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Sacks, R., Partouche, R., (2010). ‘The Empire State 
Building: an Archetype of Mass Construction’ ASCE Journal 
of Construction Engineering and Management, Vol. 136 
No. 6 pp. 702-710.
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Empire State Building

Sacks, R., Partouche, R., (2010). ‘The Empire State 
Building: an Archetype of Mass Construction’ ASCE Journal 
of Construction Engineering and Management, Vol. 136 
No. 6 pp. 702-710.
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• Economic environment of the Great Depression…..
– but in 1929 the Bank of Manhattan, a 77-story building, was 

completed in less than one year.

• Variation and complexity of the building form…..
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• Increased product complexity – more and more 
complex building systems…. 
– but adding the basic durations for these does not explain the 

change.

Possible explanations
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Ropemaker Office Building, London
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• Increased process complexity
• Increased organization complexity

Possible explanations
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• Increased product complexity – more and more 
complex building systems…. 

• but adding the basic durations for these does not 
explain the change.
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Increased Process Complexity

• Design changes during construction
• Re-entrant work

– Crews return to the same place multiple 
times

• Reciprocal interdependence
– Crews are required to work together

Lean
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Sutter Heath, Castro Valley, CA, US
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The CPM Mental Model

The Process Mental Model

Complexity of project organizations
Lean
Developments

BIM
Developments

Lean and BIM 
Synergies

KanBIM

Research 
Agenda

16Civil and Environmental Engineering
Technion - Israel Institute of Technology

© Copyright 2011 Rafael Sacks

The Problems

Lean
Developments

BIM
Developments

Lean and BIM 
Synergies

KanBIM

Research 
Agenda Trade or Work 

package III

Project

…
Project

A
Project

B
Project

C

Subcontractor
1

Subcontractor
3

Subcontractor
4

Subcontractor 4

Trade or 
Work 

package I

Trade or 
Work 

package II

Subcontractor
2

Trade or 
Work

package ….The Real World ?

Bertelsen, S., and Sacks, R. "Towards a new Understanding of the Construction Industry and the Nature of its Production," 
15th Conference of the International Group for Lean Construction, East Lansing, Michigan, 46-56.
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• Deficient production systems !
– Deficient production management  - contract management 

has replaced production management
– Local optimization – productivity of individual teams. Works 

against optimization of the whole*

*Sacks, R., and Harel, M. (2006). "An economic game theory model of subcontractor resource 
allocation behavior." Construction Management & Economics, 24(8), 869-881
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• Increased product complexity – more and more 
complex building systems…. 

• but adding the basic durations for these does not 
explain the change.

• Increased process complexity
• Increased organization complexity
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… cause Waste:

• Workers waiting for information, materials, etc.
• Rework
• Moving
• Work in progress
• Over-production
• Unnecessary processing
• Transfer of materials (double-handling)
• Products that do not meet requirements
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Introduction

• Lean Construction
• Building Information Modeling (BIM)

• Both Lean and BIM are deep process changes, in thinking 
and in practices. Both require concerted long-term 
efforts, within stable business and work environments

13:51

“Insanity”: 
Doing the same thing over and over 
and expecting a different result 

Albert Einstein
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Lean Construction Developments

• Transformation/Flow/Value  concepts of 
production in construction

• Last Planner System™
• Lean Supply Chain Management
• Integrated Project Delivery

BIM
Developments

Lean and BIM 
Synergies

KanBIM

Research 
Agenda
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The Last Planner System™

G. Ballard, The Last Planner™ System of Production Control, PhD Dissertation, 
School of Civil Engineering, The University of Birmingham, 2000.
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Mass Construction

Sacks, R., Partouche, R., (2010). ‘The Empire State Building: an Archetype of Mass Construction’ ASCE Journal of Construction 
Engineering and Management, Vol. 136 No. 6 pp. 702-710.
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BIM Technology Developments

• Automated model checking for code conformance and 
constructability (e.g. Solibri)

• Major BIM platform vendors are integrating design 
assessment capabilities (e.g. Robot in Revit Structures).

• Vendors are increasingly providing discipline-specific 
BIM tools.

• Building product manufacturers are beginning to 
provide parametric 3D catalogs.

• BIM tools with construction management functions 
(e.g. Tekla, Synchro, others).

Lean and BIM 
Synergies

KanBIM

Research 
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BIM Business Trends

• Owners are demanding BIM and changing contract 
terms to enable its use.

