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1.0 Executive Summary 

 
This paper provides a brief background in Six Sigma and investigates the current 

status of Six Sigma implementation in the design engineering industry.  This 

paper also provides a case study of the execution and implementation of a Six 

Sigma project in a design engineering firm.  The scope of the Six Sigma project 

presented includes training, assembling a team, and working through the Six 

Sigma process. 

 

The Six Sigma project chosen for the case study is the application of the Six 

Sigma methodologies to the typical pile cap design process.  A typical pile cap is 

defined as a reinforced concrete pile cap supporting one column centered on the 

cap (no eccentricity) supported by three or more piles.   

 

It was found through Six Sigma process improvement that the design process 

could be refined.  A representative sample of past projects that used typical pile 

caps was reviewed and redesigned using the refined typical pile cap design 

process.  It was found the new typical pile cap design process would have 

reduced the overall installed cost of the typical pile caps by 27%. 
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2.0 Introduction 

 
Six Sigma methodologies and techniques are used in industry to provide a 

structured approach for solving production and business process problems 

plagued with variability in execution (Abdelhamid).  Six Sigma has been around 

in industry since the mid 1980s when Bill Smith developed and implemented the 

system at Motorola.  However, the application of Six Sigma in design engineering 

companies has only been evident since 2000.   

 

Although Six Sigma was primarily developed as a statistical based tool for 

manufacturing environments, its tools and methodologies have successfully been 

used in the design engineering industry.  Each company that utilizes the Six 

Sigma methodologies generally conform the Six Sigma process to fit their 

organization.  This nuance coupled with the relative newness of the application to 

the design engineering industry results in a lack of documentation for others to 

follow. 

 

This paper will review the current state of Six Sigma application in the design 

engineering industry, provide a brief background on Six Sigma, and present a 

real Six Sigma project in design engineering.  The Six Sigma project will be 

presented from the training stage through the implementation stage and will 

provide some needed insight into the application of Six Sigma to design 

engineering. 

 

 Page 2-1  



Six Sigma in Design Engineering – A Case Study and Implementation of Typical 
Pile Cap Design 

 
3.0 Literature Review 

 
Six Sigma was first introduced in the United States by Bill Smith at Motorola in 

1985 (Abdelhamid).  Six Sigma is a quality improvement package molded by 

Motorola from Japanese statistical methods and other quality improvement 

methods such as Total Quality Management (TQM) (Bendell, 2006).  TQM is an 

early quality improvement method that focuses on improvements in individual 

operations to improve the process as a whole (Shatila, 2003).  TQM is an 

effective method developed by W. Edwards Deming that was used by the 

Japanese to help them climb out of the post-WWII era and dominate markets by 

the 1980s.  With the Japanese gaining market, the Americans began to 

implement quality improvement programs one of those programs being Six 

Sigma.  Six Sigma is an extension of TQM with additional data analysis tools, a 

stronger customer focus, project management, and a tie to financial results 

(Anbari, 2004). 

 

The Six Sigma program is roughly defined: 

 
Six Sigma is an organized and systematic method for strategic process 
improvement and new product and service development that relies on 
statistical methods and the scientific method to make dramatic reductions in 
customer defined defect rates (Abdelhamid). 
 

Six Sigma programs use different formats of methodologies.  Some of the 

published methodologies include Define, Measure, Analyze, Improve, and 

Control (DMAIC); Define, Measure, Analyze, Design, and Verify (DMADV); Lean 

Six Sigma (LSS); and Design for Six Sigma (DFSS).  Many other companies use 
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the above formats to design their own customized formats that fit their specific 

needs. 

 

The DMAIC methodology is the first and most widely used format.  The DMAIC 

format is a continuous improvement methodology and is typically utilized to 

improve existing processes or products that do not meet customer standards 

(Antony & Banuelas, 2004). 

 

The DMADV methodology is used to design a new product or process (Anbari, 

2004).  This methodology is similar to the DMAIC methodology except there is a 

design and verify phase instead of an improve and control phase.  This 

methodology is generally utilized when a new concept or way of thinking is being 

adopted for a specific product and requires a new design. 

 

Lean Six Sigma is used to systematically identify and eliminate portions of a 

process that do not provide value.  The concept reduces material waste as well 

as wasted time (Andersson, Eriksson, & Torstensson, 2006).  Lean 

methodologies are best applied to manufacturing and distribution environments.  

The methodology follows the product path through the supply and production 

path to identify and eliminate waste. 

 

The DFSS methodology is an organizational transformation much like that of 

adopting Six Sigma in general.  It is a systematic methodology that uses tools, 
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training, and project management to redesign all existing products/processes and 

produce new products/processes that meet six sigma quality levels (Anbari, 

2004).  It is believed a company that embraces Six Sigma can improve one 

sigma level per year until they approach 4.7 sigma.  Any organization that 

intends to reach and surpass the five sigma level must move to DFSS and 

redesign all products and processes from scratch (Shatila, 2003). 

 

Motorola developed and implemented their Six Sigma program to drive down the 

number of defects encountered that were considered by most to be “normal” or 

“realistic” for its line of business.  Motorola used the DMAIC methodology and 

was extremely successful with its program and received the Malcolm Baldridge 

National Quality Award in 1988.  This encouraged other companies and 

industries to focus on Six Sigma.  General Electric launched its program in 1996 

and by 1999 had boasted a $2B company wide savings (Antony & Banuelas, 

2002).  

 

The Six Sigma methodologies spread across industries in both manufacturing 

and non-manufacturing business.  Some of the non-manufacturing industry 

milestones for launching Six Sigma are: 

 
1999 Froedtert Hospital in Wisconsin – first hospital 
2000 Bechtel – first major engineering and construction firm 
2001 Starwood Hotels – first hotel chain 
2002 Bank of America – first bank 
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Since the first design engineering firm adopted Six Sigma in 2000, literature 

regarding design engineering and Six Sigma has been lacking.  A well executed 

literature review regarding Six Sigma was conducted by Linda Hendry in 2005 

(Hendry, 2005).  This literature review does an excellent job of exploring Six 

Sigma from its inception to its implementation in manufacturing and non-

manufacturing industries.  Two of the main non-manufacturing industries 

identified are the healthcare and financial industries.  Design engineering is not 

listed.  Hendry exemplifies the fact that Six Sigma background and in depth 

discussions of methodologies have been well covered by other papers.  

Therefore, no further information is presented in this paper.  Hendry also 

identifies several needed research areas.  One of those needed research areas 

is application of Six Sigma in other non-manufacturing industries. 

 

This paper provides needed information for the design engineering industry with 

the application of the Six Sigma DMAIC methodologies to an engineering 

process in a design engineering firm.  The case study investigates project 

structure, training, assembling the team, application of the Six Sigma 

methodologies, and implementation. 
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4.0 Six Sigma Application 

 
The topic chosen for the Six Sigma project case study is “Typical Pile Cap 

Design”.  A typical pile cap is defined as a reinforced concrete pile cap 

supporting one column centered on the cap (no eccentricity) supported by three 

or more piles (See appendix 11.11).  The presentation of the project will begin 

discussing the training involved and setting up the project team.  The Define, 

Measure, Analyze, Improve, and Control (DMAIC) Six Sigma methodologies will 

be followed discussing the steps involved, tools used, and examples of lessons 

learned from the real world project.  The discussion will conclude with 

implementation and monitoring of the improved process. 

 

Currently there is not a well defined typical pile cap design guide or procedure to 

aid project teams in this design engineering company.  There is an industry 

publication that addresses typical pile cap design titled CRSI Design Handbook 

(CRSI, 2002).  This publication allots one chapter to typical pile cap design.  The 

chapter provides valuable information and examples, but fails to address all of 

the aspects for a typical pile cap design within this design engineering company.  

All projects utilize a building code for design guidance.  The common governing 

design code for typical pile caps is ACI 318 (ACI, 2002).  This code provides 

guidance for concrete design.  These two sources are combined and interpreted 

differently on each project.  This results in a wide variation in typical pile cap 

designs yielding a difference in design man-hours, material quantities and 

construction cost.  Entry level designers start from scratch for typical pile cap 
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design and experienced designers utilize what was used on their last project.  In 

all, each project team chooses its own design method and tools to use for typical 

pile cap design.  This results in adequate designs, but a wide variation in total 

installed cost due to differences in material quantities. 

 

The current typical pile cap design process needed to be improved to reduce the 

variation and target efficient quantities that produce an adequate design.  A Six 

Sigma program utilizing the DMAIC methodology was available and was used to 

investigate and improve the typical pile cap design process. 

 
4.1 Six Sigma Structure 
 
Each organization that utilizes a Six Sigma program has a structure that is based 

on a model for improvement.  The structure of the Six Sigma program is vital to 

the success of Six Sigma projects within an organization (Andersson, Eriksson, & 

Torstensson, 2006).  The diversity of the Six Sigma structure and the ties to 

management help to bring in the necessary experience and resources needed to 

complete and implement winning projects. 

 

The structure used in the Six Sigma program enveloping the typical pile cap 

design project utilized a hierarchical structure of Six Sigma Champion, Director, 

Steering Committee, Project Champion, Master Black Belt, Black Belt, Green 

Belt, and Process Owner (See appendix 11.1).   
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The Six Sigma Champion was the division President and CEO.  The Champion is 

the overall leader and spokesperson to the rest of the division.  The Champion 

ensures that Six Sigma activities are aligned with the overall business initiatives.   

