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Statement Of Purpose
• Assembling 1,000 square feet per shift
• Contextual framework of the origin and history 

of industrial engineering
• LEAN principles and the Toyota Production 

System applied to construction performance



ASSEMBLING  
1,000-SQUARE 
FEET PER 
SHIFT

Presenter
Presentation Notes
10 sec



LEAN: Understanding Performance in Construction | Sept. 2017 

Design of Assembly

Hour 0

Presenter
Presentation Notes
Hour 0



LEAN Performance
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(1,800 pieces erected)

Hour 100

Presenter
Presentation Notes
Hour 100A piece every 2 minutes and 59 seconds



The Metrics
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Continuous Improvement 

Sept. 6

Presenter
Presentation Notes
Continuous improvementYou can never do that again.  If we did it once then I have a higher likelihood of accomplishing it again.
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LEAN Performance

Sept. 6

• 2,986 pieces erected
• 10 floors decked
• Stairs to 11th 
• 2 floors poured
• 1 floor fireproofed
• 300 major deliveries

Oct. 4

Presenter
Presentation Notes
2,986 pieces erected10 floors deckedStairs to 112 Floors poured1 Floor fireproofed300 Major deliveries along a 360’ offload area



ORIGINS AND 
HISTORY OF 
INDUSTRIAL 
ENGINEERING

Presenter
Presentation Notes
30 sec



Henry Ford River
Rouge Complex

Assembly Line

Henry Ford
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Presenter
Presentation Notes
The “individual enterprise” recognizes that each person is free and capable to strive towards their highest position. An opportunity for achievement.Greater productivity came from stressing individual enterpriseLate 1800’s procedures for formalized work study developed by Fredrick W. Taylor “Scientific Management.Early 1900’s Henry Ford developed Mass production



“The One Best Way”
• Reducing brick laying 

steps from 18 to 5
• Increased bricks installation 

from 125 to 300 / hr
• Increased production 240%

Frank & Lillian 
Gilbreth
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Presenter
Presentation Notes
Early 1900’s Frank B. Gilbreth, Lillian Gilbreth developed motion study, process charts.



“The One Best Way”
• Interchangeable parts 

with all construction
• Create uniform and 

tighter tolerances

Frank & Lillian 
Gilbreth

6,000 years of interchangeable parts

Presenter
Presentation Notes
Early 1900’s Frank B. Gilbreth, Lillian Gilbreth developed motion study, process charts.



Work Simplification (1932)
• Work smarter not harder
• A common sense approach 

to motion studies

Allan 
Mogensen
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Presenter
Presentation Notes
Mid 1900’s Allan H. Mogensen Work simplificationWorkers input and participationFactory and Industrial ManagementProcter & Gamble



Continuous Improvement 
Pioneers
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Presenter
Presentation Notes
Sakichi Toyoda: Principal of Jidoka (intelligent automation)Taiichi Ohno: Father of Toyota Production SystemShigeo Shingo: Single minute Exchange of Die (SMED)1980’s John F. Krafcik MIT study of Toyota Production SystemJohn F. Krafcik used the word “LEAN” because there was no waste.



The Theory of 
Constraints

Eliyshu 
Goldratt
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Presenter
Presentation Notes
Mid 1900’s Allan H. Mogensen Work simplificationWorkers input and participationFactory and Industrial ManagementProcter & Gamble



TOYOTA 
PRODUCTION 
SYSTEM 

Presenter
Presentation Notes
30 sec1980’s John F. Krafcik MIT study of Toyota Production SystemJohn F. Krafcik used the word “LEAN” because there was no waste.



The Word, 
“LEAN”



Why LEAN?
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“It provides a way to do more with less – less human 
effort, less equipment, less time and less space – while 
coming closer and closer to providing customers with 

exactly what they want.”

- James Womack,  Lean Thinking, 1996



TPS Building

- Fujio Cho
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Build-In-
Quality 
(Jidoka)

Just-In-
Time
(Waste 

Elimination)

Employees
(Respect for 

People)

Kaizen
Total Productive Maintenance (TPM)

Operational Stability (Hejunka)

TPS
Customer  Focused –

Highest Quality – Lowest Cost



Building is a “Process”
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Work Simplification
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Like a pawl 
in a ratchet 
wheel, it permits  
forward motion, 
but prevents 
retracing of 
steps already 
taken

Presenter
Presentation Notes
“Any genius can look at work and see how to improve it, but unfortunately very few of us are geniuses. That is why we use a process chart.”				Dr. Gerald Nadler
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Modeling Utilization
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Extracting Other Forms of Data from the Model



Look For 
Repeating 
Patterns
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Presenter
Presentation Notes
Data now gives us the ability to find repeating patterns in design, trades, material, and equipment



Building as a 
Process Chart
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Presenter
Presentation Notes
DesignBIM coordinationConstruction Turnover



Situational Awareness 
= Tempo
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Originated 
by Col. John 
Boyd (USAF)

Productivity 
Day 1 

= 
Day 2 

Productivity

Presenter
Presentation Notes
Workers-Surgeons-Fighter PilotsThe latest piece in the puzzle is the situational learning at the project level not the task level.Learning from Fighter Pilots and Industrial Engineers.Information from the model must make it to the front line worker at the connection.