• New skills and roles are developing (BIM Manager, PIO).
• The proportion of 'very heavy' BIM users among all 

respondents grew from 34% in 2008 to 45% in 2009.
• Corporate-wide uptake by general contractors. Skanska, 

Turner, Mortenson all have in-house BIM training for 
project engineers.

• Integrated project delivery (IPD) are receiving wide 
review and being tested intensively in practice.

Lean and BIM 
Synergies

KanBIM

Research 
Agenda

The Problems

Lean
Developments

Integrated Form of Agreement for Lean Project Delivery (IFoA) developed for 
Sutter Health
ConsensusDOCS300 (USA) http://www.consensusdocs.org/
AIA C191-2009 Standard Form Multi-Party Agreement for IPD
http://www.aia.org/groups/aia/documents/pdf/aias076340.pdf
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Additional BIM Trends

• Standards efforts are gathering steam (IFC 2x4, CIS/2, 
NBIMS in US).

• Green building is increasingly demanded by clients.
• BIM and 4D CAD tools have become common tools in 

large construction site offices.
• BIM is encouraging prefabrication for increasingly 

complex building sub-assemblies, which can be procured 
globally

Lean and BIM 
Synergies

KanBIM

Research 
Agenda

The Problems

Lean
Developments
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BIM and Lean Construction

Pull flow of 
information

Design

Detailing

Construction

Reduce  design 
development 

cycle time 

Error free 
construction

Increased
prefabrication 

and pull of parts

Manage
information 

flows Standardised
work

methods

Maintain Value of
Information

Pull flow 
detailing Operate and Maintain

Standardized 
work

methods

Maintain information value

Pull flow of 
information

Pull flow 
of labor

KanBIM
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Area Principle Key
Flow process Reduce variability

Get quality right the first time (reduce product variability)
Focus on improving upstream flow variability (reduce production variability)

Reduce cycle times
Reduce production cycle durations
Reduce inventory

Reduce batch sizes (strive for single piece flow)
Increase flexibility

Reduce changeover times
Use multi-skilled teams

Select an appropriate production control approach 
Use pull systems
Level the production

Standardize
Institute continuous improvement
Use visual management

Visualize production methods
Visualize production process

Design the production system for flow and value
Simplify
Use parallel processing
Use only reliable technology
Ensure the capability of the production system 

A
B

C
D

E
F

G
H
I
J

K
L
M
N
O
P
Q

Value generation 
process

Ensure comprehensive requirements capture
Focus on concept selection
Ensure requirement flowdown
Verify and validate

R
S
T
U

Problem-solving Go and see for yourself
Decide by consensus, consider all options

V
W

Developing partners Cultivate an extended network of partners X

Lean Principles

 Reduce variability
 Reduce cycle times
 Reduce batch sizes (strive for 

single piece flow)
 Increase flexibility
 Select an appropriate 

production control approach 
 Standardize
 Institute continuous 

improvement
 Use visual management
 Design the production system 

for flow and value

 Ensure comprehensive 
requirements capture

 Focus on concept selection
 Ensure requirement flow 

down
 Verify and validate
 Go and see for yourself
 Decide by consensus, consider 

all options
 Cultivate an extended network 

of partners

KanBIM

Research 
Agenda

The Problems

Lean
Developments

BIM
Developments
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Stage Functional  area and funtion Key
Design Visualization of form 

Aesthetic and functional evaluation 1
Rapid generation and evaluation of multiple design alternatives

Rapid manipulation of a design model
Predictive analysis of performance
Automated cost estimation
Evaluation of conformance to program/client value

2
3
4
5

Maintenance of information and design model integrity
Single information source
Automated clash checking

6
7

Automated generation of drawings and documents 8
Design and 
Fabrication 
Detailing

Collaboration in design and construction
Multi-user editing of a single discipline model
Multi-user viewing of merged or separate multi-discipline models

9
10

Pre-construction 
and Construction

Rapid generation and evaluation of construction plan alternatives
Automated generation of construction tasks
Discrete event simulation
4D visualization of construction schedules

11
12
13

Online/electronic object-based communication 
Visualizations of process status
Online communication of product and process information
Computer-controlled fabrication
Integration with project partner (supply chain) databases
Provision of context for status data collection on site/off site

14
15
16
17
18

 Visualization of form 

 Rapid generation and evaluation of multiple design alternatives

 Maintenance of information and design model integrity

 Automated generation of drawings and documents

 Collaboration in design and construction

 Rapid generation and evaluation of construction plan alternatives

 Online/electronic object-based communication 

Sacks, R., Koskela, L., Dave, B. and Owen, R.L., (2010). ‘The Interaction of Lean and Building Information 
Modeling in Construction’, ASCE Journal of Construction Engineering and Management , Vol. 136 No. 9 pp. 968-
980.