 

The Six Sigma Director was the director of Quality and Change Management.  

The Director looks to remove obstacles, provide resources, and approve the 

budget for the program.  The Director sets and maintains broad goals to ensure 

project selections align with business priorities.   

 

The Six Sigma Steering Committee was composed of the Directors within the 

division.  The Steering Committee reviews projects, budgets, and overall 

progress of the program monthly.  The Steering Committee reviews project 

findings and approves the controls anticipating potential roadblocks that would 

prevent implementation and realization of benefits.   

 

The Six Sigma Project Champion varies from project to project.  Typically the 

Project Champion has the overall authority and accountability for the process 

associated with the project.  In the case of the typical pile cap design project, the 

Project Champion was the Chief Civil/Structural Engineer.  The Six Sigma 

Project Champion provides the initial approval of the project, reviews its progress 

on a monthly basis, and provides approval to proceed with the project at critical 

milestones.  The Project Champion is responsible for implementing and 

monitoring the project once it is completed.  
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The Master Black Belt is a full time Six Sigma position within the program and is 

the overall advisor regarding Six Sigma methodologies and tools.  The Master 

Black Belt reports progress to the Six Sigma Champion and Six Sigma Steering 

Committee.   

 

The Black Belt is a full time Six Sigma position within the program and is the 

leader assigned to several approved projects.  The Black Belt advises the project 

team regarding application of Six Sigma tools and methodologies.  The Black 

Belt has the overall responsibility for project approval, execution, implementation, 

and closeout.   

 

The Green Belt is a part time Six Sigma position and is typically an employee of 

the organization in the area of interest for the project.  The Green Belt will spend 

approximately 20% of their time on Six Sigma projects.  In the case of the typical 

pile cap design project, the Green Belt was a lead engineer in the civil/structural 

department with experience in typical pile cap design.  The Green Belt is 

responsible for generating the project idea, obtaining project approval, selecting 

the project team, leading the team through the project within the project 

schedule, documenting and reporting project results, and implementing the 

results of the project.  The Green Belt communicates closely with the project 

Black Belt and Project Champion to keep the project on track.  The Green Belt 

presents the project findings to the Steering Committee upon project completion.   
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The Process Owner is the responsible party for the process under review.  In the 

case of the typical pile cap design project, the Process Owner was the same as 

the Project Champion.  The Process Owner is responsible for implementing the 

process improvements and sustaining the improvement.  It is imperative that the 

Process Owner approve every step of the project to ensure success. 

 
4.2 Training 
 
Each organization determines the level of training required for each level of the 

Six Sigma structure.  It is imperative that each participant in the Six Sigma 

program have some basic understanding of the methodology to create a positive 

environment for Six Sigma application.   

 

In the case of the typical pile cap project, the organization stresses training from 

the top down.  At the top of the Six Sigma structure is the Champion, Director, 

and Steering Committee.  These executive oversight positions take part in an 

Orange Belt training program.  The Orange Belt training program is a two-day 

course covering a fundamental overview of the project selection process, Six 

Sigma methodology, and the basic tools and methods used in executing projects.  

Examples from past projects are presented to provide a baseline expectation.  

The participants are subjected to an in-class written test to demonstrate basic 

understanding of the covered topics. 
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The next step in the Six Sigma structure is the Project Champion.  The Project 

Champion takes part in the Orange Belt training program as mentioned above for 

the executive oversight positions, except they are not required to complete the in-

class written test.  The class is meant to educate the Project Champion on the 

basics of Six Sigma so that they will be familiar with the steps as their project 

progresses. 

 

The Master Black Belt is a mentor to fellow Black Belts and has achieved the 

highest level of training in the Six Sigma structure.  The Master Black Belt is a 

full-time Six Sigma position and requires a two week Black Belt training course 

covering the full range of a Six Sigma project from project selection to project 

implementation.  The Black Belt training course also provides in-depth training in 

the use of both statistical and decision oriented Six Sigma tools.  The Black Belt 

training course is concluded with a 150 question exam.  The participant reaches 

Master Black Belt status after successfully passing the 150 question exam, 

completing at least 2 major Six Sigma projects, and actively demonstrating 

leadership skills and mastery of the Six Sigma methodology. 

 

The Black Belt is the direct resource link to the active Six Sigma projects.  The 

Black Belt is a full-time position and requires the two week Black Belt training 

course as mentioned above.  The participant reaches Black Belt status after 

successfully passing the 150 question exam and completing at least 2 major Six 

Sigma projects. 
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The Green Belt is the individual project leader and driver of the project.  The 

Green Belt is a part-time Six Sigma position and is required to complete a one 

week Green Belt training course.  The training course is similar to that of the 

Black Belt training course, covering the full range of a Six Sigma project from 

project selection to project implementation.  The Green Belt training course does 

not delve into the intricacies of the statistical tools.  Statistical tools are taught, 

but only for general understanding.  Statistical guidance is provided by the Black 

Belt.  The participant reaches Green Belt status after successfully passing the 

100 question exam and completing at least 1 major Six Sigma project. 

 

The process owner is the individual responsible for the process to be improved 

and needs to be adequately trained in order to understand the background 

behind the changes being made to the process.  The process owner is required 

to complete the Orange Belt training program as mentioned above for the 

executive oversight positions, except they are not required to complete the in-

class written test. 

 

The general supervisor/manager population within the organization, but outside 

of the Six Sigma arena, needs to be trained to understand the general Six Sigma 

concepts.  This general knowledge is vital to ensure that the 

supervisors/managers are aware of the activities their direct reports are 

undertaking.  This heads off resistance to free-up resources to execute Six 
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Sigma projects and promotes intelligent conversation regarding Six Sigma.  This 

general training is encompassed in the Yellow Belt training program.  The Yellow 

Belt training program is a one day training course encompassing a general 

overview of the project selection process, Six Sigma methodology, and the basic 

tools and methods used in executing projects.  Yellow Belts are certified upon 

completion of the one-day course.  No written exam is required. 

 

4.3 Project Selection and Approval 
 
Projects are selected by each organization differently.  This particular 

organization utilizes a defined process for project selection.  Project ideas are 

generated from individuals and groups.  These project ideas are typically 

generated by investigating areas such as current and future customer needs, 

changes in the marketplace, areas of rework, areas of wasted time, and 

employee identified problem areas.  The particular problem area addressed in 

this paper was a culmination of employee comments and evidence of process 

variation. 

 

Once the problem area is selected it is honed to narrow the project definition.  

The tool used to investigate the topic is called The Big Three Questions (BTQs) 

(See appendix 11.2).  The BTQs are categorized into three main areas:  problem 

statement, objective evidence, and link to value creation.  The first question is 

“What is broken?”  The answer to this question is aimed to describe the problem 

area directly and objectively.  The answer to the question should cut to the point 
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and not try to prematurely solve the problem.  The answer to this question for the 

problem area represented in this paper is that there is not a standard typical pile 

cap design process.  The second question is “Why do you say that?”  The 

answer to this question should state specific evidence to prove that the problem 

exists.  The answer to this question for the problem area represented in this 

paper is that each project is utilizing tools and methods independently without 

any synergy.  The third question is “So what?”  The answer to this question 

should represent the impact the problem is having on the customer or 

organization.  This impact should be linked to a financial metric.  The answer to 

this question for the problem area represented in this paper is that a well defined 

typical pile cap design process can reduce design time, material quantities, and 

construction costs.  It is estimated that the new process can save at least 10% of 

the man-hours associated with typical pile cap design and at least 10% of the 

installed cost of typical pile caps. 

 

Once the BTQs are answered, the Green Belt and Black Belt review the results 

to determine the process owner for the problem area.  It is very important to 

ensure the correct process owner is identified upfront and is in agreement that 

the process needs to be improved.  It is also important to ensure that the process 

owner has the authority to modify and implement changes to the process.  If the 

process owner does not endorse the project and/or does not have the authority 

to implement changes to the process, all work will be in vain.   
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Now that the problem area has been somewhat refined and a process owner is 

identified, it is subjected to a project scorecard (See appendix 11.3).  The project 

scorecard is a grading system established by the organization to rank potential 

projects.  The ranking system is based on current improvement objectives 

defined by the Six Sigma Steering Committee.  The scorecard weights certain 

areas such as business area, process owner commitment, and projected 

financial impact.  This ensures that projects selected will benefit the 

organization’s current strategic goals as well as provide payback for the 

improvement. 

 

Once the BTQs are answered, the process owner is identified, and the scorecard 

is reviewed for favorable results the potential project is presented to the process 

owner and Master Black Belt for review and approval. 

