 windows total
46 = type 8 = 8 windows total
48 = type 1 = 2 windows total
21 = type 2 and type 1 = 5 total
32 = type 3 = 15 windows total
43 = type 3 = 15 windows total
33 = type 3 = 15 windows total
23 = type 2 =& 3 windows total
25 = type 2 =& 3 windows total
28 = type 2 = 3 windows total
31 = type 2 = 3 windows total
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Appendix C: Aggregated Summary
Measures for Residences at UBC
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