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Abstract

The life cycle analysis (LCA) being carried out tbis project is one of thirteen
others that are being carried out at the samefomesidential and academic buildings at
the University of British Columbia (UBC). The pugmof this study is to determine the
impacts associated with these buildings using tthe®a Environmental Impact
Estimator (EIE). The building assigned for thisorps the Walter H. Gage Residence, a
multi-unit residential rental building that is madje of three 17 floor towers and a one
floor commons block linking the three towers.

Architectural and structural drawings were prodider Gage by the UBC
Records Department to perform takeoffs for the Bf#its. The EIE presented the impact
assessment in the summary measures of the Gagénguivhich was then compared
with other values obtained for the thirteen othgitdings. The impact summary
measures were further analysed through sensiavigysis to figure out how changing
the quantity of a material would affect the impadtsaddition, the energy performance
model was completed based on the current and amweg version of the building to
determine the energy payback period.

The results obtained from the findings were offéficult to quantify due to the
many uncertainties associated with carrying out LOAcertainties and assumptions
inherent in this study are outlined within it argoacontained in the EIE Assumption
Document. One certain result from this projechat the use of LCA on will most

definitely be an important tool to be used for fineire for all buildings to come.
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1.0 Introduction

The building studied in this life cycle analysisCA) study is the Walter H. Gage
Residence. Located in the heart of the Univerditgraish Columbia near the Student
Union Building, the Student Recreation Center, gnedbus loop. It serves as residence
for undergraduate students all year round. Itss a&lidely used for conference groups
during the summer. The building is named after\Walter Henry Gage, to honour his
50" year of service in 1971 at UBC. The original camstion began in 1972 at a cost of
$8 million, with an addition of an apartment blaokl984 at a cost of $6.5 million. The
original construction called for three main 17 fleesidential towers, which is the focus
of this study. However, there is also a single camsrblock that connects the three
residential towers, and the apartment block that kager built. Altogether, the building
houses 1419 beds.

Figure 1.0 Walter H. Gage Residence

Gage is primarily made of cast in place concriggeh typical floor contains 4
units. Each unit contains 6 private bedrooms, aeshliving room, kitchen, and
washroom. Table 1.0 lists the general charactesisti Gage residence. Once again, the
LCA study of this building will be focused on thede towers; North, South and East.
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Table 1.0 General Characteristics of Gage Residence

Building
System Specific Characteristics of Gage building to wer

Structure
Concrete walls supporting concrete suspended slabs

Floors Basement: Concrete slab on grade; First to Seventeenth (Typical) Floors:
Suspended slabs with some acoustic battery insulation

Exterior Walls | Basement: Cast in place concrete walls with thin coat plaster on gypsum board
on extruded polystyrene; Typical Floor: Concrete cast in place walls with and
extruded polystyrene and gypsum board

Interior Walls Basement: steel stud walls extruded polystyrene and gypsum board; Typical
Floor: gypsum on steel stud walls with extruded polystyrene

Windows
All windows are standard glazed with aluminium framing

Roof
Main Roof: PVC Membrane Roofing System with extruded polystyrene

HVAC/heating | Steam from central power plant (CPP), natural gas-fired boiler

2.0 Goal of Study

The life cycle analysis being carried out for thisject is part of a series of
thirteen other projects being carried out togetireresidential and academic buildings of
UBC that also follow the same goals and scopetuofys These LCA are being done as a
study to determine the environmental impacts ofe¢hauilding designs with the Athena
Impact Estimator software. For this article, theA ®ill be done on the Walter H. Gage
Residence.

The main outcomes of this LCA study are the eshblent of a materials
inventory and environmental impact referencestier@age building. An exemplary
application of these references are in the assegsshpotential future performance
upgrades to the structure and envelope of the Gaidding. When this study is
considered in conjunction with the twelve other UB@lding LCA studies, further
applications include the possibility of carryingt@nvironmental performance
comparisons across UBC buildings over time and éetwdifferent materials, structural
types and building functions. Furthermore, as destrated through these potential
applications, this Gage building LCA can be seearasssential part of the formation of

a powerful tool to help inform the decision makprgcess of policy makers in
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establishing quantified sustainable developmerdejinies 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, sucthasSustainability Office, who are
involved in creating policies and frameworks fostsinable development on campus.
Other potential audiences include developers, scls, engineers and building owners
involved in design planning, as well as externglmizations such as governments,
private industry and other universities whom maytia learn more or become engaged

in performing similar LCA studies within their ongiaations.

3.0 Scope of Study

The product system being studied in this LCA aeedtructure, envelope and
operational energy usage associated with spacetiwomag of the Gage building on a
square foot finished floor area of residential ¢ty basis. In order to focus on design
related impacts, this LCA encompasses a cradlete-gscope that includes the raw
material extraction, manufacturing of constructiaterials, and construction of the
structure and envelope of the Gage building, as agehssociated transportation effects

throughout.

3.1 Tools, Methodology and Data

Two main software tools are to be utilized to coatgplthis LCA study;
OnCenter’'s OnScreen TakeOff and the Athena SustiiMdaterials Institute’s Impact
Estimator (IE) for buildings.

The study will first undertake the initial stageaomaterials quantity takeoff,
which involves performing linear, area and counasugements of the building’s
structure and envelope. To accomplish this, On&cfadeOff version 3.6.2.25 is used,

which is a software tool designed to perform mateekeoffs with increased accuracy
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and speed in order to enhance the bidding capatity users. Using imported digital
plans, the program simplifies the calculation arehsurement of the takeoff process,
while reducing the error associated with theseadwatovities. The measurements
generated are formatted into the inputs requiredhi® IE building LCA software to
complete the takeoff process. These formattedtgngsiwell as their associated

assumptions can be viewed in Annexes A and B réspic

Using the formatted takeoff data, version 4.0.5ftheflE software, the only
available software capable of meeting the requirgsef this study, is used to generate a
whole building LCA model for the Gage building imetVancouver region as an
residential building type. The IE software is desd to aid the building community in
making more environmentally conscious material @esign choices. The tool achieves
this by applying a set of algorithms to the inpdttakeoff data in order to complete the
takeoff process and generate a bill of materiatdMB This BoM then utilizes the
Athena Life Cycle Inventory (LCI) Database, versi8, in order to generate a cradle-
to-grave LCI profile for the building. In this sty, LCI profile results focus on the
manufacturing and transportation of materials &m®dr installation in to the initial
structure and envelope assemblies. As this stdycradle-to-gate assessment, the
expected service life of the Walter Gage residénset to 1 year, which results in the
maintenance, operating energy and end-of-life stafighe building’s life cycle being

left outside the scope of assessment.

The IE then filters the LCA results through a detlmaracterization measures
based on the mid-point impact assessment methogldegeloped by the US
Environmental Protection Agency (US EPA), the Tioolthe Reduction and Assessment
of Chemical and other environmental Impacts (TRA@I)sion 2.2. In order to generate
a complete environmental impact profile for the &&gilding, all of the available
TRACI impact assessment categories available imBlege included in this study, and

are listed as;

* Global warming potential
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» Acidification potential

» Eutrophication potential

» Ozone depletion potential

* Photochemical smog potential

* Human health respiratory effects potential
* Weighted raw resource use

* Primary energy consumption

Using the summary measure results, a sensitivéyyars is then conducted in
order to reveal the effect of material changeshenipact profile of the Gage building.
Finally, using the UBC Residential Environmentak@ssment Program (REAP) as a
guide, this study then estimates the embodied gnevglved in upgrading the insulation
and window R-values to REAP standards and calcuthteenergy payback period of

investing in a better performing envelope.

