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Site photo of SE elevation during construction

PROJECT STATISTICS

Location: East Coast, USA
Building Type: Apartment Building
Number of Units: 165
Project Size: 150,000 SF
Number of Stories: 10 above + 2 below
Contract Amount: $29,949,641
Contract Type: Negotiated GMP
Construction Dates: 2.11.13 - 2.19.15
Owner: BMPI, LLC
GC: John Moriarty and Associates
Architect: Rust Orling Architecture



The Apartment Building B. Kerem Demirci

Construction Option
Introduction

Analysis 2: 
Exterior Enclosure Acceleration

Analysis 3: 
SIPS for Interior Fit-out

Analysis 4: 
Tools to Support SIPS Implmentation

Final Recommendation

Rendering of South elevation

LAW OF THREE FRAMEWORK

ACTIVATING FORCES RESTRAINING FORCES

COMPROMISE

RECONCILING FORCE
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ANALYSIS OVERVIEW

ANALYSIS 1
Effect of Eco Certifications on Marketability

ANALYSIS 2
Exterior Enclosure Acceleration

ANALYSIS 3
SIPS for Interior Fit-out

ANALYSIS 4
Tools to Support SIPS Implementation

Critical Industry Research

Breadth 1: Thermal and Hygrothermal Analysis of PBVSS System

Breadth 2: Structural Analysis of PBVSS System





Analysis 2
Exterior Enclosure Acceleration
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PROBLEM IDENTIFICATION

ACTIVATING FORCES
• Timely turnover of floors
• High quality construction
• Maintain budget

RESTRAINING FORCES
• 26 day weather delay
• Learning curve for masonry

COMPROMISE
Schedule extension

RECONCILING FORCE
Prefabrication of masonry
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PROBLEM IDENTIFICATION

ACTIVATING FORCES
• Timely turnover of floors
• High quality construction
• Maintain budget

RESTRAINING FORCES
• 26 day weather delay
• Learning curve for masonry

COMPROMISE
Schedule extension

RECONCILING FORCE
Prefabrication of masonry

Benefits
• Schedule reduction
• Cost reduction
• Improved safety
• Improved quality
• Waste reduction
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PROBLEM IDENTIFICATION METHODOLOGY

ACTIVATING FORCES
• Timely turnover of floors
• High quality construction
• Maintain budget

RESTRAINING FORCES
• 26 day weather delay
• Learning curve for masonry

COMPROMISE
Schedule extension

RECONCILING FORCE
Prefabrication of masonry

Research 
prefabrication

Review original 
brick veneer 

assembly

Propose a 
prefabricated 

assembly

Determine 
transportation 

constraints

Determine 
cranage 

constraints

Sequencing and 
layout

Schedule impact Cost impact

Benefits
• Schedule reduction
• Cost reduction
• Improved safety
• Improved quality
• Waste reduction
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NW Elevation

Facade Material Quantities

Brick and Mortar Types

ORIGINAL BRICK VENEER ORIGINAL BRICK VENEER
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PROPOSED PREFABRICATED SYSTEM ORIGINAL BRICK VENEER
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PBVSS construction photos (Liang and Memari 2011)

PROPOSED PREFABRICATED SYSTEM
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Constraints (Department of Transporation)

Max length: 53 ft

Max width: 102in.

Max height: 13ft 5in

Constraints (Potain)

Max capacity: 20,000 lbs

Critical pick at 196ft: 13,230 lbs

TRANSPORTATION AND CRANAGE CONSTRAINTS
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Weight of PBVSS Panel

Maximum Panel Dimensions and Weight

Constraints (Department of Transportation)

Max length: 53 ft

Max width: 102in.

Max height: 13ft 5in

Constraints (Potain)

Max capacity: 20,000 lbs

Critical pick at 196ft: 13,230 lbs

TRANSPORTATION AND CRANAGE CONSTRAINTS PANEL SIZING
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PANEL SEQUENCING
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Total Panel Count

NW Elevation Panel Count

PANEL SEQUENCING PANEL LOCATIONS

NW Elevation Panel Breakdown
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SCHEDULE IMPACT

Activity
Cut structural members
Weld structural frame
Install steel back up
Install plywood sheathing
Install batt insulation
Install rigid insulation
Install air barrier
Install rigid insulation
Install brick veneer