 
4.4 Project Schedule and Team Selection 
 
After the project is approved the project schedule needs to be set and the team 

needs to be assembled.  The average six sigma project schedule ranges from 6 

to 9 months.  The typical pile cap design project was completed over a 9 month 

period.  The first month was composed of training for the Green Belt.  The 

second month comprised of the selection and approval of the project.  The third 

through eighth month involved working through the Define, Measure, Analyze, 

Improve, and Control (DMAIC) Six Sigma methodologies with two months spent 

on the Improve methodology.  The ninth month was spent concentrating on the 

implementation of the improvements. 
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The project team should consist of energetic professionals with expertise in the 

project area who are willing to put in extra time and effort to assist in the 

completion of the Six Sigma project.  Most six sigma project teams consist of 4 to 

6 primary members including the Green Belt and Black Belt.  Other secondary 

members can be utilized periodically to provide specialized information as needs 

arise.  The typical pile cap design project assembled a 6 person team with 2 

secondary members.  The primary team consisted of a senior foundation 

engineer, a junior foundation engineer, two junior geotechnical engineers, the 

Green Belt, and the Black Belt.  The secondary members consisted of a junior 

level construction field engineer and a junior level foundation engineer from an 

overseas office.  The secondary members provided occasional assistance as 

needed.  The typical pile cap design project team was well balanced, able to 

address current foundation design processes, foundation technical issues, 

construction installation issues, and geotechnical issues affecting typical pile cap 

design methods. 

 
4.5 Six Sigma Methodologies 
 
Once the project team is established, weekly meetings are scheduled to begin 

working through the Six Sigma DMAIC methodologies.  The DMAIC 

methodologies are worked through in the order listed to ensure proper flow of the 

project.  The Six Sigma methodologies are structured, but flexible enough to 

conform to the needs of each project.  Each methodology has tools associated 

with it to assist in adequately completing that phase of the process. 
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4.5.1 Define 
 
The Define methodology is used to focus the project scope and layout a working 

plan for the project.  Three main phases are covered in this stage of the project.  

The project “Critical To Quality” (CTQs) attributes are identified, the team charter 

is drafted, and the “as is” process map is produced. 

 

The CTQs are the individual aspects of the project that are focused upon as 

variables that need to be improved in order to improve the process.  Several 

CTQs are often identified from feedback from the customer or user of the 

particular process.  This feedback is often termed the “Voice of the Customer” 

(VOC).  In the case of the Typical Pile Cap project the CTQs were gathered from 

the engineers, technicians, field engineers, process owner, and project managers 

that use or are affected by the typical pile cap design process.  Several tools are 

available to help the six sigma team refine and organize the CTQs.  Some of the 

tools used on the Typical Pile Cap project are brainstorming, the CTQ 

prioritization, and the CTQ drill down tree.  The six sigma team brainstormed the 

CTQs and refined them by utilizing a CTQ drill down tree (See appendix 11.5).   

 

Once the CTQs are identified the team charter needs to be drafted.  The team 

charter is a document that is drafted by the six sigma team that includes the 

project scope, the problem statement, and the goal statement (See appendix 

11.4).  The project scope is refined for the team charter.  The project scope 
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should clearly define what is included in the project and what is not included in 

the project.  The project should be defined “an inch wide and a mile deep” rather 

than “a mile wide and an inch deep”.  Projects that are not narrowly defined up 

front will often drag on for a long period of time and are hard to finish and 

implement.  In the process of narrowing the project scope, several areas are 

typically identified that need improvement.  All of these areas should be recorded 

and preserved for future projects.  The Typical Pile Cap project narrowed its 

focus and defined the project as only covering typical pile cap design.  The 

project specifically excluded specialty structures, pile mats, pile design, rebar 

embedment and anchor bolt design.   

 

The problem statement in the team charter is used to define the what, where, 

and when of the problem.  In the case of the Typical Pile Cap project the problem 

statement reflected that there was not a documented pile cap design standard or 

guide being used by the design engineers.   

 

The goal statement in the team charter is used to ensure the end result of the 

project will provide tangible benefit to the organization.  The goal statement 

should be Specific, Measurable, Attainable, Results-Focused, and Timely 

(SMART).  In the case of the Typical Pile Cap project the goal was defined as 

development of a design standard, design guide, and tools that will reduce time, 

quantities, and construction costs.  The stated goal was to reduce the total 

installed cost of typical pile caps by 5%. 
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Once the team charter is completed the “as is” process should be mapped (See 

appendix 11.6).  The mapping of the current process allows each input, action, 

decision, and output to be identified for study.  The process map should be held 

to a relatively high level map of the process and need not be refined to infinite 

detail.  Generation of the process map requires intimate knowledge about the 

current process.  Once the team has generated the process map, other 

secondary members and sources outside of the team should review and provide 

comments on the process map to ensure accuracy.  The completed process map 

is a powerful visual tool that will promote discussion within the team and identify 

areas for improvement.  The “as is” process map will also be used late in the 

project to generate the improved process map. 

 

4.5.2 Measure 
 
The Measure methodology is used to identify the critical CTQs, determine what 

specific attributes of the CTQs need to be measured, and how they will be 

measured.   

 

The CTQs are reviewed from the Define methodology to determine the critical 

CTQs that provide the largest impact on the process.  Using the CTQ drill down 

tree, the “as is” process map, and a prioritization analysis the six sigma team 

working on the Typical Pile Cap design project identified six critical CTQs that 

would provide the largest impact on the installed cost of the typical pile caps.  
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The six critical CTQs identified were pile layout, edge distance, shear reinforcing, 

pile embedment, pile capacity, and design man-hours. 

 

Once the critical CTQs are identified a measurement and data collection plan is 

defined.  Identifying the critical CTQs is easy compared to trying to find data on 

the critical CTQs.  A well thought out data collection plan is essential to success.  

In the case of the Typical Pile Cap design project, the six sigma team 

brainstormed past projects that utilized typical pile caps in their designs.  Projects 

were selected based on age and business line.  The projects had to be no older 

than 3 years and represent the current cross-section of projects in the 

organization.  In the end 7 projects were chosen across 3 business lines.   

 

Data needed to be collected from each of the seven chosen projects to 

investigate the critical CTQs.  The project team brainstormed on organization 

record management and reporting processes to determine what resources from 

each project needed to be collected that would yield the data for the critical CTQs 

identified.  Having a well rounded project team and knowledgeable secondary 

team members is an asset when trying to determine where key information could 

be hidden in the masses of paperwork and reports associated with project work.  

The project team was able to use personal contacts and knowledge of the seven 

projects to help unarchive documents and files that yielded critical information 

regarding the critical CTQs.   
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Data collection, recording, and archiving should follow a set procedure.  Data 

should be filed neatly and organized for easy retrieval later in the project.  In the 

case of the Typical Pile Cap design project, data collection sheets and file boxes 

were created for each project’s data.  The data collection sheets were used as a 

checklist to ensure all data was collected and as an index for the storage boxes 

(See appendix 11.7).   

4.5.3 Analyze 
 
Once the data on the “as is” process is collected the Analyze methodology can 

be used to organize and review the data.  This phase of the project is used to 

analyze the collected data and determine the current process capability. 

 

The collected data must be analyzed from every angle in an attempt to determine 

the most efficient means of improving the process.  In the case of the Typical Pile 

Cap project, the data from each project is sorted and consolidated for ease of 

use.  The data collected from the seven selected projects revealed several initial 

insights into the current process.  It was found that out of the 3 through 30 pile 

typical pile caps the 3 and 4 pile caps made up more than half of the installed 

typical pile caps.  The data also revealed that the pile layouts between the 

projects varied as well as the pile edge distances and pile embedments.  No 

projects out of those selected utilized shear reinforcing.   

 

As stated in the Project Charter, the goal of the project is to reduce the installed 

cost of the typical pile caps.  The installed cost is directly tied to the material 
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quantities of the typical pile caps.  The critical CTQs selected are directly tied to 

the material quantities of the typical pile caps.  The project data was used to 

assemble the bill of quantities (BOQ) for the typical pile caps.  The current 

material and labor rates were used to determine the total installed cost of the 

typical pile caps from the selected projects.    

 

The largest percentage of installed cost is associated with the quantity of 

concrete used in the typical pile cap.  The concrete quantity was studied 

associated with the 4 pile cap and the most popular pile size.  This represents 

the majority of the typical pile caps found in the seven selected projects.  This 

concrete quantity was used to establish the current process capability.  The 

current process capability showed a process with high variation and in need of 

improvement. 

 

4.5.4 Improve 
 
The improve methodology is used to investigate the potential causes for the 

results gathered in the analyze methodology and develop a proposed “to be” 

process.  This methodology will typically yield deliverables to support the 

proposed “to be” process, a new process map, and financial validation of the 

projected benefits. 

 

In the case of the Typical Pile Cap Design project, the critical CTQs were 

investigated as the primary factors that affect the material quantities which in turn 
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drive the total installed cost of the typical pile caps.  These factors were 

investigated for variation and primary cause.  A proposed improvement was then 

determined.  The proposed improvements were then pulled together to produce 

the “to be” process and tools necessary to implement the “to be” process.  Finally 

the new “to be” process map is created. 

 

The first critical CTQ that was investigated was the typical pile arrangements.  

These arrangements are set based on typical pile spacing and pile arrangement.  

Most of the representative projects were fairly consistent with pile arrangements.  

In order to solidify the consistency in the new process, the six sigma project team 

documented a standard pile layout library for pile arrangements consisting of 3 

piles through 30 piles.  The pile layout library was assembled based on company 

design practices and industry standards such as the Concrete Reinforcing 

Handbook (CRSI, 2002). 

