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OAC

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

LEAN: Understanding Performance in Construction | Sept. 2017



OAC .

ASSEMBLING
1,000-SQUARE
FEET PER
SHIFT
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Hour 100
A piece every 2 minutes and 59 seconds


OAC

Structural Steel
| $0.03 12 12 1,812 1,812 - Piece Rate | 2* 59
Cost per minute on the
glasses Remaining Remaining
Remaining Pieces of Zones of
Zones 22 Steel 318 Decking
Building Days Date Day of | # of Zones # Pieces of Running | # of Zones Start | End Time | Pieces Per

since the Running Steel Total of Decking Time Minute

first Week Total installed

load
oB 1 13-Apr Mon 4 4 180 190 6:00 16:00 2'-51"
oB 2 14-Apr Tue 4 8 191 381 6:00 16:30 2'-59"
oB 3 15-Apr Wed 3.5 12 213 594 6:00 16:00 2'-3"
oB 4 16-Apr Thr 12 196 790 6:00 16:00 2' 45"
oB o 17-Apr Fri 12 169 959 6:00 16:00 3'-12"
oB 6 18-Apr Sat 12 198 1,157 6:00 16:00 2' 44"
OB 19-Apr Sun 12 1,157 6:00
OB 7 20-Apr Mon 12 204 1,361 6:00 16:00 2'-39"
oB 8 21-Apr Tue 12 166 1,527 6:00 16:00 3"-15"
oB 9 22-Apr Wed 12 138 1,665 6:00 16:00 3'-55"
oB 10 23-Apr Thr 12 147 1,812 6:00 15:30 3'-28"
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Continuous improvement
You can never do that again.  If we did it once then I have a higher likelihood of accomplishing it again.
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2,986 pieces erected
10 floors decked
Stairs to 11
2 Floors poured
1 Floor fireproofed
300 Major deliveries along a 360’ offload area
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ORIGINS AND
HISTORY OF
INDUSTRIAL
ENGINEERING
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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 enterprise
Late 1800’s procedures for formalized work study developed by Fredrick W. Taylor “Scientific Management.
Early 1900’s Henry Ford developed Mass production
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Early 1900’s Frank B. Gilbreth, Lillian Gilbreth developed motion study, process charts.
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Early 1900’s Frank B. Gilbreth, Lillian Gilbreth developed motion study, process charts.



OAC:::

Allan
VIGGENSEN

Work Simplification (1932)

 Work smarter not harder

« A common sense approach
to motion studies
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Mid 1900’s Allan H. Mogensen Work simplification
Workers input and participation
Factory and Industrial Management
Procter & Gamble
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Sakichi Toyoda: Principal of Jidoka (intelligent automation)
Taiichi Ohno: Father of Toyota Production System
Shigeo Shingo: Single minute Exchange of Die (SMED)
1980’s John F. Krafcik MIT study of Toyota Production System
John F. Krafcik used the word “LEAN” because there was no waste.
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Mid 1900’s Allan H. Mogensen Work simplification
Workers input and participation
Factory and Industrial Management
Procter & Gamble
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30 sec
1980’s John F. Krafcik MIT study of Toyota Production System
John F. Krafcik used the word “LEAN” because there was no waste.
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WHO'S AHEAD IN THE GLOBAL AUTO WARS AND WHY:
JAPAN'S REVOLUTIONARY LEAP FROM MASS PRODUCTION
TO LEAN PRODUCTION-AND WHAT INDUSTRY
EVERYWHERE CAN LEARN FROM IT

MACHINE

THAT

CHANGED
“WORLD

Based On
The Massachusetts Institute of Technology
5-Million-Dollar 5-Year Study On The
Future Of The Automobile



“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

Why LEANR

LEAN: Understanding Performance in Construction | Sept. 2017



TPS Building OAC::.

