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Course Goals
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* This course

communicates the “| believe that the course
tOpiC of sustainability successfully communicated the
. topic of sustainability with
with BIM software, software applications for us”
* focuses on the impact “we see how big the impact of the

decisions in the design process on the

of the decisions in the performance of the buildings might be

design process on the with sustainability analyzes™
performance of the

a1 g: “I'would never believe that a
building

mass object would impact so

. many decisions”
* illustrates how the

concept of “the course allowed me to see the

. .pe bigger picture for design decisions, and
SUStamab'I'ty to understand better how the concept

positively adds value of sustainability positively adds value
to our world using real- to our world
time, visual data.
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This course offers a theoretical
framework containing
performance-based design and

environment behavior.  BIM enabled

_ _ sustainability
The theoretical content is

reinforced with software * Perfomative design with
applications involving BIM- BIM

enabled sustainability models
and building performance
analysis. e Sun shadow Analysis

* Energy Analysis

The relationship between design e Solar Radiation Analysis
and building performance is
explored using a simulation
environment over examples. e Wind Analysis
Students are expected to
produce high-performance
buildings following the principles
of performative design.

* Daylighting Analysis

 BIM Mass Modeling
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* To emphasize the effects of buildings
on climate change

* Toillustrate the general principles of
sustainable design and performative
design

e To show the use of BIM in the context
of sustainability (7D modeling)

* To explain the use of sustainability
simulations and analyses in
architectural design

* To illustrate the relationship between
design decisions and building
performance

» To offer software experience on the
use of BIM-enabled sustainability
analyses.
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Course Code and Title:
ARCHS36 Sustainable Architectural Design with BIM

Course Description:

The built environment has significant effects on global warming with high fossil-bxased
energy consumption and carlbon emission. In order to cope with this effect, the
production of sustainalkle buildings is encouraged all over the world. Building
Information Modesling (BIM) offers significant potential for effectively designing,
modeling and analyzing these types of buildings. BIM software offers
simulation/analysis environments that measure the performance of a building prior to
construction. Using BlM-enabled energy, sun/shade. solar radiafion, daylighting and
wind analyses the performance of a building can be predicted beginning from the
early stages of design. The design approach that improves design decisions using
building performance analysis is called performance-based design or performative
design. This approach feeds back the design process and helps improve designs for
befter sustainability resulis.

This course offers a theoretical framework confaining performance-based design
and physical environment confrol issues. The theoretical content is reinforced with
software applications invelving BiM-enabled sustainability models and building
performance analysis. The relationship between design and building performance is
explored using a simulation environment over examples. $tudents are expected to
produce high-performance buildings following the principles of performative design.

Course Objectives:

To emphasize the effects of buildings on climate change

To illustrate the general principles of sustainable design and performative
design

To show the use of BIM in the context of sustainability (7D modeling)
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Wh
Course Weekly Program %
BV
Week |[Date Topics Notes/Assignments <:"
hity
! 03 Oct Intro. to Course and 01_intro.pdf 55
' Sustainakle/Performative Dasign 01_reading.pdf =
> 10 Oct. Principles of Performative Design and =
BliM-enabled Analyses c
S il "
5 170ct.  |lintro. to BIM Modeling Environments  |[o1e 9nd Building Type
Proposal
4 24 Oct. Qoncepﬂucl (Mass) Modeling with BIM
#1
5 41 Oct. g;}ncepmcl (Mass) Modeling with BIM Design Proposals
Designing with Solar Access and
3 07 Novw. Shadows Design Proposals
Sun/Shadow studies
Understanding Energy Loads and .
7 14 Now. Efficiency in Buildings Design Proposals
Due: Sun-Shadow Analysis
= 21 Novw. Energy Analysis Simulation Practice TW Bresentations 1
Utilizing Sun as a Rer?e\,lvcble Er\e.rg\,ur Due: Energy Andlysis
k4 28 Now. Resource: Solar Radiation Analysis -
. TW Presentations 2
Practice
Due: Solar Radiation Analysis
10 05 Dec Converting Mass Models fo Detailled
' BIM Models TW Presentations 3
11 12 Dec. Students’ Interim Project Presentations ||Due: Inferim Project Report
12 19 Dec. Er?ergy Anlclysm Simulation Practice TW Bresentations 4
with Detailed models
Utilizing Sun as a Natural Lighting
13 26 Dec. Source: Daylighting (LEED) Analysis TW Presentations 5
Simulation Practice
Understanding Air Currents and Natural
14 02 Jan. Ventilation in Buildings: Wind Analysis Due: Pre-Final Project Report
Simulation Practice
Course Assesment Methods
Technology Watch (TW) Presentation:
Students offer a short presentation and submit a three-page report on the existing
or emerging technologies that have to do with variouse aspects of sustainakbilty
with BIM. Some of the possible TW topics are : %10
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* |tisimportant to reduce the impact
i e i of the built environment on
environment for development

ecosystems and climate.

