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Exploring Life Design and Architecture after the Pandemic
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Nothing new? Architectural research for life (before and) after the pandemic
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Summary %E&E

Life might not be radically different after the pandemic, but the pandemic has confronted us with the inefficiencies
in the way our lives, and the built environment as an extension of this, have been organized. Why do we need to
commute daily between residential, suburban neighborhoods and a Central Business District, when much of the
same work can be done from the comfort of our home or distributed workplaces nearby. This question is not new,
but the ‘new normal’ has prioritized it. When the School of Design and Environment at NUS conceived its new
SDE4 building, it recognized that we must practice the sustainability we teach in Architectural education and
designed and constructed a building that adopts, among other features, a hybrid cooling system where air is cooled
to a higher degree, never recirculated, and ventilators assist in achieving a comfortable indoor climate. While
increasing sustainability and improving well-being, it is also better adapted to the addressing the pandemic, with

windows that can be opened and indoor air that is never recirculated but always drawn from the outside. None of
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these ideas are new, but we have simply been too locked into our habitual ways of doing things. I will present a
number of research projects that were all conceived off before the pandemic but will assist in designing for life and

architecture after the pandemic.
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Short bio W/

Rudi Stouffs is Dean’s Chair Associate Professor and Deputy Head (Research) at the Department of Architecture,
School of Design and Environment, National University of Singapore. He received his PhD in Architecture from
Carnegie Mellon University, an MSC in Computational Design, also from CMU, and an MSc in Architectural
Engineering from the Free University Brussels. He has held previous appointments at Carnegie Mellon University,
ETH Zurich, and TU Delft.

At NUS, he leads the Architectural and Urban Prototyping lab, is Research Thrust Leader for Parametric BIM in
the NUS Centre of Excellence in BIM Integration, and a Principal Investigator in the Future Resilient Systems 11
research programme at the Singapore ETH Centre. He is also vice-president (elect) of eCAADe, the association for
Education and research in Computer Aided Architectural Design in Europe.

His research expertise and interests include computational issues of description, modelling, and representation for
design, in the areas of shape recognition and design generation, building information modelling and analysis, virtual

cities and digital twins.
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NOTHING NEW?

ARCHITECTURAL RESEARCH FOR LIFE
(BEFORE AND) AFTER THE PANDEMIC
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SDE4

SINGAPORE'S FIRST NEW-BUILD
NET-ZERO ENERGY BUILDING

@ An array of 1,225 solar photovoltaic panels
installed on the roof is capable of supplying
more than 500 MWh of energy per year.

@ An innovative hybrid cooling system
supplies fresh air at higher temperatures and
humidity levels than a conventional system,

Located within the National University of Singapore's School of Design and Environment,
the new six-storey building is a living laboratory to demonstrate and explore human-centric
approaches for integrated sustainable development. A suite of strategies are deployed to
reduce the building's energy demands and to generate all the energy it requires.

ensuring that rooms are not overly cooled.
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The large overhanging roof on the south, together
with east and west facades, shade the building from
the sun’s heat and provide a cooler interior.

Facades are amply shaded and provide access to
daylight. This reduces the demand for electrical
lighting and creates a more naturalistic experience.

A series of ‘floating boxes' create a porous
space which allows for cross ventilation, natural
lighting, and views to the outdoors.

Air-conditioning is used only where needed,
as most of the rooms can be opened to let in
natural breezes.

National University of Singapore




WELL BUILDING STANDARD

A COMPREHENSIVE
APPROACH TO WELL-BEING

WATER NOURISHMENT LIGHT MOVEMENT

THERMAL SOUND MATERIALS MIND COMMUNITY

COMFORT
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REPURPOSED SDE1 AND SDE3
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CONTENT

— data integration (GeoBIM)
— energy performance

— pedestrian comfort

VIRTUAL SINGAPORE

— dynamic 3D city model and collaborative data platform
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BIM SUBMISSION

— not yet obligatory in IFC-compatible form

— nevertheless, BIM models are becoming more widespread

compliance checking —and— development

DEVELOPMENT
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USE CASES

Native Use
BIM

export convert use

IFC —_— CityGML _—— cases
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CiITYGML — IFcADE

NatiVe export convert use Use
BIM P

IFC — CityGML — cases

— application domain extension
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IFC — CITYGML

