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ABSTRACT

The following report is an analysis of the envir@mtal impacts created by the
University of British Columbia’s Buchanan buildinfhe analysis was done by creating a
material model in the Athena Environmental ImpastirBator. Takeoffs for the model were

done using OnScreen Takeoff 3.

The Buchanan building’s primary energy consumpii@s found to be 208.21 MJ £.ft
The weighted resource use was found to be 149.88tkgrhe global warming potential was
found to be 19.46 kg Cq. / kg / ft. The acidification potential was found to be 6m8les of
H+ eq. / kg / ff. The human health respiratory effects potential feand to be 0.06 kg PM
eq. / kg / f£. The eutrophication potential was found to be &M eq. / kg / ft The ozone
depletion potential was found to be 0.00 kg CFG41/ kg / ff. Finally, the smog potential was
found to be 0.10 kg NOx eq. / kg #.ft

In addition, a series of sensitivity analyses weaeied out to discover which materials
created the largest impacts. As expected, it wasddhat concrete had the biggest influence on
the buildings emissions. Moreover, it was discogtehat rebar had the largest impact on the

eutrophication potential of the Buchanan building.

An operating energy analysis was also carried auhe Buchanan building. It was
discovered that by increasing the building’s insalato meet the Residential Environmental
Assessment Program’s insulation requirements 464422 MJ of energy would be saved over

an 80 year building lifespan.
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1.0 INTRODUCTION

The Buchanan building is located at 1866 Main Mallthe Vancouver campus of the
University of British Columbia (UBC). It is a corate framed building that is heavily influenced
by the modern movement in architecture, specifydslies Van Der Rohe, Walter Gropius, and
the master plan of lllinois Institute of Technolo@riginal design work was carried out by the
architecture firm of Thompson, Berwick & Pra@onstruction of the building began in 1956 and
continued steadily through until 1960. The origioast of construction was $2 650 000. The
main function of the Buchanan building is to semgeoffice and teaching space for members of
the UBC Arts Department. The Buchanan building ®i89f five blocks: A, B, C, D and E.

These five blocks are arranged in a sideways Sesagighown in Figure 1 below.
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Figure 1. The Buchanan building.

Block A consists of 30 820%divided between two floors. Block B consists of @) ft
divided between three floors. Block C consists b280 ft divided between four floors. Block
D consists of 54 020%divided between three floors. Block E consist2b280 ff divided
between four floors. The Buchanan building hasta &rea of 190 940%t
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Block A’s main floor consists of three large le@unalls; its second floor consists of four
large classrooms, a student lounge and an officetnéoDean of the Arts Department. Blocks B
and D both consist of approximately thirty classnscspread out over three floors. Blocks C and

E both consist of approximately ninety offices sgteut over four floors.

The structural and envelope inputs related to thehBnan building are detailed in Table

1 below.
Table 1. Buchanan building characteristics.

Building System Specific Characteristics of Buchanan

Structure
Block A: Concrete beams and columns supporting concrepesdsd slabs
Block B and D: Concrete beams and columns supporting concrepesdsd slabs
Block C and E: Concrete beams and columns supporting concretesdsg slabs
Floors

Block A: Foundation: Concrete slab on grade; Second fleaspended slabs

Block B and D: Foundation: Concrete slab on grade; Second ardiftbhor: Suspended
slabs

Block C and E: Foundation: Concrete slab on grade; Second, #mddfloor: Suspended
slabs

Exterior Walls
Block A: Glazing dominated curtain walls and concrete blweKs with batt insulation

Block B and D: Mix of cast-in-place and concrete block walls withtt insulation
Block C and E: Mix of cast-in-place and concrete block walls withtt insulation

Interior Walls

Block A: Gypsum on wood stud walls
Block B and D: Gypsum on wood stud walls
Block C and E: Gypsum on wood stud walls

Windows
Block A: Standard glazing with aluminum framing

Block B and D: Standard glazing with aluminum framing
Block C and E: Standard glazing with aluminum framing

Roof

Block A: Suspended slab with 2-ply modified bitumen meménamfing and rigid
insulation

Block B and D: Suspended slab with 2-ply modified bitumen meménafing and rigid
insulation

Block C and E: Suspended slab with 2-ply modified bitumen meménafing and rigid
insulation

HVAC/heating

All Blocks. Steam generated by natural gas
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20 GOAL AND SCOPE
The following section outlines the goals and scoiphis project.
21  Goal of Study

This life cycle analysis (LCA) of the Buchananlding at the University of British
Columbia was carried out as an exploratory studyetermine the environmental impact of it's
design. The Buchanan building consists of fiveckéonamed Block A, Block B, Block C, Block
D, and Block E. This LCA of the Buchanan buildisgalso part of a series of twelve others

being carried out simultaneously on respectivedingjs at UBC with the same goal and scope.

The main outcomes of this LCA study are the eshivient of a materials inventory and
environmental impact references for the Buchanalding. An exemplary application of these
references are in the assessment of potentiakfgeenformance upgrades to the structure and
envelope of the Buchanan building. When this stedynsidered in conjunction with the
twelve other UBC building LCA studies, further ajpptions include the possibility of carrying
out environmental performance comparisons acrosS bidldings over time and between
different materials, structural types and buildingctions. Furthermore, as demonstrated
through these potential applications, this Buchamalding LCA can be seen as an essential part
of the formation of a powerful tool to help infortiee decision making process of policy makers
in establishing quantified sustainable developngeidelines for future UBC construction,
renovation and demolition projects.

The intended core audience of this LCA study hosé involved in building
development related policy making at UBC, suchthasSustainability Office, who are involved
in creating policies and frameworks for sustainal@eelopment on campus. Other potential
audiences include developers, architects, engira®duilding owners involved in design
planning, as well as external organizations suajpasrnments, private industry and other
universities whom may want to learn more or becemgaged in performing similar LCA

studies within their organizations.
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2.2 Scopeof Study

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

Buchanan building, as well as associated trandpamtaffects throughout.
2.3  Tools, Methodology and Data

Two main software tools are to be utilized to ctetgthis 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 TakeOffieer3.6.2.25 is used, which is a software
tool designed to perform material takeoffs withreased accuracy and speed in order to enhance
the bidding capacity of its users. Using impoudggital plans, the program simplifies the
calculation and measurement of the takeoff proaelse reducing the error associated with
these two activities. The measurements generagefbamatted into the inputs required for the
IE building LCA software to complete the takeofbpess. These formatted inputs as well as

their associated assumptions can be viewed in Aesi@xand B respectively.

Using the formatted takeoff data, version 4.0.6the IE software, the only available
software capable of meeting the requirements efgtidy, is used to generate a whole building
LCA model for the Buchanan building in the Vancouragion as an Institutional building type.
The IE software is designed to aid the building oamity in making more environmentally
conscious material and design choices. The tdukaes this by applying a set of algorithms to

the inputted takeoff data in order to completetieoff process and generate a bill of materials
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(BoM). This BoM then utilizes the Athena Life Cgdinventory (LCI) Database, version 4.6, in
order to generate a cradle-to-grave LCI profiletfa building. In this study, LCI profile results
focus on the manufacturing and transportation denls and their installation in to the initial
structure and envelope assemblies. As this sadycradle-to-gate assessment, the expected
service life of the Buchanan building is set toehry which results in the maintenance, operating
energy and end-of-life stages of the building’s tif/cle being left outside the scope of

assessment.

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

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

* Global warming potential

» 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 sensitindyais is then conducted in order to

reveal the effect of material changes on the impedfile of the Buchanan building. Finally,
using the UBC Residential Environmental AssessrReogiram (REAP) as a guide, this study
then estimates the embodied energy involved inaghgg the insulation and window R-values
to REAP standards and calculates the energy paylEesd of investing in a better performing

envelope.

The primary sources of data for this LCA are thiginal architectural and structural

drawings from when the Buchanan building was ititieonstructed in between 1956 and 1960.
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The assemblies of the building that are modelellidecthe foundation, columns and beams,
floors, walls and roofs, as well as the associatealope and openings (ie. doors and windows)
within each of these assemblies. The decisiomrtib ather building components, such as
flooring, electrical aspects, HVAC system, finisiiand detailing, etc., are associated with the
limitations of available data and the IE softwa®well as to minimize the uncertainty of the
model. In the analysis of these assemblies, sdritree@rawings lack sufficient material details,
which necessitate the usage of assumptions to edenirlie modeling of the building in the IE
software. Furthermore, there are inherent assomptnade by the IE software in order to
generate the bill of materials and limitations toatvit can model, which necessitated further
assumptions to be made. These assumptions andtloniwill be discussed further as they
energy in the Building Model section and, as prasip mentioned, all specific input related
assumption are contained in the Input Assumptiatsichent in Annex B.
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3.0 BUILDING MODEL

In order to carry out a reasonably accurate LChgasonably accurate building model
must first be computed.

31 Takeoffs

The first step in creating a reasonable buildinglehds to carry out a takeoff of the
materials used. The takeoff for the Buchanan bugldvas based on digital versions of the
original building drawing which were provided byetBC Records Department. Unfortunately,
due to the vintage of these drawings, many of thveme fairly grainy and hard to read. In
addition, the original drawings had been complétgtdand, making some of them even harder
to decipher. Furthermore, a few details regardiagenial types were not included in the
provided drawing set; thus, reasonable assumphiadso be made where the common materials
of the time were assumed to be used. For exantm@egrhount of fly ash used in the cement was

never explicitly stated; thus, an average amoumirgé percent was assumed.

The takeoffs for the Buchanan building were doriegi®nCenter’'s On-Screen Takeoff
3 Software. On-Screen allows for the building diraysi to be uploaded onto its interface so that
takeoffs could be digitally superimposed over fbipere are three basic types of takeoff
conditions available in On-Screen: linear, ared, @unt. The linear condition is used to
compute a linear length, such as the length of lwalited within the building. The area
condition is used to compute a surface area, ssithesarea of a roof slab. The count condition
is used to compute the number of times a certgecols present, such as the number of
windows located within a certain wall. Each assgngpbup in the EIE used a slightly different
combination of the above listed conditions, as w&sla few reasonable assumptions, to calculate
material takeoffs.

A few major assumptions were made to completepiogect to simplifying repeated
building assemblies and materials with the Buchdlaoks.

The first major assumption is that the second aird floors of Block B are the same.
Thus, only a takeoff of the second floor was congadout each assembly was modeled twice,

once for each floor. For example, assemblies B_Brdm&Column and B_3rd_Beam&Column
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are identical and both based off on takeoffs rdlédethe Block B second floor. Both floor plans
are identical in size and shape; thus, this assamphould not greatly affect the model. This
same assumption was used to relate all four flobBiock C which are also identical in size and

shape.

The second major assumption is that Blocks C ahdue equivalent material usage per
square foot. This meant that only Block C takewfése required. The Block C takeoffs were
then modeled in EIE to produce a Block C Bill of telgals. The Bill of Material amounts were
then multiplied by the ratio of Block E square fage to Block C square footage to create an
estimated Bill of Materials for Block E which issgilayed in the Appendix B. The values in this
new Bill of Materials were then entered into theafimodel through the Extra Basic Materials
assembly group. Both Block C and E are office bngd of almost identical layout; thus, this

assumption would not greatly affect the model.

The third major assumption is that Blocks B andr®identical buildings. Thus, much
like the first major assumption with similar flopnly a takeoff of the Block B was completed
but each assembly was modeled twice, once for Bextk. Both Blocks B and D are classroom
blocks with very similar layouts and have a lesth% difference in square footage, therefore,
this assumption should not greatly affect the motleé one exception was that the main floor of
Block D was more similar to the second floor of &{d rather than the main floor of Block B.
Because of this, both the main and second flooBlatk D were modeled the same as the

second floor of Block B.

The modelling techniques and assumptions spedifioaliated to each assembly group

are provided in greater detail in the next section.
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3.2  Assembly Groups

An overview of the modelling techniques and assionptrelated to each assembly
group are provided below. Actual calculations rdaip specific assembly assumptions are listed
in the EIE Input Assumptions Document, which isalied in Appendix B. The EIE Input
Assumptions Document can be directly comparedédd=i Inputs Tables, which are located in

Appendix A.
3.2.1 Columnsand Beams

The column and beam takeoffs were completed maisityy OnScreen’s count
condition. For each set, a count condition fornhenber of beams and a condition for the
number of columns were created and the two amouaits computed. The floor-to-floor height
and live load were then taken directly from whaswtated on the drawings. The supporting
span and bay size were then computed by takingubeage of each value within the designated
assembly type. For example, in the assembly B_2adn®&.Column there are bay sizes of both
27'4” and 10'2"; averaging out the two bay sizesulés in an average bay size of 21'6” which is

the value that was input into the EIE.
3.22 Floors

All floors within the Buchanan building are con@estuspended slabs. The surface area of
the slabs was computed using the area conditi@nfacreen. The computed areas were then
converted into rectangular slabs of equivalentasgfarea with spans between 12’ and 30’ as
those are close to the EIE span limits. The leagthspan of the idealized rectangular slabs were
then inputed into the EIE. For example, the assgdbPnd_Slab_5" Concrete comprised of a
slab 100’ by 122’ and another slab 20’ by 62’ whicbmbined, results in a total surface area of
13440 ft. A rectangular slab 120’ by 112’ results in anieglent surface area; thus, the latter
values were entered into the EIE. The concretagtineand live load were taken directly from
the drawings and then entered into the EIE asldsest possible acceptable value. For example,
a live load for classrooms was said to be 60 psfiidver, the closest value that the EIE accepts

is 75 psf. The flyash percentage was assumed avdrage.
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3.2.3 Roofs

All roofs in the Buchanan building are concretspnded slabs. The length, span,
concrete strength, live load, and flyash percengagall calculated in the same manner as the
floor suspended slabs. In addition, the Buchanafsroclude vapour barriers, insulation and a
bitumen roof envelope. The majority of the inpudsaciated with these envelope materials were
given in the building drawings; however, a fewlod values were not given and had to be
assumed. These assumptions include: the bitumestaadard modified, the insulation was

extruded polystyrene, and the vapour barrier wanl polyethylene.
3.24 Foundations

There are two foundation types that were usebigwmhodel: concrete footings and slabs

on grade.

