
Case Study Of The Work Envelope 
Requirement Among Piping And Steel Trades 
And The Influence Of The Population 
Pierre Bannier 
Thesis Defense 
 
University of Colorado Boulder 
Department of Civil, Environmental, and Architectural Engineering 
 
Spring 2014 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Background 
Preconstruction Construction 

3D BIM Schedule 

Ability to visualize the 
construction process 

Loss of productivity 
due to unanticipated 

overstaffing ≠ 

Integrate the knowledge of work envelope requirements to anticipate overstaffing 
& reduce productivity losses. 

To limit site overcrowding we need to know the space requirement 
for each activity 



Background 
Early Stage On the field 

3D BIM Schedule 

Ability to visualize the 
construction process 

Loss of productivity 
due to unanticipated 

overstaffing ≠ 

Bring the knowledge of the field early in the project to anticipate overstaffing 
& reduce productivity losses. 

3D Scaffolding planning for a plant  
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Overcrowding causes efficiency loss and cost increase 
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Space-Constrained and Resources-constrained 
scheduling for high-rise 

 
Productivity and Space usage are linked with a curve 
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Schedule optimization through work-patterns 
 

Macro level process 
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Developed a software: 4D WorkPlanner Time-Space 
Conflict Analyzer 

 
Conflict ratio for prioritization 

 
Limited automation of the work envelope drawing 
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Developed a simulation environment for time-space 
conflicts 

 
Optimization of work-pattern via genetic algorithm 
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Workspaces classification: personnel, storage, path… 
 

Construction simulation software 



The challenges 
Many possible usages of having known 
work envelopes mentioned in the literature 

But lack of initial data to perform the analysis 

From Akinci et al. (1998) 

Unknown input data 



The challenges 

How to define the work envelope? 

• The planner doesn’t have the field knowledge 

• The superintendent is not available  

• Lengthy and Costly process 

 

Heavily relies on subjective assessment 



Research Methodology 

1 

• Work envelope definition 
• In-depth interviews with Piping Superintendents 
• Relative definition 
• Developed decision trees 
• Focused on scaffolding 

2 
• Work envelope dimensioning 

• Anthropomorphic characteristics for various 
populations 

• Absolute definition 



1 – Work Envelope Definition 

• Sample of 5 
Superintendents 

• Experienced in steel and 
piping trades on oil and & 
gas projects 

• Mainly in the U.S. Gulf 
Coast 

• 2 Ex-superintendents 
Consultants from Bentley 
Systems Inc. 

Sample worksheet 
design 

Professional’s 
input 

gathering 
Decision 

trees design 

9 worksheets 16 Decision trees 



1 – Work Envelope Definition 

9 Worksheets have been developed 



1 – Work Envelope Definition 

9 Worksheets have been developed 



1 – Work Envelope Definition 

9 Worksheets have been developed 



2 – Work envelope dimensioning 
• The work envelope definition obtained is relative to body 

parts: 
• “at face height” (mainly for welding) 
• “between chest and waist” (mainly for bolting) 

 

• How to translate this in practical dimensions (feet and 
inches)? 
 

• Are work envelope different for different populations? 



2 – Work envelope dimensioning 
• Anthromorphic Data sources used: 

 
 
 
 
 
 

DINED 
Data from: “International data on anthropometry” (1990) 

International Labor Office Geneva 

Drills & Contini 
“Body segments parameters, Part II” (1970) 



2 – Work envelope dimensioning 
• Data sources used: 

 
 
 
 
 
 

DINED 
Data from: “International data on anthropometry” (1990) 

International Labor Office Geneva 

Drills & Contini 
“Body segments parameters, Part II” (1970) 

Absolute data (in mm) 
 

But limited availability 

Relative 
 

But more segments 
available 



2 – Work envelope dimensioning 
• Comparing populations 

Population 
Stature 

Mean (mm) Std Deviation 
International 1780 79 
North American 1790 70 
Latin American (Rest) 1750 61 

