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Missing?
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Advanced Work Packaging (AWP)

A construction-driven process that adopts the philosophy 
of “beginning with the end in mind.” 

The work packaging and constraint management process 
removes the guesswork from executing at the workface by 
tightly defining the scope of all work involved, and by 
ensuring that all things necessary for execution are in place.

Construction Industry Institute (CII) RT272
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Design something, create a schedule of 
what, who and when then make sure all 
that is needed is there
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What, who and when
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Separate product design from process design

Proliferation of Era 2 project controls

Lack of understanding of fundamental OS
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TIME TOPIC PRESENTER VENUE

7:30 - 8:30 Breakfast & Registration 

8:30 - 9:00 Welcome Ram Shenoy PhD Plenary – Ballroom

9:00 - 9:45 Call to Action Gary Fischer Plenary – Ballroom

9:45  - 10:00 Break

10:00 - 10:45 Introduction to CAPE Todd Zabelle Yerba Buena B

10:45 - 12:00 Digital Prototyping in Support of CAPE Alex Kunz P.E. Yerba Buena B

12:00  - 12:45 Lunch Plenary – Ballroom

12:45  - 1:15 Keynote Anil Seth Plenary – Ballroom

1:15  - 1:30 PPI Achievement Award Plenary – Ballroom

1:30  - 2:30 Process Design & Validation Roberto Arbulu
Craig Evans

Yerba Buena B

2:30  - 2:45 Break

2:45  - 4:30 Process Design & Validation Roberto Arbulu
Todd Zabelle

Yerba Buena B

4:30  - 5:00 Wrap Up Plenary – Ballroom Plenary – Ballroom
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Production Engineering

Application of engineering material science, operations 
science and related knowledge to define, design and 
optimize production operations and processes
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PROJECT MANAGEMENT

PRODUCTION MANAGEMENT
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Process Design
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PRODUCTION 
ENGINEERING

Materials Engineering

Operations Science

Chemistry

Structural Engineering Construction Technologies

Mechanical Engineering

Electrical Engineering

Kinesiology
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Product Design

Process Design 4D Visualization

3D Product 
Model

First-Run Study Standard Work 
Process Execute Improve
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Product Design Process Design
Operations
Equipment
Tooling

Materials
Joining

Tolerances
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Computer Aided Production Engineering (CAPE)

Application of various computer tools including 4D 
visualization, discrete-event simulation, etc. to define, 
design and optimize production processes and systems
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Role of CAPE in PPM?
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Production System Optimization
Production Engineering
Project Production Control
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Apply?



Copyright 2019 – Project Production Institute

Bottleneck

Critical

Repetitive
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4D Visualizer
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Design, control and improve
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Standard Work Process

Standard Work Process Performance Analysis

PSO using Analytical Model

Continuous Process Improvement Feedback Loop
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Machine Learning
Robotic Process Automation
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Is concrete deck
aligned?

No

Yes

Option 1:
If less than 1/4"

shim L.S.T.

Option 2:
If greater than 1/4"

then weld flat
stock metal piece
to deck closure

Option 3:
If greater than 1/4"
then cut concrete

deck to 1/4"
tolerance

Step 1:
Dismantle

crates

Step 4:
Guy 1 and 2 hold
either end of the

L.S.T. while Guy 3
marks the holes,

9" O.C. onto edge
of concrete deck

Step 5 :
 Guy 1 and 2 starts predrilling
the 3/8" dia. x 4-1/2" holes for

the L.S.T., 9" O.C. This releases
Guy 3 to mark and slide 5/16" x

1" bolt into Slide Carrier
Assembly, 9" O.C.

Step 9:
Drop fire barrier into

joint using jig to
keep in place and
re-align 5/16" x 1"

bolts with
Galvanized Retainer

Step 11:
Guy 1 holds galvanized retainer onto the deck. (fire barrier is

attached on one side with the jig) Guy 2 predrill 3/8" dia. 3-3/4"
holes through fire barrier and galvanized retainer into concrete

deck. He fastens the Main Fire Barrier assembly to concrete deck
with 3/8" x 3" hex head expansion anchors, 18" O.C.

Step 12:
Remove wood
supports from

Main Fire Barrier
Assembly

Step 13:
Install Top Heat
Shield with 1"

galvanized washer
strip and 1/2" W.J.D.,

9" O.C.