The primary sources of data for this LCA are thginal architectural and
structural drawings from when the Gage residenceimitially constructed in 1972. The
assemblies of the building that are modeled incthdefoundation, columns and beams,
floors, walls and roofs, as well as the associateatlope and openings (ie. doors and
windows) within each of these assemblies. Thesiatito omit other building
components, such as flooring, electrical aspectdElsystem, finishing and detailing,
etc., are associated with the limitations of avddadata and the IE software, as well as to
minimize the uncertainty of the model. In the gs& of these assemblies, some of the
drawings lack sufficient material details, whiclcassitate the usage of assumptions to
complete the modeling of the building in the IEta@ire. Furthermore, there are inherent
assumptions made by the IE software in order t@egea the bill of materials and
limitations to what it can model, which necessidterther assumptions to be made.
These assumptions and limitation will be discudsetther as they energy in the Building
Model section and, as previously mentioned, altBjpenput related assumption are
contained in the Input Assumptions document in AnBe
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4.0 Building Model

As mentioned in the goals and scope, the two neails to create the building
model were Onscreen Takeoff and Athena Environnhémiaact Estimator (IE). The
process of creating the building model will be presd in further discussion in the next

section.

4.1 Takeoffs

The use of Onscreen Takeoff has allowed takeoffsetoompleted for this project
at a much greater speed, ease and precision. Takkofe by hand through measurement
of ruler are more prone to errors. One also mustbeful with organization of
measurements and data. On the other hand, withr€ars@ akeoff, this entire process is
digitized. The primary feature being measuremeatshe achieved in quick and accurate
manner. Much of the calculations involved with measents such as area can also be
done using Onscreen. In addition, Onscreen offerslkent way layering of takeoff
views and organization of takeoffs.

The difficulties in creating the building model aperforming the takeoffs,
therefore, did not lie in the actual process itdalt the lack of information. Onscreen
Takeoff relies on architectural and structural drags to be completed. These drawings
were obtained from the UBC Records Department. kimfately, the records department
has no control over the quality of these drawimgsf all the drawings are intact. The
contractors in charge of the building simply handhe Records Department what
drawings they have. It is often the case that ntdrawings are missing. This is especially
the case for older buildings, as computers mayhawe existed at those times, where
digital copies could not be pulled up from computerage in case drawings are lost.
Unfortunately, this was the case for this projedigre entire details for the one floor
commons block linking the three apartment towerseweissing. Even for the towers
itself, some key details and drawings were alsaimgs In addition to missing drawings,
the quality of drawings are not up to par compdceithe CAD drawings today. Drawings
in the past were all done by hand, and sometimesybhnd difficult to read. In some
cases, the drawings have been damaged. The fotlowi
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Assumptions and calculation details of each assggriolup will now be outlined
below. These values are then plugged into Atheafél impact assessment.
Unfortunately, further assumptions may be requded to limitation of the impact
estimator software. For example, there are bounidars for certain input parameters

for assemblies. These will are mentioned in dé&libw:

4.2 Foundations

The foundation assembly group consists of footisigg) on grades, and stairs.
Slab on grade(SOGs) were modelled as area congliticiakeoffs due to length, width,
and thickness input requirements in the |E. Coed@btings were all modelled as area
conditions. For the case of Gage building, padifigstdominated while there were only
a few column footings. Column footings were modibes area conditions due to
minimal numbers. Footing thicknesses were limitedtween 7.5” and 19.7” thick.
Many footings exceeded these boundaries, so tigghemand widths were increased
accordingly while maintaining the same volume daftfiog. The footings and SOGs can
be all found in 869-07-002 structural drawing. &avere modelled as footings for this
project because the IE currently does not havaiecase assembly profile. Stairs were
modelled as an area condition based on dimensighgwstructural drawings 869-07-
003 and 869-07-004.

4.3 Walls

Wall assemblies consist of all the walls foundhmitthe building. Gage has many
rooms and lacks any large rooms, thus reinforcdts wapplement the use of columns.
Wall classification can be divided up into thregon&ategories: basement(869-06-006),
typical (869-06-008), and roof(869-07-007). A grdutoor did exist, but it was nearly
identical to the typical floor plan with the exceypt of a lounge room. Therefore, the

ground floor was simply modelled as a typical floéll walls were modelled as linear
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conditions in takeoffs, where their lengths wereaswed. Separate count conditions for
windows and doors were done with drawings 869-06-#1d 869-06-008 respectively.
Envelope and opening details were found in walhtlerawings. Certain assumptions
were made regarding envelope and opening detagisaltiheir missing details in the
drawings. Wall thicknesses were also another assommade, as EIE only allowed for
8” and 12” thickness walls. Interior steel stud iwalere also assumed to be light gauge
(25 Ga) with no sheathing.

4.4 Floors

The floors were measured using area conditionschMilie in column and beams,
the IE calculated the thickness of the materiakdas some basic variables regarding
the assembly. These include; floor width, spangcoete strength, concrete flyash content
and live load. The only assumptions that had tombade in this assembly group were
setting the live load to 75psf, as well as setthgconcrete strength 4,000 psi, instead of
the specified 3,500psi. This was due to the IEstation to model only 3,000, 4,000 or

9,000psi concrete strengths.

4.5 Beams and Columns

Gage Residence has no large open spaced roomigyuanao columns were found
in the tower designs. The building is made up oltiriedroom units, with all the
supports coming from the many room walls. Beamsvi@und in only the first floor in
very minimal numbers, but were not modeled dueltxl of beam detail drawings.
Missing reflected ceiling drawings for all floorsaept ground further made beams
difficult. Access to the building was completedts author’s discretion but was limited
due to the privacy of the building. It was foundbeams could be seen the floors above

in the central elevator space of a typical floor.
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4.6 Roof
For the roof envelope, the area condition was ts@dodel it. Two roofs, one

main roof on the top floor, and a smaller roof kechon the top of the floor that houses
the elevator room. Both roofs were assumed to by@sPVC membrane roofing system
with extrude polystyrene insulation, as roof dstabuld not be found. This assumption
is based on a model developed by Athena for a Eaisek project, named
BC_Typical_MURB.

4.7 Extra Basic Materials
The only ceiling drawings available were for thieughd floor which used some

cedar planking. Fortunately, ceiling materials rared static for the typical floors and
was similar to the ground floor, with the excepta@irsome cedar planking use. Some
cedar planking was used in the ground floor. Baseifih@or was inaccessible, and thus

also assumed to be the same as a typical ceiling.