North Europe 1810 61 
Eastern Europe 1750 58 
North India 1670 58 
South China 1660 30 

Data from International Labor Office (1990) 



2 – Work envelope dimensioning 
• Comparing populations 

α: Body parameter (0.870 for chin) 
R: Overlap requirement 

Normal Normal 

Normal 



2 – Work envelope dimensioning 
• Comparing populations 

α: Body parameter (0.870 for chin) 
R: Overlap requirement 



Results 

1 
• Work envelope definition 

• Interviews analysis 
• Decision Trees making 

2 
• Work envelope dimensioning 

• Anthropomorphic characteristics for various 
populations 

• Absolute definition 



1 – Work Envelope Definition 



1 – Work Envelope Definition 

High level of agreement 
between the interviewee High level of confidence 

Interview analysis:  

Removed unsafe suggested practices from analysis 
“workers can stand on a bucket to perform welding” 

Found that there was optimal and acceptable work envelope 

Identified “breakpoints” that have an impact on the work envelope 



1 – Work Envelope Definition 
Beam to Beam connection 

Decision Tree Application 



1 – Work Envelope Definition 
Beam to Beam connection 



1 – Work Envelope Definition 
Beam to Beam connection 

Breakpoints 
Best 

OK 



1 – Work Envelope Definition 
Beam to Concrete connection 



1 – Work Envelope Definition 
Pipe to Pipe connection 



1 – Work Envelope Definition 

This work was selected among 20 other 
proposition by Bentley’s management to develop a 

software prototype 



2 – Work envelope dimensioning 
• DINED: 

• International Male 
• Mean Stature: 1780mm 

 

• Body Segment 
• Chin height: 0.870*H 

 

Absolute chin height: 
1549mm 

North Europe mean 

South China mean 

overlap 

Influence on the 
scaffolding setup 



2 – Work envelope dimensioning 
• Results 

• For “Face height” 
 
 
 
 

 
• For “between waist and chest” 

Required overlap 50% 
International North American Latin American (Rest) North Europe Eastern Europe North India South China 

International   0,776 0,745 0,746 0,750 0,510 0,483 
North American     0,734 0,786 0,740 0,488 0,440 
Latin American (Rest)       0,693 0,846 0,619 0,612 
North Europe         0,698 0,420 0,349 
Eastern Europe           0,622 0,616 
North India             0,889 
South China               

Required overlap 50% 
International North American Latin American (Rest) North Europe Eastern Europe North India South China 

International   0,965 0,942 0,968 0,944 0,833 0,834 
North American     0,952 0,977 0,953 0,840 0,842 
Latin American (Rest)       0,954 0,986 0,925 0,933 
North Europe         0,956 0,827 0,828 
Eastern Europe           0,933 0,942 
North India             0,990 
South China               

Group 2 Group 1 



2 – Work envelope dimensioning 
“Face Height” 

Requires local adaptations 






2 – Work envelope dimensioning 
“Between Chest and Waist” 

Does not require local adaptations 






Contribution to the body of knowledge 

Work Envelope 

Horizontal 

Vertical 

2 components 

Most critical in an 
overcrowding perspective 

Most critical in an 
ergonomics perspective 

1 



Contribution to the body of knowledge 

2 
Main drivers of the work envelope shape: 

 
• Bolted vs. Welded                  “at face height” vs. “between chest and waist” 

 
 

• Vertical vs. Horizontal                rectangular footprint vs. circular footprint 

 
 

• Upward vs. Downward connection               “above head” vs. “at hip height” 

 
 



Contribution to the body of knowledge 

3 
Impact of not considering the anthropomorphic data: 

 
 

• Decreased ergonomics                Lower quality and safety 
 
 

• No impact on the 
   horizontal component  Limited overcrowding impact 



Future Steps 
 
 
 

• Expand the framework to other trades 
 
 

• Apply the process on a real world project to asses its 
efficiency 



Questions ? 
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