 

The next critical CTQ that was investigated was the edge distance.  The edge 

distance is the distance between the edge of the pile cap and the center of the 

pile.  This distance is driven by the capacity of the pile, pile arrangement, and 

thickness of pile cap.  This distance seemed to vary across projects even when 

the pile capacity, pile arrangement, and pile cap thickness were similar.    In 

order to reduce the variation, the six sigma project team searched for a way to 

standardize these distances.  Further research was conducted in order to 

determine the most common pile capacities used in projects and the minimum 
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pile cap thickness used in most projects.  It was found that there were six main 

pile capacities that could be used across all projects and a minimum pile cap 

thickness was set.  The six sigma project team then set edge distances for each 

of the six common pile capacities based on the minimum pile cap thickness. 

 

Shear reinforcing was the next critical CTQ investigated.  Shear reinforcing is a 

method of vertical reinforcement that can be used to reduce the pile cap 

thickness.  None of the seven projects utilized shear reinforcing to save concrete 

quantities.  The six sigma project team investigated the potential use of shear 

reinforcing in pile caps.  Representative analyses were run to determine the 

sensitivity of pile cap thickness to quantity of shear reinforcing.  Construction 

personnel were contacted to discuss the added complexity of installation.  It was 

determined that shear reinforcing was a reasonable addition to the pile cap and 

paid for itself in reduced concrete quantities. 

 

The next critical CTQ was pile embedment (See appendix 11.11).  Pile 

embedment is the distance that the pile projects into the bottom of the pile cap.  

This distance directly affects the placement of the bottom layer of reinforcement 

which directly affects the strength of the pile cap and thus drives the material 

quantities.  It was found that the pile embedment varied significantly across the 

representative projects.  The six sigma project team investigated various industry 

standards and best practices and determined that the pile embedment could be 
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set based on the type of pile used across projects.  The pile embedment distance 

was set based on the type of pile used. 

 

The next critical CTQ was pile capacity.  The capacity of the pile directly reflects 

the magnitude of the loads carried by the pile cap with drives the material 

quantities.  As with the edge distance critical CTQ, the six sigma team found that 

there were two pile diameters and six pile capacities typically used by the 

projects.  The two pile diameters were 16 inch and 18 inch.  The 16 inch 

diameter piles were found to have 60, 80, or 100 ton compressive capacities.  

The 18 inch diameter piles were found to have 80, 100, or 125 ton capacities.  

These six pile capacities were set as standard capacities. 

 

The last critical CTQ investigated was design man-hours.  The majority of the 

design man-hours are due to the analysis method used to design the typical pile 

caps.  It was found that the representative projects varied between a rigid 

analysis method and flexible analysis method using finite element analysis (FEA) 

software.  The selection of analysis method was made based on project 

personnel and previous experience.  The six sigma project team conducted 

research on the two analysis methods.  Pile caps were designed using both 

methods and results were compared.  It was found that both methods produced 

relatively the same results from a material quantity aspect.  It was found that the 

flexible analysis method consumed more man-hours determining variable inputs 

needed, using the specialized software and producing other code required 
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design checks not included in the software package.  The rigid analysis method 

was relatively simple, used conventional software, and provided all of the 

required code checks.  The rigid analysis method was set as the standard design 

method. 

 

Once all of the critical CTQs were investigated and a potential improvement was 

identified, the six sigma project team pulled the pieces together and explored the 

best overall solution to improve the current process.  It was determined that the 

entire process could be standardized.  The six sigma team utilized the typical pile 

layouts, the standardized edge distances, the shear reinforcing, the standardized 

pile embedment, and common grouping of pile capacities, and the rigid analysis 

method to develop a calculation template to produce an optimized typical pile 

cap.  This template was then used by the secondary members of the six sigma 

team in an overseas office to design a pre-designed typical pile cap library 

ranging from a 3 pile cap to a 30 pile cap.  The overseas office produced verified 

calculations for the pre-designed typical pile cap library and construction quality 

CAD drawings of the designs. 

 

There are several deliverables produced by the improve methodology to support 

the “to be” process.  A full set of pre-prepared and verified calculations (See 

appendix 11.12) and pre-prepared construction quality CAD drawings were 

created ready for project use (See appendix 11.11).  A bill-of-quantities was also 

produced for the pre-designed typical pile cap library to support project proposal 
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operations (See appendix 11.13).  A new design guide (See appendix 11.9) and 

new design standard (See appendix 11.10) for typical pile caps was also created.  

The guide instructs the user on how to utilize the pre-designed typical pile cap 

library and also provides background information on the creation of the designs. 

 

The new process map is produced showing the “to be” process (See appendix 

11.8).  The “to be” process significantly reduces cycle time when compared to the 

“as is” process.  The designs and drawings are standardized and are “off-the-

shelf” designs theoretically reducing the variation in the process to zero.  The six 

sigma project team utilized the “as is” process to redesign the typical pile caps in 

the seven representative projects.  The result was a 27% reduction in installed 

cost equating to a total benefit of $600,000 that could have been realized if the 

pre-designed typical pile cap library was used.  This result far exceeded the goal 

set by the project charter. 

 

The tangible and intangible benefits are then reviewed and validated.  The seven 

representative projects and their calculated benefits produced by the improved 

process was utilized to project the tangible benefits expected in the next 12 

month period based on the expected project load.  Taking into account the 

estimated joint venture agreements that would require sharing of the benefits, the 

tangible benefits are expected to impact the stock price by $0.13 per share (See 

appendix 11.14).  Some of the intangible benefits that could not be quantified are 

the direction the new process provides for entry level engineers, the actual 
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design man-hour savings, the theoretical elimination of variation, and the 

potential reduction in construction schedule.  

 

4.5.5 Control 
 
The control methodology is the last of the six sigma methodologies and is used 

to ensure success of the project.  In order for the project to be a success it has to 

be implemented and monitored to be sure the improved process is embraced.  

Implementation of the improved process begins with a good communication plan.  

The communication plan is a well thought out plan to roll-out the improved 

process with minimal resistance from the end users.  The elements of the 

communication plan should provide exposure for the improved process and 

educate the masses on what it is, where to find it, and when to use it. 

 

In the case of the typical pile cap project, an implementation and communication 

plan was drafted (See appendix 11.16).  The communication plan started at the 

top with the six sigma steering committee.  A presentation was prepared and 

given by the green belt to the six sigma steering committee (See appendix 

11.14).  Questions were addressed to ensure the six sigma steering committee 

was fully onboard with the proposed changes in the process.  A bulletin was 

prepared describing the project and its results.  An email from the process owner 

(Civil/Structural Chief Engineer) containing the project bulletin was distributed 

announcing the new process and the availability of the new guide and standard 

for typical pile caps.  The email established the credibility of the improved 
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process and acted as the initial announcement to the end users of the improved 

process.  A project story board was also created (See appendix 11.15).  The 

project story board was distributed via the six sigma group to increase the 

exposure to the new improved process.  An article was also drafted and included 

in the organization newsletter. 

 

Once the communication of the improved process has been released, training on 

the improved process needs to occur.  In the case of the typical pile cap project 

an informal and formal format were used.  Both formats were recorded and 

distributed via the organization’s intranet to ensure coverage to those individuals 

who cannot attend and those individuals located in overseas offices.  The 

informal format consisted of a lunchtime “brownbag” training session where the 

new guide and standard were reviewed and an example application of the pre-

designed typical pile cap library was presented.  The session occurred over the 

typical lunch hour so that the participants could bring their “brown bag” lunch and 

take-in the presentation.  It is important that this informal session occur relatively 

soon after the release of the improved process.  This ensures any confusion 

regarding the new improved process will be kept to a minimum.  The formal 

format consists of a documented training session that fits into the organization’s 

training series.  The main objective of the formal training session is to train on 

pile cap design in general.  The training session gets more in depth into the 

technical aspects of designing a pile cap as well as discussing the use of the pre-

designed typical pile cap library.  

Page 4-24 



Six Sigma in Design Engineering – A Case Study and Implementation of Typical 
Pile Cap Design 

 
 

 The use of the improved process needs to be monitored to ensure its use.  The 

monitoring process is done by the process owner and should be as easy as 

possible.  In the case of the typical pile cap project the improved process is 

monitored using the new standard and project reviews.  One of the project 

deliverables was a standard for typical pile caps.  The standard must be followed 

unless a deviation is granted from the civil/structural chief engineer who happens 

to be the process owner.  The standard states that the pre-designed typical pile 

cap library shall be used.  The chief engineer also conducts 30%, 60%, and 90% 

project reviews.  In these project reviews several items are covered.  One of the 

items to be reviewed will be the use of the pre-designed typical pile cap library if 

applicable to the project.   
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5.0 Lessons Learned 
 
Throughout the typical pile cap project there were accomplishments and several 

lessons learned.  The best accomplishment was finishing the project and 

realizing the impact it would have on the organization.  The next best 

accomplishment was receiving the Process Award from the division President 

and CEO.  This award is given on a yearly basis to the six sigma project that 

reduces cycle time and has the highest impact on its “as is” process.   

 

One of the most important lessons learned was to not have a pre-thought or pre-

conceived solution to the “as is” process.  One must be open minded and 

evaluate the variables to determine the best improvement to the process.  Let the 

evidence speak for itself.  In the case of the typical pile cap project the early 

thought was that the difference between the rigid analysis and flexible analysis 

technique would be the improvement that needed to be made.  As the project 

progressed it was evident that this was just a small part in the larger solution.  In 

the end the entire process was able to be standardized. 

