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Abstract

Campus master plans are released every few years for developing and implementing its physical infrastructure. Open
spaces, COMPACIness, Connectvity, greenness, and environmentl impact have often been the focus on its framework In
pardcular, the effect of new building development on existing buildings’ occupant comfort and design intent is mosdy
ignored. Providing guidelines to remin existing users’ comfort for smkeholders invoived in design decision making will
resuit in improved design dedisions. Hence, this research aims to provide a work methodology to mitgate the adverse
effects of new buildings on existing buildings’ user comfort through a case smudy at Carleton Universicy. The case study
shows a methodology to remin the existing users’ comfort by analyzing Carleton University’s master plan on massing
studies, occupant survey to undersmand their comfort needs, performance analysis of the impact of the new building on
the existing building user comfort. The analysis reveals the key parameters to consider in design for occupants’ comfore
Finally, the research reinforces the generative design and the need for dynamic modeling in campus master plans to mit-

gare the negatve implications of new development on occupants” comfore
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l. Introduction

People become accustomed to their habitat and adapt to
their surroundings for comfort. Any changes to their build-
g or surrounding butldings may affcet their comfort fac-
tors (like dayhghting or vicws) and adaptive behavior.
Somctimes, i now  building developments, designers
mostly tend to focus on the cccupants” comfort for the
bulding they arc currently desigmng, without considening
the cffect of new buildings on the occupants’ comfort of
cxisting adjscent butldings. The goal 15 to avoud sech pit-
falls to retain the occupants”™ comfort n existing butldings.
This rescarch focuscs on campus planning and develop-
ment to understand how new development impacts cxist-
ing building wsers” comfort, as it mimics some aspects of
urban issucs at a lesser scale. The approaches to the cam-
pus planning problems are applicable for a broader frame-
work like the neighborhood, city, or urban :il::sign.t A
master plan drves campus designs and understanding how
it 15 developed will help evaluate the design process and
implecmentation.

A master plan consists of long-term goals combimng
the site and institutional strategy in 1ts policy while giving

flexibility for future development” Implementing these
goals depends on various stakcholders, such as bmilding
occupants, master planners, engincers, architcets, land-
scape designers, and campus admmistrators. Master plan-
ners and architects are the key stakeholders, and their goals
vary in perspective and cxpectabions, dominating their
design approach and decisions” Nevertheless, onc of the
main stakcholders is the cccupants and they have hittle to
no influcnce on the decision-making of building develop-
ment,” nor are they a part of a collective decision made by
campus administration and dcﬁigncrs.] Other factors Iike
cost, population density, and spatial requrements during
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building development play a crucial role m a sucecssful
implementation.

In generml, before master plans were infroduced, cam-
pus design focused on individual bmbdings, producing
“dnve-through, sprawling, frapmented and isolated cam-
pus.”® The master plan resolves these issues by bringing
coherence to the building design with its policy and goals.
A comprehensive analysis of randomly selected 50 US
master plans identified seven entical dimensions of cam-
pus designs: land-use organization, compactness, connee-
tivity, configuration, campos living, greenncss, and
context.” * Concisely, these concepts or methods arce apt
for campus goals and leaming cxpericnces at a large scale
but approaching the design through the lens of the oeco-
pants” comfort and well-being 15 not addressed. Also, there
is little mformation on how the campuos considers occu-
pants’ mental health and well-being in design for existing
and new buildings.”

Durning new building developments, the factors that
affect ocecupants” comfort m existing buildings are visual
comfort (daylight and views). noise, and thermal comfort.
Currently, campus master plans generally do not provide
any guidelines to retain or mimimize the mpacts of new
buldings on existmg bwldings” wser comfort, mental
health, and well-being. However, a fow studies consider
students” health and well-being on campus. For example. a
stdy of healing gardens at the University of Hong Kong
highlights the importance of mental health and natural
space in sustzinable campus planning.'” Students working
for long hours need a break from their work from time to
time. Henee, the rescarchers sugpest enhancing the visual
conncction between the outdoor green space and buildings’
indoor spaces to provide visual and physical contact with
the green space for occupants’” well-being. When a new
bulding is constructed, these factors are often neglected or
compromiscd for the existing bwldings due to the require-
ments and spatial constraints. A revicw on occopants’
comfort and well-being in buildings cmphasizes that bmld-
ing performance often prioritizes occupants’ well-being. '

Many studies improve occupants’ health and well-being
n the workplace. For instance, studies on nature and the
workplace reveal that views to nature, plants give physio-
logical and psychological benefits,'™"" helps with stross
management,'” cognitive restoration, and recovering from
mental fatigue."” An empirical finding on different view
opportunitics consolidates windows as a design clement
causcs more psychophysiological imfluence than indoor
plants. The findings also state that natural landscapes have
a better impact than city views.'" Similarly, daylight
affects productiiaty, well-being, comfort, and sleep qual-
ity.'"'® Hence, designing artificial lighting, glare, window
geometry, glazing ratio plays a vital role in occupant well-
being, health, and comfort.'"'™"™® New building massing
affects the cxisting buildings’ daylight guality, and itz
building matenals may capse glare issues. Recent studics

cover the importanee of occupant comfort from all aspects
for performance analysis, but to reduce the scope of work,
we focns on visual comfort for this rescarch.

The mfluence of new buldings on their surmounding
buildings should be aralyzed noany given environmental
context. Mew buildings affect the existmg buildings’ ongi-
nmal design o mect occupants’ comforl, energy usage,
interactive behavior, and well-being. Hence, the rescarch
question 1s: how can we mitigate the nepative impact of
new buildings on existing bulldings occupants’ comfort?
In gencral, with the ecurrent state of the art, a simulation
analysis of cccupants’ comfort in the existing bulding
with thc massing of new bumldings will enable the
designers to umderstand  the  negative  mmiplications.
Furthermore, a occupants” survey on cxsting buildings
near new constructions will illustrate new buildings” impo-
sition on their comfort.