for Buldings and Constriction  Initiatives for energy-efficient and

BUILDINGS DAY sustainable buildings: the EU 2050

S Energy Strategy, US Architecture
HOME ABOUT US WHY BUILDINGS? TAKE Al 2030 Cha”enge’ Green building

certification programs and Turkey’s
Energy Performance Legislation.

* Architects’ key role for sustainable
built environments; need for

| environmentally conscious and

Why Buildings? | sustainable designs.

More than 30 per cent of global

greenhouse gas emissions are 3 * The course also emphasizes the
buildings- related, and emissions " — .

coultl Haakioly 2050 1f we carry on... Y necessity of the balance between
- creativity and sustainability in

design.




BIM as an Enabling Technology for Sustainability
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* BIMisa3D
integrated model facades _
within which all R O
graphic and non-
graphic data for all
the elements of a
building are
embedded.

* BIM relies on a
working approach for
creating a semantic ,ayou‘ts 7, .‘
virtual 3D prototype \¢ # _schedules\.s 4
of a physical
building.
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BIM as an Enabling Technology for Sustainability
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BIM as an Enabling Technology for Sustainability

BIM models
having the rich
data can be used
in different
project contexts
for problem-
solving and
informed
decision-making.
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The use of model-based information in different contexts




Sustainability decisions with BIM
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Making informed sustainability decisions

using building information models

Building Performance
Analyses (BPA)

* predict how a building
responds to
environmental factors.

Solar Lighting Sun / Shadow Solar Radiation
Analysis Analysis Analysis . o
* allow design decisions

to be assessed and

“'l'"'l" improved on a real
= time.

* helpful with well-

Climate Wind defined design
Analysis Analysis Analysis
problems




Building Performance Analyses examined in the course
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simulates the energy

i Energy consumption in a building to
rorm e = Analysis improve its heating/cooling
loads

Sun and simulates the solar access and
shadows in buildings to
Slnzele determine their optimal

Form2 .|

Analysis position on the site.
Sun simulates the solar radiation
Radiation received by building surfaces
to utilize it as a renewable
6;;:/2014 ; Al re:tvwﬂ inasi projesi Aimge l/l/?ﬂl&l?/il/‘;lu Ana Iysls energy source.
T simulates the daylighting
’ e mmman Dayllghtlng conditions in a building to

150.325.565.282.765 295.275.590.551.172

651.521.401.954.072 295.275.590.551.172 s Analysis improve natural Iighting

651.521.401.954.072 295.275.590.551.172

levels.

simulates the air flows at the
Wind Project site to prevent or
Analysis reduce undesired wind

effects.




Sustainability decisions with BIM
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Energy Use Intensity
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930 M/ sm 5t

Building
Information
Modeling acts as a
design and
construction
laboratory and
provides an
environment for
learning by doing.
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Performative Design
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1. complying with

Performative principles of
Design architectural
the design approach sustainability

that relies on building | ;-7
performance analysis 2. relying on
for improved design numerical,

decisions measurable data

Basic principles =» 3. developing the

design with real-
time feedback




BIM Execution Plans for performance analysis

X PLAN

PROGRAMMING

SITE ANALYSIS

PHASE PLANNING
(4D MODELING)

COST ESTIMATION

EXISTING CONDITIONS
MODELING
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DESIGN

DESIGN AUTHORING
DESIGN REVIEWS
3D COORDINATION

STRUCTURAL ANALYSIS

LIGHTING ANALYSIS

ENERGY ANALYSIS

MECHANICAL ANALYSIS

OTHER ENG. ANALYSIS

SUSTAINABLITY (LEED)
Ll

CODE VALIDATION

PHASE PLANNING
(4D MODELING)

COST ESTIMATION

EXISTING CONDITIONS
MODELING

X

CONSTRUCT

SITE UTILIZATION
PLANNING

CONSTRUCTION SYSTEM
DESIGN

3D COORDINATION

DIGITAL FABRICATION

3D CONTROL AND
PLANNING

RECORD MODELING

PHASE PLANNING
(4D MODELING)

COST ESTIMATION

EXISTING CONDITIONS
MODELING

X

OPERATE

BUILDING MAINTENANCE
SCHEDULING

BUILDING SYSTEM
ANALYSIS

ASSET MANAGEMENT
SPACE MANAGEMENT /

In a business context, BIM
implementation plans usually
determine which performance
analyses are needed and in what
stages of a project.