BIM Functionality

KanBIM
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Agenda
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Lean 
Principles

BIM
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A B C D E F G H I J K L M N O P Q R S T U V W X

Visualization of form 1 1,2 3 4 11 5 6 4

Rapid generation and 
evaluation of multiple 
design alternatives

2 1 22 7 7 8

3 9 9 22 51 1 16 5

4 10 12 8 16 5

5 1,2 1 12 1 1 1 5

Maintenance of 
information and 
design model integrity 

6 11 11 11

7 12 12 22 12

Automated generation 
of drawings and 
documents

8 11 22 (52) 53 54 54

Collaboration in 
design and 
construction

9 23 36 36

10 2,1
3 24 33 43 46 49

Rapid generation and 
evaluation of multiple 
construction plan 
alternatives

11 14 25 (29) 31 (41) 44

12 15 25 (29) 37 (41) 44 47

13 2 40 25 (29) 17 40 40 40 44 47 49

Online/electronic 
object-based 
communication

14 29 26 30 30 34 34 (42) 47 48

15 18 26 30 30 34 38 38 34 (42) 45 49

16 19 27 32

17 20 28 35 (42) 50

18 21 30 30 34 39 (42) 47 48

Lean - BIM Interaction Matrix

KanBIM

Research 
Agenda
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IPD and BIM

“Although it is possible to achieve IPD without BIM, it is the

opinion and recommendation of this study that BIM is essential to

efficiently achieve the collaboration required for IPD.”

Eckblad, S., Ashcraft, H., Audsley, P., Blieman, D., Bedrick, J., Brewis, C., Hartung, R. J., Onuma, K.,
Rubel, Z., and Stephens, N. D. (2007). "Integrated Project Delivery - A Working Definition." American
Institute of Architects (AIA) California Council, Sacramento, CA.

“We hypothesize that the full potential for improvement of

construction projects can only be achieved when their [BIM and

lean construction] adoption is integrated, as they are in the IPD

approach.”
Sacks, R., Koskela, L., Dave, B. and Owen, R.L., (2010). ‘The Interaction of Lean and Building
Information Modeling in Construction’, ASCE Journal of Construction Engineering and Management,
Vol. 136 No. 9 pp. 968-980.

KanBIM
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Kanban
(pull flow control in lean production management)

+
BIM

(Building Information Modeling)

=
KanBIM™

Research goals: to propose, define, develop and test a BIM-enabled system to 
support production planning and day to day production control on 
construction sites.

KanBIM™ - BIM and Lean on site

Research 
Agenda
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Synergies
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KanBIM™ Principles
 Flexible changes to work methods
 Facilitate communication/ encourage discussion
 Shift optimization from local team to whole project
 Keep weekly plan stable; support formal 

experimentation
 Visualize process
 Visualize product
 Support WIP reduction/Pull workflow control strategy 

– Pull flow index, implement CONWIP 
 Constraint filtering – work/task maturity index
 Support ubiquitous reporting of process status
 Implement Language-Action approach

Research 
Agenda
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Synergies
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The Last Planner System™

Record performance 
(Percent Plan Complete)

for continuous 
improvement

Master 
Schedule

Lookahead
Plan

Weekly 
Work Plan

Status & 
forecasts

Information

Select, 
sequence & 

size work that 
CAN be done

Select, 
sequence & 

size work that 
CAN be done

Make work 
ready by 

screening & 
pulling

Workable 
backlog

Perform 
Work !

Select and 
sequence work 

that CAN be done

Report what is and 
is not being done

Daily Work 
Commitment

Status

Work packages Tasks
Tasks

Tasks

G. Ballard, The Last Planner™ System of Production Control, PhD Dissertation, 
School of Civil Engineering, The University of Birmingham, 2000.