In this case study, we are using an ongong construction
at Carleton University (Ottawa, Conada) to analyee the
mpact of a now busincss building on an cxsting
Architecture Building. The Architecture Bnlding 1s his-
tore and impacted by the presemee of the new building.
The scope of the case study is mited to massmy and its
mflucnce on its swroundings. To approach the problem,
we analyze the Carleton umiversity master plan, survey
occupants, and use simulation to understand the implica-
tions of the ncw buildings. Finally, we use gencrative
design for massing analysis of the new buildings that con-
sider various design parameters hike visual comfort of the
cxisting building and floor arca to mimimize the nogative
implications.

2. Case study approach

This section bricfly discusses on the need for contextual
design parameters and the work methodology. Building
design and occupants” comfort preferences vary depending
on the building context, and culture. For cxample. the
building’s design vanes for a cold and warm-humid cli-
mate. Likewise, the occupants’ behavior vanies based on
the building type, available technology, culture, and reli-
gious practices. Henee, design consideration for bwlding
performance and occupants’ health and well-being should
consider contextual design paramcters. Many computa-
tional and simulation tools also allow designers to perform
design and simulation analysis for building performance
and occupants’ comfort cvaluation—these methods, when
combincd with contextual parameters, create a more robust
method.

Hence, our case study proposcs the following work
methodology: contextual design analysis by cvaluating the
campus master plan and development through time, ocen-
pants’ comfort analysis through survey, building perfor-
manee analysis (like visual comfort, thermal comfort) of
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the proposed new building with the existing building occu-
pants’ comfort, and a computational design (gencrative
method) analysis that considers vanous design and com-
fort parameters for massing design that maximizes occu-
pant comfort m buildings.

We applicd this methodology to Carleton University’s
campus development, captured the oceupants’ feedback
while the construction was in progress, and proposcd how
this approach, if followed, can affect design decisions. The
analysis of the campus master plan will reveal how the
goals have been improved and implemented over the years.
It will help in understanding the institubion’s goals and
desipmers” poals, knowledge on new developments, and
the drawbacks of the design goals with mmplementation.
Likewise, an occupant survey will reveal the despgn issues,
site attractions, and preferences. The campus master plan
analysis and occupant survey will guide the design require-
mcnls to retain ocoupants’ comfort in existing buildings.
The building performance and comfort analysis of the new
building with the cxisting bnlding will reveal its negative
implication and mfluence design decisions. The ocoupant
survey and the bmilding performance analysis will help
analyzc occupants” perception with simulation prediction
to make a robust comparison. Generative design analysis
will allow the designers to input various parameters and
evolve a design that maximizes occupants’ comfort.

3. Carleton University master plan

This scction analyzes Carlcton University’s campus plan
in the context of buildings” mutual impact on cach other
and the cormesponding impact on occupant comfort. We
analyzc the massing puidclines and compare what was
proposed with the actual impact that it can have on new
developments. There are disercpancics between the master
plan’s key principles and the intentions of the design
decision-making stakcholders (master planners, architects,
and campus building program committec) for various rca-
sons. We use the case study to cvaluate the cffect of the
master plan over the decision-making of new dovelopers
on campus. Besides the use of BIM modcels of campus
buildings for simulations, different stakeholders were
taken into consideration using vanious survey methods.
Every 5 to 10 years, Carleton University relcascs a now
master plan that represents the roadmap of the umiversity
plannimg at the campus scale. The introduction of 2016™s
version of the master plan states, “The purposc of this plan
is to sct the paramcters, policics, and dircctions for the
physical development of the campus—its buldings, land-
scapes, movement systems, and gencral infrastructure.”"?
Its 1dea is to provide guidance and constramts to the devel-
opers of new buildings and infrastructure. However, the
plan also promotes flexibility and vanation over time. The
sct primeiples function as a framework to plan further
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Figure 1. From the 2006 Campus Master Plan. The red blocks
indicate proposed buildings: The whole north of the campus
(top green part of the image) it is a proposed area that itis
currently undeveloped. '

campus development. Carleton University identifies the
kcoy prnnciples through 2 consultation process. including
mitcrviews and surveys to students, faculty, and administra-
tive staff.

In the 2010 version,'® the plan sct some fiundamental
principles related to (1) design, programming, and mamie-
naneg; {2) height and massing of new buildings; (3) charac-
ter of pedestrian and cyclist routes; and (4) new design for
the North Campus (Figure 1), These principles were still
relevant when they began to plan 2016’s master plan.™

The design team reeonfirmed the prnciples through a
consultation proccss, providing additional dircction for
some of them. This project focuscs on the sccond key arca;
the height and massing of new buildings relative to their
location on campus and proximity to streets, open spaces,
and cxisting bulldings. regarding that concept the master
plan states that

®*  “The appropriate height and massing of new buld-
mgs will be determined by cvaluating impacts on
the surrounding arcas™ (page 15).
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Figure 2, Campus Master Plan (2016) llustrating the proposoed
massing for the now Business School hulld]ng{hmgmul}d] and
the existing Architecture Building {bar_kgru-uhd}

s  “Positive mdoor-outdoor relationships should be
an objective of all new development. Buildings
should frame open spaces and relate physically and
visually to the outdoor environment™ (page 20).

*  “New buildings shoald aim to mamtain a 20 meters
scparation distanee from existing bmldings. 1IF20 m
is not achicvable, the minmmum dimenston for fac-
mg primary facades is 15 meters. Sccondary
facades (those that do not house active building
uses or are less than 25 m in length} should have a
minimum facimg dimension of no less than
12 meters™ (papge 39).

In many cases, these ideas were graphically represented
with diagrams, renderings, and schematic massing analysis
to provide a visual testimony of the concept that the mas-
ter plan was trying to highlight. The tocus was on avoiding
or minimizing the negative impacts of ncw development
to mamtzin the gquahty of spatial, environmental, and wser
CXPCTICHCE.

