
. 4.,

111-;

NH!

1‘
‘1

 
 

 



MICHIGAN STATE UNIVERSITY

Q LIBRARIES

a " EAST LANSING, MICH 43824-1048

0’

r“? C C'f/O

This is to certify that the

thesis entitled

ASSESSMENT OF PRODUCTION PLANNING PROCESS IN

RESIDENTIAL CONSTRUCTION USING LEAN

CONSTRUCTION AND SIX SIGMA

presented by

THANVEER M MOHAMMED

has been accepted towards fulfillment

of the requirements for the

MASTER OF degree in CONSTRUCTION

SCIENCE MANAGEMENT

fl

fi
’-

J

/ Major Professor’s Signature

 

04/20/05

Date

MSU is an Affirmative Action/Equal Opportunity Institution



PLACE IN RETURN BOX

to remove this checkout from your record.

TO AVOID FINES return on or before date due.

MAYBERECALLEDwith earlier due date if requested.
 

 

‘ up , 3 DATE DUE
M7

 

 

 

 

 

 

 

 

 

     



ASSESSMENT OF PRODUCTION PLANNING PROCESS IN RESIDENTIAL

CONSTRUCTION USING LEAN CONSTRUCTION AND SIX SIGMA

By

Thanveer Moosa Mohammed

A THESIS

Submitted to

Michigan State University

In partial fulfillment of the requirements

For the degree of

MASTER OF SCIENCE

CONSTRUCTION MANAGEMENT PROGRAM

SCHOOL OF PLANNING, DESIGN AND CONSTRUCTION

2005



ABSTRACT

ASSESSMENT OF PRODUCTION PLANNING PROCESS IN RESIDENTIAL

CONSTRUCTION USING LEAN CONSTRUCTION AND SIX SIGMA

By

Thanveer Moosa Mohammed

The homebuilding industry in the United States is at its peak with the increase in demand

for homes. With the projected demand for homes in sight, many companies are preparing

themselves to be able to build more and more homes. Hence, it is vital for companies to

adopt the best practices of production planning and control. The research aims at

providing a production planning process performance assessment tool for the

homebuilding industry while exploring the possibilities of using a combination of Six

Sigma and Lean Construction principles to achieve the goal of zero-defect in a process.

Interviews with professionals from the homebuilding industry were conducted to study

the prevalent practices. Data was collected from a homebuilding site and a set of analysis

tools was used to analyze the data and find areas of improvement. An assessment tool and

a metric for performance assessment of production planning process were developed. A

production planning process model was developed based on this study. The model is a

combination of the Six Sigma DMAIC methodology and the Last Planner System. The

study shows that homebuilding companies generally perceive a higher production yield

than actual. Data analysis revealed that task pre-requisites, coordination with suppliers,

and overestimating productivity were major causes for unreliable production planning.
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Chapter 1

Introduction



Introduction

1.1 Motivation

Construction is as old as any civilization. Every civilization in this world considers

construction of structures as a symbol of their prosperity. Construction of structures has

been executed for shelter, transportation, defense, storage as well as for public

entertainment and meetings. In the past few centuries the world has seen amazing

structures like the Pyramids of Egypt, Taj Mahal in India, and Great Wall of China. It is

remarkable that these were built in an age when technology was way behind what we

have now.

These constructions projects had so many challenges to tackle; one can imagine

the logistics involved, the different materials requirements, specifications of the owners

(generally a king or a ruler), labor productivity, etc. How did they manage to achieve

such a task? Most of such projects didn’t have a time restriction and labor force was large

and money also was abundant. Yet, history of the construction of such structures does

show some sort of formal planning (Patrick, 2004). One can imagine the complexity of

the production planning process involved.

As civilizations grew, the variety and quality of construction improved (Allen and

Thallon, 2002). In the last century, technology had an exponential growth and this also

had an influence on construction. The construction systems became more and more

sophisticated, the construction materials improved, the labor force started to receive

formal training, and formal management techniques began to be recognized (Allen,

1999). The industry has recognized management has an important and distinctive

requirement of a successful project (Patrick, 2004). Today, the construction industry



follows traditional management techniques. The main functions of project management

are planning, organizing, staffing, coordinating, directing and controlling (Patrick, 2004).

The first of the many steps involved is Planning. This task basically means

establishing the course of project execution. Project planning involves outlining a course

of action, deciding on what is to be done, who will do it, how it will be done, when will it.

be done, and how much it will cost (Syal 2003). A good and reliable plan will exude

confidence in the project team. Highly complex projects have been executed successfully

with the aid of systematic and skilled planning. Flaming being the first step of the project

management functions, it decides the success of all the following functions. If planning is

not done meticulously, execution and control becomes difficult. The success of a project

is determined on how well it is executed in comparison with the plan. When plans change

due to unexpected events and uncertainties, the project team develops recovery plans to

stay within the broad objectives of the project as previously captured in initial plans.

The planning process differs across the different categories of construction. For

example in residential construction companies building few homes a year have less needs

for detailed planning compared to larger homebuilding companies. It is the author’s

opinion that a systematic planning process as well as a system that will measure the

effectiveness of the planning process is necessary to increase its production.

The typical construction process for small size homebuilding companies, is a very

ad-hoc approach where one builder finds a good site, decides to build a home, hires local

subcontractors and starts the process of construction. All the planning process is done

mentally and informally with many details left to chance. When this builder is building

about 3 to 5 homes simultaneously, everything is in chaos. This typically leads to



confusion, less productivity, monetary losses and delay. Medium companies have a more

systematic approach, wherein they have proper written agreements, qualified

subcontractors, planned production goals and deadlines to meet. Most of the larger

companies follow a system with bids, contracts, planned production, well-maintained

cash flows, performance analysis, quality considerations, safety and environmental

considerations, and requirements for customer satisfaction.

To successfully compete long term, a company must satisfy its customers by

providing superior quality which is rapidly becoming the criterion which differentiate

companies from their competitors (NAHB, 1993). With increasing demand for homes, it

is evident that more and more construction companies will participate in the competition.

Thus, it is clear that companies have to plan their operations to reach and maintain the

highest level of customer satisfaction.

Planning being the first step towards the successful execution of a project, it needs

to be as representative as possible (Hinze, 1998). Equally important is site production

planning done by homebuilding companies. Site production planning is the planning done

for day-to-day site activities. It is planning at a smaller level that includes all tasks

performed on site for completing the project. Present site production planning methods

used in the construction industry have evolved out of experience and knowledge. Site

production planning is necessary to breakdown the whole construction process into

smaller tasks done on a daily basis and achieve the production goals. Thus, site

production planning is critical for successful execution of tasks. Construction companies

need to assess the current practices and improvise on its techniques if needed. This could

be done by accepting and implementing some changes, even small ones. In order for



companies to identify areas needing improvement, 3 system of performance assessment is

the key.

Performance assessment is a very vital tool to improvise on any process (Evans

and Lindsay, 2001). Assessment means to evaluate how effective a process is. For this, a

framework has to be developed such that the process can be studied, its outcomes can be

measured and areas needing improvements can be identified. Such a framework will have

to be developed for all processes that considerably affect the execution of site

eoperations. Therefore this research developed an assessment framework for residential

construction site production planning process. This framework will allow homebuilders,

and possibly contractors from other sectors, to find improvement opportunities in the

production planning process.

1.2 Need Statement

In residential construction, a homebuilder needs a system of planning, to manage and

control the entire construction process. It is the author’s opinion that a good system of

planning will be one that can establish the firture course of actions correctly as to when

what work will be completed, how can the construction process finish on time, provisions

to tackle crisis, and at the same time produce a high quality product, in the most efficient

and profitable way. With the projected growth in demand for housing (Bureau of Census

2000), as shown in Table 1.1, the homebuilding industry needs a system, which will

address both the short term and long term goals and thus keep the entire process under

control and it should help in the process of continuous improvement.

Most homebuilders follow a system of planning where the whole process is

broken down to the activity level such that it can be monitored and controlled and each



activity is sequenced following technical, structural and regulatory considerations.

Sometimes, the duration and timing is decided such that they save on time without even

considering whether it is practically possible. Later, during the construction process when

things do not go as planned, crashing and other crisis management techniques are
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According to Lauri Koskela (1999), a production planning and control system

should follow three principles. “The first principle is that the assignments should be

sound regarding the prerequisites... The second principle is that the realization of

assignments is measured and monitored... The third principle dictates that causes for

non-realization is investigated and those causes are removed. Thus, in fact, continuous,

in-process improvement is realized.”



The Last Planner System proposed by Ballard (2000) is a system of production

planning in which any assignment has to be well defined, sequenced in such a way that it

is constructible, should be sound, and should be “sized to the productive capability of the

crew”.

A careful consideration of the planning procedures suggested in prior and state-

of-the-art research raises the question of whether homebuilders plan their production

process accordingly? Few questions that arise are:

' Do the homebuilders have a systematic production planning method? If

yes, then do they measure and monitor the process effectively?

I Do homebuilders investigate the causes behind production plan failures?

I Are these causes eliminated and better methods applied in future projects?

These questions underscore the need for a detailed study on the production

planning system commonly used and its effectiveness in the residential construction

industry. Improvising on the production planning system promises a process that is in

control and more reliable. The residential construction industry will benefit from an

effective production planning system with a pr0per monitoring and analyzing tool.

1.3 Research Goal and Objectives

The goal of this research is to assess the effectiveness of production planning process in

the residential construction industry. To attain this goal the following objectives were

achieved:

I Documenting the production planning process prevalent in the industry

This objective involved the following steps:



- Interviewing of homebuilders to understand the production planning

method currently in use.

- Field observations on project sites to record how the production planning

process is conducted.

' Developing a framework for production planning performance assessment and

identification of process improvement opportunities.

This objective involved the following steps:

- Conducting a literature review and evaluation of tools and techniques used

for measuring and analyzing production performance to find a suitable

tool for measuring production planning performance and for identifying

process improvement opportunities.

- Measuring, through field visits, the production planning performance

using the selected tools and techniques.

- Analyzing results to identify process improvement opportunities.

1.4 Research Scope

The scope of this research is limited to the assessment of the current production planning

system used in the industry. This research will measure the performance of a production

planning process and analyze it to find opportunities for improvement. The goal of this

research is not to generalize any of its findings; rather, it develops a framework for

assessing the production planning system and for identifying opportunities for

improvements. The framework is evaluated on two example buildings and the production

planning process of one homebuilder is studied in detail. The homebuilder falls into the

category of a ‘medium’ size homebuilding company. The company operates in the



Lansing area (Michigan). This is due to accessibility, time and budget constraint. The tool

that was used to measure and analyze the performance is selected after the study of tools

commonly used for performance measurement.

1.5 Report Overview

This proposal is divided into five chapters. Chapter 1 discusses the importance of a

planning process in construction. A need statement was formulated and research goals

and objectives were presented along with the scope of the research.

In Chapter 2, a background of residential construction is discussed including

previous research in the area. This chapter also discusses the various performance

measurement and analysis techniques commonly used, of which one technique or system

is selected for use in this research.

Chapter 3 outlines the methodology that is adopted to attain the research goal.

Detailed discussion on action items that are undertaken to achieve the various objectives

is presented. A hypothetical case study demonstrates the research methodology and the

expected results.

Chapter 4 presents the data collection and analysis procedures. This chapter also

presents, in detail, the Production planning Model developed in this study.

Chapter 5 concludes this report with a summary, research contributions and

conclusions. This chapter also includes a discussion on research outcomes and

opportunities for future research.



Chapter 2

Literature Review
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Literature Review

2.1 Residential Construction

Growth in the housing industry is an indicator of a strong national economy (Willenbrock

et al., 1998). The housing industry in the US is a fast growing industry and is expected to

grow astronomically in the coming years (Bureau of Census, 2000) as explained in the

‘Introduction’ chapter. Large homebuilders currently anticipate construction of up to

30,000 houses a year across the nation to meet the huge demand for houses. And the rate

of production is going to increase proportional to the demand for houses. To

accommodate this, the housing industry has adopted production building as a process for

constructing homes. Houses are built in mass numbers and customization of houses is

also made possible with various options for the customers to choose from. The planning

involved in a production process is a meticulous task and it is a key to successful

production.

This section describes the production planning process and gives an

understanding of production planning process in residential construction indusny. Prior

research in this area is presented and its limitations are stated.

2.1.1 Production Planning Process

The meaning of the term ‘Production’ at its most generic sense is synonymous with

“making” (Ballard, 2000). In the US, the residential construction sector generally repeats

a small number of models several times in a relatively confined area using specialized

trade contractors to complete each phase of each home (Bashford et al, 2003). The

homebuilders make a large number of homes in a specified time while allowing

numerous customization options to the customers. This essentially is production of

11



homes, similar to the production concepts used in the manufacturing industry. A

production process can be defined as the method or the steps involved in making a

product. In residential construction, production processes includes site preparation,

construction of homes, and finishing and delivering the end product.

The project planning process in residential construction includes defining and

organizing the work to be accomplished; the most common way of doing this is by

developing a list of activities and determining relationships between each activity and

sequencing them. A Work Breakdown Structure (WBS) is generally used to develop a list

of activities and a Gantt chart (Bar chart) and a network drawing is used for sequencing

and showing the interrelationships. Next, a quantity takeoff is performed for each activity

and the productivity of the crew is determined, from which activity duration is calculated.