Step 14:
Loosely attach

EPDM on flashing
on top of parapet

wall

Step 15:
Install Aluminum Curb

Retainer for roof E.J.C.,
24" O.C. on both sides of
joint over EPDM with 1/4"

x 1" SS lag fastener

Step 16:
Loosely attach Turnbar, 24"
O.C. to aluminum roof cover

plates with SS hex head
machine screw, washer,
rubber washer and PVC

spacer

Step 17:
Install one side of Turnbar
into Curb Retainer. Lower

cover plate and attach
opposite side

Step 18:
Tighten Turnbar  bolts

until cover plate is
securely attached .
Note: Do not over

tighten

Yes

Step 19:
Install Splice Covers
over butt joint in Roof

Cover Plate. Set in
sealant and fasten

into Cover Plate with
#8 x 1/2" W.J.D. Four

per Splice Cover

Step 21:
Install Exterior Wall
Joint assembly after

Roof Expansion Joint
Cover Plate

Step 20:
Install Exterior Wall to
Roof Cover Transition

Assemblies

Deck Aligned

Yes

Yes

Notes:
1. Make wood supports the same dimension as the joint width to
keep the fire barrier to the correct width.
2. Two sections of Lateral Slide Track need to be installed before
any fire barrier because the fire barrier is 120" plus 6" splice
flange
3. The fire barrier terminates 6" into the outside parapet wall and
the Penthouse wall.
4. Stop the Roof Cover Plate 21" from the Penthouse wall
5. Make sure the Slide Lateral Slide Carrier Assembly slides along
the length of the Lateral Slide Track so it does not bind
6. The alignment of the concrete deck will determine the side on
which the Lateral Slide Track is installed

Step 6:
Place Tadpole Gasket to backside of L.S.T.
Guy 3 holds the L.S.T. and tadpole gasket
against the deck while Guy 1 and 2 install
an expansion anchor at either end of the
L.S.T. Guy 2 puts Splice Line-Up piece

behind L.S.T. and tightens to the required
torque. Guy 1 and 2 continue to install and
torque the remaining expansion anchors.
This releases guy 3 to get Lateral Slide

Carrier Assembly.

ME T H O D 'O F 'P R O C E D U R E ' -' E X T E R IO R 'R O O F 'E X P AN S IO N ' J O IN T 'C O V E R 'A S S E MB L IE S

Step 10:
Bolt Main Fire Barrier

Assembly to Slide
Carrier Assembly, 9"

O.C.

Step 3:
Strike line for
top of L.S.T.

on deck

R e v-1 ' '3 /9 /9 9

2 3
3 3

3 32
3

2

2
1 2 2

Step 2:
Predrill holes
on galvanized

retainer

1

Step 7:
Slide Lateral Slide
Carrier Assembly
into L.S.T., shim

as necessary

Step 8:
Attach Main Fire Barrier

Assembly to jig in
preparation for lifting

into joint
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Pacific Contracting

Step No. Description Time per activity

Dismantel crate before predrilling

Predrill holes on galvanized retainer (10' length) 3 mins

1 Strike line for top of L.S.T. on concrete deck done

2 Mark holes for L.S.T. onto concrete deck done

3 Predrilling 3/8" dia. x 4-1/2" holes for L.S.T. into deck

Predrill retainer and attach jig 4 mins 38 sec

4
Tape tadpole gasket to backside of L.S.T.. Guy 3 installs 
expansion anchors

and splice line-up piece. 

5 Slide Lateral Slide Carrier Assembly into Lateral Slide Track 6 mins 10 sec

6 Slide 5/16" x 1" bolts into Slide Carrier Assembly 5mins

Realign bolts in Slide Carrier Assembly 2 mins

7
Drop fire barrier into joint and align bolts with Galvanized 
Retainer 2 mins 48 sec

8 Bolt main Fire Barrier assembly to Slide Carrier Assembly

9
Predrill 3/8" dia. x 3-3/4" holes through fire barrier into 
concrete deck 31 mins 01 sec

anchor and fasten

10 Remove wood supports from Main Fire Barrier Assembly 6 min 18 sec

Caulk the joint between the fire barrier 14 min 57 sec

11 Install Top Heat Shield to Galvanized Retainer 7 mins 50 sec

12 Loosely attach EPDM to parapet wall

13 Install Aluminum Curb Retainer over EPDM onto parapet wall

14 Attach turnbar assembly to aluminum curb retainer

15 Fasten Splice covers to Roof Cover Plate
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Digital Prototype
Computer Aided Production Engineering

04 December 2019
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1. Current state approach vs Data-driven (Print drawings vs. 
Program robots)

2. Requirements: How to organize the data (use cases, 
product structure)

3. Product Data Management (Catalogs, reuse, taxonomies)

4. Interfaces & Precision
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What does a program catalog look like

VW MQB platform used as basis for up 
to sixty vehicle designs

There’s no time – get it built



Copyright 2019 – Project Production Institute

What does a program catalog look like

VOLKSWAGENVOLKSWAGEN
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What does design data look like
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What does design data look like
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What does design data look like
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Take the data to NC

