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Data source: CMMA, Clubs Managers Association of America, Owners Survey, CMAA industry report, Economist magazil
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PAPER, before 1960

CAD,1960

BIM,1992
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= Aev gival éva mrpoypappa. 2uykekpiuyéva, dev eival  Revit, Archicad, n

Vectorworks.

Agv gival ouoIaoTIKO, prpa ouTe pia cuupartikr Aégn. Eival éva akpwvouio B‘M
TOU OTTOIoU N €vvola ouvdEeTal PE YIa d1adIKaaia.

SNOT

= Aev gival Tdon 3 uéda. To BIM Bewpeital ewg "business as usual” oTIg

Agv gival éva povtédo 3D. To 3D cival éva PIKpd KOPUATI piag oUvleTNG

MEYOAUTEPEC KATAOKEUAOTIKEG QYOPEG.

Image source: Web
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Building SMART Alliance, National Building
Information Modeling Standard Version 1, 2007

Building Information Modeling (BIM) has been defined as
“the act of creating an electronic model of a facility for the
purpose of visualization, engineering analysis, conflict
analysis, code criteria checking, cost engineering, as-built

product, budgeting and many other purposes.”

«H MovreAorroinon NAnpogopiwv Kripiwv (BIM) éxer opioTei
w¢ "n mpaén dnuioupyiag evog NAEKTPOVIKOU LIOVTEAOU uiag
EYKATAOTAONG ME OKOTTO TV ATTEIKOVION, TNV TEXVIKN
ava@Auaon, tnv avaAucon Twv OUYKPOUOEWV, TOV EAEYXO TwV
KPITNPIWV Kal ToU KOOTOUS, TOV TTPOUTTOAOYIOLO Kl TTOAAOUS

aAAoug okoTtToUG. »

BIM Dictionary, BIM Excellence

“Building Information Modeling (BIM) is a set of technologies,
processes and policies enabling multiple stakeholders to
collaboratively design, construct and operate a Facility in virtual
space. As a term, BIM has grown tremendously over the years
and is now the current expression of ‘digital innovation' across

the construction industry.”

"H MovreAotroinon [MAnpogopiwv Kripiou (BIM) ¢€ivar éva
OUVvoAD  TexvoAoyiwy, BIadIKACIWYV  Kal  TTOAITIKWY  TTOU
EMMITPETTOUV OTOUS OIAPOPOUS EVOIQPEPOUEVOUS VA OXEOIGOOUVY,
va KATAOKEUAOOUV Kal va AEITOUPYynNooUV Uia eykaraoraon o€
évav gIkovikO xwpo. Q¢ opog, 10 BIM éxer auénbei onuavrika
Kard 1n OIGPKEIQ TWV ETWV KAl ATTOTEAEI ORUEPQ THV EKQPAOH

NG «WNQIAKNS Kaivotouiacy o€ 0AOKANPN TNV KATAOKEUAOTIKN

Brounxavia ».
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Definition Source

BIM is the construction of a model that contains the information about a building from all phases of the building 150 16757-1: 2015

life cycle
Discrete set of electronic object-oriented information used for design, construction and operation of a built asset PAS 1192-5:20152
Digital representation of the physical and functional characteristics of a building over its life cycle BS 8536:20103

Arich information model, consisting of potentially multiple data sources, elements of which can be shared across all stakeholders and  National Building Specification (NBS)4
be maintained across the life of a building from inception to recycling

Shared digital representation of physical and functional characteristics of any built object (including buildings, bridges, ~ BS ISO 29481-1 20105
roads, etc.) which forms a reliable basis for decisions.