All this information is integrated into a ‘plan’ with inputs of additional information for

responsibility, cost, constructability and availability of resources. For the purpose of this

research, the planning of construction activities in the field for a period of time is referred

to as ‘production planning process’ and is different from project planning. Production

planning is the process of organizing and developing a plan of daily actions to be

executed to complete a production process. This process depends on a number of factors

and variables as well as a number ofkey people who have been or will be associated with

the project (Peterson 1993).

Residential construction could be viewed in two different ways: a single project

view or a multiple project view. According to Bashford et a1 (2003), in a single project

view it is assumed that start of an activity depends on completion of its predecessor

whereas, in a multiple project view factors such as availability of subcontractors, their

12



response time and communication between numerous parties has to be also considered

while planning. Thus, production homebuilders view their project as a factory type

setting and not as small individual projects (Bashford et al 2003). Flaming for such a

setting has to be systematic, accurate and reliable.

In addition to the process ofplanning explained above for residential construction,

planning for a production type setting would include coordination of trade contractors,

planning of material supply chain, continuous availability of work and contingencies for

possible uncertainties involved in completing a task. Production planning should provide

superior organization, control throughout the project, and workflow reliability such that

work starts and finishes according to the plan.

2.1.2 Prior Research

This section reviews studies performed in the area of planning in residential construction

that are relevant to the research. Previous research efforts in this area have focused on

scheduling for repeating activities, comparison of production building and

manufacturing, and evaluation ofproduction planning systems in construction.

In his book “Scheduling Residential Construction,” Love (1995) mentions that

“...many builders might be able to guess with a fair degree of accuracy. But can you

afford to guess when there are ways to predict accurately?” The book has an entire

chapter on the process of construction planning process to complete a residential project

successfully. Love (1995) has explained in detail the planning and scheduling of a

residential project, where planning is explained as the process where the project is

organized into different phases, developing a work breakdown structure, sequencing

activities and assigning responsibilities to perform activities to various trade contractors

13



or crews. Planning for a production style residential construction project with many

homes has not been explained in detail in scheduling books reviewed by the author

(NAHB 1993, Love 1995, Hinze 1998, and Patrick 2004).

The National Association of Home Builders (NAHB) research center published a

report in June 1993, titled, “Cycle-time reduction in the residential construction

process, ” which described an investigation conducted to find the time various builders

take to produce an average single home. The report compared the various methods used

by homebuilders for planning and scheduling to enhance their competitive position. The

report identified few approaches that defined best practices: reducing activity durations,

reducing or eliminating non-value added activities from the work schedule, performing

activities concurrently which are traditionally sequential, and creating an even job flow

(NAHB 1993). These suggested best practices require detailed planning taking into

consideration all resource limitations, constructability issues, and productivity or capacity

of resources to be used.

Harris et al. (1998), argues that existing planning systems are ‘activity-oriented’

and are of limited use for projects with repeating activity. The authors propose Repetitive

Scheduling Method (RSM) as a planning and scheduling method which provides an

uninterrupted use of resources from one repeating unit to another. This method is

‘resource-oriented’ and it recognizes the need to have continuous use of resource through

many similar units. This method, which incorporates continuous resource usage, is

suitable for homebuilding companies with many similar units to be built. However,

adoption of such techniques is not yet widespread.

14



Any planning system, currently practiced by a company, should also be evaluated

for its accuracy and efficiency. Bemardes et al. (2002) identified fourteen practices to

improve efficiency during development and implementation of a project control system.

The practices suggested includes:

I “Planning in hierarchical levels” which means that the degree of planning

details should be more when the date of performing the activity

approaches (Bemardes et al. 2002).

I Short term planning

I Explicitly documenting assigned tasks

I Creating detailed specifications for tasks

I Using measurement techniques to indicate performance

Seidel (1999) presented a production planning methodology for large

homebuilding firms. This methodology focuses on production planning as a core process

of business planning. The production planning is viewed as a process which utilizes both

internal and external resources such as management, cash, labor, and material to build

homes (Seidel 1999). According to Seidel (1999), production planning for large

homebuilding companies involves organizational planning, development schedule, and

financial planning. It is a core sub process of business planning for the firm (Seidel,

1999). In contrast, this research views production planning as a process by which the

daily construction activities are planned in the field. This view of production planning is

similar to the production scheduling as used in the manufacturing industry.

Research performed on manufactured housing with focus on production planning

is discussed later in appropriate sections. Prior research, concentrating on the planning

15



aspect of production building, which fall under the Lean Construction domain will be

discussed in the next section.

2.2 Lean Production System

The second part of this literature review introduces the lean production concept, lean

construction, principles of lean construction, and finally the Last Planner System of

production control as conceived under lean construction.

2.2.1 Lean Production?

Lean production is a design and production management system developed in the ‘508 by

Engineer Ohno at Toyota. The aim of Lean Production is to shorten the cycle time to get

products to market by minimizing waste. According to Engineer Ohno, this new

production philosophy should provide (Howell et al., 1998):

I A uniquely custom product

I Instant delivery with minimum inventory

I Production with zero waste

Unlike Craft productionI or Mass-production systemz, Lean production has the qualities

of both wherein custom-made goods are produced at lower costs. The concepts of lean

production include multi-skilled workers, stopping the production process by any worker

when faults are found, no rework area, pull system (Hopp and Spearman, 1996), flexible

and automated machines, and transparency of the production systems.

 

' Craft production system which uses highly skilled workers and simple but flexible tools to make exactly

what the customer ask for—one item at a time, and of course very expensive

2 Mass-production system which uses narrowly skilled professionals to design products, using expensive

single-purpose machines and thus higher volumes are produced at lower costs but at the expense of variety
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Lean principles have been applied successfully worldwide in the automobile

industry. Manufacturers like Toyota have strived to achieve the ideal, which is 100%

value added work with zero (or minimum) waste. These lean principles are being

increasingly employed in many other industrial sectors with great success. The best

results can be obtained when used in a repetitive or continuous production environment.

Two primary entities have advocated application of lean philosophy to

construction: The International Group of Lean Construction (IGLC) and The Lean

Construction Institute (LCI). In recent years, a handful of construction companies have

embarked on a lean conversion path. Guided by research efforts to tailor concepts of lean

production to fit the construction industry, these companies are observing good returns on

their investments, specifically in the areas of waste reduction in on-site production

activities.

2.2.2 Lean Construction

According to Howell et a1 (1998) current project management in construction views a

project as a combination of activities whereas, Lean views the entire project in production

system terms. Lean thinking brings into attention the concept of value generation instead

of activity management. The main aim is being able to minimize waste, adopt a pull

system", and produce a custom made product that satisfies the owner. Application of the

Lean production philosophy in construction has been researched and implemented and

proved to be a success. Lean construction researchers have developed techniques and

tools, which enable the implementation of Lean Construction concepts in construction

environment (Abdelhamid, 2003).

 

3 Full System in construction implies that upstream activities should not start before the downstream work

is assured to be released (Howell and Ballard, I998).
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Koskela (1992) introduced a new unified theory of production, termed as the

Transformation-Flow- Value Generation (TFV). This theory is an integrated theory

developed from the three main production paradigms namely; Craft production, Mass

Production, and Lean production. The TFV theory can be defined as follows (Koskela

2000y

I Transformation view — Concept of transforming inputs to outputs.

I Flow view — Materials and information flow in a production process

I Value generation view — Process where the value for customer is created

through fulfillment of his/her requirements.

Koskela (2000) states that “...the new 'TFV theory of production provides a new,

theoretical foundation for construction.” Koskela (2000) also mentions that this theory

has the potential of inducing changes in performance in the construction industry.

Lean construction ideas have been adopted in the construction industry and

companies have reaped the benefits. Homebuilding companies that have adopted the

production system of construction have the most advantageous position with respect to

application of the Lean Construction philosophy. However, application of lean principles

in residential construction is relatively new. The following section will firrther discuss the

even flow methodology and last planner system (both of which seem to be very suitable

to the residential construction industry) with related literature in the area.

2.2.2.1 Even Flow Methodology

Even flow production is based upon the theory of constraints described by Goldratt

(1992) and is linked closely to Lean thinking. Bashford et al (2003a) describes and

presents the implications of even flow production techniques in the residential
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construction industry. The objective of this technique is to reduce the work flow

variability and thus gain efficiency. Current production management strategies frequently

do not account for variability in workflow4 between independent contractors, which

reduces the efficiency of production. The objective of even flow production strategy is to

reduce the workflow variability in an effort to gain efficiency. The study by Bashford et

al. (2003a) included a simulation of a hypothetical subdivision of 90 homes in which

even flow methodology was implemented where two types of even flow were studied,

namely; activityvbased and start-based. It concluded that activity-based even flow

involves a rigid schedule that is maintained for each specific activity such as foundation

setting or framing across the entire tract of homes and it is a good way to reduce

management effort and workflow variability. Whereas, start-based even flow is when

only the initial activity for each home in the tract is scheduled to occur at a uniform rate

and it increases management effort and increases workflow variability. The study also

indicates that theories and practices used in the manufacturing industry can be effectively

applied in the construction industry.

2.2.2.2 Last Planner System

Constructing a building element requires planning to deliver materials in time and at high

quality. There is a lot of decision making in the production process where the product

moves from one stage to the other. Who is the right person to make these decisions? The

Last Planner SystemTM (LPS) states that the last person who performs the work is the one

responsible for making execution-related decisions. The last planner could be a

superintendent, foreman, or a crew member. The Last Planner System is a lean based

 

‘ Variability in Workflow refers to the uncertainty of time taken by one trade contractor to finish and

transfer his work to succeeding trade contractor
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production planning and control system. Application of the LPS to projects has shown

reduction of duration and costs while improving quality and safety.

Ballard (2000) presents the LPS as a system of production planning and control

which can increase workflow reliability. Work assigned to a crew is termed as ‘Should-

do’ work, the capability of the crew to perform that ‘Should-do’ work is termed ‘Can-do’

work, and the work the crew actually commits to is termed ‘Will-do’ work. In traditional

project planning systems, the ‘Can-do’ aspect is not considered and a crew is assigned to

work without making sure that the work can be done. In contrast, planning for

assignments in the Last Planner System is performed after work assignments are

subjected to a constraint analysis that ensures no obstacles will prevent execution. Figure

2.1 shows the steps involved in the Last Planner technique.

As illustrated in Figure 2.1, master schedules involve the development of logic

and sequence that helps identify the commitments throughout the project. The phase

schedule involves greater detail of planning where the project components are tested for

logic and the work is divided into phases to identify constraints or related work. This

system of division into master and phase schedules lacks a tool of detailed work

structuring.

In the Last planner system, as shown in Figure 2.1, the ‘Lookahead’ process takes

its input from traditional project planning techniques, which result in a master schedule

with project milestones and phase schedules. Usually, the lookahead involves

consideration of potential assignments for the upcoming 3-6 weeks based on the project

characteristics. The activities are exploded from master schedule or phase schedule into a

level of detail, appropriate for an assignment on a weekly work plan. This typically yields
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multiple assignments for each activity. As each assignment appears in the lookahead

window (a 3- 6 week time period), it is subjected to constraint analysis to make sure it is

ready to be executed (Ballard 2000).
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Fig 2.1: Construction Planning vs. Last Planner

(Modified: Kaufman Consulting Group, LLC)

Assignments that are made ready for execution enter into a workable backlog.

The assignments entering the workable backlog are all constraint free and in the proper

sequence for execution. Ballard (2000) suggests that assignments are quality assignments
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when they satisfy the following criteria: definitions, sequencingb, soundness7 and sizes. If

the last planner finds a constraint that could not be removed in time, the assignment

would not be allowed to move forward. The last planner

should maintain a backlog of work ready to be performed, with assurance that everything

in the workable backlog is indeed workable (Ballard 2000).

Weekly work plans are formed from the workable backlog. Such assignments

help improve the productivity of those who receive them and increase the reliability of

workflow between the production units. The Last Planner System can be viewed as a

needed supplement to traditional project management for better production. The analysis

of reasons for plan failure reveals more information regarding how the production system

actually functions and what could be done to improve it.

To assess the quality of the assignments made, a metric known as the Percent Plan

Complete (PPC) calculated as a ratio of the number of assignments completed to the total

number of assignments planned for that particular unit in a given period of time. PPC is

expressed as a percentage with a range between 0%-100%. In general, the higher the

PPC, the more reliable the production planning system. A PPC of 100% means all the

work assigned is completed as planned and it is the best-case scenario. A PPC value less

than 100% means there is a problem with the production planning system.

The reasons for the failure have to be evaluated to enable future improvement of

the production planning process. Thus, in the homebuilding industry where a production

 

5 Definition: the work should be specific enough to understand the requirement and completeness ofthe

assignment (Ballard, 2000).

6 Sequencing: the assignment should be sequenced in thecorrect constructability order (Ballard, 2000).

7 Soundness: the materials design and perquisites are identified and constraints removed (Ballard, 2000).

8 Size: means that the assignments should be correctly sized based on the capacity ofthe crew (Ballard,

2000).
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process is adopted, a planning system like the LPS will make the process very reliable

and thus reduce variability, while increasing throughput and profits.