Visual Work System 
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Presenter
Presentation Notes
Each contractor is assigned a specific color that identifies when work is complete and ready for cover inspection.
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Visual Flows



Visual Workplace of the Future
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• Unitized System from 
California

• Steel and Rain Screen 
Panels from Oregon

• Attached in Seattle
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Construction 
Quality

Presenter
Presentation Notes
The LEAN production system is built on:high quality reduce waste increasing value



It can never be 
a field issue
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Presenter
Presentation Notes
Integrated Building = Integrated ModelIt can Never Be a Field IssueCommunity Model



Perfection at the Connection 
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Presenter
Presentation Notes
“Perfection at the Connection” = Perfect Information at the point of attachment. Skilled Crafts can focus on attachment and qualityjust like workers at Rolls RoyceBuilt to Design
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1. Separate internal to external setup
2. Standardize functionality
3. Promote clamps over fasteners
4. Utilize intermediate jigs
5. Adopt parallel operations
6. Eliminate adjustments by using 

positive stops
7. Mechanize technology to reduce 

time

Single Minute 
Exchange of Die 
(SMED)

Presenter
Presentation Notes
Still too much text on screen Would love to put the header title back on green area
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SMED Structural Steel Erection

Presenter
Presentation Notes
Centerlines at the shopAdditional marks for easier erectionEdge form welded on at shopHalflin anchors installed at shopDBA’s welded on at shopSteel bundles smaller-used crane to distributeSteel fabricated for right handed iron workers



120’Work 
Station

On average we walk 
240’ per minute

External Setup = Improved 
Working Conditions
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Presenter
Presentation Notes
No RainNo SnowNo Sun70 degreesBetter LightLess AwkwardHigher productivity1-3-8 rule, The same task takes 1 man-hour in the shop, 3 man-hours in lay-down areas outside the shop 8 hours in the shipIn 1911, a chocolate factory noticed after installing cooling to keep chocolate from melting that productivity of workers increased.



Factory and site synchronization

Global Site

LEAN: Understanding Performance in Construction | Sept. 2017 

Presenter
Presentation Notes
Modern Construction is global, just like modern factories.Prefabrication means that larger units fabricated all over the world requiring synchronization of the Factories, Supply chainHoisting equipment Manpower to attach



Supply Chain 
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Presenter
Presentation Notes
CH – Concrete – Material DeliveryLogging – to locationsVery busy table. Can we crop it more (remove a couple of rows)



Movement Analytics
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Presenter
Presentation Notes
Lean practices is a new way to manage construction.  Waste is defined by the standard of perfection.  Failure to meet the unique requirements of a client is waste.Construction has become DATA Driven.  Some pieces of information can be used as many as 19 times in a project by hundreds of individuals.Try not to silo your data, but continue to refine it as if it was on an assembly line.Move from Word and Excel documents to Databases Such as Access, C-docs, Vela, and BIM.



Supply Chain 
& Crane 
Schedule
Synchronized

Upper Table: Tower 
Crane Schedule
Lower Table: Site 
Delivery Schedule
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Presenter
Presentation Notes
Lean practices is a new way to manage construction.  Waste is defined by the standard of perfection.  Failure to meet the unique requirements of a client is waste.Construction has become DATA Driven.  Some pieces of information can be used as many as 19 times in a project by hundreds of individuals.Try not to silo your data, but continue to refine it as if it was on an assembly line.Move from Word and Excel documents to Databases Such as Access, C-docs, Vela, and BIM.
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Assembly Line

Presenter
Presentation Notes
Lean practices is a new way to manage construction.  Waste is defined by the standard of perfection.  Failure to meet the unique requirements of a client is waste.Construction has become DATA Driven.  Some pieces of information can be used as many as 19 times in a project by hundreds of individuals.Try not to silo your data, but continue to refine it as if it was on an assembly line.Move from Word and Excel documents to Databases Such as Access, C-docs, Vela, and BIM.