The development and use of a multi-faceted computer software data model to not only document a building design, but to  General Services Administration (GSA)
simulate the construction and operation of a new capital facility or a recapitalized (modernized) facility

A BIM is a digital representation of physical and functional characteristics of a facility. As such it serves as a shared knowledge  National Institute of Building Science
resource for information about a facility forming 2 reliable basis for decisions during its lifecycle from inception onward (NIBS)

Building Information Modeling is digital representation of physical and functional characteristics of a facility creating a shared RIBA, CPIC
knowledge resource for information about it forming a reliable basis for decisions during its life cycle, from earliest
conception to demolition

Bl is @ process that involves creating and using an intelligent 3D model to inform and communicate project decisions. Design, Autodesk
visualization, simulation and collaboration enabled by Autodesk BIM solutions provide greater clarity for all stakeholders across the
project lifecycle. BIM makes it easier to achieve project and business goals.

Data source: Definition on BIM — ACE. Stefan Mordue
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Why the line moved in the diagram?

BIM - INFORMATION

Efficient decision making
Updated data
Better communication

BIM WORKFLOW

4

CAD WORKFLOW
= =
.

COST

COST OF DESIGN CHANGES

ABILITY TO IMPACT COST

N
77 \

AN

PRELIMINARY SCHEMATIC DESIGN

CONSTRUCTION  PROCUREMENT

DESIGN DESIGN DEVELOPMENT DOCUMENTATION

The MacLeamy Curve. Redrawn: BIM Design Hub

CONSTRUCTION
ADM.

OPERATION

7
TIME
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ABILITY TO
IMPACT COST

NCREASED ABILITY TO AFFECT COST
v\ ZUYKPION oevapiwv

v ORIOUOG aTTAITACEWY £pYyOU
v' EKTiPQOon KOGTOUG & XpOVou

BIM WORKFLOW

COST

CONSTRUCTION EFFICIENCY

v' AutopartoTroinon

v Meiwpéva Adon

v Evnuepwpuéva ggedia

v' KaAUtepn gdvepyaoia géow OTITIKOTTOINONG.

CAD WORKFLOW

, /
// / N A
7/ / :
/ ) \
/ i \
/ \\ EFFICIENT DATABASE
/// v Kataypagri cuoTnuaTwyV
/ / \ v TMpoBAéweIc AerToupyiag
% // \ & v' ExTiunon k6oToug AsiIroupyiag
= e . \/ x z -
: ‘ ////////////////WI////W//? PAON TV GEOOLEVLY
y1o HEANOVTIKEG aAANaYEG.
PRELIMINARY SCHEMATIC DESIGN CONSTRUCTION PROCUREMENT ~ CONSTRUCTION ~OPERATION 7
DESIGN DESIGN DEVELOPMENT ~ DOCUMENTATION ADM.

The MacLeamy Curve. Redrawn: BIM Design Hub
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ARCHITECT

CIVIL

ENGINEER STRUCTURAL

ENGINEER

BUILDING

OWNER HVAC ENGINEER

FACILITIES
MANAGER

CONSTRUCTION
MANAGER

CAD WORKFLOW

Communication by email, fax, or courier
Data exchange by:

= drawings

= cost plans

= Lists and programmes

Image source: BIM Design Hub

ARCHITECT

CIVIL

ENGINEER STRUCTURAL

ENGINEER

BUILDING

OWNER HVAC ENGINEER

FACILITIES
MANAGER

CONSTRUCTION
MANAGER

BIM WORKFLOW

= Single central file

= Software tools to communicate

= Updated information for all members
= Complete project record

» Re- use of information

= Fewer interoperability ' ‘
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4D, 5D, 6D

A

Image source: BIM maturity diagram from PAS 1192-2:2013 3. Redrawn after (Bew et al., 2008; Porwal and Hewage, 2013). ‘

1990s 20008 20105 | | 2020s
2 : 1
: 3 ¥
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Project Standards include:

» Object Standards
= Collaborative information Standards

» Modeling and documenting practices
Standards can come from :
= Corporate Standards, BRE

» National Standards, BSI
» |nternational Standards, 1ISO (BIM)19650

A SR\

H peBodoloyia Tou Building Information Modeling trepiAappavel pia ogipd amd ZTAvIapvT yia TNV KaBiEpwaon piag
OWOTHG PONG Epyaaciag yia Tnv avraAAayr TnNg TTANPogopiag.