Duration (Hours)
0.30
1.00
1.50
1.15
1.01
0.54
0.45
0.54
3.67

8 am 9 am 10 am 11am 12 pm 1 pm 2 pm 3 pm 4 pm 5 pm 6 pm

10.15 Hours

Typical PBVSS Panel Construction ScheduleConstruction Duration of a Typical PBVSS Panel
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SCHEDULE IMPACT

Activity
Cut structural members
Weld structural frame
Install steel back up
Install plywood sheathing
Install batt insulation
Install rigid insulation
Install air barrier
Install rigid insulation
Install brick veneer

Duration (Hours)
0.30
1.00
1.50
1.15
1.01
0.54
0.45
0.54
3.67

8 am 9 am 10 am 11am 12 pm 1 pm 2 pm 3 pm 4 pm 5 pm 6 pm

7.96 Hours

Typical PBVSS Panel Construction ScheduleConstruction Duration of a Typical PBVSS Panel
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SCHEDULE IMPACT

Activity
Frame/ Sheath/ Tyvek
Install Brick Veneer

Duration (Days)
77
67

3/4

77 Days

Original Schedule
3/16 3/30 4/13 4/27 5/11 5/25 6/8 6/22 7/6 7/20 8/3 8/17

Activity
Offsite Prefab
Onsite Hoisting and Install

Duration (Days)
59
33

3/4

63 Days

PBVSS Schedule
3/16 3/30 4/13 4/27 5/11 5/25 6/8 6/22 7/6 7/20 8/3 8/17

Brick construction decreased by 14 days (onsite and offsite)

Construction Duration of a Typical PBVSS Panel
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SCHEDULE IMPACT

Activity
Frame/ Sheath/ Tyvek
Install Brick Veneer

Duration (Days)
77
67

3/4

Original Schedule
3/16 3/30 4/13 4/27 5/11 5/25 6/8 6/22 7/6 7/20 8/3 8/17

Activity
Offsite Prefab
Onsite Hoisting and Install

Duration (Days)
59
33

3/4

44 Days Onsite 
Schedule Savings

PBVSS Schedule
3/16 3/30 4/13 4/27 5/11 5/25 6/8 6/22 7/6 7/20 8/3 8/17

Construction Duration of a Typical PBVSS Panel
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COST IMPACT

Original Brick Veneer Estimate PBVSS Estimate



The Apartment Building B. Kerem Demirci

Construction Option
Introduction

Analysis 2: 
Exterior Enclosure Acceleration

Analysis 3: 
SIPS for Interior Fit-out

Analysis 4: 
Tools to Support SIPS Implmentation

Final Recommendation

Original Brick Veneer Estimate PBVSS Estimate

Cost difference: + $70,132

COST IMPACT



The Apartment Building B. Kerem Demirci

Construction Option
Introduction

Analysis 2: 
Exterior Enclosure Acceleration

Analysis 3: 
SIPS for Interior Fit-out

Analysis 4: 
Tools to Support SIPS Implmentation

Final Recommendation

3D rendering of structure

Ensure the existing post-tensioned structure can support the additional weight from the PBVSS system

BREADTH 2: STRUCTURAL ANALYSIS OF PBVSS
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3D rendering of structure

Moment 
Coefficient 

Approximation 

Allowable Stress 
Analysis

If structure does 
not support, then 

redesign

Ensure the existing post-tensioned structure can support the additional weight from the PBVSS system

BREADTH 2: STRUCTURAL ANALYSIS OF PBVSS METHODOLOGY
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4th Floor Slab Edge

18.75 ft.24 ft. 24 ft.

297k (banded)

15 ft.

MOMENT COEFFICIENT APPROXIMATION
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4th Floor Slab Edge

18.75 ft.24 ft. 24 ft.

297k (banded)

15 ft.

18.75 ft.24 ft. 24 ft.

wShear 
Diagram

18.75 ft.24 ft. 24 ft.
Moment 
Diagram

-Mint-Mint

+Mint

MOMENT COEFFICIENT APPROXIMATION
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18.75 ft.