NC manufacture NC assemble
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Or additive
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Event-based motion
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What are the use-cases for the data
How do we get to it
What is the product architecture
How do we evaluate it

Requirements
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Requirements
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Requirements
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Requirements
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Requirements
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Product Data Management

Expose the WIP

Just enough version control

Managed re-use



Copyright 2019 – Project Production Institute

Product Data Management
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Product Data Management
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Interfaces & Precision
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Interfaces & Precision
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Interfaces & Precision
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Interfaces & Precision
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Lunch
Computer Aided Production Engineering

04 December 2019
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Process Design
Computer Aided Production Engineering

04 December 2019
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Product Design

Process Design 4D Visualization

3D Product 
Model

First-Run Study Standard Work 
Process Execute Improve
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OIL PIPELINE EXPANSION LOOPS 93 loops
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3,300 Precast Boxes

~ 8 Tons Each
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Product Design 
(2D Drawings)

Digital Prototype
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Precast boxes Use of precast boxes 
for loop assembly

>
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How are you planning to build it?
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What we got
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Fabricate & Assemble Transport Install
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Rebar & Formwork

Concrete & Curing

Bottom 
Coating

Process output     = Precast ready for transport    = 
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Process time per cage: 2 hours 58.6 min. 

Fabricate & Assemble Rebar Cage
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Aggregated 
Steps Detailed Process Steps Tools / 

Equipment
# of Workers 

per Step
Process 

Time (min.)
Amount of 
Work Per 

Cage

Process 
Time Per 

Cage

Worker
Minutes 

Per Cage

1. Cut Rebar

Move Stock Bar to Cutoff 
(1 bar = 3 cut pieces) -- 2 0.43 28 bars 12.0 24.0

Measure, Cut and Place on 
the Ground

Positioning 
Gage Stand, 
Rebar Shear

2 0.20 86 cuts 17.2 34.4

2. Bend Rebar

Move Stock To Bender
(6 Pieces at a time) -- 2 0.46 14 6.4 12.8

Measure, Bend and Place on 
the Ground

Tape Measure,
Rebar Bender 2 0.46 82 37.7 75.4

3. Assemble 
Cage

Move Rebar to Assembly 
Position -- 3 11.30 1 11.3 33.9

Measure, Layout and Mark
(Bottom grid + 1 side times 2)

Tape Measure,
Paint Pen 4 3.42 2 6.8 27.2

Get Rebar and Position -- 2 0.27 86 23.2 46.4

Tie Rebar
(256 ties per cage) 

Hand Tie-Wire
Twist Tool 

2
(1 Tie, 1 Hold) 0.25 256 64.0 128

TOTAL 178.6 382.1
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Rebar cutting operation requires excessive bending and lifting 
movements (ergonomics) for two workers

Less than optimal rebar surplus observed - no material 
optimization effort

Automatic Rebar Bending Machine is not tooled for all forms of 
geometry, so machine capacity utilization is almost zero

Rebar position placement for assembly operation (high 
repetition) not gaged

Rebar tying tool is antiquated and can be further optimized
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Rebar position placement not gaged Current Rebar Tying Tool
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Better tooling
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Apply bitumen coating

Place concrete

Strip form and load to trailer

Unbolt form / take exterior sides off

Place Concrete & Strop Forms
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Aggregated Steps Detailed Process Steps Tools / 
Equipment

# of Workers 
per Step

Process 
Time
(min.)

Amount of 
Work Per Box

Process Time 
Per Box 

(min.)

Worker
Minutes 
Per Box

1. Place 
Concrete

Move Truck to Position 6 1.21 1 1.2 7.2

Pour and Vibrate 
Concrete

Shovel, 
Concrete 
Vibrator

5 13.6 1 13.6 68.0

Screed and Finish Top Straight Edge 2 62 1 6.2 12.4

2. Cure Cure 0 2 Days 1 2 Days 0

3. Apply Bitumen 
to Box Bottom

Roll On Bitumen 
Coating Roller 1 28.4 1 28.4 28.4

4. Strip Form

Remove Bolt
Box End 
Wrench, Breaker 
Bar

1 .78 112 87.4 87.4

Rig Rack to Box Lifting Rack 2 3.0 1 3.0 6.0

Lift Box from Form, 
move to trailer & 
Decouple

Lifting Rack, 
Crane

4: 3 ground, 
1 operator 6..4 1 6.4 25.6

TOTAL 146.2 * 235.0 
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Formwork sides being manually placed, which required six 
workers plus being an operation exposed to safety risks. Better 
to use crane and the Lift Hooks provided (if so, crane utilization 
levels must be checked)

Safer work at height procedures needs to be observed during 
concrete placement operations (e.g., no straddling forms, use 
rolling platform, etc.)