The proposed design of the Micol Building (new build-
ing for the Business school) in the 2016 Master plan
(Figurc 2) tnes to consider the pnnciples of indoor
outdoor relationships, views, and natural light. However, it
docs not consider the prnciples in their entircty. For
cxample, it does not proposc how to relate this new devel-
opmcnt with its ncighboring building, the Architccturc
Building. The Architccture Buildmg. also known as
Building 22, 15 considercd an important hernitage picee of
the campus. and 1t is onc of Carlcton’s carlicst bunldings
(Figure 3). The cast fagade has had a dircet relationship
with one of Carleton’s main roads — Campus Avenue—for
the last 45 years (Figures 3 and 4). Morcover, users of the
classrooms that face cast have enjoyed a wide view of the

Figure 3. Architecture Building cast fagade, 1971 (Stinson
1573).

Figure 4. Architecture Building cast faade, 2018—5tarting of
construsction phase.
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Figure 5. Axonometry shows the refationship of tho
Architecture Building with the surrounding buildings.”’

campus public space from the imtcnor. Studios on the
fourth floor had plenty of sunlight and a gencrous view
over the Parking lot 2A (Figure 6).

For this study, it is ncecssary to evalaste how the mas-
ter plan’s principles are translated mto concrete building
regulations. The chosen ease study 15 the relationship
between the new Nicol Building for the Sprott School of
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Figure 6. Architecture Building cast facade, 2018,

Business on the campus and the Building 22 of the faculty
of Architecture and Urbanism. The Nicol Building 15 onc
of the first buildings to be designed and constructed after
2016"s master plan. The building’s construction began in
2018, and the umversity took posscssion of the building in
July of 2021 in time for classcs in September 2021,

The Architccture Building did not undergo any signifi-
cant modifications smmee 1985, when a fifth floor was
added, mmpacting the bwlding’s sunlight conditions.
Architecture students were not pleased about losing natu-
ral light, so they protested to stop the project from pro-
cecding but failed in their attempt. The fifth floor’s now
addition blocked most sunlight coming through a central
clerestory that provided natural lighting to the studios on
the fourth floor and main central spaces. The Charlatan,
Carleton's University m:wsmpcr,gl dedicated a whole arti-
cle to that case. The article says that

“The mmporiance of natural hpht 15 something the architects
find difficull to explim but fecl very passionately aboul The
Director of the School of Amchitceture, Alberio Perce-Gomes
says lhe loss of natural light would have a negative psycholo-
mical effiect on the studenis "™

For the studio spaccs behind the cast facade of the
Architecture Building, the rmmammg source of natural
light and wvisual indoor-outdoor relationship wiath the
extenor was the window that used to look dircetly at the
parking lot 2A (Figunes 5 and 6).

The population density in the omiversity 15 continually
mcreaging; therefore, the necessity of now infrastructure
and bmldings 15 tmminent. Multiple times in the story of
Carleton, new buildings have affected the environmental
condition of their surroundings, and the campus land 15 not
expanding in the foresceable future. These necessitics arce
solved by densifying the current available space. Often,
the oceupants’ expericnees are not 2 definitive parameter
for new developmoent decision-makimg. The expansion of
the fifth floor n the Architecture Building m 1985 clearly
articalates the lack of attention toward occupants’ expern-
ences” Morcover, the design teams assigned to new
developments are not necessarily concerned about all the
aspects of the new buildings surroundings.

Baufpie |mill-}_;|:ﬂ.| ] b

a ST
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Figure 7. Sectiomal view of studio lll and studio IV of
architectural building in relation to new business school building.

The campus master plan cxplicitly points out that the
university's goal 15 to reduce the negative impact among
necighboring butldies, but this is not successful i recent
development. Henee, the study’s goal is to provide a work-
flow to mitigate the negative impact of new development
on oecupants’ expericnoe.

4. Occupants’ survey

A survey was conducted for the Architecture Building s
occupants to understand how the new building impacted
their daily spatial cxpericnce. At the time of the survey,
the building was 70% complcted, and the scaffoldings
were removed. The study was conducted for studio [11 and
IV {sce Figure 7) of Carleton Umversity's Architccture
Building. The hour of occupancy and accessibility to space
are crucial factors in choosing the studio rooms. The rooms
are used 24/7, as they are studio spaces. The rescarch origi-
nated from un occupant’s experience. The occupants
reportcd that the lighting conditions were impacted drast-
cally with the presence of the new building. This expen-
cnce lod us to understand 1f other occupants folt the same.

4.1. Data collection and analysis

The user study consists of a gualitative survey of 5 topics
attnbuted to spatial behavior: studio space, lighting condi-
tions, mdoor-outdoor relationships, impact on creativity,
and design solutions Each topic has a quantitative gucs-
tion to rate their experiences and a gualitative inguiry to
explain the mting. The questions are desenbed n Section
4.2 results. The participants were students and faculty of
studios I and 1V who had wsed the lab before the new
building construction. They were recruited m the labs with
the permission of the professors and lab instructors. We
anpcunced the study in the lab, and whocver was willing
to participate in the study completed the survey. The sur-
vy was paper-based, and 53 students volunteered to tuke
part. Prior to March 2020, the total capacity of the 2 stu-
dios was appricamately 146 students. The survey consid-
ers the population of the Architecture Building rooms that
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Figure B. Location and orientation of the Architecture Building
and the business school building,

face the new Nicol building. The floor bencath the studios
is a workshop space and is not occupiced for long hours.