Chitla (2003) used the LPS to evaluate the production planning process in

manufactured housing and to identify opportunities for improvements. The PPC metric of

the Last Planner System was used to evaluate the efficiency of production planning.

Analysis of the output from the evaluation utilized the Pareto Analysis and Fish Bone

Diagrams. This analysis was used for finding reasons behind the failure of the plan and it

can also be used as improvement opportunities (Chitla, 2003).

The next section discusses performance measurement tools by introducing Total

Quality Management and Six Sigma, the quality concepts used in the manufacturing

industry to increase productivity.

2.3 Performance Measurement in Construction

The Arizona Partnership for Advancing Technology in Housing (AzPath) is a regional

partnership formed to promote research and development in the Arizona homebuilding

industry. Arizona State University (ASU) has entered into a partnership with PATH (a

White House initiative aimed at bringing new technologies to the homebuilding industry),

five major Arizona homebuilders, and the Home Builders Association of Central Arizona

(HBACA). AzPath was formed to serve as a vehicle to lead the southwest area housing

industry to embrace research, learning, and the adoption of innovation to provide housing

of higher value at a reduced cost.

Figure 2.2 shows the evolution of residential construction as compared to the

manufacturing industry. In the manufacturing industry various new philosophies were

introduced and implemented which escalated the production capability. Residential
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construction had evolved primarily as a Craft production system and has some

improvements with the introduction of modularization, smarter materials and

management systems, information technology, and new manufacturing technology.

Homebuilding, which has been accepted as a production process, certainly needs to take

the path of manufacturing industry and explore the various techniques and tools used to

improve on production and increase efficiency and profits. The construction industry

certainly needs to be at par with manufacturing industry, and this can be achieved by

researching on the progress track of manufacturing industry and adopting and then

tailoring the philosophies to the needs in construction.
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Lean production, Total Quality Management (TQM), and Six Sigma are the three most

recent philosophies that had a major role in the present success level of the manufacturing

industry. The following section will briefly discuss TQM and Six Sigma philosophies,

which focused on quality and continuous improvement. Lean production and its

application in construction have been discussed in earlier sections of this chapter.

2.3.1 Total Quality Management

The primary purpose of TQM is to provide excellence in customer satisfaction through

continuous improvements of products and processes by the total involvement and

education of each individual who is in any way a part of that product/process. It is a

structured approach to improvement. If correctly applied, it will assist a construction

company in improving its performance (Ahmed et al, 2001).

Ahmed et al (2001) have explored TQM as a tool to achieve continuous

improvement in construction. The primary objective of this study was to develop a

measurement model - with tools and methodologies for the identification and

measurement of construction processes for continuous improvement and customer

satisfaction (Ahmed et al, 2001). The authors have identified some causes for client

satisfaction, and this was achieved by developing a model using TQM tools. The study

emphasized on the necessity of measurement of construction processes. The author states

that continuous improvement and customer satisfaction will in turn improve quality,

productivity, and competitiveness. For a homebuilding company it is important to have a

high level of customer satisfaction, indeed most of the home companies focus on this

aspect because it is the ‘word—of-mouth’ of satisfied customers that can increase its

popularity and standing in the industry. Hence a technique to assess and measure
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customer satisfaction and also internal process performance is the primary need for

growth. Bassioni et al. (2004) addresses the need for research to develop comprehensive

performance measurement frameworks for the construction industry.

Process performance can be measured on the basis of any aspect that improves the

quality of the final product. Performance measurement techniques and tools are abundant

in the manufacturing industry, but it’s critical to first identify what has to be measured

and then find out how it is to be measured such that it leads to process improvement. Cox

et a1. (2003) have identified performance indicators to measure construction performance.

They termed these as “Key Performance Indicators” (KPI). The study identifies

quantitative and qualitative performance indicators as perceieved by management in

construction firms. The study identifies quality control, on-time completion, and cost as

three of the six highly significant performance indicators as perceived by management

(Cox et. al., 2003).

In other studies, the major focus in the process improvement has been reduction

of variability in a process. According to Picard (2002) “...reducing the variation or

variability in a process is considered a sign of improved quality of the construction

process.” Lean Construction also advocates reduction of waste and value generation. To

reduce waste and non-value adding activities, the process has to be studied extensively

and all non-value adding activities identified and eliminated. Thus, the objective should

be to understand the process, measure the performance, and find out the causes for

variability and then eliminate or reduce the causes. Six Sigma approach aims at this

objective and is discussed next.
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2.3.2 Six Sigma

Motorola developed Six Sigma in the late ’80s as a system that would help them achieve

near-perfect products (Breyfogle et al. 2001). This system aims to reduce variability and

uses various statistical methods and tools to identify and reduce variability and thus

achieve a ‘closest to zero-defect’ product. Linderman et al. (2003) defines Six Sigma as

. .an organized and systematic method for strategic process improvement and new

product development that relies on statistical methods and scientific method to make

dramatic reduction in customer defined defect rates.”

The aim of a company adopting Six Sigma is to bring all its defect rate to as low

as 3.4 defects per million opportunities, which translates to a 6-6 measure. Sigma (0) is

the symbol for standard deviation in statistics. Thus a six sigma level means having all

the products produced within six standard deviations of the mean (average). Thus a

process having a six sigma yield level will have 99.99966% of its products produced

without defect. The methodology used to achieve six sigma goals is known as DMAIC

(Define, Measure, Analyze, Improve, and Control).

The following example of the sigma metrics applied to a small library will

illustrate the different sigma yield levels (Breyfogle, 2001). The example also shows that

the sigma yield levels are not linear but they are exponential.

I Sigma level 1 corresponds to 170 misspelled words per page in a book

I Sigma level 2 corresponds to 25 misspelled words per page in a book

I Sigma level 3 corresponds to 1.5 misspelled words per page in a book

I Sigma level 4 corresponds to 1 misspelled word per 30 page in a book

I Sigma level 5 corresponds to l misspelled word in a set of encyclopedias
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I Sigma level 6 corresponds to lmisspelled word in all the books in a small library

Abdelhamid (2003) reviews Six Sigma, its methods and metrics and suggests

applying it to lean construction. The paper shows an example by extending the Six Sigma

metrics to the Percent Plan Complete (PPC) of the last planner system. The Six Sigma

metrics provides a more thorough understanding of the process and gives a true picture of

its performance. This metric will standardize the performance measure and thus can be

used to compare the performance of various processes. According to Abdelhamid (2003)

the advantage of finding the sigma quality level is that it better reflects the magnitude of

the disability in the production planning process to maintain a reliable workflow.

This research uses Six Sigma methods and metrics to measure the performance

and assess the planning process in the residential construction industry. A detailed

explanation of all methods and metrics to be used are included in the next chapter.

2.4 Summary

This chapter provided the relevant literature available with respect to this research.

Literature in residential construction that focused on planning and its importance was

covered in the first part of this chapter. The second part summarized Lean production and

its application to the construction industry. The Even flow methodology and Last Planner

System, which are two Lean-based techniques, were discussed as they are suitable for the

homebuilding industry’s production planning. Finally, TQM and Six Sigma were briefly

discussed in this section. The next chapter describes the methodology used to achieve the

goal of this research.
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Chapter 3

Methodology
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Methodology

While the residential construction industry may be able to meet demand, it is important

for the industry to satisfy its customers by improving its performance. Improving

performance should incorporate an assessment of its current process. This research aims

to do this by taking the first step. Planning as explained in earlier chapters has an impact

on the entire homebuilding process. Thus, assessment of the production planning process

is the main focus of this research. The DMAIC (Define, Measure, Analyze, Improve, and

Control) method proposed in the Six Sigma literature and the LPS in Lean were selected

as appropriate approaches for the assessment of the production planning process. The

following sections will explain the methodology of this research and steps taken to fulfill

the objectives and each of these steps will be discussed in detail.

3.1 Methods and Tools for Objectives

The goal of this research is to develop and implement an assessment framework for the

production planning process (PPP) in the residential construction industry.

To attain this goal the following objectives were proposed and accomplished:

I Documenting the production planning process prevalent in the industry.

I Developing a framework for production planning performance assessment and

identification of process improvement opportunities.

The following section will discuss how each of these objectives were achieved.

3.2 Mapping the Production Planning Process

The production planning process in the residential construction industry is different from

one homebuilder to the other. However, the aim in this research was to develop a
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framework for assessing the PPP by considering a small group of homebuilders. The aim

is to assess the PPP and not to generalize on current practice.

The first objective, as mentioned in chapter 1, involved mapping the PPP.

Mapping of a process involves determining the process inputs and outputs, the value

adding sub-processes, the involvement of any other process, flow of information and all

cross firnctional activities. Once these are determined it is easier to create a process map.

A process map is similar to a basic flow chart with all functions shown in boxes and flow

of data shown by arrows. Mapping a process is explained by Pande et al. (2000) to be

analogous to the act of putting a puzzle together. While putting pieces of a puzzle in

place, firstly the puzzle box should give you a basic idea of what has to be done. Next,

one will assemble the edges of the puzzle together and then assemble the internal pieces

such that it adds to the clarity of the initial image. This step will involve some trial-and-

error and some research too. Similarly, in this research, a broad picture of the PPP was

established. Then, the details of the various process steps were determined. This data was

incorporated in the form of a map, which gave a clear picture of how the PPP is

undertaken. Mapping the PPP had the following advantages:

- gave a clear ‘big-picture’

- defined the key inputs and outputs of the process

- facilitated the understanding of cross functional activities

- showed the interface between various contributors in the process

- showed how the process flows through the organization

- highlighted the value adding sub-processes in the overall process
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The information necessary for creating a process map of the PPP for

homebuilding activities were collected in two steps:

I Interviewing management and field personnel,

I Field observations.

3.2.1 Interviewing

The interviewing process involved the development of an interview questionnaire

focusing on understanding the PPP employed by homebuilding companies. It also

included questions intended to shed light on the interviewee’s perceptions about the

process, what was lacking in the process, and any recommendations for improvement.

The interview questionnaire is included in Appendix A.

3.2.2 Field visits

The purpose of field visits was to develop the complete process map of the PPP. After the

interviews, the author had a macro-level view of the process. Similar to completing the

inner pieces of the puzzle, the field study gave a better representation of how a plan was

deveIOped directly from the inception stage. Data on how each step of the planning

process was sequenced, how the information flowed between sub-processes, and what

inputs were used to complete the planning processes were collected. Any other process

that had an impact on the planning process was also considered for the study. The

duration of each field visit was driven by the magnitude of the process in the particular

company.
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3.2.3 Creating a Process Map

A process map was used to show the flow between each step involved in the overall

process. Pande et al. (2000) suggested the “SIPOC” process model which includes the

following:

Supplier: the person or group providing key information or material or other

resource to the process.

- Input: the “thing” provided.

- Process: the set of steps that transforms or adds value to the input.

- Output: the final product of the process.

- Customer: the person group or process that receives the output.

Such a process map will give the overall picture of the process. All information collected

in this research was documented in this format.

The process map provided insights critical to the second objective of the research.

The map clarified what items had to be measured for an accurate assessment of the

production planning process. The next section explains the tools used for measuring the

performance of the production planning process.

3.3 Production Planning Process Performance

The second objective of this research was directed at measuring the production planning

performance with a suitable tool to identify improvement opportunities. This objective

was realized by performing the following three steps:

1. A literature review was conducted to evaluate previously developed tools and

techniques for measuring and analyzing production planning. A suitable tool for
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measuring and analyzing production planning performance was selected and

tailored to the research needs.

2. The production planning performance was measured using the selected tools and

techniques.

3. The results were analyzed to identify improvement opportunities.

Measurement of process performance is a necessary step to identify the shortcomings

of any process. Measuring, analyzing, and implementing are the three basic steps to

improve any process. Once the process performance is measured, it makes it easier to

analyze and find out the shortcomings, if any, in the process. The identified shortcoming

should be rectified or removed and the new improved process should be implemented.

This new implementation should be measured and analyzed again for its performance and

then control can be achieved. These are the steps, that make it possible to continuously

improve a process. However, this research is limited to measuring the performance and

analysis of the observations.

3.3.1 Performance Measurement Tool

The second chapter included a section for performance measurement, wherein two tools

suitable for measuring the performance of the production planning process were

identified, namely, Percent of Plan Complete (PPC) and the Six Sigma metrics. The

following sections will discuss how the two metrics were used in this research.

3.3.1.1 Percent of Plan Complete (PPC)

The Last Planner System (LPS), as explained in Chapter two, provides a framework to

plan and control daily production assignments in a construction project (Ballard 2000).

This system uses a metric termed Percent Plan Complete (PPC) to measure the reliability
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of production planning and that of workflow. PPC is the ratio of number of assignments

completed to those planned. The PPC is generally calculated on a daily or weekly basis.

It is reported for a particular trade or crew on a periodic basis to measure the

effectiveness of the planning process or the capability of the crew to execute the

assignments they commit to. Once PPC for a crew is obtained, an average value of the

metric over a period of time will reflect the efficiency and effectiveness of production

planning for that particular crew was.