Use impact guns for formwork bolt up instead of wrench and 
breaker bar
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>
Product Design – Corner Box Final Corner Box
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Loading / Offloading
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Connect frame to box Load box on truck Transport to flipper and 
load box on flipper

Raise box 90 degrees Lower box 90 degrees Load flipped box on truck
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Current (15 steps)

Lift and flip (8 steps) 28% cycle time reduction
42% labor time reduction
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Install



Copyright 2019 – Project Production Institute

Aggregated Steps Detailed Process Steps Tools / Equipment # of Workers 
per Action

Total Minutes 
Per Step

Total Worker 
Minutes
Per Step

1. Prep Install Site (in parallel)

Position crane Crane 2 25 50

Position T1 truck Truck 2 3 6

Supply support equipment
Slings, hook tool, Lift 
frame, Spacer blocks, 
Ladder, Tag Lines

1 10 10

2. Unload T1 Truck Hook, lift, place, unhook T1 box
Crane Truck, Lift 
Frame, Ladder, Tag 
Lines

6 6.4 38.4

2. Prep Install Site Position T3/T2 truck Truck 2 3 6

4. Unload T2/T3 Truck

Hook, lift, place with dowels, unhook 
first T2 box 

Crane Truck, Lift 
Frame, Ladder, Tag 
Lines

6 17.8 106.8

Hook, lift, place, unhook second T2 
box

Crane Truck, Lift 
Frame, Ladder, Tag 
Lines

6 11.6 69.6

Hook, lift, place, unhook T3 box
Crane Truck, Lift 
Frame, Ladder, Tag 
Lines

6 11.5 69.0

TOTAL 88.3 355.8

Install – 4 boxes



Copyright 2019 – Project Production Institute

>
Lift Frame Light Lift Frame & Slings



Copyright 2019 – Project Production Institute

>
Product Design – Blinding Concrete Blinding Concrete - Field
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Hand tool to position dowels Move dowel into position between boxes
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>
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Bill of Material (BOM) Bill of Process (BOP)
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Construction Process Equipment Use (Space / Time Conflict)

4D Visualizations
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Break
Computer Aided Production Engineering

04 December 2019
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Process Design
Computer Aided Production Engineering

04 December 2019
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Large Scale & Global Deployment of EV Infrastructure
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Deploy a site in one day
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Construction

Manufacturing

Software
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Wall Mount
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Pole Mount
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Site Visit

Field Studies & Product Analysis (v0)

Process Design Optimization & Product Analysis (V0 bracket)

First Run Study / Proof of Concept - Israel

Process Design Optimization & Product DfX Optimization (V1)

First Run Study / Proof of Concept LDSC - Denmark
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Site Visit

Field Studies & Product Analysis (v1)

Process Design Optimization & Product Analysis (V1 bracket)

First Run Study / Proof of Concept - Israel

Process Design Optimization & Product DfX Optimization (v2)

First Run Study / Proof of Concept LDSC - Denmark
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Site Visit

Field Studies & Product Analysis (v1)

Process Design Optimization & Product Analysis (V1 bracket)

First Run Study / Proof of Concept - Israel

Process Design Optimization & Product DfX Optimization (v2)

First Run Study / Proof of Concept LDSC - Denmark
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Drill 4 
Level Holes

Insert 4 
Dibels

Insert 
Wires

Attach 
Base Bracket 

to Wall
Cut Cable 

Gland

Insert 
Cables into 

Base Bracket
Insert 

Cable Gland
Attach 
Bracket

Take out 
Cables 

Through 
Bracket

Attach Plastic 
Lid

Stick Metal 
Label

Flip Outside 
Down the 

Top Terminal 
Bracket

Reattach Top 
Terminal 
Bracket

Place Shell 
on Bracket

Take out 
Cables 

Through WM
Shell

Attach WM 
Shell

Attach 
Grounding 
Cable to 
G. Screw 

Attach 
Cables to 
Terminal 
Bracket

Insert & Attach
Main Unit

Attach Main 
Units Cable to 

Terminal 

Turn on 
Switches 

Slide in 
Top Cover Loosen Screws

Push 
upwards 
the socket

Tighten Screws

Attach Top
Cover 

Insert & Attach 
Rosettes

>
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PM
Charge 
Spot
Unit

Vault

Pre-Assembly Strategy (Initial Phase)