 

Another lesson learned was to ensure the data collection is well thought out and 

documented.  Data origin should be recorded so that someone can return to 

collect more data if needed.  There is significant effort put into finding the data 

necessary to evaluate a process.  The extra effort needed to collect some 

additional information is well worth the effort even if the information ends up not 

being needed.  The extra time needed to remobilize a data collection effort later 
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in the project will often put the project behind schedule.  In the case of the typical 

pile cap project the data collection period was well documented and the decision 

to grab additional data was made.  It turned out that the extra data that was 

recorded was very useful in the project and time was saved by not needing to go 

back and gather more data. 

 

Another lesson learned is to stick to weekly project meetings.  The six sigma 

project team members, excluding the black belt, are part-time participants in the 

six sigma process.  They will spend less than 20% of their time working on the 

six sigma project.  The weekly meetings are reserved time that you can count on 

the team thinking about and working on nothing but the six sigma project.  The 

weekly project meetings should not be canceled until the control methodology is 

finished. 

 

 The final lesson learned to be presented involves the six sigma tools available 

during the DMAIC process.  When executing a six sigma project one should not 

get hung up on the massive amounts of tools available.  The six sigma tool kit 

has multiple tools statistical and non-statistical available for the project to use.  

Every project is different and will demand the use of different tools, but one 

should not force the use of the tools.  Only use the tools if it makes sense to the 

project.  The six sigma process is known for its statistical methods, but overall it 

is a good method to investigate the current capability of any process and 

discover potential improvements. 
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6.0 Summary 

 
This paper provided a brief background in Six Sigma methodologies and 

exposed the lack of guidance documented in the design engineering industry.  

This paper also provided a case study of the execution and implementation of a 

Six Sigma project in a design engineering firm in order to aid others in the 

application of the DMAIC methodologies in the design engineering industry.  The 

scope of the Six Sigma project presented included training, assembling a team, 

and working through the Six Sigma process. 
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7.0 Conclusions 

 
It was found through Six Sigma process improvement and the application of the 

DMAIC methodologies that the typical pile cap design process could be 

improved.  A representative sample of past projects that used typical pile caps 

was reviewed and redesigned using the refined typical pile cap design process.  

It was found the new typical pile cap design process would have reduced the 

overall installed cost of the typical pile caps by 27%.  The new improved typical 

pile cap design process will be implemented and used on future projects yielding 

both tangible and intangible benefits. 
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8.0 Suggestions for Additional Work 

 
The paper attempts to help fill the gap in the application of six sigma to design 

engineering projects by providing an example of an application for others to 

reference.  As reflected in section 3.0, the definitions and basis for six sigma has 

been thoroughly explored.  More information needs to be produced providing 

guidance to non-manufacturing industries particularly the design engineering 

industry.  More information also needs to be provided regarding the different 

forms of six sigma being attempted in the design engineering industry.  Some of 

the different forms include DMAIC (presented in this paper), DFSS (design for six 

sigma), Lean, and DMADV (define, measure, analyze, design, verify).  Some 

design engineering companies may even produce a new form that works best in 

their organization.  All of these need to be shared so that six sigma may be used 

to better the design engineering industry. 
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11.0 Appendices 
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11.1 Six Sigma Organizational Structure 
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11.2 Big Three Questions 
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What is Broken? Why Do You Say That? So What?
Problem Statement Objective Evidence Link to Value Creation

What is not happening or working?  
Describe the problem or issue factually 
and objectively.  Avoid speculating on 

implied causes or solutions.  In addition, 
avoid stating opinions or assigning 

blame.

State what objective evidence has been 
found to prove the problem or issues 

exist.

Calculate the financial impact of the 
problem or issue on the organization 

and/or customer.  Link the impact to our 
financial statement, that is revenue, 

expense, or working capital.

There is not a pile cap design procedure.
Each project is utilizing tools and 
methods independantly to get their work 
completed.

A well defined pile cap design process 
can reduce design time, concrete 
quantity, rebar quantity, total pile length, 
and construction costs.  It is estimated 
the new process could save 10% of the 
MHs associated with pile cap design, 
10% of the materials associated wtih the 
pile caps, and 10% of the associated 
installation cost due to reduction of 
materials. 

Potential Project Name: Pile Cap Design
Process Owner:
Interviewee(s):
Date: 3/22/2006

Three Big Questions
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11.3 Project Scorecard 
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Project Name: Date: 23-Mar-06

Project Qualities and Risks
Importance 5

Importance 4

Importance 3

Importance 5

Project Quality
Project Risk

In Owners Engineers jobs there may be the possiblity that we will want geotech 
samples and clients may be resistant to the additonal costs.

Uncertain

2006 SIX SIGMA PROJECT RATING SCORECARD
Piling Cap Design

Notes:

Yes
Yes

Will the project improve the workplace environment?

Will the project increase client satisfaction?
Will the project be a market differentiator?

A 10% reduction was estimated.  The financial benefits are guesses at this point in 
time.

Performance Culture
Will the project be completed in less than 9 months?

Financial Performance
Will the benefits be tangible?

Will the project y data be easy to gather/measure?

Market Leadership

Financial Benefit
What is the estimated financial benefit for ?

What is the estimated financial benefit for our JV's?

What is the estimated financial benefit for our clients?

Process Ownership
Is there a single process owner with full authority over the process?
Does the process owner have a history of effective implementation?

Yes

Uncertain

Acceptable
Low

Yes

No
No

$100,000
$200,000
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11.4 Project Charter 
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08/30/06- 1

Team Charter

Problem Statement: There is no documented Company pile cap 
design standard or guide although Company has been using the 
Concrete Reinforcement Steel Institute (CRSI) as its guide. 

Goal Statement: To develop Company design standard and related 
guides that will reduce design time, quantities, and construction 
costs.  The goal is to reduce total installed cost by 5%.

Project Scope:  The scope of this project only encompasses typical 
pile cap design.  It excludes specialty structures, mats, pile design, 
rebar embedment and anchor bolt designs.

D M A I C
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11.5 Examples of tools used (CTQ tree, FMEA, CTQ Prioritization) 
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08/30/06- 2

Considerations in Designing Pile Caps D M A I C

Reduce Installed Cost of Pile 
Caps – Typical Design

Other Construction Design Piles

Form usage

Unit Rates

Foundation (large or 
medium or small) 
Smaller cost more

Schedule Impacts

Time (Man-hours)

Compares as sold vs. 
take offs (BOQ)

Rebar Quantities

Concrete Quantities

Formwork Quantities

Pile embedments

Edge distance

Shear reinforcing (reduce 
thickness)

Man-hours

Method of Analysis (rigid or 
flexible)

Pile capacity

Pile length

Pile diameter

Pile layout

Spring constants 
(flexible design)

Building codes

Loads – As given

Proposal communication 
loop

Underground 
Obstructions

Plant Arrangement



FMEA Instructions

1.

2.

3.

4.
5.

Risk Ratings:
Severity – How significant will the failure be on the customer?
Occurrence – Is it likely that the cause of the Failure Mode will occur?
Detection – Is it likely the current system will detect the cause of the Failure Mode, if it occurs?
Risk Priority Number = Sev x Occ x Det

6.
a. Red Zone – RPN>=120:  Considered to be a Critical Failure Risk, highly recommend appropriate 

actions be taken to reduce risk.
b. Yellow Zone – 61 < RPN < 119:  Considered to be a Nominal Failure Risk, regularly monitor to 

ensure risks are controlled.
c. White Zone – RPN <= 60:  Considered to be a Minimal Failure Risk, recommend periodic 

monitoring.
7.
8. Identify who is responsible for implementing the given action.
9.

List each process or implementation step in the first column of the template (Refer to Process Map, if 
utilized).
For each process step, list the potential failure modes.  A failure mode is the manner in which a 
process can fail to meet customer requirements.  A single process step may have multiple failure 
modes.
Identify the potential effect the failure mode will have on the customer if the failure mode is not 
prvented or corrected.  A single failure mode may have multiple effects on the customer or process 
outcome.
Identify the potential cause of each failure mode.  A failure mode may have multiple causes.
After the failue modes, effects and causes have been identified, go back and complete the ratings for 
each row based on the following critiera:  (Use the 1-10 rating scale shown on the previous tab)

Prioritize process steps based on Risk Priority Number (RPN)

Determine recommended Actions to reduce RPN’s. (Red Zone Only).

Take appropriate actions and re-calculate RPN’s using Severity, Occurrence, and Detection ratings 



Rating Description Rating Description Rating Description

1 Be unnoticed and not affect the performance. 1 Once ever 7+ years. 1 Certain that the potential failure will be found or 
prevented before it impacts productivity or schedule.

2 Be unnoticed; minor affect on performance. 2 Once every 3-6 years. 2
Almost certain that the potential failure will be found 
or prevented before it impacts productivity or 
schedule.

3 Cause a minor nuisance; can be overcome with no loss. 3 Once every 1-3 years. 3 Low likelihood that the potential failure will impact 
productivity or schedule undetected.

4 Cause minor performance loss. 4 Once per year. 4 Controls may detect or prevent the potential failure 
from impacting productivity or schedule.

5 Cause a loss of performance; likely to result in a 
complaint. 5 Once every 6 months. 5 Moderate likelihood that the potential failure will 

impact productivity or schedule undetected.

