Lean Construction
Institute - Qatar

Transforming the Built Environment

g)-hdll 2 segll
Jieall auivillg pronill

“Whatever the circumstances, LCI-Qatar is committed
to deliver its promise of Lean Education”
Keep on Learning!

BIM as catalyst for enabling Lean practices
towards transforming design and construction

Webinar Facilitator Webinar Facilitator

Open to Public
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Managing Director MSc, CM-Lean Sr. BIM Manager
i-Tekton P.C. Turner International Middle East (TIME) — Qatar

Associate Director of Collaborative Practice ExCom - LCI-Q

Electronic Certificates of Attendance will be issued

Join LCI-Qatar today at: https://Ici.qa/membership/
December 2, 2020 | Time: 7:00 - 8:30 PM
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The inefficiencies of Construction industry currently:

" Transforming the Built Environment

* Excessive waste
* Low profit margins
* Major risk

* Overruns in budget and schedule
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Traditional Design and Construction environment

Fragmentation of
communication in traditional
design & construction

environment

Project Managers




AS BUILT
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Operation and
Maintenance
Manual
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Project deliverables and
Handover documentation
are paper-based, often
inaccurate and of low
quality.

Operation & Maintenance
Manuals

Many thousands of pages

Disorganized Information

with EUI Option

3500B and 3500 Generator Set Engines ]

Hard copies and Low-

As-built Drawings

Inaccurate geometry

Do not depict as-built conditions

Missing or contradicting drawings

Resolution scans

Littfle or no Correlation with
As-built Drawings



~ Institute - Qatar

5 Transforming the Built Environment

’\N Lean Construction
° ° \\/
Information exchange loss between project stages :

Information Exchange losses

Substantial loss of value of data handed over to the FM group

Substantial cost and
time impact

Value of data

v

Traditional approach

information loss,

down time 'i‘f"
S

FACILI
PROGRAM DESIGN CONSTRUCTION I

Data, Information and knowledge




Today’s construction ecosystem

Development Design and Supply of materials, components, Materials distribution and Construction and assembly Final building
engineering and equipment rental

Lean Construction
Instltute Qatar
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A highly complex, fragmented, and project
based construction process...
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Image from McKinsey & Company, “The next normal in construction”
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Waste in Construction projects currently

As per statistics from multiple studies in UK & US in construction
projects following the traditional approach:

®* Rework up to 30% of construction cost
® Labour utilized at 40-60% efficiency
® Atleast 10% of site material wasted

®* Accidents equal to 3-6% of project costs

TOTAL WASTE up to 50% of total cost!



Need for change

How we consiruct needs to change so that we can:
* Meetthe needs of an emerging digital change

®* Minimise the impact on the environment

* Maximise the use and value of resources

* Provide economic viability and sustainability

We are
too busy




What is BIM?

GO gle BIM Definition

All Images Videos News Maps

About 2,150,000 results (0.81 seconds)

“...a digital representation of
physical and functional
characteristics of a facility; a
shared knowledge resource for
information about a facility
forming a reliable basis for
decisions during its life-cycle;
defined as existing from earliest

conception to demolition.” United
States. NBIMS
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More Settings Tools

BIM is a process!

Detailed Design Analysis

Documentation

Conceptual
Design =

VISUALIZATION

Prograffifiiiis

Construction
4D/5D

Operation and Construction
Maintenance Logistics



What is BIM?

The strafegic use of information
technology and BIM, by integrating dataq,
information, confrol and process, ...

is not just the use of new software
tools, but a transformational approach
to business and organizational mission

that includes a new way fo work with
multiple people togetherin a real time.

Collaboration!

a

Facility
Manager
Erector
Site
Manager
Fabricator

a

Mechanical
Engineer

a

Detailer

Lean Construction

Transforming the Built Environment

a

Owner

General
Contractor

&

Architect

a

Structural
Engineer
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What is BIM?

BIM means....

Building Information Modelling
...Isabusiness process for generating and leveraging building data to
design, construct and operate the building during its lifecycle.

Building Information Model

...Is the output of the business process resulting in a digital prototype, a
virtual computer model of a project which holds selected structured data about the
asset (design, quantity, time, cost, as-built, etc.).

Building Information Management
... Isthe organisation and control of the business process using the digital
prototype to effect the sharing of information over the entire lifecycle of an asset.
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What is BIM? @%

BUILDING INFORMATION MODELLING

... business process for generating and leveraging building data to design, construct and
operate the building during its lifecycle.