5.0 Bill of Materials
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The bill of materials for the Gage building is geated below. As mentioned
before, only the towers of Gage were modelled.Urately, based on the structural and
architectural drawings, it was found the three taweere identical. The bill of materials

in Table 2.0 represents one apartment tower in Gage

Table 2.0 Bill of Materials for North Gage Tower

Material Quantity Unit

1/2" Regular Gypsum Board 10086.3468 | m2

5/8" Regular Gypsum Board 11444.3355 | m2

6 mil Polyethylene 622.8647 | m2
Aluminium 47.3902 | Tonnes
Ballast (aggregate stone) 38471.056 | Kg

Batt. Fiberglass 21215.0845 | m2 (25mm)
Concrete 20 MPa (flyash 25%) 881.506 | m3
Concrete 30 MPa (flyash 25%) 2058.0873 | m3
Concrete 60 MPa (flyash 25%) 1860.9576 | m3

EPDM membrane 1871.8841 | Kg
Expanded Polystyrene 6.51 | m2 (25mm)
Extruded Polystyrene 12467.5186 | m2 (25mm)
Galvanized Sheet 0.3264 | Tonnes
Galvanized Studs 22.7389 | Tonnes
Joint Compound 21.488 | Tonnes
Nails 4.1939 | Tonnes
Paper Tape 0.2466 | Tonnes
PVC membrane 3081.959 | Kg

Rebar, Rod, Light Sections 142.9753 | Tonnes
Screws Nuts & Bolts 1.489 | Tonnes
Small Dimension Softwood Lumber, kiln-dried 12.5751 | m3
Softwood Plywood 8088.7686 | m2 (9mm)
Solvent Based Alkyd Paint 0.5896 | L

Standard Glazing 2494.1845 | m2

Stucco over porous surface 71.7397 | m2

Water Based Latex Paint 537.3111 | L

Welded Wire Mesh / Ladder Wire 0.5043 | Tonnes
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Table 3.0 below presents the bill of materialdbbthree Gage Towers combined.

Table 3.0 Bill of Materials for All Gage Towers

Material Quantity Unit

1/2" Regular Gypsum Board 30259.0404 | m2

5/8" Regular Gypsum Board 34333.0064 | m2

6 mil Polyethylene 1868.5941 | m2
Aluminium 142.1706 | Tonnes
Ballast (aggregate stone) 115413.1679 | Kg

Batt. Fiberglass 63645.2535 | m2 (25mm)
Concrete 20 MPa (flyash 25%) 2644.5179 | m3
Concrete 30 MPa (flyash 25%) 6174.262 | m3
Concrete 60 MPa (flyash 25%) 5582.8729 | m3

EPDM membrane 5615.6523 | Kg
Expanded Polystyrene 19.53 | m2 (25mm)
Extruded Polystyrene 37402.5558 | m2 (25mm)
Galvanized Sheet 0.9793 | Tonnes
Galvanized Studs 68.2167 | Tonnes
Joint Compound 64.464 | Tonnes
Nails 12.5818 | Tonnes
Paper Tape 0.7399 | Tonnes
PVC membrane 9245.8771 | Kg

Rebar, Rod, Light Sections 428.926 | Tonnes
Screws Nuts & Bolts 4.4671 | Tonnes
Small Dimension Softwood Lumber, kiln-dried 37.7253 | m3
Softwood Plywood 24266.3057 | m2 (9mm)
Solvent Based Alkyd Paint 1.7687 | L

Standard Glazing 7482.5535 | m2

Stucco over porous surface 143.4795 | m2

Water Based Latex Paint 1611.9333 | L

Welded Wire Mesh / Ladder Wire 1.5128 | Tonnes

The largest amount of material used in all thregétowers was concrete.

Concrete forms the basis of the entire framewankcsiires of the towers. Unfortunately,

for such a key component, specifications suchrasgth are unknown had to be

assumed. Assumptions made can be seen in AppAndikere the value to the right of

a dash indicates that an assumption was made.e Hsssmption are outlined in

Appendix B. The assumption of the concrete speatifons are crucial to such a large

building. Designing tall skyscrapers inevitablylsdor different concrete strengths.

Inaccurate assumption will lead to an inaccuraté lo€the actual building. An

overestimation would lead to a building that islboin unnecessary high strength

concrete, and an underestimation would lead taldibg that would be physically
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impossible. Thus, an accurate estimation wouldonét lead to an accurate portrayal of
the building but also a proper LCA, as strengtieaicrete has much greater
environmental impacts as strength increases. Bafs the 60 MPa concrete was
assumed and accounted for 40% of the towers cendrkis was also to account for the
lack of strength options, as the only option beG@WiPa was 30MPa.

The extruded polystyrene was the assumed insalatiaterial. There was no wall
details page to use in identifying what “insulatievas defined to be in the wall detail
drawings (869-06-017 and 869-06-018). Althoughdimeensions were given, the
specific thermal resistance of different insulatese very different. This would severely
affect the building model and the building perfonoa analysis being performed in later

sections.

6.0 Summary Measures

The summary measures produced by the IE are simowable 4.0 by life cycle
stages and Table 5.0 by assembly groups.
The impact categories used in this study are ifiethias follows:

* Primary Energy Consumption

* Weighted Resource Use

* Global Warming Potential

» Acidification Potential

* HH Respiratory Effects Potential

» Eutrophication Potential

* Ozone Depletion Potential

* Smog Potential

Primary energy consumption includes direct andreadienergy used to
manufcture or transport raw materials into a bagdilndirect energies, such as
transportation, delivering of fuel and energy soatonsidered in the IE.

Weighted resource use is the use of raw resousoc@sike a building or
associated products. Different raw resources diffgrent weights depending on
relative effects of different resource extractiatiaties. Scores are given based on these

activities relative to each other through an expartel ranking.
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Global warming potential is measured based on Wéght equivalence. Cas
been commonly associated as the standard for grasalyas effects, and therefore it is
used to set the reference for the comparison @frainissions to air. GHG emissions are
based on a C{equivalence, which represents their ability taulate the radiative effects
of the sun.

Acidification potential is measured similarly taoghal warming potential, based
on H+ equivalence on mass basis for air and watéssgons.

Human health respiratory effect potential is basegarticulate matter that is
harmful to human health, specifically Riand PM s. Possible effects include damage to
the human respiratory system resulting in asthmadhitis, etc.

Eutrophication potential is caused by an abundahoetrients being suddenly
introduced to a body of water that was previouatking these nutrients. This causes
proliferation of aquatic photosynthetic plant lifehich may affect the current system in
the water. Eutrophication is expressed based omagen equivalence basis.

Ozone depletion is the result of emissions of suss that cause the reduction
of the ozone layer in the Earth’s atmosphere, ¥angle, CFCs, and halons. The
reference standard of CFC-11 equivalence is us#tkaadicator for ozone depletion
potential.

Smog potential is expressed by ethylene mass dgqus&a Smog occurs when
certain air emissions become trapped near the'eatface. Under sunlight when
mixed with such air emissions, volatile organic gmunds and nitrogen oxides may
form as products.

These impact categories are used in conjunctiom Nt cycle inventory (LCI)
data to determine the summary measures, or Impesgssment of the Gage building.
Such impact categories and factors are taken fihend vol for the Reduction and
Assessment of Chemical and other environmental ¢tisg@ RACI), which is built into
the Impact Estimator.

The summary measure tables are presenting sorhe ghtuable data resulting
from this study — impacts of the Gage building. leer, it is difficult to interpret these
measures without comparisons. As mentioned in e &1d Scope, this project is being

carried out on thirteen other buildings. Six afgb projects were completed on
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residential buildings located in the UBC campusmParing buildings of similar

function allows for a more accurate comparisonth&tsame time, due to different square
footage of the buildings, the aggregated summargsores are all based on a per square
foot basis.

Given the aggregated results in Table 6.0, itillsdstficult to interpret the
summary measure values. A look at the table shbevsito newest building impact the
environment more than the older ones. One woultkithie case is the other way around,
with older buildings having a greater impact. Thare a number of uncertainties
associated with this idea. Firstly, newer buildimgh typically have more detailed
drawings; therefore, those models would have bbénta identify more details than
older buildings. The age difference in buildingdl wiso affect the LCI data. The Impact
Estimator will contain better inventories of moeeent materials.