The concrete footing takeoffs were completed maising area conditions in OnScreen.
An area condition was created for each assemblyertaroalculate the surface area of the given
footing type. If there were multiple similar fooyys they were combined to make a single footing
equivalent volume. The thickness of each assembl/necorded off of the drawings. If the
thickness was not an acceptable sizing accorditiget&IE it was decreased to the closest
acceptable size. At the same time the width ofdlbéing was increased to account for the
change in volume. For example, the assembly A Fatiord Footing_2'4" is actually a
combination of four 10’ square footings that arer&hes thick resulting in a total, combined
volume of 933.33 ft A single 20’ by 31'1.3” footing 18 inches thiclsa has the same volume;
thus, those are the values inputed into the EIBc@de strength and rebar size were also read
off of the drawings. If there were multiple reb&es in a footing an average size was assumed.
For example, assembly D_Foundation_Footing3' hag@and #7 sized rebar so #6 was used in
the model. If the rebar size is outside the rahgéthe EIE allows, the closest allowable value
was assumed. For example, assembly D_Foundatioting8®Vall has #8 rebar but #6 was

used in the model. The flyash percentage was asktoriee average.

Stairs were also modelled as concrete footings.stair takeoffs were done using the

linear condition in OnScreen and the stair detalvdngs. The thickness of the stairs was
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computed as the average thickness throughout.tAdra&calculations and assumptions were

completed using the methodology outlined for regatacrete footings.

Takeoffs for concrete slabs on grade were doregubke area condition in OnScreen.
Much like the suspended slabs, the computed areestiven converted into rectangular slabs of
equivalent surface area and the length and sptreaflealized rectangular slabs were then used
to create the model. For example, the assembly 8ndration_Slab4" comprised of a slab 98’ by
9'6” and another slab 26’ by 2'8” which, combineesults in a total surface area of 10604t
rectangular slab 40’ by 25’ results in an equivaknface area; thus, the latter values were
entered into the EIE. The slab thicknesses wenedan the drawings; however, EIE only
allows concrete slabs on grade to have thicknexs&sor 8”. To make the model compatible
with the EIE the thicknesses were converted tceeidli or 8” and the slabs length was changed
in order to maintain the original slab volume. Egample, assembly B_Foundation_Slab6" is
actually a 77’ by 65’ slab that is 6” thick whicksults in a total volume of 2502.5.fBy
changing the thickness to 8” the length would &lave to decrease from 77’ to 58’ to keep the
same area. Thus, a 58’ by 65’ slab with an 8” théds is what is entered into the model.
Furthermore, concrete strength was assumed to@@ p¥) with an average flyash percentage as
well as an assumed that there was a 6 mil polyeti®yVapour barrier underneath all slabs on

grade.
325 Walls

The wall types used in the Buchanan building areobows: concrete block, cast-in-

place, curtain, and wood stud.

The lengths of the concrete block walls are calaa using the linear condition in
OnScreen. Their heights and rebar sizes are foutiee building drawing. However, in the case
of rebar, if the rebar size listed in the drawiad¢ao big or too small to be input into the EIEe th
closest acceptable value was assumed. For exaagskenbly A_2nd_Brick_In calls for #3 rebar

in the drawings. Since #4 is the smallest sizetti®aEIE accepts, #4 rebar is used in the model.

Much like concrete block walls, the lengths oftaasplace walls are calculated using the
linear condition in OnScreen. Heights, thicknessencrete strength, and rebar size are taken

directly from the drawings. Much like the slabsgrade, the wall thicknesses are converted to
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either 8” or 12” (in order to be compatible withEBland the wall heights are changed in order to
maintain the original wall volume. Some of the wallso have #4 rebar which is outside of the
range available in EIE; thus, they are modeled w&hebar. The flyash percentage is assumed

to be the average.

The lengths of all curtain walls were calculatsthg the linear condition in OnScreen.
The thickness of insulation for all curtain wallasvassumed to be the same as all other exterior
walls in the model. The percent glazing and perspahdrel were calculated using elevation
details from the original drawings.

Like all other wall lengths, the lengths of wodddswalls were calculated using linear
conditions in OnScreen. The wall type, wall heighitid spacing, stud thickness, and sheathing
type were all found on the original drawings. Thedgype was assumed to be kiln-dried. For

wood studded walls that included gypsum board,leedu2” gypsum was assumed.

Windows for all walls were modeled as being fixdgh@inum frames even though
portions of many of the windows are, in fact, opégaBecause only small portions of the
windows are operable, assuming the windows arg fuéd is more accurate than assuming the
windows are fully operable. The count conditiorOnScreen was used to find the number of
windows related to a specific wall. The number afidows was then multiplied by the square
footage of a single window in order to computettital window area related to a given wall. For
example, assembly D_2nd_Wall_NS_Wood includes parsg¢e 9'9” by 7’ windows.

Multiplying the three values together yields a tetndow area of 2965.16%tthe value that is
used in the model. Many of the windows travelledtigh both an exterior concrete block wall
and an interior wood stud wall. In these casesvihdows were modeled with the interior wood
stud wall and empty holes were modeled into therextconcrete block wall. This is done so
that the windows are not modeled twice. For exantpkeassemblies B_2nd_Wall_NSBlock and
B_2nd_Wall_NS_Wood are located back-to-back aretefiore, share the same set of 92
windows and have the same total window area of A%6f. However, assembly
B_2nd_Wall_NS_Wood also includes wood window fraraes standard glazing where as
assembly B_2nd_Wall_NSBlock does not include aagnfng or glazing; thus, the window

materials are only counted once.
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Like windows, the number of doors within each resipe wall type was calculated using
the count condition in OnScreen. Exterior doorsengssumed to be aluminum with 80% glazing

whereas interior doors were assumed to be holloodvoore.

The drawings specified that many of the wood statlsincluded 1” batt insulation but
did not specify the specific type. Therefore, itsvessumed that rockwool batt insulation was

used.
3.2.6 ExtraBasic Materials

Other than the materials related to Block E, thig assumption made in extra basic
materials was related to the exterior porcelairefmlocated below the windows on Blocks B, C,
D, and E. The takeoffs for the porcelain panelsewtme using the count condition in OnScreen.
Once the number of panels was known it was mudiiphly the area in order to create total panel
area. This total panel area was then modeled na &gisic materials as standard glazing. This
was done because the EIE does not have porcelasiraterial database; standard glazing was

used because it is the most closely related méateribe EIE.
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Table 2 below displays the bill of materials foe tBuchanan model as computed by the

EIE.
Table 2. Bill of materials.

Material Quantity Unit
1/2" Gypsum Fibre Gypsum Board 107249.45 | sf

3 mil Polyethylene 68438.89 | sf

6 mil Polyethylene 39477.50 | sf
Aluminium 39.60 | Tons
Batt. Fiberglass 518.90 | sf (17)
Batt. Rockwool 33480.50 | sf (1)
Concrete 20 MPa (flyash av) 15.57 | yd3
Concrete 30 MPa (flyash av) 12589.95 | yd3
Concrete Blocks 48921.00 | Blocks
EPDM membrane 5882.29 | Ib
Extruded Polystyrene 60729.31 | sf (17)
Galvanized Sheet 0.10 | Tons
Glazing Panel 10.65 | Tons
Joint Compound 8.97 | Tons
Madified Bitumen membrane 12306.89 | Ib
Mortar 207.31 | yd3
Nails 16.85 | Tons
Paper Tape 0.10 | Tons
Rebar, Rod, Light Sections 505.24 | Tons
Screws Nuts & Bolts 0.13 | Tons
Small Dimension Softwood Lumber, kiln-dried 122.31 | bdfm
Softwood Plywood 25.63 | msf (3/8”)
Standard Glazing 50330.43 | sf
Water Based Latex Paint 73.67 | US gallons
Welded Wire Mesh / Ladder Wire 2.84 | Tons

It is important to keep in mind that there is saimeertainty related to the accuracy of

the Bill of Materials due to the assumptions mamgin the previous section.

Firstly, because the EIE Bill of Materials accoufmisconstruction wastes, modelling

Block E off of the Block C bill of materials will\@restimate the amount of materials in Block E

by an additional 5%.

Secondly, the live loads allowed for by the EIE avslightly different from the live loads

that the Buchanan building was originally desigf@d This led to many of the live loads,
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relating to the columns and beams, and suspendbsd, $leing overestimated. This, in turn,
likely led to a slight over estimation in the amboh4000 psi concrete and rebar used in

construction.

Thirdly, by modelling all the windows as fixed wherany are, in fact, partially operable
would lead to the amount of framing material (sastaluminum, screws, nuts, and bolts) being
underestimated. However, many of the windows irBbhehanan building include coupling
mullions. The EIE does not take into account coxygpinullions; it assumes all windows have
their own independent frame. Thus, the amountashing materials is also overestimated.
Because these two relatively equal uncertaintiesvske results in opposite directions they
would, hypothetically, cancel each other out.
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40 SUMMARY MEASURES

The following section describes the potential edibo effects that the different life cycle

stages of the Buchanan building have and pointesider regarding their accuracy.
41  Embodied Effects

The various embodied effects that were analyzedisreport are: acidification potential,
global warming potential, human health respiratffgcts, ozone depletion, smog potential,
eutrophication potential, weighted resource usd,arergy consumption. A more complete
explanation of these embodied effects can be faufthe Journal of Industrial Ecology located
on TRACI's website or in the help menu of the EIE.

Energy consumption refers to the amount of eneogygemed to transform and/or
transport raw materials into products and buildifgygergy consumption is reported in mega-
joules. The average energy consumption for acadeuiidings on UBC campus was found to
be approximately 363.58 MJ.

Acidification potential consists of the procestes increase the acidity of water and soil
systems. Acid deposition can corrode buildings @heér man-made structures. Acidification is
reported as Hequivalence effect on a mass basis. The averagj@iGation for academic
buildings on UBC campus was found to be approxim&®6 moles of H+ eq. / kg.

Global warming potential refers to the potentishiote in the earth’s climate caused by
the accumulation of greenhouse gas emissionsrtatéflected sunlight heat which would have
otherwise passed out of the earth’s atmosphereselti@ses can be absorbed and neutralized by
the environment; however, recently the rate oferemissions has exceeded the rate of
absorption. Global warming potential is reporte@@sivalency basis relative to GO in kg.

The average global warming potential for academitdimgs on UBC campus was found to be
approximately 32.48g CQO; eq. / kg.

Human health respiratory effects refer to the pbilig of ambient particulate matter
negatively effecting human health. Ambient concatidns of particulate matter are strongly
associated with rates of mortality and chronic aagte respiratory symptoms. Human health
respiratory effects are reported as equivalent $£Whe average human health respiratory effect

for academic buildings on UBC campus was foundetajproximately 0.0Rg PM; 5 eq. / kg.
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Ozone depletion is the potential reduction of thetgrtive ozone within the stratosphere
caused by emissions of ozone-depleting substa@zesme-depleting substances, such as
anthropogenic emissions of chlorofluorocarbons (§FRd halons, are believed to be causing
an acceleration of destructive chemical reactidhgese chemical reactions, in turn, are believed
to be causing lower ozone levels and ozone “hatesértain locations. Ozone depletion is
reported as mass of equivalent CFC-11. The averagee depletion potential for academic
buildings on UBC campus was found to be approxim#&®0kg CFC-11 eq. / kg.

Smog potential refers to the potential formatiomezfctive oxidant gases (ozone gases) in
the troposphere. Having these gases present inojhesphere leads to detrimental impacts on
human health and ecosystems. Rates of ozone fammatthe troposphere are governed by
complex chemical reactions, which are, in turnluefced by ambient concentrations of nitrogen
oxides, volatile organic compounds, temperatureligit, and convective flows. Smog potential
is reported as mass of equivalent ethylene bakisaVerage smog potential for academic
buildings on UBC campus was found to be approxim&td 5kg NOx eq. / kg.

Eutrophication potential refers to the potentiatifization of surface waters by
previously scarce nutrients. When a previouslyszautrient is added to surface water it can
lead to the proliferation of aquatic photosynthelant life. This, in turn, may lead to further
consequences, such as: foul odor or taste; degbisoning of fish or shellfish; reduced
biodiversity; or the production of chemical compdsrthat are toxic to humans, marine
mammals, or livestock. Eutrophication is reporteegquivalent mass of nitrogen basis. The
average eutrophication potential for academic Ingislon UBC campus was found to be
approximately 0.0@g N eq. / kg.

Weighted resource use refers to the amount of laater and fossil fuels that are
depleted due to the raw materials extraction, magtufing, transportation and construction of
the building. The methodologies that support tls®uece depletion categories have the least
consensus out of all the emission effect categofiesre is still no consensus on the “value” of
resources; thus, the ways of calculating this catewill likely change over time as research
develops. Weighted resource use is reported as mlassverage weighted resource use for

academic buildings on UBC campus was found to Ipecimately 244.44 kg.
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The following table displays the estimated embodiects related to the Buchanan

building at the manufacturing and construction &jele stages in addition to the total estimated

effects.

Table 3. Embodied effects at different life stages.

Manufacturing

Impact Category Units Material Transportation Total
Primary Energy Consumption MJ 34389142.41 1139442.491 | 35528584.91
Weighted Resource Use kg 28450195.33 34192.10287 | 28484387.43

Global Warming Potential
Acidification Potential

HH Respiratory Effects Potential
Eutrophication Potential

Ozone Depletion Potential
Smog Potential

(kg CO2 eq/ kg)
(moles of H+ eq / kg)
(kg PM2.5 eq / kg)
(kg N eq / kg)

(kg CFC-11 eq/ kg)
(kg NOx eq / kg)

3600411.836

1999.984821

3602411.821

1173756.602

680.0883298

1174436.691

11838.89144

0.819842164

11839.71129

103.3115121

0.004880722

103.3163929

0.008780179

8.23655E-08

0.008780261

17840.70498

15.32739835

17856.03238

Construction

Impact Category Units Material Transportation Total
Primary Energy Consumption MJ 1578262.804 2648809.894 | 4227072.698
Weighted Resource Use kg 72479.56054 60281.45049 132761.011
Global Warming Potential (kg CO2 eq / kg) 107898.3086 4476.192373 112374.501
Acidification Potential (moles of H+ eq / kg) 51294.9822 1442.856772 52737.83897
HH Respiratory Effects Potential (kg PM2.5 eq / kg) 57.43534834 1.735593432 59.17094177
Eutrophication Potential (kg N eq / kg) 0.000329405 0.010899619 | 0.011229024
Ozone Depletion Potential (kg CFC-11 eq / kg) 1.00566E-10 1.83384E-07 | 1.83485E-07
Smog Potential (kg NOXx eq / kg) 1270.723373 32.27660754 1302.99998

Total Effects

Impact Category Units Overall Per Square foot
Primary Energy Consumption MJ 39,755,657.60 208.21
Weighted Resource Use kg 28,617,148.44 149.88
Global Warming Potential (kg CO2 eq/kg) 3,714,786.32 19.46
Acidification Potential (moles of H+ eq / kg) 1,227,174.53 6.43
HH Respiratory Effects Potential (kg PM2.5 eq / kg) 11,898.88 0.06
Eutrophication Potential (kg N eq / kg) 103.33 0.00
Ozone Depletion Potential (kg CFC-11 eq / kg) 0.01 0.00
Smog Potential (kg NOx eq / kg) 19,159.03 0.10
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It is important to note that for every embodiedeetfanalyzed, approximately 98% of the
impacts took place during the manufacturing ofrttagerials stage. This is, most likely, because
the manufacturing stage includes the raw resouttacions, processes that have very high

environmental impacts.
4.3  Uncertainty Related to Values

As stated earlier, the Tool for the Reduction Asdessment of Chemical and other
environmental Impacts (TRACI) is what is used by EiE to compute the embodied effects of a
given model. Unfortunately, there is some uncetyaielated to calculating these values. It is
important to be aware of these uncertainties ty fulderstand what these values mean.