Communicate

Generate

- — roduce

l ]|
LA [T
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What is BIM?

BUILDING INFORMATION MODEL

. the output of the business
process resulting in a digital

prototype, a virtual computer 2D DRAWINGS  |NTELLIGENT SPECIFICATIONS
model of a project which holds 15 E INPUT ———

selected structured data about
the asset (design, quantity, time,
cost, as-built, etc.).

3D VISUALIZATION

N : ., BUILDING ANALYSIS
BIM Model ”;:
. COORDINATED ——
SCHEDULES OUTPUT  propuCTION DETAILS

QUANTITY TAKE-OFF CLASH DETECTION
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BUILDING INFORMATION MANAGEMENT

.. the organisation and control of the business process using the digital prototype
to effect the sharing of information over the entire lifecycle of an asset.

l |— s Detailed

design

What is BIM?

Transforming the Built Environment

Information are: Conceptualdesign g

. hical S
Graphica P

* Non-Graphical e
o .
- Documents '”mmmmg/ B
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Documentation

Bunldmg
Informatlon
" Modeling

Fabrication

!a'i

Renovation <4

Construction
4D/5D

Operation and

Maintenance Construction

Logistics

Demolition



LEVEL OF BH\/]:ORUM

DEVELOPMENT (LOD) ‘
SPECIFICATION PART |

International Standards for BIM
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& COMMENTARY
For Building Information Models and D4
April 2019

BSI Standards Publication

Briefing for design and B
construction — ]
Part 1: Code of practice for facilities ™
management (Buildings

infrastructure) -

INTERNATIONAL ISO
STANDARD 19650-2
First edition BS 1192-4:2014
N TR W
INTERNATIONAL ISO N
STANDARD 19650-1
- PAS 1192-6:2018
i fomof Specification for collaborative sharing
hgs and civil ang use o ctured Health ana Safety
fling build
IM) —
using
lelling —

Organization and digitization of
information about buildings and civil
engineering works, including building
information modelling (BIM) —
Information management using
building information modelling —

Part 1:
Concepts and principles

ts

PAS 1192-3:2014

Incorporating Corrigendum No. 1

Specification for information management
for the operational phase of assets using
building information modelling

. ion et numérisation des inf ions relatives aux
bétiments et ouvrages de génie civil, y compris modélisation de
informations de la construction (BIM) — Gestion de I'informatid
la modélisation des informations de la construction —

Partie 1: Concepts et principes

 TAY VAW

Reference g
A 1S0 19650-1:
N4

.
bSI. making excellence a habit”

\
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ISO 19650

INTERNATIONAL ISO

STANDARD 19650-2 . BS EN ISO 19650-1 Organisation of

information about construction works —

Information management using building

INTERNATIONAL ISO
SEABEnD 360 e information modelling — Part 1: concepts and
Pt building . .
s principles
hg —
Organization and digitization of ,‘,A’,’;'i;:’,{ﬂf,i,,,,,‘,, . BS EN ISO 19650'2 Pa rt 2: DElIVE ry phase Of

information about buildings and civil

engineering works, including building
information modelling (BIM) — a SsetS .
Information management using -
building information modelling —

Part 1:
Concepts and principles

BS EN ISO 19650-3 Part 3: Operational phase
of Assets.

. BSEN ISO 19650-5 Part 5: Security minded
approach to information management.

P L ED / N Reference number
f4s>\ 1 1S0 19650-1:2018(E)
<-4

©150 2018




LOD definition

Lean Construction

Transforming the Built Environment

Level of development (LOD)

LOD 100: Information can be conveyed with massing forms, written narratives, and 2D symbols.

LOD 200: Modelled elements have approximate relationships to quantities, size, location, and
orientation. So

LOD 300: Modelled elements are explained in terms of specific systems, quantities, size, shape,
location, and orientation.

LOD 400: Continuation of LOD 300 with information added to facilitate fabrication, assembly, and
installation.

LOD 500: Modelled

4
elements as installed B ‘
.- . Schematic Design Construction Construction .
for ongoing facilities .
'1

management.