7"

297k Banded
(8) 1/2" dia. Tendons

ALLOWABLE STRESS ANALYSIS

Allowable Stress Analysis Equations
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STRUCTURAL ANALYSIS OF EXISTING

Original Design Loads

Moment Coefficients Analysis

Allowable Stress Analysis
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STRUCTURAL ANALYSIS OF EXISTING STRUCTURAL ANALYSIS WITH PBVSS SYSTEM

Original Design Loads

Moment Coefficients Analysis

Allowable Stress Analysis

Original Design Loads

Moment Coefficients Analysis

Allowable Stress Analysis





Analysis 3
SIPS for Interior Fit-out
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ACTIVATING FORCES
• Efficient turnover of floors
• Repetative process
• High level of quality
• Increased communication 

RESTRAINING FORCES
• Phased occupancy
• Extended punchlist
• Separate quality control 

procedure 

COMPROMISE
Rely on CPM schedule

RECONCILING FORCE
Short interval production scheduleing 

(SIPS) for interior fit-out

PROBLEM IDENTIFICATION
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ACTIVATING FORCES
• Efficient turnover of floors
• Repetative process
• High level of quality
• Increased communication 

COMPROMISE
Rely on CPM schedule

RECONCILING FORCE
Short interval production scheduleing 

(SIPS) for interior fit-out
Benefits

• Eliminate stacking of trades
• Minimize learning curve
• Increase production
• Increase quality control
• Increase communication
• Improve housekeeping

PROBLEM IDENTIFICATION

RESTRAINING FORCES
• Phased occupancy
• Extended punchlist
• Separate quality control 

procedure 
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ACTIVATING FORCES
• Efficient turnover of floors
• Repetative process
• High level of quality
• Increased communication 

COMPROMISE
Rely on CPM schedule

RECONCILING FORCE
Short interval production scheduleing 

(SIPS) for interior fit-out

Research SIPS 
case studies

Create generalized 
SIPS process map

Apply SIPS to The 
Apartment Building

Benefits
• Eliminate stacking of trades
• Minimize learning curve
• Increase production
• Increase quality control
• Increase communication
• Improve housekeeping

PROBLEM IDENTIFICATION METHODOLOGY

RESTRAINING FORCES
• Phased occupancy
• Extended punchlist
• Separate quality control 

procedure 
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Start SIPS

Develop SIPS

1. Specify 
activities

2. Quantify 
activities

3. Assign 
production 

rates

4. Calculate 
extensions and 

set goals

5. Develop 
matrix 

schedule

Create 
Mock-up

Team review of 
mock-up

Begin 
construction

Team review 
of SIPS

Does mock-up 
validate SIPS?

Determine 
buffer 

mechanisms

Weekly trade 
sign-off

Work was 
completed...

Weekend work

Is this a normal 
occurance?

Adjust 
production 

rates and crew 
sizes

Proceed with 
SIPS

Is this the last 
zone?

End SIPS
Populate 

production 
rate database

No Yes

Yes

No

Late

Early

On time

Yes

No

Part 1: Schedule 
Development Part 2: Implementation

GENERALIZED SIPS PROCESS MAP
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Start SIPS

Develop SIPS

1. Specify 
activities

2. Quantify 
activities

3. Assign 
production 

rates

4. Calculate 
extensions and 

set goals

5. Develop 
matrix 

schedule

Create 
Mock-up

Team review of 
mock-up

Begin 
construction

Team review 
of SIPS

Does mock-up 
validate SIPS?

Determine 
buffer 

mechanisms

Weekly trade 
sign-off

Work was 
completed...

Weekend work

Is this a normal 
occurance?

Adjust 
production 

rates and crew 
sizes

Proceed with 
SIPS

Is this the last 
zone?

End SIPS
Populate 

production 
rate database

No Yes

Yes

No

Late

Early

On time

Yes

No

Part 2: Implementation

1. Specify Activities

Frame metal studs Duct rough-in Sprinkler rough-in Plumbing rough-in

Electrical rough-in Insulate walls Hang and finish 
drywall

Paint textured 
ceilings

Prime paint Install prehungs
Install kitchen 
cabinets and 

counters
Install ceramic tile

Finish paint Lay flooring
Install appliances, 

mirrors, and 
shelving

Install entry doors

GENERALIZED SIPS PROCESS MAP PART 1: SCHEDULE DEVELOPMENT
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Apartment Units per Floor

6th and 7th floor zone breakdown and sequencing Vertical sequencing (west elevation)

Start SIPS

Develop SIPS

1. Specify 
activities

2. Quantify 
activities

3. Assign 
production 

rates

4. Calculate 
extensions and 

set goals

5. Develop 
matrix 

schedule

Create 
Mock-up

Team review of 
mock-up

Begin 
construction

Team review 
of SIPS

Does mock-up 
validate SIPS?

Determine 
buffer 

mechanisms

Weekly trade 
sign-off

Work was 
completed...

Weekend work

Is this a normal 
occurance?