Table 4.0 Summary Measure Table by Life Cycle Stagdor All Gage Towers

Liu

Manufacturing Construction Total Effects
Material Transportation Total Material Transportation Total
Primary Energy Consumption MJ 49757350.59 1535138.87 51292489.46 | 3033543.99 3687556.81 6721100.80 | 58013590.26
Weighted Resource Use kg 27557160.03 50214.34 27607374.37 139311.82 83919.90 223231.73 27830606.10
Global Warming Potential (kg CO2 eq / kg) 3917673.72 2410.55 3920084.27 207595.28 6881.93 214477.21 4134561.48
Acidification Potential (moles of H+ eq / kg) 1505354.58 844.67 1506199.25 114308.37 2181.72 116490.09 1622689.34
HH Respiratory Effects Potential (kg PM2.5 eq / kg) 18701.88 1.02 18702.90 127.47 2.62 130.09 18833.00
Eutrophication Potential (kg N eq / kg) 82.62 0.01 82.63 0.00 0.02 0.02 82.64
Ozone Depletion Potential (kg CFC-11 eq / kg) 0.01 0.00 0.01 0.00 0.00 0.00 0.01
Smog Potential (kg NOx eq / kg) 24937.86 19.10 24956.96 2757.84 48.72 2806.56 27763.52
Table 5.0 Summary Measures Table by Assembly Groujr All Gage Towers

Material ID Foundations Walls Beams and Columns Roofs Floors Extra Material | Total
Primary Energy Consumption MJ 2950837 46816100 0 2223416 9405668 9817 61405838
Weighted Resource Use kg 4067426 16217791 0 870925 5724472 5451 26886064
Global Warming Potential (kg CO2 eq / kg) 755807 6272244 0 233156 1291301 825 8553333
Acidification Potential (moles of H+ eq / kg) 504572 4487010 0 160826 814586 631 5967626
HH Respiratory Effects Potential (kg PM2.5 eq / kg) 375710 3148330 0 115903 640867 535 4281345
Eutrophication Potential (kg N eq / kg) 12677 228692 0 7055 38192 41 286657
Ozone Depletion Potential (kg CFC-11 eq / kg) 374815 3132141 0 115521 639410 533 4262419
Smog Potential (kg NOx eq / kg) 376814 3156261 0 116451 642129 533 4292187

19
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Table 6.0 Aggregated Summary Measures for Resideati Buildings

Vanier Totem Gage Fairview Thunderbird MarineDr ive Average
Impact Category Units 1959,1961,1968 1964 1972 1985 1995 2005
Primary Energy Consumption MJ 288.43 404.14 328.49 282.91 495.45 963.82 460.54
Weighted Resource Use kg 116.42 196.50 182.15 99.98 182.69 597.22 229.16
Global Warming Potential (kg CO2 eq/ kg) 20.11 29.56 25.64 16.74 28.40 77.88 33.05
Acidification Potential (moles of H+ eq / kg) 3.66 10.13 10.65 7.03 6.10 27.03 10.77
HH Respiratory Effects Potential (kg PM2.5 eq / kg) 0.05 0.08 0.13 0.09 0.07 0.26 0.12
Eutrophication Potential (kg N eq / kg) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ozone Depletion Potential (kg CFC-11 eq/ kg) 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Smog Potential (kg NOx eq / kg) 0.06 0.14 0.18 0.09 0.10 0.42 0.16
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6.1 Sensitivity Analysis

A brief sensitivity analysis was performed on tlifeedent materials in the
building. The majority of these analysis was basedoncrete, as this makes up the core
of the Gage building.

The first sensitivity analysis looked at the effetflyash on impacts. The 6174m
of 30MPa concrete used for all three gage towessla@ked at. Flyash content for the
concrete was varied based on the given inputsaiirtipact Estimator from average, 25%,
and 35%. The results only consider the construaimhmanufacturing stages of impacts;

they are shown in the figure below.

Table 7.0 Data Table for Fly Ash Content Sensitivit Analysis

25% AVG % 35%
Primary Energy Consumption MJ 9691979 10849164 9064682
Weighted Resource Use kg 16855719 17359690 16765795
Global Warming Potential (kg CO2 eq / kg) 1516750 1747958 1385396
30 MPa Concrete Hyash Sensitivity Analysis
20000000
18000000
16000000
14000000
12000000 O Aimery Energy Consunrption MJ
10000000 B Weighted Resource Use kg
8000000 0O Gobal Warmming Potential (kg GO2 eq/ kg)
6000000 -+
4000000 -
2000000 -
(0] ‘ ‘
25% AVG % 35%
Hyash content (%6)

Figure 2.0 Fly Ash Content Sensitivity Analysis

Based on the results, increased flyash does regiuroary energy consumption,
weighted resource use, and global warming poteritte numbers seem insignificant
compared to many sites that insist flyash is areksat substitute. Green Resource

Center states, “.when high volumes are used in concrete (displacioge than 25% of
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the cement), it creates a stronger, more durabléuyat and reduces concrete’s
environmental impact considerably.” Fortunatelyafiif also offers several other
characteristic benefits to concrete as quoted fByeen Resource Center. These are not
quantifiable through the impact estimator, for epamincreased durability of concrete.
Another interesting note based on the analysisasthe average flyash content in the
Impact estimator is less than 25%.

Global warming potential of varying concrete sg#rs was analysed in the next
sensitivity analysis. The two different concretesgths were compared for primary
energy consumption, weighted resource use, an@iledrming potential. Using the
volume used for the different concrete strengthshasvn in Table 2.0 in the Bill of
Materials. Despite the difference, the 30MPa and®B& concrete, however, are
relatively close in volume. The figure below illtegies the results:

Table 8.0 Data for Global Warming Potential Analyss

60MPa 30MPa
Primary Energy Consumption MJ 10699163 10849164
Weighted Resource Use kg 16338547 17359690
Global Warming Potential (kg CO2 eq / kg) 1737519 1747958

Concrete Strength Sensitivity Analysis

20000000
18000000
16000000 -
14000000
12000000 - O 60MPa Concrete
10000000 -

8000000 B 30MPa Concrete

6000000 -

4000000 -

2000000

o Y _ [T
Primary Energy Weighted Resource Global Warming
Consumption MJ Use kg Potential (kg CO2 eq/
ko)

Figure 3.0 Global Warming Potential Sensitivity Andysis

Despite the 60MPa concrete being lower in volunaa the 30MPa, it had nearly

identical global warming potential seen in Figur@. 3 hese impacts only consider the
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construction and manufacturing stages of conckerever, it was surprising to find

that they were only nearly equal. Typically, cregtconcrete at double the strength
results in nearly double the G@®missions. One would think the 60MPa concrete
analysed with nearly identical volume to 30MPa wichve a greater global warming
potential. However, there are other benefits higength concrete offers that are not
considered in the impact estimator. Eventhoughtgreapacts are associated with
higher strength concrete, high strength concratecaary more weight with less volume
compared to regular strength concrete. This allmwvsmaller column sizes, which
means less intrusion in lower stories, and moiadiwor rental space. Multi level parking
decks also benefit from reduced column sizes. dogd where land is scarce, this makes
all the difference. A study done by Moreno alsovehioeduced costs associated with high
strength concrete. This study reveals that theoti§gD00 psi (41 MPa) compressive
strength concrete in the lower columns of a 23ystommercial building requires a 34-in.
(865-mm) square column at a cost of $0.92/ft2 (@@n2). The use of 12,000 psi (83
MPa) concrete allows a reduction in column siz24en. (610 mm) square at a cost of
$0.52/ft2 ($5.60/m2).