TPS

Customer. Focused—
Highest Quality — Lowest Cost

Just-In-

Build=In-
Time Employees

(Respect for [INo]iF][15Y
(Waste People) (Jidoka)

Elimination)
Kaizen
lotal Productive IMiaintenance (1Pv)
Operational Stability (Hejunka) - Fujio Cho
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Building Is a “Process” OAC

Manufacture of objects
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] install drywall PRESENT PROPOSED DIFFERENCE ANALYSIS
Wednesday, February 06, 2013 NO TIME | NO. TIME | NO TIME Wy
P I 5
S E kS I QUESTION EACH DETAI
Operations = E3 = =
Transportation x  |Man  oR DMATERIAL p f}‘ ‘ ' 1. MAKE READY
GV,
L
Inspection 108 2.00
1]
» ry
Delays CHARTED BY _ CHeger y, 2 3. PUT AWAY
. ¥
!i O' .r‘r-'.'f(‘
?_‘ -
- S et
L
Storage| ¢
Distance Traveled 500 FT.| 250 FT.| 250 FT., Dr. Kaplan LEAN Equation 16 ~ f
Jf‘f‘f"'r friejrie)f)
b ' 1 )
#DIV/0!
¥
e 'y
S " " &
DETAILS OF (eresent-proposen) METHOD & & & & &
& & & e 5 & S e
(<4 of <& o il o° 5 o¥
312 |4000| 448 | 14 s;Man minute
Uncover truck ariable . ﬂ ] v 50 | 400 32| 2 | aso 69.4 Joules/Man
Unstrap units Variable . - . . v 50 400 32| 2 240 '] ’E F ‘a r
Hoist into building Variable . = H D v 50 | s00 32| 2 | 480 est
Load onto cart varizbie | @ = 0l P |v 50 | a00 52 2 | as0 ‘ 278 Joules 1389 Jou esﬁan
T
transport to room ariable . 2N | . v 100 | 400 32| 2 | aso =§51cu es 277 8 Joules/Man
-~ ~ r
et on ground Constant . ‘ [ ] . v 1 400 64 1 400 - !_ E Joules 0.2 Joules/Man
AT N AP
pickup variabie | @ = 0 P |v 5 400 52 200 = 4 joules 4.0 Joules/Man
lift to wall ariable . » [ ] . v 5 400 61 1 | a00 4 Joules 4.0 Joules/Man
screw off to wall 8 + 8+ 8 Variable J - [ ] l v 1 400 ] I T 0Joules 0.2 Joulez/Man
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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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Level Category Farnily Tupe “whorkzet Foorn Zone Space Edited bu Id Step 1
LEVEL 3 |[walls Basic wall interior - [FA] 4" Stud Everuthing Elze <room unassi gneds <Zohe <zpace <nobadus B73264
unassigned: unassigned:
LEVEL 3 |Roorns Roorn <Placed:> Evervthing Else PHARMALCY JO245 {Zohe {zpace <nobodys 1381014
unassigned: unagsigned:
LEVEL 3 |FRoormns Foorn <Placed: Everuthing Elze SIIFRG PREF BAYE <Zohe <zpace <nobadus 2040440
J0380B unassigned: unassigned:
LEVEL 3 |[Walls Basic wall interior - [FA] 4" Stud Evervthing Else <room unassigned: <zZone <{zpace <nobodys 2290063
unassigned: unagsigned:
LEWEL 3 |Electrical Fixtures elec-Culet E Power - Duplex Ewveruthing Else PREFIPACU FLEX 2 <ZOne {zpace <nobody: 28591749
J0370B unassigned: unassigneds
LEVEL 3 |Specialty Equipment [Medical Equiprment | Cabinet - Storage - Clinical - Medical Equiprment |OR 31.J0331 <zZone <{zpace <nobodys 39E7E7E
Library Stainlesz Steel unassigned: unagsigned:
LEVEL 3 |Partz Floors: Floar Fesilient RBS-3 [dark)] Interior Finishes <room unassigned: <{Zohe < zpace <nobody 4534151

l
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Extracting Other Forms of Data from the Model
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Look For e Process CHART
OF.__Carpenters
= DATE _9-8-68 __ LOCATION __Interstate 70
R e p e at I n g CONTRACTOR_ Jones, J. _____BY _4.ah. _______ FILM NO,_B-40
DIST SYMBOL DESCRIPTICN TIME (SEC
50 O GO TO STOCKPILE 25
Patterns ONE AT —
50 © RETURN TO WORKPLACE _ 29
(O CHECK FIT AND MODIFY 35
O NaL 51
Y IDLE , 35
50' © GO TO STOCKPILE 27
()  GET PLYWOOD 7
50 e RETURN TO WORKPLACE 28
Y  PERSONAL BREAK 120
()  CHECK FIT AND MODIFY 40
O  naL 57
50' O GO TO STOCKPILE 31
(O  GET pPLYwoOD 10
50' &  RETURN TO WORKPLACE 28
()  CHECK FIT AND MODIFY 15
O NaiL 50
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Data now gives us the ability to find repeating patterns in design, trades, material, and equipment
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Building as a OAC
Process Chart
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Design
BIM coordination
Construction 
Turnover


OAC

Observe

L1

Orient

Productivity
Day 1
Day 2

Productivity

Act

Decide

Originated
by Col. John
Boyd (USAF)
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Presentation Notes
Workers-Surgeons-Fighter Pilots
The 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.
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Each contractor is assigned a specific color that identifies when work is complete and ready for cover inspection.