For instance, one should note that TRACI uses aadpnodelling instead of endpoint
modelling. Midpoint modelling refers to the potehimpacts created, not the actual impacts.
Therefore, it is possible that a predicted impastem actually occurs.

There are also assumptions about the specialbi#giaf the impacts. This is important
because many of the impact categories, such aieatidn and resource use, only affect the
regions in which they occur. Although it is possibibr TRACI to regionalize its emission
effects, the EIE does not do this. Instead it agsunon-regionalized effects. Since emissions do
affect different environmental regions differentiycertainty in the results is created.

Even if regional effects are taken into accoung owst also be aware of the fact that not
all the emissions occurred in the same locatiomv Raterials can be mined thousands of
kilometres away from where a building is being ¢anged. Thus, the impacts related to the raw
material extraction and the impacts caused by tiildibg assembly can occur in completely
different locations. In addition, different emissgohave different travel potential. Air emissions,
for example, have a far greater travel potentiahttand and water emissions. This is important
because the larger the area in which an emissionezeh the greater the potential impact it can
have.

TRACI also makes assumptions about the temporé&hiity of the impacts. Many
emissions have “shelf lives;” thus, a past emissigumally has a lower impact than a current or
future emissions of the same kind because they, ligeby, already started being neutralized by
the surrounding environment. Moreover, it is pagsfbr two emissions to chemically interact

and create a different emission with a differentiemmmental impact. It would be nearly
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impossible for TRACI to take this into account sirane cannot readily predict all present
emissions in the area and how they will interaastresulting in further uncertainty in the
model’'s environmental impact.

TRACI also assumes that ecological processes melspaa linear manner to mediate
environmental impacts. Thus, TRACI does not takeruention thresholds into account. This is
important because the rate in which environmemtgkicts are neutralized by the environment

changes the likelihood of impacts negatively effexthe surrounding environment.
4.4  Sensitivity Analysis

A sensitivity analysis was carried out on a fewhef different construction materials
used to create the Buchanan building. Sensitiiglysis is a technique that is used to determine
how different values of an independent variablé wwipact a particular dependent variable
under a given set of assumptions. A sensitivityhyamgis a very useful tool to carry out with an
LCA because it helps breakdown the different eméxbeaiffects related to the different building
materials. Being aware of what building materiaase the bulk of the impacts can help
designers make more informed and, in turn, bettersibns. Figure 2 displays the percent
change of embodied effects caused by a 10% chartge emount of the following independent

variables: 4000 psi concrete; concrete blocks; edlum; and rebar, rods, and light sections.
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Figure 2. Percent change of overall embodied effects duelt@’a change in given material

amount.

It is important to be aware that the majorityleé Buchanan building is made of 4000 psi
concrete; thus, a 10% change in the amount of #8D8oncrete has more significance than a
10% change in any of the other materials used. Mewé is still important to note just how
great an impact the concrete has on the emissieatebf the building. If a less impactful

process of producing concrete was discovered s#saould greatly decrease the building’s

overall impact.

It is interesting to see on the graph that thareised in the Buchanan building is the
driving force behind the buildings eutrophicatiastgntial. Therefore, if minimizing
eutrophication potential was a specific goal ofdlesign, minimizing the amount of rebar within

the structure would probably be the easiest wagchfeving this.
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It is also interesting to see that the rebar hagpewable primary energy consumption to
4000 psi concrete even though there is a far lasdame of rebar. This is caused because the

manufacturing of steel is a far more energy intemgpirocess than the creation of concrete.

A sensitivity analysis was also carried out to disr how greatly the porcelain panels
located on the exterior of Blocks B, C, D, and Bpaut the environment. Please keep in mind
that the porcelain panels were modeled as stargiazahg in the EIE; thus, there is slightly
more uncertainty related to these results. Thegmage of the buildings embodied effects

caused by the porcelain panels are displayed iar&ig below.
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Figure 3. Percentage of embodied effects due to porcelaielpan

It is interesting to note how significantly a sinaksthetic design feature, such as these
porcelain panels, can impact the environment. Kample, as shown in Figure 3, the porcelain
panels were responsible for almost 7% of the p@teimiman health respiratory effects caused
by the Buchanan building. This is an excellent epi@nof a situation where carrying out a LCA
could help designers make a more informed decisidhe designers of the Buchanan building
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were aware of the environmental impacts relatatieqorcelain panels maybe they would have

decided to use a lower-impacting material for taegds, or maybe not include the panels at all.
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5.0 BUILDING PERFORMANCE

The following section looks into how the currentdBanan building performs from an
energy perspective. In addition, an idealized,iversf the Buchanan building, with respect to
operating energy, is analyzed to roughly inveséidedw materials can reduce further impacts

during the service life of the building.
51  Energy Performance Improving Materials

All building materials require energy to be embaldierough their extraction,
manufacturing, transportation, and assembly intlwlimgs in construction. However, some
materials can offset their embodied energy whesemice by resisting heat transfer and, thus,
allowing the building to operate using a lower amtoof operational heating energy. Over the
course of a building’s lifetime the amount of ogerg energy that a fairly resistant material can
save can become a fairly significant factor in lreddo minimize the buildings overall

environmental impact.

Insulation materials such as batt rockwool anduebed polystyrene are great examples
of materials that, if implemented extensively iatdesign, can significantly lower the amount of
operating energy needed over a building’s lifetikdsing low E argon filled windows instead of

single pane glazing is another way that energyngsvtan be achieved.
5.2  Energy Performance Payback Period

Although using strategic materials, like thosevpresly stated, can significantly lower
operating energy needs in the long term, they bsuaduire more initial energy to be embodied
in their manufacturing when compared to their senpless insulating counterparts. Therefore, it
is important to calculate the energy payback peoidthe building. The energy payback period is
the amount of time it takes for the operating epeayings to outweigh the extra initial
embodied energy. If the building service life ipegted to be greater than the payback period,
the use of operating energy saving materials wallddv the building to have a lower impact

than it otherwise would.
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5.3  Energy Performance of Buchanan

Calculations were done on the Buchanan building\estigate what type of operating
energy saving could be achieved given idealizedlaisig materials. In order to do this an
energy performance analysis was carried out fdn b actual building and the idealized
version of the building. Only roof and wall insutat, and window materials were considered in
this analysis because they account for the vasinhapf the building’s thermal insulation. The
roof insulation was 1” extruded polystyrene, thdlwesulation was 1” batt rockwool, and the
windows were standard glazing. The first step wasatculate the window, wall and roof surface
area of the building and the R-values of the varimaterials. R-values are used in the
construction industry to quantify a material’s thet resistance in @t h)/ BTU. The higher the
R-value the better insulating the material is. Raealues for the insulating materials used in the

Buchanan building are given in Table 4 below.

Table 4. Material R-values.

R-Value
(ft> F h)/ BTU)
Extruded polystyrene 5 per 1"
Batt. Rockwool 3.14 per 1"
Low E silver argon filled glazing 3.75 per total
Standard glazing (single pane) 0.91 per total

Next, the R-values of an idealized building werguased to be the minimum Residential
Environmental Assessment Program’s (REAP) insutateguirements. In order to account for
the increased thermal resistance requirementsjéaéized building model replaced the 1”
extruded polystyrene with 8” extruded polystyrethe, 1” batt rockwool with 5.73” batt
rockwool, and the standard glazing with Low E gilaggon filled glazing.



Cortese 26

Using the areas and R-values a weighted averagdu®-was computed for both the

actual and ideal building models, seen in Table 5.

Table5. Surface areas and R-values.

R-Value (ft F h/BTU)
Area (ft2) Actual Building Ideal Building
Exterior Wall 49666.71 3.14 18
Window 30078.69 0.91 3.75
Roof 64242 5 40
Weighted Average 143987.4 3.50 24.84

The next step is to find the heat loss throughbthikeling assemblies. The heat loss

through an assembly can be calculated via theviatigp equation.

Q = (1/R) x A XAT

Where,
R = Calculated R-Value in’®F h/BTU
A = Surface area of assembly of interestn ft

AT =('Inside Temperature — Outside Temperaturefrin °
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The heat loss values were then extrapolated ov80amear period. In addition, the actual
and idealized buildings were both modelled in tih€ &nd the initial embodied energy
requirements of both were found. The total eneegyirements for both the buildings are shown
in Figure 4.
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Figure4. Total energy use by actual and idealized buildings

As shown in Figure 4, the idealized building istfi@ore energy efficient over its lifetime
as it would save 464 520 422 MJ of energy overGyedr building lifespan. In addition, the
energy payback is almost instant. Therefore, itlddave an energy efficient idea to construct
the original building using the idealized insulatidt may not, however, be environmentally
logical to replace the current insulation with ttlealized insulation at this time. This is because
manufacturing and construction impacts relatedhéocurrent insulations have already occurred,;
thus, changing the insulations now would meanttiainitial energy usage would become the
sum of both the actual and ideal insulation ca$esometime in the future, the current
insulations have to be replaced for maintenancsoresait would then make sense to replace the

current insulations with the idealized insulations.
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6.0 CONCLUSION

Modelling and running an LCA on the Buchanan buidgallowed for many of the
building’s embodied effects to be calculated. Bseanf the many sources of uncertainty, these
values should be used with their consideration. élew, the results do give an initial estimation
of the environmental impacts associated with tla€llerto-gate life cycle of the Buchanan
building. Major findings include, the primary engrepnsumption was found to be 208.21 MJ /
ft?. The weighted resource use was found to be 14 88. The global warming potential was
found to be 19.46 kg Cq. / kg / ft. The acidification potential was found to be 6m8les of
H+ eq. / kg / ff. The human health respiratory effects potential feand to be 0.06 kg PM
eq. / kg / f£. The eutrophication potential was found to be &M eq. / kg / ft The ozone
depletion potential was found to be 0.00 kg CFG41/ kg / ff. Finally, the smog potential was
found to be 0.10 kg NOx eq. / kg #.ft

In addition to finding the overall impacts asstethwith the building, a series of
sensitivity analyses were carried out to discovieicty materials created the largest impacts. As
expected, it was found that concrete, the mostgbeav material used in the building, had the
biggest influence on the building’s emissions. ldwger, it was also discovered that rebar, a
material that was not used nearly as extensivetpasrete, had a far more significant effect on
the eutrophication potential of the building thhe toncrete. Thus, if minimizing eutrophication
potential is a design requirement then one shadds on minimizing the amount of rebar used.
A separate sensitivity analysis was carried ouherporcelain panels located on the exterior of
the building. It was found that the panels wereddese of almost 7% of the human health
respiratory effects potential associated with tiiel&nan building. Thus, removing these panels,

which serve no structural purpose, would noticeétlyer the human health respiratory effects.

An operating energy analysis was also carriecbauhe Buchanan building. It was
computed that increasing the building’s insulatiomeet the REAP’s insulation requirements
would save 464 520 422 MJ of energy over an 80 lgadding lifespan. Thus, it would have
made sense from an energy conservation standpadiavie increased the amount of insulation to

match the REAP’s insulation requirements when thillimg was initially constructed.
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Assembly Assembly Assembly
Group Type Name Input Fields Ideal Inputs EIE Input
1 Columns and Beams
1.1 Mixed Columns and Beams

1.1.1 A Main_Beam&Column
Type Concretg Concrete
Number of Columns 44 44
Number of Beams 338 3B
Height (ft) 10.25 10.25
Bay Size (ft) 40 4Q
Supported Span (ft) 1D 10
Live Load (psf) 60| 75

1.1.2 A Main_Beam&Column2
Type Concretg Concrete
Number of Columns 24 24
Number of Beams 1 18
Height (ft) 10.25 10.25
Bay Size (ft) 10 1Q
Supported Span (ft) 20 20
Live Load (psf) 60| 75

1.1.3 A _2nd_Beam&Column
Type Concretg Concrete
Number of Columns 44 44
Number of Beams 3 3B
Height (ft) 15.6 15.6
Bay Size (ft) 10| 10
Supported Span (ft) 40 40
Live Load (psf) 40 45

1.1.4 A 2nd_Beam&Column2
Type Concretg Concrete
Number of Columns 24 24
Number of Beams 1 1B
Height (ft) 15.6 15.4
Bay Size (ft) 10 1Q
Supported Span (ft) 2D 20
Live Load (psf) 40 45

1.1.5 B_Main_Beam&Column_Outside
Type Concretg Concrete
Number of Columns 44 44
Number of Beams 36 3p
Height (ft) 9.75 9.7§
Bay Size (ft) 16.75 16.7p
Supported Span (ft) 20 20
Live Load (psf) 60 75

