Improving BIM as an Architectural Design tool towards
Sustainability through applying LEED categories on its
database

Dr. Wael A. Aboneama
Associate Professor In Architectural Department, Faculty Of Fine Arts, Zamalek, Cairo, Egypt

E-mail Address: wael.aboneama@gmail.com
Mobile: (+20) 100 1426 210

International Conference and Exhibition on

Satellite

August 17-19, 2015 Houston, Texas, USA




Abstract:

Architectural design was influenced through the last century by
several high-tech design tools. Last decade Building Information
Model "BIM" has proved its capabilities as an effective production
tool for construction industry. It helps the architect to go through
the construction documents accurately and faster for building
calculations, coordination between all disciplines, and to carry out
the architectural drawings faster with minimum problems.
Architectural design tools development is running in two
directions: First, one depends on developing a helpful tool for the
architect to facilitate producing complicated forms and
construction problems; the second one is the implementation of
artificial intelligence to solve design problems and to lead towards
better building performance. This research is oriented to the
second direction.

In case of applying LEED categories, which describes
sustainability principals into the BIM database, we will ensure that
the outcome of this design tool will meet sustainability guidelines.
One of the best direction of enhancing BIM as an architectural
design and documentation tool is to enlarge the scope and
hierarchy of its database to include LEED categories as one of the
most important rating system in the world and applied in many
regions. It will push architects forward towards sustainable designs
and saving environmental resources based on up to date
information
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Five LEED Categories:

v Sustainable Sites (58)

v Water Efficiency (WE)

v' Energy & Atmosphere (EA)

v'  Materials & Resources (MR}

v Indoor Environmental Quality (IEQ)

Two Optional LEED strategies:

v Innovation in Design (ID)

v" Regional Priority (RP)



Introduction & Background:

Nobody can deny that there is no building design or construction
document is not produced using one of the computer programs.
Engineering and BIM "Building Information Model" programs are
nowadays the design tools beside ruler, pencil, and protractor.

If we input the sustainability principals into those architectural
programs database, we will ensure that the outcome of that
program is revised against sustainability guidelines. That means
we can protect our environment through enhancing the outcome of
architectural design tools by applying sustainability principals into
their database.

Architectural design tools specially BIM have many structural and
constructional database to enhance building construction and
coordination between different disciplines
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Literature review:
Building information modeling (BIM):

Building information modeling (BIM) is a process involving the
generation and management of digital representations of physical
and functional characteristics of all building components.

There are many definitions of Building Information Modeling
(BIM), but it is simply the means by which everyone can understand
a building through the use of a digital model. Modeling an asset in
digital form enables those who interact with the building to optimize
their actions, resulting in a greater whole life value for the asset.

BIM brings together all of the information about every component of
a building, in one place. It makes it possible for anyone to access
that information for any purpose, e.g. to integrate different aspects of
the design more effectively

Since data is stored in a central place in a BIM model any
modification to the building design will automatically replicate in
each views such as floor plans, sections and elevation. This not only
helps in creating the documentation faster but also provides stringent
quality assurance by automatic coordination to the different views.
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Literature review:

Leadership in Energy and Environmental Design (LEED):

It is a set of rating systems for the design, construction, operation,
and maintenance of green buildings, homes, and neighborhoods
Developed by the U.S Green Building Council (USGBC), LEED
helps building owners and operators be environmentally
responsible and use resources efficiently. It is divided into:

BD+C: Applies to buildings that are being newly constructed or
going through a major renovation; includes New Construction,
Core & Shell, Schools, Retail, Hospitality, Data Centers,
Warehouses & Distribution Centers, and Healthcare

ID+C: Applies to projects that are a complete interior fit-out;
includes Commercial Interiors, Retail and Hospitality

O+M: Applies to existing buildings that are undergoing
improvement work or little to no construction.

ND: Applies to new land development projects or redevelopment
projects containing residential uses, nonresidential uses, or a mix.

HOMES: Applies to single family homes, low-rise multi-family
(one to three stories), or mid-rise multi-family.
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Methodology steps for improving BIM
towards sustainability through LEED

Step One: Information as 5% dimension of Architecture

In 1946, Sigfried Giedion announced time as the fourth dimension
of architecture. With the end of the 20th century and the role of the
computer programs in architecture field, information has proven its
position as the fifth dimension of architecture.

Sustainability as a part of BIM information:

It is the information related to long-term maintenance of
responsibility, which has environmental, economic, and social
dimensions, and encompasses the concept of stewardship, the
responsible management of resource use. In ecology, sustainability
describes how biological systems remain diverse and productive
over time, a necessary precondition for the well-being of humans
and other organisms. Long-lived and healthy wetlands and forests
are examples of sustainable ecological systems.
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Methodology steps for improving BIM
towards sustainability through LEED

Step two: Define sustainability by basis of LEED input
data:

The method of adding LEED principals into BIM database will be
extracted from the same process of applying any building
information for registration on the USGBC website. A certain kind
of application the user should complete with accurate reference.
He defines the technology or type that the user chooses for his
project. It is simply a list of choices or question should be
answered to fulfill the building data entry.