LOD
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LEVEL of DEVELOPMENT

LOD 100

LOD 200

LOD 300

LOD 400 LOD 500

Concept (Presentation) Design Dewveloprent Documentation Construction Facilities Management
DESCRIPTICON: DESCRIPTION: DESCRIPTION: DESCRIPTIOM: DESCRIPTION:
Office Chair Office Chair Office Chair Office Chair Office Chair
Arms, Wheels Arms, Wheels Arms, Wheels Arms, Wheels Arms, Wheels
WIDTH: WIDTH: WIDTH: WIDTH: WIDTH:

700 00 BES 685
DEPTH: DEPTH: DEFTH: DEPTH: DEFTH:

450 450 430 430
HEIGHT: HEIGHT: HEIGHT: HEIGHT: HEIGHT:

1100 1100 1085 1085
MANMUFACTURER: AMUFACTURER: MAaMUFACTURER: MANMUFACTURER: MaMUFACTURER:
Herman Miller, Inc. Herman Miller, Inc. Hearman Miller, Inc. Herman Miller, Inc Herman Miller, Inc
MODEL: MODEL: MODEL: MODEL: MODEL:
Mlirra hlirra Mirra Mirra Mirra
100 200 300 400 01/02/2013

{Only data in red is useabla)

practicalBIM.net © 2013
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LOD

BIM-ORUM

LEVEL OF 300 Element modeling to include:
DEVELOPMENT (LOD) l e Specific sizes of main vertical structural members
SPECIFICATION PART I modeled per defined structural grid with correct
& COMMENTARY orientation
For Building Information Models and Data Required non-graphic information associated with model
April 2019 s elements includes:

-

e e Structural steel materials defined.
¢ s  Connection details
] e Finishes, i.e. painted, galvanized, etc. 21 B1010.10-LOD-300 Floor Structural Frame (Steel

Framing Columns)

350 Element modeling to include:

Actual elevations and location of member connections

Large elements of typical connections applied to all

structural steel connections such as base plates, gusset

plates, anchor rods, etc.

¢ Any miscellaneous steel members with correct \
orientation

¢  Any steel structure reinforcement such as web

stiffeners, sleeve penetrations, etc.

Model Fabrication
Elements 22 B1010.10-LOD-350 Floor Structural Frame (Steel
Framing Columns)

Building Systems

PTIS:’:":Z: ORG;;I\\IIZATIONS . ﬂL Lo D Lo D Lo D Lo D Lo D
‘2® = 400 200 300 350 400

Institute THE ASSOCATED CENERAL CONTRACIORS OF AMERICA-
{)ﬁ Precast/Prestressed BMH CD-|

of Architects Quality People. Quality Projects.
T Concrete Institute Cerificate

Copyright ©2019 BIM Forum
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Common Data Environment &N
« Latest valid information is available to all stakeholders

«  Much faster coordination/review cycle

« Search time for any document drastically reduced.

*  Easy Filtering.

« Documents have attributes and can be linked.

« Can upload/share document in seconds.

«  WIP/Share/Publish status —

INFORMATION CAD Drawings
MODELS 2D |
 — = R
3D

PROJECT 5 Models

INFORMATION

MODEL
COMMON

DATA ;,,‘, Schedules
011101 El

ENVIRONMENT

ASSET

INFORMATION

MODEL

Common Data Environment
(CDE) is the basis for BIM s
Implementation! =

| .
OO DO:




BIM Dimensions

nD(imensions)

3D

Visualization
Represent the
building in 3D

oD

Cost

Help calculate
Time and adjust the

Facilitate budget

programiming

6D

Operation
Concerns
facilities

managment

Sustainability
Provide
environmental and
energy-efficiency

solution

Lean Construction
Institute - Qatar
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Safety
Embed
emergency plans
and prevent
security issues
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BIM and Design software integration
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Bi-directional link to design software platform >
always up-to-date model designh and documentation

Choosing the right tools! defipiorr @am m

ideat
osticky COLLABORATION

i DATA
* MANAGEMENT .
; : KUKA |prc
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w5 . FABRICATION
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DESIGN

AUTHORING

ENVIRONMENTAL @
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MODELLING
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Drawings and Project Documentation

« Automated drawings and schedule extraction
« Documentation always up-to-date

* Minimal revision time
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Smart Objects Libraries

Libraries of smart objects, linked with the relevant attributes and materials are
provided by manufacturers, promoting standardization and minimizing errors.
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Parametric Data Driven Design Development

Visual programming - Dynamo, Grasshoper
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Autodesk AutoCAD 2016 Sheet Metal.dwg

No selection
General
Bylayer
0 HVAC
BylLayer
1.0000
ByLayer
ByLayer
0.0000
3D Visualization
ByLayer
display  Casts and Recei,

e
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Room Schedvules and Data Sheets

s e
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Level | Numbe Name Actual Supply Airflow; Specified Supply Airflow | Variance
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Visualization - Detailing - Rendering
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4D Simulations — Construction Sequence

e Activity Simulation

* Optimize and adjust construction sequence
* Visualize what-if scenarios

* Report actual versus projected
* Improved Schedule interference and logistics studies.
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Progress Reporting — Actual vs Planned