6 Result in partial malfunction. 6 Once every 3 months. 6
Controls are unlikely to detect or prevent the 
potential failure from impacting productivity or 
schedule.

7 Cause customer dissatisfaction. 7 Once per month. 7
Poor likelihood that the potential failure will be 
detected or prevented before impacting productivity 
or schedule.

8 Render the product or service unfit for use. 8 Once per week. 8
Very poor likelihood that the potential failure will be 
detected or prevented before impacting productivity 
or schedule.

9 Be illegal. 9 Once every 3-4 days. 9 Current controls probably will not even detect the 
failure.

10 Injure a customer or employee. 10 More than once per day. 10 Absolute certainty that the current controls will not 
detect the failure.

FMEA RATING SCALE

SEVERITY FREQUENCY OF OCCURRENCE DETECTABILITY (LIKELIHOOD OF PREVENTION)



Process or Product Name: Prepared by: 

Project Team: FMEA Date (Orig) - 19 Oct 06 Review/Revision 1

RPN:  Before Action Taken

 Installation Process Step Item 
No. Potential Failure Mode Potential Failure Effects

S
E
V

Potential Causes
O
C
C

Current Controls
D
E
T

R
P
N

Actions Recommended Resp. Due Date Actions Taken
S
E
V

O
C
C

D
E
T

R
P
N

Date 
Completed

Issue Typical Pile Cap Guide 1 Guide is not used Old process continues;  
variation continues 5 Individual does not know about 

guide 4 Electronic notification of issue or 
change 6 120 Training and communication plan - notify all 

personnel that are impacted by pile caps.  10-Nov-06 5 2 6 60

Issue Typical Pile Cap Guide 2
Guide is misunderstood.  This is for
typical pile caps and someone may 
think that this is for all pile caps.

Old process continues;  
variation continues 5 Does not understand guide 4 Contacting supervisor or on the job 

training. 5 100
training and communication plan - notify all 
personnel that are impacted by pile caps. 
Indicate a contact name in the Guide. 

10-Nov-06 2 4 6 48

Issue Typical Pile Cap Guide 3
Guide is misused.  Pile loads on 
project are not in the guide.  That is
a 63 ton pile.

Old process continues;  
variation continues 5 Individual does not understand how 

guide applies to their scope. 6 None 6 180

Needs to be something in the guide that 
addresses different size pile capacities that are
not in the library.  Discuss with PDE and/or 
with Guide Owner.

1-Nov-06 0

Issue Typical Pile Cap Guide 4 Guide is wrong Old process continues;  
variation continues 5 Just an error in the guide 5

Calculations in templates have to be 
verified and approved before 
becoming a template.

2 50 Ensure that Brian signs off on the calculations. 0

Issue Typical Pile Cap Guide 5 Guide is not enforced Old process continues;  
variation continues 5 Individual does not know about 

guide 6 None 5 150
Chief Engineer will ask whether the guide is 
being used on the project and there will be 
random audits.

5 4 2 40

Issue Typical Pile Cap Guide 6 Guide is not supported Old process continues;  
variation continues 5 Process Owner does not take 

ownership 1 Current Process Owner takes 
ownership. 1 5 Need a Guide Owner and succession planning. 1 1 1 1

Issue Typical Pile Cap Guide 7 Code changes and guide is no 
longer applicable

Process is now in 
accordance with code 7 Improper designs 1 Guide owner monitors code 3 21 0

Training 8 Not all personnel needing training 
are identified.

Old process continues;  
variation continues 5 Improper identification of 

personnel needing training 5 Communication plan 3 75 Training program incorporating all levels and 
positions that need to know. 0

Communication 9 Not all personnel needing to know 
are notified.

Old process continues;  
variation continues 5 People are not notified or made 

aware. 4 Communication plan 4 80 Put on Chief Engineer's Portal.  Chief 
Engineer must maintain owner names. 0

Issue Standard 10 Standard is not used Old process continues;  
variation continues 5 Individual does not know about 

guide 6 Electronic notification of issue or 
change 7 210 Training and communication plan - notify all 

personnel that are impacted by pile caps.  10-Nov-06 0

Training for the 
designers/technicians

Spend time redrawing caps that are
already drawn in the library

Waste manhours and 
increase cost. 4 Technicians unaware of library 6 None 5 120 Ensure that this group is included in training. 0

After

Typical Pile Cap Design

Failure Modes and Effects Analysis
(FMEA)

12/15/04 Rev 0 Page 1



Rev 0 Prioritization Table Instructions

1. Describe the focus of the project in cell A3.

2. Enter the CTQ's into the vertical side of the Prioritization Table.

3. Compare the importance or impact of each criterion to each criterion listed along the horizon
side using the following numeric weightings. (Note:  Enter numeric weighting in upper 
quadrant only.  The lower quadrant will be automatically filled with the inverse of the 
weighting score).
•        1.0    =   The criterion being considered is equally important or effective when judged         
                   against the criteriron you are comparing it to
•    5.0    =   The criterion being considered is significantly more important or effective.
•     10.0    =   The criterion is extremely more important or effective.
•        0.2    =   The criterion is significantly less important or effective.
•        0.1    =   The criterion is extremely less important or effective.

When completing or interpreting the Table, read across the rows, not down the columns.

4. Review % and Ranking Columns to determine relative importance.

Copy of Pile Cap PrioritizationTable.xls
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Criteria
Shear reinforcing 0 0.00%

Underground obstructions 0 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 160 82.14%

Plant arrangement 0 0.1 1 5 1 1 0.1 5 1 0.2 14.4 7.39%

Form sizes 0 0.1 1 1.1 0.56%

Edge distance 0 0.1 0.2 0 0.3 0.15%

Foundation size 0 0.1 1 0 0 1.1 0.56%

Schedule impacts 0 0.1 1 0 0 0 1.1 0.56%

Construction Manhours 0 0.1 10 0 0 0 0 10.1 5.18%

Quantities 0 0.1 0.2 0 0 0 0 0 0.3 0.15%

Pile embedment into cap - distance 0 0.1 1 0 0 0 0 0 0 1.1 0.56%

Spring constants 0 0.1 5 0 0 0 0 0 0 0 5.1 2.62%

Fixed head or free head 0 0.1 0 0 0 0 0 0 0 0 0 0.1 0.05%

Method of analysis 0 0.1 0 0 0 0 0 0 0 0 0 0 0.1 0.05%

Pile arrangement 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0.1 0.05%

Pile length 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.05%

Allowable capacity 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.05%

0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.05%

0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.05%

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00%

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00%

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00%

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00%

Column Total 0 1.6 29.4 11 15 11 11 10.1 15 11 10.2 10 10 10 10 10 10 10 0 0 0 0 194.8

Pile Cap Design Prioritization Table

 Rev 0
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11.6 “As is” process map 
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11.7 Sample data collection sheet 
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6 Sigma - Typical Pile Cap Design

Project Name
Project Number
Date Data Collected
Name of Data Collector

Information Needed Format Found/Not Found
Pile load test report Vendor report
Pile axial capacity calculations Geotechnical Calculations
Typ. Pile Details (Shows types) S5000 Series Dwgs.
Pile arrangement (layout) S5000 Series Dwgs.

Information Needed Format Found/Not Found
Pile cap arrangement (layout) S5000 Series Dwgs.
Pile cap calculations Structural Calculations
Pile typical embedment S5950 Dwg.

Information Needed Format Found/Not Found
BOQ - Concrete On S5000 Dwgs. or BOQ Doc.
BOQ - Rebar On S5000 Dwgs. or BOQ Doc.
BOQ - Form Work On S5000 Dwgs. or BOQ Doc.
Installed Cost/Unit Cost of pile cap Project Closeout
Greenfield or brownfield site Project Description/Plot Plan

Note:  Information is required for typical pile cap design for 2-pile through 30-pile arrangements.  Typical pile caps are 
defined as caps supporting one column centered on the cap (no eccentricity).  The cap plan view is symmetrical and not 
impacted by adjacent structures or underground obstructions.  Most projects will not utilize all pile arrangements.  
Information will be gathered on those typical arrangents found in the project.

Pile Design Information

Pile Cap Design Information

Other Information



Project Name
B&V Project Number
Date Data Collected
Name of Data Collector

Information Needed Format Value
Drawing number Ex. 138184-4QQ-S5301
Structure Ex. Gen. Bldg, Utility Rack..
Column Row Ex. 201/C1
Number of piles Number
DIA of piles Inches
Capacity of piles Tons (compression/Uplift)
Spacing of piles In terms of pile DIA
Pile edge distance Feet
Pile embedment into bottom of cap Inches
Shear reinforcing Yes or No
Width of pile cap Feet and Inches
Length of cap Feet and Inches
Depth of cap Feet and Inches
Formwork quantity Square Feet
Concrete quantity Cubic Yards
Rebar quantity Tons
Calc. file number Ex. 138184.52.0801.1001
Building code Ex. IBC 2003
Concrete code Ex. ACI 318-02
Type of analysis Rigid or Flexible
Column vertical design load Kips (+=uplift/-=comp)
Column lateral design load Kips (width dir./length dir.)
Column applied moment load Kip-Ft (width dir./length dir.)