3.3.1.2 The Six Sigma Metrics

The Six Sigma approach to improve quality of an organization advocates the use of

quantitative metrics to assess performance. A number of metrics are available depending

on the problem. Rolled throughput yield (YRT) is a metric suitable to this research,

especially when combined with the PPC metric.

Abdelhamid (2003) proposed the application of Six Sigma in Lean Construction.

In this paper, the rolled throughput yield (YRT) metric was explained and its use as a

performance measure with the Last Planner System was demonstrated. Generally the

metric ‘Yield’ (Y) represents the percentage of units that pass final inspection relative to

the number of units that were processed (Abdelhamid 2003). This metric does not take

into account the rework performed in any of the sub-processes within a process, and thus,

it masks the true output of the process. In contrast, the Rolled Throughput Yield (YRT)

metric takes into account all the rework done in a process. The YRT metric measures the

output at every sub-process within a process to calculate the final Yield of the whole

process. The YRT can be mathematically shown as follows:
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YRT= Hm I Yi ...(I)

1:

where m is the number of processes involved and Y, is the throughput yield of process i.

The Six Sigma metrics are obtained by converting the YRT to a sigma level so that

comparison is possible across different operations and even across industries. This can be

achieved by using standard tables or by calculations. The sigma quality level for a

process using rolled throughput yield can be calculated using the set of equations

(Breyfogle 2002).

Sigma level calculations:

- The rolled throughput yield is calculated from the yields of different sub-

processes as follows:

YRT= Hirn—l Yi ...(I)

Where, YRT = Rolled throughput yield

Y, = Yield of sub-process ‘i’

- The rolled throughput yield is normalized by finding the geometric mean

as follows:

Ynom.=M (ii)

- The normalized yield is then converted to Defects Per Unit (DPU) using

the following equation:

DPUnorm = 'ln (Ynorm) (III)
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- To determine the sigma quality level, also called as Zbemhmrk, for the

process, the following equation is used

Sigma quality level = Znorm + 1.5 (iv)

Where, 2mm is the standard normal value corresponding to the

DPUnorm found using the standard normal table.

Modified calculations using PPC (Abdelhamid, 2003)

The modified equations used for this research using PPC value are as follows:

- The rolled PPC is calculated using PPCs of different sub-processes as

follows:

rolled PPC = 1'1““ PPC- (v)

i = 1 ‘

— The rolled PPC is normalized by finding the geometric mean as follows:

PPCnorm =W (vi)

- The normalized PPC is then converted to Defects Per Unit (DPU) using

the following equation:

Drum... = -1n (Prcnom) (vii)

- To determine the sigma quality level, also called as Zbenchmark, for the

process, the following equation is used

Sigma quality level = Znorm + 1.5 (viii)

Where, Znorm is the standard normal value corresponding to the DPUnorm found using the

standard normal table.
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The sigma level corresponds to ‘parts per million’ (ppm) which essentially is the number

of defects per million parts. Hence, this metric emphasizes the magnitude of the problem.

It gives a more representative picture of the state of the process. A low sigma level

indicates need for process assessment and problem solving.

3.3.1.3 Percentage of Plan Complete (PPC) vs. Rolled throughput yield (Y111)

Abdelhamid (2003) illustrated an example of using the YRT metric instead of PPC in a

manufactured homes factory setting. He suggested using rolled PPC similar to the rolled

throughput yield as explained above. Using the rolled PPC metric, as suggested in the

paper, exposed the hidden factory (rework performed to rectify defects during sub-

processes). It also standardized the metric so that it can be compared with other

production processes as well as other production processes of other companies. The

rolled PPC metric “... gives a better sense of magnitude of the process performance

failure” (Abdelhamid 2003).

This research uses the rolled PPC metric as a measurement tool for assessing the

performance of production planning in residential construction. This metric gives a true

picture of the deficiencies of the planning process for any homebuilder. In contrast to

calculation of PPC, the rolled PPC will better reflect the magnitude of the problem, and

thus it is more realistic tool for performance measurement. The rolled PPC can be

calculated by multiplying the PPC of every single sub-process as shown in the previous

section for calculation of rolled throughput yield. The PPC of every sub-process will be

useful to determine the inefficiency of planning for that particular process, whereas, the

rolled PPC will aid in finding the shortcomings of the planning process as a whole.
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3.3.2 Measurement of Planning Performance

The second step towards attaining ‘Objective II’ was to measure the performance of

production planning process of the homebuilding companies selected. This step involved

field visits and recording of day-to-day activities. The idea was to calculate the number of

assignments completed vs. the number of assignments planned to be completed. The data

was collected from the supervisor on site as well as by direct observation. A sample form

for data collection is shown in Figure 3.1.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Crew Observed Feb 4 - Feb 8 Feb 11 — Feb 15

MIT [WIT IF MIT IwIT IF

Framing Crew REMARKS:

1. Measuring and cutting

2. Framing First half

3. Framing Second half

4. Flooring

5. Finishing and Cleaning

Completed assignments

PPC

Insulation Crew REMARKS:

1. Outer Wall Insulation

2. Inner wall insulation

3. Flooring Insulation

4. Ceiling Insulation

Completed assignments

PPC           
 

Figure 3.1 Sample format of data collection

The choice of entries in the form were a ‘C’ (Complete) or an ‘I’ (Incomplete),

respectively indicating whether the assignment was completed successfully or not by the

crew. The calculations for the rolled PPC were performed for each process as explained

in the earlier section. This rolled PPC was converted to a corresponding sigma value to

determine the efficiency of the production planning process.
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For this research, PPC data was collected for 1 1 weeks. This data was sufficient

for calculating the rolled PPC value and for use in analysis. The next section will explain

the analysis techniques adopted in this research.

3.3.3 Data Analysis

Once all the measurements were available, the next step was to find the causes behind

failures in the production planning process. For this research, visual tools and root cause

analysis (Breyfogle, 1999, and Evans and Lindsay, 2001) were used. The following

sections will discuss these methods of analysis and their use in this research.

3.3.3.1 Visual Tools for Data Analysis

The best way to detect a problem is when it is visual. When the data is arranged in certain

patterns, one can detect variability, catch the outliers, and follow trends that occur in the

data set (Pande et al., 2000). Visual presentation of data also helps in understanding the

process and thus makes it easier to identify the source of a problem. Some common

techniques used are: Pareto Charts Frequency Plots, Run Charts, and Correlation

Diagram (Evans and Lindsay, 2001 and Breyfogle, I999). The choice of a technique

depends on the type of data collected as well as anticipated problems. The Pareto chart

and the Run Charts were used for analysis of the PPC data collected. The following

sections provide examples ofhow these tools were used.

Pareto Charts or Pareto Analysis

The Pareto Charts are bar charts where the data is stratified into groups and displayed in a

descending order according to frequency of occurance. It helps in finding out the most

common cause of a problem under investigation. Pareto analysis is based on a notion that

80% of the problems are created by 20% of the causes. This suggests that for most
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situations, major portion (about 80%) of defects or inefficiencies are caused by factors

that are about 20% of all the factors determined. Thus a Pareto chart helps in highlighting

the factors that cause most of the problems. This indicates that these factors should be

analyzed first and the root causes can be eliminated. A typical Pareto chart looks like

Figure 3.2. In the figure, categories A & B are the main problem areas.

Pareto Chart l
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In this research, the Pareto chart was used by first dividing the data into categories

of production problems. Hence the type of work needing a better planning technique can

be identified. Then each of the problem areas are separately analyzed and factors causing

non-completion can be determined. This can again be shown using a Pareto chart and the

major contributors can be analyzed further to find the root causes. For example, if

framing and roofing are found to be the two major contributors causing most of the

delays, we analyze these two activities separately to determine the root causes for each of

these activities.

The Pareto chart can also be used to compare problems by days of the week to

assess whether a particular day of the week has more planning problems. For example, if
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the planned assignments are met the least on Thursdays and Fridays, we could utilize this

finding and change the planning process such that less volume of work is assigned to the

crew on these days. Thus, the data available can be used in different formats and find

ways to improve the process. Pareto charts can also be used to identify the root cause that

creates most of the problems. This use of Pareto charts is described later during the root

cause analysis discussion.

Run Charts or Time Series Plots

The Run Chart is useful for showing degree of variations in the process over time. It

could be also used for detecting any pattern (weekly cycle or an hourly cycle) in the data-

set over time. It is a very useful tool to see how a process is responding to a change.

There are various types of run charts. The p-chart with variable sample size is the most

suitable for this research. In a p-chart, a statistical range (upper and lower limits) is set

for the data and the data is plotted. The range can be set by defining an upper control

limit (UCL) and a lower control limit (LCL). These limits can either be set by the

company or can be mathematically calculated as shown later. Any data that is outside the

limit is an indicator of an out of control process. This may be due to a special cause and it

can be detected and avoided.

For plotting a p-chart with variable sample, the data collected has to be rearranged

in a spreadsheet depending on the type of the problem being investigated. Figure 3.3 is

the format used for plotting the p-chart for the data collected in this research. It should be

noted that the PPC metric is converted to a Percent Plan Incomplete (PPIC) calculated as

l-PPC or as a ratio of Tasks Incomplete to the Tasks Plamed. This modification was
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necessary because of interest in causes for incomplete assignments. Plotting the PPIC

made it easier to detect instances where the assignments were not successfully completed.

 

Day Tasks Tasks PPIC Std Dev UCL CL LCL

Incomplete Assigned (ratio)

 

 

 

 

 

 

 

           
Figure 3.3 Format for p-clrart data

The attributes for each day can be calculated using the following formulas (adapted from

 

 

 

Breyfogle, 2003):

. Std _ dev : PPICavg(l - PPICavg) (ix)

Tasks _ assigned

2 Tasks _ incomplete

where, PPICavg = ...(x)

Z Tasks _ assigned

I UCL = PPICavg + Std __dev ...(xi)

" CL = PPICavg ...(xii)

I LCL = PPICavg — Std _dev .. .(xiii)

Completion of the spreadsheet in Figure 3.3 enables plotting the p-chart. Figure 3.4 is

an illustration of a p-chart with variable number of assigned tasks for each day. Different

p-charts for different crews observed can be plotted to find crew-wise variations or total
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for each day can be considered. This will depend on the type of analysis to be done. This

research includes all possible p-charts for the data-set to determine variations of different

aspects of plaming.
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Figure 3.4 Sample p—chart

3.3.3.2 Root Cause Analysis

Typical analysis of data is comprised of two major activities: detection of a problem and

finding the root cause of that problem. The Pareto chart and the P-chart as described in

the previous section helps in detecting problem area and specific problems. The next step

of finding the root cause for the identified problems can be performed by drawing a

‘Cause and Effect’ diagram. The following section explains how a cause and effect

diagram was used for this research.



Cause and Effect Diagram

Variation in a process performance can occur due to many reasons, such as materials,

methods, measures, machines, environment, and people (Evans et al., 2002 and Pande et

al., 2000). Identifying causes of such problems can be achieved by using a cause and

effect diagram. It is a simple graphical method for presenting causes and effects and for

sorting out causes and identifying relationships between variables (Evans et al., 2002). It

is also called a Fishbone Diagram due to its structure. The general structure is shown in

Figure 3.5.

Cause Cause Contributor

/ J to the Cause

Contributor

to the Cause

 

P Problem

Contributor

to the Cause /'

Caus

Figure 3.5 General structure of a cause and effect diagram

(Source: Evans et al., 2002)

The best way to construct a cause and effect diagram is in a brainstorming session

with all the participants giving various ideas that could be a cause of the problem. In this

research, a Cause and Effect diagram to find the root causes of the problems identified

using the Visual tools was constructed. The root causes having the most impact were

identified and selected as a prime candidate for further evaluation.

Both the visual method and root cause analysis aided in finding the problems

causing poor performance of the production plaming process. The identified causes will
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lead to many process improvement suggestions, which will be discussed in the following

chapters.

3.4 Summary

This chapter described the methodology used to achieve the goals and objectives of this

research. The production plaming process was assessed using Last Plamer System and

Six Sigma concepts. The findings and LPS are used to demonstrate how a production

planning model specific to a residential housing company may be developed.
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Chapter 4

Data Collection and Analysis
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Data Collection and Analysis

4.1 Overview

In the previous chapter, the methodology adopted to achieve the goal and objectives of

this research were presented. This chapter explains, in detail, the steps involved in data

collection and its analysis. The analysis is performed following the steps discussed in

section 3.2 and 3.3 of the previous chapter. The outcome of the data collection and its

analysis are presented in this chapter. Data collection was conducted over two phases:

Interviews were conducted with construction professionals from four homebuilding

companies, and data of daily activities at one residential construction site were recorded.

Each of the steps involved are discussed in the following sections.

4.2 Interviews

Interviews were conducted for this research in order to understand and map the

production plaming process prevalent in the homebuilding industry. For this purpose, a

questiomaire was developed. The questiomaire contained 45 open-ended questions

categorized under six headings, Background information, Long-term plans, Subdivision

plans, Construction process, Plaming process and Opinions. Refer to Appendix A for the

complete questiomaire. The questionnaire was approved by the University Committee on

Research Involving Human Subjects (UCRIHS).