———

Planned Status Actual Status

Jan 2013 hpe o Uan 2613 10ct i 2014

_m.i MWJ\.!! E}) - tav 33 rd E:cﬂ uﬁjﬁf&iﬁ_ﬁ; %cl EH o 77 Ei’,‘ E“ MQT}?:K E“ uia]}:‘fﬂ'g
Use Profiles
B nstan
B Sub-Stucture
B steetwork

0] cusr
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5D Quantities and Costing

« Accurate reporting to the Object Level.

« Take-Offs and measurements can be (re)extracted within seconds
« Automated and always up-to-date Schedules.

« Management and visualization of VEs and VOs.

» Revisions/changes can be easily traced and quantified.
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Side Logistics - Crane Management

Tower Crane Management & Site Logistics

* Location of Towers is being checked
location-wise and Planning-wise.
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+ Lower Steel Spines + Steel Angle
Deck Support

Concrete Base + Precast Steps

+ Steel Deck
Grating
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Laser Scanning for Construction Verification
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Laser Scanning - Earthworks Management

Earthworks Management & Documentation

* Design documentation again will be extracted
from the laser scanned Digital Terrain Models.

* The Earthworks Management will be

continuously performed through the regular o  oanm Stock Pile 1D Normal Materia
Net: -20014.94 cum
laser scans. ' " V=11509.91m’

Stock Pile 1B Normal Material

V =106 450.47 m’

Stock Pile 1C Normal Material

Rock No 2
V=18763.14 m’

V=10901.93 m*

Rock No 3

V=20 014.94 m*

Rock No 1

V=8 635.44 m®

Pile 1A Normal Material
t volume without rock

V=149 539.07 m®




Digital Collaboration / BIM-to-Field




» Lean Construction
. Institute - Qatar

/ x Transforming the Built Environment



Lean Construction
Institute - Qatar

Transforming the Built Environment

BIM and CDM / H&S

CDM 2015 and Health and Safety provisions

A

RR.303

=

W W
=

Issue Number | Element(s) Id BT

Discipline Elevators There are conduits inside the shaft. Element ID: 1326602
All Levels
Pending
Date Found 25-Nov-17

By
Response 1 Response Date | 25-Nov-17
Response 2 By

Response Date | 30-Nov-17




BIM and CDM / H&S

CDM 2015 and Health and Safety provisions
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m Risk Level Mitigation of Risk Employed b e R
Uwner Hazard Area Persons at RiskiPhase Hazard Details ek el ML S LTS I B . (Post-
o (Companeiiie Date [Pre-Mitigation’ Designer Mitigatian). Sea SHE Bor
- paniinit . | g isec - S - - - - Noted + -
RededHeseh diaor sl o b
BR30 |Raten 204043 e eHewel 5 Fisk ohapserta Iediurn Low 85
Fredusediersidiatorsh T
. Desigromitted
RA305 |Ratem 284843 FReskbene] EaRstration Iiedim Hahe
Coordination workshops heid with design
team to dizcuss the overall coordination of
the structure and services and the
associated acoess and maintenance issuss
at oo level, DIC has insarparated a ganiry at
Stadium Floodlights and House lights. Level Bl ihich runs the full perimeter of the Fiisk. of falling from heigh. Fisk of objects
Construstion Operation and | Risk. of injury from slis. trips and Falling pitch to provide safe acoess o oodights. falling from height, Contractar ta provide
RR.306 |Pattem 300013 |Foaf Level ! Is. ¢ Hause lights are maunted leve vith the Law h A
Maintenance from heigh, isk of njury ram biects A Methad statement faf review prior ta the 3
: surface of the walkable mesh, These lights nent for | b
falling fram height, installatin.
are retractable, affording safe acoess far
maintenance and equipment replacement
from ithin the walk able mesh level, MC to
ensure that apprapriate aceess is afforded ta
RR-207 |Raserm 204043 |Frestbevel - T8
RR.308 |Raserm e |8 top: o Hone y
DIC has lisised with specialist installer and
Fietractable shading, Installation and maintenance team to establish construction Fiisk of falling. Main Contractor to e
! : g sequencing and canstrustion methads and ] ;
Construstion psration and | T7ENENSE 0f dnamic fabrc zhacing T o i ot provide Method Statement deseribing the
RR.309 |Pattem 133 |Rocf shading Structure to stadium aeulus. Fisk of injury . g Hane canstruction and maintenance sctivities
Maintenance N m OE - adjuested to enzure adequate space is y
fram falling fram height, sk of njury fram ¢ adequate ‘as=aciated with the installation prior to
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objects falling from height installation
requitements of safe installation and
maintenance.
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Pisk of injury from =lips, trip= and Faling Watious installation bechniques required DD
frem height, risk of injuny from objects Risk o falling. Main Contrastor b
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falling from height GRP facade panels prowide Method Statement describing the
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BIM & 3D Printing