At the time of the study, the sky was clear, which may
have influenced the participants’ responses. The two stu-
dios” spatial conditions were slightly different; studio 111

faces the new building tower as opposed to studio TV (see
Figures 7 and 8). The lighting for studio TV was compuara-
tively better than studio 111 We did not separate the survey
based on studios as we conducted it simultancously.
Henee, we could not scprepate the data based on spatial
location. The survey was quantified using an Excel sheet
and NVivo 12 for gualistive analysis. Two  different
reviewers identificd similar themes for each topic and con-
solidated the key attiibutes.

4.2. Results

This section summanzes the results for the following
topics: physical or studio space, lighting conditions,
indoor-outdoor relationships, the impact on creativity, and
design solutions. Each topic addresses two questions to the
users. The first gquestion asks the occupants to mte their
feelings about the environmental condifions considering
comfort (daylight. temperature, and views). Figure 9
ghows the occupant survey for the studio space, lighting
condiions, and indoor-outdoor relationship. Sccond, o
provide a gualitstive cxplanation of their ratng. The

Studio (Physical) Space

vistws, elo, 07
Bad %
Lighting Conditions

Bad &1 8%

Indoor-outdoor relationship
3. Mo impaitant 1Sl for gou b have i geddon aes?

Hot
Important

b How do you rete the comanl studo outdoor view?
Bad BT ™

o 10 20

18. Haw do you fesl about the envirenmendal conditions of this studio, considering comfort (dayight. temperature,

.

213 Throughout B laem, how do youw els the oveall ighling conditons al the siudio?

Number of Sludants (Tolal Mo 53)

scaelegend | EEENEEEEN

Excaller

Excaller

3%

0

Figure 9. Occupant survey on Studio Il and Studio IV in the Architecture Building at Careton University.
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Figure 10. Reasons on why the participants find the environment conditions bad.

following scctions cxplain the reasons for the rating and
summarize the survey issucs quantitatively for cach topic.

4.2 |. Swdio spece comfort regsoning. The overall rating of
the emvironmental conditions revealed that 25% of the stu-
dents found it bad and only 2% excellent. The result sum-
martzes the featwes mrelated 0 new  buoildings, the
building’s design, and issues related to both existing and
ncw buildings. There were two main reasons for dissatis-
faction with the current studio space: major temperature
Auctuation and new bumildings blocking the views (sce
Figure 1{}). The next main reason also relates to the new
building as it affects daylight. But the quantsiative rating
for lighting conditions gives a mixcd rating (see Figure 9,
quostion 23). The analysis also revealed noise as one of
the major issucs. The noisc was mainly from the HVAC
(heating, ventilation, and air conditioning) system and not
from new building construction. The other issues related
to environmental condittons were mostly associated with
the existing busldmgs (sce Figure 10). The nme partici-
pants who gave positive feedback mentioned that the light-
mg 15 adequate, pood, or grest, and one participant said

the vicw was finc as well.

423 Lighting conditions. Most participants gave o positive
response to the lighting conditions of the studio space. The
reason for highting discomfort was harsh floorescent light,
and it was not visually pleasing. The construction of new

buildings and mimimal daylight was also another reason. A
fow participants mentioncd that lack of dayhghting causcs
depression, unpleasantness, and lack of focus in their worke
Participants also complained about the placcment of the con-
trols, the windows™ oricntation, and control opportunitics as
a problem (sec Figure 11). Ovcupants found the new build-
mg blocks or reduced dayhighting, and it also casts shadows.
A few students were concened about the influcnee of the
new building once completed with cladding matenals as it
wiotld cause glare or visual discomfort to the cccupants.

Occupants prefor natural light (66%) over arhificial
light Occupants” wellness (physical and mental) was one
of the cntical factors for preformng natural light. The fac-
tors arc better mood, less strain on cyes, connects them to
the outside world, break from work, and kecps them
awake, pleasant, and comfortable. Since the participants
were architectural students, they felt natural light helps
study physical models and accentuates natural colors to
their drawings or modcls.

4.2.3. Indoor—outdoor relationship. A gualitative inguiry of
their rating on vicws reveals a new building as onc of the
crtical 1ssucs for thar discomfort (sce Fipure 12). The
indoor-outdoor relationship was crucial for its visual con-
nection to the rest of the campus and participants’ well-
being. One of the participants said it helps thewr “mind to
focus and be productive,™ and a fow said it give o visual
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Figure 11. Characteristics and features to consider indoor-cutdoor relationship.

break from the screen. Connccting to nature, campus
strectscape, and vegetation 15 a relict from stress and work
One participant mentioned, “1 enjoy having a visual con-
neetion with the rest of the campus,™ hke having a visual
conncction with the campus’s main amval pomt. Currently,
thc new building blocks that wview, and a few of them
cxpressed it as “Now there 1s 2 wall™ Connecting with
naturc helps the occupants to focus, be productive, and pro-
vide relicf, exscape, and mspirstion. The students were inter-
ested in secimg the sunrise, and one participant says, **1 had

been looking forward to watching the sunnse as a roward
for working long and hard, but | can no longer do that.™
Participants narrated the spatial experience as a cave or
trap. They kept highlighting the problem that they are facing
a concrete wall. Participants found the building too closc and
mvasive. It was also a concem for the future as occupants
found their space mvasive. One of the participants mentioned
that the indoor-outdoor did not matter because they never
got to sit by the window. The topic on construction 1ssucs
surfaced while a few found it micresting, others found it
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Figure 13. Impact of the new buillding on oreativity.

mvasivencss. Participants feel that in the future, occopants

Haaith and Inspiration, mood, productivity, | Iwasie, privecy of the new buildmg will be looking at them.

Wedness gepression, rediaf, confinemant !

Besign T T T 4.25. Design solutions. The participants proposcd various
Faramatars o Vit Pirosimilty design solutions, although the two promincnt ideas were
mitcgrating green space and connecting the existing build-
mg to the mew bwlding and nature. Figure 15 identifics
Smalrby the major design concepts suggested by architectural stu-

Figure [4. The negative influcnce on creativity.

annoying. Since this wall not be an issuc after the building s
complete, we will ignore it for the study cvaluation.