Information Needed Format Value
Drawing number Ex. 138184-4QQ-S5301
Structure Ex. Gen. Bldg, Utility Rack..
Column Row Ex. 201/C1
Number of piles Number
DIA of piles Inches
Capacity of piles Tons (compression/Uplift)
Spacing of piles In terms of pile DIA
Pile edge distance Feet
Pile embedment into bottom of cap Inches
Shear reinforcing Yes or No
Width of pile cap Feet and Inches
Length of cap Feet and Inches
Depth of cap Feet and Inches
Formwork quantity Square Feet
Concrete quantity Cubic Yards
Rebar quantity Tons
Calc. file number Ex. 138184.52.0801.1001
Building code Ex. IBC 2003
Concrete code Ex. ACI 318-02
Type of analysis Rigid or Flexible
Column vertical design load Kips (+=uplift/-=comp)
Column lateral design load Kips (width dir./length dir.)
Column applied moment load Kip-Ft (width dir./length dir.)

Pile Cap Information

Note:  Information is required for typical pile cap design for 2-pile through 30-pile arrangements.  Typical pile caps are 
defined as caps supporting one column centered on the cap (no eccentricity).  The cap plan view is symmetrical and not 
impacted by adjacent structures or underground obstructions.  Most projects will not utilize all pile arrangements.  
Information will be gathered on those typical arrangents found in the project.  Gather information on one of each typical 
pile caps in each project.

Pile Cap Information
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11.8 “To be” process map 
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11.9 New design guide 
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11.10 New design standard 
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11.11 Pre-designed typical pile cap library drawing (sample) 
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11.12 Pre-designed typical pile cap calculation (sample) 
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11.13 Pre-designed typical pile cap bill-of-quantities (sample) 
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= Calculated Value

18  "DIA 80TN Piles
2 Pile Cap

Item Format Value
C-C Spacing of piles Feet 4.50
Pile edge distance Feet 1.50
Width of pile cap Feet 3.00
Length of cap Feet 7.50
Depth of cap Feet 3.50
Top clear cover Inches 4
Bottom clear cover Inches 6
Pile embedment into bottom of cap Inches 4.00
Formwork quantity Square Feet 73.50
Concrete quantity Cubic Yards 2.92
Flexure rebar quantity Tons
Shear rebar quantity Tons

3 Pile Cap
Item Format Value

C-C Spacing of piles Feet 4.50
Pile edge distance Feet 1.50
Width of pile cap Feet
Length of cap Feet
Depth of cap Feet
Top clear cover Inches 4.00
Bottom clear cover Inches 6.00
Pile embedment into bottom of cap Inches 4.00
Formwork quantity Square Feet 0.00
Concrete quantity Cubic Yards 0.00
Flexure rebar quantity Tons
Shear rebar quantity Tons

4 Pile Cap
Item Format Value

C-C Spacing of piles Feet 4.50
Pile edge distance Feet 1.50
Width of pile cap Feet
Length of cap Feet
Depth of cap Feet
Top clear cover Inches 4.00
Bottom clear cover Inches 6.00
Pile embedment into bottom of cap Inches 4.00
Formwork quantity Square Feet 0.00
Concrete quantity Cubic Yards 0.00
Flexure rebar quantity Tons
Shear rebar quantity Tons

5 Pile Cap
Item Format Value

C-C Spacing of piles Feet 4.50
Pile edge distance Feet 1.50
Width of pile cap Feet
Length of cap Feet
Depth of cap Feet
Top clear cover Inches 4.00
Bottom clear cover Inches 6.00
Pile embedment into bottom of cap Inches 4.00
Formwork quantity Square Feet 0.00
Concrete quantity Cubic Yards 0.00
Flexure rebar quantity Tons
Shear rebar quantity Tons

Typical Pile Cap Design Summary - Rigid Analysis - No Shear Reinforcing
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11.14 Presentation of results to steering committee 
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Typical Pile Cap Design
Project # :  ENE.KC.EN.06.081
Project Champion:
Process Owner:
Black Belt:  
Green Belt:  
Project Team:



08/30/06- 2

Team Charter

Problem Statement: There is no documented Company pile cap 
design standard or guide although Company has been using the 
Concrete Reinforcement Steel Institute (CRSI) as its guide. 

Goal Statement: To develop Company design standard and related 
guides that will reduce design time, quantities, and construction 
costs.  The goal is to reduce total installed cost by 5%.

Project Scope:  The scope of this project only encompasses typical 
pile cap design.  It excludes specialty structures, mats, pile design, 
rebar embedment and anchor bolt designs.

D M A I C



08/30/06- 3

Considerations in Designing Pile Caps D M A I C

Reduce Installed Cost of Pile 
Caps – Typical Design

Other Construction Design Piles

Form usage

Unit Rates

Foundation (large or 
medium or small) 
Smaller cost more

Schedule Impacts

Time (Man-hours)

Compares as sold vs. 
take offs (BOQ)

Rebar Quantities

Concrete Quantities

Formwork Quantities

Pile embedments

Edge distance

Shear reinforcing (reduce 
thickness)

Man-hours

Method of Analysis (rigid or 
flexible)

Pile capacity

Pile length

Pile diameter

Pile layout

Spring constants 
(flexible design)

Building codes

Loads – As given

Proposal communication 
loop

Underground 
Obstructions

Plant Arrangement



08/30/06- 4

Identify Critical CTQs D M A I C

A prioritization analysis rated the CTQs with the most impact on reducing 
the installed cost of pile caps:

Pile layout

Edge distance

Shear reinforcing

Pile embedment

Pile capacity 

Design man-hours



08/30/06- 5

Typical Pile Cap Data Collection D M A I C

As-is BOQ and associated cost

1,346,908179.1331,5593,692137COCCR

83,91510.182,64615829BAllegro

2,507,948331.2863,4976,335397     Total

196,72924.405,68442752BContradista

15,2321.93424354BOxygen

169,10231.364,11736826BPortfield

454,54866.6412,1841,011112ACards

241,51317.646,88364337AKiller

Total Cost 
($)Rebar (TN)Formwork (SF)Concrete (CY)

Number 
of Typical 
Pile Caps

Plant 
TypeProject Name



08/30/06- 6

Most Utilized Typical Pile Cap D M A I C

11
12
13
14
16
18
19
20
24
28

2
3
4
5
6
7
8
9
10

Number of Typical Pile Caps

3 & 4 Pile Cap 
arrangements 
make up more 

than one half of 
the typical pile 
caps installed

3 & 4 Pile Cap 
arrangements 
make up more 

than one half of 
the typical pile 
caps installed
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Investigating Current Process D M A I C

Reduce material quantities

Investigate typical pile arrangements

Investigate typical pile edge distances

Investigate pile embedment

Investigate shear reinforcing

Reduce Manhours
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Current Process Capability D M A I C

Concrete (CY)
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Cubic Yards Concrete - 16" Diameter - 100 Ton - 4 Pile Cap

Large variation in current process
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Developed New Process

Developed a standard template

Developed a typical pile cap layout

Standardize pile diameters

Standardize pile capacities

Overseas office 

Created typical pile cap calculations

Created typical pile cap drawings

Standardized the design

D M A I C



08/30/06- 10

Delivered

Pre-designed typical pile cap library

Pre-prepared and verified reference calculations

Pre-prepared design drawing details

Typical pile cap design templates

Typical pile cap bill-of-quantities

Guide for Typical Pile Caps

Standard for Typical Pile Caps

D M A I C

First of kind “Off-the-shelf” pile caps
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Cubic Yards of Concrete
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Cubic Yards Concrete - 16" Diameter- 100 Ton - 4 Pile Cap

New Process Capability D M A I C

New Process

As-Is Process

Variation disappears in new process



08/30/06- 12

Using the Guide will result in 
Overall Benefits

D M A I C

600,00064 15,763 1,832 Benefits

2,500,00033163,497 6,335 Current Process

1,900,000 301 47,734 4,503 Pile Cap Library

Total Cost ($)Rebar (TN)Formwork (SF)Concrete (CY)Typical Pile Cap Design

Pile Cap Library = 23% Reduction Installed Cost



08/30/06- 13

Implementation Plan

A new Standard and Guide are to be issued by 
January 1st 2007.

Joe Smith will issue an e-mail letting appropriate 
people know that the guide must be used. 

Global training approach

Brown Bags will be offered

Formal training to be offered in early 2007

D M A I C
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Tangible & Intangible Benefits D M A I C

Tangible benefits based on reduced quantities (Based on 2007 
Budget)

A  (2) $90,000

C (1) 70,000

B (2) 30,000

Intangible

Provide guidance

Fewer design hours

Less variation

Less quantities should translate into reduced construction 
schedule

A Total of 
$190,000



08/30/06- 15

Process Owner D M A I C

By creating a standard template and creating a library of 
pile caps, this project will improve consistency across 
projects and reduce our variation in sizes and quantities 
with a commensurate cost benefit.

I will be issuing a special communication to all who are 
affected by the new standard and guide.  

This project provides detailed guidelines and tools that will 
be appreciated by our lower level engineers as it gives 
them a process to design typical pile caps with minimum 
assistance.   