CHARLES PANKOW
FOUNDATION

The Comlmﬁ Integrated Construction
ch

e ~ 3
(] P gra
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Working with Mass and Detailed Models
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Equinox Solar Analysis

In early design phases mass models are utilised for
making making all high-level design decisions that

shape the later phases

EUI

~134 kBtu/sq ft
(~422 kw/sq m)

EUI

~107 kBtu/sq ft
(~337 kw/sqm)

Conceptual
Mass

Building
Elements



Teaching Policy
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Teaching Method

e Goal:

Designing a High
Performance Building

Weekly exercises and
final project involving
Building Performance
Analysis

Tools:

for modeling:
Autodesk Revit
Autodesk Formit
Trimble Sketchup

for analyses:

Autodesk Green Building
Studio

Autodesk Insight 360
Trimble Sefaira
Autodesk Flow Design

OPTIMIZE THE DESIGN

—r r Fr F Fr Fr 8 Fr 8 F B

Pa N\ ENEHGY SIAR™

=2 Portfoliolanagere
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SETUP
A GOAL

COMPARE

RESULTS

?

Technical Reference

U.S. National Median Reference Values for All Portfolio Manager Property Types

BroadCatedo Primary Eunction Further Breakdown Source EUI  Site EUI Reference Data Source -
gory ry (where needed) (kBtulft?) " (kBtulf?) Peer Group Comparison
Banking/Financial Bank Branch * 209.9 883 CBECS - Bank/Financial
Services Financial Office* 116.4 529 CBECS - Office & Bank/Financial
Adult Education 1104 CBECS - Education
College/University 180.6 CBECS - College/University
G CBECS - Elementary/Middle
Education Kei2 Sotiook 1044 & High School
Pre-school/Daycare 1315 CBECS - Preschool
Vocational School
- 1104 CBECS - Education
Other - Education
Convention Center ) -
Energy Use y & 2030 Challenge Targets by Building Type
Movie Theater
kWh/m?/year
Museum 00 1000 2000 3000 4000 5000 600.0 7000 8000 900.0
Performing Arts . — V:;i::: - m2030 70% Target (2015)
Bowling Alley Warehouse & Storage [ 2030 60% Target
Entertainment/Public =z i =
Besaril Fitness Center/Health Club/Gym fRetal] (“"S‘m’""c'z sy U by
X Ice/Curling Rink Education |
Recreation Roller Rink Mercantile [§
Office [§
Swimming Pool Public Assembly |
Other - Recreation Qutpetient
Lodging
Social/Meeting Hall Enclosed & Strip Malls

ENERGY USE BY BUILDING TYPE AND
ARCHITECTURE 2030 INITIATIVE

F g ] United States
b2 Em Environmental Protection
\.’ Agency

Public Order & Safety |
Other [

Health Care [§

Food Sales

Inpatient

Food Service [§

0.0 50.0

100.0 150.0 200.0 250.0 300.0

kBtw/ft?/year
2003 CBECS Survey Data for USA




Software needed
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& You are required to

perations

history create an Autodesk
account if you do not

already have one. As a
_— student, you are
o i = eligible to sign up for a
e free account.
manage.autodesk.com
Benchmark
comparison * Autodesk Revit for
WWR - Southern Walls Window Shades - South Window Glass - South a mOdeIing
ST e AR Autodesk Insight 360
T 1 for analyses
Widgets * —— H ~

e Autodesk Flow
=] =] = Design for wind

WWR - Northern Walls Window Shades - North Window Glass - North
analysis

Window-Wall-Ratio (glszing area / gross wall Shades can reduce HVAC energy use. The Glass properties control the ameunt of daylight,



Course Weekly Program
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10

11
12
13

14

03 Oct.

10 Oct.
17 Oct.
24 Oct.
31 Oct.
07 Now.

14 Nov.
21 Nov.

28 Nov.

05 Dec.

12 Dec.
19 Dec.
26 Dec.

02 Jan.
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Intro. to Course and Sustainable/Performative Design
Principles of Performative Design and BIM-enabled Analyses
Intro. to BIM Modeling Environments