Figure 3.0 further illustrates the comparisonhef 80MPa and 60MPa concrete in
detail. Even though the 60MPa Concrete was 5%dwer in volume, it did manage to
come close to the 30MPa concrete in terms of glalaaining potential seen in Figure
3.0.

Table 9.0 Data for Concrete Strength Analysis

Base Case 10% -10%
Concrete 30 MPA (6174m °) 3469997 346774.971 -346774.971
Concrete 60 MPA (5583m °) 3448620 344676.645 -344676.645
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Concrete Strength Sensitivity Analysis

@ Concrete 30 MPA
m Concrete 60 MPA

GW Potential (kg CO2 ey

0 e

500000 - Base Case 10% -I(!o

Figure 4.0 Concrete Strength Sensitivity Analysis

The next sensitivity analysis was performed onntlaén insulation used in the
Gage building — extruded polystyrene. The extrual@gstyrene was analysed for all
Impact categories in the Impact Estimator to deteenf someone wanted to add or
remove insulation, what impact would be the mossgre. Based on Figure 4.0, one
can see that the greatest line with the greategeskould be most sensitive. In this case,
primary energy consumption would have the biggegtict when using extruded
polystyrene.
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Extruded Polystyrene Sensitivity Analysis
600000
/ —e— Rimary Energy Consunption MJ
400000
—#— Weighted Resource Use kg
200000
Global Warning Rotential (kg OO2
» eq/ kg)
— o ‘ Acidification Potential (nmoles of
-15% -10% 5% (0.°%) 5% 10% 15% Ht+eq/ ko)
—¥— HHRespiratory Efects Fotential
/w (kg PVR.5eq/kg)
400000 —e— Hitrophication Potential (kg Neq /
/ 0
Pvavatea’a —+— Ozone Depletion Potential (kg
CFG-11 eq/ ko)
—-— Snog Fotential (kg NOx eq / kg)
Percentage Variation (%0)

Figure 4.0 Extruded Polystyrene Sensitivity Analys

The same analysis was performed on the matemarete. One can see in Figure
5.0 that the greatest impact categories for coe@et weighted resource use, primary
energy consumption, and global warming potentibaksE results make perfect sense, as a
great deal of energy and resources are requirethiégoroduction of concrete. GO
emissions are also one of the key emissions of faatwring concrete. Therefore, for one

to consider using concrete, these are the impacthdught.
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30MPa Concrete Sensitivity Analysis
2000000
—e— Rimary Energy Consurnrption MJ
1500000 -
—=— Weighted Resource Use kg
1000000 -
Global Warrring Potential (kg CO2
/
500000 - e/l
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Figure 5.0 Concrete Sensitivity Analysis

The role of the sensitivity analysis can helpdentify how the IE analyses
specific materials. It can tell us how significanthange in material quantity can affect a
building’s impacts, or at the same time how indigant it can be. Often times we are
confronted with questions such as, what if we Usssl concrete and more wood in this
building to reduce the global warming potential2 Bensitivity analysis can allow us to
do such a comparison. Unfortunately, the three Gegjeential towers were made
entirely out of concrete. This makes it difficudt¢onsider the use of alternate materials,
as a whole new structure would need to be plannetbothis kind of analysis. Should
the building have been made of a more hybrid ofenms for its structural components,
one would be able to make a quick comparison. titiath, sensitivity analysis can also
tell us how the impacts vary over the same typmaterial. For example, fly ash and
strength was varied and compared in the sensitnglysis above. The effects were

found not to be as significant as one would think.
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7.0 Building Performance

Building performance analysis was based on a siiaplenergy modelling
method. The associated heat loss sections of tldirigs were first considered, that is
the exterior walls, windows, and roof, which ar@esed to the outside. Varying types of
insulation have different degrees of thermal rasis¢, and this is expressed by their R-
value. The R-value is used in the construction stiguito measure a materials thermal
resistance, with a higher value meaning greatedatisn effectiveness. Because the
exposed walls, windows, and roofs contain diffeies, a weighted average is taken
for the R values. These values were then usedh@atloss equation.
Q = (1/R) x A XAT
Where,
R = R-Value in fi°F h/BTU (these are the Imperial units)
A = Area of the Assembly in interesf ft
AT = Inside Temperature — Outside Temperature in °F
The outside temperatures are based on histonesbges taken by Environment
Canada. Inside temperature is assumed to be nmredtat an average temperature of 20
°C or 68 °F. The heat loss values are calculatedht entire year and then compared
with an improved building model that complies withe minimum Residential

Environmental Assessment Program’s (REAP’s) ingutatequirements shown below:

« EA 1.1; Roof — minimum R-40
e EA 1.2; Exterior Wall Insulation — minimum R-18
e EA 1.3; Energy Star Windows — minimum R-3.2

Table 10.0 Current versus Improved R Values

R-Value (ft2.degF.h/BTU)
Area (ft2) ‘Current' Building 'Improved' Building
Exterior Wall 61990.5 7.5 18
Window 8102 0.91 3.75
Roof 7765 19.7 40
Weighted Average 77857.5 8.03 18.71

The above table compares the “current” buildinthwts current insulation R
values versus REAP’s standards. In order to imptbhgeurrent building to REAP’s

minimum requirements, the exterior wall’s curreri ihch of extruded polystyrene
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insulation was increased by 60 percent (3.75 inchies standard glazing for the
windows were replaced with low E silver argon fillglazing to achieve a 3.75 R value.
The roof was replaced with Foam polyisocyanuratepgesed to the current extruded
polystyrene. The annual energy usage of the twidlings were compared over a span of

80 years in Figure 6.0.

160,000,000,000,000

140,000,000,000,000 -

120,000,000,000,000 -|

100,000,000,000,000

— Curent
—— Improved

80,000,000,000,000

Heat Loss (¢

40,000,000,000,000 -

20,000,000,000,000 -

Years

Figure 6.0 Building Performance Comparison

In Figure 6.0, the intersection of the two graghthe energy payback period.
This is how many years it would take to save tloedased initial energy that was
invested into the material that reduced the bugdimeat loss. This was calculated to be
less than a year for the Gage building. The expians given for the building
performance outlines the simple approach takemlicutating the energy payback period
result. In reality, if one wanted to make a builglperform better, it would require a lot
more analysis and modeling. For instance, incrgasimeplacing insulation is not an
easy task, and neither is replacing glass paneth onsiderations, along with the cost

of the new insulation and installation are not edeed in the analysis performed here.
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8.0 Conclusion

As a concrete dominated the Gage building building primary concern of the
building would be the impact categories of primamgrgy consumption, resource use,
and global warming potential. It was placed welblkeaverage compared to other
residential buildings in UBC. With primary energynsumption of 328 MJ /4tweighted
resource use of 182 kg £ fglobal warming potential of 26 kg G@q / kg / ft and
acidification potential of 11 moles of H+ / kg 7 &nd negligible amounts in the other
four impact categories.

The sensitivity analysis was able to provide detagarding the affects of
concrete strength and flyash variation, and impaasitivities of materials. It was found
that increasing strength or varying flyash did Inate as great of an impact on the
environment as thought would be. Whether this neajrie for reality or just a flaw in
the Impact Estimator software would require moseagch to answer. The sensitivity
analysis on materials proved useful in determinirgggreatest impact each material has.