s 1192,3007

PAS 1192:2007 :'l':“"m -
Collaborative production of information of architectural

information -
Code of practice

PAS 1192-2:2013
Specification for information Management

e PN

BS 1192:2007
BS1192-4:2014
BS 8541 Series
BS 7000-4: 2013

PAS 91:2013
PAS 1192-2:2013
PAS 1192-3:2014

Image source: breacademy
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3D VISUALIZATION

3D models for Architecture, Structure, MEP sector
Coordination and project management

CONSTRUCTION PLANS

Details, construction documentation, up to date data
in all stages

BUILDING MANAGEMENT

Building maintenance, management, renovations,
Systems control

COST ESTIMATION

BIM software uses built-in cost estimation features to
extract quantities from the model.

Image source: BIM Design Hub
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CONSTRUCTION SCHEDULING

The BIM model is used to create delivery schedules
for all project components.

CONFLICT MANAGEMENT

3D and all systems can be visually inspected for
interference and error.

PROJECT PLANNING

Government agencies can use these models to
control construction projects.

ENERGY ANALYSIS

Use model data to predict and document energy
analysis and systems control.
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ARCHITECTURE

Autodesk Revit Architecture, (2002)
Graphisoft ArchiCAD (1986)

Nemetschek Allplan Architecture

Gehry Technologies - Digital Project Designer
Nemetschek Vectorworks Architect

Bentley Architecture

4MSA IDEA Architectural Design, (IntelliCAD)
CADSoft Envisioneer

Softtech Spirit

RhinoBIM (BETA)

SkethcUp

SUSTAINABILITY

Autodesk Ecotect Analysis
Autodesk Green Building Studio

54 Y =t F

®

buildingSMART

International Alliance for Interoperability

Industry Foundation Classes (IFC) file format
interoperability solution between different
software applications.

STRUCTURES

Autodesk Revit Structure

Bentley Structural Modeler

Tekla Structures

Bentley RAM, STAAD and ProSteel
CypeCAD

Graytec Advance Design
StructureSoft Metal Wood Framer
Nemetschek Scia

4MSA Strad and Steel

Autodesk Robot Structural Analysis

MEP
Autodesk Revit MEP

Bentley Hevacomp Mechanical Designer

Gehry - Digital Project MEP Systems Routing
4MSA FineHVAC + FineLIFT + FineELEC + FineSANI
CADMEP (CADduct / CADmech)
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Graphisoft EcoDesigner

IES Solutions Virtual Environment VE-Pro
Bentley Tas Simulator

Bentley Hevacomp

DesignBuilder

Image source: BIM Design Hub




60% 50%

CHANGES

COST TIME COLLABORATION

Meiwon Twv aAAaywv AKPIBNAG eKTiPNON KOOTOUG Meiwon Tou xpdvou TTOU E€oikovounon xpoévou
OTNV KOTOOKEUH. TOU £pyou. XpEIAdeTal yia TNV AOYW ouvToVvIOHOU Kal
EKTIMNON KOOTOUG. OuvEPYOOiag.

Image source BIM Design Hub, Data based on CIFE's Stanford University Integrated Facilities Engineering (CIFE) survey, (2007) on 32 BIM studies in construction projects.
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NON - BUILDING PROJECT TYPES

BIOMHXANIA/ KATAZKEYH

e

ErKATAZTAZEIZ NMAPATQI'HZ ENEPTEIAZ

ErKATAZTAZEIX EZOPY=Hx

00 0 #ddqd 04000FHA 0 D=4y 0 HEMH= 0 444 0 MO 00k 0 Y4 0 POE0

BUILDING PROJECT TYPES

EMIOPIKA, (I'pageia, Zevodoxeia)

OEXMIKA, (KTipia Ektraideuong, @pnoKeUTIKA)
D

AHMOZIA KTIPIA, (Anpapxeia, MNMpeofeieg,
ABANTIKA KTipIa)

D 4

2YTKPOTHMATA KATOIKIQN

S 23%
MONOKATOIKIEZ

- 6%

Data source: Mc Graw Hill BIM report, 2014, Redrawn by BIM Design Hub ‘ +
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MANDATED FOR -— ~ g .