The author interviewed eight construction professionals from four homebuilding

companies. An upper management and a field management persomel were selected from

each company. The companies selected were from Mid-Michigan and Southeast

Michigan. The number of homes built by the companies ranged from 10 homes to 500

homes annually. The interview answers are summarized and presented in Appendix C.
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The names of individuals and their companies are not disclosed for confidentiality. In the

summary, ABC 11, ABC 22, etc. are used to identify the different companies, and XYZ

11, XYZ 12, XYZ 21, XYZ 22, etc. are used to identify the individuals interviewed in

each company.

4.2.1 Interview Response

This section summarizes the responses to the interviews conducted by the author. For

detailed responses from all the interviewees refer to Appendix C. Highlights of the

interview responses are as follows:

Number of subdivisions for the homebuilding companies ranged from 4 to 32

subdivisions with a goal of building 18 to 400 homes in the year 2004.

Most companies set the goal for number of homes based on demand, market

trends, sales and historical data.

Production plaming for a subdivision is generally done 3 to 4 weeks before

construction.

Almost all companies have a schedule or a representation for a subdivision or

single home. The companies use MS Excel or any standard/tailored scheduling

software for the same.

Generally a time contingency ranging from 1 week to a month is built into the

schedule for compensating time lost.

If the interviewee has worked for another company previously, they are of the

opinion that the current production plaming practice used is better.
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o The interviewees are of the opinion that regularly updating the schedule, and

centralized scheduling are good practices ofproduction planning.

0 Most interviewees believe that more research is necessary and can improve

production plaming in homebuilding construction. Some mentioned that intemet

based plaming, benchmarking, Just In Time (JIT) etc are areas that could be

adopted to production planning in residential construction.

4.2.2 Production Planning Process

The main objective of the interviewing process was to understand and map the

production plaming process prevalent in the homebuilding industry. For the purpose of

this research, homebuilding companies are classified as small size (1 to 50 homes per

year), medium size (51 to 300 homes per year), and large size (301 and more homes per

year). The interviews reveal that the production plaming process implemented typically

varies with respect to the size of the company. The information obtained from the

interviews was used to construct flow charts representing the production plaming

process. Three different flow charts are produced, each representing the production

plaming process in the three categories of homebuilding companies. The following

sections detail the production plaming process in each category of homebuilding

companies.

Small Size Homebuilding Companies (1 to 50 homesperyear)

In homebuilding companies building less than fifty homes per year, it is typical to have a

specific production plan for each home to be built. The company builds a home mostly on

demand by a particular customer or developer. Once the plan is selected and the permits

have been requested, the superintendent drafts a rough schedule based on past experience
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and a general idea about the specific home plan. Mostly basic spreadsheets are used to

represent the schedule. When the subcontractors are selected, they are allotted the time

they request to complete the activities they are responsible for. The rough schedule is

then adjusted according to each subcontractor’s time input. Once an activity is started, the

superintendent keeps track of the trades to determine the exact date on which the trade

will finish, and informs the following trade contractor to start their work. In case of

delays due to weather, material and/or low productivity, the superintendent

communicates with the subcontractors and reschedules the activities.

It appears that, in small homebuilding companies, the production plaming is on

an activity-by-activity basis. The schedule largely depends on the availability of

subcontractors and this becomes a constraint to achieve the finishing dates plamed

initially. No formal recording and assessment technique is used for improving the

production plaming process. The typical average percentage of work completed per plan

(or PPC) is about 70% (this is based on the interviews conducted). Figure 4.1 is a flow

chart representing the production plaming process for the small size homebuilding

companies interviewed. It is safe to assume that this is representative of most small

homebuilding companies.
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Rough Schedule
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/Work Progress for
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(Production Plan)

   
 

 

 

   

Figure 4.1: Flow Chart Representing Production Planning for Small Homebuilding Company

Medium Size Homebuilding Companies (51 to 300 homes peryear)

In medium sized homebuilding companies, it is typical to have a general template of the

production plan. Typically, the production plan is graphically represented on spreadsheets

or using custom software outputs. The project manager for the respective subdivision will

use this template to form a new template based on the specific home plans to be built.

This new template will incorporate the time required for each activity based on the

project manager’s past experience with the selected subcontractors. This new template is

used for production plaming for all the homes in the subdivision. Once, a plot is selected

and permits are secured, the expected start date is plugged in the template to produce a

complete production plan for the home. This is repeated for each home. Some companies

will have specific software tailored for the company, which will adjust the schedules for

more than one home when the same resources are used.

The production plan for each home is handed to the various trade contractors and

suppliers. Typically, the superintendent will update the production plan on a weekly

basis. Most of the delays due to low productivity and/or weather are countered by
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working weekends and/or overtime. If such adjustments are not possible, a new updated

production plan is communicated to the downstream subcontractors.

In general, the production plaming in medium size homebuilding companies

seems to follow a unit-by-unit scheme. The company may have a performance

assessment system for each subcontractor or supplier to gauge their capability and to

make selection decisions in the future. There appears to be no formal production plaming

process assessment technique. Records of daily performance are not maintained and are

not used for future plaming. The typical average percentage of work completed per plan

(or PPC) is about 80% to 90% (this is based on the interviews conducted). Figure 4.2 is a

flow chart representing the production plaming process for medium size homebuilding

companies.
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Figure 4.2: Flow Chart Representing Production Plan for Medium Homebuilding Company

53



Large Size Homebuilding Companies (301 or more homesperyear)

Large size homebuilding companies will typically have a fixed number of starts in each

of its subdivisions. This is predicted based on various factors such as number of

households in the area, employment growth, census, and competitive survey. The sale of

homes is generally high and this helps in keeping a steady construction rate. The

company will generally have customized software for production plaming. The plaming

is based on a standard template for each home. The software uses data regarding the

number of homes to be built for each type of home, expected start date, and permit

request submission dates to produce a production plan for the whole subdivision. The

template can be modified specific to certain conditions in the subdivision to obtain a

more realistic production plan. The specific production plan is shared with trade

contractors, typically by fax. A spreadsheet with dates or a graphical representation of the

production plan is produced. It is common to have a schedule for suppliers too such that

the required material is delivered on site per the production plan.

Weekly updates and meetings are conducted to track the progress of the

production plan. Typically, a biweekly lookahead plan is produced afier each update and

this is communicated to the trade contractors performing any task in the two weeks. This

ensures that no last minute surprises occur during construction. The large size

homebuilding companies may have a centralized scheduling system, which will track the

overall production plans for all the subdivisions. This helps in coordinating trade

contractors, equipments, and materials. This system is also used to assess the production

plaming process performance. In case of any delays, it is resolved by working overtime

and weekends.
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Given the volume of houses they work with, large size homebuilding companies,

typically plan production on a subdivision-by-subdivision basis. The company may have

a performance assessment system for each subcontractor or supplier to gauge the

capability and to make selection decisions in future. Typically, a production plaming

process performance assessment technique is used to keep track of the progress of

construction. Records of daily performance are maintained and are used for future

plaming. The typical average percentage of work completed as per plan (or PPC) is

above 90% (this is based on the interviews conducted). Figure 4.3 is a flow chart

representing the production plaming process for large size homebuilding companies.
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Figure 4.3: Flow Chart Representing Production Plan for Large Homebuilding Company
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4.2.3 Summary

The previous section provides an overview of the production plaming process prevalent

in the homebuilding industry. It also documents a detailed production planning process

by means of the three flowcharts representing the process of production plaming

observed in the three broad categories of homebuilding companies. The documentation

was based on interviews and site observation performed by the author.

4.3 Data Collection on Site

To facilitate measuring production plaming performance, an assessment tool was

developed. A complete explanation of the assessment tool was presented in Section 3.3.

To demonstrate the use of the assessment tool and to identify areas of improvement, data

collection and analysis was conducted for one homebuilding project. The following

sections will present the details of the data collection process and respective analysis.

4.3.1 Site Overview

One homebuilding project was selected for the purpose of data collection. This

construction site was situated in Lansing, Michigan. The homebuilding company was

building one community with 12 apartment complexes. Two of the 12 buildings were

selected for data collection, as the work in progress in the two buildings was substantial

during the period of data collection. Each of these buildings comprised of 12 apartment

units. Most of the work was subcontracted. The site had one Project Superintendent, who

managed most of the daily tasks on site.

4.3.2 Data Collection

The purpose of data collection was to demonstrate the assessment tool developed in this

research and to help in developing the production planning process model. Data was
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collected for a period of eleven weeks for two apartment buildings. The activities for

which data was collected included pre-drywall inspection, hanging drywall, plastering,

painting, flooring, trim carpentry, cabinet and door installation, plumbing, and HVAC.

These activities were in progress in Building I and Building 11.

During the period of data collection, the site was visited daily at approximately

one hour before the end of work. On each day, the site superintendent provided details of

the activities plamed for the next day. The author also walked around the site to check

what activities were completed each day in the two buildings. Any activity that was not

performed or partially completed was recorded as “Incomplete”.

Data was recorded in a spreadsheet as shown in Figure 4.4. The activities planned

to be completed for each day were recorded in the ‘Activities Planned’ row and activities

which were not completed were recorded in the ‘Incomplete Activities and Reasons’

Column with details on why the activity could not be completed (see Figure 4.4).

The data collected on a daily basis were then used to calculate the daily Percent

Plan Complete (PPC). This was done using another spreadsheet as shown in Figure 4.5.

The reason for incompletion of any activity was recorded using the following reason

codes: Productivity, Engineering, Non-Conformance, Owner Decision, Weather, Pre-

Requisite, No-Show, Trade, Supplier, Space, and Other.
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Daily Data Collection Sheet

Bu l

15-Mar 16-Mar 17-Mar

2 units

Activities planned

I not started

Incomplete didn’t turn

activities and

reasons

 
Figure 4.4: Format for Data Collection

15-Mar 16—Mar 17-Mar 18-Mar 19-Mar

asks Planned 1 2 2 2 2

asks 1 1 0 2 1

50 0 100 50

Confirmance

Declsion

 
Figure 4.5: Spreadsheet Showing Dally PPC and Reasons

The spreadsheet used for data collection and recording has been maintained for the

eleven weeks of data collection and is presented in Appendix D. The spreadsheet for PPC

and Reason Codes is presented in Appendix E.

58



4.4 Data Analysis

The data collected was analyzed to find opportunities for process improvement. As

explained in Chapter 3, an assessment tool was developed to measure the performance of

production planning process. The Last Plamer System’s (Ballard, 2000) PPC metric and

rolled PPC (Abdelhamid, 2003) are used for measurement of performance. The detailed

steps for data analysis and its outcomes are presented in the following sections.

4.4.1 PPC Calculations

The data collected on site was used to produce a spreadsheet as shown in Figure 4.5. In

this spreadsheet, the number of activities plamed for each day was recorded and then

based on daily site visits the number of activities that was actually completed was

recorded. The daily PPC was calculated using this data. PPC can be expressed as the ratio

of number of activities completed to the number of activities plamed to be completed.

This ratio is expressed as a percentage. The average PPCs over a week was calculated to

obtain an ‘Average Weekly PPC’. This data was then used to plot a graph of average

weekly PPCs. The graphs for average weekly PPC for Building I and Building 11 are

shown in Figure 4.6 and Figure 4.7 respectively.

The overall average of the weekly PPCs for Building I is 64% and for Building II

is 75%. The PPCs for Building 11 is higher than that of Building I because all the

activities in Building 11 were performed after completing the same in Building 1. This

may reflect a ‘learning’ experience accumulated by the management and the trade crews

in the process.
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Figures 4.6 and 4.7 indicate that the work was completed according to plan, 64%

and 75% for Building 1 and Building II respectively. Thus, it can be concluded that
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according to the PPC calculations, the production planning process adopted by the

company was unreliable 25% to 35% of the times.

In general, incomplete assignments could be due to over expectation from the

crew while planning and/or incapability of the crew to complete the assignment. The

underlying cause could be lack of coordination, shortage of materials, low productivity,

space constraints, etc. Regardless of the reason, the production planning process should

result in assignments that are realistic, constraint free, and achievable.

The following section will explain the use of the rolled PPC metric versus the

PPC metric as a measure of the production planning process performance.

4.4.2 PPC vs. Rolled PPC

In a homebuilding project, the construction process is divided into various activities using

a particular Work Breakdown Structure (\VBS). If an activity is not completed in one

particular day, it has to be completed the next day, thus in turn, reducing the output for

the particular day as planned. Thus, a PPC value lower than 100% for one day will affect

the output for the next day. If this scenario is considered over a week’s time, having a

variable PPC on each day, at the end of the week the overall output is much less than

planned. Thus at the end of the week, the performance assessment metric should be able

to project the inefficiency of the process such that it can be used to improve the process.

PPC measurement on a daily basis is effective, but planning for production on a

daily basis is very tedious and close to impossible considering the effort and cost that

would be required. This is especially true for the homebuilding industry, where the

competition is based on the final cost of the product, it seems impractical to require such

a tedious process. Therefore, evaluation of the construction progress and implementation
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of the necessary changes on a weekly basis is considered more appropriate and this was

reflected in the conducted interviews. Hence, the metric used for performance assessment

should reflect the true scenario on site and should be used to improve the production plan

on a weekly or bi-weekly basis. Using an average PPC value for the period will not

reflect the inefficiency in the process correctly. This can be better explained with an

example. Consider a sample data for a week as shown in Table 4.1.