Native Use
export convert . use
BM oy IFC ey CtyGML cases
— Triple Graph Grammar rules [ | core B
Ol cityObj
”””” T
idingSubdivision Subdivision ! buildingSubdivision
relatingObject
iionsoey | |rnutasiony P— | cnutonsoey | | | odbmes || o wly |
IFC correlation CityGML
IFC = CITYGML
Native Use
export convert . use
BIM IFC —_—  CityCML cases
— Triple Graph Grammar rules
- structural rules (layer 1)
- creating objects (layer 2)
- adding geometry (layer 3)
‘ P
* 2. e ; o
A B
Layer 1 Layer 2 Layer 3
1.1 1.2 1.3 14 21 22 23 24 25 26 2.7 2.8 3.1 3.2 3.3 3.4 35 3.7 3.8 3.9 3.10 311 3.12 3.13
A 1 0 3 6 15 1 1 1 8 3 9 24 27 24 2 2 1 17 27 12 3 6 3 6
B 0 1 5 91 460 0 0 0 0 0 91 509 5411 5355 29 29 6 924 5411 172 5 91 0 91
C 0 1 16 709 11634 0 0 0 0 28 1533 6604 21970 21648 1400 1400 11 11596 21970 7555 16 709 0 709
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ANALYSES

— indoor navigation and mobility

ENERGY PERFORMANCE PREDICTION

Fo

A
[ \
need extensive knowledge on the physical system,

especially on the mechanisms occurring inside and
outside the building geometry

Prediction

Energy

r Building

Statistics

Data Mining

A
[ |
=jololo.

require a large amount of learning data and
mainly a relevant and completeness database
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ENERGY PERFORMANCE OF RESIDENTIAL BUILDINGS

— Singapore public housing stock

Data source: Energy Market Authority (EMA) Singapore

METHOD

Assumptions of HDB

O

Baseline HDB Building

lecccoccmcmcmcmmrecmmmo= e 1
Real
Consumption

ta

Input

Method

EnergyPus Average monthly
household electricity
consumption by postal

g_ code (public housing)

E Energy Usage Intensi o)

o GAEAEEY from EMA 2013-2014
Step 1
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ENERGY USAGE INTENSITY

— varies by number of stories
— varies by GFA
— varies by building compacity
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PEDESTRIAN
COMFORT

IN HIGH PEDESTRIAN ACTIVITY AREAS

* Pedestrian flow in tropical cities

* Wayfinding and subjective experience
¢ Design interventions

¢ New urban design guidelines

Parthner institutions:

Singapore University of Technology and Design (SUTD)
Future Cities Laboratory / Singapore-ETH Centre (SEC)
National University of Singapore (NUS)

AGENCY

Collaborating with:

Urban Redevelopment Authority (URA),
Housing & Development Board (HDB)
Land Transport Authority (LTA)
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Rhino Model

Indoor - Linear

Indoor - Junction

/24

WP5.2
Parametric (generative)
model

Associative model of all
boundary conditions
developed in Rhino &
Grasshopper:

Determine variation
generation combinations
and ranges

Generate alternatives for
various link combinations
from the inventory
Non-geometric attributes:
Crowd count
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Indoor l/ Outdoor Qﬁ)/f WP 5

Online Survey
Width W ﬁ"l‘g}/ Width h}ﬁ%ﬁ)/ﬂ Emt;.l:)’J . Eﬁﬁﬁ;f) ’ DeSign parameters
Non-crowded Crowded Non-crowded : Crowded )/PMD

) ) Brainstorming and sharing sessions with the
> Ay . Division JJJ P 0 JJ\) s various agencies. Identified a number of
5 QW ! [V],/ Wfﬂ’e. & W“W variables for each of the following categories:
1. an
Gt Non-crowded Crowded « Width

Edge i (o Edge y
conditions g L conditions <
Non-crowded Crowded (epterin]

Lighting - e Lighting W,r L w
conditions [ 4 g conditions V /
Non-crowded Crowded Non-crowded J Crowded

Division

Non-crowded

Division

Edge conditions

Lighting conditions

Visibility

Floor and ceiling material

Shelter conditions

)
Visibility Shelter B ’ ) J s
conditions 3

Non-crowded (] Crovded + Obstructions
Floor material ] W Obstructions | | "'T) [ Jus rhr\