Adjust 
production 

rates and crew 
sizes

Proceed with 
SIPS

Is this the last 
zone?

End SIPS
Populate 

production 
rate database

No Yes

Yes

No

Late

Early

On time

Yes

No

Part 2: Implementation

GENERALIZED SIPS PROCESS MAP PART 1: SCHEDULE DEVELOPMENT
1. Specify Activities
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Start SIPS

Develop SIPS

1. Specify 
activities

2. Quantify 
activities

3. Assign 
production 

rates

4. Calculate 
extensions and 

set goals

5. Develop 
matrix 

schedule

Create 
Mock-up

Team review of 
mock-up

Begin 
construction

Team review 
of SIPS

Does mock-up 
validate SIPS?

Determine 
buffer 

mechanisms

Weekly trade 
sign-off

Work was 
completed...

Weekend work

Is this a normal 
occurance?

Adjust 
production 

rates and crew 
sizes

Proceed with 
SIPS

Is this the last 
zone?

End SIPS
Populate 

production 
rate database

No Yes

Yes

No

Late

Early

On time

Yes

No

Part 2: Implementation

GENERALIZED SIPS PROCESS MAP PART 1: SCHEDULE DEVELOPMENT
2. Quantify Activities

Typical Unit Quantities (One Bedroom B9)



The Apartment Building B. Kerem Demirci

Construction Option
Introduction

Analysis 2: 
Exterior Enclosure Acceleration

Analysis 3: 
SIPS for Interior Fit-out

Analysis 4: 
Tools to Support SIPS Implmentation

Final Recommendation

Start SIPS

Develop SIPS

1. Specify 
activities

2. Quantify 
activities

3. Assign 
production 

rates

4. Calculate 
extensions and 

set goals

5. Develop 
matrix 

schedule

Create 
Mock-up

Team review of 
mock-up

Begin 
construction

Team review 
of SIPS

Does mock-up 
validate SIPS?

Determine 
buffer 

mechanisms

Weekly trade 
sign-off

Work was 
completed...

Weekend work

Is this a normal 
occurance?

Adjust 
production 

rates and crew 
sizes

Proceed with 
SIPS

Is this the last 
zone?

End SIPS
Populate 

production 
rate database

No Yes

Yes

No

Late

Early

On time

Yes

No

Part 2: Implementation

GENERALIZED SIPS PROCESS MAP PART 1: SCHEDULE DEVELOPMENT
3. Assign production rates

Budget Production of Activities (2nd Floor)
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Start SIPS

Develop SIPS

1. Specify 
activities

2. Quantify 
activities

3. Assign 
production 

rates

4. Calculate 
extensions and 

set goals

5. Develop 
matrix 

schedule

Create 
Mock-up

Team review of 
mock-up

Begin 
construction

Team review 
of SIPS

Does mock-up 
validate SIPS?

Determine 
buffer 

mechanisms

Weekly trade 
sign-off

Work was 
completed...

Weekend work

Is this a normal 
occurance?

Adjust 
production 

rates and crew 
sizes

Proceed with 
SIPS

Is this the last 
zone?

End SIPS
Populate 

production 
rate database

No Yes

Yes

No

Late

Early

On time

Yes

No

Part 2: Implementation

GENERALIZED SIPS PROCESS MAP PART 1: SCHEDULE DEVELOPMENT
4. Calculate Extensions and Set Goals

Required Crew Size for Activities (2nd Floor, 18 units)
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Start SIPS

Develop SIPS

1. Specify 
activities

2. Quantify 
activities

3. Assign 
production 

rates

4. Calculate 
extensions and 

set goals

5. Develop 
matrix 

schedule

Create 
Mock-up

Team review of 
mock-up

Begin 
construction

Team review 
of SIPS

Does mock-up 
validate SIPS?

Determine 
buffer 

mechanisms

Weekly trade 
sign-off

Work was 
completed...

Weekend work

Is this a normal 
occurance?

Adjust 
production 

rates and crew 
sizes

Proceed with 
SIPS

Is this the last 
zone?

End SIPS
Populate 

production 
rate database

No Yes

Yes

No

Late

Early

On time

Yes

No

Part 2: Implementation

GENERALIZED SIPS PROCESS MAP PART 1: SCHEDULE DEVELOPMENT
5. Develop Matrix Schedule

Matrix Schedule for 2nd through 10th Floor
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Start SIPS

Develop SIPS

1. Specify 
activities

2. Quantify 
activities

3. Assign 
production 

rates

4. Calculate 
extensions and 

set goals

5. Develop 
matrix 

schedule

Create 
Mock-up

Team review of 
mock-up

Begin 
construction

Team review 
of SIPS

Does mock-up 
validate SIPS?