Conduit Conduit
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Screw HEX 
Nuts into Base

Place Leveling 
Tool

Level Nuts & 
Remove Tool

Attach 
Terminal Block 

to Concrete 
Base

Connect 
Infrastructure 

Cables to Block

Connect 
Fastener to 
Grounding 

Cables

Flip Outside 
Down the 

Top Terminal 
Bracket

Reattach Top 
Terminal 
Bracket

Place Shell 
on Concrete Attach Shell

Attach 
Grounding 
Cable to 
G. Screw

Attach 
Cables to 
Terminal 
Bracket

Insert Screw 
Caps 

on concrete

Clean Label 
Cavity Place Label

Insert & Attach
Main Unit

Attach Main 
Units Cable to 

Terminal

Turn on 
Switches

Slide in 
Top Cover Loosen Screws

Push 
upwards 
the socket

Tighten Screws Attach Top
Cover 

Insert & Attach 
Rosettes

>
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Screw HEX 
Nuts into Base

Place Leveling 
Tool

Level Nuts & 
Remove Tool

Attach 
Terminal Block 

to Concrete 
Base

Connect 
Infrastructure 

Cables to Block

Connect 
Fastener to 
Grounding 

Cables

Flip Outside 
Down the 

Top Terminal 
Bracket

Reattach Top 
Terminal 
Bracket

Place Shell 
on Concrete Attach Shell

Attach 
Grounding 
Cable to 
G. Screw

Attach 
Cables to 
Terminal 
Bracket

Insert Screw 
Caps 

on concrete

Clean Label 
Cavity Place Label

Insert & Attach
Main Unit

Attach Main 
Units Cable to 

Terminal

Turn on 
Switches

Slide in 
Top Cover Loosen Screws

Push 
upwards 
the socket

Tighten Screws Attach Top
Cover 

Insert & Attach 
Rosettes
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PRODUCTION 
ENGINEERING

Materials Engineering

Operations Science

Chemistry

Structural Engineering Construction Technologies

Mechanical Engineering

Electrical Engineering

Kinesiology
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Site Visit

Field Studies & Product Analysis (v1)

Process Design Optimization & Product Analysis (V1 bracket)

First Run Study / Proof of Concept - Israel

Process Design Optimization & Product DfX Optimization (v2)

First Run Study / Proof of Concept LDSC - Denmark
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>
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Room for Improvement
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Room for Improvement
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Site Visit

Field Studies & Product Analysis (v1)

Process Design Optimization & Product Analysis (V1 bracket)

First Run Study / Proof of Concept - Israel

Process Design Optimization & Product DfX Optimization (v2)

First Run Study / Proof of Concept LDSC - Denmark
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Metal Plate 
Welded to 
Planted Root 
Component

Consider: The pipe is 13cm in diameter. 
the top is 16cm in diameter. The bottom 
plate 30 x 30cm. Height - 40 cm. 
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Layout WM Unit
(locate position of 

4 anchors)

Drill Holes
(4 anchors)

Place Fasteners
(4 anchors)

Place Nuts on 
Fasteners
(4 nuts)

Place Leveling 
Plate on the nuts

Adjust Nuts to 
Level the Plate

Remove Leveling 
Tool

Position Bracket 
Box against 
leveled nuts

Install securing 
nuts 

(4 nuts)

Attach FT Water 
Cover & FT to 

Bracket
(2 screws)

Run Raceway & 
Cables from JB to 

WM Bracket

Strip & Connect 
Cables (power & 

com) to FT 

Position WM CSU 
(tabs inserted into 

bracket)

Secure WM CSU
(4 screws)

Test Com & Set 
Dip Switches

Test Power

Remove Front 
Cover of WM CSU
(6 captive screws)

Remove SIM Card 
Cover 

(4 screws)

Install SIM Card
Replace SIM Card 

Cover 
(4 screws)

Replace Front 
WM CSU Cover

(6 captive screws)
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Wrap Up
Computer Aided Production Engineering

04 December 2019
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BACK UP SLIDES
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Remove crash deck 

Install temporary steel supports

Install 7 sections of Orthotropic deck

Earth and Bond Orthotropic Deck

Install 2 Plate Girders (65 & 105 Ton)

Install 5 M-Beams (30 Ton each) 

51 Hours to Execute Work

FLEET SEWER POSESSION
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Build Digital Prototype
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2D Drawings Digital Prototype
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4D Visualization: Product + Production Process
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Completed 14 hours faster
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TRAIN UNDERGROUND TUNNEL
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CAPE using Immerse Virtual Reality
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