Benefits include:

e Printed products only use as much material as needed = less waste
e Reduced transportation costs if products are printed on-site.

e Can achieve shapes that conventional techniques cannot.

e Lower labor costs.

e Reduced cost of customized design

e Reduced health and safety risks.
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BIM and FM Integration

« Streamline projects handover
* Integrate FM data with BIM models
« CoBie worksheet

* Asset Information Model (AIM)
l\
»
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BIM and FM Integration
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BIM & Digital Twin

BIM DIGITAL TWIN

DIGITAL WORLD DIGITAL WORLD PHYSICAL WORLD
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Lean Principles

. Identify Value - Identifying value and understanding the customer’s point of views is a key component within
Lean construction management. All stakeholders such as the client, architect, engineer, general contractor, suppliers,
operators are expected to work collaboratively.

- Define Value Stream - Once we have a clear understanding of the value from the customer’s point of view, we
can design the processes necessary needed to deliver that value. For each activity, the necessary labor, information,
equipment, and materials are defined and any unnecessary non-value adding steps or resources can be eliminated.

- Elimination of Waste - Lean construction targets each major types of waste which include defects,
overproduction, waiting, underutilization of talent, transportation, inventory, motion, and over processing.

« Work Process Flow - The ideal state of lean construction management is continuous workflow that is
considered reliable and predictable.

« Pull Planning and Scheduling - Creating reliable workflows depends on work being released based on
downstream demand. Lean uses collaborative planning (Last Planner) to enable participants to communicate and
collaborate close with each other to determine the schedule of tasks.

- Continuous Improvement - Continuously improve processes and eliminate waste is the overall goal of lean
philosophy. Opportunities for improvement are then identified and acted upon during the project and applied to
future projects.
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& Lean Construction
DOMAINS OF PROJECT DELIVERY

CPM-based; Activity-Centered;
Management by Exception

O e‘a\:\“%
. . ‘;\ls\.em
Individual
craft-contracts <edano\oBt
m

Command & Control
Directives-Driven
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DOVAINS OF PROJECT DELIVERY 2

CPM-based; Activity-Centered;
Management by Exception

Lean-based; Management by Means 2D/3D

Individual (planning inclusive of execution party; fire prevention)
1 BIM/VDC

craft-contracts

1 IPD/IFOA
Relational

(system

optimization)

"ec.\\“‘)\og\

Command & Control
Directives-Driven

Dialogue & Collaboration
(planning is an ongoing conversations)

(Abdelhamid 2014) 49
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BIM and Lean consiruction: MaclLeamy curve

PD: Pre-design

SD: Schematic design

DD: Design development

CD: Construction documentation
PR: Procurement

CA: Construction Administration
OP: Operation

EFFORT/ EFFFZT

Ability to impact cost and
functional capabilities
& Cost of design changes
3 WMl Traditional design process

@ Preferred design process

PD sSD DD cD PR CA op

TIME Graphic originated by Patrick MacLeamy, AlA f HOK

Transforming the Built Environment
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The new iron triangle: IPD, Lean, BIM

system optimization

processes and digitalization of
workflows design construction
optimization information, data-

driven processes
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BIM & Lean construction management

*Real time-collaboration between stakeholders
*Transparency, better scope management
|ldentification of constrains

«Consistent design_and.construction documentation

Collaboration

+All information maintained % *Design,Coordination

common location(CDE) efful visualization, VR, Rendering and
Latest information available real-tim /irtual prototypes
All Drawings and Documentation extracted Client early engagement and sign-off
from a single source (of truth): the models *Visual Management

*Construction Sequence and Methodology

BIM uses and outputs
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@ »  Faster project delivery.

@ »  Better quality.

$ >  Cost saving due to reduced
waste and less rework.

‘9; >  Better value for all Stakeholders.

A

Lower risk.

4
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BIM ROI
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