Determine 
buffer 

mechanisms

Weekly trade 
sign-off

Work was 
completed...

Weekend work

Is this a normal 
occurance?

Adjust 
production 

rates and crew 
sizes

Proceed with 
SIPS

Is this the last 
zone?

End SIPS
Populate 

production 
rate database

No Yes

Yes

No

Late

Early

On time

Yes

No

Part 2: Implementation

GENERALIZED SIPS PROCESS MAP PART 1: SCHEDULE DEVELOPMENT
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Start SIPS

Develop SIPS

1. Specify 
activities

2. Quantify 
activities

3. Assign 
production 

rates

4. Calculate 
extensions and 

set goals

5. Develop 
matrix 

schedule

Create 
Mock-up

Team review of 
mock-up

Begin 
construction

Team review 
of SIPS

Does mock-up 
validate SIPS?

Determine 
buffer 

mechanisms

Weekly trade 
sign-off

Work was 
completed...

Weekend work

Is this a normal 
occurance?

Adjust 
production 

rates and crew 
sizes

Proceed with 
SIPS

Is this the last 
zone?

End SIPS
Populate 

production 
rate database

No Yes

Yes

No

Late

Early

On time

Yes

No

Part 1: Schedule 
Development Part 2: Implementation

GENERALIZED SIPS PROCESS MAP
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Start SIPS

Develop SIPS

1. Specify 
activities

2. Quantify 
activities

3. Assign 
production 

rates

4. Calculate 
extensions and 

set goals

5. Develop 
matrix 

schedule

Create 
Mock-up

Team review of 
mock-up

Begin 
construction

Team review 
of SIPS

Does mock-up 
validate SIPS?

Determine 
buffer 

mechanisms

Weekly trade 
sign-off

Work was 
completed...

Weekend work

Is this a normal 
occurance?

Adjust 
production 

rates and crew 
sizes

Proceed with 
SIPS

Is this the last 
zone?

End SIPS
Populate 

production 
rate database

No Yes

Yes

No

Late

Early

On time

Yes

No

Part 1: Schedule 
Development

GENERALIZED SIPS PROCESS MAP PART 2: IMPLEMENTATION

Continuous Improvement
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Start SIPS

Develop SIPS
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activities
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3. Assign 
production 

rates

4. Calculate 
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set goals

5. Develop 
matrix 
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Mock-up

Team review of 
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construction

Team review 
of SIPS

Does mock-up 
validate SIPS?

Determine 
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Weekly trade 
sign-off
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completed...
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occurance?

Adjust 
production 

rates and crew 
sizes
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SIPS

Is this the last 
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Populate 

production 
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No Yes

Yes

No

Late
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On time
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No

GENERALIZED SIPS PROCESS MAP





Analysis 4
Tools to Support SIPS Implementation



The Apartment Building B. Kerem Demirci

Construction Option
Introduction

Analysis 2: 
Exterior Enclosure Acceleration

Analysis 3: 
SIPS for Interior Fit-out

Analysis 4: 
Tools to Support SIPS Implmentation

Final Recommendation

ACTIVATING FORCES
• Timely turnover of floors
• High quality construction
• Maintain budget
• Availability of technology
• Need for production 

management

RESTRAINING FORCES
• Cost of tools
• Time spent to use tools
• Learning curve

COMPROMISE
No implementation of tools

RECONCILING FORCE
Tools that improve quality control 

and help manage production

PROBLEM IDENTIFICATION
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ACTIVATING FORCES
• Timely turnover of floors
• High quality construction
• Maintain budget
• Availability of technology
• Need for production 

management

RESTRAINING FORCES
• Cost of tools
• Time spent to use tools
• Learning curve

COMPROMISE
No implementation of tools

RECONCILING FORCE
Tools that improve quality control 

and help manage production
Benefits

• Improve quality control
• Help track production
• Aid the iterative SIPS process
• Improve communication

PROBLEM IDENTIFICATION
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ACTIVATING FORCES
• Timely turnover of floors
• High quality construction
• Maintain budget
• Availability of technology
• Need for production 

management

RESTRAINING FORCES
• Cost of tools
• Time spent to use tools
• Learning curve

COMPROMISE
No implementation of tools

RECONCILING FORCE
Tools that improve quality control 

and help manage production

Review House 
of Quality

Complete 
a House of 

Quality

Review 
available tools

Use House 
of Quality to 
select tools

Update SIPS 
process map

Benefits
• Improve quality control
• Help track production
• Aid the iterative SIPS process
• Improve communication