Predicting the 
Entire Process
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Presenter
Presentation Notes
Timing of the steel erection to Synchronize the erection with Trucking  3.5 hours unloading deliveriesshake out erections



Value Added vs. 
Wasteful Activities

OVERPRODUCTION WAITING INVENTORY MOVEMENT

EFFORT REWORK OF 
ERRORS

PROCESSING
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Motion Study 
& Engineering 
Science

1911 - Foot placement for Masons
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Presenter
Presentation Notes
“If Motion is not valued it cannot be improved.”NOTE:  VERY BUSY SLIDE TOO MUCH STUFF
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Motion Study 
& Engineering 
Science

Presenter
Presentation Notes
“If Motion is not valued it cannot be improved.”-Gilbreth
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Motion Study 

Presenter
Presentation Notes
Principles of Motion1Simultaneous symmetrical hand pattern2No idle or hold time3Fewest number of Therbligs4Give work to jigs, vises, fixtures, instead of hands5preposition tools and parts6Smooth continuous motions7Lowest classification of body motion8Use momentum and ballistic motion9Few number of eye fixations10Use normal work area11Proper workplace height for standing or sitting12Fewest number of muscle groupings13Use Gravity14Keep points of joint work close together15Reduce skill needed16Increase  understanding of workers



1. 3 motions x 2 seconds ea. = 
6 seconds

2. 500 times daily x 6 seconds 
= 50 minutes / day

3. 5 work days x 50 minutes = 
4.16 hours/week

4. 5 workers a week x 4.16 hours 
= 20.8 hours a week

5. $10 /hour x 20.8 hours = 
$208 a week - Gilbreth

Presenter
Presentation Notes
Too much content



Sato’s Eight 
Wastes



1. Design
2. Estimating
3. Master Schedule
4. Purchasing
5. Submittals
6. BIM
7. Detailing
8. Task based 

process chart

9. Last Planner
10. Fabrication
11. Receiving
12. Installation 

Qualification
13. Billing
14. AHJ Inspections
15. Special Inspections

16. Start up
17. Commissioning
18. Punch list
19. Owner Training
20. Maintenance
21. End User
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The “I” in BIM

Presenter
Presentation Notes
NOTE – TOO MUCH TEXTHand off the informationInterchangeable parts have�interchangeable informationItems are location specific in the model.  Make them location specific in the field.Lean practices is a new way to manage construction.  Waste is defined by the standard of perfection.  Failure to meet the unique requirements of a client is waste.Construction has become DATA Driven.  Some pieces of information can be used as many as 19 times in a project by hundreds of individuals.Try not to silo your data, but continue to refine it as if it was on an assembly line.Move from Word and Excel documents to Databases Such as Access, C-docs, Vela, and BIM.



• What is it?
• Where should it be?
• When did it get here?
• Who is installing it?
• Does it meet 

specification?

Quality of 
Information
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Presenter
Presentation Notes
Door FramesDoor LeavesDoor/Door Frame HardwareMEP EquipmentSecuritySafety EquipmentQR-tags for drawingsDivision 9, 15, 16By room  Data loaded into units.Actions assigned to the dataRFID for VAV’s under floorsRFID to locate hidden material in walls.



Problem: lack of time and 
congestion

Solution: model of brace 
frame, bolts, rebar, and 
embeds
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Built in 
Quality 

Presenter
Presentation Notes
The solution:  model + collaboration (engineer + iron worker + special inspector + superintendent) = �16 prefabricated steel blocks set in five minutes and perfect every time.



1,800 targets
+/- 3/16 in.
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Positioning to 
Design



Installation Qualification 
Work in Place Report

• Quality
• Schedule
• Cost
• Billing validation

Virtual = 
Reality

Presenter
Presentation Notes
BIM’s increased quality of installation allows greater flexibility in the order of installation



Electrons to Atoms
1. General Contractor
2. HVAC
3. Pipe fitters
4. Plumbing
5. Electrical
6. GWB
7. Fire Protection
8. Glaziers
9. Underground Utilities
10.Shoring
11.Structural Excavation
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Presenter
Presentation Notes
Instructor Statement:The language of BIM and layout is the x, y, z coordinates.  Everything must be measured off of grid to ensure the model matches the field.  There must be installation verification of every contractor to ensure that mistakes are not perpetuated later on in the project.  Points can be loaded directly out of the model and into the total stations or GPS units.  The first pass greatly speeds the process by ensuring that the crews can install it right the first and only time.Layout overlays architectural drawings with the BIM model. A point file is created and loaded into total station for staking in the field. A spreadsheet is created for cross checking (above). After installation object placement is verified in the field and as built conditions are returned to CAD/BIM for final verification.  



RFI’s                  0.8%-1.5%
Punch List                 ?%
Contingency           1%-5%
Wrong information     ?%
No information           ?%

Cost of 
Quality
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Presenter
Presentation Notes
“Our customers do not have the money for you to not spend the time doing it right.”
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Presenter 
Contact 
Information

Christopher Heger, LSSBB
Sr. Associate Construction Director
OAC Services Inc.
cheger@oacsvcs.com
206.423.6180

www.oacsvcs.com
Follow us @OACServicesinc
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