For example: Category two “Water Efficiency” has many items.
One of them water use reduction has 4 points. The user should
apply which kind of devices and techniques he used for water use
reduction. Even if the designer does not put this item in his
agenda, he could not ignore it any more during the modeling of his
project. He will face missing data input related to water use for his
model during his work using the BIM. It will provide him also by
the multiple techniques that he can use and choose the best one for
his project and site.

Dr. Wael Abo Neama

(@‘,’,’5}‘5
\;145‘

I ALL OPTIONS

Thic active cample form hac been modified for offiine acoecs. Modified flslde and Instruotione are Indloated in purple.

Sample forms are for reference only.

Notw: The formeton Selow s Abed 15 and must be. To L Dednds st

Acdress 1:

Acdress 2 (Optional):

chy: StateiU2 Terrtory!
Canadian Frovince:
Zip/Postal Code- Country: gl
Latruge of centerin
L of center in

Nove. To Dedf coordiveius, ase & mappiog foo sach 83 Ui Maos - Isformelion oo Aow © 40 50 s svalte Solie - For projects
00 coorioates (v RyiTats oy But ecinal vatoos Bee coteerais 10t SUch & Lo ooy aed La Dol e svedeive.

The LEED project does NOT include buldings, hardscape, roads or parking areas on portions of sites that

are:

[T Prime farmiand as defined by the U.S Department of Agriculture In the Unii=d Sistes Code of Feceral
Reguiaions, Te 7, Volame &, Parts 400 to £33, Section 657.5 (cRation 7CFREST.S).

0 land whose Is lower than S fleet above the elevation of the 100-year
m-smnnmemEmmwmwml

(| Specticaly identifiad as habitat for any species on federai or state threatened or endangered Ists.

[ Winin 100 feet of any weSiands a3 defined by U.S. Code of Federal Reguiations 40 CFR, Faris 230-233
and Fart 22, and isciated wetiands or areas of special concem identifiec by stale or local nule, OR
within from In state or local reguistions, as defined by local or
state nule or law, whichever ls more stringent.

r Previously undeveioped land wiihin 50 feet of 3 water body, demeduuu ml rivers, streams and
tributaries which support or could support fish, WEnR the
terminoiogy of the Clean Water Act.

[] Lana which prior 1o acquisiion for the project was public parkiand, uniess land of equal or greater value

as parkland Is accepted In trade by the pubiic (Parx are
[ ANSVM 11 RAD - DA == MUNKAX == =\2013 - Intercad- IF\OTfce,_BuGing vibrationaxs - N
Fle G Seiogs Viw Vindow Wep
D o5 B S| v - o - Covmey Cumes [Losen] vewn | s | duong | versen | Oynamc | 8¢ Curgn | Sesngn| Tewer cnngn |
cEnm o-3 BR 200dddvBemeF@Ae A rmb| Lelfap
& : .
B / gy
L {c [
fé 5 A Create Model Framework :
g =T >
N Ll i 2 =
== oz § .
- \ A 7o)

i i P 1=
Q SN Convetcom ' e o
el \ e ; e
- - o
: [ \
=]
N = B =S
0 . CJ = T —F e

z G

L., il

RQN+ S0 > - -

(X Elo <~ @A




Methodology steps for improving BIM
towards sustainability through LEED

Step three: Presenting the way of measuring the
sustainability for buildings:

After defining sustainability into categories as discussed, the
second step should present the way of measuring those categories
and their classifications for any building design with technical
equipments installation. The aim of this step is to summarize all
sustainability categories and sub-items to be transformed into
measurable database.
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It should be several types of measuring for the variety of projects
types and locations.
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No. Sustainable Sites credits in LEED
- - -
towards sustainability through LEED 1| Sie Selection
2 Development Density and Community Connectivity 5 points
3 Brownfield Redevelopment 1 point
4.a Alternative Transportation - Public Transportation Access 6 points
o o o o . o [
Step four: Applylng Sustalnablllty categorles lntO deSlgn 4.b Alternative Transportation - Bicycle Storage and Changing Rooms 1 point
4.c Alternative Transportation - Low-Emitting and Fuel-Efficient Vehicle 3 points
tOOlS database: 4.d Alternative Transportation - Parking Capacity 2 points
S.a Site Development - Protect or Restore Habitat 1 point
5b Site Development - Maximize Open Space 1 point
After defining sustainability categories items and measurement 6a | Storm water Dosign - Quantity Contol Tpoint
. . . . 6.b Storm water Design - Quality Control 1 point
concept, the next step is the implementation of those categories T T D T T
lntO d681gn tOOl database 7.b Heat Island Effect - Roof 1 point
: 8 Light Pollution Reduction 1 point
Total 26 points
No.  Materials & Resources credits Credit pﬂlﬂb No.  Indoor Environmental Quality credits Credit points - i Credit
- — Mini indoor air quality performance Prerequisite No. Water E iclency credits points
Slorage and colletion of IEC}'Clﬂblf PICRquSlIE Environmental tobacco smoke control Prereq . T
= - : o . ) Water use reduction by 20% Prerequisite
1 Building Reuse - Maintain Existing Walls, Floors, and Roofs 3 ponts £ [ Omdoec it Delivery Montioring 1 point - - s e A I vi—_—
2 Increased Ventilation 1 point 1 Water Efficient Landscapmg 4 points
o ? ey PR x e A el ]
la  Building Reuse - Maintain 50% of Interior Nonstructural Elements  1points | R e T T e T 5 Tnnovative Waste Water Technologies 2 points
) Constmuction Waste Maﬂﬂgfﬂl et 2 pUiI]IS 3b Construction IAQ Management Plan — Before Occupancy 1 point g Water Use Reduction 4 po ints
- o 4a  Low-Emitting Materials — Adhesives and Sealants 1 point S e e
? Materials Reuse g pOl]]b 4b Low — Emitting Materials — Paints and Coatings 1 point Total 10 PoHIs
4 RCCVCICd Content 2 poims 4c Low — Emitting Materials — Flooring Systems 1 point
4d | Low - Emitting Materials — Composite Wood and Agrifiber Products 1 point N : Credit
T e e o. Energy & Atmosphere credits :
5 Reglonal Materals E pO]]]I) 5 Indoor Chemical and Pollutant Source Control 1 point pOlIltS
6 Rapidly Renewable Materials 1 point 6a, | Contmollabiltty of Syatems-Taghtrng 1point Fundamental commissioning of building energy systems Prerequisite
o . = 5 6.b Controllability of Systems — Thermal Comfort 1 point e =S
7 Certified Wood 1 point 7a | Thermal Comfort- Design T Minimum energy performance Prerequisite
7b | Thermal Comfort - Verification 1 point Fundamental refrigerant management Prerequisite
, 8a Daylight and Views - Daylight 1 point 5 < :
1 Optimize Energy Performance 19 points
Tol i pous 8b | Daylightand Views - Views 1 point P gy P
2 On-site Renewable Energy 7 points
3 Enhanced Commissioning 2 points
4 | Enhanced Refrigerant Management 2 points
5 | Measurement and Verification 3 points
6 Green Power 2 points
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Methodology steps for improving BIM
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Results and findings using LEED
principals as a database for BIM

This research does not produce an application with all LEED
categories inside certain BIM software. It only tests certain data
input and the ability of the program to review the input
construction data against its database. The result was great.

To input all LEED sustainability categories inside any BIM
software it will need a huge team of programmers and support. But
the result moves towards better building performance and
reviewed from the design tool before the rating system reviewers.

It will minimize designers and engineers mistakes. Provide them
with up to date information and regulations. Prevents any
neglecting from the designer side of sustainability principals even
if he does not want to issue a sustainability certificate for his
building
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Results and findings using LEED

Number of Buildings Registered for LEED

principals as a database for BIM Certification
180
- 160
Step One: Not all the buildings registered for E o
sustainable certificate & 100
. 80 |
. . . L £ o '
As shown in all statistics that the number of registered building for 2 40 /\
sustainability certificates are increased year and after. But this 22 ‘ ' '
increase 1s nothing against the real number of building 2001 2002 2003 2004 2005 2006 2007 2008 2009
construction all over the world. Year

. . ——Number of New LEED Registrations =—=Total LEED Registered Buildings
It means that a very few portion of owners, developers, designers,

architects, and engineers are care of the environment , but
unfortunately, still a huge number do not care.
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Discussion and analysis

LEED & BIM as a design tool:

The following part will discuss and analyze the effectiveness of
BIM to review architectural design against sustainability:

= Design tools have plenty of drawing and construction database
specially BIM programs. They can help the architect against
sustainability.

= Sustainability rating systems such as LEED define certain forms
for each category with reference numbers to can calculate
building performance for this item. All those forms could be
transformed into database information inside the design tool and
present them sequentially to the user. It will help the user to be
closer to sustainability gradually in the project to achieve high
level of sustainability.

= Sustainability has become the same as engineering disciplines to
the architect. His design should comply with all its
requirements, otherwise he will fall into the hall production
against environmental requirements.

= BIM is the designers and engineers drawing pencil nowadays.
This tool can review against certain database.
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Conclusion and recommendations

LEED offers an excellent opportunity to raise awareness for
environmental issues, and to apply raised awareness to the field
where lasting benefits will lead to measurable performance
enhancements.

Architects have a big role to protect our planet through
following sustainable principals during the design process. BIM
which is used to produce design and construction documents
can help to review their project against sustainability guidelines

Each country should require sustainability study for each
building with the permit documents to protect our planet. This
study could be prepared as templates in design tools.

BIM now has become a mandatory for permit submission in
some countries such as UAE.

Rating systems should define certain categories that can be
implemented in all regions, and the difference between them
will be on the weight of each category and its credit.

Each country should define a base case for different types of
buildings and their consumption of water, energy, etc... It will
help architects and engineers to define the sustainability level,
which they should achieve.

BIM “Building Information Model” programs will be more
helpful for sustainability review because they have plenty of
constructional databases and can produce a list of used material.
They are more prepared for sustainability database.
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