The building performance model in which an impmbeiilding was modelled
with better insulation factors demonstrated a cohae between better performing
envelope materials and operating energy. The agsomof an energy payback period of
less than one year gives some insight on how moelgg can be conserved in this way.
However, more detailed energy model would proveenamcurate in calculating this
payback period.

These analyses showed that performing an LCAlauilding is a long and
complicated task has inherent uncertainties. Hergitoject, and the twelve others, many
were very old buildings with insufficient or misginletails. Uncertainties were met and
assumptions laid out at every step in order to mgdish the life LCA and allow anyone
to easily create the same project. However, apribject progressed, the limitations of
the IE software were also identified. Fortunatétg IE software is being improved as we
speak with greater options and improved featutesally, a LCA should be performed on
a building under design phase, so a practitioneddvbe able to communicate with the

architect or engineers on any changes to help rhekuilding more sustainable. It is
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thus the hope of the students who have taken erptbject in this course, that the power
of the Impact Estimator be recognized, and usexiels.
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Appendix A: Impact Estimator Input Tables

Jack Liu
25105057
General Description
Project Location Vancouver
Building Life
Expectancy 60 years
Building Type Multi Unit Residential - Rental
Assembly Group | Assembly Type | Assembly Name | Input Fi elds Ideal Input Assumed Input
1 Foundation
1.1 SOG
1.1.1 4" Slab on Grade
Length (ft) 77.5 77.5
Width (ft) 775 775
Thickness (in) 4 4
Concrete (psi) - 4000
Concrete flyash % - 25%
1.2 Footings
1.2.1 1' Footing
Length (ft) 44.7 44.7
Width (ft) 44.7 44.7
Thickness (in) 12 12
Concrete (psi) - 4000
Concrete flyash % - 25%
Rebar - 5
1.2.2 2' Footing
Length (ft) 20 22
Width (ft) 20 22
Thickness (in) 24 19.7
Concrete (psi) - 4000
Concrete flyash % - 25%
Rebar - 5
1.2.3 4' Footing
Length (ft) 52.3 81.6
Width (ft) 52.3 81.6
Thickness (in) 48 19.7
Concrete (psi) - 4000
Concrete flyash % - 25%
Rebar - 5
1.2.4 5' Footing
Length (ft) 25.3 44.2
Width (ft) 25.3 44.2
Thickness (in) 60 19.7
Concrete (psi) - 9000
Concrete flyash % - 25%
Rebar - 5
1.2.5 Stair Type 1
Length (ft) 324 324
Width (ft) 144 144
Thickness (in) 5 7.5
Concrete (psi) - 3000
Concrete flyash % - 25%
Rebar - 5
1.2.6 Stair Type 2
Length (ft) 187.2 187.2
Width (ft) 144 144
Thickness (in) 5 75
Concrete (psi) - 3000
Concrete flyash % - 25%
Rebar - 5

2 Walls

2.1 Cast-in-Place
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2.1.1 10" Typical Exterior Concrete
Wall

Length (ft)

Height (ft)
Thickness (in)
Concrete (psi)
Concrete flyash %
Rebar

268 4556
8 8
12 12
. 4000
- 25%
. 5

Envelope

Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) 15 15
2.1.2 7" Typical Exterior Concrete
Wall 1
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 4000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)
Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing
Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 15
2.1.2 7" Typical Exterior Concrete
Wall 2
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 4000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)
Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing
Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 15
2.1.2 7" Typical Exterior Concrete
Wall 3
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 4000
Concrete flyash % - 25%
Rebar - 5

Total opening area (ft2)
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Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 15

2.1.2 7" Typical Exterior Concrete

Wall 4
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 4000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)

Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 15

2.1.2 7" Typical Exterior Concrete

Wall 5
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 4000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)

Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 15

2.1.2 7" Typical Exterior Concrete

Wall 6
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 4000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)

Windows Opening
Number of Windows 32 32
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Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 15

2.1.2 7" Typical Exterior Concrete

Wall 7
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 3000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)

Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 15

2.1.2 7" Typical Exterior Concrete

Wall 8
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 3000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)

Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 15

2.1.2 7" Typical Exterior Concrete

Wall 9
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 3000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)

Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
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Glazing Type - Standard Glazing

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 1.5

2.1.2 7" Typical Exterior Concrete

Wall 10
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 3000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)

Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 1.5

2.1.2 7" Typical Exterior Concrete

Wall 11
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 3000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)

Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 15

2.1.2 7" Typical Exterior Concrete

Wall 12
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 3000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)

Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing

Envelope
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Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 1.5
2.1.2 7" Typical Exterior Concrete
Wall 13
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 3000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)
Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing
Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 1.5
2.1.2 7" Typical Exterior Concrete
Wall 14
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 3000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)
Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing
Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 15
2.1.2 7" Typical Exterior Concrete
Wall 15
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 3000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)
Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing
Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
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Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 15

2.1.2 7" Typical Exterior Concrete

Wall 16
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 3000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)

Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 15

2.1.2 7" Typical Exterior Concrete

Wall 17
Length (ft) 368 368
Height (ft) 8 8
Thickness (in) 7 8
Concrete (psi) 3000
Concrete flyash % - 25%
Rebar - 5
Total opening area (ft2)

Windows Opening
Number of Windows 32 32
Total Window Area (ft2) 463 463
Frame Type Aluminium Aluminium
Glazing Type - Standard Glazing

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 15

2.1.3 10" Typical Interior Concrete

Wall
Length (ft) 183 3111
Height (ft) 8 8
Thickness (in) 8 12
Concrete (psi) 4000
Concrete flyash % - 25%
Rebar - 5

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Category Insulation Insulation
Material - Fiberglass Batt
Thickness (in) 3.625 3.625

2.1.4 8" Basement Exterior

Concrete Wall
Length (ft) 573 573
Height (ft) 15.1 15.1
Thickness (in) 8 12
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Concrete (psi) - 9000

Concrete flyash % - 25%

Rebar - 5
Windows Opening

Number of Windows 12 12

Total Window Area (ft2) 231 231

Frame Type Aluminium Aluminium

Glazing Type - Standard Glazing
Doors Opening

Number of Doors 2 2

Door Type Steel Exterior Door Steel Exterior Door

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 5/8" Gypsum Regular 5/8"
Category Insulation Insulation
Material - Polystyrene Extruded
Thickness (in) - 1.5

2.1.5 8" Interior Concrete

Basement Wall
Length (ft) 96 96
Height (ft) 15.1 15.1
Thickness (in) 8 8
Concrete (psi) - 4000
Concrete flyash % - Average
Rebar - 5

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 5/8" Gypsum Regular 5/8"

2.1.6 10" Basement Interior

Concrete Wall
Length (ft) 115 115
Height (ft) 10 10
Thickness (in) 10 12
Concrete (psi) - 9000
Concrete flyash % - Average
Rebar - 5

Envelope
Category Gypsum board Gypsum board
Material Gypsum Regular 5/8" Gypsum Regular 5/8"

2.1.5 1' Roof Exterior Concrete

Wall
Length (ft) 157 157
Height (ft) 19 19
Thickness (in) 12 12
Concrete (psi) - 3000
Concrete flyash % - average
Rebar - 5

2.1.6 8" Roof Exterior Concrete

Wall
Length (ft) 685 685
Height (ft) 5 5
Thickness (in) 8 8
Concrete (psi) 3000
Concrete flyash % - average
Rebar - 5