Conceptual (Mass) Modeling with BIM #1

Conceptual (Mass) Modeling with BIM #2

Designing with Solar Access and Shadows
Sun/Shadow studies

Understanding Energy Loads and Efficiency in Buildings

Energy Analysis Simulation Practice

Utilizing Sun as a Renewable Energy Resource: Solar Radiation
Analysis Practice

Converting Mass Models to Detailed BIM Models

Students’ Interim Project Presentations
Energy Analysis Simulation Practice with Detailed models

Utilizing Sun as a Natural Lighting Source: Daylighting (LEED) Analysis
Simulation Practice

Understanding Air Currents and Natural Ventilation in Buildings:
Wind Analysis Simulation Practice

Site and Building Type Proposal

Design Proposals

Design Proposals

Design Proposals

Due: Sun-Shadow Assignment
TW Presentations 1

Due: Energy Analysis
TW Presentations 2

Due: Solar Radiation Analysis
TW Presentations 3

Due: Interim Project Report
TW Presentations 4

TW Presentations 5

Due: Pre-Final Project Report



Assessment Methods
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Technology Watch (TW) Presentation:

Students offer a short presentation and submit a three-page report on the existing or emerging
technologies that have to do with variouse aspects of sustainabilty with BIM. Some of the 0
possible TW topics are : A’]-O
Relevant Software and Hardware Developments, Sustainable Architectural Designs and Construction
Projects, Life Cycle Assesment, Modern Sustainable Materials, Net-Zero/Hight Performance Energy
Projects, Sustainable MEP implementations

Proposals: Building Type, Design and Project Site

Students submit several design alternatives that would satify the requirements of a high
performance building. The porposals are jointly assesed in the classroom.

%20

Total construction area approx. 2000 m? + circulation spaces %35-40 ~2800-3000 m?2. The total
area may be readjusted by +- %10 based on the project requirements. The project site area is
about 5000-6000 m? .

Analysis Works/Presentations and Interim Presentation/Report

Students submit three performance analysis works including Energy Analysis, Sun and Shadow %30
Studies and Solar Radiation.

Final Report on Building Performance Analysis work
This is the final outcome of the course. The final work should respond to the general visual and %40
content expectations of the class. The report contains all the revised analysis works evaluated
in th early stages.

A minimum attendance of 80% (11/14 classes) is required.




Useful Materials and Links

”

Bennett, Jessica, “Wind Design Guide,
BBSC 433 — Architectural Aero
Dynamics Course Notes,
http://shorturl.at/gOSTY

Brackney, L., Parker A., Macumber, D.,
Benne, K. (2018), "Building Energy
Modeling with OpenStudio: A Practical
Guide for Students and Professionals,"
Springer

DeKay, M. Brown G.Z. (2014), “ Sun,
Wind and Light: Architectural Design
Strategies,”

Garg, V., Mathur, J. Bhatia, A. (2020),
"Building Energy Simulation A
Workbook Using DesignBuilder," CRC
Press.

Guzowski, Mary (2010), “ Towards
Zero-Energy Architecture: New Solar”
Design, Laurence King Publishing

Hensen, J.L.M., Lamberts, R. Eds.
(2019), "Building Performance
Simulation for Design and Operation,"
Routledge.

Kolarevic, B., Malkawi, A. M. (2005),
"Performative Architecture Beyond
Instrumentality," Spon Press.
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Kubba, Sam (2016), "LEED v4
Practices, Certification and
Accreditation Handbook," Elsevier

Kwok, A. G. Grondzik, W. T. (2007)
"The Green Studio Handbook
Environmental strategies for
schematic design,"

Kyrgiel, Eddy (2008), “Green BIM:
Successful Sustainable Design with
Building Information Modeling,”

La Roche, Pablo (2017). "Carbon-
Neutral Architectural Design," CRC
Press.

Lechner, Norbert M. (2022),
"Heating, Cooling, Lighting:
Sustainable Design Methods for
Architects,"

Levy, Francois (2011), “BIM in Small-
Scale Sustainable Design,”

Smith, Peter F. (2005), "Architecture
in a Climate of Change: A guide to
sustainable design," Elsevier.

Wilde, Pieter de (2018), "Building
Performance Analysis," Wiley.

* Wing, Charlie (2013), "The Visual
Handbook of Energy Conservation:
A Comprehensive Guide to
Reducing Energy Use at Home" The
Taunton Press.

Others:

* Autodesk Univ. Training Materials
https://www.autodesk.com/autode
sk-university

* Autodesk «Modeling masses»
course, https://shorturl.at/EPS36

* Autodesk «Crate energy models»
course, https://shorturl.at/cju29

* Autodesk Insight 360 site
https://insight360.autodesk.com/o
neenergy