Visual Flows OAC

Utilities Undetermined Undeterrrined U ired L i L ined L i Undetermined Undatermired U i Ur

Demolition Undeterrmined Undetermined Undetermined Undetermined Undetermined Undetermined Undetermined Undetermined Undetecri U
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Presentation Notes
The LEAN production system is built on:
high quality 
reduce waste 
increasing value
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Presentation Notes
Integrated Building = Integrated Model
It can Never Be a Field Issue
Community Model
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Presentation Notes
“Perfection at the Connection” = Perfect Information at the point of attachment. 
Skilled Crafts can focus on attachment and quality
just like workers at Rolls Royce

Built to Design




Presenter
Presentation Notes
Still too much text on screen 
Would love to put the header title back on green area
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Centerlines at the shop
Additional marks for easier erection
Edge form welded on at shop
Halflin anchors installed at shop
DBA’s welded on at shop
Steel bundles smaller-used crane to distribute
Steel fabricated for right handed iron workers
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No Rain
No Snow
No Sun
70 degrees
Better Light
Less Awkward
Higher productivity
1-3-8 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 ship
In 1911, a chocolate factory noticed after installing cooling to keep chocolate from melting that productivity of workers increased.
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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 chain
Hoisting equipment 
Manpower to attach




OAC

u S 03 £E® | w ! 2
= = N I £ = =
) = U 2> ¢ Description- =i NN N B E g o | & S22 8% x¢
= F =0 [T} , g =) - c =] = [
— = & 0 = o® = | =% @ ©
S peliveryDATE £ & 9o £ TEMDescripon  "o9nd R NI-ECIR R R AR A
2 E o £2 & Barcode # and RAERIC % | B (55| %E 55| 2@
Q = "}
0 b uw sg o area needed [RTERINIRS 98 | 8 |37 |Fo ¢ z=
! U ' g < v v v E v v w v v n v v
B4 Thursday, Detober 03, 2074 7:00 7:45 . . Noth | 4 8 Stair#3and | Paciic Sai
N Apen  |Stair # 3and Star 6 Towercrane Crimson Gate [Seigds SalemOr.  |Unknown | DaveChase |425-635-6757
B4S | Thursday, DotaberD3, 201 700 | 1500 M Ralphis Level SOMD M TS24 | 1| S06Cuvds Erl'a";f:" LVL B Zore? ChisLang | (2081423-5108
ump
B4 Thursday, Octaber 03, 204 700 7:05 Clean |Fick upand Tip and Retum Mixed | DumpstertoBematked ik | g 1 1 06-TI-4I65
Senice | Secapes  |use Durnpster PedCard Ith Ave N Tarsten Narth
BdS Thursday, Oiotaber 03, 201 730 1500 Calpartland Level@ SU"gﬂ;’E l3159, 31 | 3BCuvd: | Green Gate |  Level 8 | Calportland | Calpordand |ChrisLang  |(206)423-5108
IN BILLE Pump
BdS Thursday, Oiotaber 03, 201 a00 12:00 M Ralph's | Level1Zore 2 Central-Curbs-Paur 2 Curbs, Mis-3210 o 1 | 450urd: | Green Gate | LYL1 Zore 2 ChiisLang  |(206)423-5108
'ump
Bd5 Thursday, Octaber 03, 2014 8:30 12:00 N Calponland | Level1Zone 2 Cenwal-Curbs-PourZ | Curbs and'Walls, M- 3210 | Pump 5 | 60CuYds | GreenGate | LYL1 Zone? | Calportand | Calporland |ChisLang  ((206)423-5108
B4 Thursday, Octaber 09, 201 830 900 N MHFS HARDWARE AND HANGERS SETONROLLWGCARTS | HAND | 1 | 0Cuvds | YellowGate | LEVELT | ACME | ACME |PATSCOTT |206-510-310¢
B4 Thursday, Octaber 09, 201 100 11130 N MHFS HOUSEKEERING PAD FRAMES FRAVES HaMD | 1 | 3Cuvds HDDFLEVEL MMFS | MMFS  |PATSCOTT |206-510-310¢
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CH – Concrete – Material Delivery
Logging – to locations

Very busy table. Can we crop it more (remove a couple of rows)


Parkin i Flight &
Traffic and Incidents availabiﬁty queue times

Geocoding & Driving route Mobile i EV Services

cameras prices
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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.