2.2 Steel Stud

2.2.1 7" Typical Interior Stud Wall
Length (ft) 518 8806
Height (ft) 8 8
Sheathing Type none none
Stud Spacing - 16 o.c
Stud Weight Light Light
Stud Thickness 35/8 15/8 x35/8

Doors Opening
Number of Doors 44 748

Door Type

Hollow Core Wood
Interior Door

Hollow Core Wood
Interior Door

Envelope
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Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Fiberglass Batt
Thickness (in) 3.625 3.625
2.2.2 7" Basement Interior Stud
Wall
Length (ft) 340 340
Height (ft) 8 8
Sheathing Type none none
Stud Spacing - 16 o.c
Stud Weight Light Light
Stud Thickness 35/8 158/8 x35/8

Envelope

Category Gypsum board Gypsum board
Material Gypsum Regular 1/2" Gypsum Regular 1/2"
Thickness
Category Insulation Insulation
Material - Fiberglass Batt
Thickness (in) 3.625 3.625
3 Floor
3.1 Suspended
Slab
3.1.1 6" Suspended Slab 1-5
Floor Width (ft) 2191 2191
Span (ft) 11 11
Concrete (psi) - 9000
Concrete flyash % - average
Live Load (psf) - 75
Envelope
Envelope Category Gypsum Board Gypsum Board
Envelope Material Regular 5/8" Regular 5/8"
3.1.1 6" Suspended Slab 6-12
Floor Width (ft) 2630 2630
Span (ft) 11 11
Concrete (psi) - 4000
Concrete flyash % - average
Live Load (psf) - 75
Envelope
Envelope Category Gypsum Board Gypsum Board
Envelope Material Regular 5/8" Regular 5/8"
3.1.1 6" Suspended Slab 13-16
Floor Width (ft) 2191 2191
Span (ft) 11 11
Concrete (psi) - 3000
Concrete flyash % - average
Live Load (psf) - 75
Envelope
Envelope Category Gypsum Board Gypsum Board
Envelope Material Regular 5/8" Regular 5/8"
4 Roof
4.1 Suspended
Slab
4.1.1 6" Suspended Slab
Roof Width (ft) 438 438
Span (ft) 11 11
Concrete (psi) - 3000
Concrete Flyash % - 25
Live Load (psf) - 45
4.1.2 6" Suspended Elevator Slab
Roof
Roof Width (ft) 117 117
Span (ft) 15 15
Concrete (psi) - 3000
Concrete Flyash % - 25
Live Load (psf) - 45

5 Extra Basic Material

[ 5.1 wood
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5.1.1 Cedar
Softwood Lumber (Small dimension, Kiln
Dried) (m3) 1.14 1.14
5.2 Insulation
5.2.1 Batt Fiberglass
| Batt Fiberglass (sf) | 476 | 476
5.3 Cladding
5.3.1 Concrete Plaster
Stucco over porous surface (sf) | 701 | 701

Appendix B: Impact Estimator Input Assumption

Document
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1 Foundation

The foundation assembly group consists of footistg) on grades, and stairs. Slag on grades
(SOGs) were modelled as area conditions in takelfésto length, width, and thickness input requiata
in the impact estimator. Concrete footings wereraltlelled as area conditions. For the case of Gage
building, pad footings dominated while there wené/@ few column footings. Column footings were
modelled as area conditions due to minimal nhumiersting thicknesses were limited to 7.5 t019.7”
thick. Many footings exceeded these boundariethestengths and widths were increased accordingly
while maintaining the same volume of footing. Thetfngs and SOGs can be all found in 869-07-002
structural drawing. Stairs were modelled as foatifgy this project because the EIE currently dazs n
have a staircase assembly profile. Stairs were Headas an area condition based on dimensionsmwithi
structural drawings 869-07-003 and 869-07-004.

1.1 Slab on Grade
1.1.1 4" Slab on Grade

The Slab on Grade represents an area conditioheagth and widths are
estimated by treating the areas as a square. Bgsaththe areas are added up and treated as
large square area.

4" Slab on Grade Area: 6011 sf
SQRT (6011) =77.51t

Length: 77.5 ft
Width: 77.5 ft

The concrete specifications were missing and \aesemed to be 4000PSI, a median
range. The specifications are missing for all ceteepoured. Therefore, average 4000PSI value is
usually used. For larger sized footings or thickalls, the highest 9000PSI strength from the EIE
is used.

1.2.3 4’ Footing

The maximum thickness in the impact estimatd9i§ inches. Since the 4 foot footing is
48 inches, it cannot be inputted. The volume offtlading is calculated, and the length and width
are adjusted as follows:

4’ Footing Length: 52.3ft

4’ Footing Width: 52.3ft

4’ Footing Thickness: 4ft
4’ Footing Volume: 109413t

X2 *(19.7/12) = 10941 #
X = 81.6ft

The new footing size with equivalent volume isrtt81.6ft by 81.6ft by 19.7 inches.

1.2.5 Stair Type 1

Stair volume was modelled based on side profilevsien 869-07-003 and 869-
07-004. The thickness and width are given. Thetlergycalculated by the total tread and rise
dimensions, which make up two sides of a triangl#) the length forming the hypotenuse.

Stair Type 1 width: 4t
Stair Type 1 thickness: 5in
Stair Type 1 total rise: 5ft 2in
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Stair Type 1 total tread: 7ft 4in

Stair Type 1 length = SQRT[(5'2)}+ (7'4")}
=9ft

The stairs repeat twice per floor given theretaeset of stairs, so the total
length and width input must be multiplied by th@aypriate factors.

Total length: 9 * 18 * 2 = 324ft

Total width: 4 * 18 * 2 = 144ft
2 Walls

Wall assembly consists of all the walls found witthie building. Gage has many rooms and lacks

any large rooms, thus walls are used to supplefeblumns. Wall classification can be dividedinfo
three major categories: basement (869-06-006)c&y$869-06-008), and roof (869-07-007). A ground
floor did exist, but it was nearly identical to ttypical floor plan with the exception of a loungem.
Therefore, the ground floor was simply modellec agpical floor. All walls were modelled as linear
conditions in takeoffs, where their lengths wereasueed. Separate count conditions for windows and
doors were done with drawings 869-06-011 and 869@®respectively. Envelope and opening details
were found in wall detail drawings. Certain assuony were made regarding envelope and openinglsietali
possibly due to lack of a cover page in the drawiMjall thicknesses were also another assumptialema
as EIE only allowed for 8” and 12” thickness wallgterior steel stud walls were also assumed tlighée
gauge (25 Ga) with no sheathing.

2.1 Cast-in-Place
2.1.1 10" Typical Exterior Concrete Wall

Typical walls make up the typical floor plan oa@ge which makes up floors 1-17. As
these walls are repeated every level, they areiptiall by 17 to obtain a total value input for the
EIE. The specifications are assumed to be 4008psieinforcement, and 25% flyash content.
Athena limits input of wall thickness (8"/12"); tHe2” was selected to account for a greater factor
of safety. In addition, as the wall is one of thigkest used in the building, a higher value was
deemed more plausible.

10" Typical Wall Length: 268ft
Total 10" Typical Wall Length: 268ft * 17 = 4556f

Insulation dimension was given, but type was wwkmand assumed to be extruded
polystyrene.

2.1.2 7" Typical Wall 1-17

7" Typical walls are similar to 10” but containnwdows. In addition, the wall assembly
are inputted by floors in the EIE for two reasoriswalls are not as structurally important as the
10” walls, so the strength will inevitably decreagigh increasing floor levels. The impact
estimator limits to a maximum of 100 windows pethw@asembly, and the building contains 544
in total (32 per floor).