1.1.6 B_Main_Beam&Column_Inside
Type Concrete Concrete
Number of Columns 3 38
Number of Beams 42 4p
Height (ft) 9.75 9.7§
Bay Size (ft) 16.75 16.75
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Supported Span (ft) 8.3/ 10
Live Load (psf) 60 75
1.1.7 B_2nd_Beam&Column
Type Concrete Concrete
Number of Columns 79 79
Number of Beams i 7\
Height (ft) 11 11
Bay Size (ft) 21.6 21.6
Supported Span (ft) 13.51 13.51
Live Load (psf) 60| 75
1.1.8 B_3rd_Beam&Column
Type Concrete Concrete
Number of Columns 79 79
Number of Beams i 7\
Height (ft) 11 11
Bay Size (ft) 21.6 21.¢
Supported Span (ft) 13.51 13.51
Live Load (psf) 60 75
1.1.9 C_2nd_column&beam
Type Concretg Concrete
Number of Beams 56 5p
Number of Columns 6 6D
Height (ft) 9.08 9.0§
Bay Size (ft) 9.4 1Q
Supported Span (ft) 9.5 9|5
Live Load (psf) 50 75
1.1.10 C_main_column&beam
Type Concrete Concrete
Number of Beams 56 56
Number of Columns 6 6D
Height (ft) 9.08 9.08
Bay Size (ft) 9.4 10
Supported Span (ft) 9.5 9|5
Live Load (psf) 50 75
1.1.11 C_3rd_column&beam
Type Concretg Concrete
Number of Beams 56 5p
Number of Columns 6 6D
Height (ft) 9.08 9.08
Bay Size (ft) 9.4 1Q
Supported Span (ft) 9.b 9|5
Live Load (psf) 50 75
1.1.12 C_4th_column&beam
Type Concrete Concrete
Number of Beams 56 56
Number of Columns 6 6D
Height (ft) 9.08 9.08
Bay Size (ft) 9.4 10
Supported Span (ft) 9.5 9|5
Live Load (psf) 50 75
1.1.13 D_main_Beam&Column
Type Concrete Concrete
Number of Columns 79 79
Number of Beams 77 7\
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Height (ft) 11 11
Bay Size (ft) 21.6 21.6
Supported Span (ft) 13.51 13.51
Live Load (psf) 60 75
1.1.14 D_2nd_Beam&Column
Type Concrete Concrete
Number of Columns 79 79
Number of Beams 77 7\
Height (ft) 11 11
Bay Size (ft) 21.6 21.¢
Supported Span (ft) 13.51 13.51
Live Load (psf) 60| 75
1.1.15 D_3rd_Beam&Column
Type Concrete Concrete
Number of Columns 79 79
Number of Beams i 7\
Height (ft) 11 11
Bay Size (ft) 21.6 21.4
Supported Span (ft) 13.51 13.51
Live Load (psf) 60 75
2 Floors
2.1 Concrete Suspended Slabs
1.2.1 A 2nd_Slab_5" Concrete
Length (ft) 100 and 2 448
Span (ft) 122 and 62 30
Concrete (psi) 400 4000
Live Load (psf) 60| 75
Concrete flyash % average
1.2.2 A 2nd_Slab_6" Concrete
Length (ft) 60 and 2( 30
Span (ft) 11 and 41 186
Concrete (psi) 400! 4000
Live Load (psf) 60| 74
Concrete flyash % average
1.2.3 A _MainStairs_Landings
Length (ft) 155 15.5
Span (ft) 20 20
Concrete (psi) 400 4000
Live Load (psf) 100 10(
Concrete flyash % average
1.2.4 B_Main_Slab4.5"
Length (ft) 79.5 177.71
Span (ft) 67 30
Concrete (psi) 400! 4000
Live Load (psf) 60| 75
Concrete flyash % average
1.2.5B 2nd_Slab4.5"
Length (ft) 260 580.33
Span (ft) 67 30
Concrete (psi) 400 4000
Live Load (psf) 60 75
Concrete flyash % average
1.2.6 B_3nd_Slab4.5"
| Length (ft 260 580.33
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Span (ft) 67 | 30
Concrete (psi) 4000 4000
Live Load (psf) 60 75
Concrete flyash % average
1.2.7 B_LinkStairs_Landing
Length (ft) 9.21 20.26
Span (ft) 66 30
Concrete (psi) 400 4000
Live Load (psf) 100 10(
Concrete flyash % average
1.2.8 B_LinkStairs_Entrance
Length (ft) 9.21 9.21
Span (ft) 23 23
Concrete (psi) 400! 4000
Live Load (psf) 100 100
Concrete flyash % average
1.2.9 B_MainStairs_Landings
Length (ft) 9.21 27.937
Span (ft) 91 30
Concrete (psi) 400 4000
Live Load (psf) 100 100
Concrete flyash % average
1.2.10 C_2nd_slab
Length (ft) 141 178.6
Span (ft) 38 30
Concrete (psi) 400 4000
Live Load (psf) 50| 75
Concrete flyash % average
1.2.11 C_main_slab
Length (ft) 141 178.6
Span (ft) 38 30
Concrete (psi) 400! 4000
Live Load (psf) 50| 74
Concrete flyash % average
1.2.12 C_3rd_slab
Length (ft) 141 178.6
Span (ft) 38 30
Concrete (psi) 400 4000
Live Load (psf) 50| 75
Concrete flyash % average
1.2.13 C_4th_slab
Length (ft) 141 178.6
Span (ft) 38 30
Concrete (psi) 400! 4000
Live Load (psf) 50| 75
Concrete flyash % average
1.2.14 C_LinkStairs_Landings
Length (ft) 32 32
Span (ft) 15 15
Concrete (psi) 400 4000
Live Load (psf) 100 100
Concrete flyash % average
1.2.15 C_ExitStairs_Landings
| Length (ft 12 9
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Span (ft) 9 | 12
Concrete (psi) 4000 4000
Live Load (psf) 100 100
Concrete flyash % average

1.2.16 D_Main_Slab4.5"
Length (ft) 79.5 177.71
Span (ft) 67 30
Concrete (psi) 400 4000
Live Load (psf) 60| 75
Concrete flyash % average

1.2.17 D_2nd_Slab4.5"
Length (ft) 260 580.33
Span (ft) 67 30
Concrete (psi) 400! 4000
Live Load (psf) 60 75
Concrete flyash % average

1.2.18 D_3nd_Slab4.5"
Length (ft) 260 580.33
Span (ft) 67 30
Concrete (psi) 400 4000
Live Load (psf) 60 75
Concrete flyash % average

1.2.19 D_LinkStairs_Landing
Length (ft) 9.21 20.26%
Span (ft) 66 30
Concrete (psi) 400 4000
Live Load (psf) 100 10(
Concrete flyash % average

1.2.20 D_LinkStairs_Entrance
Length (ft) 9.21 9.21
Span (ft) 23 23
Concrete (psi) 400! 4000
Live Load (psf) 100 10(
Concrete flyash % average

1.2.21 D_MainStairs_Landings
Length (ft) 9.21 27.937
Span (ft) 91 30
Concrete (psi) 400 4000
Live Load (psf) 100 10(
Concrete flyash % average

3 Roofs
3.1 Concrete Suspended Slabs

3.1.1 A_Roof Entrance
Length (ft) 50 100
Span (ft) 60 30
Concrete (psi) 400 4000
Live Load (psf) 40 45
Concrete flyash % average

Define
Envelope Category Roof Envelope Roof Envelgpe
Material Bitumen Bitumer
Standard

Type - Modified
Thickness - -
Category Insulatior} Insulatiop
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Material - Polystyrene
Type - Extruded
Thickness (in.) 1 2
Category - Vapour barrier
Material - Polyethylene
Type - 3 mil
Thickness - -
3.1.2 A_Roof_ConcreteSlab
Length (ft) 100 379.17
Span (ft) 122 30
Concrete (psi) 400! 4000
Live Load (psf) 40 45
Concrete flyash % average
Define
Envelope Category Roof Envelope Roof Envelope
Material Bitumen Bitumen
Standard
Type - Modified
Thickness - -
Category Insulatior} Insulatiop
Material - Polystyrene
Type - Extruded
Thickness (in.) 1 2
Category - Vapour barrier
Material - Polyethylene
Type - 3 mil
Thickness - -
3.1.3 B_Roof_Slab4.5"
Length (ft) 260 580.67
Span (ft) 67 30
Concrete (psi) 400 4000
Live Load (psf) 40 45
Concrete flyash % average
Define
Envelope Category Roof Envelope Roof Envelape
Material Bitumen Bitumer
Standard
Type - Modified
Thickness - -
Category Insulation Insulatioh
Material - Polystyrene
Type - Extruded
Thickness (in.) 1 2
Category - Vapour barrier
Material - Polyethylene
Type - 3 mil
Thickness - -
3.1.4 C_Roof_Slab
Length (ft) 141 178.6
Span (ft) 38 30
Concrete (psi) 400 4000
Live Load (psf) 40 45
Concrete flyash % average
Define
Envelope Category Roof Envelope Roof Envelope
Material Bitumen Bitumen
Standard
Type - Modified
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Thickness - -
Category Insulatior} Insulatiop
Material - Polystyrene
Type - Extruded
Thickness (in.) 1 2
Category - Vapour barrier
Material - Polyethylene
Type - 3 mil
Thickness - -
3.1.5 D_Roof_Slab4.5"
Length (ft) 260 580.67
Span (ft) 67 30
Concrete (psi) 400 4000
Live Load (psf) 40 45
Concrete flyash % average
Define
Envelope Category Roof Envelop Roof Envelgpe
Material Bitumen Bitumer
Standard
Type - Modified
Thickness - -
Category Insulatior} Insulatiop
Material - Polystyrene
Type - Extruded
Thickness (in.) 1 2
Category - Vapour barrier
Material - Polyethylene
Type - 3 mil
Thickness - -
4 Foundations
4.1 Concrete Footings
4.1.1 A_Foundation_Footing_1'6"
5 @ approx.
Length (ft.) 5.25 10
5 @ approx.
Width (ft.) 5.25 13.9
Thickness (in.) 19 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5 5
4.1.2 A_Foundation_Footing_2'
Length (ft.) 2@3and 7.5 B
Width (ft.) 2@ 3and 7.1 12.33
Thickness (in.) 24 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 6 and 3
4.1.3 A_Foundation_Footing_2'4"
Length (ft.) 4@ 10 2(
Width (ft.) 4@ 10 31.11
Thickness (in.) 28 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 8 6
4.1.4 A_Foundation_Footing_1'9"
| Length (ft) 7 7
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Width (ft.) 7 8.17
Thickness (in.) 21 18
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 6 6
4.1.5 A_Foundation_Footing_2'6"x1'6"
Length (ft.) 84 84
Width (ft.) 2.5 2.5
Thickness (in.) 19 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 4 4
4.1.6 A_Foundation_Footing_3'x1'6"
Length (ft.) 15 15|
Width (ft.) 3 3
Thickness (in.) 19 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 4 4
4.1.7 A_Foundation_Footing_1'6"x2'
Length (ft.) 298 299
Width (ft.) 15 2
Thickness (in.) 24 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 4 4
4.1.8 A_Foundation_Footing_3'6"x2"
Length (ft.) 125 125
Width (ft.) 35 4.67
Thickness (in.) 24 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 4 4
4.1.9 B_Foundation_Footing16"
4@5.33 and
Length (ft.) 8@5.83 20
4@5.33 and
Width (ft.) 8@5.84 19.3
Thickness (in.) 16 14
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5 5
4.1.10 B_Foundation_Footing3'
12 between 20
Length (ft.) 25 40
12 between 6-
Width (ft.) 6.33 70
Thickness (in.) 36 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5,6and} 6
4.1.11 B_Foundation_Footingl'
Length (ft.) 6 @ 3.25 g
Width (ft.) 6 @ 3.25 8
Thickness (in.) 12 .
Concrete (psf) 4000 4000
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Concrete flyash % average
Rebar # 4 4
4.1.12 B_Foundation_Footing2'Wall
Length (ft.) 96 96|
Width (ft.) 2 2
Thickness (in.) 19 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 4 4
4.1.13 B_Foundation_Footing10"Wall
Length (ft.) 122 122
Width (ft.) 0.83 0.83
Thickness (in.) 12 12
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 4 4
4.1.14 B_Foundation_Footing3'Wall
Length (ft.) 224 224
Width (ft.) 3 3
Thickness (in.) 1§ 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 8 6
4.1.15 B_Foundation_Footing2'Wall2
Length (ft.) 71 71
Width (ft.) 2 2
Thickness (in.) 10 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 6 6
4.1.16 B_Foundation_Footing3'Wall2
Length (ft.) 121 121
Width (ft.) 3 3
Thickness (in.) 12 12
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 8 6
4.1.17 B_Foundation_Footing2'6"Wall
Length (ft.) 167 167
Width (ft.) 25 25
Thickness (in.) 1§ 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5 5
4.1.18 B_Foundation_Footing12"Wall
Length (ft.) 32 32
Width (ft.) 1 1
Thickness (in.) 10 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 4 4
4.1.19 B_Foundation_Footing16"Wall
Length (ft.) 60 60|
Width (ft.) 1.33 1.33]
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Thickness (in.) 1d 1
Concrete (psf) 4000 4000
Concrete flyash % average
Rebar # 4 4
4.1.20 C_Foundation_Footing_1'6"x2'Wall
Length (ft.) 628 628
Width (ft.) 2 2
Thickness (in.) 1§ 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5 5
4.1.21 C_Foundation_Footing_1'x8"Wall
Length (ft.) 350 350
Width (ft.) 1 1
Thickness (in.) 8 g
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5 5
4.1.22 D_Foundation_Footing16"
4@5.33 and
Length (ft.) 8@5.83 20
4@5.33 and
Width (ft.) 8@5.84 19.3
Thickness (in.) 16 16
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5 5
4.1.23 D_Foundation_Footing3'
12 between 20
Length (ft.) 25 40
12 between 6-
Width (ft.) 6.33 70
Thickness (in.) 36 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5,6and | 6
4.1.24 D_Foundation_Footingl'
Length (ft.) 6 @ 3.25 g
Width (ft.) 6 @ 3.25 8
Thickness (in.) 12 2
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 4 4
4.1.25 D_Foundation_Footing2'Wall
Length (ft.) 96 96|
Width (ft.) 2 2
Thickness (in.) 1§ 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 4 4
4.1.26 D_Foundation_Footing10"Wall
Length (ft.) 122 122
Width (ft.) 0.83 0.83
Thickness (in.) 12 12
Concrete (psf) 4000 4000
Concrete flyash % l average
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| Rebar # 4 4
4.1.27 D_Foundation_Footing3'Wall
Length (ft.) 224 224
Width (ft.) 3 3
Thickness (in.) 1§ 18
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 8 6
4.1.28 D_Foundation_Footing2'Wall2
Length (ft.) 71 71
Width (ft.) 2 2
Thickness (in.) 10 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 6 6
4.1.29 D_Foundation_Footing3'Wall2
Length (ft.) 121 121
Width (ft.) 3 3
Thickness (in.) 12 12
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 8 6
4.1.30 D_Foundation_Footing2'6"Wall
Length (ft.) 167 167
Width (ft.) 25 25
Thickness (in.) 19 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5 5
4.1.31 D_Foundation_Footing12"Wall
Length (ft.) 32 32
Width (ft.) 1 1
Thickness (in.) 10 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 4 4
4.1.32 D_Foundation_Footing16"Wall
Length (ft.) 60 60|
Width (ft.) 1.33 1.33
Thickness (in.) 1Q 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 4 4
4.1.33 A_MainStairs_Stairs
Length (ft.) 70 70
Width (ft.) 7 7
Thickness (in.) 7 7.5
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5 5
4.1.34 B_LinkStairs_Stairs
Length (ft.) 9.21 9.21
Width (ft.) 49 49
Thickness (in.) 8 g
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Concrete (psf) 4000 4000
Concrete flyash % average
Rebar # 5 5
4.1.35 B_MainStairs_Stairs
Length (ft.) 9.54 9.54
Width (ft.) 66 66
Thickness (in.) g g
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5 5
4.1.36 C_LinkStairs_Stairs
Length (ft.) 65 65|
Width (ft.) 7 7
Thickness (in.) 10 1
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5 5
4.1.37 C_EXxitStairs_Stairs
Length (ft.) 32 32
Width (ft.) 15 15
Thickness (in.) 8 g
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5 5
4.1.38 D_LinkStairs_Stairs
Length (ft.) 9.21 9.21
Width (ft.) 49 49
Thickness (in.) g g
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5 5
4.1.39 D_MainStairs_Stairs
Length (ft.) 9.54 9.54
Width (ft.) 66 66
Thickness (in.) 8 8
Concrete (psf) 400 4000
Concrete flyash % average
Rebar # 5 5
4.2 Concrete Slab On Grade
4.2.1 A_Main_Slab_6"
Length (ft) 105 and 62 100
Width (ft) 180 and 18.5 198
Thickness (in.) 6 g
Concrete (psi) 400! 4000
Concrete flyash % average
Define
Envelope Category - Vapour barrier
Material - Polyethylene
Type - 6mil
Thickness - -
4.2.2 B_Foundation_Slab6"
Length (ft) 77 58
Width (ft) 65 65
Thickness (in.) 6 g
Concrete (psi) 4000 4000
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Concrete flyash % average
Define
Envelope Category - Vapour barrier
Material - Polyethylene
Type - 6mil
Thickness - -
4.2.3 B_Foundation_Slab4"
Length (ft) 98 and 26 40
Width (ft) 9.5 and 2.67 25
Thickness (in.) 4 4
Concrete (psi) 400 4000
Concrete flyash % average
Define
Envelope Category - Vapour barrier
Material - Polyethylene
Type - 6mil
Thickness - -
4.2.4 B_Main _Slab4"
Length (ft) 40 40
Width (ft) 73 73
Thickness (in.) 4 4
Concrete (psi) 400 4000
Concrete flyash % average
Define
Envelope Category - Vapour barrier
Material - Polyethylene
Type - 6mil
Thickness - -
4.2.5 C_Foundation_Slab4"
Length (ft) 1200 sqff 3(
Width (ft) 1201 sqft 40
Thickness (in.) 4 4
Concrete (psi) 400 4000
Concrete flyash % average
Define
Envelope Category - Vapour barrier
Material - Polyethylene
Type - 6mil
Thickness - -
4.2.6 D_Foundation_Slab6"
Length (ft) 77 58|
Width (ft) 65 65
Thickness (in.) 6 g
Concrete (psi) 400 4000
Concrete flyash % average
Define
Envelope Category - Vapour barrier
Material - Polyethylene
Type - 6mil
Thickness - -
4.2.7 D_Foundation_Slab4"
Length (ft) 98 and 26 40
Width (ft) 9.5 and 2.67 25
Thickness (in.) 4 4
Concrete (psi) 400 4000
Concrete flyash % average