08/30/06- 16

Financial Validation D M A I C

Reduction in Direct Cost                                    $   190,000

Value Contribution (after Tax, Cost of Capital & Corp Charge) $114,000
EBITDA Market Multiplier                                        6.0

Common Shares Outstanding                                  9,000,000
Per Share Value                                                 $0.13

Reduction in Direct Cost                                    $   190,000

Value Contribution (after Tax, Cost of Capital & Corp Charge) $114,000
EBITDA Market Multiplier                                        6.0

Common Shares Outstanding                                  9,000,000
Per Share Value                                                 $0.13

Basis of Validated Figure:

2 A, 2 B and 1 C in 2007  

Basis of Validated Figure:

2 A, 2 B and 1 C in 2007  

Intangible Benefits:

Tool to increase productivity, fewer hours to design, 
and quicker construction

Intangible Benefits:

Tool to increase productivity, fewer hours to design, 
and quicker construction
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PROJECT STORIES
Typical Pile 
Cap Design 
Typical Pile 
Cap Design 
Created a “Typical Pile Cap Design Library”
to standardize and optimize the designs of
typical three to thirty pile cap arrangements.

DEFINE the Opportunity for Improvement
Black & Veatch uses the Concrete Reinforcing Steel Institute’s, CRSI
Design Handbook, as its guide in designing typical pile caps. Typical
pile caps are considered those that support only one column centered
on the cap. There was evidence that despite using the CRSI Design
Handbook that there was a variation in concrete and rebar quantities
used in similar type pile caps.

MEASURE the Problem
The project team gathered data on 397 typical pile caps used on
AQCS, combined cycle and coal projects. All concrete, rebar, and
formwork quantities were gathered for the typical pile caps.

ANALYZE the Data
The project found that the quantities used on similar types of pile 
caps varied from project to project. One example found a 50 percent
variation in quantities used on a four pile cap arrangement.

IMPROVE the Process
The team standardized and optimized typical pile caps by developing
typical pile cap layouts, for like pile diameters and pile capacities. The
new designs resulted in a 23 percent reduction in installed costs versus
the baseline designs. The Bangkok office developed pile cap
calculations and typical pile cap drawings to create a library of pile
cap designs/drawings. The designs also include a bill of quantities that
can be used to support estimating. 

CONTROL (Sustain) the Improvement
A standard template, design standard and guide have been developed
to ensure typical pile cap designs will be designed consistently. 
A communication will be issued to all civil/structural engineering
professionals who will be affected by the new standard and guide.

For more information, visit http://bvportal/sites/SixSigma/default.aspx.

Validated
Financial Impact
$190,000 

COMPLETION DATE:
11/17/2006

PROJECTED IMPLEMENTATION
DATE
1/1/2007

PROJECT TEAM
Green Belt: Reggie Hoog     
Black Belt: Ed Franiak 
Process Owner: Brian Schmidt
Champion: Brian Schmidt
Project Team: Terry Kratchovil, Monica
Howerton, Brian Christensen, Jim Liljigren

VOICE OF THE CUSTOMER
“The pile cap project will provide great value to our
future projects. The project provides our professional’s
additional technical information that supports our
continuous improvement efforts to improve
consistency across projects and provides excellent
tools to complete our work more efficiently both in
total installed cost and engineering man-hours.”

—   Brian Schmidt, Civil/Structural Chief Engineer

ABOUT SIX SIGMA
Six Sigma is a data-driven methodology used to improve
mission-critical processes. Recognized by leading global
companies for driving business success, Six Sigma supports
Black & Veatch’s Drive For Value.

2” CLR
(TYP)

PLAN DIM PLAN DIM

4”
 E

M
B

ED
(T

YP
)

#7 @ 9  T&B 4”
 C

LR
6”

 C
LR

3’
 —

 6
”

TOC EL

PILING (TYP)

COL

SECTION

Pipe cap design file  12/17/06  6:20 AM  Page 1

            

rlhoog
Cross-Out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out

rlhoog
Black out



Six Sigma in Design Engineering – A Case Study and Implementation of Typical 
Pile Cap Design 

 
 
11.16 Implementation and control plan 
 
 
 

Page 11-17 



Six Sigma Implementation and Control Plan 4 3/24/2007 

Six Sigma Implementation and Control Plan 
 

Project Summary: 
Project Name: Pile Cap Design Date: November 10, 2006 
      

Project Number:  Process Owner:
 
 

      

Validated Benefit: $250,000 Type 1 Benefit Project Leader:  
      

Project Result: Black Belt:  
   

 

Created a Typical Pile Cap Design Standard 
and Guide along with templates and typical 
pile cap library. Project Champion:  

 

Implementation Actions: 
Standards/Guides 

Type Standard or Guide Number if 
Applicable Description of Action Audience Responsible for 

Action Date Required 

New Std. Standard is a new standard and a 
number has not yet been issued 

Requires designers to use the 
“Typical Pile Cap Guide” 

See attached 
cognizant matrix  1 Dec 2006 

New Guide The Guide is new and a number 
has not yet been assigned. 

Guide walks you through 
reasoning of a typical pile cap 
and contains links to the typical 
pile cap library which contains 
drawings and BOQs for each type 
of typical pile cap 

See attached 
cognizant matrix  1 Dec 2006 
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Templates/Tools 

Type Description of Action Audience Responsible for 
Action Date Required 

Template 

New Templates are part of the 
Guide and cover items such as 
calculations, pile reaction and 
edge distance calculation 

See attached 
cognizant matrix  1 Dec 2006 

Tool 

Typical Pile Cap Library Drawings 
Include comparison between 
shear reinforced versus non-
shear reinforced 

See attached 
cognizant matrix     1 Dec 2006 

Tool Contains bill of quantities for the 
typical pile cap chosen. 

See attached 
cognizant matrix 
    

 1 Dec 2006 

Communications 

Key Features that the 
project brings 

The Typical Pile Cap Guide’s key features are a drawing library, bill of quantity, ready to submit drawings, and documented 
calculations for all of the pile caps.   

Key Benefits that are 
derived from the project 

The Guide will help save time in designing typical pile caps and give us a consistent design for typical pile caps.  The user who is 
typically a newer engineer will have a road map to the process making it easier to perform the work.   

 

Method/Media Description of Action Audience Responsible for 
Action Date Required 

Email 

A separate e-mail will be issued 
to all personnel indicating that the 
guide is available for use and that 
its use is mandatory 

See attached 
cognizant matrix 
    

 1 Dec 2006 

iNet  

A notice will be placed on the 
Energy and Chief Engineer’s 
Portal that the project has been 
completed and will connect to the 
Project Story 

All of Energy  1 Dec 2006 
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Training 

Type Description of Action Audience Responsible for 
Action Date Required 

Group 
A series of Brown Bags will be 
given where the Six Sigma 
Project will be presented. 

See attached 
cognizant matrix  Dec 2006 

Group
               Formal Training See attached 

cognizant matrix  Spring 2007 

Overseas
               

Brown Bags by local supervisors 
or managers      

See attached 
cognizant matrix  

Spring 2007 
 

 

Control Measurements: 
 
 

What is the overall intention of the project:   The typical pile cap guide is intended to make our design more consistent and easier 
to accomplish as well as reduce our overall cost of pile caps.  The intentions can only be realized if the guide is used.  As such our 
metrics will measure whether or not the guide is being used.  We will ask each project team during the project reviews whether or not 
they are using the guide and if they are not will instruct them to use the guide.  We will also perform quarterly audits of randomly 
selected projects to ascertain whether or not they are using the guide.  Financial benefits will be measured based on the type of 
project is using the guide.  We have determined that there are an average number of typical pile caps on A, B and C and will score 
actual benefits based on the type of project that is using the guide.  We will not attempt to count each pile cap.   
 

Metric Descriptions 
Metric Type Process Output (y) Process Output Y              
Metric Name Typical Pile Cap 

Quantities 
Audit       

Definition/Calculation Guide is Used or it is Not Guide is Used or it is not       
Unit of Measurement Yes or No Yes or No       
Frequency  Monthly Quarterly               
Source Project Reviews Six Sigma Team       
Responsible to Collect         
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Health Levels 
Green 99% Compliant 99% or Better       
Yellow 94 to 98 94 to 98%            
Red 93 or less 93% or Less       
Supporting Graph 
Graph Type Line Chart          Line Chart            
Graph Components Yes or No Yes or No            
Scale or Time Frame Monthly Add to Monthly on a 

quarterly basis 
      

 
Benefit Capturing – Explain how the actual benefits will be captured.   
 
 

 

During the analyze and improve stages we determined how many typical pile caps were on A, B and C.  By using the Typical Pile Cap Guide an A 
can save $8,500 per $10,000,000 of contract revenue, $32,000 per B and  $220,000 per C.  All of these amounts are based on the entire project 
without regard to Our share of the project. A calculator has been prepared which will capture the projects using the Typical Pile Cap Guide, date of 
project, type of project and Our share.  The calculator will automatically drop in the benefit amounts.  This will be filled out on a monthly basis by 
him and forwarded to the Six Sigma for incorporation into the overall benefits.   
 

 
 
 
Approvals:     
     
     
     
Process Owner Date  Project Black Belt Date 
    
    
    
Project Champion Date    
 



Month/Year
Type of 
Project Project Name  Project Revenue 

 Total Project 
Benefits 

Percentage of 
Project

 Total Project 
Benefits 

Feb-07 Example 25,000,000           100%

Total -                -                            

Validated amount (forecasted benefits for 2007) 190,000                    

Remaining forecast 190,000                    

Typical Pile Cap Benefits - Measurement Period - Jan 2007 - Dec 2007

Input cells that need individual input
Input cells utilizing a pick list
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