Non-crowded Crowded Non-crowded Crowded /
Ceiling Q w
material

Non-crowded Crowded
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Online Survey

Pedestrian Comfort Design and structure

Each question » Total of 430 different
presents two As part of your daily commute, imagine you are walking through this path. questlons

Images and asks Which path do you prefer to be included as part of your daily commute? * « Each question has a

the respondent to — . f o crowded and non-crowded
select which one variant

th fer.
ey prefer. + Survey split into three

» Each survey includes
almost equal number of
questions from each
category

» Each respondent
answered 133 questions
(with video pauses)
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Tapering (Inverse Tapering Nariiied] i@ —
- e Survey Analysis &
e v [ y y
No Barrier Seating Arrows on Floor Planters Arrows on Ceiling 2 Floor Textures Handrail R es u ItS

. 700 64.50 56.30 49.20 49.10 49.10 2z Indoor Ranking

Commercial no Commercial with

Curtain Wall Queue’ Queus Seating Blank Wall
" Aggregated responses
“:‘;'r"‘;%:ss 3 Point T-Junction Straight Straight with stairs ggreg pons
5350 47.75 3788 Each number represents the
Posplened™  Opstruction percentage of responses that
4908 _ chose that option over any
Low other option compared to it.
33.75
Concrete Imprint Grass

Concrete Imprint

128
WP5.3
Design Variations
VR Demo
Link to video
https://nextcloud.fel loud/index.php/s/pAwrKabs
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Aggregated Values for edge conditions (%): 29
open edge commercial edge
WP 5

Key Findings
Edge conditions

wall edge

Trends for edge conditions
(indoor and outdoor)

* People prefer open edge
conditions that provide a
connection to the
outdoors/surroundings
more than edge conditions
that provide enclosure or
other functionality like
shopping or seats

Correlation between age and

eattoo: noeroncady o Ereloma ' ODGE'; + Stronger preference in
<30 365 779 younger respondents in
30-39 432 1140 outdoor environments
40-49 389 866
50-65 412 1017
P-value 0.04826

1130
WP 5
Key Findings
Correlation between . u
gender and lighting L g htin g

(indoor

non-crowded) Brightness (High) |Brightness (Normal)| Brightness (Low)
Female 78 65 12 . "
v 4 5 »8 Trends for lighting
e conditions (indoor and
P-value

Correlation between
gender and lighting
ition (outdoor

| 0.00638 |

outdoor)

« People generally prefer
brighter lighting in all
conditions

non-crowded) D Night with light | Night with no light
ay s e o S + Females and Older
IFemElE 80 72 3 respondents have stronger
WiEle 61 n 3 preferences, especially in
P-value 0.00154 non-crowded conditions
Day Night with light | Night with no lights suggesting that it may be
Correlation between <30 30 29 due to perceived safety
age and lighting 4
condition (outdoor 30-39 38 44 6
non-crowded)
40-49 37 28 5
50-65 36 42 ;
P-value 0.03662
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We are especially inferested in use cases that have surpassed the

. International Journal of
isprs

Geo-lnformation ::'::?g; conceptual and hypothetical realm and have seen some accomplishment

2.239 in practice. We want to learn from both successful and less successful

. : demonstrations of the use of virtual 3D city models to plan, simulate, and
SPeClC’I Issue operate our urban environments. We are interested in potential best

practices, as well as lessons learned, that can inspire others to follow up
. . and explore similar or complimentary applications of virtual 3D city
Vlrtual 3D CIty MOdEIS models. Obviously, no one size does not fit all and, as such, comparing
successful practices and lessons learned is the best way forward to ensure

a reasonable perspective of a complete, successful, and effective use of

. . the potential of 3D virtual city models. This Special Issue aims to make an
Specml Issue EdltOI‘S.’ important step toward this ultimate objective, including but not limited

Dr. Rudi Stouffs: National University of Singapore, Singapore fo:

* 3D city models

« digital twins

 city information modeling
* urban simulation

* operational models

* urban environments

Submission Link:

https://www.mdpi.com/journal/ijgi/special_issues/Vittual_3D
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Aims and Scope

ISPRS International Journal of Geo-Information (ISSN 2.239 42days

2220-9964) is an international peer-reviewed open access
journal on geo-information. It is a journal of the ISPRS
(International Society for Photogrammetry and Remote
Sensing) and is published monthly online by MDPL
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