Define

Category

Vapour barrier
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Envelope
Material - Polyethylene
Type - 6mil
Thickness - -
4.2.8 D_Main _Slab4"
Length (ft) 40 40
Width (ft) 73 73
Thickness (in.) 4 4
Concrete (psi) 400 4000
Concrete flyash % average
Define
Envelope Category - Vapour barrier
Material - Polyethylene
Type - 6mil
Thickness - -
5 Walls
5.1 Concrete Block
5.1.1 A 2nd_Brick_In
Length (ft) 176 176§
Height (ft) 15.5 15.5
Rebar # 3 4
5.1.2 A_2nd_Wall_10"Brick
Length (ft) 401 401
Height (ft) 155 15.5
Rebar # 4 4
5.1.3B_2nd_Wall EW
Length (ft) 128 128
Height (ft) 11 11
Rebar # 4 4
5.1.4 B_2nd_Wall_NSBlock
Length (ft) 467 467
Height (ft) 11 11
Rebar # 5 5
Total Opening Area (ft2) 2965.16 2965.116
Number of Windows 92 9P
Opening Frame Material - -
Frame Type - -
Glazing Type E E
5.1.5 B_3nd_Wall_NSBlock
Length (ft) 467 467
Height (ft) 11 11
Rebar # 5 5
Total Opening Area (ft2) 3228 3223
Number of Windows 10 10D
Opening Frame Material - -
Frame Type - -
Glazing Type B E
5.1.6 B_3nd_Wall_EW
Length (ft) 128 128§
Height (ft) 11 11
Rebar # 4 4
5.1.7 B_All_StairsWall
Length (ft) 126 126
Height (ft) 35 35
Rebar # 5 5
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Total Opening Area (ft2) 630 630
Number of Windows 2 2
Opening Frame Material Aluminurm Aluminum
Frame Type Fixed Fixed
Glazing Type Standargd Standdrd
5.1.8 C_2nd_Wall Outside
Length (ft) 323 323
Height (ft) 9.08 9.08
Rebar # 5 5
Total Opening Area (ft2) 18416 1841.6
Number of Windows 8( 80
Opening Frame Material - -
Frame Type - -
Glazing Type E E
5.1.9 C_Main_Wall_Outside
Length (ft) 323 323
Height (ft) 9.08 9.08
Rebar # 5 5
Total Opening Area (ft2) 18416 1841/.6
Number of Windows 8( 80
Opening Frame Material - -
Frame Type - -
Glazing Type B E
5.1.10 C_3rd_Wall_Outside
Length (ft) 323 323
Height (ft) 9.08 9.08
Rebar # 5 5
Total Opening Area (ft2) 1841.6 1841/.6
Number of Windows 8( 80
Opening Frame Material - -
Frame Type - -
Glazing Type E E
5.1.11 C_4th_Wall Outside
Length (ft) 323 323
Height (ft) 9.08 9.08
Rebar # 5 5
Total Opening Area (ft2) 1841.6 1841/.6
Number of Windows 8( 80
Opening Frame Material - -
Frame Type - -
Glazing Type B E
5.1.12 D_Main_Wall EW
Length (ft) 128 128§
Height (ft) 11 11
Rebar # 4 4
5.1.13 D_Main_Wall_NSBlock
Length (ft) 467 467
Height (ft) 11 11
Rebar # 5 5
Total Opening Area (ft2) 2965.16 2965.1L6
Number of Windows 94 92
Opening Frame Material - -
Frame Type - -
Glazing Type E E
5.1.14 D_2nd_Wall EW
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Length (ft) 128 128§
Height (ft) 11 11
Rebar # 4 4
5.1.15 D_2nd_Wall_NSBlock
Length (ft) 467 467
Height (ft) 11 11
Rebar # 5 5
Total Opening Area (ft2) 2965.16 2965.16
Number of Windows 94 92
Opening Frame Material - -
Frame Type - -
Glazing Type E E
5.1.16 D_3nd_Wall NSBlock
Length (ft) 467 467
Height (ft) 11 11
Rebar # 5 5
Total Opening Area (ft2) 3228 3223
Number of Windows 10 10D
Opening Frame Material - -
Frame Type - -
Glazing Type B E
5.1.17 D_3nd_Wall EW
Length (ft) 128 128§
Height (ft) 11 11
Rebar # 4 4
5.1.18 D_AIl_StairsWall
Length (ft) 126 126
Height (ft) 35 35
Rebar # 5 5
Total Opening Area (ft2) 630 630
Number of Windows 2 2
Opening Frame Material Aluminum Aluminum
Frame Type Fixed Fixed
Glazing Type Standargd Standard
5.2 Cast In Place
5.2.1 A_Foundation_TieBeam_ 12x12
Length (ft) 154 154
Width (ft) 1 1
Thickness (in.) 12 12
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 4 5
5.2.2 A_Foundation_TieBeam_16x16
Length (ft) 275 275
Width (ft) 1.33 1.78
Thickness (in.) 16 12
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 4 5
5.2.3 A_Foundation_Wall_10"
Length (ft) 636 636
Width (ft) 175 14.58
Thickness (in.) 10 12
Concrete (psi) 4000 4000
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Concrete flyash % average
Rebar # 4 5
5.2.4 A 2nd_8"
Length (ft) 57 57|
Width (ft) 9.5 9.5
Thickness (in.) g g
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 4 5
5.2.6 B_Foundation_TieBeam
Length (ft) 344 344
Width (ft) 1 1
Thickness (in.) 12 12
Concrete (psi) 400! 4000
Concrete flyash % average
Rebar # 5 5
5.2.7 B_Foundation_Wallg8"
Length (ft) 414 414
Width (ft) 8.33 8.33
Thickness (in.) 8 8
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 5 5
5.2.8 B_Foundation_Wallg8'"2
Length (ft) 401 401
Width (ft) 6.17 6.17
Thickness (in.) g g
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 4 5
5.2.9 B_Foundation_Wallg8"3
Length (ft) 116 116
Width (ft) 11.17 11.17
Thickness (in.) 8 8
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 4 5
5.2.10 B_Foundation_Wall10"
Length (ft) 243 243
Width (ft) 11.17 9.31
Thickness (in.) 1Q 12
Concrete (psi) 400! 4000
Concrete flyash % average
Rebar # 4 5
5.2.11 B_Foundation_Wall6"
Length (ft) 10 10|
Width (ft) 4.5 3.38
Thickness (in.) 6 g
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 4 5
5.2.12 B_Foundation_ShortWall
Length (ft) 53 53
Width (ft) 2.75 2.29
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Thickness (in.) 1d 12
Concrete (psi) 4000 4000
Concrete flyash % average
Rebar # 5 5
5.2.13 B_Main_Wall12"
Length (ft) 54 54
Width (ft) 9.75 9.75
Thickness (in.) 12 12
Concrete (psi) 400! 4000
Concrete flyash % average
Rebar # 5 5
5.2.14 B_Main_Wall8"
Length (ft) 152 152
Width (ft) 9.75 9.75
Thickness (in.) 8 g
Concrete (psi) 400! 4000
Concrete flyash % average
Rebar # 4 5
Opening Number of Doors L il
Door Material Aluminum Aluminum
Exterior, 80%
Door Type Exterio Glazing
5.2.15 B_Main_Wall10"
Length (ft) 126 126
Width (ft) 9.75 8.13
Thickness (in.) 1Q 12
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 5 5
Total Opening Area (ft2) 190.8¢ 190.84
Number of Windows 24 24
Opening Frame Material Aluminum Aluminum
Frame Type Fixed Fixed
Glazing Type Standargd Standdrd
5.2.16 C_Foundation_CenterWall
Length (ft) 278 27§
Width (ft) 5.5 5.5
Thickness (in.) g g
Concrete (psi) 400! 4000
Concrete flyash % average
Rebar # 4 5
5.2.17 C_Foundation_ExteriorWall
Length (ft) 354 354
Width (ft) 6 6
Thickness (in.) 8 8
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 4 5
5.2.18 C_Foundation_InsideWall
Length (ft) 328 328
Width (ft) 4.625 4.625
Thickness (in.) g g
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 4 5