I 27 PPC rolled

asks Planned 2 3 3 3 3

asks 1 2 2 2 2

50 66.66 66.66 66.66 66.66 64

Table 4.1: Sample data for a week

 

The table above shows the tasks planned and completed for a week. It also shows the

PPC value for each day. The ‘Weekly PPC’ is an average of the daily PPCs for the week.

The data for this week shows an average PPC of 64% and this is calculated by taking an

average of all the daily PPC values.

Turning attention to the daily PPC values shown in Table 4.1 shows that on day 1,

one out of two activities were completed giving a PPC value of 50%. On day 2, two out

of three activities were completed giving a PPC value of 66.66%. The incomplete activity

on day 2 was due to the extra work performed to complete the previous day’s work. Thus,

on day 2 only 50 % of the work expected to be passed from day 1 was actually completed

and passed on. Thus, the PPC value for day 2 hides the extra work done owing to

incomplete work on the previous day. Thus, in reality, on day 2, only 66.66% of the work

passed on was completed. Multiplying PPC for day 1 with PPC for day 2 can accurately

reflect this. So, at the end of day 2 the PPC should be 33.33% (50% * 66.66%). Similarly

for day 3 the work passed on was only 33.33% completed as planned and hence the
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output for day 3 will reduce due to the fact that earlier work had to be completed. This

can be shown by multiplying daily PPC for day3 with the previous days PPC and so on.

The multiplication procedure indicated above is the same procedure for arriving at

the rolled PPC metric described in Chapter 3. The weekly ‘rolled PPC’ is a value

obtained by multiplying the daily PPCs for the week. The weekly rolled PPC for the

sample data in Table 4.1 is 10% (50%*66.66%*66.66%*66.66%*66.66%). Thus, the

rolled PPC metric gives an accurate value for measuring the performance of the process

without hiding the rework because of incomplete tasks on the previous day(s).

The metric rolled PPC is developed from the rolled yield metric suggested in the

Six Sigma methodology. This metric focuses on revealing the hidden work or rework in a

production process. Hidden work or rework reduces the output of a process and thus it

should be eliminated. Thus, rework or hidden work should be taken into account when

assessing performance of production planning.

Figure 4.8 and 4.9 shows graphs plotted for PPC and rolled PPC for Building I

and Building II. It can be seen from the graph that the rolled PPC is much lower than the

PPC for each week. A value of zero for rolled PPC indicates that the week had at least

one day with a PPC of zero, and a value of hundred for rolled PPC indicates that the

week had 100% PPC on all days of the week. This clearly shows the effectiveness of the

rolled PPC metric in being able to measure the performance of the production planning

process in both the best and the worst cases.
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4.4.3 Sigma Value

Once the rolled PPC is calculated, the sigma yield value for the process has to be

calculated as explained in chapter 3. Equations (v) to (viii) are used to derive the sigma

value for this process. The sigma yield value for the production planning process in each
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building was calculated on two basis. Firstly, the average PPC value was used to find the

sigma yield value and then the rolled PPC value was used. The values were as follows:

- Sigma Level for Building I

By Average PPC, Sigma Yield Value = 3.24

By rolled PPC, Sigma Yield Value = 2.39

- Sigma Level for Building II

By Average PPC, Sigma Yield Value = 3.44

By rolled PPC, Sigma Yield Value = 2.85

The difference in the sigma yield value for the same building is due to the

different yield metric used to calculate the sigma level. The rolled PPC, as suggested by

the author shows a true picture of the efficiency of the production planning process. This

is due to the fact that rolled PPC metric captures the extra work done to complete the

previously incomplete activities. The difference between the sigma values in the two

buildings when we use the same metric is due to the learning effect achieved in Building

II because it always followed Building 1. As a normalized value, this sigma value can be

used for comparing different processes and can also be extended to compare between one

company to another, and even one industry to another.

4.4.4 Statistical Analysis of Data

In general, measured or collected data can be analyzed statistically in various ways to

determine areas of improvement. This is necessary so that management can identify the

aspects that need immediate attention and assign priority levels to the tasks that need to

be undertaken to improve the overall production planning process and thus improve crew
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performance and crew-to-crew handoffs (workflow). This step of prioritizing items that

need action is advocated in the Six Sigma Methodology. Determination of high priority

actions can be achieved by performing statistical analysis of the data. Chapter 3 explained

various tools that can be used to determine the causes of incomplete assignments.

The metric ‘PPC’ can be modified to focus on the incomplete assignments by

introducing the Percentage Flamed Incomplete (PPIC) metric. The sole purpose of

developing this new metric in this research is to focus on incomplete tasks and find

causes for the same. PPIC is the ratio of total number of tasks incomplete to the total

number of tasks planned to be completed.

Run Chart or Time Series Plot

Variation is inherent in any process and it leads to unreliability in the process. The aim of

Lean Construction and Six Sigma is to reduce the variations to the extent possible. The

variations could be attributed to either common causes or special causes (Abdelhamid

2003). Common causes are those causes that are built into the process and can be

eliminated by means of reengineering. Whereas, special causes are those that create

sudden variations in the process and can be eliminated without changing the overall

process. Run Chart or Time Series Plot is a popular method to determine the special

causes and it is used here to statistically determine such causes and find means to

eliminate the cause.

In Chapter 3, run charts were discussed and a brief discussion on p—chart and its

appropriateness for this data was presented. Thus, for the PPIC data a p—chart is plotted

for both buildings in the study to determine special causes that lead to incomplete tasks.
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Figure 4.10: p-Chart for Task Incomplete in Building I

Figure 4.10 shows a p-chart plotted using data of incomplete tasks for Building I

and the equations listed in Section 3.3.3. The plot shows an Upper Control Limit (UCL)

line, a Center Line (CL), and the Tasks Incomplete plot. The LCL limit is zero in this

case. The UCL value for each day is varying because the number of tasks assigned for

each day is varying. On any given day, the tasks incomplete should not be more than the

UCL value.

In Figure 4.10 we can clearly see that on some days, the tasks incomplete were

more than the UCL. This is an indication of special cause variation. Such days can be

identified and reasons for incomplete tasks can be evaluated and reduced or if possible

eliminated, such that similar conditions does not reoccur. This is the main aim of

monitoring and controlling using statistical analysis. If this process is repeated on a

weekly basis or any fixed period of time, the past causes for high number of incomplete
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activities can be determined and measures can be taken to avoid such instances in the

future. Table 4.2 shows the days having incomplete assignments more than the UCL and

reasons that caused them.

 

Day ”Flamed lnoonplete PlannedWork lBeasonsforinoorrpletim

 

 

 

 

3 2 2 D'ywdl 2 units (Pre dwelling aaprovd not grated)

Inspection Inspector approvd not obtained

Drywdling not stated

6 3 2 Engineering citrus

anssnepa'r anssrepa’roorrpletedbutnaaaprwedbyinweaor

Inspection Inspector aaprova not obta'ned

8 3 2 Insulation

Drywdl unit 1 Wanted insulation tofinish forspaoe

D'ywall unit 2 Wanted insulation to finish for space

44 3 2 Stockfioors  lnstalldoorsin3mits Stockingtookmostoflheday

InstdlCourtenops tirneenamtoinadlinonlyonemit

 

 

 

 

45 2 2 Instdldoorsiniium‘ts 'Lessmanpoaer

InstallComtertops Instaled in onlyonemit

46 2 2 Installdoorsin3mits Lessnmpower

lnstdlComtertops lnstdledinonlytwouit

48 2 2 lnstalldoorsinZuits appliercidr'twrplyriglttypes

lnstdlCourtenops Stoplierddr'tamyrighttypes

49 2 2 inadldoorsianits SippIierdm’tsrmynglttypes

lnstdlComtertops Sipplierddr'tsutplyrigfltypes

  51 2 2 lnstalldoorsinamits aewdlaomdthebuildngoorruefingsrralljobs

Install Courtedops Iorew ail a'omdthe buildng corrpleting sn‘dl jobs

 

52 2 2 lnstdldoorsinZuits Lessrrmpower

InstdlComtertops LessrramAer

  54 4 2 Plurrbing 3

..I... I
Electriw 3 Nmpmer

lnstalldoorsinZunits Desigépmblem

Table 4.2: Special Reasons Causing Variations in Building 1
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Similarly a p-chart is plotted for Building 11 and a table is produced showing reasons that

led to incomplete assignments. Figure 4.11 shows the p—chart plot for incomplete

assignments in Building 11 and Table 4.3 shows the reasons that led to the incomplete

assignments.
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Figure 4.11: p-Chart for Task Incomplete in Building II

The reasons listed in Table 4.2 and Table 4.3 here can be evaluated to find and eliminate

their root causes and thus improve the process. A Cause and Effect diagram approach can

be used to arrive at the root causes. This was explained in Chapter 3, Section 3.3.3.2. The

following sections will describe various other analyses that were performed on the data to

find areas that need improvement.
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DayslPIanned Incomplete Planned Work Beasons for incompletion

4 4 4 Truss repair completed with fault have to be redone

Building Inspection Inspector No Show

Insulation Interior Insulation could not proceed wiflrout inspection

Drywall Stocking Drywall Stocking could not proceed without inspection

6 4 2 Truss Bracrng

Building Inspection Inspector No Show

Insulation Interior

Drywall Stocking Supplier didn't respond

—"/ 3 2 Building Inspection Inspector No Show    

 

  
Table 4.3: Special Reasons Causing Variations In Building [1

4.4.5 Pareto Analysis

Pareto Analysis is a tool used to stratify the data into groups and Pareto Charts are used

to present this data. Pareto analysis is used for this research to stratify the data into

specified groups and identify areas that need improvement.

The reasons for incomplete assignments are stratified into various reason codes

and are used to identify the reasons that caused most of the incomplete assignments. A

Pareto chart is used to present this data graphically. Figure 4.12 shows the various

reasons grouped into eight different reason codes and the number of times each reason

code has caused an incomplete assignment.
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Figure 4.12 Pareto Chart for Reason Codes

The chart shows that ‘Pre-requisite’ is the reason code that caused most of the incomplete

assignments in the data. ‘Pre-requisite’ means work that needs to be completed before the

particular assigmnent can be undertaken. ‘Supplier’ is shown as the second highest

reason causing delays to the project. ‘Productivity’ stands at the third highest reason

causing incomplete assignments. The reason code ‘productivity’ is used when an

assignment could not be completed due to overplanning for a certain crew, or when the

crew couldn’t complete the assignment in the given duration. The Pareto chart for this

data almost conforms to the 70-30 rule, which states that 70% of the inefficiencies are

caused due to 30% of the factors.
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The results obtained from the Pareto analysis can be used to identify the areas that

need immediate attention. In this case, the homebuilding company should focus attention

on making all the prerequisites available before making assignments to crews. The

second highest reason code ‘Supplier’ also needs immediate attention. The homebuilding

company can use such data to conduct a brainstorming session with the personnel

involved to develop a Fish Bone Diagram and find the root causes for the incomplete

assignments as explained in Chapter 3.

PPIC for different Trades
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Figure 4.13 Pareto Chart for Trades

The Pareto Analysis was also used to stratify the data based on trade type and

weekdays. Figure 4.13 shows a Pareto chart that identifies the number of incomplete

assignments associated with each trade. The figure shows that ‘Inspection’ had the most

number of incomplete assignments, which could either mean that the Inspector did not
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show up, or the inspection could not be passed most of the times. The company should

look into the reasons for such performance and improve on the process.

Another chart was constructed to show the production performance on site based

on the day of the week. Figure 4.14 shows a graph for PPC vs. Day of the week. The

nature of the graph shows that Tuesday and Wednesday is the days when the production

is higher compared to other days, and Friday shows the least production. This result

matches with a graph cited in Oglesby et a1. (1989) for production rates on different days

of the week.
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Figure 4.14: Graph of PPC vs. Weekday

4.5 Summary

The above sections detailed the steps followed for data analysis. The interviews

conducted were used to understand the production planning process prevalent in the

homebuilding industry. Homebuilding companies can use the interview data to improve

the technique used for production planning. The section also illustrated various tools

suggested for data analysis to obtain information on the performance of the production

planning process. The statistical data analysis presented, would be useful for determining
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the shortcomings of a process and can be used to prioritize and focus on problems that

need fixing.

The next sections describe a production planning process model suitable for the

homebuilding industry. This model is developed on the basis of data acquired in the

interviews and analysis performed on the data.

4.6 Production Planning Process Model (PPPM)

This section presents a production process planning model. This model was developed

using inputs from the interviews and the data analysis. The planning model is based on

the Last Planner System (Ballard, 2000) and Six Sigma methodology. The following

sections will describe the model in detail.

4.6.1 Six Sigma Methodology for Process Improvement

As explained in Chapter 2, Six Sigma methodology is a method for process improvement

that relies on statistical methods to reduce defect rates. This methodology has been

widely used in a variety of industries. The aim here is to bring a process to a zero—defect

condition. Chapter 3 of this report explained how Six Sigma methodology is used in

conjunction with Lean construction principle in this research. Data collection was

conducted using interviews and site visits to explain the use of this methodology, as

presented in previous sections.