PROBLEM IDENTIFICATION METHODOLOGY



The Apartment Building B. Kerem Demirci

Construction Option
Introduction

Analysis 2: 
Exterior Enclosure Acceleration

Analysis 3: 
SIPS for Interior Fit-out

Analysis 4: 
Tools to Support SIPS Implmentation

Final Recommendation

HOUSE OF QUALITY



The Apartment Building B. Kerem Demirci

Construction Option
Introduction

Analysis 2: 
Exterior Enclosure Acceleration

Analysis 3: 
SIPS for Interior Fit-out

Analysis 4: 
Tools to Support SIPS Implmentation

Final Recommendation

1.Customer Requirements

2.Technical Requirements
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4. Importance Benchmarks

5. Planning Matrix
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1.Customer Requirements

2.Technical Requirements

3. Interrelationship Matrix

4. Importance Benchmarks

5. Planning Matrix

• Finish under budget
• Finish on budget
• Finish on time
• Efficient phased turnover of floors
• Improved quality control
• Increased communication between trades
• Easily integrated with SIPS
• Easy to use
• Easy to learn
• Cost effective

• Cost of technology
• Management labor cost
• Time spent prior to construction
• Time spend during construction
• Learning curve of process
• Design issues prevented
• Rework time saved
• Quality issues prevented
• Training required
• Visuals produced to aid construction
• Labor efficiency and production
• Wasted labor time
• Problem areas of construction process identified
• Intervals of iterations
• Time spent per iteration

HOUSE OF QUALITY
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HOUSE OF QUALITY FOR THE APARTMENT BUILDING
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Design Authoring

http://sicad-sa.com/Revit/3D%20View-%20NorthWest.jpg

Design Reviews

http://www.engr.psu.edu/ae/cic/facilities/ICon/

4D Modeling

http://img.brothersoft.com/screenshots/softimage/a/autodesk_
navisworks-175054-2.jpeg

3D Coordination

http://static-dc.autodesk.net/content/dam/autodesk/www/products/autodesk-
navisworks-family/images/screenshots/clash-detective-large-1152x720.jpg http://www.agdworks.com/assets/images/site-skp4.jpg

Site Utilization Planning Field Tracking

http://beyonddesign.typepad.com/.a/6a014e87fbd82d970d017c
3264b518970b-pi

AVAILABLE BIM TOOLS



The Apartment Building B. Kerem Demirci

Construction Option
Introduction

Analysis 2: 
Exterior Enclosure Acceleration

Analysis 3: 
SIPS for Interior Fit-out

Analysis 4: 
Tools to Support SIPS Implmentation

Final Recommendation

Design Authoring

http://sicad-sa.com/Revit/3D%20View-%20NorthWest.jpg

Design Reviews

http://www.engr.psu.edu/ae/cic/facilities/ICon/

4D Modeling

http://img.brothersoft.com/screenshots/softimage/a/autodesk_
navisworks-175054-2.jpeg

3D Coordination

http://static-dc.autodesk.net/content/dam/autodesk/www/products/autodesk-
navisworks-family/images/screenshots/clash-detective-large-1152x720.jpg http://www.agdworks.com/assets/images/site-skp4.jpg

Site Utilization Planning Field Tracking

http://beyonddesign.typepad.com/.a/6a014e87fbd82d970d017c
3264b518970b-pi

Crew Balance Charts

(Kuprenas and Fakouri 2001)

Flow Diagrams and Process 
Charts

(Leicht 2014)

Activity Sampling

Labor Utilization Factors Foreman Delay Survey Record Workforce

https://www.harbortronics.com/Products/
TimeLapsePackage/web/TLP-F-2700-

Open.1000.jpg

AVAILABLE BIM TOOLS AVAILABLE DATA COLLECTION TOOLS
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PLANNING MATRIX
BIM Tools Data Collection Tools
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PLANNING MATRIX FINAL TOOL SELECTION

Design Authoring

http://sicad-sa.com/Revit/3D%20View-%20NorthWest.jpg

3D Coordination

http://static-dc.autodesk.net/content/dam/autodesk/www/products/autodesk-
navisworks-family/images/screenshots/clash-detective-large-1152x720.jpg