Cortese 47

5.2.19 D_Foundation_TieBeam
Length (ft) 344 344
Width (ft) 1 1
Thickness (in.) 12 12
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 5 5
5.2.20 D_Foundation_Wall8"
Length (ft) 414 414
Width (ft) 8.33 8.33
Thickness (in.) g g
Concrete (psi) 400! 4000
Concrete flyash % average
Rebar # 5 5
5.2.21 D_Foundation_Wall8"2
Length (ft) 401 401
Width (ft) 6.17 6.17
Thickness (in.) 8 8
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 4 5
5.2.22 D_Foundation_Wall8"3
Length (ft) 116 114
Width (ft) 11.17 11.17
Thickness (in.) g g
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 4 5
5.2.23 D_Foundation_Wall10"
Length (ft) 243 243
Width (ft) 11.17 9.31
Thickness (in.) 10 12
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 4 5
5.2.24 D_Foundation_Wall6"
Length (ft) 10 10
Width (ft) 4.5 3.38
Thickness (in.) 6 g
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 4 5
5.2.25 D_Foundation_ShortWall
Length (ft) 53 53
Width (ft) 2.75 2.29
Thickness (in.) 10 12
Concrete (psi) 400 4000
Concrete flyash % average
Rebar # 5 5
5.3 Curtain
5.3.1 A_Roof_Skylight
Length (ft) 75 75|
Width (ft) 11 11
Percent Viewable Glazing (%) 100 H5
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Percent Spandrel Panel (%) 0 5
Thickness of Insulation (in) - L
5.3.2 A_2nd_PlateGlass
Length (ft) 115 115
Width (ft) 9.5 9.5
Percent Viewable Glazing (%) - 95
Percent Spandrel Panel (%) - 5
Thickness of Insulation (in) - L
Opening Number of Doors P R
Door Material - Aluminum
Exterior, 80%
Door Type Exterior| Glazing
5.3.3 A_Main_PlateGlass
Length (ft) 181 181
Width (ft) 9.5 9.5
Percent Viewable Glazing (%) - 95
Percent Spandrel Panel (%) - 5
Thickness of Insulation (in) E L
Opening Number of Doors h 43
Door Material - Aluminum
Exterior, 80%
Door Type Exterior| Glazing
5.4 Wood Stud
5.4.1 A 2nd_Wall_In
Length (ft) 349 349
Height (ft) 9.5 9.5
Wall Type Interior Interior
Sheathing Type Nong None
Stud Spacing (in) 16 16
Stud Type - Kiln-dried
Stud Thickness 2x4 2x4
Opening Number of Doors 26 26
Door Material Wood Wood
Hollow Core
Door Type Interior| Interior
Envelope Category Gypsum Board Gypsum Bolard
Material - Regular
Thickness (in) : 0.5
5.4.2 B_2nd_Wall_EW_Wood
Length (ft) 128 128
Height (ft) 11 11
Wall Type Interior Interior]
Sheathing Type Nong Norne
Stud Spacing (in) 14 16
Stud Type - Kiln-dried
Stud Thickness 2x4 2x4
Envelope Category Insulation Insulatipn
Material Batt Rockwool Batt
Thickness (in) 2 2
5.4.3 B_2nd_Wall_ NS_Wood
Length (ft) 467 467
Height (ft) 11 11
Wall Type Interior Interior]
Sheathing Type Plywood Plywoqd
Stud Spacing (in) 24 24
Stud Type - Kiln-dried
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Stud Thickness 2x6 2xp
Total Opening Area (ft2) 2965.16 2965.16
Number of Windows 92 92
Opening Frame Material Aluminum Aluminum
Frame Type Fixed Fixed
Glazing Type Standargd Standard
Envelope Category Insulation Insulatipn
Material Batt Rockwool Batt
Thickness (in) 1 1
5.4.4 B_3nd_Wall_EW_Wood
Length (ft) 128 1298
Height (ft) 11 11
Wall Type Interior Interior]
Sheathing Type Nong None
Stud Spacing (in) 16 16
Stud Type - Kiln-dried
Stud Thickness 2x4 2x4
Envelope Category Insulation Insulatipn
Material Batt Rockwool Batt
Thickness (in) 2 2
5.4.5 B_3nd_Wall_NS_Wood
Length (ft) 467 467
Height (ft) 11 11
Wall Type Interior Interior]
Sheathing Type Plywood Plywoqd
Stud Spacing (in) 24 24
Stud Type - Kiln-dried
Stud Thickness 2x6 2xp
Total Opening Area (ft2) 2965.16 2965.1L6
Number of Windows 94 92
Opening Frame Material Aluminum Aluminum
Frame Type Fixed Fixed
Glazing Type Standargd Standard
Envelope Category Insulation Insulatipn
Material Batt Rockwool Batt
Thickness (in) 1 1
5.4.6 B_2nd_InteriorwWall
Length (ft) 953 953
Height (ft) 11 11
Wall Type Interior Interior]
Sheathing Type Plywood Plywoqd
Stud Spacing (in) 16
Stud Type - Kiln-dried
Stud Thickness 2x4
Opening Number of Doors 3L 31
Door Material Wood Wood
Hollow Core
Door Type Interior Interior
Envelope Category Gypsum Board Gypsum Bolard
Material - Regular
Thickness (in) : 0.5
5.4.7 B_3nd_InteriorwWall
Length (ft) 953 953
Height (ft) 11 11
Wall Type Interior Interior]
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Sheathing Type Plywood Plywoqd
Stud Spacing (in) 16
Stud Type - Kiln-dried
Stud Thickness 2x4
Opening Number of Doors 3L 31
Door Material Wood Wood
Hollow Core
Door Type Interior| Interior
Envelope Category Gypsum Board Gypsum Bolard
Material - Regular
Thickness (in) : 0.5
5.4.8 C_2nd_Wall_Outside_Wood
Length (ft) 323 323
Height (ft) 9.08 9.08
Wall Type Interior Interior]
Sheathing Type Plywood Plywoqd
Stud Spacing (in) 24 24
Stud Type - Kiln-dried
Stud Thickness 2x6 2Xp
Total Opening Area (ft2) 18416 1841.6
Number of Windows 8( 80
Opening Frame Material Aluminum Aluminum
Frame Type Fixed Fixed
Glazing Type Standard Standdrd
Envelope Category Insulation Insulatipn
Material Batt Rockwool Batt
Thickness (in) 1 1
5.4.9 C_Main_Wall_Outside_Wood
Length (ft) 323 323
Height (ft) 9.08 9.08
Wall Type Interior Interior]
Sheathing Type Plywood Plywoqd
Stud Spacing (in) 24 24
Stud Type - Kiln-dried
Stud Thickness 2x6 2x6
Total Opening Area (ft2) 18416 1841.6
Number of Windows 8( 80
Opening Frame Material Aluminum Aluminum
Frame Type Fixed Fixed
Glazing Type Standargd Standard
Envelope Category Insulation Insulatipn
Material Batt Rockwool Batt
Thickness (in) 1 1
5.4.10 C_3rd_Wall_Outside_Wood
Length (ft) 323 323
Height (ft) 9.08 9.08
Wall Type Interior Interior]
Sheathing Type Plywood Plywoqd
Stud Spacing (in) 24 24
Stud Type - Kiln-dried
Stud Thickness 2x6 2xp
Total Opening Area (ft2) 18416 1841/.6
Number of Windows 8( 80
Opening Frame Material Aluminum Aluminum
Frame Type Fixed Fixed
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Glazing Type Standard Standdrd
Envelope Category Insulation Insulatipn
Material Batt Rockwool Batt
Thickness (in) 1 1
5.4.11 C_4th_Wall_Outside_Wood
Length (ft) 323 323
Height (ft) 9.08 9.08
Wall Type Interior Interior
Sheathing Type Plywood Plywoqd
Stud Spacing (in) 24 24
Stud Type - Kiln-dried
Stud Thickness 2x6 2Xp
Total Opening Area (ft2) 18416 1841.6
Number of Windows 8( 80
Opening Frame Material Aluminum Aluminum
Frame Type Fixed Fixed
Glazing Type Standard Standdrd
Envelope Category Insulation Insulatipn
Material Batt Rockwool Batt
Thickness (in) 1 1
5.4.12 C_2nd_inside_wall
Length (ft) 776 776
Height (ft) 9.08 9.08
Wall Type Interior Interior]
Sheathing Type Nong Norje
Stud Spacing (in) 16
Stud Type - Kiln-dried
Stud Thickness 2x4 2x4
Opening Number of Doors 3p 32
Door Material Wood Wood
Hollow Core
Door Type Interior| Interior
Envelope Category Gypsum Board Gypsum Bolard
Material - Regular
Thickness (in) : 0.5
5.4.13 C_Main_inside_wall
Length (ft) 776 774
Height (ft) 9.08 9.08
Wall Type Interior Interior
Sheathing Type Nong Norne
Stud Spacing (in) 16
Stud Type - Kiln-dried
Stud Thickness 2x4 2x4
Opening Number of Doors 3p 32
Door Material Wood Wood
Hollow Core
Door Type Interior| Interior
Envelope Category Gypsum Board Gypsum Bolard
Material - Regular
Thickness (in) : 0.5
5.4.14 C_3rd_inside_wall
Length (ft) 776 774
Height (ft) 9.08 9.08
Wall Type Interior Interior]
Sheathing Type Nong Norne
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Stud Spacing (in) 16
Stud Type - Kiln-dried
Stud Thickness 2x4 2x4
Opening Number of Doors 3p 32
Door Material Wood Wood
Hollow Core
Door Type Interior| Interior
Envelope Category Gypsum Board Gypsum Bolard
Material - Regular
Thickness (in) : 0.5
5.4.15 C_4th_inside_wall
Length (ft) 776 779
Height (ft) 9.08 9.08
Wall Type Interior Interior]
Sheathing Type Nong None
Stud Spacing (in) 16
Stud Type - Kiln-dried
Stud Thickness 2x4 2x4
Opening Number of Doors 3p 32
Door Material Wood Wood
Hollow Core
Door Type Interior Interior
Envelope Category Gypsum Board Gypsum Bolard
Material - Regular
Thickness (in) : 0.5
5.4.16 D_2nd_Wall_EW_Wood
Length (ft) 128 128§
Height (ft) 11 11
Wall Type Interior Interior]
Sheathing Type Nong Norje
Stud Spacing (in) 14 16
Stud Type - Kiln-dried
Stud Thickness 2x4 2x4
Envelope Category Insulation Insulatipn
Material Batt Rockwool Batt
Thickness (in) 2 2
5.4.17 D_2nd_Wall NS_Wood
Length (ft) 467 467
Height (ft) 11 11
Wall Type Interior Interior]
Sheathing Type Plywood Plywoqd
Stud Spacing (in) 24 24
Stud Type - Kiln-dried
Stud Thickness 2x6 2xp
Total Opening Area {t 2965.16 2965.16
Number of Windows 92 92
Opening Frame Material Aluminum Aluminum
Frame Type Fixed Fixed
Glazing Type Standargd Standard
Envelope Category Insulation Insulatipn
Material Batt Rockwool Batt
Thickness (in) 1 1
5.4.18 D_main_Wall_EW_Wood
Length (ft) 128 129
Height (ft) 11 11
Wall Type Interior Interior]
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Sheathing Type Nong Norje
Stud Spacing (in) 16 16
Stud Type - Kiln-dried
Stud Thickness 2x4 2x4
Envelope Category Insulation Insulatipn
Material Batt Rockwool Batt
Thickness (in) 2 2
5.4.19 D_main_Wall NS_Wood
Length (ft) 467 467
Height (ft) 11 11
Wall Type Interior Interior
Sheathing Type Plywood Plywoqd
Stud Spacing (in) 24 24
Stud Type - Kiln-dried
Stud Thickness 2x6 2Xp
Total Opening Area {jt 2965.16 2965.16
Number of Windows 92 92
Opening Frame Material Aluminum Aluminum
Frame Type Fixed Fixed
Glazing Type Standard Standdrd
Envelope Category Insulation Insulatipn
Material Batt Rockwool Batt
Thickness (in) 1 1
5.4.20 D_3nd_Wall_EW_Wood
Length (ft) 128 128§
Height (ft) 11 11
Wall Type Interior Interior
Sheathing Type Nong Norje
Stud Spacing (in) 16 16
Stud Type - Kiln-dried
Stud Thickness 2x4 2x4
Envelope Category Insulation Insulatipn
Material Batt Rockwool Batt
Thickness (in) 2 2
5.4.21 D_3nd_Wall NS_Wood
Length (ft) 467 467
Height (ft) 11 11
Wall Type Interior Interior|
Sheathing Type Plywood Plywoqd
Stud Spacing (in) 24 24
Stud Type - Kiln-dried
Stud Thickness 2x6 2xp
Total Opening Area {t 2965.16 2965.16
Number of Windows 92 9P
Opening Frame Material Aluminum Aluminum
Frame Type Fixed Fixed
Glazing Type Standargd Standard
Envelope Category Insulation Insulatipn
Material Batt Rockwool Batt
Thickness (in) 1 1
5.4.22 D_2nd_Interiorwall
Length (ft) 953 953
Height (ft) 11 11
Wall Type Interior Interior]
Sheathing Type Plywood Plywoqd
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Stud Spacing (in) 16
Stud Type - Kiln-dried
Stud Thickness 2x4
Opening Number of Doors 3L 31
Door Material Wood Wood
Hollow Core
Door Type Interior Interior
Envelope Category Gypsum Board Gypsum Bolard
Material - Regular
Thickness (in) : 0.5
5.4.23 D_main_InteriorWall
Length (ft) 953 953
Height (ft) 11 11
Wall Type Interior Interior]
Sheathing Type Plywood Plywoqd
Stud Spacing (in) 16
Stud Type - Kiln-dried
Stud Thickness 2x4
Opening Number of Doors 3L 31
Door Material Wood Wood
Hollow Core
Door Type Interior Interior
Envelope Category Gypsum Board Gypsum Bolard
Material - Regular
Thickness (in) : 0.5
5.4.24 D_3nd_InteriorwWall
Length (ft) 953 953
Height (ft) 11 11
Wall Type Interior Interior
Sheathing Type Plywood Plywoqd
Stud Spacing (in) 16
Stud Type - Kiln-dried
Stud Thickness 2x4
Opening Number of Doors 3L 31
Door Material Wood Wood
Hollow Core
Door Type Interior| Interior
Envelope Category Gypsum Board Gypsum Board
Material - Regular
Thickness (in) : 0.5
6 Extra Basic Materials
6.1 Gypsum Board
6.1.1 E_totalGypsum
| 1/2" Gypsum Fiber Board %}t 19352.8 19352 8
6.1.2 E_totalJoint
| Joint Compound (Tons) 1.7|9 1.79
6.1.3 E_totalPaperTape
| Paper Tape (Tons) 0.041 0.0p1
6.2 Other Materials
6.2.1 E_totalAluminum
| Aluminum (Tons) 7.0204] 7.02041
6.2.2 All_StandardGlazing
B Exterior Panels {t 3482.88 3482.84
C Exterior Panels @t 8377.92 8377.92
D Exterior Panels @t 3482.88 3482.84
E Total Glazing ( 10845.79 10845.7¢
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[ Total () | 26189.47| 26189.41
6.2.3 E_totalPaint
| Water Based Latex Paint (gal) | 16.1b8 16.158
6.3 Concrete
6.3.1 E_total3000psi
| 3000 psi, Average Flyash fyd | 6.188963| 6.188963
6.3.2 E_total4000psi
| 4000 psi, Average Flyash fyd | 967.03 967.03
6.3.3 E_totalBlocks
| Concrete Blocks (#) | 35198 35198
6.3.4 E_totalMortar
| Mortar (yd) | 15.10537] 15.1053]
6.4 Insulation
6.4.1 E_totalBattRock
| Batt. Rockwool (f(1") | 3073.53] 3073.53
6.4.2 E_totalExtPoly
| Extruded Polystyrene {ftl")) | 3803.44| 3803.44
6.5 Roofing
6.5.1 E_total3Poly
| 3 mil Polyethylene @ | 3876.61] 3876.61
6.5.2 E_total6Poly
| 6 mil Polyethylene @ | 868.223] 868.223
6.5.3 E_totalEPDM
| EPDM Membrane (Ib) | 1124.3B 1124.38
6.5.4 E_totalBitumen
| Modified Bitumen Membrane (Ib) 770.939 77@98
6.6 Steel
6.6.1 E_totalNails
| Nails (Tons) | 0.81633 0.81633
6.6.2 E_totalRebar
| Rebar, Rod, Light Sections (Ton#s) 0.06i49 6840
6.6.3 E_totalWire
Welded Wire Mesh / Ladder Wirg
(Tons) 29.4966 29.4966
6.7 Wood
6.7.1 E_totalSLumber
Small DimensionSoftwood
Lumber (kiln-dried) (Mbfm) 21.79871 21.79871
6.7.2 E_totalPlywood
Softwood Plywood (msf) | 415757 4.15757
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Assembly Group Assembly Type Assembly Name

Input Fields Ideal Inputs | EIE Input

1 Columns and Beams

1.1 Mixed Columns and Beams

The column and beam takeoffs were completed mainly using OnScreen’s count condition. For each set,
a count condition for the number of beams and a condition for the number of columns were created
and the two amounts were computed. The floor-to-floor height and live load were then taken directly
from what was stated on the drawings. The supporting span and bay size were then computed by
taking the average of each value within the designated assembly type. For example, in the assembly
B_2nd_Beam&Column there are bay sizes of both 27’4” and 10°2"; averaging out the two bay sizes
results in an average bay size of 21’6” which is the value that was input into the EIE.