4.24. Impoct on creativity. W cvaluated the impact of the
ncw building on creativity as archifcctural students arc
cngaged in creative activitics in their studios. Figure 13
shows the occupants” ratings. The main design paramcters
negatively impacting creativity is daylight, views, and
proximity (scc Figure |4). Dayhght and vicws affect
inspimtion. mood, productivity, and relief. Lack of day-
light and views gives them a spatial cxpenience of confine-
ment. The participants were willing to compromisc with a
beautiful buillding as a view. They do not like the current
building design and find it ugly. The proxmity of the
bulding causcs privacy issucs and gives them a fecling of

dents. Participants prefemed the existing building to have
a direct or open connection with the new building through
a patio or roof garden, bndee, or shared space. Different
students suggested the notion of connecting the studio to
open space. The dea for green space was to have a green
street between the two buildings, a green wall, 2 moof gar-
den, and an outdoor patio.

Figure 16 shows sclected sketches of design solutions
obtained dunng the survey. Figurc 16{a) shows the dis-
tance betwecn the butldings on the fourth floor to the new
building s much closer. A majority of the students found
the current design very mvasive. Figure 16(b) sugecsts
mercasing the height of the buillding and moving the stu-
dio to that floor. Figure 16{c) mdicates a brdge to connect
the Architccture Building to the new building. Their pre-
ferenee for the existing building 15 to connect to nature or
an open space or toof garden.

The results from the occupant survey show that thoy
were dissatisfied with the lack of view opportunitics

Caonnect with new building and nature m
Green space |
Moxdity new bullding desian: scale, distance, facade [
New building: remave it, tear it move it [
Retrofit existing buliding [

BEuild new architecture building n

0 2 4 B 8 10 12 114
Mo. of People

Figure 15. Design solutions proposed by the participants (architecture students).
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Figure 16. Sketches of few participants on new design sohitions. {a) shows the distance between the bulldings on the fourth floar
to the new the building &5 much doser and provides a solution to maximize the distance, (b) suggests to increase the helght of the
building and move the studio to that floor to maximize the view, and (c) provides a solution to connect a bridge from the

Architecture Building to the new building to a roof garden.

{a)

(b)

Figure 17. (a) Simplificd model of the Architecture Building (b) Architecture Building with the new building.

because of the new building. The daylight was not signifi-
cantly affccted as there were mixed responses from the
people, mostly related to the harsh fluorescent lights in the
building. The next stage is to perform a simulation analy-
sis on the new building design with the Architecture
Building on visual comfort. This will help in corrclating
the occupants” expencenee with predicted performances.

5. Simulation methodology and
performance analysis

As mentioned previously, to reduce the scope of the study,
wo only focus on visual comfort analysis (daylight and
vicws). The campus buildings are modcled using
Autodesk Revit,™ a widely used Building Information
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Figure 18. Daylight Autonomy for Architecture Building {a) with the derestory and (b)) without the derestory.

Modeling (BIM) sofiware by Architccts and engincers.
The wisual comfort analysis was performed using two
opcn-source  cnvironmental  pluging,  Ladybup  and
Honeybee,™ for Rhina/Grasshopper. Ladybug provides
access to EncrgyPlus weather files, and Honeybee con-
ncets the 3D models o EnergyPlus, Radiance, Daysim,
and OpenStudio for encrgy and daylight simulation of
buildings. A serics of simulation studics using these tools
summarize the impact of the new building (Micol) on the
Architectural Building for daylight and views. The study
evaluates annual and per-semester impacts for daylighting,
a5 scasonal changes and occupancy vary for a campus
environment. For example, in summer, many of the stu-
dents are away, or they can take carly summer or late sum-
mer classes. The occopaney pattern influences energy use
and comfort in the building. This scetion presents an anal-
ysis of the existing architeetural building with'without the
new building for daylight and view analysis. Since the
rescarch focuses on massing, the building form for day-
lighting and view simulation is simple. It considers the
nccessary parameters like obstruction for views, shading,
and type of window plass (double or single panc). Figure
17{a) shows the model of the Architecture Building. The
Architecture Building is unigue in its design as it considers
clerestory for solving daylighting issues. The clerestory is
a window high up on a wall and has the primary purpase
of daylighting and/or natural ventilation rather than views.

5.1. Daylight analysis

Carleton Umiversity’s  Architecturce  Building 15 well
designed for natural daylighting. Figure 18 shows the
annual daylight autonomy for the Architecture Buildmg
with/without the clercstory. Spatial Daylight Autonomy
(sDA) 15 the percentage of floor area that receives daylight
for at least 300 Tux for at least 50% of the annual oceupied
hours. The analysis mesh height 15 085 meters above the

10000

20,00

! .00

M0
000
50.00
.00
00
.00
10.40

QM1

(a) (b

Figure 19. Annual Spatial Daylight Autonomy for Architecture
Building. (a) Without the new building and (b) with the now
building. sDA for 300 lux luminance thresholds.

floor. For this analysis, the occupaney houars for the model
were from 9am to 5 pm. sDA amalysis for the
Architecture Building with and without the new building
reveals that the difference is not significant.

Figurc 19 shows the spatial daylight autonomy values
for the analysis. The sDA for Architecture Buildimg with
the new building is 76.27%, and without the new building
is 82.04%. sDA with the new building is less by 5.77%.
The new building does not affcet the daylight for the
Architecture Building because of the clerestory, and the
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Figure 20. Spatial daylight autonomy (sDA) for different semesters (NB is new building).

output would have been different if the building did not
have a clercstory. Since the occupancy patterns vary for
diffcrent  scasons’semesiers, we conducted the perfor-
mance analysis for cach secmester.