KanBIM™ – Work flow
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 Trade 
manager

 Trade crew 
leader

Construction 
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Trade managers
Trade crew 

leaders
Health & Safety
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 Logistics 
Manager

Trade crew 
leader
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End
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No
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Completion

10

Confirm  
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Yes

Prepare
Master Plan

1

Start

Construction 
Planner

Section/zone
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Master 
Planning
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Look
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Compile and 
Detail Tasks

3
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Work Plan

4
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plan

9

 Trade 
manager

 Trade crew 
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managers

Trade managers
Trade crew 

leaders
Health & Safety
 Logistics Manager

Construction 
Planner
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managers
Health & Safety

Weekly Work Planning

Stop Task

8

Start Task

5

Yes

Manage 
Logistics

7

Task in 
Progress

Report Task
Completion

6

No

Trade crew 
leader

Trade crew leader
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Site Engineers
 Inspector
Section/zone 

End

Problemsbl
during 

execution

No

Inspect Work 
and Task 

Completion

10

Confirm  
completion

Yes

Daily Work Flow
(Commit, Execute, Report)

•Principles for Building Information Modeling based Lean Production ). ‘2010Sacks, R., Radosavljevic, M., and Barak, R., (
.655-641pp.5No.19Vol.Automation in Construction’,Management Systems for Construction
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Main ducts –
Ducts 20-31

Main ducts –
Ducts 53-63

Main ducts –
Ducts 33-42

Secondary ducts –
Ducts 10a-20a

End Units –
Zone 1

Testing HVAC  -
Zone 1

Sprinkler pipes 
Floor 3

Install main lines 
Basement 3 Fire fighting 
pump room

Pipe installation in drywalls 
West side basement 1

Install main lines 
Basement 2 Fire fighting 
pump room

Sprinkler pipes 
Floor 4

Main distribution board –
Wiring Entrance floor 
Lobby

Support installation of 
hoist South side 
facade

Duct installation in drywalls 
West  side Basement 1

Electrical connection 
HVAC end unit zone 1

Framing West side 
Basement 1

Side A West side 
Basement 1

Framing East side 
Basement 1

Framing for false 
ceiling  Entrance floor 
Lobby

Side A East side 
Basement 1

Fix cracks West 
side basement 3 
W12

Partitions 
Basement 1

Lintels and ring 
beams Basement 1

Complete to 
ceiling Basement 1

Partition walls 
Storerooms Basement 
3

Close openings above 
HVAC Stairwell 2 
Basement 1

Partitions 
Basement 2Lintels and ring 

beams Basement 2

Complete to 
ceiling Basement 2

Erect Hollowcore
Floor 5 Grids A1 to D4

Erect Hollowcore
Floor 5 Grids A5 to D8

Prepare and pour topping 
Floor 5 Grids A1 to D8

Strip and clean Floor 
5 Grids A1 to D8

Erect columns 
Floor 6 Grids E5 to 
H8

Erect columns 
Floor 6 Grids E1 to 
H4

Cut HVAC access 
holes Floor 4 Grid B3-
C4

KanBIM™
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Space Monday Tuesday Wednesday Thursday Friday Contingency