Crew Balance Charts

(Kuprenas and Fakouri 2001)

Flow Diagrams and Process 
Charts

(Leicht 2014)

Foreman Delay Survey Record Workforce

https://www.harbortronics.com/Products/
TimeLapsePackage/web/TLP-F-2700-

Open.1000.jpg

BIM Tools Data Collection Tools
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Upgrade to LEED Silver • Rent premium for eco certifications exist
• Only 3 additional LEED points needed
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ANALYSIS 1
Effect of Eco Certifications of Marketability
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Tools to Support SIPS Implementation

Upgrade to LEED Silver

Implement PBVSS System

• Rent premium for eco certifications exist
• Only 3 additional LEED points needed

• 44 day onsite schedule reduction justifies 
$70,000 increase in cost

• Improved safety
• Improved quality
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ANALYSIS 1
Effect of Eco Certifications of Marketability

ANALYSIS 2
Exterior Enclosure Acceleration

ANALYSIS 3
SIPS for Interior Fit-out

ANALYSIS 4
Tools to Support SIPS Implementation

Implement SIPS for Inteior Fit-out and 
follow the SIPS process map

Upgrade to LEED Silver

Implement PBVSS System

• Rent premium for eco certifications exist
• Only 3 additional LEED points needed

• 44 day onsite schedule reduction justifies 
$70,000 increase in cost

• Improved safety
• Improved quality

• Ensures timely turnover of floors
• Increased productivity
• Increased quality control
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ANALYSIS 1
Effect of Eco Certifications of Marketability

ANALYSIS 2
Exterior Enclosure Acceleration

ANALYSIS 3
SIPS for Interior Fit-out

ANALYSIS 4
Tools to Support SIPS Implementation

Implement SIPS for Inteior Fit-out and 
follow the SIPS process map

Upgrade to LEED Silver

Implement PBVSS System

Supplement SIPS process with: 
• Design authoring
• 3D coordination
• Crew balance charts
• Flow diagram and process charts
• Foreman delay surveys
• Time lapse video

• Rent premium for eco certifications exist
• Only 3 additional LEED points needed

• 44 day onsite schedule reduction justifies 
$70,000 increase in cost

• Improved safety
• Improved quality

• Ensures timely turnover of floors
• Increased productivity
• Increased quality control

• Selected tools meet the customer's 
requirements

• Are easily implemented into SIPS process

FINAL RECOMMENDATIONS
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ANALYSIS 1: EFFECTS OF ECO CERTIFICATIONS ON MARKETABILITY
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ANALYSIS 2: EXTERIOR ENCLOSURE ACCELERATION

Weight of PBVSS System

Maximum Panel Dimensions and Weight

Total Panel Count

NW Elevation Panel Count

NW Elevation Panel Breakdown
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ANALYSIS 2: EXTERIOR ENCLOSURE ACCELERATION

Construction Duration of a Typical PBVSS Panel

Activity
Cut structural members
Weld structural frame
Install steel back up
Install plywood sheathing
Install batt insulation
Install rigid insulation
Install air barrier
Install rigid insulation
Install brick veneer

Duration (Hours)
0.30
1.00
1.50
1.15
1.01
0.54
0.45
0.54
3.67

8 am 9 am 10 am 11am 12 pm 1 pm 2 pm 3 pm 4 pm 5 pm 6 pm

10.15 Hours

Typical PBVSS Panel Construction

Activity
Cut structural members
Weld structural frame
Install steel back up
Install plywood sheathing
Install batt insulation
Install rigid insulation
Install air barrier
Install rigid insulation
Install brick veneer

Duration (Hours)
0.30
1.00
1.50
1.15
1.01
0.54
0.45
0.54
3.67

8 am 9 am 10 am 11am 12 pm 1 pm 2 pm 3 pm 4 pm 5 pm 6 pm

7.96 Hours

Typical PBVSS Panel Construction
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ANALYSIS 2: EXTERIOR ENCLOSURE ACCELERATION

Activity
Frame/ Sheath/ Tyvek
Install Brick Veneer

Duration (Days)
77
67

3/4

Original Schedule
3/16 3/30 4/13 4/27 5/11 5/25 6/8 6/22 7/6 7/20 8/3 8/17

Activity
Offsite Prefab
Onsite Hoisting and Install

Duration (Days)
59
33

3/4

44 Days Onsite 
Schedule Savings

PBVSS Schedule
3/16 3/30 4/13 4/27 5/11 5/25 6/8 6/22 7/6 7/20 8/3 8/17

Original Brick Veneer Estimate PBVSS Estimate
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BREADTH 2: STRUCTURAL ANALYSIS OF PBVSS SYSTEM

4th Floor Slab Edge

18.75 ft.24 ft. 24 ft.