Monday, October
Crane 2 North

20,2014
Contract
Time or Towercrane, From T Time C Towercrane, From T
SANCANSICAMLEVE
7:00 | TCCO SAFETY MEETING it 700 TG00 SAFETY MEETING
SAFETY
SAMICANSICAMLEVE MEETIN | SANICANS/GAMLEVE
710 | TCCO it 710 ICCO G B
LVL 1 Stem Walls, Curbs and
7:30 APEX Erect Steel Shake out 730 Gerdau Architectural Walls
Crimson
8:00 MNMFS LWL, 485 Risers Gate &:00 APEX Structural Steel Delivery Purple Gate | Roof
Crimson Truck in
8:15 MNFS LWL, 485 Risers Gate 815 APEX Structural Steel Delivery Purple Gate | Foof
Crmson Truck in
8:30 MMFS LVL 485 Risers Gate &:30 APEX Structural Steel Delivery Purple Gate | Foof
Crmson Truck in
8:45 MMFS LWL 485 Risers Gate §:45 APEX Structural Steel Delivery Purple Gate | Foof
Crimson Truck in
9:00 MMFS LWL 485 Risers Gate 9:00 APEX Structural Steel Delivery Purple Gate | Foof
Crimson Truck in
9:30 MMFS LWL 485 Risers Gate 9:30 APEX Structural Steel Delivery Purple Gate | Foof
Delaied ~ R
Descriptio a
n- _
. METHOD Location .
Coming IN or . Including [ = # : ; Location of
END TIME going OUT Contractor B eanay -All units Trucks #Units on site of metallation
must be Offload
and area on
needed for NI
o Alley on
Lift . -
1020201 | 7.9 7:30 ouT mars | S Ramp NiA 10 0:00 Republica NIA
4 Call Off
n
10/20/201 . Cleanscap, | Dumpster Crimson
4 8:30 In es Switch out 10 1@ 40 Yards Cale
10/20/201 § Cleanscap. | Dumpster Purple
4 9:30 as Switch out 10 1@ 40 Yards Gate
Reach
Gang b o
10120201 | 759 8:00 ANG M| Levels | Forkift/ 10 0:00 Purple Level 5
4 and clips " Gate
manlft
LVL1 Stem
Walls Curbs
10200201 South Green
7:30 2:00 Gerdau and 0:00 0.0 0:00 Level 1
4 Architectura Towersrans Gate
Vurlle
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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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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 OAC::
Entire Process

ZONES: 123 & 124 Weight: 52,278 Total Time Date Begin Finish
Unload 2 Trucks @ 40.0 Minutes / Each 1.33 1.33 09/16/2014 2:03 PM 3:23 PM
123 Piece Count: 29
Erect 5 Columns @ 8.0 Minutes / Each 0.67
Erect 5 Headers @ 4.0 Minutes / Each 0.33
Erect 19 Beams @ 2.5 Minutes / Each 0.79
Erect 0 Braces @ 5.0 Minutes / Each 0.00
Spot 3 Deck Bundles @ 5.0 Minutes / Each 0.25
Stair O Flights 15.0 Minutes / Each 0.00 2.04 09/17/2014 3:23PM 5:00 PM
) e i e . s g [ e @ A e e o
S R — D . . ) A '1'_____::{}_____________;.!___f;?____ﬂ_;__._@%____
T i 2 I el R LR i S e s - i
VT T om0 3
e i e A B o S8 ; B L
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Timing of the steel erection to Synchronize the erection with 
Trucking  3.5 hours 
unloading deliveries
shake out 
erections


Value Added vs. OAC -
Wasteful Activities

OVERPRODUCTION WAITING INVENTORY MOVEMENT

REWORK OF
ERRORS

EFFORT
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I\/I O t I O n St u d y ‘Therblig Color  Symbol/Icon Therblig |Color Symbol/Icon
& Engineering ==