Basement 1
1,000 m2

Basement 2
1,500 m2

Basement 3
1,500 m2

Floor 2
600 m2

Floor 3
600 m2

Floor 4
600 m2

Floor 5
600 m2

Floor 6
200 m2

Main Lobby
150 m2

Week of 30/3/2009

2 2 10 98

Erect Hollowcore
Floor 5 Grids A1 to 
D4






Erect Hollowcore
Floor 5 Grids A5 to 
D8






Prepare and pour topping Floor 5 Grids A1 to D8 




Strip and clean 
Floor 5 Grids A1 to 
D8






Lintels and 
ring beams 
Basement 1




Complete to 
ceiling 
Basement 1




Close openings above HVAC 
Stairwell 2 Basement 1





Framing West side Basement 1




Side A West 
side 
Basement 1





Framing East side Basement 1




Side A East 
side 
Basement 1





Duct installation in drywalls 
West  side Basement 1





Partitions 
Basement 1


TasksTeamsWorkersHours

Partitions 
Basement 2





Lintels and 
ring beams 
Basement 2





Complete to 
ceiling 
Basement 2





Pipe installation in drywalls West side 
basement 1





Fix cracks 
West side 
basement 3 
W12






Main ducts 
– Ducts 20-
31





Secondary ducts – ducts 10a-20a 



Main 
ducts –
Ducts 53-
63





Main ducts 
– Ducts 
33-42





End Units – Zone 1 



Electrical 
connection HVAC
end unit zone 1





Testing HVAC  
-Zone 1





0 0 0 0

0 0 0 0

0 0 0 0

Install main lines Basement 2 Fire fighting 
pump room






Install main lines Basement 3 Fire fighting pump room






Partition walls Storerooms Basement 3 

Sprinkler pipes Floor 3



Sprinkler pipes Floor 4 

1 1 6 56

Cut HVAC access 
holes Floor 4 Grid 
B3-C4




Erect columns 
Floor 6 Grids E5 to 
H8





Erect columns 
Floor 6 Grids E1 to 
H4





Framing for false ceiling  Entrance floor Lobby






Main distribution board – Wiring Entrance floor Lobby



2 2 11 100

2 2 10 98

1 1 7 30

0 0 0 0

0 0 0 0

1 1 6 56

2 2 11 100

3 3 16 150

1 1 7 40

0 0 0 0

0 0 0 0

1 1 6 52

2 2 11 100

3 3 16 150

1 1 6 120

1 1 7 64

2 2 17 162

1 1 6 62

0 0 0 0

1 1 12 80

2 2 11 100

3 3 18 173

1 1 6 105

1 1 5 55

1 1 8 68

1 1 6 62

0 0 0 0

1 1 12 80

1 1 4 32

0 0 0 0

1 1 5 55

1 1 5 44

1 1 5 40

0 0 0 0

0 0 0 0

2 2 11 100 2 2 11 100 2 2 11 100 2 2 11 1001 ? ? ? 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

1 1 12 150 1 1 12 120 1 1 12 80
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Experimental Measures

• Percent plan complete (PPC) 
• Value-adding, supporting and non-value adding work 

times
• ‘Lost work potential’ – the difference between the 

total planned hours and the actual hours observed 
(of all three types).

• The ‘Labor Stability Index’ (LSI) reflects the degree of 
stability of the labor supply. 

LSI = 

For example, a team of five workers who released two at the end of 
the first day and mobilized them again at the start of the third day of 
a four day task would have an LSI of 4/18 = 0.202.

number of mobilizations/demobilizations of workers
_____________________________________________________________________________

total labor input (number of worker-days)
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Weekly work planning
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Deployment on site for the second 
and third observation periods
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Experimental Limitations

• A week is too short to achieve full integration with 
all the subcontractors; the commercial terms 
requiring its use for reporting cannot be introduced.

• The maturity index could not be computed as not all 
inputs were available.

• The planning module had not been implemented, so 
that weekly work planning had to be performed 
offline and changes to the plan could not be 
negotiated as envisaged in the KanBIM™ 
requirements outline.

• The system was only accessible through a single 
large format touch screen and one laptop –
interfaces for personal tools were unavailable.
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Summary of Observation Results

Measure

#1

Control

#2

Familiarization

#3

Experiment

Percent Plan Complete 
(PPC) 33% 47% 62%

Labour Stability Index 
(LSI) 1.16 1.03 0.9

Lost work potential 
hours/total hours 
planned)

184/421 125/446 613/1,483

Value-adding and 
supporting work hours/ 
total planned hours

50% 63% 48%
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Summary of Observation Results

Site personnel’s experience with the system was positive:

• Improved ability to visualize the process itself
• Reduced wasted time spent ‘looking’ for work
• Facilitated well-informed discussion and negotiation 

between crews concerning coordination of their workResearch 
Agenda
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Developments

Lean and BIM 
Synergies

With this system, I 
could manage twice 
as many apartments

With KanBIM on the 
web, I could plan my 
crew sizes better and 
have less wasted time

Avi, Drywall 
subcontractor

Viktor,
Site Supervisor (GC)
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• See:
rKfenvLTiY1www.youtube.com/watch?v=http://

www.youtube.com/watch?v=eLfFLjKUcDkhttp://
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Research Agenda

Further research is needed to test the facility of planning 
and control with the KanBIM™ system, which requires 
online access to material, equipment and other 
management information systems. 
If we wish to see information used throughout 
construction supply chains, we need to figure out:

• How can/do contracting arrangements engender the 
collaboration (the virtual companies) needed for virtual 
design and construction? Economic game theory….

• What information architectures are needed to support 
delivery of up-to-date process and product information 
on the job site?
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KanBIM™ Information Management 
Architecture
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Summary

• BIM and Lean synergy
• BIM can support production control:

– Deliver Product information to workers –
so they can do the work right

– Deliver Process Information to workers –
so they can do the right work

Virtual Construction Lab
Civil and Environmental Engineering
Technion - Israel Institute of Technology

© Copyright 2011 Rafael Sacks

Assoc. Professor Rafael Sacks

Kiitos ....

Onko 
kysymyksiä?

Building Information Modeling 
Support for Production Control 

On Site

BIMin mahdollisuudet hukan poistossa ja 
arvonluonnissa 
Espoo, 30.5.2012

Aalto yliopisto, Design Factory