Figurc 20 summarizcs an m-depth analysis for difforont
semestors: winter (Jamuary —April). summer (May — Auguost),
amd fall {September —Decomber). The study shows an mter-
cstimg difference between the semesters. As the research
focused on massing studies, frame details, and wall depth
were niot considered. These parameters influcnce the daylight,
for cxample, in fall, the sDA 15 51 26% with the new build-
g, and depending on the facade and interior dotails, it may
affect the daylighting by 209 30f4. Hence, 2 scmester analy-
s1s may cnable the umversity planners to manage building
autoamation and minimize cnergy wse.

Amnalysis of annoal sunbsht exposure (ASE) for both con-
ditions reveals that it docs not have a significant difference
as wecll. The arca that reecives at least 1000 hx for 250
hours 15 less than 1% for both cascs with and without @ new
buwlding (scc Figure 21). ASE docs not make any differcnec
for semcster analysis as well. The Architecture Building has
resolved many daylighting issues, and the new buildings do
not significantly affect the cxasting bulding’s dayhght.

5.2. View analysis

A poticcable impact of the new building design is the view,
The user study reveals that the lack of view canses depres-
sion and affects their sclf-reported work performance. We
wdentified the following visual point of intcrest from the

Sﬁﬁﬁiﬁﬁﬁﬁﬁgg

Withou! Mew Buildirg Wik Hew Buldng

Figure 21. Annual sunlight exposure without and with now
bulleling.

survey: landscape, urban life, strect life (bus stop), and a
future guad (scc Figure 22). We perform a view analysis
considering these visual pomts of mterest. View analysis
can bc done by anmalyzing the percentile of view from




oz

Bus stop -
urlaan |ils

(a)

®

Figure 22. (a) Tarpet area for viewpoints and (b) view analysis from window.

(b)

@
Figure 23. Interior view anahysis (a) without new building and
(b} with new building.

windows or intcrior spatial view analysis. The former uses
a ray analysis, and the lutter uses the Ladybug/Honeybec
vicw analysis componcnt. We primarily wsed Ladybug/
Honeybee for this study to understand the spatial view
quality. The interior view analysis shows the quality of
view is 15% with the new building and 79% without the
new building (see Figure 23). The internior view analysis
psives a clear understanding of the spatial impact to under-
stand the occupants’ visual comfort.

The visual comfort analysis shows that studio 111 and TV
of the Architecture Building is significantly affeeted by the
new building. The primary issuc was the loss of view. It 1s

an essential criterion for occupants” wellbeing and health,
as mentioned in the literature.

6. Design assumptions, process and
evaluation

The design parameters for cxplomtion were inferred from
the master plan analyses. occupant survey, and visual
comfort analyscs. The goals set by the master plan for
new developments arc the height and massing mflucnce
ship, and a distance of 15 to 20 mcters from cxisting
buildings (sec scction 3). The occupant survey identified
vanous 1ssucs, but two critical parameters were major tem-
perature fluctuations and indoor—outdoor relationships.
The key inforence from the participants was that they
wanted to connect the mature and not feol trapped.
Participants scemed happy with daylighting cxeept for a
fow who were not satisficd. The simulation process sup-
ports the occupants” expenience. The analyscs show that
the new building docs not significantly affect the daylight-
g significantly but the mdoor-outdoor relationship. So,
this design focuses on the master plan goals for massing
and new development with an cmphasis on maximizing
mdoor-outdoor relationships.

There are various urban modeling tools Tike UML™
UrbanOpt.™ or advanced modeling technigues to analyze
wrban or campus  devclopment. These tools cnable
designers to evaluate the plan at a larpe scale for boilding
performance. The campuos consultant may use this for mas-
sing analysis at conceptunl stages, but development stages
reguite a more detailed analyss. One of the easons 15 the
developments may happen after 10 years, and the
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Figure 24. Generative workflow and design parameters. The parameters considered for this case study are highlighted vsing gray

shaded boxes.

requirements for space or chimatic conditions would have
changed. Henee, at the developmient stage, a more detai]
analysis is required. We use Ladybug/Honeybee™ for
building performance analysis as it widely used md allows
diffecrent simulation analysis such as view guaklity, day-
light, and thermal comfort analyses. The gencrative
method helps the designers base the desipn on multi-
objective poals. The gencrative analysis s performed
using Discover API® as it gives flexibility in customizing
the algonthm. Other gencrative tools, such as Autodesk!
Refinery, could perform a similar analysis, or the designer
can create their algonthm. This scetion discusses gencra-
tive analysis to mitigate the negative impact of the new
building on cxiting buildings” visual comfort

6.1. Generative method for retaining occupants’
comfort

Figure 24 shows the generative design workflow and
desipn paramcters for the new development at Carleton
university campus. We divided the site into seven blocks
30 the compuatation can generate different floor levels,
length and width depending on the design objectives. The
Discover APl runs through a script, and it uploads the
mput parameters and desion objectives set for the project.
The designers can choose how many generations the
system can run to armive at an optimal design. The system

first gencrates data for cach block and mndomly chooses
the value hased on the range of value provided for evalua-
tion. Once we update the blocks, we combme all the geo-
metry and preparc it for simulation. The model can be
comnected to various simulation analyscs, but for this casc
study view gquality was the mam issuc and henee and we
conducted analysis using Ladybuz/Honeybee and ray cast-
mg method. The output from the simulation analyses is set
as objective for gencrative analyses. In this case, the objec-
tive for design was to maximize view guality (sec Figurc
25) and maximize floor arca. Once the system receives the
valuc and cvaluates the design and cvalves by updating
the input parameters until an optimal design 15 amved.
Figurc 26{a) shows the two methods to analysis visual
comfort: spatial view quality and rmy method to viewpoint
of attractions from the windows. Figure 26(b) shows that
the sitc was divided mto parts and cach part's width,
length, and number of floors can be modificd. But some
parts length and width were parametnically connected to
other parts to Tetain proportion. Figure 26(c) shows the
scale options applicd in the gencrative design. P1 oand P2
arc fixed points, and they scale honzontally. The design
was iIntmtive becansc of the cone of vision. P3, P4, and P35
arc interdependent paramcters: P3 (No.5 building) changes
position m the x-dircction, and its width affects the pos-
tion of P4 (part 6) and P'5 (part 3). The simulation had 200
gencrations, and each peneration had 10 designs.
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Interior View Generation- with New Building

Figure 25. Scroenshot of Grasshopper interface showing LadybugMHoneybee components for view quality and Discover AP for

Generative design amalysis,

(a)

(©

Figure 26. Generative design parameters for the noew building. (a) View analysis using Rhinoceros/LadybugfHoneybee modeling
tool (b} The model was broken into seven blocks and each block has height as a parameter. {c) Pl & P2 are fixed points and scales

horizontal.