Science —

Grasp Lake Red

Use Purple

Disassemble | Violet, Light

Burnt
Orange

Pre-Position | Sky Blue

\\\\\\\\\\\

////7/4’/4///////4’//’
i /////J/////‘"/d’/
JZ{//A///fZ

RTIU I,
\\\\\\\\\‘h\ FONNNANNNANANAMANNNANNNNNANNY

*Hold Gold Ochre Release Load | Carmine Red

¥R~ 1 80

Transport oo Unaidable | yeyjoy ochre
digyers' Plotforn | Transport |y e Green Avoidable |} oo vellow
/ Brick Pie
Airm Mortar Position | Blue Plan Brown
Box ! Bax
Rest for
Assemble EEO]EI’ overcoming | Orange
eavy ;
fatigue

o[ ) > SNe

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

-Gilbreth




Motion Study OAC

—— Maximum work area

A

Mormal work area

Edge of
work height

NW

A
¥

A

MW
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Principles of Motion
1
Simultaneous symmetrical hand pattern
2
No idle or hold time
3
Fewest number of Therbligs
4
Give work to jigs, vises, fixtures, instead of hands
5
preposition tools and parts
6
Smooth continuous motions
7
Lowest classification of body motion
8
Use momentum and ballistic motion
9
Few number of eye fixations
10
Use normal work area
11
Proper workplace height for standing or sitting
12
Fewest number of muscle groupings
13
Use Gravity
14
Keep points of joint work close together
15
Reduce skill needed
16
Increase  understanding of workers
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Too much content
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1. Design 9. Last Planner 16. Start up

2. Estimating 10. Fabrication 17. Commissioning
3. Master Schedule 11. Receiving 18. Punch list

4. Purchasing 12. Installation 19. Owner Training
5. Submittals Qualification 20. Maintenance
6. BIM 13. Billing 21. End User

7. Detailing 14. AHJ Inspections

8. Task based 15. Special Inspections

process chart

e zanrBiv
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Presentation Notes
NOTE – TOO MUCH TEXT

Hand off the information
Interchangeable parts have�interchangeable information
Items 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.
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Door Frames
Door Leaves
Door/Door Frame Hardware
MEP Equipment
Security
Safety Equipment
QR-tags for drawings
Division 9, 15, 16
By room  Data loaded into units.
Actions assigned to the data
RFID for VAV’s under floors
RFID to locate hidden material in walls.
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Presentation Notes
The solution:  model + collaboration (engineer + iron worker + special inspector + superintendent) = �16 prefabricated steel blocks set in five minutes and perfect every time.
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Presentation Notes
BIM’s increased quality of installation allows greater flexibility in the order of installation



General Contractor
HVAC

Pipe fitters
Plumbing

Electrical

GWB

Fire Protection
Glaziers

. Underground Utilities
10 Shoring

11. Structural Excavation 4
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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.  
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Total Cost of

Average
Hours{ Hourly Cost of Cost of Failure Non-
Tasks Task Rate Task |Materials | Costs |Conformance
Find the problem 15 $85 $127.50 $0.00 $127.50
Research background information 1.3 $75 $93.75 $0.00 $93.75
‘Wirite RF] 0.5 $75 $37.50 $0.00 $37.50
Read and research answer 2.0 $75 $150.00 $0.00 $150.00
Feview BFlin OAC Meeting 0.8 $75 $62.50 $0.00 $62.50
Respond and distribute RFI 1.0 $65 $65.00 $0.00 $65.00
Review and distribute RFI 1.0 $65 $65.00 $0.00 $65.00
Review and install New work 2.0 il $170.00 $0.00 $170.00
$0.00 $0.00 $0.00
Total Cost Per Failure £771.25
Cutages/Project a0
1. Lost Opportunity Costs $5,430.00 $5,430.00
2. Lost Assets Costs $0.00 $0.00
3. Lost Business Costs $0.00 $0.00
Additional Failure Costs $5.430.00
Project Field Failure Cost $67.130.00
Customer ar
B asic tazks tafix the problem Lwverage mind60 Loadedrate  Calculated cost  Expenses  Employes founc Total
Return on Investment and Payback
Target Reduction 50%: $33.,565.00
Prevention Costs $10.000.00

ROI

5341



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