Six Sigma methodology is based on a 5-step process. This process is illustrated in

Breyfogle (1999), and Pande, et a1 (2000), and was briefly explained in Chapter 2 and

Chapter 3 of this report. The 5-step process is also known as DMAIC: (Define, Measure,

Analyze, Improve, and Control). The development of the PPPM follows the DMAIC
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methodology and LPS by superimposing both on the conventional planning processes

depicted in Figures 4.1 through 4.3.

Define

The first step in process improvement in the Six Sigma methodology is to define the

process that needs improvement. All possible processes that require improvement can be

identified, and then prioritized to select the processes that need immediate attention. For

this research, the production planning process was selected for study and improvement.

Once, the process is selected as a candidate for improvement, the second step in the

methodology, which is ‘Measure’, can be performed.

Measure

The Six Sigma methodology is based on statistical methods to improve process

performance. Afier the process needing improvement is defined, the next logical step is

to measure the performance of the current process. Performance measurement can be

performed in various ways. It is important to understand the process completely and

select a measurement method and metric that is most suitable for the process.

In Chapter 2, the author reviewed the existing literature in various fields for

process performance measurement and identified the PPC metric suggested in the Last

Planner System (Ballard, 2000) as a relevant and suitable technique to achieve the goal of

this research. Also, a study presented by Abdelhamid (2003), advocating rolled

throughput yield as a metric for production planning performance assessment was

studied. The author adopted and implemented the new metric ‘rolled PPC’, which was

based on these two studies. This new metric for performance assessment was adopted for
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this research based on its simplicity and its ability to assess the true performance of a

production planning process.

The measurement of a process metric makes it easy to understand the current

scenario and thus can be used to identify the areas that need improvement. This research

also advocates the use of the sigma level metric, as explained in the Six Sigma

methodology (Breyfogle, 1999, and Pande, et al, 2000). The conversion of the rolled PPC

to a sigma level helps in quantifying the process capability, and also helps in comparison

and benchmarking as explained in Chapter 2 and Chapter 3. The aim should be to reduce

the unreliability of the production planning process to a state where the process will yield

a 6-sigma or higher value.

Analyze

This step is used to analyze the current production planning process to identify the areas

that need improvement. Chapter 3 of this report explains the step-by-step process of

measurement and analysis. The data collection process included interviewing

professionals from 4 homebuilding companies and data collection from one residential

construction site. Previous sections of this chapter presented the data collection process

adopted in this research and its analysis. The different steps used for data analysis are

suitable for performance assessment of production planning process in a homebuilding

company.

Improve

Once the measurement and analysis phases are completed, the next step is to improve the

current production planning process based on the analysis results. This research has

developed a production planning process model suitable for homebuilding companies
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based on the data collection and analysis. The model is explained in detail in a later

section of this chapter. The model developed intends to improve the production planning

process and it includes a system for performance measurement and analysis such that

continuous improvement can be achieved.

Control

The production planning process was selected for improvement. A model was developed

for the production planning process with the ‘rolled PPC’ measurement metric

incorporated along with a system of analysis. Once this model is implemented for

production planning, it is very important to keep the process in control. Continuous

measurement, analysis and improvement cycle has to be achieved to keep the process in

control. The measurement and analysis steps help in identifying the unreliability of the

production planning process. It is important to find solutions to reduce this unreliability.

The model for production planning can be modified to adapt any inconsistencies and

achieve a higher sigma value for the process. Control is thus necessary in the overall

improvement process.

4.6.2 Last Planner System

The Last Planner System® (LPS) provides a framework for management and workers to

plan and control daily production assignments (Ballard 2000). Chapter 2 explains the

LPS system in detail.

Should-Can-Will-do Tasks

The LPS model, as shown in Figure 5.1 has 4 categories of tasks: Should, Can, Will, and

Did. The ‘Should’ tasks are those tasks identified on the Master/Phase schedules and

must be completed at a specific time. This schedule is based on structural, technical,
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regulatory considerations, and sequencing. This step also takes inputs from current status

and forecasts. The LPS model suggests a Lookahead process, where all the ‘Should’ tasks

that are planned for a given period of time are scrutinized, such that all the work is

declared constraint free.
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Figure 4.15: Last Planner System Model DID

(©Lean Construction Institute)

A constraint analysis is performed to find any constraints in completing an upcoming

task. These tasks are termed as ‘Can’ do tasks. All constraints should be removed for the

tasks before they enter into the workable backlog. The workable backlog is a set of tasks

that are constraint free and doable. These tasks are sized properly and all prerequisites for

the task should be available at the time of its execution. The foreman responsible for
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performing an activity should only commit to tasks. These are known, as ‘Will-do’ tasks.

The tasks that are actually completed are known as ‘Did’ tasks.

The LPS system uses the PPC metric for performance measurement. The PPC

value can be calculated by dividing the number of tasks actually completed by the

number of activities committed to. The number of assignments completed to those that

should be done is also tracked.

The production planning model developed in this research is based on the LPS

Model and the Six Sigma Process Improvement Model. The following section describes

this Production Planning Model in detail.

4.6.3 Production Planning Process Model Description

One of the objectives of this research was to develop a model for production planning

process. This model is based on Six Sigma Process Improvement methodology and the

Last Planner System. Both of these are explained in the previous two sections. The

production planning process model is a combination ofboth these systems, and is tailored

to meet the needs of homebuilding industry. Information of the production planning

process prevalent in the homebuilding industry was necessary to develop the new model.

This was facilitated by the interviews conducted. Opinions and concerns received in the

interviews were addressed and have been incorporated in the Production Planning

Process Model.

Production planning in most homebuilding companies starts from a standard

template for a particular type of home (Single home, apartment, condominium, etc.).

Once the home design and plans are selected for construction, the standard template can

be modified into a specific template for that particular community or set of homes. The
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company then submits plans and details for permits and approvals for each home. This

determines the start date for construction. The availability of resources (trade contractors,
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Figure 4.16: Production Planning Process Model

80



suppliers, etc.) has to be considered also for obtaining a specific schedule for each home

or unit. This schedule represents the Master schedule in the LPS. Thus, this can be termed

as the ‘Should’ do tasks. In case of large companies having multiple communities it is

advantageous to compile a centralized schedule based on inputs from all communities.

This helps in scheduling resources centrally and avoids resource conflicts between

production plans of different communities. Thus, some constraints are removed right at

the beginning. The specific schedule for each home should be scrutinized in a Lookahead

Plan. This plan is a breakup of the master schedule and it is for a shorter period of time.

This process involves inputs from the trade contractors, suppliers, superintendents, and

project managers. The trade contractors and suppliers agree to certain tasks they think can

be done. These tasks form the ‘Can’ do work.

The project manager’s, and superintendent’s aim should be to make the ‘Can’ do

tasks doable. The set ’of ‘Can’ do tasks have to be further analyzed to identify the

constraints to completion of tasks as planned. A complete Constraint Analysis should be

performed so as to make the work ready for the trades. This involves making available

the prerequisites for each task, and proper sizing of tasks, thus making the work doable.

Only tasks that are free from constraints can pass through this process as assignments to

be completed. The trade contractors, superintendents, and the foremen should commit to

these assignments, and these forms the Weekly Production Plan. These are tasks that

have been committed to, and thus are identified, as ‘Will’ do tasks.

The weekly production plan should be passed on to each and every supplier

involved. These tasks are then completed during the week. As the day for performing

each tasks approaches, the superintendent should make sure that all constraints identified
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are completely removed. In case of delays or weather calamities, the resources should be

assigned to new production tasks that had been identified as doable but not assigned yet.

Such a workable backlog should be kept available with the Weekly production plan.

At the end of each day or week (depending on resource availability) a planned

versus completed sheet should be filled out. This could be in the format shown in Figures

4.4 and 4.5. This forms the ‘Measure’ phase of the model. The simple form can be used

to keep track of the daily progress, and to measure the PPC for each day and hence the

weekly rolled PPC. This can be converted into a Sigma level. The reasons for

incompletion of tasks should be categorized to identify major causes of delay. A

complete data analysis can be performed as explained in Chapter 4 of this thesis. This

forms the ‘Analyze’ phase of the model. The results from the analysis can be used to

conduct a brainstorming session and identify the root causes for the problems.

The analysis and brainstorming sessions could lead to a complete re-engineering

of the process or modifications to the process. For example, if productivity is the highest

reason causing delays, either the sizing of tasks could be faulty, or the trade workers do

not perform well, or it could be that some unidentified constraint is restricting the trade to

be more productive. A brainstorming session with the trade workers, suppliers, and

superintendent could lead to the root causes for low productivity. Other statistical

analysis, as explained in Chapters 3 and 4, could lead to various problem areas that can

be identified and eliminated or reduced. This forms the ‘Improve’ phase of the model.

It is important to keep the whole process under control such that variations do not

occur, and thus reduce defects in the process. Superintendents are well positioned to do

this. Once, the whole process is under control, the superintendents should maintain the
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whole process of developing a doable weekly plan, measuring, analyzing, and improving.

The superintendents in turn can be motivated by rewarding them with some kind of

recognition on a regular basis for continuous improvement. Larger companies can create

competitions between the superintendents by comparing the sigma value for each site.

4.6.4 Validation

A ‘light’ validation was conducted with the objective of getting inputs from

homebuilding companies with respect to the applicability, adaptability, and completeness

of the model. Personnel from two homebuilding companies validated the Production

Planning Process Model developed in this thesis. The validation was done by an

interview with the personnel from each of the two companies. The following section

summarizes the result of the validation process.

Both the interviewees appreciated the layout of the model. According to them, the

model could be readily applied and put into use with minor additions, rather than

changes. Market sampling, and production absorption studies were recommended as an

additional input to develop the specific template for each community. Sales being one of

the foremost drivers of the whole process for most homebuilding companies, it would be

a good idea to include the sales department in the process. The sales input could come at

a stage before the specific schedule for each home or unit is developed. The various

options provided by the companies to the customer is communicated through the sales

department. Hence, ‘Sales’ should have inputs into the process at various levels, like the

short term lookahead plan development phase. Both the interviewees were of the opinion

that the sales personnel represent the buyer’s viewpoint and thus it is a key to achieving

an overall value.
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The format proposed for data collection on site was well received due to it’s ease

of use and simplicity. The reason codes list could include few more reason for delays

such as the sales change or customer’s option changes. both interviewees are of the

opinion that the model is ready to go on a general basis and then can be modified by

different companies based on the company’s organization. The practice of daily PPC and

rolled PPC calculations is possible only if the format is simple and if it is not time

consuming. On seeing the format developed by this research, the interviewees accepted

that it is “as simple as it could get”.

Neither of the companies does the Analyze, Improve, and Control phase of the

process. But they are in agreement that this is a vital portion of the whole process and that

it would “complete the circle”. The brainstorming session suggested in the model could

be incorporated in the weekly meetings. This is possible only if certain agenda or reason

codes were to be tackled at a time. The model is considered to be a control tool and

would thus help reduce the amount of resources spent on traditional “fire-fighting”

approach.

The model seems to be complete in most terms, except to including inputs from

the sales department for the planning process. The charts developed for the case study

was shown to illustrate the use of the analyze phase in the model. Both the interviewee

were of the opinion that if such tools were made available to the superintendent, it would

ease the communications between the office management and the field personnel.

The validation process gives insightful comments on the applicability and

adaptability of the production planning process model in homebuilding companies. The



suggestions received in the interviews could be applied to the model and this process of

improvement of the model should continue throughout the model’s life.

4.7 Summary

This chapter describes the Six Sigma methodology and the Last Planner System. The

above sections describe in detail the steps involved in the production planning process.

Homebuilding companies can use the model developed and aim for continuous

improvement. The Production Planning Process Model is presented and explained in

detail. The validation interviews were summarized in this chapter. The next chapter will

summarize the whole research report and present conclusions, contributions, and

limitations of this research.
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Chapter 5

Summary and Conclusion
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Summary and Conclusion

5.1 Overview of Report

Residential construction is booming and the projected growth of the industry calls for a

more scientific approach to develop tools for production planning. As indicated in

Chapter 1, residential construction companies in the United States are building homes

with a manufacturing-like production or what is commonly known as production

homebuilding. The goal of this research was to develop a tool for performance

assessment of the production planning process in the homebuilding industry. Literature

review in this area was available, but mostly for automobile and other industries.

Literature for production planning in the construction industry was limited to general

construction and there were no formal production planning tool for the residential

construction sector.

Interviews were conducted with professionals from the homebuilding industry to

understand the prevalent production planning process. Data collection was conducted to

demonstrate the methodology developed in the research. The data collected was analyzed

to find areas of improvement. A production planning process model for homebuilding

industry was developed using the results of the research.

5.2 Research Goal and Objectives

The goal of this research was to assess the effectiveness of the production planning

process in the residential construction industry. To attain this goal, the production

planning process prevalent in the industry was documented by interviewing homebuilders

and through site visits and observations. A framework for production planning

performance assessment and identification of process improvement opportunities was
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also developed through a literature review and adaptation of tools and techniques used for

measuring and analyzing production performance. The developed framework was

implemented using data collected during field visits. Implementation results were

analyzed to identify process improvement opportunities.

5.3 Contributions

Process Maps

This study contributed to the understanding of the prevalent practices for production

planning in the homebuilding industry. Three different production planning processes

were documented based on practices in companies of different sizes. This documentation

will be a good resource for future studies in this area to understand the production

planning process in homebuilding companies.