1.1.5 B_Main_Beam&Column_Outside

‘ =16.75 feet

Because of the variability of span sizes, they
were calculated using the following calculation

= SUM(column span * number of columns with
span) / total number of columns in row

=(28'4"*2+11'4"*1)/3

1.1.6 B_Main_Beam&Column_Inside

Because of the variability of span sizes, they
were calculated using the following calculation

= SUM(column span * number of columns with
span) / total number of columns in row

=(28'4"*2+11'4"*1)/3 ‘

= 16.75 feet ‘

Because of the variability of bay sizes, they were
calculated using the following calculation;

= total bay length / total number of columns
=322 feet/ 42 ‘

= 8.73 feet (round up to 10 feet for EIE)

1.1.7 B_2nd_Beam&Column

Because of the variability of span sizes, they
were calculated using the following calculation

= SUM(column spans) / total number of columns
=(1067 feet) / 79 ‘

=13.51 feet
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‘ Because of the variability of bay sizes, they were
calculated using the following calculation;

= total bay length / total number of columns
‘ =649"/3 ‘

=21.6 feet

1.1.8 B_3rd_Beam&Column

assumed same as B_2nd_Beam&Column

1.1.9 C_2nd_column&beam

Because of the variability of span sizes, they
were calculated using the following calculation

= SUM(column spans) / total number of columns

=(12 feet*2 + 4.5 feet) / 3

= 9.5 feet (round up to 10 feet for the EIE)

round bay size up to 10 feet for the EIE

1.1.10 C_main_column&beam

assumed same as C_2nd_column&beam

1.1.11 C_3rd_column&beam

‘ assumed same as C_2nd_column&beam

1.1.12 C_4th_column&beam

‘ assumed same as C_2nd_column&beam

1.1.13 D_main_Beam&Column
‘ assumed same as B_2nd_Beam&Column

1.1.14 D_2nd_Beam&Column
‘ assumed same as B_2nd_Beam&Column

1.1.15 D_3rd_Beam&Column

‘ assumed same as B_2nd_Beam&Column

2 Floors

All floors within the Buchanan building are concrete suspended slabs. The surface area of the slabs was
computed using the area condition in OnScreen. The computed areas were then converted into
rectangular slabs of equivalent surface area with spans between 12’ and 30’ as those are close to the
EIE span limits. The length and span of the idealized rectangular slabs were then inputed into the EIE.
For example, the assembly A_2nd_Slab_5"_Concrete comprised of a slab 100’ by 122’ and another slab
20’ by 62’ which, combined, results in a total surface area of 13440 ft2. A rectangular slab 120’ by 112’
results in an equivalent surface area; thus, the latter values were entered into the EIE. The concrete
strength and live load were taken directly from the drawings and then entered into the EIE as the
closest possible acceptable value. For example, a live load for classrooms was said to be 60 psf;
however, the closest value that the EIE accepts is 75 psf. The flyash percentage was assumed to be
average.

Stair landings were computed using the linear condition in OnScreen and the stair detail drawings. The
linear condition used, computes the span of all the similar stair landings combined to create a single
large slab of equivalent volume.




Cortese 58

2.1 Concrete Suspended Slabs

1.2.1 A 2nd_Slab_5" Concrete

The area of this slab had to be adjusted to be
rectangular using the following calcualtion to
find the new span.

= SUM(Slab Areas) / new slab length
= (100 ft* 122 ft + 20 ft * 62 ft) / 224 ft

=30 feet

1.2.2 A 2nd_Slab_6" Concrete

The area of this slab had to be adjusted to be
rectangular using the following calcualtion to
find the new span.

= SUM(SIlab Areas) / new slab length
= (60 ft* 11 ft + 20 ft * 41 ft) / 80 ft

=18.5 feet

1.2.3 A _MainStairs_Landings

All landings combined into single slab using
OnScreen

1.2.4 B_Main_Slab4.5"

The length of this slab had to be adjusted to have
a span of 30 feet but keeping the same area. This
was done using the following calcualtion.

= SUM(SIlab Areas) / 30 feet
=(79.5ft* 67 ft) /30 ft

=177.77 feet

1.2.5B_2nd_Slab4.5"

The length of this slab had to be adjusted to have
a span of 30 feet but keeping the same area. This
was done using the following calcualtion.

= SUM(SIlab Areas) / 30 feet
= (260 ft* 67 ft) / 30 ft

=580.33 feet

1.2.6 B_3nd_Slab4.5"

Assumed to be same as B_2nd_Slab4.5"

1.2.7 B_LinkStairs_Landing

All landings were combined into a single slab
using OnScreen. The length of this slab had to'be
adjusted to have a span of 30 feet but keeping the
same area. This was done using the following
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calcualtion.
= SUM(SIlab Areas) / 30 feet
=(9.21 ft * 66 ft) / 30 ft

= 20.262 feet

1.2.9 B_MainStairs_Landings

All landings were combined into a single slab

using OnScreen. The length of this slab had to
adjusted to have a span of 30 feet but keeping
same area. This was done using the following
calcualtion.

‘ = SUM(Slab Areas) / 30 feet
=(9.21ft* 91 ft) /30 ft

=27.937 feet

1.2.10 C_2nd_slab

The length of this slab had to be adjusted to hg

a span of 30 feet but keeping the same area. T
was done using the following calcualtion.

= SUM(Slab Areas) / 30 feet
= (141 ft*38ft) /30 ft

=178.6 feet

1.2.11 C_main_slab

‘ Assumed to be same as C_2nd_slab

1.2.12 C_3rd_slab

‘ Assumed to be same as C_2nd_slab

1.2.13 C_4th_slab

‘ Assumed to be same as C_2nd_slab

1.2.14 C_LinkStairs_Landings

All landings combined into single slab using
OnScreen

1.2.15 C_ExitStairs_Landings

All landings combined into single slab using
OnScreen. Lenght and Span flipped to be with
acceptable span range on EIE

1.2.16 D_Main_Slab4.5"

‘ Assumed to be same as B_Main_Slab4.5"

1.2.17 D_2nd_Slab4.5"

‘ Assumed to be same as B_2nd_Slab4.5"

1.2.18 D_3nd_Slab4.5"

‘ Assumed to be same as B_3rd_Slab4.5"

1.2.19 D_LinkStairs_Landing

‘ Assumed to be same as B_LinkStairs_Landing

1.2.20 D_LinkStairs_Entrance

‘ Assumed to be same as B_LinkStairs_Enteran

be
the

ve
his

ce
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1.2.21 D_MainStairs_Landings

Assumed to be same as B_MainStairs_Landings

3 Roofs

All roofs in the Buchanan building are concrete suspended slabs. The length, span, concrete strength,
live load, and flyash percentage are all calculated in the same manner as the floor suspended slabs. In
addition, the Buchanan roofs include vapour barriers, insulation and a bitumen roof envelope. The
majority of the inputs associated with these envelope materials were given in the building drawings;
however, a few of the values were not given and had to be assumed. These assumptions include: the
bitumen was standard modified, the insulation was extruded polystyrene, and the vapour barrier was 3
mil polyethylene.

3.1 Concrete Suspended Slabs

3.1.1 A_Roof_Entrance

The length of this slab had to be adjusted to have
a span of 30 feet but keeping the same area. This
was done using the following calcualtion.

= (Slab Area) / 30 feet

= (50 ft * 60 ft) / 30 ft

=100 feet

3.1.2 A_Roof ConcreteSlab

The area of the slab had to be adjusted to not
include the skylight areaThe length of this slab
had to be adjusted to have a span of 30 feet but
keeping the same area. This was done using the
following calcualtion.

‘ = (Slab Area - skylight) / 30 feet
= (100 ft* 122 ft - 825 ft2) / 30 ft

=379.17 feet

3.1.3 B_Roof_Slab4.5"

The length of this slab had to be adjusted to have
a span of 30 feet but keeping the same area. This
was done using the following calcualtion.

= (Slab Area) / 30 feet
= (260 ft* 67 ft) / 30 ft

=580.67 feet

3.1.4 C_Roof_Slab

The length of this slab had to be adjusted to have
a span of 30 feet but keeping the same area. This
was done using the following calcualtion.

= (Slab Area) / 30 feet

= (141 ft* 38 ft) / 30 ft

‘ =178.6 feet
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3.1.5 D_Roof_Slab4.5"

‘ Assumed to be same as B_Roof_Slab4.5"

4 Foundations

4.1 Concrete Footings

The concrete footing takeoffs were completed mainly using the area condition in
OnScreen. An area condition was created for each assembly name to calculate the
surface area of the given footing type. If there were multiple similar footings they were
combined to make a single footing equivalent volume. The thickness of each assembly
was recorded off of the drawings. If the thickness was not an acceptable sizing
according to the EIE it was decreased to the closest acceptable size. At the same time
the width of the footing was increased to account for the change in volume. For
example, the assembly A_Foundation_Footing_2'4" is actually a combination of four
10’ square footings that are 28 inches thick resulting in a total, combined volume of
933.33 ft2. A single 20’ by 31’1.3” footing 18 inches thick also has the same volume;
thus, those are the values inputed into the EIE. Concrete strength and rebar size were
also read off of the drawings. If there were multiple rebar sizes in a footing an average
size was assumed. For example, assembly D_Foundation_Footing3' has #5, #6 and #7
sized rebar so #6 was used in the model. If the rebar size is outside the range that the
EIE allows, the closest allowable value was assumed. For example, assembly
D_Foundation_Footing3'Wall has #8 rebar but #6 was used in the model. The flyash
percentage was assumed to be average.

Stairs were also modelled as concrete footings. The stair takeoffs were done using the
linear condition in OnScreen and the stair detail drawings. The thickness of the stairs
was computed as the average thickness throughout. All other calculations and
assumptions were completed using the methodology outlined for regular concrete
footings.

4.1.1 A_Foundation_Footing_1'6"
Combine footings into single footing of equal
area. This was done using the following
calcualtion.

= (Footing Area * Number of Footings) / New
‘ Footing Length

=(5.25ft*5.25ft*5)/ 10 ft

=13.9 feet

4.1.2 A_Foundation_Footing_2'
Combine footings into single footing of equal
area. In addition to account for the EIEs
thickness allowances the thickness had to be
changed while keeping the same overall volume.
This was done using the following calcualtion.

= (Footing Area * Number of Footings *
Thickness) / New Footing Length / New
Thickness

=(2ft*2ft+7.5ft*7.5ft*24")/8ft/18

=12.33 feet

4.1.3 A_Foundation_Footing_2'4"
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Combine footings into single footing of equal ‘
area. In addition to account for the EIEs
thickness allowances the thickness had to be
changed while keeping the same overall volume.
This was done using the following calcualtion.

‘ = (Footing Area * Number of Footings * ‘
Thickness) / New Footing Length / New
Thickness

=(10ft*10ft*4*28") /20 ft/ 18"

=31.11 feet

4.1.4 A_Foundation_Footing_1'9"

To account for the EIEs thickness allowances the
thickness had to be changed while keeping the
same overall volume. This was done using the
following calcualtion.

= (Footing Width * Footing Thickness) / New
Thickness

=(7ft*21") /18"

=8.17 feet

4.1.7 A_Foundation_Footing_1'6"x2"

To account for the EIEs thickness allowances the
thickness had to be changed while keeping the
same overall volume. This was done using the
following calcualtion.

= (Footing Width * Footing Thickness) / New
Thickness

= (15 ft* 24" /18"

=2 feet

4.1.8 A_Foundation_Footing_3'6"x2"

To account for the EIEs thickness allowances the
thickness had to be changed while keeping the
same overall volume. This was done using the
following calcualtion.

= (Footing Width * Footing Thickness) / New
Thickness

= (3.5 ft* 24" /18"

=4.67 feet

4.1.9 B_Foundation_Footing16"

Combine footings into single footing of equal
area. This was done using the following
calcualtion.

= (Footing Area * Number of Footings) / New
Footing Length

=(5.33ft*5.33ft*4+5.83ft*5.84ft*8)
20 ft

=19.3 feet

4.1.10 B_Foundation_Footing3'

Combine footings into single footing of equal
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area. In addition to account for the EIEs
thickness allowances the thickness had to be
changed while keeping the same overall volume.
This was done using the following calcualtion.

= (Footing Area * Number of Footings *
Thickness) / New Footing Length / New
Thickness

=(233.3ft2*4*36" /40 ft/ 18"

=70 feet

4.1.11 B_Foundation_Footingl'

Combine footings into single footing of equal
area. This was done using the following
calcualtion.