COUNTRY DATE ’

A‘, f(‘ '

’/’ Pt R of
USA 2007 GSA projects, design only \ r— : N 'J 4

| <, \/ (‘
FINLAND 2007 Public sector % — T,
NORWAY 2010 Public sector / :
— /

NETHERLANDS 2012 Public sector
DUBAI 2014 International & large projects
HONG KONG 2014 All new housing
SIGNAPORE 2015 Large projects
SWEDEN 2015 Transport projects
SOUTH KOREA 2016 LB s
ENGLAND 2016 Public sector
SCOTLAND 2017 Public sector
GERMANY 2020 Transport projects

Image source: BIM Design Hub
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Image source: GSA

GSA National 3D-4D Program,2003

Q

Q

ETAC10 KOOTOG KATAOKEUAOTIKWY £PYACIWY AOYyw ¢NTNPATWY 0pyavwaong Kal ypagelokpaTtiag : 650 ex.$.
Anuioupyia AoTIKOU BIM trpoypdauuatog pe TTpakTikég 3D Laser o€ 9 kTipia

H ouvoAikr egoikovéunon Xpoévou kail KepaAaiou atrd TRV eQapuoyr| VoG TTIAOTIKOU TTPOYPAUMATOG
XPNHOTOBOTNOE TO i610 TO TNAOTIKO TTPOYPAPUA YIa OAQ TA KTipIA OTO TTPWTO £TOG AEITOUPYIAG TOU.

MeTd 10 TEAOG TOU TTPOYPAPPATOG dnuioupynoav To BIM Guide Series yia diaxeipion £épywv péow BIM.

540 4= =0 0 O00n0O

PILOT PROJECTS

1. 26 Federal Plaza, New York

2. Office Building, Houston, Texas.

3. U.S. Courthouse, El Paso, Texas

4. 300 NLA Federal Building, Los Angeles, California

5. Eisenhower Executive Office Building,
Washington, D.C

6. GSA Regional Office Building, Washington, D.C
7. GSA Central Office Building, Washington, D.C.
8. Border Station Prototype, U.S.-Canadian Border

9.  U.S. Courthouse, Portland, Oregon
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(c) Plumbing Model

Hilton Aquarium, Atlanta, Holder Constructions

Q

Q
Q
Q

KegpdaAaio eTévduonc: 46 ek.$.
E@appoyr Tou BIM o€ ApXITEKTOVIKO, ZTATIKO, MNXaVOAOYIKO JOVTEAO
KéoTog BIM peAétng : 90.000$ — 0.2% etmévduong

O@éAn atrd Tnv e@apuoyr] Tou BIM: 600.000 $+1443 wpeg

Table 1: An Illustration of Cost and Time Savings via BIM in Hilton Aquarium Project

(Courtesy of: Holder Construction, Atlanta, GA)

$124,500

_...June 30, 2006 |

March 28, 2007

$564,220

$112,844

Deduct 75% assumed resolved via conventional methods

($601,173)

B KOZTOYE

Net Adjusted Direct Cost Avoidance

$200,392

EMNIMEPOYZ MEIQZH

KAOAPO MNOZO MEIQZHZ
KOZTOYZ AOrQ BIM
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Ames Research center, Silicon Valley

The IFC Model, Image courtesy, Natasa Mrazovic

0 To BIM xpnoipotroindnke ¢wg epyaAeio avaAuong BIOKAIMOTIKWYV
XOPAKTNPIOTIKWY, OTTWG N YEWBEPUIQ, O QUOIKOG agpIoUOG, Ta
QWTOROATAIKA, K.Q.

0 H evowpdtwon otpatnyikwyv PIOKAIJATIKOU oxedlacuou odriynoe
oc €CAPETIKEG AUOCEIC evepyElOKOU OXeDIAOUOU, HUE TNV EVEPYN

OUMMETOXNA TOU IOIOKTATN.