Performance Assessment Tool

Another outcome of this research is a tool for production planning performance

assessment. An easy-to-use metric, rolled PPC, was developed for production planning

performance assessment. The ‘rolled PPC’ metric can be modified and tailored to

measure performance of various other processes.

A format for data collection was developed and is shown in Figure F.1 (Appendix

F). This format was developed for data collection and was modified with inputs from site.

The format is simple and easy to use. Figure F2 (Appendix F) shows a format for

calculations of PPC and ‘rolled PPC’. This also includes categories of reasons that caused

incomplete activities. These categories can be used as is, or can be modified to

accommodate any factors that are not included or if it misrepresents the scenario on site

for any homebuilding company.
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The set of tools mentioned can be used for analyzing the data collected on site for

a homebuilding company. These tools can be used separately or together to find areas

needing improvement. These tools can be implemented and modified to adapt the specific

needs of the company.

Production Planning Process Model

A production planning model was developed in this research based on the knowledge

assimilated through literature review, interviews, data collection, and data analysis. The

Production Planning Model is shown in Figure 4.15 of this report and also presented in

Appendix G for easier reference. This model accommodates the production planning

performance assessment metric and the analysis tools.

This model focuses on continuous improvement. The process of Constraint

Analysis included in the model can be improved based on the analysis conducted and this

cycle has to be followed continuously to keep the production planning reliable and

efficient. The model can thus be used to achieve a reliable production plan. This model

can also be used for improving other processes in the company after specific

modifications.

Synergies between Lean Construction and Six Sigma

Six Sigma and Lean Construction are both powerful tools. Lean Construction seeks to

achieve reliable workflow by eliminating inefficient work and Six Sigma focuses on

reducing variability in a process using scientific methods to identify areas that are root

causes for the variability. The combination of both tools can lead to a very useful

methodology to improve any process. This integration was first suggested by Abdelhamid

(2003). This research further developed the ideas in Abdelhamid (2003) by applying the
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power of both methods to the production planning process in residential construction.

Both Lean Construction and Six Sigma were used in conjunction to develop the

Production Planning Model. The aim was to develop a system that helps in identifying

defects in a process, eliminating it and thus create a zero-defect process. Continuous

improvement of the process is also important to keep the process in control and make it

efficient.

5.4 Research Limitations

This research is focused on homebuilding companies. This is due to the lack of research

conducted in the areas of production performance for homebuilding companies. Although

the results can be useful for different industries, it is primarily suitable for the residential

construction industry.

Interviews conducted for this research were limited to five homebuilding

companies due to time and budget restraints. All of these companies were in the vicinity

of Michigan State University, Lansing, MI. The small sample size in the research is

consistent with the research goal, which was not to generalize any of the findings. Rather,

the research was concerned with understanding the current production planning process

prevalent in the homebuilding industry, developing a framework for assessing the

performance of the production planning system, and identifying opportunities for

improvements. There was no case study conducted to implement specific improvement

opportunities to find root causes.

The following section presents some pointers that are the by-products of this

research. It is an attempt to discuss some information gathered, or developed during the

whole process of doing this research.
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5.5 Discussions

This section presents information gathered by the author during the course of this

research other than the conclusions. The author intends to share this knowledge

accumulated.

Research Area

The author started off this research process by doing literature review in the field of

interest. Being a novice in the field of research, while reviewing various research work

the author would very often be tempted to use a particular methodology or tool used to

solve a problem and then look around for problems that could be solved using the

particular method. Later on, with much needed guidance, theauthor learned to curb the

temptation and followed the reverse by first setting a goal and then developing a list of

objectives to achieve the goal. Literature review was in the specific area made it easier to

find similar research and methodologies used to achieve similar goals. The author shared

this knowledge with some of his fellow graduate students who were new to this

experience too and they found it useful. Thus, the author intends to share this with new

researchers reading this report.

Data Collection

For the purpose of this research the author conducted interviews and site visits. The

author interviewed two personnel each from five homebuilding companies, one from the

home office and other from the field. This was done with a purpose to capture ideas from

people involved at a macro level and at a micro level. The author feared a biased

response from the interviewees either to project a good image of the company or due to
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the fear that upper management would see the report. To avoid a biased response, the

author had to convince the interviewee about the purpose of the interview.

For data collection the author performed site visits over a period of time. During

these site visits the author gathered information from the site superintendent. As the

upper management directed this, the superintendent was under the impression that it was

an audit and the reports would go back to the upper management. One way to tackle this

problem was by making it clear that it was for a research the author was doing as part of

his graduate program. The author spent time bringing the superintendent into confidence

by encouraging informal discussions. Besides, the author had to verify the information

given by the superintendent by visiting the work location where work was in progress or

where it was planned. Talking to site crewmembers also helped to verify the information.

The reasons for incomplete activities generally were explained more in detail by the

crewmembers. The superintendent tried to hide his faults, if there was any, that lead to

incomplete activities or work not performed as planned.

Analysis

The goal of this research was to develop a framework for assessment of effectiveness of

production planning in residential construction. Hence data collected on site was mainly

analyzed with the objectives in mind. The data could be analyzed in different ways to

find other facts. One such output was the overall PPIC for different trades. As shown in

Figure 4.13, the highest PPIC was for Inspection. Inspectors from the building

department are generally contacted at various stages for inspecting the code compliances.

The site superintendent generally schedules the inspector to arrive based on the progress

of the particular trade before the inspection. Superintends are not confident of the
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production plan to an extent where he or she can schedule an exact date for the inspection

much ahead of time. Thus, this is generally done on a short-term basis because the site

superintendent would not want to arrange an inspection and cancel at the last minute

because the job was not complete. This hampers the progress because generally on a

short-term notice it is difficult to schedule an inspection, and as the inspection is

necessary the trades cannot proceed until it is done and satisfied. If on the other hand the

superintendent schedules an inspection and then have to cancel it, the inspector can be

rescheduled only after a longer time. Sometimes, as a deadline is set before the

inspection, the trade contractor might tend to ignore on quality to complete that portion of

work before inspection. Thus, it is a difficult decision to make for the superintendent. If

the production plan were more effective this would have been easier.

5.6 Research Conclusions

This study sheds light on the necessity of more research for the homebuilding industry.

The study acknowledges the effort and work done by various researchers in this field, but

the requirement of more research in production planning is addressed.

Interviews conducted reveal that companies generally perceive higher production

yields than actual. This is due to the traditional approach of looking at productivity. As

explained in this thesis, the rolled PPC and sigma level approach to assess production

planning reliability captures the extra work required to complete previously incomplete

work. The aim should be to reduce and eliminate the root causes leading to an incomplete

activity. The process maps also supports the need for more a robust planning model in

the homebuilding industry.
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The site visited by the author for purpose of this research was firnctioning at a low

sigma level and there was certainly a need for major improvement in the process.

Identifying such problems early could save a lot of resources. The analysis revealed that

task pro-requisites, coordination with suppliers, and overestimating productivity were

major causes for unreliable production planning. For the site visited, Inspection,

Carpentry, and Engineering trades caused the most incomplete activities.

5.7 Recommendations for Future Research

Research plays an important role in developing any field of study and related industries.

The residential industry in the United States is growing at a very fast rate and this growth

can be leveraged with proper research supporting it. It is very important for homebuilding

companies to implement the right processes to attain the maximum returns for clients.

Future research is necessary for the residential construction sector for developing

processes that are efficient and reduce overall waste.

This research focused on the production planning process in residential

construction. Future research can focus on different processes. Some areas that can be

studied for firture research in residential construction sector includes: Design Process,

Pro-Construction Process, and Construction process. Generally, in residential

construction, sale of homes controls the whole cycle of construction. Improvement in the

sales process for residential companies can be an area of research that will be of interest

to all homebuilding companies. In addition, customer satisfaction is a very important

factor for popularity of homebuilders. The Warranty Process, which is a part of all

homebuilding companies, could be another usefirl area for future research to improve

process.
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The ‘rolled PPC’ metric used in this research can be further studied and analyzed.

This metric can be modified and future research could include improvement of this

metric for production planning process performance assessment. Future research could

identify other processes and tailor the metric to suit the necessities of these processes.

The metric can also be modified and tailored to be used in other sectors of the

construction industry. Researching more areas that uses different metrics for

measurement can develop new metrics for process performance assessment.

Research can be conducted to implement and improve the Production Planning

Model developed in this study. New models can also be developed based on this model

for other processes. This research has initiated a study to use Six Sigma and Lean

Construction in the residential construction industry. Future research can adopt more

tools from the Six Sigma Methodology and Lean Construction. The combination of the

two methods promise to be a very powerful instrument in improving processes in the

construction industry.

5.8 Summary

This chapter concluded the thesis by giving an overview of results, conclusions and

recommendations. It also reported the limitations of the research. This chapter also

includes future research areas that can be inspired by this study.

The importance of research to improve production planning process in residential

construction was first described in the literature review and was re-emphasized in the

interview responses. This thesis concludes by describing the contribution of the

production planning process model as follows:

0 Use of the Production Planning Model for a more reliable production plan
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0 Use of Six Sigma tools in Lean Construction Systems to obtain a powerful

production planning process

0 Use of ‘rolled PPC’ metric for process performance assessment

a Possible improvement in the production planning process in homebuilding
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INTERVIEW QUESTIONNAIRE

Interviewee’s name, Position:

Number of years with the company:

Background (demographics)

Company name, Location:

Brief about the company:

Number of subdivisions currently work undergoing:

Company long term plans

Goal for the company in 5 years:

Goal for the company this year:

On what basis is the goal set?

How do you predict the demand?

Did the company fulfill demand/goal for the previous year?

Subdivision plans

Name one subdivision you would like to discuss regarding planning:

Goal for this subdivision:

When do you start planning for one subdivision?

When do you start planning for a single house?

Do you have a schedule (representation) for a subdivision/single home?

Who/which department is responsible for planning?
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Construction process

0 What work is done by the company and what work is subcontracted?

o On what basis is a supplier selected?

0 On what basis is a subcontractor selected?

0 How many subcontractors for one single task (eg: framing) in this subdivision?

Planning process

0 What is the procedure for planning the activities for a single home?

a Who are involved while planning these activities?

0 How are trades coordinated when working on multiple homes?

0 How is the plan passed on to the members involved?

0 What softwares are used?

a Who decides the day to day activities to be completed?

0 What parameters are considered while assigning activities on daily basis?

0 In general, what percentage of assigned work per day is completed as per plans?

0 Do you have a format for recording planning performance?

0 How is the plan changed in case of an incomplete assignment the previous day?
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0 Do you maintain records of day-to-day activities?

0 Do you use these records for future planning?

0 Are progress meetings conducted on a regular basis in this subdivision?

a What are the major causes of delays in this subdivision?

0 If subcontractor’s performance is the cause how do you handle it?

o If supplier delays are the cause how do you handle it?

o What time contingency is given in a plan for environmental delays?

0 What time contingency is given in a plan for inspection and permit delays?

What are the incentives of completing a house in time?

Opinions

0 Have you worked in other homebuilding companies? (Yes/No)

o What was good/bad about other companies with regards to production planning

process?

0 What according to you is a good practice for planning in a homebuilding

company like yours?
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o What factors influence the planning process? (Also most critical and why?)

0 Is it better to have a general plan for all homes or specific plans for each home?

0 At this juncture, do you think innovation/research will help to improve the

production planning process? What steps are your company taking?
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Calculations for Sigma Quality Value
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Calculations for Sigma quality value

The sigma quality level for a process can be calculated using the following set of

equations. For detailed discussions on these equations see Breyfogle (2002). These

equations are essentially for a process using rolled throughput yield metrics. The

modified equations used for this research using PPC value is shown thereafter.

Sigma level calculations:

- Firstly, the rolled throughput yield is calculated from the yields of different sub-

processes as follows:

m

YRTzl—I. lYi
[:

Where, YRT = Rolled throughput yield

Y, = Yield of sub-process ‘i’

- The rolled throughput yield is normalized by finding the geometric mean as

follows:

Ym=W

- The normalized yield is then converted to Defects Per Unit (DPU) using the

following equation:

DPUnorm = -ln (Ynorm)

- To determine the sigma quality level, also called as Zbenchmark, for the process, the

following equation is used

Sigma quality level = Znorm + 1.5

Where, Zlnorm is the standard normal value corresponding to the DPUnorm

found using the standard normal table.
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Modified calculations using PPC

Firstly, the rolled PPC is calculated from the PPCs of different sub-processes as

follows:

rolled PPC = 1.1m PPC-

i =1 '

- The rolled PPC is normalized by finding the geometric mean as follows:

PPCnorm =W

- The normalized PPC is then converted to Defects Per Unit (DPU) using the

following equation:

DPUnorm = -ln (PPCnorm)

- To determine the sigma quality level, also called as Zbenchmark, for the process, the

following equation is used

Sigma quality level = Znorm + 1.5

Where, 2mm, is the standard normal value corresponding to the DPUnorm

found using the standard normal table.
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Formats for Data Collection and PPC Calculations
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Appendix G

Production Planning Model
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Figure 1: Production Planning Model
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