297k (banded)

15 ft.

18.75 ft.24 ft. 24 ft.

wShear 
Diagram

18.75 ft.24 ft. 24 ft.
Moment 
Diagram

-Mint-Mint

+Mint

18.75 ft.

7"

297k Banded
(8) 1/2" dia. Tendons
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BREADTH 2: STRUCTURAL ANALYSIS OF PBVSS SYSTEM

Allowable Stress Analysis Equations
Original Design Loads

Moment Coefficients Analysis

Allowable Stress Analysis

Original Design Loads

Moment Coefficients Analysis

Allowable Stress Analysis

STRUCTURAL ANALYSIS OF EXISTING STRUCTURAL ANALYSIS WITH PBVSS SYSTEM
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ANALYSIS 3: SIPS FOR INTERIOR FIT-OUT

Start SIPS

Develop SIPS

1. Specify 
activities

2. Quantify 
activities

3. Assign 
production 

rates

4. Calculate 
extensions and 

set goals

5. Develop 
matrix 

schedule

Create 
Mock-up

Team review of 
mock-up

Begin 
construction

Team review 
of SIPS

Does mock-up 
validate SIPS?

Determine 
buffer 

mechanisms

Weekly trade 
sign-off

Work was 
completed...

Weekend work

Is this a normal 
occurance?

Adjust 
production 

rates and crew 
sizes

Proceed with 
SIPS

Is this the last 
zone?

End SIPS
Populate 

production 
rate database

No Yes

Yes

No

Late

Early

On time

Yes

No

1. Specify Activities

Frame metal studs Duct rough-in Sprinkler rough-in Plumbing rough-in

Electrical rough-in Insulate walls Hang and finish 
drywall

Paint textured 
ceilings

Prime paint Install prehungs
Install kitchen 
cabinets and 

counters
Install ceramic tile

Finish paint Lay flooring
Install appliances, 

mirrors, and 
shelving

Install entry doors

Apartment Units per Floor

6th and 7th floor zone breakdown and sequencing Vertical sequencing (west elevation)

1. Specify Activities
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ANALYSIS 3: SIPS FOR INTERIOR FIT-OUT
4. Calculate Extensions and Set Goals

Required Crew Size for Activities (2nd Floor, 18 units)

5. Develop Matrix Schedule

Matrix Schedule for 2nd through 10th Floor
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ANALYSIS 4: TOOLS TO SUPPORT SIPS IMPLEMENTATION

1.Customer Requirements

2.Technical Requirements

3. Interrelationship Matrix

4. Importance Benchmarks

5. Planning Matrix

• Finish under budget
• Finish on budget
• Finish on time
• Efficient phased turnover of floors
• Improved quality control
• Increased communication between trades
• Easily integrated with SIPS
• Easy to use
• Easy to learn
• Cost effective

• Cost of technology
• Management labor cost
• Time spent prior to construction
• Time spend during construction
• Learning curve of process
• Design issues prevented
• Rework time saved
• Quality issues prevented
• Training required
• Visuals produced to aid construction
• Labor efficiency and production
• Wasted labor time
• Problem areas of construction process identified
• Intervals of iterations
• Time spent per iteration
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ANALYSIS 4: TOOLS TO SUPPORT SIPS IMPLEMENTATION
BIM Tools Data Collection Tools
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ANALYSIS 4: TOOLS TO SUPPORT SIPS IMPLEMENTATION

Design Authoring

http://sicad-sa.com/Revit/3D%20View-%20NorthWest.jpg

3D Coordination

http://static-dc.autodesk.net/content/dam/autodesk/www/products/autodesk-
navisworks-family/images/screenshots/clash-detective-large-1152x720.jpg

Crew Balance Charts

(Kuprenas and Fakouri 2001)

Flow Diagrams and Process 
Charts

(Leicht 2014)

Foreman Delay Survey Record Workforce

https://www.harbortronics.com/Products/
TimeLapsePackage/web/TLP-F-2700-

Open.1000.jpg

Start SIPS
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rates
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Begin 
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Is this the last 
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Populate 
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No

Yes

Yes
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Late
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YesNo
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authoring

3D 
coordination

Flow diagrams 
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