The Space boundary Model, FZK viewing tool Image courtesy, Natasa
Mrazovic

The model in the Energy Plus, before the simulation, Image courtesy,
The BIM Model, Image courtesy, Natasa Mrazovic Natasa Mrazovic
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e Oplopog tonoBeoiag

* OpLOMOG TNG LOPDNAG KaL TWV EMUMESWV

e Anuloupyia tou keAUdoUC BACH EVEPYELAKWY XOPOKTNPLOTIKWV

e E€aywyn tou BIM povtéhou — IFC ) gbxml

e Eloaywyn og BIM —to - BEM epyaleia - plugins

* ALopBwon tou HovtéEAou

e EVEPYELAKI TIPOCOUOLWON

\§

e E€aywyn Twv dedopévwy

J

€€EC€ECECECC

AT\

REVIT GREEN BUILDING STUDIO

DESIGNBUILDER

GRASSHOPPER-HONEYBEE

OPENSTUDIO

PLEIADES

IDA ICE

ARCHICAD ECODESIGNER
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Building Program

Building Form

Building Envelope

Equipment

Location Floor Area and Zoning Exterior Walls Lighting and Plug Loads
Ventilation Requirements Number of Floors Roof HVAC System Types
Occupancy and Occupancy

Aspect Ratio Floor Economizers

Schedules

Space Environmental

Conditions

Window Fraction

Window Specifications

Water Heating Equipment

Service Hot Water Demand

Window Locations

Interior Partitions

Component Efficiency

Operating Schedule Shading Internal Mass Control Setting
Floor Height Infiltration Refrigeration
Orientation

N ==\
Bed room N
wc H—11.50 m? N
1.93 m? ,
— ” P4
I | \
N 3
Y ¢
@
¢
] E
P Y ’
living room - .
24.43 m2 . Kitchen
¢o8.88m?
!
NN ! \ AN i

mMputs requireo 1ore

Thermal Needs

Heating Load

ergy simuration 7 A€

Delivered Energy

Heating

Cooling Load

Cooling

Internal and External

Lighting

Primary Energy

Considering source factor
of energy carriers
Electricity, NG, Fuel Qil,

and etc.

OOPEVO TTOU EI0UYONKAV.

Emissions

o, NO, SO

X, and etc.

Internal and External

Equipment

Fan and Pump

Results from energy simulation / ATTOTEAEOHQ TNG EVEPYEIAKAG TTPOCONOIWONG.

O
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BiMianodel BEM&ool
Import@he?
architectural@EVE
into BEM&ool
[P
P 1
—SctEhemteT ] Fix@hedm ported model : Specify detailed energy
locationa Revise themmors Correci@hen : systems (\!entilaﬁon,
Check thel - N ! heating,...)
t and@issing possible® :
e por, information issues :
1
Define \l/ ;
building®Form .
andievels c/a Define !
bXML thermalones 1
e . Define operating?
ql/ ! schedule and@
Create building® Define I controlBystems
enveloppetbased onl [<& - - - — - — - R thermall )
energy necessities . i X
. Add generic energy !
Create interior ! systems (ventilation,@ !
elements and@ ! heating,...) ! A
detailed \/ Analysef
properties RunEnergy results
simulation
Define materials
and®&heir thermal
properties
- Extract simulation?
results
Output reports

Define spaces
and@ooms

Yes
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BEMP]

Generate energy
model 1.250

1,000
]
Set@heBitel Fix@heAm ported model b
location® Revise the@mrors Correcthel o0 EF
C'::"‘ :them andanissing possiblel veo o I =
information issues l = == 0 I = l
= = = . -

ok

-
x

Define Jan FebMar AprMay Jun Jul Aug Sep OctNovDec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De.
building®orm
anddevels .. . . .
Monthly electricity consumption (left) and monthly total energy consumption (right)

Create building® Define energy setting

enveloppeased on |<~ - — - — - — - — - - .
energy necessities .