7" Typical Wall Length 1-17: 368ft / floor

Concrete strength: 9000psi (floors 1-3)
4000psi (floors 4-13)
3000psi (floors13-17)

The following equation was used to make 7” wall® i®” walls (due to wall thickness
selection availability in the Impact Estimator)s walls were the same on many floors,
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‘typical’ walls were used and multiplied by the pestive number of floors they are
repeated on. This is also seen in the equatiawbel

Measured Wall Length * (7/8) * (number of floorgptgal wall length appears on)
= EIE Input Length

Windows Opening

Window openings are calculated by adding up alldifferent window areas on one side
of a building and multiplying by four (the numbédtrhmilding sides).

Window #1 Area: 5’ * 6'10” = 34.2 sf

Window #2 Area: 5’ * 6'10" = 34.2 sf

Window #3 Area: 9'6” * 5’ = 47.5 sf

Window #4 Area: 96" * 5’ =47.5 sf

Window #5 Area: 86" * 2’2" = 18.4 sf

Window #7 Area: 7’2" *6'6.5" + 88" *5'=90.2 6

Total Window Area / Side:
Window #1 + Window #2 + 2 (Window #3 + Window #4)Mindow #5 + Window #7 = 367 sf

Total Window Area for Typical Floor:
367sf* 4 = 1468 sf

The window glaze specifications were missing, asslmed to be standard glazing for
such an old building.

Door Opening

Door openings were performed on takeoff usingit@ondition. Since the 7” Typical
concrete walls are the backing structure for th&yflical Steel Stud Walls , they share the same
number of door openings. The wholes for theseglorated in the walls, but no doors were
added, since they are added later in the 7" Tyf8tadl Wall assemblies. The number of doors on
a floor is multiplied by the number of levels adated.

Number of Doors on 7” Typical Stud Wall: 44 doors

Total Number of Doors: 44 * 17 = 748 doors

2.1.4 8" Basement Exterior Concrete Wall

The basement supports a variety of walls. Therévavemain different types of walls
found in the basement. The first type is walls dratextend beneath the slab on grade to connect
to the foundations. These are classifie@asement Wallsfor this project. Unfortunately, not all
walls are extended beneath ground level. Someeofvills on the basement level simply rest on
the slab on grade; these are classifie@lygscal Walls. ForBasement Walls they extend beneath
the ground level to varying depths in some casesa, weighted average value will be taken. Refer
to 869-07-002 structural drawing for depth values.

Average distances below ground level:
(396/1387)*6’ + (349/1387)5'6"+ (642/1387)6'6" 6 1ft
8" Basement Wall Height: 9ft

Total 8" Basement Wall Height:
oft + 6.1ft = 15.1ft
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2.2.1 7" Typical Interior Stud Wall

Similar to 2.1.1 Typical Wall, the stud walls ahe tsame from floors 1-17 and therefore
modelled as one assembly.

7" Typical Stud Wall Length: 518ft

Total 7" Typical Stud Wall Length: 518ft * 17 -886ft

Stud details could not be found and were assumbd light and 16 o.c. spacing. These
details are assumed based on the stud wall beitigeanterior of the building.

Window Opening

Each floor contained 32 windows and 462 sf openifigese appeared on each of the 17
floors in the building. These were added with nodew material were inputted as the windows
were added in the concrete wall inputs.

Door Opening

Door openings were performed on takeoff usinght@ondition. The number of doors on
a Typical Stud Wall is the same, so it is multigliey the number of levels associated.

Number of Doors on 7” Typical Stud Wall: 44 doors
Total Number of Doors: 44 * 17 = 748 doors

Stud details could not be found and were assumbd

The floors were measured using area conditionschVike in column and beams, the Impact

Estimator calculated the thickness of the matéaled on some basic variables regarding the asgembl
These include; floor width, span, concrete strengimcrete flyash content and live load. The only
assumptions that had to be made in this assemblypgwrere setting the live load to 75psf, as well as
setting the concrete strength 4,000 psi, insteddeo§pecified 3,500psi. This was due to the ligi#ation
to model only 3,000, 4,000 or 9,000psi concretengiths.

3.1 Suspended Slab

3.1.1 6” Suspended Slab 1-16

The suspended slabs are separated by levelden tr facilitate a tiered concrete
strength system. The lower floors have higher gtiethan the upper floors. The input strength for
the slab assemblies are as follows:

6” Suspended Slab Concrete Strength Floors D@0 psi
6” Suspended Slab Concrete Strength Floors Q@0 psi
6” Suspended Slab Concrete Strength Floors 130®0 psi

The 17 floor slab is reserved for a unique roof assembly.

The span of was based on an average of spangd ¥athin a typical floor and estimated
to be 11’
The floor width was obtained by using the citeglain the onscreen takeoff and dividing

by the span.
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6” Suspended Slab Concrete Strength Floors 1€a:A29325.6 sf
29325.6sf / 12feet = 2443.8 ft
6” Suspended Slab Concrete Strength Floors 18 2443.8 ft

Beams and Columns

Gage Residence has no large open spaced roomthuesndo columns were found in the tower
designs. The building is made up of multi-bedroariig) with all the supports coming from the mangno
walls. Beams were found in only the first flooniary minimal numbers, and the ineffective way the E
models beams, along with lack of beam detail drg&iled them to be not analysed for this project.
Missing reflected ceiling drawings for all floorgaept ground further made beams difficult. Accesthe
building was completed at the author’s discretiahveas limited due to the privacy of the buildiftgwas
found no beams could be seen in the floors aboteeientral elevator space of a typical floor

Roof

For the roof envelope, the area condition was ts@dodel it. Two roofs, one main roof on the
top floor, and a smaller roof located on the tophef floor that houses the elevator room. Bothsawére
assumed to be using a PVC membrane roofing systdnewtrude polystyrene insulation, as roof details
could not be found. This assumption is based ondetrdeveloped by Athena EIE, named
BC_Typical_ MURB

4.1 Suspended Slab
4.1.1 6” Suspended Slab

The highest typical floor slab contains unique erbpdifferent from the other floor slabs.
As with most roofs, an envelope roofing systemsiedi This was assumed to be a PVC membrane
roofing system.

Extra Basic Material

The only ceiling drawings available were for theund floor. Fortunately, ceiling materials
remained static for the typical floors and was kmio the ground floor, with the exception of soceelar
planking use. Some cedar planking was used inrtheng floor. Basement floor was inaccessible, &g t
also assumed to be the same as a typical ceiling.

5.1 Wood
5.1.1 Cedar

The ground floor contained some cedar planking asedhown on the reflected ceiling
plan (869-06-021). The volume was obtained thrahghtakeoff Volume quantity.

Cedar Plank Volume: 40cf = 1.14m

The exact type of cedar wood is difficult to ntateith the available selection. Softwood
Lumber (small dimension, kiln dried) was found tothe closest available match.

5.2 Insulation
5.2.1 Batt Fibreglass

There is some isolated acoustic isolation foung ariere there are cedar planks. The
same area from the takeoff of cedar plank is used.

Batt. Fiberglass sf. 476sf

5.3 Cladding
5.3.1 Concrete Plaster



Liu 46

The specifics of Concrete Plaster specified inmgitirawing 869-06-021 were not
clearly detailed. A visit to the building notedaiis similar to stucco and was modelled as Stucco
over porous surface.