= (Footing Area * Number of Footings) / New
Footing Length

=(3.25ft*3.25ft*6) /8 ft

= 8 feet

4.1.22 D_Foundation_Footing16"

Assumed to be same as
B_Foundation_Footing16"

4.1.23 D_Foundation_Footing3'

Assumed to be same as B_Foundation_Footing3'

4.1.24 D_Foundation_Footingl'

Assumed to be same as B_Foundation_Footingl'

4.1.25 D_Foundation_Footing2'Wall |

Assumed to be same as
B_Foundation_Footing2'Wall

4.1.26 D_Foundation_Footing10"Wall

Assumed to be same as
B_Foundation_Footing10"Wall

4.1.27 D_Foundation_Footing3'Wall |

Assumed to be same as
B_Foundation_Footing2'Wall2

4.1.28 D_Foundation_Footing2'Wall2 |

Assumed to be same as
B_Foundation_Footing3'Wall2

4.1.29 D_Foundation_Footing3'Wall2 |

Assumed to be same as
B_Foundation_Footing3'Wall2

4.1.30 D_Foundation_Footing2'6'

'Wall |

Assumed to be same as
B_Foundation_Footing2'6"Wall

4.1.31 D_Foundation_Footing12"Wall

Assumed to be same as
B_Foundation_Footing12"Wall

4.1.32 D_Foundation_Footing16"Wall

Assumed to be same as
B_Foundation_Footing16"Wall

4.1.33 A_MainStairs_Stairs

Done on OnScreen




Cortese 64

4.1.34 B_LinkStairs_Stairs |
Done on OnScreen

4.1.35 B_MainStairs_Stairs |
Done on OnScreen

4.1.36 C_LinkStairs_Stairs |
Done on OnScreen

4.1.37 C_EXxitStairs_Stairs |
Done on OnScreen

4.1.38 D_LinkStairs_Stairs |
Assumed to be same as B_LinkStairs_Stairs

4.1.39 D_MainStairs_Stairs |
‘ Assumed to be same as B_MainStairs_Stairs

4.2 Concrete Slab On Grade

Takeoffs for concrete slabs on grade were done using the area condition in OnScreen.
Much like the suspended slabs, the computed areas were then converted into
rectangular slabs of equivalent surface area and the length and span of the idealized
rectangular slabs were then used to create the model. For example, the assembly
B_Foundation_Slab4" comprised of a slab 98’ by 9'6” and another slab 26’ by 2’8"
which, combined, results in a total surface area of 1000 ft2. A rectangular slab 40’ by
25’ results in an equivalent surface area; thus, the latter values were entered into the
EIE. The slab thicknesses were found on the drawings; however, EIE only allows
concrete slabs on grade to have thicknesses of 4” or 8”. To make the model compatible
with the EIE the thicknesses were converted to either 4” or 8” and the slabs length was
changed in order to maintain the original slab volume. For example, assembly
B_Foundation_Slab6" is actually a 77’ by 65’ slab that is 6” thick which results in a total
volume of 2502.5 ft3. By changing the thickness to 8” the length would also have to
decrease from 77’ to 58’ to keep the same area. Thus, a 58’ by 65’ slab with an 8”
thickness is what is entered into the model. The concrete strength was taken as 4000
psi and the flyash percentage was assumed to be average. In addition, it was assumed
that there was a 6 mil polyethylene vapour barrier underneath all slabs on grade.

4.2.1 A_Main_Slab_6"

The length of this slab had to be adjusted to be
rectangular but keeping the same area. In
addition, the thickness needs to be adjusted to
to be an acceptable EIE input. This was done
using the following calcualtion.

‘ = (Slab Area * Thickness) / New Length

=(105ft* 180 ft+ 62 ft* 18.5ft) * 6" /106G /
8"

=198 feet

4.2.2 B_Foundation_Slab6"

The thickness needs to be adjusted to 8" to be
acceptable EIE input while keeping the same
area. This was done using the following
calcualtion.

‘ = (Slab Length * Thickness) / 8"

= (770 ft* 6" /8"

g"
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=58 feet

4.2.3 B_Foundation_Slab4"

done using the following calcualtion.
= (Slab Area) / New Length
=(98ft*9.5ft+ 26 ft*2.67 ft) / 40 ft

= 25 feet

The length of this slab had to be adjusted to be

rectangular but keeping the same area. This wi

as

4.2.5 C_Foundation_Slab4"

done using the following calcualtion.
= (Slab Area) / New Length
= (1200 ft2) / 30 ft

=40 feet

The length of this slab had to be adjusted to be
rectangular but keeping the same area. This wl

as

4.2.6 D_Foundation_Slab6"

‘ Assumed to be same as B_Foundation_Slab6'

4.2.7 D_Foundation_Slab4"

‘ Assumed to be same as B_Foundation_Slab6'

4.2.8D Main _Slaba"

‘ Assumed to be same as B_Foundation_Slab6'

5 Walls

The wall types used in the Buchanan building are as follows: concrete block, cast-in-place, curtain, and
wood stud. Windows for all walls were modeled as being fixed aluminum frames even though portions
of many of the windows are, in fact, operable. Because only small portions of the windows are
operable, assuming the windows are fully fixed is more accurate than assuming the windows are fully
operable. The count condition in OnScreen was used to find the number of windows related to a
specific wall. The number of windows was then multiplied by the square footage of a single window in
order to compute the total window area related to a given wall. For example, assembly
D_2nd_Wall_NS_Wood includes 92 separate 9’9” by 7" windows. Multiplying the three values together
yields a total window area of 2965.16 ft2, the value that is used in the model. Many of the windows
travelled through both an exterior concrete block wall and an interior wood stud wall. In these cases
the windows were modeled with the interior wood stud wall and empty holes were modeled into the
exterior concrete block wall. This is done so that the windows are not modeled twice. For example, the
assemblies B_2nd_Wall_NSBlock and B_2nd_Wall_NS_Wood are located back-to-back and, therefore,
share the same set of 92 windows and have the same total window area of 2965.16 ft2. However,
assembly B_2nd_Wall_NS_Wood also includes wood window frames and standard glazing where as
assembly B_2nd_Wall_NSBlock does not include any framing or glazing; thus, the window materials are
only counted once.

Like windows, the number of doors within a certain wall type was calculated using the count condition

in OnScreen. Exterior doors were assumed to be aluminum with 80% glazing where as interior doors
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were assumed to be hollow wood core.

The drawings specified that many of the wood stud walls included 1” batt insulation but did not specify
the specific type. Therefore, it was assumed that rockwool batt insulation was used.

5.1 Concrete Block

EIE accepts, #4 rebar is used in the model.

The lengths of the concrete block walls are calculated using the linear condition in
OnScreen and the heights are found in the original drawings. Rebar sizes are also found
on the drawing; however, if the rebar size listed in the drawing is too big or too small to
be input into the EIE, the closest acceptable value was assumed. For example, assembly
A_2nd_Brick_In calls for #3 rebar in the drawings. Since #4 is the smallest size that the

5.1.12 D_Main_Wall EW

‘ Assumed to be same as B_Main_Wall_EW

5.1.13 D_Main_Wall_NSBlock

‘ Assumed to be same as B_Main_Wall_NSBIlog

5.1.14 D_2nd_Wall_EW

‘ Assumed to be same as B_2nd_Wall_EW

5.1.15 D_2nd_Wall_NSBlock

‘ Assumed to be same as B_2nd_Wall_NSBIlock

5.1.16 D_3nd_Wall_NSBlock

‘ Assumed to be same as B_3rd_Wall_NSBlock|

5.1.17 D_3nd_Wall_EW

‘ Assumed to be same as B_3nd_Wall_EW

5.1.18 D_All_StairsWall

‘ Assumed to be same as B_All_StairsWall

5.2 Cast In Place

Much like concrete block walls, the lengths of cast-in-place walls are calculated using
the linear condition in OnScreen. Heights, thicknesses, concrete strength, and rebar
size are taken directly from the drawings. Much like the slabs on grade, the wall
thicknesses are converted to either 8” or 12” (in order to be compatible with EIE) and
the wall heights are changed in order to maintain the original wall volume. Some of the
walls also have #4 rebar which is outside of the range available in EIE; thus, they are
modeled with #5 rebar. The flyash percentage is assumed to be the average.

5.2.2 A_Foundation_TieBeam_16x16

The thickness needs to be adjusted to 8" or 12"

be an acceptable EIE input while keeping the
same area. This was done using the following
calcualtion.
‘ = (Width * Thickness) / 12"
=(1.33ft*16") /12"

=1.78 feet

5.2.3 A_Foundation_Wall_10"

The thickness needs to be adjusted to 8" or 12['

be an acceptable EIE input while keeping the
same area. This was done using the following
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calcualtion.
= (Width * Thickness) / 12" ‘
=(17.5ft*10") /12"

=14.58 feet

5.2.10 B_Foundation_Wall10"

The thickness needs to be adjusted to 8" or 12
be an acceptable EIE input while keeping the
same area. This was done using the following
calcualtion.

= (Width * Thickness) / 12"

=(11.17 ft*10") /12"

=9.31 feet

5.2.11 B_Foundation_Wall6"

The thickness needs to be adjusted to 8" or 12|
be an acceptable EIE input while keeping the
same area. This was done using the following
calcualtion.

= (Width * Thickness) / 8"

= (451t*6") /8"

= 3.38 feet

5.2.12 B_Foundation_ShortWal

The thickness needs to be adjusted to 8" or 12

be an acceptable EIE input while keeping the
same area. This was done using the following
calcualtion.

= (Width * Thickness) / 12"

= (2,75 ft* 10%) / 12"

=2.29 feet

5.2.15 B_Main_Wall10"

The thickness needs to be adjusted to 8" or 12|

be an acceptable EIE input while keeping the
same area. This was done using the following
calcualtion.

‘ = (Width * Thickness) / 12"

=(9.75ft*10") /12"

=8.13 feet

5.2.19 D_Foundation_TieBeam

‘ Assumed to be same as B_Foundation_TieBe.

Am

5.2.20 D_Foundation_Wallg8"

‘ Assumed to be same as B_Foundation_Wall8'

5.2.21 D_Foundation_Wallg8"2
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‘ Assumed to be same as B_Foundation_Wall8'R

5.2.22 D_Foundation_Wallg8"3

‘ Assumed to be same as B_Foundation_Wall8"3

5.2.23 D_Foundation_Wall10" |
‘ Assumed to be same as B_Foundation_Wall10"

5.2.24 D_Foundation_Wall6"

‘ Assumed to be same as B_Foundation_Wall6'

5.2.25 D_Foundation_ShortWall
‘ Assumed to be same as B_Foundation_ShortWall

5.3 Curtain

The lengths of all curtain walls were calculated using the linear condition in OnScreen.
The thickness of insulation for all curtain walls was assumed to be the same as all other
exterior walls in the model. The percent glazing and percent spandrel were calculated
with the help of details on the original drawings.

5.4 Wood Stud

Like all other wall lengths, the lengths of wood stud walls were calculated using the
linear condition in OnScreen. The wall type, wall height, stud spacing, stud thickness,
and sheathing type were all found on the original drawings. The stud type was assumed
to be kiln-dried since it was the most common stud type used during the time that the
building was constructed. For wood studded walls that included gypsum board, regular
1/2” gypsum was assumed because it is so commonly used.

5.4.4 B_3nd_Wall_EW_Wood

‘ Assumed to be same as B_2nd_Wall_EW_Waood

5.4.5 B_3nd_Wall_NS_ Wood

‘ Assumed to be same as B_2nd_Wall_NS_Wood

5.4.7 B_3nd_InteriorWall

‘ Assumed to be same as B_2nd_Interiorwall

5.4.9 C_Main_Wall_Outside_Wood
‘ Assumed to be same as C_2nd_Outside_Wood

5.4.10 C_3rd_Wall_Outside_Wood
‘ Assumed to be same as C_2nd_Outside_Wood

5.4.11 C_4th_Wall_Outside_Wood
‘ Assumed to be same as C_2nd_Outside_Wood

5.4.13 C_Main_inside_wall

‘ Assumed to be same as C_2nd_inside_wall

5.4.14 C_3rd_inside_wall

‘ Assumed to be same as C_2nd_inside_wall

5.4.15 C_4th_inside_wall

‘ Assumed to be same as C_2nd_inside_wall

5.4.16 D_2nd_Wall EW_Wood

‘ Assumed to be same as B_2nd_Wall_EW_Wood

5.4.17 D_2nd_Wall_NS_Wood

‘ Assumed to be same as B_2nd_Wall_NS_Wood
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5.4.18 D_main_Wall_EW_Wood |

Assumed to be same as
B_main_Wall EW_Wood

5.4.19 D_main_Wall. NS_Wood

‘ Assumed to be same as B_main_Wall_NS_W

od

5.4.20 D_3nd_Wall_EW_Wood

‘ Assumed to be same as B_3rd_Wall_EW_Wo

nd

5.4.21 D _3nd Wall NS Wood

‘ Assumed to be same as B_3nd_Wall_NS_Wo

bd

5.4.22 D_2nd_InteriorWall

‘ Assumed to be same as B_2nd_InteriorWall

5.4.23 D_main_Interiorwall

‘ Assumed to be same as B_main_Interiorwall

5.4.24 D_3nd_InteriorWall

‘ Assumed to be same as B_3nd_Interiorwall

6 Extra Basic Materials

It was assumed that Blocks C and E have equivalent material usage per square foot. This meant that
only Block C takeoffs were required. The Block C takeoffs were then modeled in EIE to produce a Block
C Bill of Materials. The Bill of Material amounts were then multiplied by the ratio of Block E square
footage to Block C square footage to create an estimated Bill of Materials for Block E which is displayed
in Appendix B. The values in this new Bill of Materials were then entered into the final model through
extra basic materials assembly group. Both Block C and E are office building of almost identical layout;
thus, this assumption should not greatly affect the model. Other than the materials related to Block E,
the only assumption made in extra basic materials was related to the exterior porcelain panels located
below the windows on Blocks B, C, D, and E. The takeoffs for the porcelain panels were done using the
count condition in OnScreen. Once the number of panels was known it was multiplied by the area in
order to create total panel area. This total panel area was then modeled in extra basic materials as
standard glazing. This was done because the EIE does not have porcelain in its material database;
standard glazing was used because it is the most closely related material in the EIE.

Material Block C Block E Unit
Quantity Quantity

1/2" Gypsum Fibre Gypsum Board 2636.0718 | 1797.933 | m2

3 mil Polyethylene 528.0392 360.149 | m2

6 mil Polyethylene 118.2619 80.661 | m2

Aluminium 11.3482 7.740 | Tonnes

Batt. Rockwool 418.6497 285.540 [ m2
(25mm)

Concrete 20 MPa (flyash av) 6.9376 4,732 | m3

Concrete 30 MPa (flyash av) 1084.0144 739.352 [ m3

Concrete Blocks 5160.6148 | 3519.797 | Blocks

EPDM membrane 747.7605 510.010 | Kg

Extruded Polystyrene 518.0724 353.351 [ m2
(25mm)

Joint Compound 2.6308 1.794 | Tonnes
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Modified Bitumen membrane 512.7077 349.692 | Kg
Mortar 16.9326 11.549 | m3
Nails 1.2962 0.884 | Tonnes
Paper Tape 0.0302 0.021 | Tonnes
Rebar, Rod, Light Sections 47.6812 32.521 | Tonnes
Small Dimension Softwood Lumber, kiln-dried 52.2232 35.619 [ m3
Softwood Plywood 566.3051 386.248 | m2
(9mm)

Standard Glazing 1477.3212 | 1007.607 | m2
Water Based Latex Paint 89.6686 61.158 | L
Welded Wire Mesh / Ladder Wire 0.1008 0.069 | Tonnes