Create interior ! Run@Energy Annual Electric End Use Annual Fuel End Use
elements and@ ! simulation . 5.1%
detailed

properties 15.7%

Define materials
and@heir thermall

properties
Yes 94.9%
W HvAC 357% W HvaC 949%
Defi W Oher 455% W Ofher 51%
efine spaces B Lgnts 155%
and¥ooms Output reports Basic View | Detailed View

Basic View | Detailed View

Annual energy consumpjfion ‘
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Revit GBS Designbuilder Grasshopper-Honeybee udio PLEIADES IDA ICE Archicad
Ecodesigner
X X X v X v

Site information v

Room separation line EICELS components  Air wall Internal wall with window Door Rooms Internal wall Virtual wall
connected
Export method Generate energy model  GbXML gbXML GbXML gbXML IFC IFC
IFC4
[Windows |

v v v v v v
Internal doors v v windows Imported but not v v v
recognized
(wals % v v v v v v
[Roofs 4 v v v v v
Material properties v v (except for the +(read but not used for v (except for the v (not for some +(except for windows and V
window) energy simulation) window) materials) doors)
DOE2 (cloud based) Energyplus Energyplus Energyplus Comfie IDA ICE VIP-Core
EX A v v v X X x
Default templates for ¥4 v v X v v X

Schedules, HVAC

Analysis scenarios Predefined customize customize customize customize customize Predefined

Who benefit ? Architect Engineer/ Architect Architect/ Engineer Engineer Architect/ engineer Architect/Engineer Architect

= To Revit Green Building Studio €ivar éva amAd epyaicio yia Tov xpnorn, aAAd dcv gival kardAAnAo yia Asmrrougpn mpooouoiwon. To
Tpoypauua autd Bswpeital Mo XPACIUO yia TOV apxIKO OxedIa0UO, yia Tapddelyua yia v av@Auon OIa@OopETIKWY OXEOIAOTIKWV
EMTIAOYWV.

= To Designbuilder kar ro Openstudio givar ToAU @iAikG mpo¢ Tov Xpnatn Kai mepIAauBavouv OAEC TIC TTAPAUETPOUCS TTOU aTTaiTouvTal
yIQ TNV EVEQYEIAKN TTPOOOMOIWON EVW Ta arroTeAéouara Tou divouv gival TTOAU AsTTTouept).

= To Grasshopper/ Honeybee ¢ivar mo ouvBero epyalAcio kai armraitei v karavénon ¢ poNng epyaciac yia va oAokAnp

°®
TPOCOoUoIWON evw JIABETEI ITXUPA EpyaAgia yia TNV avaAuan eEWTEPIKNAS KAl ETWTEPIKAC BEPUIKAC AVETNS. % | m 6 6
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AUTO TTOU ONUEIVETAI ATTO TNV CUYKPITIKI a§IoAOYyNon TwV TTPOYPAUMATWY gival OTI:

U Ox1 yévo otnv BIM - BEM aAAG kai otnv BEM - BIM porig epyaciag utrdpxouv coBapd ¢nTApaTa TNG JETAPOPAS OKPIBAG YEWUETPIAG
Kal OEQOUEVWV.

U Mévo pe Tnv BeATiwon Tng SI10-AEITOUPYIKOTNTAG TWV TTPOYPANUATWY BEATIWVETAI N PO €PYACiag Kal JOVO TOTE PTTOPOUME va

Bewpriooupe OTI oI TTAPATTIAVW POEC EPYAOCIAG WTTOPOUV va Eival ATTOTEAECMATIKEG yia Tnv alotroinon tou BIM €wg epyaAcgio
€€oIKovOUNONG EVEPYEIQG.
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“Software doesn’t design great buildings, people do”

Elrond Burrel

::? BIMDesignHub

MavayiwTidou NikoAéta | Architect MSc, BIM informed professional, BRE | Founder at BIM Design Hub

www.bimdesignhub.com | info@bimdesignhub.com