Figure 27 shows a praph weighing views with a floor
arca for the proposed now design. The first 200 iterations
of designs arc at the low cnd of the graph, and the quality
vicw percentile is between 14% and 24% (sce Figure
27(c)). Since the goal of the design was to maximize the
view, the design iteration of Figure 27(b) is more sutable.
The designers could weigh decisions based on the floor
arca or cven nonguantifiable design entena, such as acs-
thetics decisions. The maximum view percentile the gon-
crative analysis solves 1s 28%; once 1t rcaches its
limitation, the next consccutive itcration solves the other
objective maximizing floor arca. The praph allows the
designers to find an optimal design and select designs by
considering the guality of the view, preforred floor arca,
and form (scc Figure 28). The only issuc with the optimal
design is that the solutions may be purcly objective and
ignore faulty design solutions.

Finally, design #1096 {Figurce 29) is preforable as it
gives more floor arca and 26% quality vicw, The design
decision is dependent on the current requirement and
future requircment, considering the university needs. As a
designer, these massing coold be used as a base frame-
work to develop more detail studies such as daylighting
for the proposcd new building, Since impact on daylight-
g from the new building over the cxisting building was
not a sigmificant issuc for this study, it was not considered
in generative desien. On a future study, the impact on day-
lighting may bc worth considenng as o design parameter.
Conscquently, pencrative design is helpful in evaluating
different eritena to mect the uscr cxpectations.

Some participants suggested to the addition of a roof or
wall gparden to the new building. Based on this, we lowered
the floor level for a part of the new butlding to accommo-
date a roof garden. We also added a wall garden to the left
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Figure 27. Generative analysis praph comparing view percentile and massing flocer area. The coler of the circle represents the
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Figure 28. The graph shows the optimal design and the performance of selected design.

side of the building {sce Figure 30). We performed three
analyses: wall parden, mof garden, and a combination of
both. The simulation analysis shows the guality view for
wall garden 15 33%, 67% for a roof garden, and with both
criteria, it is 58%. The wall garden will be beneficial for
all floors whilc the roof garden may mect the needs only
for few floors or the floors above it In this casc, the
designer could provide the feasible options to improve the
wellness of the students by presenting the design options
with cost so the management can decide:

7. Discussion

In design, various parameters tuke priority: acsthetics, pro-
pram, floor area, available space. context, sustainability
aspects, such as natoral daylight, thermal comfort, cost,
and so on. Master planners focus more on on-site plarming
and massing while architects or contractors for the devel-
opment make focus on individual buildings. Henee, meet-
ing every reguirement might be demanding over time and
cost. User comfort could be a trade-oft between cost, avail-
able land space. or requirements. This study identifies four
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Figure 29. Design iterations with view quality and floor area.

Figure 30, Considering roof or wall garden for view analysis to
increase visual comfort.

clements to consider in the master plan. The suggestions
arc contextuil to campus planning but may alse apply to
other performance analysis.

7.1. Occupant’s health and wellbeing in the master
plan

Current master plans in Carleton University consider mas-

sing, dovelopment stratepics, cnergy, and sustmmability

imtiatives, but there are no metrics or guidelines to con-

sider building or campus cxpansion, A guideling or

mctrics will help vanous stakceholders to increase the wser
expericnee and wellbeing in buildings. Students are more
stressed and are less aware of coping strategics for mental
health issucs. Carleton University has a health service and
counscling for such issucs, but providing a healthy indoor
environment 1s cssential. The WELL Building Standard
was built explicitly for occupant wellbeing and health ™ A
framework can be denved for campus goals to Tetain oceu-
pants’ comfort in cxisting buildings from the WELL
Building Standard to the master plan. The occupant survey
highlights the nced for such metrics as students mention
that continuously staring at a computer screen hurts their
cyes and looking at nature gives restoration. The case
study shows that the new building takes away that relicf.
Figure 31 shows the picture taken after completion from
within the studios and the occupants will be facing a con-
crete wall with plaring.

Mussing in Carleton’s master plan considers the physi-
cal aspect of design and planning and barcly considers user
expericnce. A gmideline to cvaluate the massing against
user expenience would benefit sustamable design and occu-
pant wcllbeing. Intcgrating an initial cvaluation of wser
comfort could be analyveed with existing urban modeling
tools like UML An adequate design starts with the master
plan as it 1% a guideline for future development. The master
plan could provide a checklist to be ovaluated during con-
struction and give flexibility for vanous nceds like an
increase in requirements: [t will also help non-expertise in
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Figure 31. Photos mken after the completion of new building (Micol) from within the studios.

building design like campus administration to make appro-
priate design decisions:

7.2. Semester or seasonal analysis

Our rescarch onginated due te the expericnces of a
rescarcher in the studio space and how the now building
takes away the good daylighting. The rescarcher has used
the studio spacc for several years and felt the impact was
significant, but the performance analysis and the uscr anal-
ysis give 8 vancd responsc. The annual performance anal-
ysis of daylighting wsing Ladybug/Honeybee shows the
spatial daylighting was reduced by 5% only. Clercstory in
the studio spaccs solves the major daylighting; hence,
there 15 no significant change m the spatial daylight auton-
omy. Not all buildings come with a clerestory, and it
depends on the context and reguirements. Thercfore, the
impact of new butldings on the cxistng buildmg™s day-
lighting may diffcr. Since university occupancy vancs
bascd on scmester, a semcster performance  analysis
reveals intnguing spatial dayheht autonomy. Spatial day-
light autonomy is 51% with the new builldmg and 56%
without the new bulding m the Fall semester. Here, the
new building docs not significantly the daylight availabil-
ity. Bul, if a detailed analysis considers the columns,
HVAC (heating, ventilation, and asir-conditioning) duocts,
and interior design, it will not meet the LEED {Leadership
in Encrgy and Environment) minimum. requirement of
5% for spatial daylight avtonomy during fall semester:
Designing the space for scasonal changes may affect wser
comfort and cnergy vsage differently as the occupancy
hours vary. As universitics have particularly high occu-
pancy in the fall and spring, there could be desipn trade-
offs. Future research on a semester or scasonal cvalustion

may highlight the necds or demands on energy usage.

7.3. Generative analysis and massing

Scction 1.1 shows that gencrative design tools can help to
mitigate the impact of the ncw building on the cxisting
building’s wser comfort. A sigmificant issuc the designer
faces 15 the time it takes to run the simulaton. Currently,
the design only considers vicw analysis, and 1t took around
24 to 30 hours to complete the generative process. The
simulation performance depends on system capabilities. IF
the design incorporates aonual dayhshting as one of its
ohjectives, it will require more simulation time, Hence,
destgners need to carcfully plan the order of cvaluation
and make sequential design decisions. Another issuc a
destgner will face 15 going through many design iterations.
The optimal design 15 purcly quanhtative paramcters and
docs not consider qualitative parameters like human cxpe-
ricnce and preferences on designs.

Furthermore, generative design does not identify faolty
designs carly, making the whole process fime-consaming.
These tools need to consider the human experience and
design preferences in the loop. These generative tools can
provide an option for the designers to sclect among the
optimized solutions based on human experience and sub-
jective appreciation. The seleetive iteration will redoee
redundant desipn, time, and resources. As in this case
study, one should not wait for 2000 itcrations to scc zn
inappropriate  design  solution. These issucs could be
resolved if human desipn decisions participate in gencra-
tive design tools. Smee generative analysis is a developmg
concepl, there is a possibility to integrate human in the
loop in the future. Still, at its curment state of the art, 3t pro-
vides better performance-based design solutions.

Designers and practiioners should take advantage of
available urban modeling tools for site-level analysis and
goncrative tools to consider multi-objective enteria at an
mdividual building analysis. Advancement in modeling
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and smmulation tools allow vanous design explorations.
Dynamie analysis can be a solution for small-seale build-
ing cvaluations like two neighboring buildings. A design
that responds to each other bulding needs at the concep-
tual stage may chminate fundamental design ssues like
visibility during the development stape. The idea needs to
evaluate design feasihility and evaloate the amount of time
it takes.

7.4. Limitations

The research considers the top floor levels of the bumldmg
for user cvaluation and does not consider lower floor lev-
cls. The hour of occupancy and accessibility to space was
a crucial factor in choosing the top floor levels. The rooms
are used 247 as it 15 a studio space. The lower floor levels
contextual parmmeters vary as the space s a workshop
Considering all the floor levels and their impaet on user
expenence would have added depth to the investigation.
Furthermore, considering the daylight for other floor
levels may affect the new building massmg significantly.
Daylight analysis only focused on the massing and did not
consider the interior geometrics like ducts and columns of
the existing bmlding. Also, a detuled imterview with all the
stakcholders like master planmers, architects, and campus
admimstration would have given more msightful data. One
of the crtical features of wser feedback was on thormal
comfort on how it was cither hot or cold and never comfor-
table. The scope of the paper excluded thormal analysis,

8. Conclusion

The case study articulates the need for mcorporating oceu-
panis” spatial expericnee and wellbeing in the master plan.
The idea of this study i to provide additional tools to the
master plan desipners to include such experiences into future
plans. Carleton University’s curment master plan does not
have regulations or criteria for the influcnee of new buildings
on the cxisting building’s occupants’ comfort. Hence, we
highlight the need for generative analysis durng new devel-
opments; the anabysis will help vanoos stakeholders like
campus admimstrators, master planmers, architects, and occo-
pants on desipn decisions and trade-offs. The occupants® sur-
voy rovedled that daylightine condittons were widesproad,
Occupants prefer natural ighting and find the corrent fluor-
cscent lighting harsh. Maost of the occupants fec] depressed
and stressed with the lack of 2 natural view. The study and
literature show that matuml daylighting and quality views
affect occupants’ wellbeing. Stmmlation analysis of spatial
daylight autonomy and anmual sun exposure reveals that the
new building did not significantly mflucnce the studios’ nat-
ural daylight But it affeeted the view quality significantly.

The gencrative analysis demonstrates the analysis of
massing  that considers occupants’ wview  gquality.
Subscquently evaluates the impaet of the new building
on the existing building”s oceupant comfort. The occu-
pants of the campus buildings are not influential in
design decisions; hence, meorporating a design gmdeline
for considenng their comfort will play a entical role. It
will also help the umiversity decision-makers in checking
how it affects the occupant’s wellness in the buildings.
This paper highlights the need to consider occupant™s
wellbeing in the master plan and semester-based perfor-
manee analysis.

The next steps of the rescarch will involve the building
design’s stakcholders and campus bwilding  program’s
committce to understand their goals and create a design
guideline for future developments. The gencrative analysis
can be used to understand the impact of the new building
on the lower floors of the Architecture Building or a whole
building performance analysis.
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